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Abstract 

 
The investigations in the present study pertain to form factor – an indicator of stem form and the approximation of 

tree stem volume to that of a cylinder. The data from the stem analyses of 107 average, model trees in stands of different 
tree species – durmast, Hungarian oak, Turkey oak, common beech, common hornbeam and Scots and Austrian pines 
have been investigated in the work. The stem analyses have made it possible to find the basal areas along the tree 
stems, and, by known methods, the average form factors f1.3 have been calculated for the particular dendrocoenoses. 
Further, while using different numbers of the investigated trees and dendrocoenoses, the average form factors f1.3 have 
been calculated for each of the tree species. And finally, a form factor common for the investigated tree species has 
been calculated with high precision – 2% error, which is tolerable for forestry practice. The uniform (or common) average 
form factors has been applied into calculating the volumes of a particular number of trees of each of the above species, 
whose real volumes are known, and the Wilcoxon Test was used. The Test calculations of 0.05 precision have proved 
the closed proximity of the calculated volumes to the real ones of the investigated deciduous tree species. This comes as 
an addition to the previously established great similarity and close proximity in the structures of these same tree species 
in thickness and height. Hence, the conclusion that it is possible to create common volumetric and assortment tables for 
durmast, Hungarian and Turkey oaks, common beech and common hornbeam. 
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Introduction 
It is an important issue for every forest to have 

its volume and its assortment structure estimated, 
yet as easily, precisely and quickly as possible. 
This is why it is important to improve the normative-
and-reference basis for forest estimation perma-
nently, as well as to improve the respective models 
and tables. For this reason, it is always necessary 
for scientists to know the regularities of forest coe-
noses’ structures. 

We have presented in this study the results of 
investigating the form factors of model, average 
trees of seed-tree coenoses of  durmast, Hungarian 
oak, Turkey oak, common beech and common 
hornbeam, as well as the respective data about 
juvenile coenoses of Scots and Austrian pines. 

A number of authors [2, 4, 5, 7, 9] and others 
have investigated the structures of forest stands in 
terms of non-tapering, the regularities of their varia-
tion depending on various factors, and the respec-
tive form factors. The more important inferences 
about the non-tampering and form factors, which 
the cited and others authors have made, are as 
follows: 

Dimitrov [1] studied the taper of the stems of 
middle-aged and maturing dendrocoenoses of 
Scots pine, Norway spruce, and silver fir, and found 
out that „…as a whole the average values of the 
relative taper of the middle aged and maturing 
Scots pine, Norway spruce and silver fir growing 
stocks do not show considerable differences in 

stem form, as compared with mature growing 
stocks”. 

Duhovnikov [2] found out that: 1. At determining 
the breast-height-diameter (old) form factor f1.3 
these have higher values for lower stands and 
lower values for higher ones; 2. The investigations 
by means of f0.n (normal form factors) show just the 
opposite; 3. Non-tapering decreases in the direction 
from the denser towards the rarer stands, as well 
as from the young towards the older ones. It also 
shows that it is quite possible to use one, average 
non-tapering (quotient) for a particular dendrocoe-
nosis.  

Duhovnikov [3] while investigating the influence 
of growth space upon the non-tapering of common 
beech, oaks, Scots pine and Norway spruce, found 
out that as space growth increased, non-tapering 
for these species decreased. Besides, the decrease 
was more drastic with the deciduous species, i.e. 
beech and oaks. 

Zaharov [12] while studying the forms of Scots 
pine and silver birch stems on the basis of taper 
(i.e. the changes in the diameters at given relative 
points along the stem), found out that, regardless of 
growth conditions, it was absolutely possible to find 
for each of the tree species the average form of the 
tree stem. Consequently, this same author has 
proved that it is absolutely possible to create volu-
metric tables common for a given three species, 
regardless of the position of the dendrocoenosis to 
be estimated. 
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Zaharov [13] investigated the breast-height-
diameter form factors of trees in 37-year-old Scots 
pine plantation according to height levels from 5 to 
13 m and made an equation for the form factor f1.3 
according to height, which revealed the availability 
of an inverse proportional relationship between 
them. 

Zaharov [15] found out that the average forms of 
the stems of silver birch, oaks, common ash, Scots 
pine, alder and Norway spruce, for stems of the 
same height (13 m), did not differ substantially. The 
author referred to the investigations by Taftoles D. 
I., by which the latter has proved that Scots pine 
dendrocoenoses spread from the utmost North to 
the utmost South of the USSR did not differ sub-
stantially in non-tapering within one and the same 
type of site-index (stem-quality level). 

Mihov [4] referred to an investigation by Mihay-
lov (1938) of the forms of 357 Norway spruce 
stems, at different heights, where he found out that 
the breast-height-diameter form factors (f1.3) dimin-
ished with the increase in height, i.e. they were in 
an inverse proportional relationship with height. 
Mihov also cites data from Schiffel’s investigation 
(1899) about the influence of age on form factors 
with spruce – spruce stems of one and the same 
height (14 m) but aged from 25 to 68 had form fac-
tors increasing with age from 0.466 to 0.615 and 
spruce stems 20 m high, whose ages increased 
from 40 to 85 years, had increasing form factors 
from 0.438 to 0.568, respectively. Therefore, with 
the increase in height, age affects non-tapering 
less.  

Nedyalkov [5] investigated the influences of the 
different factors upon the non-tapering of coppice 
Hungarian oak dendrocoenoses and found out that 
the quotient of non-tapering (qn=d0.5/d0.1) increased 
with the increase in diameters of trees, while reach-
ing its maximum near the central levels of thick-
ness, after which it diminished, and this is the 
grounds for seeking, within a given dendrocoeno-
sis, the average non-tapering on the basis of the 
medium-sized trees. The site indexes of coppice 
Hungarian-oak growing-stocks as well as those of 
seed-tree ones, do not affect the nature and size of 
the diameter curve of non-tampering. Age does not 
affect this nature either, but age does affect the 
amounts of non-tampering quotients – as age in-
creases, under all other conditions equal, non-
tampering increases too. Growing stocks aged up 
to 20 considerably differ in the non-tampering of 
their stems from older growing stocks. The growth 
space, i.e. the spacing index these stocks have 
grown at, substantially effects non-tapering. As 
spacing index increases, non-tapering increases 
too. The average stem non-tapering quotient for 
coppice Hungarian oak, as expressed by the nor-
mal form factor f0.1, is 0.47. It is considerably lower 

than the average non-tapering quotient for seed-
tree Hungarian oak. According to Douhovnikov’s [3] 
investigations of seed-tree Hungarian oak, age 
almost does not affect the non-tapering at the ages 
over 50. 

Sirakov [7] pointed out that, according to Kuntze 
(1881), if root thickness could be avoided, it would 
appear that AGE has no, or quite negligible, influ-
ence upon the value of the normal form factor. This 
same author found out that at relative heights, 
which corresponds to breast height (1.3 m) the form 
factors f1.3 of short and young stems did not deviate 
from those of old and big ones by more from 2%. 
Therefore, the form factors of old and big stems can 
be applied for practical purposes to Scots pine 
stems, regardless of their ages and sizes. In order 
to determine the influence of geographic area, Sira-
kov compared the form factors f1.3 calculated for 
Tilkiliy Forest Estate with such ones from Sweden 
(Maas, 1911) and Germany-Wϋrtemberg (Zimerle, 
1933) and found differences of up to 3.5%. This 
gave him grounds for concluding that geographic 
area affects the non-tapering of Scots pine stems 
negligibly. In another investigation of his, Sirakov 
[7] concluded that basic data from other countries 
and geographic areas could also be used for creat-
ing tables about non-tapering for a particular coun-
try and given tree species. 

 

Purpose of the Investigation 
The purpose of the present investigation is to 

find and study the form factors (f1.3) for average 
model trees in seed-tree dendrocoenoses of dur-
mast, Hungarian oak, Turkey oak, common beech, 
common hornbeam, and Austrian and Scots pines, 
to compare the average form factors (f1.3 av.) ob-
tained for each of these species, and to investigate 
the Common (or uniform) average form factor (f1.3 

uni.) with a view to its all-purpose suitability, i.e. to 
study the possibility of using this factor for calculat-
ing the volumes of trees of the above tree species. 

 

Materials and methods 
The present study pertains to the Form Factors 

of seed-tree Hungarian oak, durmast, Turkey oak, 
common beech, common hornbeam and Austrian 
and Scots pine dendrocoenoses of the Balkan 
Mountains (Staro Oryahovo, Sherba, Tsonevo and 
Aytos Forest Estates). A total of 107 sample plots 
were laid out, 42 of these being in Hungarian oak 
stands, 27 – in durmast ones, 14 – in Turkey oak 
and 7 – in common beech ones, as well as 1 com-
mon hornbeam sample plot, 14 – Austrian pine 
ones and 2 Scots pine ones. The ages of the inves-
tigated dendrocoenoses ranged from 12 to 166, i.e. 
we had juvenile, maturing and mature stands in 
terms of tentative rotation of felling from 80 to 100 
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years. Their heights varied from 5 to 26 metres, and 
their spacing indices mainly from 70% to 90%. 

As it is known, form factor is a quotient that re-
ports the form of a tree, as it shows the level of 
deviation of the volume of this tree (Vt) from the 
volume of a cylinder (Vcyl) whose thickness is equal 
to that of the tree at a particular characteristic point 
along the tree stem. The breast-height-diameter 
form factor f1.3 is obtained while using DBH in the 
formula: 
F1.3=Vt/Vcyl,          (1) 
0<f1.3<1 

 

For each sample plot, one model tree was 
felled, its stem was analysed, and the basal areas 
were found in the middles of the two-meter-long (or 
one-meter-long) assortments with and without bark. 
Further, on the basis of the basal areas and by 
interpolation, the basal area at breast height 1.3 m 
(g1,3) was found, and the normal basal area (gn) 
was also calculated – it was obtained as the quo-

tient of the volume of the tree (Vt ) and tree’s total 
length (l), or height. 
gn= Vt/l           (2) 

 

The normal basal area is actually the one with 
which the volume of the cylinder equals that of the 
tree. Indeed, if in Formula (1) we substitute the 
equal value g1.3×l for the volume of the cylinder, 
and take into consideration the equality (2), we 
obtain: 
f1.3=Vt/g1.3×l=gn /g1.3       (3) 

 

Therefore, the ratio of the normal basal area to 
that at 1.3 m from the base of the tree is exactly the 
breast-height-diameter form factor f1.3. This form 
factor was found for the average, model stem, and 
it is average for all the trees in even-aged growing 
stocks. 

Table 1 shows the average ages, average 
heights and average form factors according to age 
groups, as well as the distribution of the sample 
plots for each of the investigated tree species.   

 

Table 1. Distribution of the sample plots according to tree species and age groups, and average data about age, 
height, and form factors 

Tree species 
Number of 

sample plots 
Age group 

Number of 
sample plots 

Average age, 
years 

Average 
height, m 

Average form 
factors 

Yung 3 18 9 0.525 
Midle-aged 5 50 14 0.527 Hungarian oak 42 
Mature 34 122 19 0.478 
Yung 3 20 12 0.513 
Midle-aged 2 63 19 0.528 Durmast 27 
Mature 22 126 20 0.509 
Yung 3 17 8 0.567 
Midle-aged 3 44 16 0.492 Turkey oak 14 
Mature 8 122 21 0.492 

Common 
beech 

7 Mature 7 110 21 0.477 

Common 
hornbeam 

1 Midle-aged 1 76 16 0.507 

Austrian pine 14 Yung 14 18 8 0.551 
Yung 1 12 5 0.473 

Scots pine 2 
Midle-aged 1 57 20 0.562 
Young (up to 
40 years) 

24 17 8 0.526 

Middle-aged 
(41–80) 

18 70 21 0.524 Total 107 

Mature (over 
80 years) 

71 120 20 0.489 

 

One can see from the table how the ages and 
heights of the average, model trees affect the val-
ues of the form factor f1.3. In general, the tendency 
as to diminution of f1.3 with the increase in height, 
as other authors have found (Mihaylov, 1938, and 
Zaharov [13]), is available. This, for example, can 
be seen to exist with the middle-aged and mature 
Hungarian oak coenoses, these same ones of Tur-
key oak, and those same totally. However, it is not 
so everywhere – for example, the form factors with 
young and middle-aged Hungarian oak trees are 

almost the same, whereas it is just the opposite 
with durmast – the middle-aged trees have higher 
form factors than those of the young ones (0.528 
and 0.513, respectively), and the explanation can 
be found in the differences between the average 
heights of the trees of the respective age groups. If 
we have a look at the average form factors calcu-
lated  totally for all tree species, we see that the 
trees in the middle-aged stands have almost the 
same form factor with the young ones (0.524 and 
0.526, resp.). And so far as the mature ones are 
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concerned, the form factors of theirs have every-
where close values (from 0.478 up to 0.509, i.e. 
0.489 as an average) and are smaller than the form 
factors of the young and the middle-aged trees. 
This stability and proximity of the form factor values 
with the mature trees is in conformity with Douhov-
nikov’s [3] previous investigations, where he found 
that after the age of 50, age did not significantly 
affect the values of the form factors. The different 
directions of the changed in the form-factor values 
according to age and height, for the young and 
middle-aged trees together with the proximity of 
these values with the mature ones, as well as the 
findings of Sirakov [7], Zaharov [15] and others 
pertaining to the possibility of calculating one com-
mon, average, form factor, regardless of age and 

tree species, give us methodical grounds for seek-
ing an average form factor for the several investi-
gated tree species. 

 

Results and discussion 
1. Average form factors by tree species and Uni-
form form factor 

The form factors obtained for each sample plot 
were further calculated as average for each tree 
species, and the average form factor f1.3 av.

 
was 

obtained. Finally, the common (or uniform) average 
form factor was calculated for all the tree species 
investigated f1.3 av. un.. The results obtained in this 
way, together with the indicators of precision, have 
been presented in Table 2. 

 

Table 2. Average form factors and indicators of precision for the average form factors and for the Uniform aver-
age form factor 

Indicators of precision 
Average form factor Standard  

deviation 
Variation  
coefficient 

Error in the  
arithm. mean 

Tree species 

f1.3 av. σ V [%] m m [%] 
Hungarian oak 0.500 0.031 6.3 0.005 1.0 
Durmast 0.511 0.052 10.2 0.010 2.0 
Turkey oak 0.485 0.030 6.2 0.008 1.6 
Common beech 0.477 0.037 7.8 0.014 3.0 
Common hornbeam 0.501 - - - - 
Scots pine 0.517 0.021 4.1 0.012 2.4 
Austrian pine 0.518 0.060 11.5 0.016 3.1 
Total (UNIFORM) average form factor f1.3 av. e. 0.501 0.016 3.1 0.006 1.2 

 

Table 2 shows an incredibly high precision of 
the average form factors and of the Uniform (com-
mon) average form factor (UAFF). The percentage 
of the arithmetic-mean error is considerably lesser 
than 5%, and for the UAFF it is 1.2%. 

 

2. Checking the Uniform Average Form Factor  
Based on the real model stem volumes, whose 

real volumes we know, and on the data about the 
breast-height-diameters and lengths (or heights) of 
these same stems, their respective volumes were 
calculated by means of the Uniform form factor 
f1.3=0.501 by the formula:  
Vtree=g1.3×h×f1.3         (4) 

 

After that, the calculated volumes were juxta-
posed, and they were tested by means of the Wil-
coxon Test for non-parametric function. On Figures 
1, 2 and 3 were presented the histograms (bar 
charts) illustrating the real and calculated volumes 
for Hungarian oak, durmast and Austrian pine, re-
spectively. 

The image in Fig. 1, 2 and 3 visualise the close 
proximity of the real and calculated volumes for 
three of the investigated species according to sam-
ple plots. The situation with the dendrocoenoses of 
the rest of the tree species is the same.  

Table 3 shows the results of the Wilcoxon Test. It 
can be seen from Table 3 that the significance p is 
almost everywhere higher than 0.05, which is in 
favour of the 0-Hypothesis, which means close 
proximity of the calculated volumes to the real ones 
for the three oaks and the beech and the horn-
beam. We have but one sample plot for the horn-
beam, and the deviation of the calculated volume 
(0.201 m3) from the real one (0.218 m3) is -7%, so, 
the general conclusion can be assumed as true 
about it, having in mind its close proximity to the 
beech in terms of biology and ecology. At the same 
time, however, the significance p has been ob-
tained as lesser than 0.05 for Scots pine and Aus-
trian pine – 0.00006, which denies the 0-Hypothesis 
and does not confirm suitability of the Uniform 
(common) average form factor for calculating the 
volumes of Scots and Austrian pine stems. This is 
due to the very young and low average model trees 
of these species, and the possibility of using the 
UAFF for higher stems of trees cannot be excluded. 
It will be so because, with small volumes, slight 
deviations are reported in this test as great differ-
ences. In fact, as Figure 3 shows, the differences 
between the real and calculated values for Austrian 
pine in the particular sample plots are not big. 
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Fig. 1. Real and Calculated Volumes of Average Trees 

– Hungarian Pine 
Fig. 2. Real and Calculated Volumes of Average Trees – 

Durmast 

 
Fig. 3. Real and Calculated Volumes of Average Trees – Austrian Pine 

 

Table 3. Checking the Uniform Average Form Factor (f1.3 ср.е.=0.501) for Measuring the Volumes of Trees of the 
Investigated Tree Species. The Non-Parametric Wilcoxon Test 

Tree Species 
Number of 

Sample Plots 

Medians 
Vcalc. 
Vreal 

Statistics, 
W 

Significance, 
p 

Results at  α=0.05 

0.5473 
Hungarian Oak 13 

0.5425 
29 0.2734 p>α 

Assumed is the 0-Hypothesis - 
close approximately 

0.6481 
Durmast 13 

0.7311 
25 0.1677 p>α 0-Hypothesis 

0.6785 0-Hypothesis 
Turkey Oak 13 

0.7055 
49 0.8394 p>α 

 
0.7764 

Common beech 7 
0.7474 

25 0.1094 p>α 0-Hypothesis 

0.201 Common Hern-
beem 

1 
0.218 

- - - - 

0.038 Austrian and 
Scots pins 

15 
0.043 

0 0.00006 p<α 0-Hypothesis is rejected 

 
Inferences and Conclusions 

As a result of this investigation, the following in-
ferences can be made: 

The average form factors were calculated for 
each dendrocoenosis of the investigated stands of 
Hungarian oak, durmast, Turkey oak, common 
beech and common hornbeam according to age 
groups, and it was found out that: 

‒ The average form factors in the transition 
from the young to the middle-aged stands 
do not differ substantially, whereas with ma-
ture dendrocoenoses they have definitely 
lower values. 

‒ Totally for all the 107 dendrocoenoses of all 
the tree species, the average form factors 
for the young, middle-aged and mature den-
drocoenoses are 0.526, 0.524 and 0.489, 
respectively. 

The average form factors according to tree spe-
cies have been calculated with high precision – with 
an arithmetic-mean error lesser than the tolerable 
one, which is 5%. 

The calculated common of Uniform Average 
Form Factor is of a very little percentage of devia-
tion (1.2%) from the average form factors for the 
particular tree species. This result was confirmed 
when testing the UAFF for measuring the volumes 
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of single stems by means of the volumetric formula 
(3), as the Wilcoxon Test was used for this pur-
pose. This gives grounds for using this factor for a 
probable, common modeling of the volumes and 
stocks of the investigated deciduous tree species. 

For using the UAFF for coniferous tree species, 
additional, confirmed investigations are necessary. 
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Резюме 
 

Изследванията в настоящето проучване се отнасят до пълнодървесността, като показател за формата на 
стъблата, и до видовото число – също показател за формата и за степента на приближаване на дървесното 
стъбло по своя обем до обема на цилиндъра. В работата са изследвани данните от стъблен анализ на 109 
средни моделни дървета за насаждения от различни дървесни видове – бял и черен бор, бук, зимен дъб, благун, 
цер и габър. Посредством стъбления анализ бяха установени кръговите площи по протежение на стъблата, и по 
известна методика бяха изчислени средните видови числа f1.3 за съответния дендроценоз. По нататък от 
различен брой изследвани дървета и дендроценози за всеки от дървесните видове, бяха изчислени средните 
видови числа f1.3 ср. И накрая беше изчислено едно общо за изследваните дървесни видове средно видово 
число, което се получи с висока точност 6%, и това е допустима за горскостопанската практика точност; от тук се 
появява идеята за използване на полученото средно видово число за няколко дървесни вида при общото им 
моделиране. Това идва като допълнение към установеното по-рано голямо подобие и близост в строежа на 
същите дървесни видове по дебелина и височина. От тук може да се направи заключението, че е възможно 
съставянето на общи обемни и сортиментни таблици за черния и белия бор, дъбовете, бука и габъра, както и за 
други дървесни видове. 

 
Ключови думи: дървесни видове, дендроценози, видови числа. 


