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Abstract
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In parallel studies, different regression models were tested to identify relationships between particular den-
drobiometrical indicators on two sample plots representing forests dominated by the European beech in the 
Central Balkan Range (Bulgaria). The presence of incomplete multicollinearity was studied through correla-
tion matrix for factor variables. Тo avoid multicollinear negative impact, step multiple regression was applied 
and adequate regression equations of the relationships under consideration were formulated. The results of 
statistical analysis confirmed that the link between the investigated indicators is strong and that the ’cloud‘ 
data show some ’sphericity‘ and distribution close to normal. In one of the sample plots, one major volume-
forming factor – height does not participate in the obtained regression equation, so it is not possible to esti-
mate its influence. By testing linear and several nonlinear regression dependencies and by mediating widely 
used statistical criterions for model selection, the optimal linear model of the considered link was chosen.
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Introduction

Beech forests are among the most widely spread forests 
in Bulgaria (Tonchev et al., 2012). They occupy 17% 
of the total forested area of the country (Vasileva and 
Stipcov, 2012) and their yield is 24% of the total stock 
(data from the Executive Environment Agency). In ad-
dition to their regional importance, there is a vital fact 
that only the Central Balkan Range comprises around 
7% of the natural beech forests in Bulgaria (CBNPMP 
2001–2010, 2001). 

All this determine the significance of these forests 
and the need for detailed study. 

The growth and productivity of common beech 
has been investigated, among others, through differ-

ent inventory indicators. For these indicators, numer-
ous authors in Bulgaria and Europe carried out stud-
ies, determined relationships and suggested various 
regression models to fit their mutual relationships. The 
most similar to the issue discussed in this study are the 
works of Dimitrov and Lazarov (1979), Mihov and 
Lazarov (1979), Tsakov et al. (2003), Kramer (1982), 
Bartelink (1997), Kindermann (1998), Forstreuter 
(1999), Guericke (2001), Widlowski et al. (2003).

As a part of the same global target, Zhiyanski et al. 
(2014) carried out an analogous investigation in a dif-
ferent region with Scots pine plantations in the Western 
Rhodopes in Bulgaria. These authors determined the 
influence of DBH, height, length and crown diameter 
on the stock in plantations, through multiple regression. 
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To the best of our knowledge, the implementing of 
this investigation approach and methodology in natural 
beech stands has not been carried out reported so far.

The aim of the present study was to test and im-
plement regression models describing relationships 
between particular aboveground biometrical indica-
tors, such as the diameter at breast height (DBH), stand 
height (H), length of crown (Lk), and aboveground 
stand volume (V), as a part of the study ’Carbon stocks 
in components of natural European beech ecosystems 
after thining activities in Central Balkan‘ (Naydenova 
et al., 2015), in connection with the project ‘Land-use 
and management impacts on carbon sequestration in 
mountain ecosystems’.

Materials and methods

The research ran on two sample plots established within 
the range of the State Forest Enterprise ’Troyan‘, lo-
cated in the Central Balkan Range (Bulgaria). The 
plots are grown with natural forest stands dominated 
by European beech (each with an area of 0.1 ha). They 
have the same characteristics (Table 1), which allowed 
to perform comparative analyses. The first sample plot 
(SP1) was used as a control – without human activity, 
and the second plot (SP2) was characterized with thin-
ning activities conducted 20 years ago (before thinning, 
the stand density on both plots was the same). 

   Table 1. Characteristics of experimental plots 
 

Sample 
plot 
(SP) 

Tree species, 
age (in 2014) 

Slope 
(o) 

 
Exposure 

 

Altitude 
(m asl) Geology Soil type 

(WRB 2014) 
Studied 

trees 

SP1 F. sylvatica, 
64 12.7 NE 1,250 

Shales Dystric 
Cambisols 

218 

SP2 F. sylvatica, 
64 13.7 NE 1,300   66 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Table 1. Characteristics of experimental plots

The studied region of Central Balkan Range is 
characterized with a temperate continental climate. The 
average annual temperature is 7 °C. The average mont-
hly temperature ranges from –3.5 °C (January) to 22 °C 
(July), CBNPMP 2001–2010, 2001. The average annu-
al precipitation amount is 901 mm and varies between 
680 mm and 1,000 mm, as its quantity and distribution 
depends both on altitude and on slope exposure. The 
maximum precipitation level is in summer (June) and 
the minimum in winter (February). The data on pre-
cipitation level for the period from 1972 to 2012 for 
the region of Beklemeto, Central Balkan Range were 
gathered from the database of the National Institute of 
Meteorology and Hydrology – Bulgarian Academy of 
Sciences (NIMH, 2017). Dendrometrical and biometri-
cal indicators were determined by in situ measurements. 
Tree H, the height at the beginning of the crown (with 
ultrasonic altimeter Vertex IV) and DBH of all trees 
were measured. The mean diameter (DBHm) was deter-
mined by the arithmetic basal area. The average height 
(Hm) was calculated as the weighted average in terms 
of basal areas of Lorey’s formula. The average length 
of the crown (Lкm) is the arithmetic mean of crowns’ 
diameters (the wider part) of all trees. Stem volume was 
determined according to the following equation:

V = g1.30 ∙ H ∙ f1.30, m
3,

where f1.30 is a tree form factor – specific for each tree 
species, directly used from a compiled table for species 
heights for high productive beech (Evangelov et al., 
2004), g1.30 is basal area (m²), and H is the tree height 
(m).

The volume of the branches is determined by ex-
trapolating the percentage of branches relative to the 
stem volume (Sirakov and Duhovnikov, 2004). The 
total volume of the aboveground stem with branches 
is defined as the sum of the volumes of all stems and 
branches.

Stand productivity class was determined from 
Tables for determining the productivity class for high 
productive beech trees (Nedyalkov, 2004).

Multivariable linear regression was applied to in-
vestigate the influence of DBH, H and Lk on the aboveg-
round volume from the following type:

V= b0 + b1 ∙ DBH + b2 ∙ H + b3 ∙ Lk, m
3,

where b0 is regression coefficient (a free member in the 
regression equation) and b1, b2, b3 are regression coef-
ficients of factor variables.

The presence of multicollinearity was studied 
through correlation matrix for factor variables (DBH, H 
and Lк). To avoid the negative impact of multicollinear-
ity a stepwise multiple regression was applied.

For establishing the connection between the 
aboveground volume and stand height, one linear and 
six non-linear regressions (quadratic, cubic, power, in-
verse (hyperbolic), exponential and logarithmic) were 
tested in one of the two studied plots. The regression 
analysis was performed using the software product 
SPSS. 

The optimal of the studied models was selected af-
ter their evaluation using the criteria for model choice 
Аkaike (АIC) (Akaike, 1974; Kullback and Leibler, 
1951), Bayesian (BIC), Schwarz (1978) and root-

Sample 
plot
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means-square deviation (RMSD), MYUNG (2000). We 
used AIC, BIC and RMSD, with the following formu-
lae: 

AIC = −2log(L) + 2k,
where k is the number of parameters in the model, аnd 
L is maximum probability function for the model under 
consideration;

BIC = −2log(L) + kln (n),
where k is the number of parameters in the model, L 
is maximum probability function for the model under 
consideration and n is the number of data points. 

RMSD of the model in terms of parameters is de-
fined as square root of mean square error. 

To calculate the criteria for choosing an optimal 
model, the software program ‘Companing models’ was 
used (Mavrevski, 2014).

Results 

Values of the determined dendrobiometrical indicators 
are shown in Table 2.

Table 2. Dendrobiometrical characteristics 
 

Sample 
plot 

Composition 
(by volume 
percentage) 

Studied 
trees 

DBHm 
(cm) 

Hm 
(m) 

Lkm 
(m) 

∑G  
(m2) 

V stem 
(m3) 

V with 
branches 

(m3) 
 

 
     

F. sylvatica 
(99.9%) 218 15.2 18.9 4.9 3.9757 44.21 50.04 

P. abies  
(0.1%) 

   2   8.4   5.3 3.5 0.0111   0.04   0.06 

Total  220    3.9868 42.25 50.10 
 F. sylvatica 

(97.4%)  66 19.1 20.6 8.4 1.8838 21.94 26.00 

P. abies  
(2.6%) 

   3 16.9 17.5 5.4 0.0673   0.62   0.69 

Total    69    1.9511 22.56 26.69 
 

*DBHm, mean diameter; Hm, stand mean height; Lkm, arithmetic mean lengths of crown; ∑G, total basal area; V stem, volume of    

 the stem; V with branches, volume of the trees with branches. 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2. Dendrobiometrical characteristics

DBHm, mean diameter; Hm, stand mean height; Lkm, arithmetic mean lengths of crown; ∑G, total basal area; V stem, volume of 
the stem; V with branches, volume of the trees with branches.

Mean values of dendrometric indicators in SP1 are 
lower, but the total circular area and volumes (without 
and with branches) are higher due to the higher number 
of trees in the sample plot.

The established values of average tree height, 
combined with age (Table 1) classify studied forest 
stands to productivity class II (SP1) and I (SP2), respec-
tively (Nedyalkov, 2004). The control plot is of a lower 
class, but the number of trees offsets the volume, and 
the productivity of the thinned plot increased due to the 
’opening‘ of the stand.

The multiple linear regressions applied to study 
the dynamics of dendrobiometrical indicators (DBH, H 
and Lk) over the aboveground volume (Model 1 for SP2 
and Model 2 for SP1) is shown in Table 3.

It resulted in the following regression equations 
for the relationship between dendrobiometrical indica-
tors. For SP1:

V = –0.199 – 0.030 . DBH – 0.04 ∙ H + 0.006 ∙ Lk
and for SP2 :

V = –0.385 + 0.037 ∙ DBH + 0.003 ∙ Lk.
There is a requirement for multiple regression fac-

tor variables to be independent from each other, if not 
– there is multicollinearity and in its presence, the esti-
mated regression coefficients are inefficient and unreli-
able (Dimitrov, 2003). To establish the multicollineari-

ty, correlation matrix factor variables were investigated. 
When constructing the matrix, with respect to 

the dependence between the height of the trees on one 
hand and the respective crowns lengths on the other, is 
the presence of the dependence, in both cases, where 
the Pearson’s correlation coefficient is higher than 0.7 
(0.804 and 0.712 respectively for SP2 and SP1). In the 
control plot (SP1), the above fact was also found valid 
with respect to the dependence between the diameter 
and the height (Pearson’s correlation coefficient 0.713). 
These values are close to the limit and because the rela-
tionship between the variables is not functional, but cor-
relational, an incomplete multicollinearity expected to 
occur (in which the defining variables are approximate-
ly linearly dependent) (Dimitrov, 2003). Moreover, 
according to Khedi and Dillon (1965), when the co-
efficients of correlation between the interacting factor 
variables are under 850, full multicollinearity is out of 
discussion.

The stepwise multiple regression was realized to 
avoid the negative impact of multicollinearity (Table 3, 
Models 3, 4, 5 and 6).

Model 3 was obtained for SP2, where only the 
influence of the DBH over the stock was investigated. 
The last three models, referred to SP1, show the rela-
tionship between the DBH (Model 4); of DBH, together 

SP1

SP2
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   Table 3. Multiple regression of diameter, height, and biometric parameters of crowns influence on F. sylvatica 

 

Sample 
Plot Factors R R² Sy 

Regression 
coefficients 

(b0, b1, 
b2….bn) 

Beta T Sig. t 

1) SP2 

 0.980 0.960 0.037     
Constant 

(a)    –0.385    –8.757 0.000 

DBH      0.037 0.952   27.246 0.000 
H      0.000 0.030     0.064 0.949 
Lk      0.003 0.410     0.956 0.343 

2) SP1 

 0.971 0.944 0.035     
Constant 

(a)    –0.199   –16.181 0.000 

DBH    –0.030 0.986    42.276 0.000 
H    –0.040 –0.090    –3.273 0.010 
Lk      0.006 0.082      3.540 0.000 

3) SP2 

 0.979 0.959 0.037     
Constant 

(a)    –0.378    –19.984 0.000 

DBH      0.038 0.979    38.698 0.000 

4) SP1 
 0.969 0.940 0.036     

Constant(a)    –0.225   –28.871 0.000 
DBH      0.031 1.068    57.925 0.000 

5) SP1 

 0.970 0.941 0.036     
Constant 

(a)    –0.230   –28.451 0.000 

DBH      0.029 0.946    46.882 0.000 
Lk      0.003 0.042      2.078 0.039 

6) SP1 

 0.971 0.944 0.035     
Constant(a)    –0.199   –16.181 0.000 

DBH      0.030 0.986   42.276 0.000 
Lk      0.006 0.082     3.540 0.000 
H    –0.004 –0.090    –3.273 0.001 

 
R, correlation coefficient; R2, coefficient of determination; Sy, standard error of estimates; Beta, standardized coefficient; t, 

  Student’s criteria; Sig., level of significance. 

 

 

 

 

 

 

 

Table 3. Multiple regression of diameter, height, and biometric parameters of crowns influence on F. sylvatica

R, correlation coefficient; R2, coefficient of determination; Sy, standard error of estimates; Beta, standardized coefficient; t, 
Student’s criteria; Sig., level of significance.

 
 

   Table 4. Correlation matrix for multicollinearity examination  
 

 Factor 
variables DBH/SP2 H/SP2t Lk/SP2 DBH/SP1 H/SP1 Lk/SP1 

DBH/SP2  

Pearson 
correlation 1.000 0.680** 0.612** 1.000 0.713** 0.567** 

Sig. (2-tailed)  0.000 0.000  0.000 0.000 
N 66 66 66 218 218 218 

H/SP2 

Pearson 
correlation 0.680** 1.000 0.804** 0.713** 1.000 0.712** 

Sig. (2-tailed) 0.000  0.000 0.000  0.000 
N 66 66 66 218 218 218 

Lk/SP2 

Pearson 
correlation 0.612** 0.804** 1.000 0.567** 0.712** 1.000 

Sig. (2-tailed) 0.000 0.000  0.000 0.000  
N 66 66 66 218 218 218 

 
**Correlation is significant at the 0.01 level (2-tailed). N, number of the studied trees. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

**Correlation is significant at the 0.01 level (2-tailed). N, number of the studied trees.

Table 4. Correlation matrix for multicollinearity examination 
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Table 5. M
odels of the m

ost relevant and statistically significant regressions relationships betw
een aboveground volum

e (V
) and height (H

) in SP2 
 

M
odel nam

e 
Regression equation 

    R 
 R² 

SEE 
RSS 

F-criteria 
Sig. F 

t ‘a’ 
Sig. t ‘а’ 

t ‘b’, ‘c’, ‘d’ 
Sig. t  

(‘b’, ‘c’, ‘d’) 

Linear 
V

 = 0.029 . H
 – 0.307 

0.548 
0.300 

1.115 
  0.841 

27.481 
0.000 

–2.769 
0.007 

5.242 
0.000 

Q
uadratic 

V
 = 0.01 . H

² – 0.044 
0.554 

0.307 
0.115 

  0.834 
13.947 

0.000 
–0.123 

 0.902 
‘c’ 0.768 

‘c’ 0.445 

Cubic 
V

 = 0.388 – 0.079 . H
 + 

0.005 . H
² – (8.245E + 

0.05) . H
³ 

0.555 
0.308 

0.116 
  0.832 

  9.215 
0.000 

  0.314 
 0.754 

‘b’ –0.360    

‘c’ 0.428              

‘d’ –0.366 

‘b’ 0.720 

‘c’ 0.670 

‘d’ –0.716 

Pow
er 

V
= 0 . х(H

)ˆ2.429 
0.667 

0.445 
0.400 

10.233 
51.267 

0.000 
  0.989 

 0.326 
7.160 

0.000 

Inverse 
V

 =  –7.277 /  H
 + 0.644 

0.485 
0.236 

0.120 
  0.919 

19.726 
0.000 

  7.514 
 0.000 

–4.441 
0.000 

Exponential 
V

 = 0.15. exp(0.138 . H
) 

0.633 
0.440 

0.402 
10.321 

50.285 
0.000 

  2.578 
 0.012 

  7.091 
0.000 

Logarithm
ic 

V
= 0.489 . ln(H

) – 1.187 
0.526 

0.277 
0.117 

  0.870 
24.268 

0.000 
–4.027 

 0.000 
  4.947 

0.000 

 Sig F, level of significance of the F-criterion; t , Student’s criterion; Sig t ’а’, level of significance of the free articles 'a'; Sig t 'b', 'c', 'd', level of significance of the factor variables ('b', 'c', 'd'). 
  

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

Table 5. M
odels of the m

ost relevant and statistically significant regressions relationships betw
een aboveground volum

e (V
) and height (H

) in SP2

SEE, standard error of evaluation; R
SS, residual sum

 of square; t ‘a’, Student’s criterion; t ‘b’, ‘c’, ‘d’, Student’s criterion; Sig. F, level of significance of the F-criterion; t, Student’s criterion; 
Sig. t ‘a’, level of significance of the free articles ‘a’; Sig. t ‘b’, ‘c’, ‘d’, level of significance of the factor variables (‘b’, ‘c’, ‘d’).
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with crown length (Lk) – Model 5 and DBH, together 
with the length of crowns (Lk) and height (H) – Model 
6 on the volume.

With the statistically significant coefficients de-
termined by the analysis, there may be proposed the 
following regression equations for determining the 
aboveground volume through all other surveyed den-
drobiometrical indicators in the studied beech forests 
(Table 3, Model 6 and 3). For SP1: 

V = –0.225 + 0.031 ∙ DBH,
V = –0.230 + 0.029 ∙ DBH + 0.003 ∙ Lk,

V = –0.199 + 0.030 ∙ DBH + 0.06 ∙ Lk – 0.04 ∙ H.
For SP2: 

V = –0.378 + 0.038 ∙ DBH.
The height and DBH are the major factors in the 

basic equation for calculating the volume. The statisti-
cal analysis and the resulting model did not prove the 
influence of height on the volume in SP2. Therefore, 

the need to seek other options for establishing this rela-
tion was considered. These two factors (H and V) were 
linked by applying descriptive statistics and testing of 
one linear and 6 non-linear regression equations (qua-
dratic, cubic, power, inverse (hyperbolic), exponential 
and logarithmic), Table 5.

The power model (у = аxb) was unimportant due 
to the zero regression coefficient ‘a’. The quadratic and 
cubic models were excluded because their regression 
coefficients were higher than the significance level 
(0.05).

Therefore, the optimal model for representing the 
relationship under consideration is linear, inverse, ex-
ponential and logarithmic. Which model to choose is 
decided by applying the criteria for choosing the opti-
mal model (АIC, BIC and RMSD), Table 6.

 
 

 
 

Table 6. Calculation of the criteria for choosing an optimal regression model between aboveground volume (V) and height (H) in 

SP2 through the program ’Comparin models‘ 
 

Regression model SS K N AIC BIC RMSD 
Linear 0.841 2 66 –341.13772 –275.37705 0.11463 

Inverse (hyperbolic) 0.919 2 66 –275.70508 –269.52321 0.11983 
Exponential 10.321 2 66 –116.07419 –109.89233 0.40158 
Logarithmic 0.870 2 66 –279.32141 –273.13955 0.11659 

Reference value    min min min 
  
RSS, residual sum of square; K, number of parameters in the model; N, number of data points. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Table 6. Calculation of the criteria for choosing an optimal regression model between aboveground volume (V) and height (H) 
in SP2 through the program ’Comparin models‘

RSS, residual sum of square; K, number of parameters in the model; N, number of data points.

According to the criterion AIC, BIC and RMSD 
(Table 6), the optimal model of the relationship be-
tween V and Hm is the linear of the type: 

Y = ax + b.
After testing, there were determined the following 

model parameters for the dependence (Table 5):
V = 0.029H – 0.307,

Y(V) – aboveground volume of the stand, m3; x (H) – 
stand height, m; a and b – regression coefficients.

Discussion

It is well known that in forest dendrobiocenoses the 
relationship between dendrobiometrical indicators 
is relatively complex and varied, and almost never 
this relationship can be expressed and appreciated if 
considered separately. 

In the two studied plots, the connection between 
dendrometrical indicators for the beech trees predomi-
nant in the stand composition were examined (Table 
2). The regression equations (Table 3, Model 1 and 2) 
showed the general relationship between the aboveg-
round volume and the factor variables. SP1 needed 

stand height (H), DBH and length of crown (Lk) to cal-
culate aboveground volume. Volume (V) was depen-
dent on each of the other variables, but in this case, H 
has a greater weight. In contrast, in SP2, height did not 
participate in the regression equation determining the 
aboveground volume. This fact is a surprise, as height 
is a major volume forming factor in the basic equation 
for volume calculation. On the other hand, high values 
of correlation coefficient R > 0.3 on both plots (0.971 
SP1 and 0.980 SP2) and R2 values (0.944 and 0.960 for 
SP1 and SP2, respectively) show that the dependence 
between the studied variables is strong and their varia-
tions reflect the variations in the stand volume (more 
valid for SP2 – within 96%).

Despite the results and analysis do not imply so 
far a serious danger of multicollinearity occurrence, 
the presence of incomplete multicollinearity required 
to apply a stepwise multiple regression. The stepwise 
multiple regression used to avoid the negative impact 
of multicollinearity (Table 3, Models 3, 4, 5 and 6) was 
applied, where the factor dependent variables were ex-
cluded from the regression equation as negligible. In 
our opinion, the studied relationships are better char-
acterised with the new regression equations obtained 
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after application of stepwise multiple regression with 
participation of some or all the dendrometric indicators 
studied (Table 3, Models 3, 4, 5 and 6).

The analysis of the regression equations obtained 
shows that in most cases (except for the last equation 
SP1), the signs of regression coefficients are in accor-
dance with the logic of their influence and role on the 
stock, i.e. with increasing factor variables studied – in-
creases the volume. What do these coefficients do?

For SP1 – increasing DBH with 1 cm, and in 
eliminating the influence of Lk and H, the volume of 
the stems of standing trees has been growing with 0.031 
m³, 0.029 m³ and 0.030 m³ respectively. For SP2 the 
increase is almost identical (with 0.038 m³).

The correlation coefficients (R) between the rel-
evant factors and stock in both cases are high and in a 
narrow range (from 0.969 to 0.979), indicating a strong 
two-way link – R2  (from 0.940 to 0.959), which is more 
valid for SP2. This confirms the importance of the 
amendment of these taxonomy parameters on volume 
variation. 

The null hypothesis has been rejected, and the 
models have been detected statistically significant, since 
in the performed ANOVA, Fisher’s coefficients F (SP2, 
Model 3) = 1,497.523; F (SP1, Model 4) = 3,355.261; 
F (SP1, Model 5) = 1,705.656 and F (SP1, Model 6) = 
1,191.998, at Sig. F = 0.000 < 0.05 (significance level) 
for both experimental plots (in all four models) and de-
grees of freedom df = 3. This was also confirmed by the 
Bartlett’s test of Sphericity in which for both plots Sig. 
= 0.000 < 0.05, i.e., the cloud data have some ’round-
ness‘ and they do not lie on a line in the space. In the 
conducted КМО test (Kaiser-Meyer-Olkin Measure of 
Sampling Adequacy) the result is ≥ 0.5 (0.703 to 0.674 
for SP2 and SP1, respectively), which is an indication 
of multi-dimensional distribution of the data close to 
normal. 

Table 3 shows that statistically significant regres-
sion coefficients are those related to the free member of 
the equation, as well as any other factor variables. This 
is evident from the values of functions’ free members 
(constants – ‘a’) and from regression coefficients ‘b’ 
and their corresponding values of the Student’s ‘t-crite-
rion and the level of significance (Sig. t) which proves 
that this regression coefficient does not differ statisti-
cally from 0.

Slightly stronger influence of the diameter in SP1, 
assessed by the higher values of its standardized coef-
ficient (Beta) (from 0.946 to 1.068) has been found. The 
standard error values are close to 0 (Sy is from 0.035 to 
0.037), expressing high precision calculations.

In SP1, the aboveground volume size depends on 
three measurable indicators (variables) with different 
participation in the three models presented. In SP2 the 
height (as a factor) does not participate in the regression 
equation (Table 3, Model 3). There has been stated that 
ignoring height as the main volume factor is unaccept-
able. Therefore, further testing of models illustrating 

the relationship between the aboveground volume and 
the stand height (H) in SP2 was necessary.

Separately, all three criteria used (АIC, BIC and 
RMSD) are only sensitive to the number of parameters, 
but they are not sensitive to the functional form of the 
model. Comparison of models with AIC and BIC was 
performed because the residual sum of squares is di-
rectly available in the SPSS software product used. On 
the other hand, RMSD method could not handle cases 
with small sample sizes and a large number of param-
eters in the models, as this could lead to negative square 
roots. In addition, there is no statistical justification for 
RMSD. For this reason, it is necessary to evaluate the 
models by combining the three criteria for assessing the 
’optimality‘ of the models. Through the ‘Comparing 
Models’ module, these criteria were computed and com-
pared. The formulas used in the ‘Comparing Models’ 
for calculating these criterions are (Mavrevski, 2012):

AIC = nln(RSS/n) + 2k, when n/k ≥ 40,
AIC = nln(RSS/n) + 2k + (2k(k+1) / (n−k−1)),  

when n/k < 40,
BIC = nln(RSS/n)+kln(n),

where n is the number of data points; k is the 
number of parameters fit by the regression plus one 
(since regression is ’an estimating‘ of the sum-of-
squares, as well as the values of the parameters); RSS, 
or sum of square error, is the sum of the squares of the 
vertical deviations from each data point to the fitted 
line.

RMSD = √RSS / n−k,
where n is the number of data points; k is the 

number of parameters; RSS is the sum of square error.
Regression with lower AIC, BIC, and RMSD val-

ues is considered to be better. 
In the selected ’optimal‘ linear regression for SP2 

(Table 5 and 6), the dependent height (V) is viewed 
according by one factor (stand height – H). The cor-
relation coefficient R = 0.548 and the determination 
coefficient R² = 0.300. When the coefficient R is in the 
range of 0.3 to 0.7, the relationship is medium in inten-
sity and the value of R² indicates that the degree of de-
pendence between the studied factors variables is 30%. 
The presented linear regression satisfactorily represents 
the relationship under consideration, which is evident 
from the Fischer’s coefficient (F = 27.471) and its cor-
responding significance level (Sig. F = 0.000) lower 
than the error α = 0.05. The model itself is adequate, 
according to Student’s ‘t’-criterion (t = –2.769) and its 
significance level (Sig. t = 0.007 < 0.05), in addition 
the free member of the model is statistically significant, 
too. This also applies to the regression coefficient be-
fore the factor variable (H), where t = 5.242 and Sig 
t = 0.000. Relatively close to 0 (Sy = 0.115) value of 
the standard error of the estimate is an expression for 
acceptable accuracy of the relationship under consider-
ation. The regression is positive, which is visible from 
the sign before the regression coefficient. The value of 
this coefficient indicates that the change in stem height 
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by 1 m is expected to change the aboveground volume 
by 0.029 m³ on average. Therefore, we have a reason 
to conclude that there exists regression relationship be-
tween the aboveground volume and stand height (H) in 
SP2, according to the represented linear model.

Conclusions

The results of the statistical analysis demonstrated the 
effectiveness of the applied linear regression analysis. 
It showed that the link between stand volume and es-
tablished average diameter, average height and length 
of the crowns in the studied beech stands is strong two-
way.

The finding results showed that dendrobiometrical 
measurements give better inventory characteristics for 
SP2. 

The conducted tests – Barlett and KMO, showed 
that the ’cloud‘ data show some ’sphericity’, they do 
not lie on a line in the space and have distribution close 
to normal.

There is evident presence of incomplete multicol-
linearity due to the links between aboveground volume 
and height in one case, and between aboveground vol-
ume and length of the crowns in the second (SP1). After 
application of a stepwise multiple regression, more ac-
curate regression equations have been proposed to esti-
mate the volume for studied plots. 

An optimal mathematical model linear for the rela-
tionship between stock and average height in one of the 
sample plots is proposed, based on the AIC, BIC and 
RMSD criteria for the selection of an ’optimal‘ model 
from different model classes.

The proposed equations allow determining the vol-
ume of forest stand of native beech by diameter, height 
and length of the crown or just by measuring some of 
them in the studied and similar stands.
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