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ABSTRACT

Background and Purpose: The aim of this article is to create a virtual forest stand based on the field measurement of
spatially separated sample plots and to examine its credibility based on the deviation of the basic characteristics of the
virtual stand as compared to the field measurements.

Material and Methods: Field measurements were made on 20 circular sample plots with a 20 m radius, set on a
100x100 m grid. By using the univariate Ripley’s K function the regularity of the spatial pattern of trees was analysed. The
diameter distribution and the frequencies of height within individual diameter class were mathematically fitted and used
for generating the virtual stand. The whole process of generating the virtual stand was done in the R software. Area of study
are even-aged silver fir stands in the Croatian Dinarides.

Results: The main unit of the virtual stand is a tree, with the purpose that the virtual stand can then be used as a basis for
forest stand growth simulators. The result of the research was a virtual stand of 3 ha whose characteristics only slightly
differed from the field measured plots. Within the virtual stand, special emphasis has been put on tree heights, which were
generated according to the variability of tree height for trees of the same diameter at breast height.

Conclusions: Considering the distribution of diameters at breast height, tree heights, the number of trees, basal area
and volume, the virtual stand has minimal deviations from the situation in the field and it adequately shows variability

measured in the field.
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INTRODUCTION

Prior to planning forest management, field measure-
ments have to be done in order to obtain main forest
characteristics. Because of its complexity and labour cost,
field measurements are usually carried out on a previously
chosen sample area, and not in the entire forest area [1-
3]. This assumes that the unmeasured parts of the stand
have the same or similar characteristics as the measured
parts with the given confidence interval. The sample usually
consists of many relatively small and spatially separated
areas (e.g. 500 m?in size) in order to estimate the variability
in statistical analysis, but it does not enable insight into the
entire stand. By compilation of spatially separated plots
into a single coherent plot, forest stand can be shown in
its absolute area [4-7] and as such it can be used in forest
tree growth simulators [8] for the purpose of planning

future forest management [4, 9-12]. Also, the compilation of
spatially separated plots into a single coherent plot reduces
the costs of the total measurement of structural elements of
the entire stand [9]. Apart from the possibility of using virtual
stands as a starting point for future forest management
simulation, they can also be used for comparison between
the present and the future value of forest resources [13].
Trees which belong to a stand can be classified according
to their mutual position into three basic spatial patterns:
i) clustered, ii) random, iii) regular [14]. This classification
treats forest as two-dimensional in its form, which differs
from defining its structure as three-dimensional [11].
Pommerening [11] also stressed that most of the measures
which describe the forest structure can be classified
into two groups according to mathematical relations:
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distance-independent and distance-dependent. The spatial
distribution of trees and their interrelationship based on tree
species, diameter and similar factors, is primarily the result
of the impact of habitat, but also of forest management.
Stands consisting of several different tree species of different
age and size are the most complicated for modelling [5, 11],
unlike even-aged and pure stands.

Generating virtual forest stand is conditioned by the
type of simulator which will simulate future theoretical and/
or practical management. According to Pretzsch et al. [15]
and Ngo Bieng et al. [5], there are three levels of forest stand
growth simulators (single-tree level, diameter class level
and stand level). The classification is always conditioned
by the basic input data [15], while it refers to the level of
simulation [16] . Simulators based on individual trees are the
most complex and they require detailed data about every
single tree in the stand. It is especially important that the
virtual stand of a single-tree level realistically represents the
measured stand [17] so that the results of the simulation of
management would be more realistic. When generating such
a virtual stand, the spatial distribution of trees plays a crucial
role. By directly joining separated spatial sample plots, the
resulting spatial distribution of trees would not match the
spatial distribution in the field because of the marginal trees
of spatially adjoining plots. Therefore the spatial distribution
of trees in a virtual stand has to include all the factors of
spatial occurrence of trees in the field [8, 11, 17]. Virtual
stand can cover a much larger area than the spatial sample
based on which it was generated [4-6, 8], which is one of the
reasons for creating a virtual stand in the first place. The aim
of this article is to create a virtual forest stand based on the
field measurement of spatially separated sample plots and
to examine its credibility based on the deviation of the basic
characteristics of the virtual stand as compared to the field
measurements.

MATERIAL AND METHODS

Study Site and Data Collection

The study was conducted on an area of even-aged pure
forests of silver fir (Abies alba Mill.) in Lika region, located
in central Croatia (management unit Skamnica 44°58'N,
15°08’E). In forest of management unit Skamnica altitudes
vary between 430 and 828 m a.s.l. Main soil types are
limestone and dolomite. According to Képpen classification,
the climate is marked as Cfwbx. Because of being even-
aged and consisting of only one tree species (>95% of
growing stock), this type of forest is rarely found in forest
management of European fir forests [18]. Stands which
belong to the observed forest are extremely similar to each
otherinterms of timber stock, stand basal area and increment
[10]. The study site (management unit Skamnica) covers an
area of 1833 ha, while the spatial sample obtained by field
measurements is narrowed to a section (subcompartment)
of 22.21 ha (Figure 1a).

Within a 100 m square grid oriented according to
cardinal directions a total of 20 circular sample plots with
20 m radius were positioned. All trees within the plot
(silver fir, beech (Fagus sylvatica L.) and other broadleaved
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hardwoods (OBH)) with a diameter at breast height (dbh)
over 10 cm were measured. For every tree, its species, the
specific position in the three-dimensional space, dbh, and
absolute height were determined according to the Croatian
National Forest Inventory (CRONFI) field procedures [19].
Regarding the tree species and the status of the tree (dead/
alive) four subpopulations were determined: fir-alive, fir-
dead standing, beech, and broadleaved hardwoods. The
total sampled area was 2.512 ha, which makes 11.3% of the
studied stand’s area. Field measurements were conducted
during 2013 after selective felling.

Spatial Structure Analyses

Ripley’s K(r) is a univariate function [20-22] used for
the analysis of spatial structure. This function is based on
the distance between all of the trees in a two-dimensional
space [21], and it is often used in the analysis of spatial point
patterns of forest ecosystems [23]. According to Ripley [20]
and Ngo Bieng et al.[5], “Ripley’s K function is a function of
the mean number of other trees found within distance r from
a typical tree and it defines different degrees of random,
clustered or regular spatial organisation”. In this study
distance r around every tree is represented by a sequence
of concentric circles with 0.5 m intervals. According to Besag
and Diggle [24], L(r) square-root transformation of the main
K(r) function was used.

The null hypothesis of the univariate function K(r)
claims that there is no statistically significant difference
between the spatial pattern of trees and the totally random
spatial pattern, i.e. claiming that trees are randomly
distributed. The confidence interval of totally random
pattern was calculated by Monte Carlo simulation [25] with
99 repetitions of Poisson’s distribution [26]. The analysis was
done with R software [27] using the “spatstat” package [28].

Generating Virtual Stand

Based on the analysis of spatial structure on all 20 plots
a virtual stand was generated with a given condition that the
spatial pattern of trees for all subpopulations is identical to
the pattern in the field. The spatial pattern was generated
with “stats” package, which is part of the R software [27].
The generated virtual stand is square-shaped and has an
area of 3 ha (Figure 1b).

Furthermore, the virtual stand is assigned with
additional conditions which describe positions measured
in the field. The simulated positions of trees are associated
with the corresponding subpopulation (tree species and the
condition of being alive/dead), dbh and tree height. The
association process consists of several parts:

i) The category of subpopulation (tree species and the
condition of being alive/dead) has to be the same as
in field measurements;

ii) The dbh distribution in spatial structure. According
to Jaworski and Podlaski [29] and Burkhart and
Tomé [30], the diameter distribution with diameter
classes of 5 cm is fitted by using one of the following
functions: normal distribution [31], logarithmic
normal distribution [32], Weibull’s function [33] or
gamma distribution. The fitted distribution which
has the lowest values of parameters AIC and BIC is
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FIGURE 1. The spatial pattern of field measurements (a) and the generated virtual stand (b).

taken to be optimal, as according to Dziak et al. [34].
The fitting was done using the “fitdistrplus” package
[35], which is a part of the R software [27]. The fitted
distribution is associated with the allocation of the
corresponding subpopulation in the area.

iii) The distribution of tree heights depending on dbh.
The measured heights within a diameter class (5
cm) always include some variability. The measured
heights were taken for every diameter class
separately and their distributions within the class
were mathematically fitted as described in ii). After
this, the fitted distribution of heights was associated
with the corresponding fitted dbh.

Virtual Stand Validation

Deviation of the measured characteristics of the virtual
stand from the field measurements were analysed by
diameter classes for every stand variable separately (the
number of trees, basal area and volume). Also, two-sided
K-S test [36, 37] was used for determining the statistically
significant difference between them using the “stats”
package [27], with significance level being 0.05. The test was
conducted separately for each specific subpopulation (tree
species, alive-dead) and in total for all the subpopulations
together, i.e. for the entire stand.

RESULTS

Field measurements (Table 1) confirmed silver fir as the
most frequent tree species in the study area. More than
80% of silver fir’s timber stock is concentrated in diameter
class’s span between 37.5 cm and 62.5 cm, with diameter
distribution characteristic for an even-aged stand (Figure
3a). Other subpopulations (dead standing fir trees, beech,
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other broadleaved hardwoods) in timber stock are together
represented by only 2.47% and on average do not achieve
dbh greater than around 30 cm (Table 1).

The analysis of the spatial structure with the univariate
Ripley’s K function was conducted for every sample plot
separately (Figure 2). On a total of 19 plots, the spatial
distribution of trees is random and it follows Poisson’s
distribution while trees are grouped on one of the plots. The
criterion of random spatial distribution of trees is reflected
in the comparison of the transformed Ripley’s L(r) analysis
for individual plots and Poissons’s random distribution
(Figure 2). The result of clustered spatial patterns are groups
of young trees (dbh=15-25 cm), which are situated on
more open parts of the stand. From the results of the two-
dimensional analysis it can be observed that the clustered
pattern of trees is an exception, while random pattern
prevails. Silver fir trees form the main stand (the upper
storey), while other tree species can be found individually in
the bush layer, i.e. in the lower storey.

According to the characteristics of the measured stand
(Table 1), the number of trees in the virtual stand which
were generated contained 375 trees-ha?, out of which 315
trees-ha™® were silver fir (alive), 43 trees-ha® were silver fir
(standing dead), 12 trees-ha were beech and 5 trees-ha™
other broadleaved hardwoods. The spatial distribution of
dbhs (Figure 1b) was generated based on the analysis of
spatial patterns of individual subpopulations (Figure 2). The
relative coordinates (x, y) within the stand were associated
with the fitted diameter distribution (Figure 3). Although
in some subpopulations the field measurements did not
determine the presence of trees in every diameter class
(Table 1), in the process of distribution fitting all classes were
used for generating the virtual stand (Figure 3).

The coefficients of determination (r?) ranged from 0.70
to 0.85. The fitted distribution for the subpopulation of alive
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TABLE 1. Stand structure based on the measured field plots: stand density (N, trees-ha?), basal area (G, m?-ha?), volume (V, m*-ha).

Abies alba Mill. Abies alba Mill. Fagus sylvatica L. OBH*
dbh Alive Dead standing Alive Alive 2
fem) N G v N 6 v N 6 v N 6 v N 6 v
(trees-ha) (m2-ha?) (m*-ha?) (trees-ha?) (m*-ha?) (m3ha?) (trees-ha?) (m*ha) (m3-ha?) (trees-ha?) (m*ha?) (m3-ha?) (trees-ha?) (m2ha?) (m*-ha?)

125 13 0.16  0.89 20 0.24 0.95 7 0.08 043 2 0.02 015 41 0.51 2.42
17.5 22 0.54 4.19 11 0.27 1.55 2 0.05 0.38 35 0.85 6.12
22,5 20 0.83 8.83 6 0.24 1.85 1 0.03 0.21 2 0.07 062 29 116 1151
27.5 27 1.62 1936 3 0.19 1.12 1 0.05 0.71 31 1.86 21.19
325 33 278  35.62 1 0.09 1.00 1 0.04 0.37 36 291  36.99
37.5 44 491 6749 1 0.05 0.63 45 496 68.13
42.5 45 6.26  89.64 1 0.06 0.90 1 0.10 1.44 46 6.42 91.98
47.5 47 8.38 12293 1 0.07 1.09 48 8.45 124.02
52.5 31 6.65 99.44 1 0.08 1.18 32 6.73  100.63
57.5 20 519 7851 20 519 7851
62.5 9 2,67 40.01 9 2.67 40.01
67.5 2 085 12.97 2 0.85 12.97
72.5 1 0.15 2.28 1 0.15 2.28
77.5 1 0.37 5.66 1 0.37 5.66

> 315 41.36 587.83 43 1.18 8.55 12 0.33 3.46 5 0.23 2.58 375 43.09 602.41

Share (%) 84 95.99 97.58 11 2.73 1.42 3 0.75 0.57 1 0.52 0.43 100 100 100

* other broadleaved hardwoods

L(r)
o

10 15 20

r(m)

FIGURE 2. The results of univariate Ripley's (K) analysis for silver fir on all plots. Black lines represent the transformed values of
Ripley's (K) analysis for the distance 0-20 m for each plot. The area of Poissons's random distribution with confidence interval

of 95% is shown in grey.

silver fir had the highest coefficient of determination, which
was 0.85. For the subpopulation of dead standing beech the
coefficient was 0.79, for beech it was 0.70, and for other
broadleaved hardwoods 0.82.

Tree height is a function of the tree’s dbh, which at this
stage of generating virtual stand is already determined by
its dimension and position. Figure 4 shows the comparison
between the measured and the generated heights of alive
and dead standing silver fir trees. Every diameter class was
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associated with the number of tree heights proportional
to the number of heights of that diameter class measured
on the plots. Tree heights of beech and other broadleaved
hardwoods were not generated by mathematical fitting
because of the extremely small number of them (beech 12
trees-ha?, other broadleaved hardwoods 5 trees-ha?), but
field measured heights were used instead.

The virtual stand generated this way includes the
variability of the sampled actual stand. Mathematical
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FIGURE 3. Diameter distributions for: alive silver fir (a), dead standing silver fir (b), beech (c), other broadleaved hardwoods
(d); histograms represent sample plot data, line - mathematically fitted distribution.
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FIGURE 4. The comparison of measured and generated heights for alive (1) and dead silver fir trees (2).

fitting of diameter distribution and the distribution of tree
heights resulted in particular deviations from the actual
situation (Table 2). The comparison shown in Table 2 was
done on the level of one hectare. The greatest deviations
in distributions were recorded for alive silver fir trees (the
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number of trees -5 trees-ha?, basal area 0.36 m*ha*, and
volume 4.21 m*ha?). The results show that diameters at
breast height for silver fir of medium diameter classes (37.5-
62.5 cm) have the greatest deviations, while for the lowest
and highest diameter classes the deviations are significantly

SEEFOR 7 (2): 119-127
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TABLE 2. The deviation of the structural elements of the virtual stand from the plot data: stand density (N, trees-ha?), basal

area (G, m?-ha), volume (V, m3-ha?).

Abies alba Mill. Abies alba Mill. Fagus sylvatica L. OBH*
dbh Alive Dead standing Alive Alive :
(em) N G v N @ v N G v N G v N @ v
(trees-ha) (m2-ha?) (m*-ha?) (trees-ha) (m*-ha?) (m*ha?) (trees-ha?) (m*ha) (m3-ha?) (trees-ha?) (m*ha?) (m3-ha?) (trees-ha?) (m2ha?) (m*-ha?)
12.5 -5 0.00 -0.11 -8 0.00 -0.30 0 0.00 0.00 0 0.00 0.00 -13 0.00 -0.41
175 -9 0.00 -1.29 5 0.00 1.67 0 0.00 0.00 0 0.00 0.00 4 0.00 038
225 -1 0.00 -0.03 4 0.00 1.76 0 0.00  0.00 0 0.00 0.00 3 0.00 173
27.5 8 0.40 5.54 1 0.00 117 0 0.00 0.00 0 0.00 0.00 9 040 671
325 1 0.10  0.99 1 0.00 1.55 -1 0.00 -0.10 0 0.00 0.00 1 010 244
37.5 6 070 9.81 1 0.00 0.32 0 0.00  0.00 0 0.00  0.00 7 0.70 10.13
42.5 6 090 11.60 -1 0.00 -0.10 1 0.00 -0.20 0 0.00 0.00 4 0.90 11.30
47.5 -10 -2.00 -27.60 0 0.00 0.00 0 0.00 0.00 -10 -2.00 -27.60
52.5 -6 -1.00 -22.90 -1 0.00 -1.20 -7 -1.00 -24.10
57.5 1 0.30 5.20 1 030 5.20
62.5 1 0.40 5.64 1 0.40 5.64
67.5 1 030 498 1 030 498
72.5 2 1.20 18.00 2 1.20 18.00
77.5 -1 0.00 -5.66 -1 0.00 -5.66
> -5 040 421 2 0.00 5.48 -2 0.00 -0.30 0 0.00 0.00 -6 130 874
Average -0.43 0.03 0.30 0.22 0.03 054 -0.25 0.00 -0.04 0.00 0.00 0.00 -0.43 0.05 0.62
St.dev. 5.44 0.80 12.40 3.70 0.10 1.00 0.46 0.00 0.07 0.00 0.00 0.00 6.30 0.80 12.60

* other broadleaved hardwoods

smaller. The difference of the virtual stand to the sample
plots was calculated only up to those diameter classes
for which the presence of trees was determined by field
measurements.

In total, in the virtual stand the volume is greater only
by 8.74 m3-ha, basal area is greater by 1.30 m*ha?, and
the number of trees is smaller by 6 trees-ha™ (Table 2) as
compared to the results of field measurements (Table
1). The deviation for volume, shown in percentage (%), is
1.46%, for basal area it is 1.36% and for the total number
of trees -1.06%.

Table 3 shows the results of the Kolmogorov-Smirnov
test (K-S test) for the distributions of measured and
generated values for dbh, tree height and volume of
individual trees. With respect to the D value of the K-S test,
deviations between the cumulative relative distributions of
the two stands (measured and generated) are tested. The
K-S test deviations for the subpopulation of beech were
minimal, but the statistically significant difference between
dbh and volume was recorded for the subpopulation of dead
standing silver fir. According to this test, the subpopulation
of alive fir does not have a statistically significant deviation
from the situation in the field, which is especially important
because this subpopulation makes 97% of growing stock and
84% of the number of trees in the stand. Also, in total (the
comparison on the level of the entire stand) the difference
is not significant.
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DISCUSSION

Directly joining spatially adjacent plots into a single
coherent plot would result in an incorrect spatial structure
of trees in the areas where the adjacent plots are connected
[11], but there is also a possibility of using such plots as a
basis for forest stand growth simulators [38]. In the virtual
stand the simulated spatial organisation (x, y) does not have
identical distances between trees to those measured in the
field, but the whole virtual stand meets the requirement
of the spatial pattern (regular, clustered or random) with
respect to the results of Ripley’s spatial analysis of individual
subpopulations [5, 8-10]. Some authors [5, 6, 9, 11] agree
with the claim that random distribution of trees is the most
common and that generating a virtual stand according to
random distribution is a less significant mistake. The only
possible mistake caused by spatial pattern of trees might
be found if the virtual stand is connected with forest stand
growth simulators. In that case, the result of the stand’s
future development can to some extent be influenced
by the mutual position of subpopulations [9, 39, 40].
The disadvantage of the majority of virtual stands is not
taking into account the three-dimensional aspect of the
forest [41]. The analysis of spatial structure, as well as the
generating of the relative coordinates (x, y), generally refers
to the analysis of horizontal projections of trees’ positions.
However, it is possible to generate relative coordinates of
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TABLE 3.The results of the Kolmogorov-Smirnov test for the comparison of the distribution of the measured and generated

values.
Abies alba Mill. Abies alba Mill. Fagus sylvatica L.
K-S 2
Alive Dead standing Alive
test
dbh Height  Volume dbh Height  Volume dbh Height  Volume dbh Height  Volume
N1/N2* 800/933 75/135 30/33 915/1111
D 0.054 0.061 0.061 0.290 0.102 0.216 0.069 0.042 0.072 0.043 0.035 0.040
p value 0.1585 0.0763 0.0792 0.0005 0.4911 0.0219 1.0000 1.0000 1.0000 0.2950 0.5434 0.3679

* the ratio between the number of measured and the total number of generated trees

D — maximum difference of cumulative values

trees by using digital terrain model (DTM), but the horizontal
projections would be identical. This is also corroborated by
the characteristics of forest stand growth simulators which
mostly work with horizontal surfaces [15]. The object of this
research is characterised by up to 10% of inclination which
could be ignored without having any significant mistakes
as a consequence in further simulations of this stand’s
management.

In this research, the analysis of spatial distribution
was done with the univariate Ripley’s function for every
individual subpopulation. Even though the subpopulation of
silver fir (alive) holds more than 97% of timber stock, the
bivariate analysis was not done because the contribution of
other subpopulations was too small. In case there are more
subpopulations and all of them are represented by 10% or
more, it is possible to conduct an adequate bivariate analysis
for all populations, as it was done by Pretzsch [8], Goreaud
et al. [42] and Grabarnik and Sarkka [43]. In other words, in
this paper the subpopulations were analysed independently
of each other because only one subpopulation was
dominant. In case of an even-aged pure stand of silver fir,
the assumption taken was that there was no significant
spatial interaction between the subpopulations.

Tree height is a function of its diameter at breast
height and it is natural that trees of the same diameters at
breast height are of different heights [44-47]. In this study
tree heights were not associated with their corresponding
diameter based on height—daimeter equations (e.g. by using
Michailoff’s function [48]), beacuse the fitted height curve
does not describe variability within the same diameter class
and thus reduces the variability of heights of real forest
stand. Therefore in this study the variability of heights
was associated with the corresponding diameter at breast
height in a way that the distribution of heights within the
same diameter class were taken into account (Figure 4). The
presented way of generating virtual stand in this segment
differs from the majority of similar studies.

When simulating a virtual stand it is fully expected that
some deviations from field measurements will occur (Table
2). The comparison presented in Table 2 has been done on
the area of one hectare, which is an adequate measure for
this purpose. The virtual stand was generated based on a
methodology which will always, on average, result in the
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same characteristics, no matter the size of the area. The
Kolmogorov-Smirnov test was done for all measured trees in
the field (2.512 ha) and all trees belonging to the 3 ha area
of the virtual stand. The deviations were primarily a result
of the mathematical fitting of diameter distribution and the
variability of tree heights within the same diameter class.
Although the best possible fitting functions were used, they
are still equations, and therefore they cannot completely
stochastically describe all the variability in a forest stand
[29]. In Figure 3 it can be seen that particular subpopulations
are not continuously represented in all diameter classes, but
appear intermittently in fitted distribution. In such cases,
due to using continuous mathematical functions, the result
of fitting always has to be greater than zero (Figure 3). There
are no deviations for the subpopulation of other broadleaved
hardwoods because the dimensions are identical to those
measured in the field, so neither the K-S test is shown in
Table 3. The distributions for this subpopulation are identical
in the measured and in the virtual forest because of a very
low frequency of only five trees per hectare, which was
easier to generate.

The final result of this study is a virtual stand of 3 ha.
According to Cavlovi¢ et al. [49], and Cavlovi¢ and Bozié [50],
that is the minimal area on which it is possible to establish
a selective structure in the range of beech-fir forests of the
Croatian Dinarides. On the other hand, the minimal stand
area for sustainable even-aged forest management is one
hectare. Therefore this generated area of the virtual stand
is at the same time the universal and the minimal area for
further management simulation in its two basic forms: the
selective and the regular form. This is corroborated by the
fact that silver fir supports both forms of management
[10]. For the aforementioned management simulation, the
virtual stand should be connected to one of the forest stand
growth simulators on the level of one tree. Although this is a
virtual stand in which for every tree many characteristics are
known (position, species, diameter, height), the projection
of future management which involves felling on the level of
a single tree would be made difficult and very impractical
for a virtual stand with a larger area (e.g. 10 ha, 20 ha or 50
ha). An area of 3 ha enables the user to decide in a relatively
short period of time which tree should be cut, but that the
result of management simulation is the same as the result

SEEFOR 7 (2): 119-127 125



BELJAN K, VEDRIS M, MIKAC S, TESLAK K

from a much larger area.

Before generating a virtual stand, data have to be
collected by field measurement. Forest management and
inventory is prescribed by the regulations of a particular
country. In intensive standwise inventories forest stands
are measured cyclically every ten years in order to develop
management plans. However, those data are still not enough
for generating a virtual stand. What is missing are the data
about the spatial pattern of trees. This kind of research
leads to the possibility of updating the abovementioned
data with the spatial structure which can be determined in
a relatively short time and at low cost. Stands are already
organised based on the structural similarities within them
so it is expected that the spatial pattern and analysis within
them would be the same. This way it is possible to create
entire virtual forests [16].

CONCLUSION

Considering the distribution of diameters at breast
height, tree heights, the number of trees, basal area and
volume, the virtual stand has minimal deviations from the
situation in the field and it adequately shows variability
measured in the field. Variability is an inherent component

of the most common stand characteristics which has to
be determined when planning and managing forests. It
is obvious that the characteristics of ground vegetation,
shrubs, ground water and the like would not match the
situation in the field. However, the presented methodology
can have its role in ecology and can upgrade the process of
generating virtual stands.

The virtual stand generated as part of this research can
be used as a basis for forest stand growth simulators whose
basic unit is a single tree and this way it can examine various
future scenarios for managing both forest stands and entire
forests. In that case, a virtual stand has to be generated for
every part of the area managed as a separate stand (sub-
compartment), because the virtual stand represents only a
single stand within the entire forest. Virtual stands can be
used in several different branches of forestry for which the
size of the area is the most important factor, for example
in landscape management. As part of a long-term forest
management planning, generating virtual stands and using
them in forest stand growth simulators should become a
standardized procedure with the aim of predicting future
forest characteristics as realistically as possible. The logical
continuation of such plans is using forestry economics
in order to provide an answer to the question of which
potential future scenarios are economically justifiable.
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