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Abstract. Within this research height growth of Common oak stands was
modelled for conditions of Ukrainian Polissya. Mensurational indices of stands
that were established in course of laying out 91 sample plot, have served as an
input data. On their basis, by means of multiple regression analysis methods, a
guide curve for height growth of the studied stands was developed. Statistical
adequacy analysis has shown a sufficient accuracy in describing empirical data.
A dynamic site index scale was developed on the basis of the abovementioned
findings. This scale will be further used when developing yield tables for the
studied stands. The mentioned research results are presented in the article.
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Introduction. A proper forest management and forest resources handling
currently are seen as important means of achieving ecologically sustainable,
economically viable and multi-purpose utilization, as well as a way for meeting
the needs of the world's population in timber and non-timber forest products.
Quantitative assessment of a range of benefits provided by forest ecosystems
has no alternatives to application of a system of specialized regulatory and
information support. From the viewpoint of developing standards for assessing
forests' productivity (including biotic productivity), development of a dynamic site
index scale and yield tables for modal stands are considered as important
elements. Studying, describing and assessing dynamic processes is a more
complex task than, for example, establishment of statistical relations between
values, especially when the first three are linked with biological growth
processes. Modelling dynamics of mensurational indices shall account for
biological growth and development peculiarities of individual tree species [8].

Mean height of a forest stand is one of the most important mensurational
parameters that has a strong correlation with the majority of other measurable
stand's parameters [1]. Development of a dynamic site index scale enables
accounting for the natural dynamics of forest stands, as well as contributes to
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solving practical tasks of grouping experimental material during elaboration of
regulatory and information support.

Aim of research -establishment of height growth patterns and
development of a dynamic site index scale for common oak stands in Ukrainian
Polissya.

Materials and methods of research. This research is based on the
sample plots database of empirical data created by two departments of the
National university of life and environmental sciences of Ukraine — forest
management, and forest mensuration and forest inventory. The amount of data
used is 91 sample plot with continuous enumeration of trees and a total of 984
model trees cut and measured. The research material is predominantly
represented by medium-stocked, highly-productive, mid-aged and maturing
stands in typical forest growth conditions of Ukrainian Polissya.

To establish height growth patterns and develop a dynamic site index
scale for oak stands in Ukrainian Polissya, we have analyzed growth of thickest
trees in stands. Such trees occupy a dominant position in a forest canopy and
experience minimal impact of intraspecific and interspecific competition, unlike
medium-sized trees [5, 6, 7]. The analyzed model trees that were cut on the
sample plots have the highest (75 and higher) ranks by diameter. The absolute
heights of model trees were converted into relative heights, setting the base age
at 40 years since a significant part of the experimental material was obtained
from mid-aged stands [2, 4]. This has enabled us to develop a dynamic site
index scale.

Analysis of the research dataset and further modelling were carried out
through multiple regression analysis method on PC by means of commonly used
office and specialized statistical software (Microsoft Excel, StatSoft Statistica 12).

Results. As a result of modelling efforts, we obtained a guide curve for
the dynamic site index scale of Common oak stands in Ukrainian Polissya.
Figure 1 presents dynamics of relative top heights of the studied model trees,
modelling results and the abovementioned guide curve.

An analytical expression that corresponds to the guide curve depicted on
Figure 1 was obtained as a result of research of discovered relations, which
reliably reflect patterns in dynamics of experimental data for Common oak
stands in Ukrainian Polissya:

He = (2,323 (1-exp(-0,0201-A))*413)- Hag0%2, (1)
where: He — stand's top height;
A — stand's age;
Ha0%% — mean stand's height at base age.

Since top height has a limited application in industrial forestry and in forest
inventory in Ukraine, we made a transition from top height to mean height. When
modelling, it was found that these two mensurational parameters are strongly
correlated. By means of multivariate search it was found that the following
equation provides the most correct description of mean height dependency on
top height and stand's age:

H = He 0,913-exp(-0,676/A), (2)
where H — mean height of a stand.
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Figure 1. Guide curve by relative top height for dynamic site index
scale for Common oak stands in Ukrainian Polissya (triangular markers —
empirical data, round markers —modelling results, solid line —guide curve)

In order to evaluate adequacy of the developed models, we have
performed a statistical analysis including analysis of proportion of variance in
the dependent variable predictable from the independent variables, and analysis
of residuals. This allows to declare a sufficient accuracy of empirical data
description by the models and absence of systematic errors. For the purpose of
linking the developed dynamic site index scale with the general site index scale
after Prof. M.M. Orlov, we have brought base age of mean heights to 100 years
for the general site index scale [3]. To do this, using the developed models, we
calculated relative heights for age of 100 years and obtained a result of 1,720.
As it is possible to observe from the models provided above, stand's base age
depends exclusively on the first coefficient of the equation. This leads us to a
conclusion about possibility for obtaining a model with base height for certain
age by dividing the first coefficient by the index of relative height at the age of
100 years.

By substituting in equation (2) instead He by model (1) we obtain the
following analytical expression for finding H for Common oak stands in Ukrainian
Polissya:

H = 2,323-(1-exp(-0,0201-A))**13-0,913-exp(-0,6 76/A)-Hac%. 3)

It is well known that any model can be presented in analytical, graphical
and tabular form. The latter is more used in industrial conditions, mainly due to
ease of use and presentation of information in an easily perceivable form. The
dynamic site index scale that was developed on the basis of the guide curve
mentioned above is presented in the table in a form of a set of thresholds for

JlicoBa noniTuka i Takcauis

11



HaykoBuin BicHUk HauioHanbHoro yHiBepcuteTy Biopecypcis i NppoaOKOPUCTYBaHHA YKpaiHu

stand's mean height in I°-V site index classes for Common oak stands in
Ukrainian Polissya.

1. Dynamic site index scale for Common oak stands in Ukrainian
Polissya

Stand Stand mean height by site index classes, m

age, Ib la | I Il \Y Vv

years

10 4,0-3,7 | 3,6-3,3 | 3,229 | 2,8-25 | 24-2,1 | 2,0-1,7 | 1,6-1,3
15 6,7-6,2 6,1-5,5 5,4-4,8 4,7-4,2 4,1-3,5 3,4-2,8 2,7-2,1
20 9,6-8,7 | 86-78 | 7,7-6,8 | 6,759 | 58-49 | 4,8-4,0 | 3,9-3,0
25 12,4-11,3|11,2-10,0| 9,9-88 | 8,7-7,5 | 7,4-6,3 | 6,2-5,1 | 5,0-3,9
25 12,4-11,3|11,2-10,0| 9,9-88 | 8,7-7,5 | 7,4-6,3 | 6,2-5,1 | 5,0-3,9
30 15,1-13,7|13,6-12,2|12,1-10,7| 10,6-9,2 | 9,1-7,7 | 7,6-6,2 | 6,1-4,7
35 17,7-16,0|/15,9-14,3|14,2-12,5|12,4-10,7| 10,6-9,0 | 8,9-7,2 7,1-5,5
40 20,1-18,2|18,1-16,2|16,1-14,2|14,1-12,2|12,1-10,2| 10,1-8,2 | 8,1-6,2
45 22,4-20,3|20,2-18,0|17,9-15,8|15,7-13,5|13,4-11,3| 11,2-9,1 | 9,0-6,9
50 24,5-22,2122,1-19,7|19,6-17,2|17,1-14,8|14,7-12,4| 12,3-9,9 | 9,8-7,5
55 26,5-23,9|/23,8-21,3|21,2-18,6|18,5-16,0|15,9-13,4|13,3-10,7| 10,6-8,1
60 28,3-25,6|25,5-22,8(22,7-19,9/19,8-17,1{17,0-14,3|14,2-11,5| 11,4-8,7
65 29,9-27,1|27,0-24,1|24,0-21,1|21,0-18,1|18,0-15,1|15,0-12,1| 12,0-9,2
70 31,5-28,5|28,4-25,3|25,2-22,1|22,0-19,0/18,9-15,9|15,8-12,8| 12,7-9,6
75 32,9-29,7|29,6-26,5|26,4-23,1|23,0-19,8|19,7-16,6|16,5-13,3|13,2-10,1
80 34,2-30,9|30,8-27,5|27,4-24,0(23,9-20,6|20,5-17,2|17,1-13,8|13,7-10,4
85 35,3-31,9|31,8-28,4|28,3-24,8|24,7-21,3|21,2-17,8|17,7-14,3|14,2-10,8
90 36,4-32,9|32,8-29,3|29,2-25,6|25,5-22,0/21,9-18,4|18,3-14,7|14,6-11,1
95 37,4-33,8|33,7-30,1|30,0-26,3|26,2-22,6/22,5-18,9/18,8-15,1|15,0-11,4
100 38,3-34,6|34,5-30,8|30,7-26,9|26,8-23,1|23,0-19,3|19,2-15,5|15,4-11,7
110 39,9-36,0|35,9-32,0/31,9-28,0(27,9-24,0|23,9-20,1|20,0-16,1|16,0-12,2
120 41,1-37,2|37,1-33,1|33,0-28,9(28,8-24,8(24,7-20,7(20,6-16,6(16,5-12,6

Graphic interpretation of the data presented in table for I°, | and Il site
index classes is presented in Figure 2, where the developed dynamic site index
scale, is compared against the general site index scale after Prof. M.M. Orlov.
When analyzing the provided graphic information, it becomes possible to notice
that at young age (under 50 years) there is a "bend" of the dynamic site index
scale and, accordingly, significantly lower mean heights for the corresponding
site index classes. At the same time, the following patterns are observed: with
increasing stands' productivity, the difference between the two analyzed site
index scales increases; with a decrease in productivity, the age at which the
difference between these scales is the biggest also decreasing. Up to the base
age of 100 years in the second and more productive site index classes, mean
height upper thresholds of site index classes of the dynamic scale are higher
than those of the general scale, for less productive stands the situation is
opposite.
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Figure 2. Comparison of values of mean height upper thresholds for
the developed dynamic site index scale (DSS) and the general site index
scale after Prof. M.M. Orlov

At older age, the first tendency is inherent in all site index classes. The
above differences can be explained by the fact that the general site index scale
after Prof. M.M. Orlov was developed in a purely statistical way using several
types of growth [1, 8].

Conclusions. This research has enabled obtaining the guide curve for
dynamic site index scale for Common oak forest stands in Ukrainian Polissya,
and the corresponding dynamic site index scale itself. The conducted statistical
analysis justifies acceptability of the obtained scientific results and possibility of
their further application for purposes of experimental material grouping for
analysis and modelling of growth and productivity of the Common oak stands in
the study region. Speaking about the prospects for further elaboration of this
research, it should be noted that there is a need to expand the experimental
dataset by laying out additional sample plots and conducting analysis of model
trees' growth patterns on them. This will enable differentiation of information
support for Common oak stands in Ukrainian Polissya by origin, and contribute
to obtaining more reliable results for low productivity forest stands.
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H W

MOAOENOBAHHA POCTY 3A BUCOTOIO
OYBEOBWUX OEPEBOCTAHIB NONICCA YKPAIHU
O. . bana, I. . Jlaknpa
AHOomauisi. Y mexax ubo20 OOC/IOXXEeHHSI 8UKOHaHe MOOerIt08aHHs
pocmy 3a eucomoro 0ibpos [loniccsa YkpaiHu. BxiOHUMU OaHuUmMu criyayearsnu
makcauilHi rnokasHuku 0epesocmaHie, ecmaHoersieHi rnpu 3aknadaHHi 91
npobHoi nnowji. Ha ixHiIG OCHo8i 3a 0O0rNoMo20K Memoodi8 MHOXUHHO20
peapeciliHo20 aHarnizy ompumMaHo Kpugy-2i0 pocmy  O0OCniOXy8aHUX
OepesocmaHie 3a eucomoto, sika npedcmaesrieHa y cmammi. BukoHaHul
cmamucmu4Hul aHarsnia abekgamHocmi rnokazag 0ocmamHio MoYHicme ornucy
eMnipuyHux 0OaHux po3pobrieHUMU Mamemamu4yHumMu mMoldensamu. 3a
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pesyrnbmamamu 0ocidKeHHs1 nobydoeaHo i HagedeHo OuHaMidYHy 6OHImemHy
wkKary, iky eukopucmosgysamuymb 0ris nodasnbuwoao po3pobrieHHs mabruyb
X00y pocmy.

Knroyoei cnoea: lNoniccsi YkpaiHu, 0y6 3euyalHud, picm 3a 8Ucomoro,
Kpuega-2io, MoOesIrto8aHHs.

MOOENMUPOBAHUE POCTA B BbICOTY
AYBOBbIX OPEBOCTOEB NOJIECbA YKPAUHDI
A. . bana, WU. 1. Jlaknaga

AHHOmauusi. B pamkax OaHHo20 uccriedogaHusi  8bIMOSIHEHO
molenuposaHue pocma 8 ebicomy 0ybpae [lonecbsi YKpauHbl. BXOOHbIMU
OaHHbIMU crnyxunu makcayUuoHHble rnokasamenu dpesocmoes,
yCmaHo8neHHble rnpu 3aknadke 91 npobHol nnowadu. Ha ux ocHose c
MoMouwb0 MemModo8 MHOXECMBEHHO20 PEe2peCcCUOHHO20 aHasiu3a rosyYyeHa
Kpusas-eud pocma uccredyeMmbix Opesocmoes 8 8bicomy, Komopas
npedcmaeneHa 6 cmambe. BbINOMHEHHbIU cmamucmuyYeckul aHanu3
adekeamHocmu rokasas 00CmamoYHy0 MOYHOCMb ONMUCaHUS IMIUPUYECKUX
OaHHbIX pa3pabomaHHbIMU MamemMamu4eckumu modensamu. o pesynbmamam
uccriedogaHusi nocmpoeHa u rnpedcmasneHa OuHamuydeckas 6oOHUMemHas
wkana, komopas bydem ucrionb3ogeambcs 0rns OanbHelwel paspabomku
mabnuy xoda pocma.

Knroyeenbie cnoea: [lonecbe YkpauHbl, Oy6 06bIKHOBEHHbIU, pOCm 8
8bicomy, Kpueasi-2aud, modersiuposaHue.
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AHomauin. bykosi nicu Maromb rNOWUPEHHs1 Ha 3Ha4YyHiu mepumopii K
2ipCbKOI, mak I pieHUHHOI YacmuHu YKpaiHu. [ocnioOxeHHs1 3aKoHoMipHocmeu
pocmy molarnbHUXx depesocmaHie nompebye 0emarnbHO20 8UBYEHHS IXHbO20
mernepiwHb020 CcmaHy. Ha ocHosi nosudinbHoi 6asu OdaHux BO
«YkpOepxnicripoekm» cmaHom Ha 01.01.2011 p. 6yno npoesedeHo aHarsli3
MOWUPEHHS, cy4acHo20 cmaHy ma demaribHy makcauitiHy xapakmepucmuKy
bykosux OepeesocmaHie, SKi 3pocmaromb Ha mepumopii YKpaiHu. byrno
rnopaxoeaHo ixHI OCHOBHI cepeldHi makcauilHi MoKasHUKU ma rnpoeedeHo
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