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Dynamics of dimensional structure and merchantability
of aspen stands in the Slobozhansky forest typological district

V.P. Pasternak’, O.A. Girs?, V. O. Sklyarov?

The paper provides an analysis of Populus tremula L. stands distribution by types of forest site conditions in the
forest fund of the study region, mensurational indicators of stands of this species were determined and the dimensional
structure of aspen stands was considered. The article also analyzes the distribution of the trees by diameter. As a re-
sult of correlation analysis, a close relationship was established between indicators such as average age (A), average
diameter (D), average height (H). The corresponding correlation coefficients range from 0.76 to 0.95. No significant
relationships were found for relative density of stocking (P). Models of diameter variability, the ratio of variability of
the merchantable part to the total variability of the stand diameter are calculated, taking into account the minimum and
maximum diameters of modal stands. The diameter distribution of trees is characterized mainly by a blunt-top curve
with right-handed asymmetry. The average values of the skewness of the distributions are 0.553; kurtosis — -1,286.
Calculations of diameter distribution models of aspen trunks have shown that the B-distribution is optimal for this
object of study. The relationship between the share of merchantable trunks and the age of modal aspen stands has been
established.

Tables of merchantable structure dynamics of modal coppice aspen stands are drawn up taking into account the
distribution of volumes of merchantable trunks by diameter classes and subclasses of round timber. According to the
developed standards of marketability dynamics, the yield of commercial timber is lower (on average by 5%) in the case
of its assessing not by diameter at top but by mid-diameter, and the greatest impact is observed at the younger age of
stands (30-40 years). The standards of trees distribution by diameters and dynamics of merchantable structure of modal
aspen stands taking into account distribution of commercial wood by diameter classes allow increasing accuracy of
parameters assessment of aspen stands in the Slobozhansky forest typological district.
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Introduction. Forests play an important role in
maintaining natural ecological balance and providing
recreational opportunities, therefore, the problem of
forestry development is gradually becoming a priority
in Ukraine’s national economy. Nowadays, it is impor-
tant to develop appropriate regulatory and information
materials for assessing and predicting the growth of
major forest-forming species, taking into account zonal
characteristics. Aspen (Populus tremula L.) is one of
the most common softwooded broadleaved species in
the Left Bank Forest-Steppe of Ukraine (Bucorrpka,
Koberp, 2019).

The features of stand structure are the theoretical
basis for constructing forest mensurational standards,
in particular tables of merchantable structure and dy-
namics of marketability. Therefore, the development of
standards for coppice aspen stands, taking into account
regional characteristics, is an important step for their
balanced management.

The structure of the growing stock and productivity
of aspen stands was studied in different forest site con-
ditions (Kweon & Comeau, 2019; Usoltsev, Shobairi,
& Chasovskikh, 2018; Rogers et al., 2020; Niemczyk
etal., 2019).

In particular, the features of the structure of aspen
stands were studied in works (T'ipc, 2011; Ilonsikos,
1967), standards for bioproductivity of aspen stands
in Polissya (bimoyc, 2016) and regional tables for the
growth parameters of modal stands in the Forest-Steppe
were developed (Tkau, Bucoiipka, Kobers, 2019).

During the study of the diameter distribution in
aspen stands in Ukrainian Polissya, A. Polyakov used
the equation of the generalized normal distribution
curve and found that the coefficient of variability of the
distribution series is 22.4%, skewness — +0.40, kurto-
sis — -0.04 (ITomsxoB, 1967).

Our previous studies (Cxispos, Ilactepnak, 2018)
found that the nature of the diameter distribution of
trees in aspen stands is heterogeneous, the average
coefficient of variability is 25.3%, and it decreases
with increasing age and diameter.

M.V. Davidov compiled yield tables for aspen
stands with the highest relative stocking density (/la-
BuoB, 1969). The disadvantage of these tables is that
they have been developed for a large area and do not
take into account the regional features of the formation
of stands and new standards for wood.

The purpose of the study — is to reveal the patterns of
the structure of aspen stands; to develop mathematical

models of these relations and on their basis to draw up
the corresponding tables for dynamics of merchantable
structure of aspen stands by diameter classes.

The object of research is the aspen stands in the Slo-
bozhansky forest typological district. The subject is the
formation of the coppice aspen stands structure in the
Slobozhansky forest typological district.

Material and methods. According to forest ty-
pological zoning, the territory of the study region be-
longs to the Slobozhansky district (Prydonetsky and
Vorsklo-Pselsky sectors) of the forest typological re-
gion of fresh moderately warm climate (2d) (Ocra-
nenko, Tkaa, 2002); by forest zoning, it occupies most
of the Left Bank-Dnieper and East European Forest-
Steppe districts (I'encipyxk, 2002).

For a detailed study of the dimensional and mer-
chantable structure, 15 sample plots were established
in the coppice aspen stands. In addition, 10 tallies of
pre-cutting assessments for final felling were used.
The establishment of the sample plots and determina-
tion of forestry indicators was carried out according to
the methods generally accepted in forest mensuration
(ITpo6Hi mutomi JlicoBmopsiAHi. . ., 2006).

The analysis of the data of the sample plots
according to the main forestry indicators confirms that
the stands selected for the study in terms of compo-
sition, productivity, the relative density of stocking,
and forest types meet the most common conditions of
aspen stand formation in the Left Bank Forest-Steppe
of Ukraine.

In order to recognize the patterns of distribution
of forestry indicators of aspen stands, their statistical
analysis was carried out. Processing of experimental
data in order to obtain information about the parameters
of the distribution series by diameter was performed
using applications (MS Excel, STRUK, BUDOVA).
The main characteristics — mean value (X), standard
deviation (o), skewness (4s), kurtosis (£s), minimum
(min), and maximum (max) values for the studied
aspen stands are given in Table 1.

An analysis of statistical parameters shows that
skewness and kurtosis for age (A), average height (H),
basal area (G), and relative density of stocking (P) do
not exceed the allowable values (As <1.0; Es <1.2).
Left-sided asymmetry was determined for most param-
eters (except relative density of stocking). The distri-
bution of mean values of age, diameter, and height at
the sample plots is characterized by a blunt-top curve,
other indicators are sharp-topped.

Table 1. Statistical characteristics of forest stands at sample plots

Indicator X c As Es min max
Age (A), years 49 15 -0.300 -0.316 22 76
Diameter (D), cm 23.2 5.1 -1.287 -0.273 15.6 30.5
Height (H), m 21.4 3.7 -0.985 -0.460 15.0 26.4
G, m*-ha’! 27.7 4.0 0.291 -0.378 18.4 35.6
Density of stocking, P 0.73 0.08 0.227 0.138 0.55 0.91
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Results and discussion. According to the forest
fund database as of January 1, 2017, the aspen forests
in the study region cover an area of more than 10
thousand hectares. Most (95%) of the aspen stands are
of vegetative origin and 5% are of seed origin. In the
study area, the aspen stands are characterized by high
productivity. Thus, stands of site class I occupy more
than 42% of the total area of the aspen stands, site class
11— 27%, site class I* — 22%.

The aspen stands are confined to fertile forest site
conditions. More than 56% of the aspen stands grow
in fresh fertile forest site conditions, almost 19% — in
wet fertile forest site conditions. The proportion of the
area in fresh (C,) and wet (C;) relatively fertile forest
site conditions are 10 and 11%, respectively. In other
types of forest site conditions, the proportion of aspens
is insignificant.

In the Slobozhansky forest typological district,
stands with a relative density of stocking 0.7 (41.2%)
are most common. Also, significant areas are occupied
by stands with a relative density of stocking 0.8 (22.2%)
and 0.6 (18.5%). The proportion of low-density stands
is insignificant.

To determine the degree of closeness of the rela-
tionships between the forestry indicators of the aspen
stands of the region by the data from the sample plots,
a correlation matrix was evaluated (Table 2).

Table 2. Correlation coefficients between
the studied parameters

Parameters A,years H,m D, cm P G, m*ha'
A, years 1.00 0.76 0.81 0.31 0.58
H, M - 1.00 095 0.32 0.69
D, cm - - 1.00 0.34 0.69
P - - - 1.00 0.89
G, m*-ha’! - - - - 1.00

An analysis of the obtained correlation coefficients
confirms the close relationship between indicators such
as average age (A), average diameter (D), and average

height (H). The corresponding correlation coefficients
range from 0.76 to 0.95. For the total basal area (G),
the correlation with the average height and diameter
is 0.69. No significant relationship was found for the
relative density of stocking (P).

The average parameters of the diameter distribution
of trees are: skewness (0.553), kurtosis (-1.286) and
coefficient of variability (24.7%).

Theoretical series of distribution by diameter were
evaluated according to the methodology developed
at the Department of Forest Mensuration and Forest
Management of NULES of Ukraine (I'ipc, 2011).

Calculations of the dimensional structure in the
EXCEL environment according to the BUDOVA pro-
gram showed that the B-distribution is optimal for this
object of research. Similar peculiarities have been
established for coppice alder stands in the study region
(Byratios, I'ipc, [lactepnak, 2021).

The simulation results are represented by the for-
mulas:

V'=70.8-3.53-D+0.0657 - D (1)
W=0.648+3.53-10°-P,, )

R, =0.493-3.9-10°-D 3)
R,=2.18-2.75-102-D+4.51-102-D° @)

where V' is the variability of the diameter of the modal
stand; W is the ratio of the variability of the commercial
part to the total variability of the stand diameter; R, and R,
are the minimum and maximum diameters in the modal
stand, respectively.

The relationship between the share of merchantable
trunks (Pdil) and age (A) of modal coppice aspen
stands was also found:

Py =T75.24 - 4025 )

Figure 1 shows a graph of the distribution of the
total number of trunks, built for 30-80-year-old modal
coppice aspen stands on the basis of the above (formulas
1-5) parameters of B-distribution.

On the graph, 1,000 trunks conditionally correspond
to the total number of trees in the stand, i.e., 100% of
all trees. Rows of merchantable trunks of the stands
were also built.
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Fig. 1. Distribution of trunks by diameter in modal coppice aspen stands depending on the average diameter
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Patterns of a dimensional structure are the theore-
tical basis for establishing standards (tables of mer-
chantability structure and dynamics of marketability).
To model the dynamics of the merchantability structure
of coppice aspen stands, regional yield tables were used
(Tkau, Bucouwka, Kobern, 2019), tables of distribution
of aspen merchantable trunks by diameter classes and
subclasses (binoyc Ta in., 2021), and the established
parameters of trunks distribution by diameter. Stan-
dards were calculated according to the methodology
developed at the Department of Forest Mensuration
and Forest Management of NULES of Ukraine (Kam-
mop, 1999). Classes and subclasses of commercial

timber thickness were set according to the average
diameter of logs inside the bark: D1b — 14.5-19.4 cm,
D2a - 19.5-25.4 cm, D2b — 25.5-29.4 ¢cm, D3a — 29.5-
34.4 cm, D3b — 34.5-39.4 cm, D4 —39.5-49.4 cm. The
volume of firewood was set as the sum of the volume of
firewood trunks and firewood from merchantable trees.

The obtained results on the distribution of total
stock by categories (commercial timber, firewood, and
waste), as well as the yield of commercial timber by
diameter classes, were aligned with polynomials of
2-3 degrees depending on the age of the stand. The
dynamics of merchantability structure of modal aspen
stands of site class I are given in Table 3.

Table 3. Dynamics of merchantability structure of modal coppice aspen stands

Stock, m3-ha’!

Age Mean — -
ge, commercial timber by thickness classes

years firewood waste  total

Hom D,cm Dlb D2a D2b D3a D3b D4 total

30 16.5 18.9 19 14 4 37 153 5 195
35 18.3 21.2 19 19 8 1 47 170 6 223
40 19.9 233 17 21 12 3 53 186 7 246
45 21.3 25.2 14 22 15 6 1 58 201 7 266
50 22.5 26.9 11 21 18 9 2 61 212 8 281
55 23.6 28.6 9 19 19 11 4 1 63 223 8 294
60 245 30.1 7 17 19 13 6 2 64 233 8 305
65 25.3 31.6 6 14 18 14 8 4 64 241 8 313
70 26.1 32.9 5 12 17 14 10 6 64 247 8 319
75 26.8 34.0 4 11 16 13 11 9 64 250 8 322
80 27.4 35.0 4 10 14 13 12 11 64 251 8 323

The standards of merchantability structure dyna-
mics of modal aspen stands are based on fundamentally
new data on the distribution of commercial trunks of
16 cm and more by diameter classes and subclass-
es, which is consistent with European approaches
to inventory of round timber (ACTY EN 1315-
1:2001; binoyc Ta in., 2021). The maximum average
change in the growing stock of commercial timber
(2.0 m*-ha!-year') is set at the age of 30 years.

We also compared the dynamics of commercial
timber yield in modal aspens according to different
standards (assessment of commercial timber by the
top and mid diameters). As can be seen from Table 4,
the yield of commercial timber is lower (up to 24.3%)
in its assessment made not by the top but by the mid
diameters, and the greatest impact is observed at a
younger age of stands (30-40 years). The latter provi-
sion is explained by the fact that according to European
standards, trees from 8th to 16th degrees of thickness
do not actually have commercial wood.

When comparing the standards established for the
Slobozhansky forest typological district with the stan-
dards established for the whole of Ukraine (I'ipc, 2011),
it should be noted that the latter yield of commercial

timber is significantly higher, due to the formation of
stands in the study region and coppice origin.

Conclusions. The aspen stands of the study region
in terms of growth, dimensional and merchantability
dynamics have specific features. The diameter distri-
bution of trees is described by skewness 0.553, kur-
tosis — -1.286, and coefficient of variability — 24.7%.
The B-distribution is optimal for aspen trunk diameter
of the object of study.

According to the developed standards of market-
ability dynamics, the yield of aspen commercial timber
is lower (on average by 5%) when it is assessed not by
the top- but by the mid diameter, the greatest impact is
observed at the younger age of stands (30-40 years).
The standards of merchantability structure dynamics
of modal coppice aspen stands presented in this paper,
taking into account European approaches to inventory
of round timber, can significantly improve the quality
of forestry and accuracy of assessing aspen stands in
the Slobozhansky region. In future, it is advisable to
carry out an additional research to determine the pat-
terns of distribution of wood by quality classes and
the dynamics of the merchantability structure on this
parameter.
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Table 4. Comparative analysis of the assessment of the dynamics of the size and quality structure
of modal coppice aspen stands according to current and European standards

Commercial part of the modal stand, m*-ha™!

Deviation in the stock

Age, . stock of commercial timber of commercial timber
years growing - -
stock according to old  according to European m*-ha! o
standards standards

30 66 46 37 9 243
35 72 52 47 5 10.6
40 77 57 53 4 7.5
45 80 60 58 2 3.4
50 82 62 61 1 1.6
55 84 63 63 0 0.0
60 85 64 64 0 0.0
65 86 65 64 1 1.6
70 86 65 64 1 1.6
75 86 65 64 1 1.6
80 85 65 64 1 1.6
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OunHamika po3mipHOi Ta TOBapHOi
CTPYKTYPU OCUKOBMX iepeBOCTaHiB
Cno60>XaHCbKOro NlicoOTUNONOriYyHoro
panoHy

B.MM. NactepHak', O.A.Tipc? B.O. Cknapos?

3nilicHeHo aHami3 nomupeHHs Populus tremula L.
32 TUTMAMH JIICOPOCIMHHUX yMOB Yy JicOBOMY (hOH-
JIl PErioHy JOCII/DKEHHS Ta BCTAHOBJICHO JIICIBHHYO-
TaKcaliliHi TOKa3HUKH JIEPEBOCTAHIB IIbOTO JEPEBHO-
ro Bumy. s meTanpbHOrO BUBYEHHS TaKCaIliiHOI Oy-
JIOBU 1 TOBapHOI CTPYKTYypH 3aKiageHo 15 mpoOHHMX
IUTON] y OCHKOBHX JIEPEBOCTaHAX BET€TaTUBHOTO ITO-
xokeHHst. Kpim Toro, BukopucraHo 10 mepenikiB Ha
Jicocikax pyOOK roJIOBHOTO KOpUCTyBaHHS. JlaHi Oyio
OIPaIbOBAHO 3 BUKOPUCTAHHSM MPUKIAIHUX TPOrpam
MS Excel, SPSS i Statistica. 3a pe3ynsraramu Kope-
JAMIKHOTO aHaji3y BCTAHOBJICHO TICHHH 3B’S30K MIXK
TAaKMMH TIOKa3HUKaMH, K cepenHiil Bik (A), cepenHiit
niamerp (D), cepenns Bucora (H). Binmosinai xoedi-
IIEHTH KOpeJsIil MaroTh 3HaueHHs Big 0,76 mo 0,95.
Hnst cymu 1uton nonepedroro nepepizy (G) xopens-
MIMHAHA 3B 30K 13 CEPEAHBOI0 BUCOTOIO Ta JiaMeTPOM
cranoButh 0,69. Jlns BigHocHOT moBHOTH (P) 3HAUy-
KX 3B’SI3KIB HE BUSBIICHO.

Po3misiHyTO TakcaliiiHy OyJA0BY OCHKOBHX JIEPEBO-
CTaHIB, MPOAHATI30BaHO PO3MO/LT IEPEB 32 JIaMETPOM.
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[ToOymoBy TEOpPETHYHUX PAIIB PO3MOILTY 32 IilaMeTPOM
BHKOHAHO 32 METOJIMKOI, OTpAaIlbOBAaHOI Ha Kade-
Ipi Takcamii jicy Ta jicoBoro MenemxkMenty HYBill
VYkpainu. Po3paxoBano mozesni MiHJIMBOCTI JliaMeTpa,
BIJHOILIICHHS MIHJIMBOCTI I1JIOBOT YaCTUHU N0 3arajb-
HOI MIHJIMBOCTI JiaMeTpa JEepeBOCTaHy 3 ypaxyBaH-
HSM MiHIMQJBHOTO T4 MaKCHUMAaJILHOTO JiaMETPiB MO-
NABHUX JiepeBocTaHiB. Posmomin nepeB 3a niamer-
POM XapaKTEPU3YEThCS MEPEBAKHO TYIMOBEPIIUHHOIO
KPHUBOIO 3 TIPABOCTOPOHHBOIO acuMetpiero. CepemHi
3HA4YEeHHs acWMeTpii po3mofiniB craHOBIATH 0,553;
excriiecy — -1,286. PospaxyHku wmojeneli po3mojii-
Iy CTOBOYpIB OCHKH 3a IiaMeTpOM TIOKa3alld, 0
B-po3monin € oNTUMAaTBbHUM IS HOTO 00’ €KTa JOCITi-
JUKEHHS. BCTaHOBIIEHO 3B SI30K MIXK YaCTKOIO JIJIOBUX
CTOBOYPIB 1 BIKOM MOJATHbHUX OCUKOBHX JEPEBOCTAHIB.

Jis MopenmoBaHHSI TWHAMIKHA TOBapHOI CTPYKTY-
P OCHUKOBHX JIEPEBOCTaHIB BEr€TaTHBHOI'O ITOXO/KEH-
Hsl BUKOPHCTaHO peFiOHaHBHi TaOJHII XOTy POCTY, Ta-
Ommi posnomny 00’eMy IITOBHX CTOB6yp1B OCHKH 32
KJIacCaMM Ta MiJKJIACAaMK TOBIIMHU 1 BCTAHOBJICHI Ia-

pameTpu OymoBu 3a miamerpom. [1oOymoBaHo TaOmwUIlL
JIUHAMIKH TOBapHOI CTPYKTYPH MOJAJIhHHUX OCHKOBUX
JICPEBOCTAHIB BEreTaTMBHOIO TOXO/DKEHHS 3 ypaxy-
BaHHSAM PO3MOALTY 00’ €MiB J1IOBUX CTOBOYDIB 3a Kia-
caMU 1 TiAKJIacaMu TOBIIWHH, y3TOIUKEHUMH 3 €BPO-
MEHCHKUMU TAXO0aMHU IIOA0 TaKCallii KPYIIUX JIico-
marepiaiiB. 3a po3po0JICHUMH HOpPMATHBAMH JIHHA-
MIKH TOBAaPHOCTI BHXiJ JiJOBOI IEPEBMHM HIDKIMIA
(y cepeanpomy Ha 5%) y pasi i OLIHIOBaHHS HE 3a
BEpPXHIMH, a 32 CEPEIUHHUMH JiaMETPaMH, MPUIOMY
HaWOUTBIIMY BIUIMB BiJI3HAYEHO Y MOJIOIIOMY BIiIll
nepesoctaniB (30-40 poxiB).

HaBeneni HopmaTtuBy pO3MOALTY AEpeB 3a aiaMe-
TpamMH 1 JUHaMiKa TOBapHOI CTPYKTypH MOAAIBHUX
OCHMKOBHX HACA/DKCHb 3 yPaXyBaHHAM po3moniny -
JIOBOT JIEPEBHMHU 32 KIAacaMH JiaMeTpiB JIAIOTh 3MOTY
MiBUIIATH TOYHICTh BU3HAYEHHS MOKA3HUKIB OCHKO-
BUX Haca[keHb Cl000KaHCHKOTO JTICOTUIIONOTIYHOTO
paiiony.

Karouosi cioBa: Populus tremula L.; MonanbHi ae-
PEeBOCTaHM; PO3MO/LT 32 A1aMETPOM; KIacH TOBIIUHH.
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