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Dynamics of final felling volumes in oak stands of the Forest-Steppe of Ukraine
V.P. Pasternak’, V.V. Nazarenko®

A forecast is presented for the volumes of final felling for a period of 110 years in operational
(commercial) oak forests of the Forest-Steppe, and for a period of 130 years for other categories of
forests included in the final felling calculation. For the calculations, data from the PA
"Ukrderzhlisproekt" database as of Januaryl, 2022 were used. Calculations were performed for the
1st and 2nd age, normal, and rational allowable cut for stands of both seed and coppice origin. It
was found that the most justified approach is rational allowable cut, which provides for harvesting
timber only in mature stands. To achieve an even level of harvesting and a more balanced age-class
structure, it is proposed to switch to the normal allowable cut.

The calculation of the final felling volumes is carried out by turnover of management sections,
taking into account the age of maturity. Under the baseline scenario, the total area of oak forests
and their distribution by forest categories were assumed to remain unchanged. At the same time, it
is proposed to gradually replace coppice oak stands with seed-origin ones.

When applying the rational allowable cut, a normal allowable cut with gradual leveling of age
distribution can be achieved from the 3rd calculation periods. It is proposed to set the age of felling of
seed-origin oak stands in operational forests of site class I and higher at the age of 131-140 years, and
for coppice-origin oak stands of site class Il and higher at the age of 91-100 years. This will contribute
to improving the dimensional and qualitative structure of the stands, enhancing their ecological and
protective functions, as well as accelerating the alignment of the age structure in oak forests.

Key words: maturity age; Quercus robur L.; normal allowable cut; rational allowable cut;
forest use forecast.
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Introduction.

Long-term forecasting of forest use dynamics
under different forest management scenarios is
important for informed planning of forest resource
use. Such forecasting is carried out using
mathematical models with a defined objective
function and a system of constraints. In forest
resource assessment models, the main goal is not only
to predict the production of wood raw materials, but
also to assess the impact of different felling intensity
rates. Growth models are selected based on stand
composition, origin, forest site conditions and natural
zone. In models that considered individual tree
growth, parameters of increment and mortality are
specified (Packalen et al., 2014). These models do not
predict the total level of felling, rather, they show the
distribution of areas and growing stock by age classes
and stand types for a given volume of felling, and
indicate whether the achieved harvesting level can be
maintained for a long time. Among the most widely
used simulation models are ATLAS and RFF-TSM, as
well as IIASA model and its modification, EFISCEN,
which was developed for large-scale scenario analysis
of European forest resources and has been applied in
Ukraine (Schelhaas et al., 2004). Simulation makes it
possible to forecast forest resources use under various
scenarios, taking into account forest management
strategies, as well as changes in forest areas and
growth rates, including those caused by climate
change. The state of forests is presented as a matrix
describing the distribution of forest areas by age and
growing stock classes. The EFISCEN model provides
results for assessing the dynamics of forest resources,
carbon balance and provision of environmental
services at the European level (Lerink et al., 2023).

Using the EFISCEN Space model (Schelhaas et
al., 2018), stand dynamics were analysed based on
the National Forest Inventory (NFI) data, applying
species-specific growth models that predict tree
growth as a function of tree diameter and stand basal
area. Thinning is modeled as the removal of trees of
a given species within defined diameter classes,
while mortality is modeled using parameters derived
from repeated NFI measurement. The stand-
dynamics models are implemented in the form of
fixed transition ratios (by tree species and diameter
classes) obtained from successive NFI cycles.

To calculate the volume of final felling, the 1st
and 2nd age, normal (even-flow) allowable cut, as
well as rational allowable cut by area are usually
determined. In Ukraine, given the existing deficit of
mature forest stands, rational allowable cut is
considered the most acceptable. At the same time, it
must be supported by the available growing stock of
mature and overmature stands for at least a five-year
planning period, and during the next 5 years by

stands that reach maturity within that interval. The
methodology for calculating the rational allowable
cut was first developed by the Ukrainian forester
V.K. Poliakov (1972) and was later advanced in the
works of S.M. Kashpor, O.A. Girs (2010), O.A. Girs
(2011), R.V. Sodolinskiy et al. (2014) and others.

The calculation of the final felling volumes is
carried out by working circles of management
sections. The current age of maturity applied in
Ukrainian forests are not sufficiently differentiated
in terms of stand productivity or origin. It has been
proposed to increase the maturity age for oak stands
of seed origin (Girs et al., 2018). Considering the
need for accelerated replacement of coppice stands
with seed-origin stands and obtaining higher-quality
timber of categories B and C in operational forests,
it is recommended to set the maturity age of oak
coppice stands of site class Il and higher at 91-100
years (Tkach et al., 2021).

Rotation age for oak stands in Czech Republic
is 100-180 years and in Slovak republic, it is 120—
160 years. At the same time, the optimal rotation
period of specific forest stands must be established
in a differentiated manner, taking into account the
economics of management and the diversity of
ecosystems in accordance with the natural
conditions (Hillayova et al., 2022).

According to the database “Forest fund”, as of
January 1, 2022, stands dominated by common oak
(Quercus robur L.) in the Forest-Steppe occupy more
than 900 thousand hectares and perform important
ecosystem functions, including sustainable use of
timber stock, recreation, water balance regulation,
climate protection and carbon storage (Ostrogovi¢ et
al., 2019). When organizing forestry, determining the
age of maturity and establishing the volume of forest
use, it is necessary to take into account the balance
between timber production, biodiversity and socio-
cultural functions (Lof et al., 2016). Optimised forest-
use planning for the Forest-Steppe as a whole enables
a more even distribution of timber harvesting over
time and makes it possible to increase the allowable
cut by 15-20% (Girs, 2011).

The purpose of this study is to forecast the
volumes of final felling in the Forest-Steppe over a
full felling cycle, by economic sections of oak
forests. For calculations under the baseline scenario,
the total area of oak forests and their distribution
across forest categories were assumed to remain
unchanged.

Objects and methods.

The object of the research comprised all oak
stands of the Forest-Steppe included in the
operational management. Calculations based on the
current "Methodology for determining the allowable
cut” (Methodology ..., 2000) were performed for the
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oak operational forests of the Forest-Steppe, as well
as other categories of forests included in the
calculation of the final felling.

For the calculations, data from the PA
"Ukrderzhlisproekt" database as of January 1, 2022
were used to compile the distribution of areas and
growing stock of oak stands by age classes and quality
by two economic parts: operational forests and forests
with restricted forest use. For the convenience, the
information on the distribution of area and growing
stock by age classes was grouped by management
sections and differentiated according to the maturity
age for final felling, taking into account stand
productivity and origin (seed and coppice). Using a

software tool developed at the Department of Forest
Mensuration and Forest Management of the National
University of Life and Environmental Sciences of
Ukraine, the following indicators were calculated for
oak management sections: normal (even), 1st and 2nd
age allowable cut, and rational allowable cut.

Results.

For the oak management sections of seed-
origin in operational forests, normal (uniform)
allowable cut in the first calculation period
amounts to 2331.0 ha, 1st age — 2790.3 ha, 2nd age
—3275.3 ha, and rational allowable cut — 3147.1 ha.
The rational allowable cut is calculated over 11
periods (Table 1).

Table 1. Rational allowable cut for the oak management sections of the operational forests of the
Forest-Steppe (seed origin)

Accumulated

Calculation

Avrea of next period,

Age class Area, ha area, ha period Allowable cut ha
I 11157,3 256413,5 11 1115,8 5578,8
Il 21638,3 245256,2 10 2339,1 17812,5
11 13134,1 223617,9 9 11477 7651,2
v 10967,0 210483,8 8 1096,6 5483,1
\% 11179,3 199516,8 7 1107,4 5590,1
VI 24573,8 188337,5 6 1787,6 12286,8
VII 46299,0 163763,7 5 4170,7 29420,0
VIII 33757,1 117464,7 4 3375,8 16879,0
IX 37181,9 83707,6 3 3905,5 22126,9
X 30110,1 46525,7 2 3011,0 15055,0
XI 16415,6 16415,6 1 3147,1 16415,6

The accumulated areas are calculated as
follows: in the last row, the total area of all mature
and overmature stands is recorded (Sx; = 16415.6
hectares), in the preceding row, the area of stands
that will reach maturity within the next 10-year
period is added — Sy, +Sx = 46525.7 hectares. After
20 years, the accumulated area will amount to
83707.6 hectares, and after 100 years it will
encompass the entire 256413.5 hectares of the

working circle. In the second period of calculation,
the “areas transition” is carried out taking into
account the volumes of forest regeneration (31471
ha in age class I) and the remaining mature stands in
age class XI (46525.7 — 31470.7 = 15055.0 ha). Age
class | conventionally also includes unclosed forest
crops. Subsequent calculations for the remaining
periods over the entire felling cycle are performed in
the same manner (Table 2).

Table 2. Dynamics of the calculated allowable cut and the “area transition” for the oak
management section of operational forests (seed origin)

Avrea of forest stands per age classes, ha

Calculation
period I II I v \Y

VI Vil VI IX X > XI

1 11157,3 21638,3 13134,1 10967,0 11179,3 24573,8 46299,0 33757,1 37181,9 30110,1 16415,6

2 31470,7 11157,3 21638,3 13134,1 10967,0 11179,3 24573,8 46299,0 33757,1 37181,9 15055,0

3 30110,0 31470,7 11157,3 21638,3 13134,1 10967,0 11179,3 24573,8 46299,0 33757,1 22126,9
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Table 2 (continued)

Avrea of forest stands per age classes, ha

Calculation
period I II 1T v \Y% VI VII VI IX X > XI
4 39005,0 30110,0 31470,7 11157,3 21638,3 13134,1 10967,0 11179,3 24573,8 46299,0 16879,0
5 33758,0 39005,0 30110,0 31470,7 11157,3 21638,3 13134,1 10967,0 11179,3 24573,8 29420,0
6 41707,0 33758,0 39005,0 30110,0 31470,7 11157,3 21638,3 13134,1 10967,0 11179,3 12286,8
7 17876,0 41707,0 33758,0 39005,0 30110,0 31470,7 11157,3 21638,3 13134,1 10967,0 5590,1
8 11074,0 17876,0 41707,0 33758,0 39005,0 30110,0 31470,7 11157,3 21638,3 13134,1 54831
9 10966,0 11074,0 17876,0 41707,0 33758,0 39005,0 30110,0 31470,7 11157,3 21638,3 7651,2
10 11477,0 10966,0 11074,0 17876,0 41707,0 33758,0 39005,0 30110,0 31470,7 11157,3 17812,5
11 23391,0 11477,0 10966,0 11074,0 17876,0 41707,0 33758,0 39005,0 30110,0 31470,7 5578,8
In the oak management section of operational timber harvesting and a more balanced

forests of seed origin, the rational allowable
cut, due to the pronounced unevenness in the
age-class distribution of stands, reaches its
maximum (4,170.7 ha) in the fifth calculation
period, followed by a substantial decrease to 1,115.8
ha. Therefore, to achieve an even level of

age-class structure, it is proposed to proceed to
the normal allowable cut starting from the third
calculation period.

Calculations for the oak management section in
coppice-origin stands are performed according
to the same principle (Table 3).

Table 3. Dynamics of the calculated allowable cut and the “area transition” for the oak
management section of operational forests (coppice origin)

Area of forest stands per age classes, ha

Calculation Allowable
period cut, ha I

I I v \% Vi VII VI IX X > Xl
1 940,0 353 205 133 61 33,7 229,4 8472 1702 3767,5 4864,1 6968,3
2 431,6 2400 353 205 133 61,0 33,7 2294 8472 1702 37675 24324
3 273,5 316 2400 353 205 133 61,0 33,7 2294 8472 1702 18839
4 127,6 735 316 2400 353 205 133 610 33,7 2294 847,2 8519
5 53,9 276 735 316 2400 353 205 133 61,0 33,7 2294 4241
6 131 39,0 276,0 7350 3160 24000 353 205 133 610 33,7 1145
7 34 31,0 390 2760 7350 3160 24000 353 205 133 610 17,2
8 5,1 140 310 390 2760 7350 316,0 24000 353 20,5 133 442
9 13 110 140 310 390 2760 7350 3160 24000 353 205 6,5
10 3,2 3,0 9,0 140 310 390 2760 7350 3160 24000 353 16,0
11 39 2,0 3,0 9,0 140 31,0 390 2760 7350 3160 24000 19,3

In this case, the long-term objective is the
gradual replacement of coppice stands with seed-
origin stands. For these calculations, the rational
allowable cut is applied. In the first calculation
period, it amounts to 940.0 ha in operational
forests.

Discussion.

Under the implementation of the proposed
maturity ages (131-140 years for seed-origin oak

stands of site class | and higher in operational
forests), the decrease in the allowable cut during the
first calculation period will amount to 30% due to
the depletion of the operational stock. In the second
period, this reduction is almost fully compensated.
By area, the allowable cut reaches the normal level
in the third period, while by growing stock the
calculated allowable cut will exceed that obtained
under the current maturity ages.
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In forests with a restricted forest use regime for
seed-origin oak stands of site class III and higher,
the estimated rational allowable cut is 366.2 ha,
normal allowable cut — 1,174.9 ha. From the fifth
calculation period, it is possible to use normal
allowable cut. and 316.4 ha for other forest
categories included in the calculation of final felling.

In coppice-origin stands of site class Il and
higher, the estimated rational allowable cut is 316.5
ha, normal allowable cut - 365.4 ha. From the
third calculation period, it is possible to use normal
allowable cut. For other categories of forests
included in the calculation of final felling, the
corresponding values are 1174.4 ha, 418.7 ha, 838.9
ha and 366.2 ha, respectively.

With the introduction of the proposed maturity
ages, it is expected that 16.8 thousand hectares of
low-productivity oak forests of coppice origin will
be harvested within a period of 40 years and
subsequently replaced with seed-origin oak stands.
An analysis of the estimated allowable cut showed
that under the proposed maturity ages, it will
increase by more than 1.5 times in the first 10 years
compared to the current levels, and by 1.4 times over
a 40-year period.

The proposed maturity age for coppice-origin
oak stands in the Forest-Steppe within operational
forests is 91-100 years for stands of site class Il and
higher, and 71-80 years for stands of site class 11l and
lower, taking into account the dynamics of timber
quality. This will contribute to improving the
qualitative characteristics of the wood and will
accelerate the alignment of the age structure of oak
forests. Under the implementation of the proposed
maturity ages, an improvement in the ecological and
protective functions of the stands is also expected
(Tkach et al., 2021). Similar conclusions were also
made by O.A. Girs (2011), predicting the volume of
wood resources exploitation in oak forests of coppice
origin in Polissia and the Forest-Steppe of Ukraine.

The economic assessment of the value of oak
wood stocks in Kharkiv and Chernihiv regions by
natural zones confirms the general trend toward an
increase in value at proposed maturity ages
compared to current ones. Differentiation of
maturity ages by stand origin and productivity (site
classes) for oak stands significantly affected the
distribution of stand areas and growing stocks, the
commodity and assortment structure of wood, which
would have a positive effect on the value of wood
stocks (Torosov et al., 2020).

Conclusions.

1. For oak management section in the Forest-
Steppe, the most appropriate is the use of rational
and normal allowable cut, which allows for the
gradual equalization of forest use and age structure.

We propose calculating allowable cut based on
aggregated management section, which will increase
the use of forest resources.

2. For the oak management section of seed-
origin in operational forests, normal (uniform)
allowable cut in the first calculation period amounts
to 2331.0 ha and rational allowable cut — 3147.1 ha.
The rational allowable cut, due to the pronounced
unevenness in the age-class distribution of stands,
reaches its maximum (4170.7 ha) in the fifth
calculation period, followed by a substantial
decrease to 1115.8 ha. Therefore, to achieve an even
level of timber harvesting and a more balanced age-
class structure, it is proposed to transition to the
normal allowable cut starting from the third
calculation period.

3. Despite the temporary decrease in the
allowable cut in the first calculation period for seed
stands, the proposed increase in the age of maturity
for oak stands in operational forests of site classes |
and higher to the age of 131-140 years will
contribute to strengthening the ecological and
protective functions of forests and obtaining a better
dimensional and qualitative structure of stands.
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Jlunamika 00cAriB py0OK roJIOBHOT0 KOPUCTYBAHHS B Ty0OOBHUX JIepeBOCTAHAX
Jlicocreny Ykpainu

B.IL HaCTepHaKl, B.B. Ha:&apeHKo2

HaBeneno nporHo3 o0csriB pyOOK TOIOBHOTO py-
Oannasg Ha 110 pokiB B eKcIUTyaTamidHUX JTyOOBUX Ji-
cax Jlicocremy Ta Ha 130 poKiB — 114 IHIIMX KaTeropii
JHCIB, IO BXOASATH J0 PO3PaxXyHKY PYOOK TOJIOBHOTO
KopucTyBaHHS. {1 pO3paxyHKiB BHKOPHCTOBYBAJIH
iHpopmarttito 3 6azn maamx BO "Ykpmepxmicrpoekt"
cranoM Ha 01.01.2022. Po3paxyHku mpoBoawid st 1-
i Ta 2-1 BIKOBHX, HOPMaJIbHOI 1 paLlioHaJIbHOT pO3paxy-
HKOBOT JIICOCIKH JIJIS TEPEBOCTAHIB K HACIHHOTO, TaK i
BETETAaTUBHOTO TIOXO/PKEHHS. BcTaHOBIEHO, 110 Haii-
OLUTBII BUTIPABJAHUM ITiIXOJIOM € pallioHalbHa po3pa-
XYHKOBA JIICOCIKa, sIKa Tiepenoavyae 3aroTiBIo AePEBH-
HU JIMIIE y CTUDIMX JiepeBocTaHax. [yl JocsSTHEHHS
piBHOMIpHOTO PiBHS PyOOK Ta 30ajaHCyBaHHS BiKOBOi
CTPYKTYPU HPOINOHY€ETHCS IOCTYIOBO IIEPEXONUTH JI0
HOPMAJILHOT PO3PaxyHKOBOT JIICOCIKH.

Po3paxyHok 00csriB pyOOK TOJOBHOTO KOpHC-
TyBaHHS 3[iHCHEHO 3a TOCHOJAPCHKUMU CEKIISIMH 3
ypaxyBaHHSAM BIKYy CTHIJIOCTI. 3a 0a30BHM clieHapi-
€M, 3arajbHa IUIoIa JyOOBHX JICiB Ta IXHiM po3mo-
T 3a KaTeropisMH JICIB Tepemndadancs HE3MiH-
HUMH. BojHOUYac MpOMOHYEThCS TOCTYIOBO 3aMi-
HIOBATH MapOCTEBI AyOOBI HACAKCHHS HACIHHUMH.

Jns myOoBOi rocmoapchkoi CeKIii ekcInryara-
MIHHUX JICIB HACIHHOTO TIOXO/KEHHS HOpMalbHA
PO3paxyHKOBa JIICOCIKa B MEPIIOMY PO3PaxyHKOBOMY
niepiofti craHoBUTH 233 1,0 ra, 1-ma BikoBa — 2790,3
ra, 2-ra BikoBa — 3275,3 ra, a paiioHaJbHA PO3-
paxyHkoBa Jiicocika — 3147,1 ra. PamionansHa po3pa-
XYHKOBA JIICOCIKa Yepe3 BHPaKEHY HEPiBHOMIPHICTh
Yy PO3MOIUTI AEPEBOCTAHIB 3a KJIAaCaMH BiKy JOCsTae
cBoro mMakcumymy (4170,7 ra) y m'stomy po3paxyH-
KOBOMY TIEpiO/Ii, MICIIS YOTO CYyTTEBO 3MEHIIYETHCS —
mo 1115,8 ra. Tomy, s JOCATHEHHS PiBHOMIPHOTO
PiBHS 3aroTiBII Ta OUTBII 30aJIAHCOBAHOT CTPYKTYPH

3a BIKOBUMH TpyIlaMH, MPOTOHYETHCS TEPEHTH 10
HOPMaJIbHOI PO3PaxXyHKOBOI JIICOCIKH, TTOYWHAIOYH 3
TPETHOTO PO3PAXYHKOBOTO TIEPIOy.

VY micax 3 OOMEXECHHM DPEKUMOM JiCOKOPHCTY-
BaHHS JUI1 TyOOBMX HAaca/pPKeHb HACIHHOTO TIOXO-
mxerds 11l kmacy OoHiTeTy Ta BHIE PO3paxyHKOBa
pailioHaJIbHa PO3paxyHKOBA JIICOCIKA CTAaHOBUTH 366,2

ra, HOpMajbHa PO3paxyHKoBa Jjicocika — 1174,9
ra. 3 mSITOT0 PO3PaxyHKOBOTO TEPIOy MOXKIIMBE BH-
KOPHCTaHHS HOPMaJIbHOI PO3PaXyHKOBOI JIICOCIKH.

Y nyOoBiif rocmomapchKiii CeKIlii eKcruryara-
MIHHKUX JIICIB BETeTaTUBHOTO TOoXOkeHHs Il kiacy
OOHITETY Ta BHIIE pallioHAIbHA PO3PAXyHKOBA JIICO-
cika craHoBuTh 316,5 ra, HOpMaJbHA PO3PaXyHKOBA
micocika — 365,4 ra. [lounHarodn 3 TPETHOTO poO3pa-
XYHKOBOTO TI€piojly, MOKHa BUKOPUCTOBYBATH HOP-
MaJIbHY PO3PaxyHKOBY JICOCIKY 3 MOCTYHNOBHM BH-
PIBHIOBAaHHSAM BiKOBOTO po3momiay. J[ms iHmmux Ka-
TEropii JCiB, IO BKIIOYAIOTHCS 1O PO3PAXYHKY
pyOOK TOJIOBHOTO KOpPHCTYBaHHS, BIAMOBiIHI 3Ha-
yeHHsd cTaHoBIATE 1174.,4, 418,7, 838,9 Ta 366,2 ra
BIJIIIOBITHO.

[TponoHy€ThCS BCTAHOBHUTH BiK pyOKH TyOOBHX
HACa/DKEHbh HACIHHOTO ITOXOPKEHHS B eKCIuTyara-
niitHux micax | kimacy Oonirery i Bumie Ha piBHiI 131-
140 pokiB, a a1 TyOOBUX HACAIKEHb BET€TATHBHO-
ro noxokeHHs [l kimacy OoHiTery i BuIlle — Ha piBHI
91-100 pokig. Ile cnpusiTuMe MOKpAIIEHHIO PO3Mi-
pHOI Ta sSIKiCHOi CTPYKTYpH HacalKeHb, IiJBUILECH-
HIO TXHIX €KOJIOTIYHHX i 3aXMCHUX (YHKIIIH, Tpuc-
KOPEHHIO BUPIBHIOBAaHHS BIKOBOI CTPYKTYpPH B Iy-
0OBUX Jicax.

KnwuoBi cimoBa: Bikm cruriocri; Quercus
robur L.; HopManbHa Jicocika; parioHajabHa JIiCOoCi-
Ka; TIPOTHO3 JTICOKOPUCTYBAHHS.
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