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PROGNOSIS OF BEECH STAND DYNAMICS IN CLIMATE CHANGE
CONDITIONS IN POLISH BIESZADY AND UKRAINIAN BESKYDY

Abstract. The study concerned forecasts for the dynamics of beech (Fagus sylvatica L.) stands in
the Polish Bieszczady and Ukrainian Beskydy with the use of FORKOME model in different scenarios
of climate changes. Simulation conducted in FORKOME model confirms that beech will exist in the
Polish Bieszczady and Ukrainian Beskydy regions on the east boundary of beech areal. The changes in
the Polish Bieszczady and Ukrainian Beskydy can be estimate as a positive for forest productivity and
biomass accumulations. They were confirmed by fieldwork and events documented in the literature,
which shows the reliability of the forecasts used FORKOME computer model. Work and study of this
kind are necessary for rational forest management and to take appropriate development strategies.
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yBaru crenugiuyHi yMOBM JICiB, aHami3 iX [AMHAMIKM BHMara€ BHKOPHCTAaHHS iMiTaumifiHUX
KOMIT'TOTepHHUX Mogeneit. IcHyroTs uncTo JicoBi (growth-yield) moneni ta exosoriuni (gap) mozeni,
SKi PO3BHBAJIMCh HE3aJI€XKHO MPOTATOM TPHBAJIOTO TEPIOAY 1 B3aEMOJIONIOBHIOBAIHCH.

JlicoBi Mozeni 30cepeKyBaIiCh Ha aHANi31 JepeBHOT MPOAYKIIii i He Opaiy 1O yBaru acreKkTiB
3MiH JIICOBOTO CEpelNOBHINA. [HIIN EKOJOTiYHI MOJENi, SKi TaKOX YacTO Ha3WBaIOTh MOJEISIMH
HpOIEeciB, BPaxOBYIOTh 3MIHHM JIICOBOTO CEpEOBHUINA y MPOTHOCTHYHUX iMiTamisX. 3acTocoBaHa y
crarti moxenb FORKOME (Kozak et al., 2012) MicTUTB elIEMEHTH JIICOBUX 1 €KOJOTTYHHX ITiTXOJIiB
i OyJia crieriaiabHO po3pobiacHa st ymoB [lombii Ta Ykpainu.

Meroto JOCHiDKEHHsST OyJI0O HPOTHO3YBaHHS MOXUIMBHX 3MiH OYKOBHX JIEpEBOCTaHIB Yy
nonbehkux bemanax ta ykpaincekux becknpax mpotsrom HacTynHux 500 poOKiB i3 BUKOPHCTaHHSIM
mozeni FORKOME y pi3nux cueHapisix 3MiHH KJITiMaty.

Hocnimkennas 6a3yBanoch Ha 3i0paHMX MaTepiajiiaX, OTPHMAaHHX Yy XOIi MOJBOBUX POOIT y
[onpmi Ta B Ykpaini. byk y Bemanax i beckumax akTHBHO eKCIUTyaTyBaBCS B OCTaHHI KilbKa
cromite. Ilicms Jpyroi cBiTOBOi BilfHM eKcIuTyaTalisi JAEpeBOCTaHIB y TOJIbCHKUX bemanax
nocnabuiace y pe3yiabTari Jenopranii eTHiYHuX ykpaiHnoiB y 1944-1947 poxax, mpote, y OyKOBUX
jmicax ykpaiHcekux bBeckuj BoHa akTHBHO NpoBoawiachk 3a 4aciB Pagsncekoro Corosy. Yce ne
BIUTMHYJIO HE JIIIE HA CTPYKTYpy OYKOBHX JIEpEBOCTAHIB, a TAKOXK Ha HAKOIMHMYEHHs 0ioMacH y HUX i
BiZIOOpakaeThCsl y MPOBEACHUX KOMI'IOTEPHUX iMiTallifHUX MPOTHO3aX.

JlocTipKeHHsT CTOCYBaoCh POrHO3y AuHaMiku OykoBux (Fagus sylvatica L.) nepeBoctaHiB y
nojbchbkuX bemanax i B ykpaincekux becknmax. [IpoOHi muonn Oynu 3akiafeHi y JicOBOMY BHILTI
Ne 13a y micauursi [Ipomicue, HammicHunTBi Ctynocsan (49°11'23"N, 22°38'39"E) y IMonemi i y
micoomy Buaimi Ne 3 B Slomynenpkomy micHunTBi HancsHcbkoro nanamadrtHoro mapky (49°09
"47"N, 22°45'15"E) B YkpaiHi.

[Iporuo3u moxaszanu, o y noibehbkux bemanax i B ykpaiHcekux beckmmax Oyk Oyne
JIOMiHYBaTH BiIHOCHO Giomacu y KoHTpoibHOMY (1) creHapii, a Takoxk y KIIMaTHYHHX CLEHapisx
Temio-Bosoro (2), temwto-cyxo (3). Jeski UMKIiYHI 3MiHH MK OyKOM Ta SUTHLCIO IOMITHI Y
KOHTpOsIbHOMY crieHapii. ¥ 2 i 3 cuenapisx monenb FORKOME nporHo3ye MoxinBe HociaaOiieHHs
OUKITIYHAX 3MIiH MK OiomMacoro Oyka Ta suTimi 1 miBHIIEeHHs Oiomacu Oyka. Y 4 crieHapii MOKIHBe
30inpIeHHs Giomacwu sutnii g0 500 T/ra, a Takok y monbchbkuxX bemanax i B ykpaiHcbkux beckmmax
MOXKJIMBE 30UIbIIeHHs 6ioMacH suMHH. Y 5 ciieHapii 6iomaca Oyka Moske 3HM3HTHCH 110 100 T/Ta.

[Iporuosysanns, nposenene y moneni FORKOME, miarBepmkye, mo Oyk Oyne 3pocraTté y
perionax nosiscbkux beman i ykpaincekux beckuni Ha cxigHoMy pyGexi iioro apeainy. 3MiHH y nuX
perioHax MOXyTh OyTH OILIHEHI K MO3UTHUBHI JUIsl IPOAYKTUBHOCTI Ta 6ioMacu JiiciB. Yci BoHu Oyin
MiATBEP/DKEHI MOJBOBUMH TOCIHI/KCHHSAMH Ta JITEpaTypHUMHU JTaHUMH, BiJOOpa)kalouu HaiiHICTh
NPOTrHO3IB i3 3acTocyBaHHsAM Komil'torepHoi mozeni FORKOME. Taki mociipkeHHsT HeoOXiqHi st
palioHaIbHOrO BEACHHS JIICOBOTO TOCHOAAPCTBA | MPUHUHSTTS BIAMOBIAHMX CTPATETiii PO3BUTKY JIICIB.

Knruoei cnosa: imimayii, komn'romephe mMooeniosanus, iic, memnepamypa, onaou.
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NMPOrHO3 AMHAMUKU BYKOBbIX APEBOCTOEB B YCJIOBUAX USMEHEHUA
KNUMATA B MNMOJIbCKNX BELLAOAX N YKPAUHCKUX BECKUOAX

AnHoTanmsi. B craTbe IpeacTaBIEHBI pe3yJbTAaTHl IIPOTHO3a IWHAMHUKH OHOMachl Oyka B
nonsckux bemanax u B ykpaunckux beckunax ¢ ucnonszoBanuem Mojenu FORKOME B paznudnbix
CLICHapUsAX BO3MOXKHOIO U3MEHEHHUs KuMata. [Iporuo3upoBanue, BEIIOIHEHHOE C TOMOIBI0 MOJENIU
FORKOME, mnonreepxkaaer, 4ro Oyk OyneT NpoM3pacTaTh B pErHoHax MONBCKUX beman u
yKpauHCKHX beckua Ha BOCTOYHOI rpaHune ero apeana. M3MeHEHHs B 3THX PErHOHaX MOTYT OBITH
OLICHEHbI KaK MO3UTUBHBIE ISl MPOTYKTUBHOCTH M OHMOMAcchl 1ecoB. Bee oHM ObIM MOATBEP)KAEHBI
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TIOJIEBBIMU UCCIIEI0OBAHUAMHE U TUTEPATYPHBIMU JaHHBIMH, YTO OTOOpa’kaeT HAJEXKHOCTh ITPOTHO30B,
MOJTYy4YEeHHBIM TIPpH HCIIONb30BaHMM KommbioTepHod Monenu FORKOME. Takuwe wuccnemnoBaHus
HEOOXOJUMBI ATl PALMOHAIBHOTO BEACHHS JIECHOTO XO3SIMCTBAa M TPHUHSITHS COOTBETCTBYIONIHX
CTpaTeruil pa3BUTHS Jieca.

Kniouesnie cnoea: umumayuu, KomnviomepHoe Mooeruposanue, iec, memnepamypd, 0Caoxu.

INTRODUCTION

Computer models application in ecology allows the prediction of the behavior of
complex systems to which forest ecosystems belong (Scheller, Mladendoff, 2007).
However, taking into account the specific condition and arrangement of forests, the
examination of their dynamics requires the use of particular tools (Bugmann, 2001). This
role may be fulfilled by — adequately constructed — models of forest dynamics. The two
existing methods of forest modeling, growth-yield modeling (Marszatek, 2011; Pretzsch et
al., 2002) and ecological modeling (Bugmann, 2001; Botkin, 1993; Shugart, 1984) evolved
independently over a long period, both competing complementing each other.

Most empirical growth-yield models based on permanent plot data implicitly assume
that the future will be like the past, in terms of most environmental factors (Vanclay, 1994).
This models are widely used in forestry, while the formerly widespread tabular statement of
their results is now replaced by the corresponding regression models or integrated computer
models of trees, such as SILVA (Pretzsch et al., 2002) or BWINPro (Nagel, Schmidt 2006).

Ecological (process) models provide reasonable results reflecting the projected state
of the environment. Among the earliest computer models of the forest landscape were
JABOWA (Botkin et al., 1972) and FORET (Shugart, West, 1977). Among the later
constructions of patch models of the forest, based on those archetypes, include FORSKA
(Prentice, Leemans, 1990), ZELIG (Urban, 1990) and SORTIE (Pacala et al., 1993).
Descriptions of the theoretical and review of process models can be found in literature
(Porte, Bartelink, 2002). Bugmann has presented an excellent overview on the gap model
approach and the potential of ecosystem models to address the issue of climate change
(Bugmann, 2001; Bugmann 2003).

A pursuant of above-mentioned trend in modeling the evolution of forest ecosystems
is the patch model FORKOME (Kozak, Menshutkin, 2001; Kozak et al., 2012). The
FORKOME model that contains elements of both ecological and growth yield strategy has
been specially designed for the conditions of Poland and Ukraine.

The aim of the study was to carry out prognosis of possible dynamics of beech stands
in Polish Bieszczady and Ukrainian Beskydy during the next 500 years with the use of
FORKOME model in different scenarios of climate changes.

MATERIAL AND METHODS

The study plot «Beech 1» is located in Polish Bieszczady in the department No 13a at
forestry Procisne of Stuposiany Forest District (49°11°23°°N, 22°38°39”’E) in Poland and
«Beech 2» in Ukrainian Beskydy in the department No. 3 at Jabloneckie forestry of
Nadsiansky Landscape Park (49°09°47°°N, 22°45°15”°E) in Ukraine.

Beech (Fagus sylvatica L.) dominated, and fir (4bies alba Mill.) as well as Norway
spruce (Picea abies L. Karst.) codominated in all the areas. The mean DBH (diameter at
breast height) for the plot «Beech 1» — 48,8 cm (max 120, min 6, standard deviation 38,2),
for «Beech 2» — 27,1 cm (max 103, min 4, standard deviation 27,8). All the research areas
were facing east and the ground slope was 6-9°. Statistical analyses of measurement of
trees on the plots were performed using STATISTICA software. In all areas, DBH values
are coming to form a normal, right-skewed distribution (Shapiro-Wilk test). Study plots
were a 50x50 m rectangle. Each research area was constructed using standard measuring
tape to establish a rectangular coordinate system (X axis along E-W and Y axis along
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N-S line). The age was established with the help of Pressler drill. The diameter at breast
height was measured using a dedicated meter at 1,3 m over the ground level. The tree
height was measured with Leiss BL8 height-meter. In order to verify leaf area index (LAI)
calculations, 9 hemispherical photographs were taken per research plot (camera Canon EOS
5D 12MP, Sigma 8mm {/3,5 DG FISH EYE lens with 180° viewing angle). The
hemispherical photographs were analyzed with the help of the Gap Light Analyzer software
(Frazer et al., 2000). Selected data were stored in csv. format and supplied to the
FORKOME model.

The influence of climate changes (total effective temperatures and total annual
precipitation) on the rate of beech replacement by other species was also the subject of this
study. To this end, «temperature changes scenario» and «precipitation changes scenario»
tools were used. No climate change scenario was used as 1 — control (1425 degree days on
«Beech 1»; 1420 degree days on «Beech 2»; 718 mm on «Beech 1», 700 mm on «Beech 2»).
Next, the following climate change scenarios are defined: 2 — temperature increase by 200
degree days and increase in precipitation by 100 mm; 3 — temperature increase by 200
degree days and decrease in precipitation by 100 mm; 4 — temperature decrease by 200
degree days and increase in precipitation by 100 mm; 5 — temperature decrease by 200
degree days and decrease in precipitation by 100 mm.

Model FORKOME (Kozak et al., 2012) was constructed with an aim to simulate the
dynamics in forest stands considering the fate of single trees (fig. 1).
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Fig. 1. The algorithm of the FORKOME model

The model conducts simulation of reproductive processes (block BIRTH), growth
(block GROWTH) and mortality (block DEATH) of trees during every year, as well as the
influence of additional environmental and ecological factors upon the tree stand. Among
the factors considered are annual sum of precipitation (block PRECIP), annual sum of
temperatures effective DGD (degree days) for vegetation (block TEMP), nitrogen contents
in the soil (block NUTRIENT), degree of shading of the area (block LIGHT) by tree
crowns (Kozak et al., 2012). All forested areas in the model are analyzed on the basis of the
above-mentioned blocks, considering the actual increase of DBH in Monte Carlo (200 runs)
simulations. This model was already used in scientific projects in various regions of
Poland, Ukraine and Sweden and contains continuously developed presentation layer,
which allows for 3D visualization of trees.
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RESULTS AND DISCUSSION

In both compared parts of the region, due to present management measures and
spontaneous secondary succession, the foreseen change of tree stands at studied plots aims
towards typical for this eco-region, climax forest associations, dominated by beech with an
admixture of fir, sycamore and spruce. Only the character of those changes will be different
in Polish and Ukrainian parts, which is connected with different present state of tree stands,
reflecting different management measures in the past. Beech in the Bieszczady Mountains
and the Beskydy Mountains actively managed up to World War II. After World War II
Polish Bieszczady stands were less used due to deportation of Ukrainians (Gil, 2004) in
1944-1947, however, in the Beskydy Mountains beech forests were actively managed in
the times of the Soviet Union. All this affected not only the structure of the beech stands, as
well as biomass accumulation in them and reflected in conducting computer simulations.
Depopulation of Polish Bieszczady has changed the character of this landscape, and caused
a decrease of anthropogenic influence upon forests of this region. Effects of spontaneous
secondary succession were reinforced by reforestation of former agricultural land at the
area of abandoned villages, fields and pastures. Such was an origin of a considerable part of
present forest cover: 45 % in Lutowiska Forestry, 32 % in Stuposiany Forestry, and 41 % in
Ustrzyki Dolne Forestry (Marszatek, 2001). However in the part of Ukrainian Beskydy the
anthropogenic influence upon forests had increased (Tretiak et al., 2001). In an effect,
visible now is not only a difference in the proportion of forest cover between those
neighboring regions, having very similar ecological conditions (present maximal
percentage of forests in Polish forest districts reaches 80 %, while in Ukrainian forest
districts only 47 %), but also a difference in medium age of tree stands (78 years in Polish
part and 56 in Ukraine part), as well as the accumulation of biomass (on average over
300 m*/ha and about 200 m*/ha in Polish and Ukrainian parts respectively).

We considered above mentioned parameters during the selection of our study plots, to
assure their representativeness. Forest taxation parameters of selected plots confirm this
visible tendency being a result of former changes in forest management. Standing crop of
biomass in the zero year of the prognosis at plots «Beech 1» in the Polish part is higher
comparing to values at plots «Beech 2» in Ukrainian part.

Analyses of the diagrams indicate that under the control (1) scenario in the first year
of simulation beech dominated in all plots. Beech biomass will dominate during the period
predicated at 90 years on the plot 1 (fig. 2, a), 110 years on the plot 2 (fig. 2, ). In the next
time fir will dominate for 100 years on the plot 1, for 200 year on the plot 2, than beech
dominate again. In the control scenario cyclical changes between beech and fir are visible
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Fig. 2. Prediction of beech stands biomass in 1 scenario:
a—Beech 1; b —Beech 2
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in the Polish Bieszczady and Ukrainian Beskydy. In plots 1 beech biomass increase to
700 t/ha, and in the plot 2 beech biomass will increase to 400 t/ha. However, inconsiderable
domination of beech biomass occurs at the end of prognosis time (fig. 2, a; fig. 2, b). Other
species as maple up to 180 t/ha (fig. 2, b), spruce up to 90 t/ha of biomass (fig. 2, a; fig. 2, b)
fragmentary presented.

In 2 scenario beech biomass increase up to 900 t/ha on the plot 1, to 740 t/ha on the
plot 2 (fig. 3) and FORKOME model predict possible facilitating of cyclical changes
between beech and fir biomass dynamic.
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Fig. 3. Prediction of beech stands biomass in 2 scenario:
a—Beech 1; b —Beech 2

In 3 scenarios beech will dominated, but biomass decreased (fig. 4) and model predict
also possible lack of cyclical changes between beech and fir biomass dynamic.

go0f oot e T — . T e e T B A
[tihal : : Abies alba : [t”j;] Abies alba
= Acer pseudoplatanus | — Acer pseudoplatanus
>00 Fagus silvartica ! Fagus silvatica
— Picea ahies — Picea ahies
A00 - s e
L a0 e
s00 P Rl (EEEE Rl SehbEhEEEE LR N B . T et B
: LT B e e e e i Al

<00 vear S01

100 sao 400 vear S0

Fig. 4. Prediction of beech stands biomass in 3 scenario:
a—Beech 1; b —Beech 2

In 4 scenario (fig. 5) fir biomass increase up to 700 t/ha (fig. 5, a). In the Polish
Bieszczady and Ukrainian Beskydy occurs possible increase of spruce biomass (fig. 5, a;

fig. 5, b).
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Fig. 5. Prediction of beech stands biomass in 4 scenario:
a—Beech 1; b —Beech 2
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In 5 scenario (fig. 6) the beech biomass decreased up to 100 t/ha on the Beechl and
Beech 2 research plots. On the plot Beech 2 biomass of beech increase for the sycamore costs.
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Fig. 6. Prediction of beech stands biomass in S scenario:
a—Beech 1; b —Beech 2

The FORKOME model is a good enabler to obtain results that prove the thesis assumed
in our paper. Diagrams presenting results of prognosis of plots 1 — «Beech 1», 2 — «Beech 2»
are placed in the paper under the control (1) scenario, as well as in 4 climate changes
scenarios. We carried out simulations with the FORKOME model in research areas of 5050 m
(1/4 ha). Therefore, within of the 2500 m® of the area, 200 used simulation sequences
correspond with equilibrium landscape of 50 ha. In other types of models, for instance the
JABOWA model (Botkin et al., 1972), 10x10 m areas were used with 100 simulations. The
smallest area was 0,5 ha and was used in the FORSKA model (Prentice, Leemans, 1990).

Results obtained from the prediction research correspond to results obtained from
field works (Jaworski, Podlaski, 2006; Kozak, Menshutkin, 2001). The FORKOME model
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proved to be efficient tools adjusted to the research regarding dependences and changes in
species structure of forest stands and species biomass. It is possible to devise methods in
the model to analyze many parameters of forest stands conditions at the same time what
allows obtaining precise results. The FORKOME model enables analyzing the dynamics of
forest stands in regard to climate change conditions during any period of time, chosen by
the user of the model. Obtained simulation results concerning increased beech biomass can
influence to the species composition of tree stands and also to decreased the regeneration
and growth of other species (Gessler et al., 2007).

Simulation conducted in FORKOME model confirms that beech will exist in the
Polish Bieszczady and Ukrainian Beskydy regions on the east boundary of beech areal.
Using computer models for such type of analysis are on the table (Brooker et al., 2007).
Important is analysis of temperature and precipitation influence on beech stands. Beech
biomass is more sensitive to the precipitation than to the temperature. Precipitation growth
rate can decrease up to 0,82. Calculated in FORKOME model cross correlation showed
negative influence of precipitation on beech biomass (correlation coefficient — 0,95).
Climate changes in the Polish Bieszczady and Ukrainian Beskydy can be estimated as a
positive for forest productivity and biomass accumulations. Similar results obtained for
north and west Europe (Lindner et al., 2010). Beech stands in Polish Bieszczady and
Ukrainian Beskydy regions have plausibility of species composition changes due to climate
changes (Dale et al., 2010).

Longer (500 years) time of simulation was used to shown the cycle of biomass
changes that were demonstrate in the literature (Shugart, 1984). In the other regions
simulation time was 500 and 600 years (Kozak, Menshutkin, 2001). The changes of
biomass in computer simulations of beech stands with use of FORKOME model defining
their directions regarding possible climate change conditions in Polish Bieszczady and
Ukrainian Beskydy and are important issues in forest management, both from the
theoretical and practical point of view.

CONCLUSIONS

After World War II the beech forests in the Bieszczady Mountains were less used but
in the Beskydy Mountains beech forests were actively managed. All this affected not only
the structure of the beech stands, as well as biomass accumulation in them and reflected in
conducting computer simulations. Standing crop of biomass in the zero year of the
prognosis at plots «Beech 1» in the Polish Bieszczady is higher comparing to values at
plots «Beech 2» in Ukrainian Beskydy. In Polish and Ukrainian parts beech will maintain
its domination regarding biomass in the control (1), warm humid (2), warm dry (3), cold
humid (4) and cold dry (5) climate scenario. Same cyclical changes between beech and fir
show in the control scenario. In 2 and 3 scenario FORKOME model predict possible
facilitating of cyclical changes between beech and fir biomass dynamic and increasing of
beech biomass. In 4 scenario fir biomass increase up to 500 t/ha. In the Polish Bieszczady
and Ukrainian Beskydy possible increase of spruce biomass. In 5 scenario the beech
biomass decreased up to 100 t/ha.

Simulation conducted in FORKOME model confirms that beech will existence in the
Polish Bieszczady and Ukrainian Beskydy regions on the east boundary of beech areal. The
changes in the Polish and Ukrainian Carpathians can be estimate as a positive for forest
productivity and biomass accumulations. They were confirmed by fieldwork and events
documented in the literature, which shows the reliability of the forecasts used FORKOME
computer model. Work and study of this kind are necessary for rational forest management
and to take appropriate development strategies.
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