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This paper presents a computer prognostic modeling of the beech (Fagus sylvati-
ca L.) forests dynamics in the Carpathians and Roztocze using FORKOME model. The
study was conducted in the Polish Bieszczady (Stuposiany forestry), Ukrainian Beskidy
(Nadsanski Landscape Park) and in Polish Roztocze (Roztoczanski National Park) re-
gions. The aim of this study was to carry out prognosis of possible dynamics of beech
stands in Carpathians and Roztocze using computer model. For this purpose, a computer
prognostic FORKOME model has been applied. Different scenario of changes were in-
cluded: a control scenario, warm dry, warm humid, cold dry and cold humid. The simula-
tions were realized for a time period covering next 500 years. Using the control scenario,
FORKOME model predicted that for the next 500 years beech stands will dominate in
terms of biomass and number of trees. The results have confirmed the periodic tendency
of changes in stands consisting of biomass participation exchange between beech and fir.
The obtained results are important issues for forest management and prognosis.
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INTRODUCTION

Computer models application in ecology allows the prediction of the behavior of
complex systems to which forest ecosystems belong [18]. However, taking into account
the specific condition and arrangement of forests, the examination of their dynamics re-
quires the use of particular tools [1]. This role may be fulfilled by — adequately construc-
ted — models of forest dynamics. The two existing methods of forest modelling, growth-
yield modelling [13, 17] and ecological modelling [1, 3, 19] devolved independently over
a long period, both competing and complementing each other. Most existing forest
growth-yield models focus on wood production and are not concerned with other aspects
of the forest environment. 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. 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 [17] or BWINPro [13].
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Ecological (process) models provide reasonable results reflecting the projected
state of the environment. There is linked to it a wide field of applications of process mo-
dels which relate both to the betterunderstanding of the major biological processes that
underpin the trees, as well as to forecasting the development of structurally complex
natural stands and stands that are influenced by changing environmental conditions (in-
cluding the future climate change). Among the earliest computer models of the forest
landscape there should be mentioned JABOWA model [4] and FORET model [20].
Among the later constructions of patch models of the forest, based on those archetypes,
there were FORSKA [16], ZELIG [21], SORTIE [14] endothers. Descriptions of the theo-
retical and review of process models can be found in literature [15]. Bugmann [1] has
presented an excellent overview on the gap model approach and the potential of ecosys-
tem models to address the issue of climate change [2]. A pursuant of above-mentioned
trend in modelling the evolution of forest ecosystems is the patch model FORKOME [10,
11]. 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 Carpathians and Roztocze during the next 500 years with the use of FORKOME
model. Different scenarios of changes were included: a control scenario, warm dry cli-
mate and warm humid climate, cold dry climate and cold humid climate.

Geographical setting. The study site “Beech 1” is located in the Carpathians in Po-
lish Bieszczady (Stuposiany Forestry), “Beech 2” in Ukrainian Beskidy (Nadsians’ki Re-
gional Landscape Park), and “Beech 3” in the Polish Roztocze (Roztoczanski Nature
Park). The first plot — “Beech 1” islocated in the forest district No. 13a in the Stuposiany
Forestry (49°11'23"”"N, 22°38'39"E), Poland. The second plot — “Beech 2” is located in
the forest district No. 3 in Jabluneckie Forestry in Nadsians’ki Regional Landscape Park
(49°09'47""'N, 22°45'15"E), Ukraine. The third plot — “Beech 3” is located in the forest
district No. 189f in the Roztoczanski National Park (N: 50°35'29 E: 22°57'35) in Poland.

MATERIALS AND METHODS OF THE RESEARCH

Beech (Fagussylvatica L.) and fir (Abiesalba Mill.) has dominated in all the investi-
gative areas. The mean DBH (diameter at breast height) for the plot “Beech 17 —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) and 41,1 cm (max 104, min 10 cm, standard deviation 33.4) for
the plot “Beech 3”. All the research areas were facing east and the ground slope was
5-12°. Statistical analyses of measurement of trees on the plots were performed using
STATISTICA software. In all three areas, DBH values are coming to form a normal,
right-skewed distribution (Shapiro—Wilk test). Each research area was a 50x50 m rec-
tangle. Such area (2500 m?) is appropriate for gap models.

Each research area was constructed using standard measuring tape to establish a
rectangular coordinate system (X axis along E-W and Y axis along N-S line). Each and
every tree within such established research area was assigned a unique number and
measure (DBH, height, crown radius, age). The position of every tree was also estab-
lished at 5 cm accuracy and then marked on a map using orthogonal survey method.
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 LeissBL8 height-meter. In order to verify leaf area index (LAI) cal-
culations, 9 hemispherical photographs were taken per research area (camera Canon
EOS 5D 12MP, Sigma 8 mm f/3.5 DG FISH EYE lens with 180° viewing angle). The

ISSN 1996-4536 (print) ¢ ISSN 2311-0783 (on-line) e BionoriyHi Ctygii / Studia Biologica e 2016 ¢ Tom 10/Ne1 e C. 123-132



SIMULATION OF BEECH STAND DYNAMICS UNDER CLIMATE CHANGE CONDITIONS IN THE CARPATHIANS... 125

hemispherical photographs were analyzed with the help of the Gap Light Analyzer soft-
ware [6]. Next, the obtained results were used to verify the FORKOME model input
parameters (assimilation apparatus biomass). Selected data were stored in csv format
(using Microsoft Excel spreadsheet) 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 sce-
nario” tools were used. No climate change scenario was used as control (1425 degree
days on "Beech 1”; 1420 degree days on "Beech 2”; 1400 degree days on "Beech 37;
718 mm on "Beech 17; 700 mm on "Beech 2”; 600 mm on "Beech 3”). Next, the following
climate change scenarios are defined:
e warm humid: temperature increase by 200 degree days and increase in pre-
cipitation by 100 mm,

e warm dry: temperature increase by 200 degree days and decrease in precipita-
tion by 100 mm,

e cold humid: temperature decrease by 200 degree days and increase in precipi-
tation by 100 mm,

e cold dry: temperature decrease by 200 degree days and decrease in precipita-
tion by 100 mm.

Model FORKOME [11] was constructed with an aim to simulate the dynamics in
foreststands considering the fate of single trees (Fig. 1).
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Fig.1.The algorithm of the FORKOME model
Puc. 1. Anroputm mogeni FORKOME

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
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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 con-
tents in the soil (block NUTRIENT), degree ofshading of the area (block LIGHT) by tree
crowns [11]. All forested areas in the model are analyzed on the basis of the above-
mentioned blocks, consideringthe actual increase of DBH during the year of simulation
(so-called DINC). DINC means an optimal increase of DBH, i.e. an increase of tree dia-
meter in optimal conditions of environment. Hence, DBH is the fundamental parameter
of trees on which the model FORKOME is based. Other significant parameters, e.g. the
height of trees, are calculated on the basis of DBH value (in case when real data ismis-
sing). However, the actual increase of trees DINC has to take into account environmental
conditions (annualsum of temperatures effective for vegetation; water balance connec-
ted with precipitation and transpiration; an averagelevel of light availability in the forest;
availability of nitrogen in the forest litter) which may reduce an optimalincrease of DBH
(DNC). Depending on dominating environmental conditions, every factor decreasing the
optimalgrowth may take values between 0 and 1.Every reducing factor is represented by
an appropriate thematic block. Since the time of its creation until now, the FORKOME
model is constantly revised. Possibly the most recent achievements in the field of land-
scape modelling are implemented. This model was already used in scientific projects in
various regions of Poland, Ukraine and Sweden.Model FORKOME also contains con-
tinuously developed presentation layer, which allows for 3D visualization of components
of the forest landscape, including the layer of ground vegetation, dried and fallen trees.

RESULTS AND DISCUSSION

Diagrams presenting results of prognosis of plots 1 — "Beech 1”7, 2 — "Beech 2”, and
3 —"Beech 3” are placed in the paper under the control scenario, as well as in 4 climate
changes scenarios.We carried out simulations with the FORKOME model in 3 research
areas of 50x50 m (1/4 ha) each. Therefore, within the 2500 m? area, 200 simulation
sequences correspond with equilibrium landscape of 50 ha. In other types of models, for
instance the JABOWA model [4], 10x10 m areas were used with 100 simulations. The
smallest area was 0,5 ha and was used in the FORSKA model [16].

Analyses of the diagrams indicate that under the control 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, B) and
140 years on the plot 3 (Fig. 2, C). In the next time fir will dominate for 100 years on the
plot 1, for 200 year on the plot 2 and for several years on the plot 3, than beech is going
to dominate again. In the control scenario cyclical changes between beech and fir are
more visible in the Carpathians region than in Roztocze. In plot 1 beech biomass in-
creases to 700 t/ha, and in the other plots, i.e. 2 and 3, beech biomass will increase to
400 and 640 t/ha. However, inconsiderabledomination of beech biomass occurs at the
end of prognosis time (Fig. 2, A; 2, B) and interrupted of fir dominating from 300 to 400
year on the plot 3 (Fig. 2, C). Other species as sycamoreincreases up to 180 t/ha
(Fig. 2, B), spruce up to 90 t/ha in biomass (Fig. 2, A; 2, B), hornbeam and oak (Fig. 2, C)
fragmentary presented.

In Carpathians and Roztocze beech and fir will maintain its domination regarding
biomass not only in the control scenario, but also in warm humid, warm dry, cold humid
and cold dry climate scenario. Beech and fir have optimal growing conditions in Carpa-
thians and Roztocze.
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Fig. 2. Prediction of beech stands biomass in control scenario (t/ha): A— Beech 1; B—Beech 2; C —Beech 3

Pwuc. 2. MNporHo3 Giomacu BykoBoro AepeBocTaHy B KOHTPOMNbHOMY cueHapii (1/ra): A — byk 1; B—byk 2; C —
Byk 3

In warm humid scenario beech biomass increases up to 900 t/ha on the plot 1, to
740 t/ha on the plot 2 and to 610 t/ha on the plot 3.0n the plot 3 in Roztocze beech will
dominate during the whole simulation (Fig. 3, C).
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Fig. 3. Prediction of beech stands biomass in warm humid scenario (t’ha): A — Beech 1; B — Beech 2; C —
Beech 3.

Puc. 3. NporHo3 6iomacu GykoBOro AepeBoCTaHy 3a cueHapito “Tenno—sonoro” (t/ra): A — byk 1; B — bByk 2;
C - byk 3.

In warm dry scenarios beech will dominated, but biomass decreased. On the plot 3
in Roztocze beech biomass will decrease to 200 t/ha (Fig. 4, C).

In cold humid scenario (Fig. 5) fir biomass increases up to 700 t/ha (Fig. 5, A). In
the Carpathians there occurs possible increase of spruce biomass (Fig. 5, A; 5, B).
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Fig. 4. Prediction of beech stands biomass in warm dry scenario (t/ha): A — Beech 1; B — Beech 2; C —

Beech 3
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Fig. 5. Prediction of beech stands biomass in cold humid scenario (t/ha): A — Beech 1; B — Beech 2; C —
Beech 3

Puc. 5. NporHo3 6iomacu OykoBoro fepeBocTaHy 3a cLeHapito “xonogHo—sonoro” (1/ra): A — byk 1; B — byk 2;
C-byk3

In cold dry scenario (Fig. 6) the beech biomass decreased up to 100 t/ha on the 1
and 3 research plots. On the plot 2, beech biomass decreases while biomass of syca-
more increases. Fir biomass will dominate in Roztocze in the second part of simulation
(Fig. 6, C).

The FORKOME model is a good enable to obtain results that prove the thesis as-
sumed in our paper that the changes of temperature and precipitation can (as we see
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from simulations) conduct to different reaction of tree. There may occurweakening of cycli-
cal changes between beech and fir biomass dynamic and decrease in biomass or change
of the stand structure. Results obtained from the prediction research correspond to results
obtained from field works and this phenomenon described in literature [9, 10].
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Fig. 6. Prediction of beech stands biomass in cold dry scenario (t/ha): A —Beech 1; B—Beech 2; C—Beech 3

Puc. 6. MNporHo3s 6iomacu GykoBoro gepeBocTaHy 3a cleHapito “xonogHo—cyxo” (1/ra): A — byk 1; B — Byk 2;
C-byk3

The FORKOME model proved to be an efficient tool adjusted to the research re-
garding dependences and changes in species structure of forest stands, species bio-
mass, and number of trees. It is possible to apply methods in the model to analyze many
parameters of forest stands conditions at the same time what allows for obtaining pre-
cise 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 (for example, 500 years). Obtained simulation results concerning temperature
and precipitation can influence the species composition of tree stands and decrease the
regeneration and growth of other species [7].

In the cold dry scenario we can notice a decrease in beech biomass more in Roz-
tocze than in the Carpathians. At the same time we can expect a decrease in biomass
of other species sensitive to water deficiency.

Simulation conducted in FORKOME model confirms that beech will exist in the Car-
pathians and Roztocze regions on the east boundary of beech areal. Using computer
models for such type of analysis is a current aimed perspective trend [5]. Important is the
analysis of temperature and precipitation influence on beech stands. Beech biomass is
more sensitive to the precipitation than to the temperature. Precipitation can decrease
growth rate up to 0.82. Calculated in FORKOME model cross correlation showed nega-
tive influence of precipitation on beech biomass (correlation coefficientis -0.95). Climate
changes in the Carpathians and Roztocze can be estimated as a positive factor for fo-
rest productivity and biomass accumulations. Similar results obtained for north and west
Europe [12]. Beech stands in Carpathians and Roztocze regions have plausibility and
delay in stand composition changes due to climate changes [8].

Longer (500 years) time of simulation was used to shown the cycle of biomass
changes that were demonstrated in the literature [19]. In the other regions simulation
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time was 500 and 600 years [10]. The changes in beech stands biomass in computer
simulations with the use of FORKOME model define their directions regarding possible
climate change conditions in the Carpathians and Roztocze and are important issues in
forest management, both from the theoretical and practical perspective.

Dynamics of forests changes in mountainous areas have a multitude of functions:
they regulate run-off and prevent erosion; they form a part of the largest terrestrial biotic
carbon pool. Forests in the Carpathians and Roztocze have been managed for timber
production over several centuries. After World War 1l forest use in Polish Bieszczady
and Polish Roztocze was less active due to depopulation that was realized by Polish
communist government in the operation with cryptonymous *Vistula”. In Ukrainian
Beskids that are situated in the similar ecological conditions as Polish Bieszczady the
forest management activity in the Soviet Union time was more active, what influenced
on the future decrease of biomass accumulation.

CONCLUSIONS

Results predicting the dynamics of beech forests in the Carpathian Mountains and
Roztocze using computer model FORKOME are considered.

In the Carpathians and Roztocze beech and fir will maintain its domination regar-
ding biomass in the control scenario, warm humid, warm dry, cold humid and cold dry
climate scenario. Some cyclical changes between beech and fir are shown in the control
scenario. In warm humid and warm dry scenario FORKOME model predicts possible
weakening of cyclical changes between beech and fir biomass dynamic and increase in
beech biomass. In cold humid scenario fir biomass increases up to 700 t/ha. In the Car-
pathians, a possible increase in spruce biomass may occur. In cold dry scenario the
beech biomass decreased up to 100 t/ha.

Simulation conducted in FORKOME model confirms that beech will exist in the
Carpathians and Roztocze regions on the east boundary of beech areal. Climate chan-
ges in Carpathians and Roztocze can be seen as a positive factor for forest productivity
and biomass accumulations. Beech stands in the Carpathians and Roztocze regions
demonstrate a plausibility and delayin stand composition changes due to climate change
and are more sensitive to the precipitation than to temperature.

Changes in beech stands biomass in computer simulations with the use of
FORKOME model define their directions regarding possible climate change conditions
in Carpathians and Roztocze and are important issues in forest management, both from
the theoretical and practical perspective.
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MOOENOBAHHA OUHAMIKU BYKOBUX OEPEBOCTAHIB 3A YMOBU 3MIHA
KINIMATY B KAPMATAX | PO3TOY4l 3 BAKOPUCTAHHAM MOAEJI FORKOME
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Y cTaTTi NporHo3oBaHo guHamiky 6ykoBux (Fagus sylvatica L.) niciB y Kapnartax
i Ha Po3Touui 3a JonoMorok KoMm'toTepHoi nporHocTuyHoi mogeni FORKOME. Locni-
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O>KEHHSs1 MpoBefeHo B NomnbCbkux belagax (nicrocn CtynocsiHu), YkpaiHcbkmx beckmaax
(HagcstHebkuiA naHAawadTHUI napk) i B NOMbCbKiN YacTuHi Po3Touudst (PO3TOYaHCHKMNA
HaujioHanbHUM napk). MeToto LbOoro 4oCHigKeHHsT Oyno NPOrHO3yBaHHST MOXITMBOI AWHA-
Mikn ByunH y Kapnatax i Po3To4di 3 BUKOPUCTaHHAM KOMM'HOTEpPHOI Mogeni. 3 uieto me-
Toto Byna 3acTocoBaHa KOMM'HOTepHa NporHocTnyHa moaernb FORKOME. PisHi cueHapii
3MiHM OynmM 3acTOCOBaHi: KOHTPOSbHI cueHapin (6e3 3MiH), cueHapii 3MiH KniMaTy Ha
TENANA CyXmi, TeNSIMN BOMOMMIA, XOMNOAHUA CyXmU i XonogHun sorormi. MogentoBaHHA
Oyno peanizoBaHe NpPOTAroM nepiogy 4acy, Lo oxonstoe Hanbnmkdi 500 pokiB. Y KOHT-
ponbHomy cueHapii Mmogenbs FORKOME nepenbaunna, wo npotarom HacTynHmx 500 po-
KiB Oy4mHKM OyayTb AOMiHYBaTK LWOAO Oiomack Ta KinbKocTi gepeB. Pe3ynsratu niareep-
ONN TEHOEHL0 NepioanyHol 3MiHM B fiepeBocTaHax 6iomacu Oyka Ta anuui. OTpumaHi
pesynsrati € BaXIMBMMMN AN BEAEHHS NICOBOro rocnogapcTtsa i MPOorHoay.

Knroyoei crnoea: nporHos, KOMM'toTep, MOAENOBaHHSA, Nic, TeMnepaTypa, onaau.

MOAOEJNIMPOBAHUE OMHAMUKU BYKOBbIX APEBOCTOEB NMPU U3BMEHEHUU
KINMNMMATA B KAPMATAX UPACTOYbE C UCTNOJIb3BOBAHMEM MOJENN FORKOME

WU. N. Kozak', T. B. Mapnan?, I'. I. Ko3ak'
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20pHo20 necosodcmea um. 1.C.[NacmepHaka

yn. lpbywesckozo, 31, MeaHo-®paHkosck 76018, YkpauHa
e-mail: tarasparpan@gmail.com

CTtaTtbsa npeacraBnseT cobon uccnegoBaHne MogenupoBaHnus QUHaMUKn Byko-
BbIX (Fagus sylvatica L.) necoB B Kapnatax u PacTtoube, C ncnonb3oBaHuemM Mogenu
FORKOME. NccneposaHune nposogunock B nonbckmx bewanax (necxos CTynocsHbl),
YkpaunHckmx becknpgax (HagcaHckuii naHawadTHeIN Napk) U B NOMbCKON YacTh PacTtoybs
(PactovaHckuii HaumoHanbHbIM napk). Llensto gaHHoro ncenegosaHus 6bino nposeae-
HMe NporHo3a auHamukm byunH B Kapnatax u Pactoube ¢ MCnonb3oBaHMEM KOMMbIOTEp-
Hour mogenu. C aTon uenbto Obina npMMeHeHa KOMMbITEPHas NPOrHocTu4eckas Mogenb
FORKOME. Ncnonb3oBanvcb pasnnyHble CUeHapun N3MeHEHWIA: KOHTPOSbHbIN (6e3 ns-
MEHEHWI), UBMEHEHNA KNUMaTa Ha TENNbIA CYXOWN, TENMbIN BAaXHbIN, XONOAHbLIA CYXON
1 XONOAHbIN BNaxkHbIN. MoaenvposaHue 6bIno peanvM3oBaHo B TEHeHVe neproaa BpemMe-
HK, oxBaTbliBatoLLero 6rivkanwwme 500 net. B koHTporneHOM cueHapun mogens FORKOME
NporHo3upoBsana, 4Tto B TedeHue crnegyowmx 500 net byynHsl 6yayT AOMUHMPOBATL MO
Buomacce n konuyecTBy AepeBbeB. PesynstaTtel NOATBEPAUNM TEHAEHUMIO Nepuoanye-
CKOr0 U3MEHEeHMs B APEeBOCTOSX, COCTOsLLYO M3 obMeHa mexay ydactmem Buomaccsl
Byka 1 nuxTbl. MNonyyeHHble pesynbTaThl ABNATCS BaXHbIMW BOMPOCaMu AN BEAeHUS
NEeCHOro Xo341McTBa 1 NPOrHo3a.

Knroyeenle croea: nporHo3, KOMMbIOTEP, MOAENMpPOBaHWe, nec, TemnepaTypa,
ocagku.
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