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Abstract

Kozak 1., Menshutkin V., Jozwina M., Potaczala G.: Modelling of beech forest dynamics in the
Bieszezady Mountains in response to climate change. Ekologia (Bratislava), Vol. 22, No. 2,
152161, 2003.

This work presents results of investigation of beech forest succession in the Bieszczady Mountains
using a FORKOME* model in response to climatic changes. The model was verified according to
field observations in 1998—2001 in beech forest in the forest district Procisne in the Bieszezady Mis
{Poland). Prediction of tree biomass and tree number was aimed at for the next 600 years. Simulation
demonstrated beech domination when mean annual temperature increases by 2 °C. However while
the decrease in temperature by 2 °C fir becomes dominant in research plot . Both one simulation run
and Monte Carlo simulation showed comparable results of statistical analysis. 3. scenario (warm
and humidity) illustrated an increase in beech biomass. That trend is also characteristic to 4. scenario
with parameters set to cold and humidity. In opposite situation - dry climate (6. scenario — cold and
dry, 5. scenario — warm and dry) descending number of beech trees resulted in an increase in fir trees
number. Change in trees number is noticeable in 7. scenario where air temperature is fluctuating.
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Introduction

To the human eye a forest is a slowly changing ecosystem that looks alike year after year.
But in fact there are dynamics at the time and spatial scales in the forest. Most of alterations
in succession are caused by climate changes. These changes can result in fluctuation in
temperature and rainfalls. Data presented in literature indicate high differences among mean
annual air temperatures during last two centuries. Along with an increase in temperature
(c.g. mean annual temperature in 1799 was 4.6 °C and in 1989 was 9.8 °C) vegetation
period became longer (Kowalski, 1993).
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The main problem we have to confront with in forthcoming ycars is the change of climale,

Considering climate warming it is worth to notice that a majority of the currently used
general circulation models show that a global temperature increase of the magnitude of
| °C to 4 °C is conceivable with CO, doubling (Maxwell, 1992). Global warming is esti-
mated as an increase in the mean annual air temperature (Bednarz et al., 1994; Obrebska et
al., 1997) by 2.5 °C until the end of year 2100 (Puhe, Ulrich, 2001). The increase in tem-
perature for Central Europe is forecasted for 2-3 °C (25 °C in winter, 1-3 °C in summecr).

Many crucial parameters concern forecasting climate influence on forest ccosystems
evolution (Krauchi, 1993). Common demand extorts tools development for use in predic-
tion potential effect of climate change on ecosystems. Many scientists deal with that prob-
lem in the literature (Krauchi, 1995; Hong et al., 1999; Brzeziecki, 1999).

Little is known about possible alterations in beech forests dominating in the Bieszczady
Mts from 400 to 900 m a. s. I. in different climatic conditions. That is why we run investiga-
tion into computer simulation of beech forest succession in examined area with various
scenarios of climate changes using the FORKOME model.

Materials and method

We used data concerning the distribution of beech (Fagus sylvatica L.) forest communities in the Bieszezady
Mts (Zarzycki, 1963). After having analysed results presented in literature stationary area was sclected. Research
plot is situated on the north slope of the Kosowiee mountain (forest district Procisne) in the Bieszezady Mis
{Poland) along the transect on the slope. The plot is located on the top of the mountain (inclination 107) at the
altitude of 880-890 m a. s. |. Brown soils over the Carpathian flish are characteristic of the plot. Dominating trec
species was beech. The average age of the beech stand is 93 years.

Different types of scenario were simulated:

Control  — at the actual conditions: annual temperature 6.1 °C, precipitation 800 mm

Scenario 1 — in increased by 2 °C temperature

Scenario 2 — in conditions of temperature decrease by 2 °C

Scenario 3 — increased by 2 °C temperature and increased by 200 mm precipitation (warm and humidity)

Scenario 4 — decreased by 2 °C temperature and increased by 200 mum precipitation {(cold and humidity)

Scenario 5 — increased by 2 °C temperature and decreased by 200 mm precipitation (warm and dry)

Scenario 6 — decreased by 2 °C temperature and decreased by 200 mm precipitation (cold and dry )

Scenario 7 — alternate air temperature changes.

Description of the FORKOME model was presented in detail in our former articles (Menshutkin, Kozak,
1997: Kozak, Menshutkin, 2000, 2001). Here only new, additional functions, added to the model recently will by
illustrated.

First important feature is possibility of computing climate changes while simulation runs. Four new para-
meters concerning temperature fluctuation were added: K, K, K, K.

As far as degree-days are concerned (sum of temperatures higher than 5 °C) new formula is proposed:

*3.
K=K, (l+ K1)+ K, sir{?‘—Kﬁr]a

a

where K — sum of effective temperatures (higher than 5 °C)
K, - constant coefficient
K, - direction of sum of mean effective temperatures change
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o alternation amphitude of the sum ol mean effective temperatures

' . . . - [ END
K, alternation period of the sum of mean effective temperatures
S B s STATISTCAL
! time period (years). PARAMETERS VARIANT PROCEDURES
In our model we took into consideration leaf transpiration depending not only from meteorological parame-
ters, s implemented in other gap models (Shugart, 1984; Brzeziecki, 1999), but also from the tree species. In our TEMPERATURE
P e : ; ; PRECIPITATIONS Seedin
FORKOMI: model transpiration depends on biomass and species set of the stand. AMIMALS 4 CREATE TREE fhs
Madel includes dependences of various tree species on ground water level and dependences of trees growth FELLING SCENARIO
on amount of available water. The core of this block is following formula concerning water balance: YEAR )‘
Vegetative

CREATE TREE

reproduction

where Wit — amount of water in the ground in time ¢ ‘
prec(e) — precipitation LEAF DENSITY

Weerly = W( + pree() - trans(¢) - evapor(s), bl 3 WATER
BALANCE
T

trans(t) - trees transpiration HEIGHT
cvapor(f) — waler cvaporation from the ground surface. x T
VERTICAL
. e . . . ! LIGHT
(‘mnp_;n'lny,- |\)]'lII\Ft' :1rf:c|cs, here more dclz}xlcd illustration of a-l'_s_zio“rlthm used in the modf:l ls.prescmcd (Fig. 1). DISTRIBUTION THEE )_
Algorithm is divided into several blocks. The block “PARAMETERS” represents the estimation of temperature,
precipitation, influence of animals and felling on the research plot. It is possible to simulate forest dynamic in

different seenario condition and different initial states. |
Since this model is stochastie, the study of its dynamic requires running through many variants (block “VA-

RIANT™). In the case of investigations and for prediction purposes it may simulate the period of 600 years. These

processes are controlled by the block entitled “YEAR”. There are tree and forest community parameters such as '

GROWTH=fDEH,Spec,LIGHT, j
DEGDAY, NITRO, WATER)

of natural
death

DELETE TREE

DELETE TREE |

a real diameter (DBI1) of each tree on the research plot and maximum tree diameter (DBH.aux) at standard height
at 130 em above the ground level, real height (H) and maximum height (Hwa), real age (AGE) and maximum age
(AGEan), minimal and maximal of degree-days (DEGDAY min, DEGDAYmax), light intensity, nitrogen and water |

contents

Fig 1. FORKOME model algorithm.

The model regards processes of the natural death, seedlings, vegetative distribution, vegetative reproduction, Scenario Parameters Initial Slate  Show Graphics  Print Graphics  Monle-Carlo Experiment  File  Euit
water balance and growth for any year of the run. The growth rate of each tree depended on its dimensions, tree ' =1 [ooo [N=16
species, and conditions of light, temperature, and supply of nutrients and water,

After the realisation of all variants of the model, the program carries out a statistical analysis of the obtained
results (block “STATISTICALS PROCEDURES?). Different scenarios were simulated for beech permanent plots " 50
(TEMPERATURLE, PRECIPITATIONS, ANIMALS, FELLING). |

As it is showed in the interface of FORKOME model (Fig. 2) the position of each tree in the forest is
projected along a diagonal of research plot (28x28 m). The year 2000 was regarded as the first year of the model '

|

time. The study time is used as the model time.

Results and discussion
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Al the control situation the FORKOME model predicted decrease of beech biomass from
400 £ 121 t/ha to 136.0 + 10.2 t/ha in 65 years (Fig. 3a). Then with age the biomass of

i

»
beech inercased to 210 + 7.3 t/ha in 400 years and to 196.0 + 4.1 t/ha in 600 years. The [( Fagus suivalica 8 [V |BAce pseudopl. T~ 1111 Larix decidua.. ﬁ]
biomass of fir gradually increased to 60.0 + 1.1 t/ha in 35, 120.1 + 4.0 t/ha in 190 and 165.1 fbesbe § 7 [ vewe T fiefennene, |
14,1 Uha over 600 years. T e e
As shown in Fig. 3 (Fig. 3b), 30-run Monte Carlo simulation forecasts beech domination
when the mean monthly temperature increased by 2 °C. While air temperature is decreasing | Fig. 2. Interface of the FORKOME model.
i domination is simulated by the model (Fig. 3c¢).
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Fig. 3. Monte Carlo biomass simulation: a — control, contemporary climate conditions, b ~ scenario No. 1 -
warming, ¢ — scenario No. 2 — cooling .

The dependences of tree species on air temperature are also visible in one simulation
run. One of the simulations will be presented as an example. The example illustrates diffe-
rences between control situation results (Fig. 4a), warming — 1. scenario (Fig. 4b) and
cooling - scenario 2 (Fig. 4c).

In control situation model predicts decrease in beech biomass to 500 t/ha in the first year
and to 105 t/ha in 52. year of the simulation (Fig. 4a). Subsequently periodic exchanges in
beech and fir biomass are forecasted. However after 400. year of the simulation beech
domination is clearly visible.

First scenario predicts beech domination in biomass for all simulation run (Fig. 4b). Yet
from 135. to 150. year model predicts small fir biomass superiority. Then short-term fir
domination is presented from 280. to 300. year and subsequently from 440. to 460. year of
simulation. These short-term dominations in fir biomass coincide with its highest values in
control variant. Furthermore, in climate warming scenario, after beech vanishing at the
beginning of simulation, its highest biomass appears sooner than in control scenario.

In 2. scenario (climate cooling), after decrease in beech biomass, model predicts fir
domination (Fig. 4c). Just after 150. simulation year fir predominate over beech in biomass.
Fir dominates in biomass until the 450. year. Through a hundred years (450.-550.) beech
and fir keep their biomasses in balance in order to take by fir domination after 550. year.

Air temperature alternations very ofien coincide with precipitations changes. Consider-
ing this situation we attempted to simulate examined plot according to conditions from 3.,
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Homass in t/ha 4., 5., 6. scenario concerning precipi-
tations changes in terms ol warming
and cooling.

An increase in beech biomass was
determined in 3. scenario where climale
was warm and humid (Fig. 5a). That
tendency appears also in first half and

1 last 150 years of 4. scenario (Fig. 5b).
=3 No statistically adequate differen-
Biomass in tha ces were found in trees biomass while
=0l " simulating both warm (5. scenario) and
4l cold (6. scenario) dry climate. Oply
0 bcgch_trees number was decreasing
| insignificantly with simultaneous in-
2':'? crease in fir trees number in compari-
100 son to control situation.
i 00 200 300 400 500 Yegs It is noticeable that all simulation
:; results are consistent with Sprugell's

theory (1991). Sprugell claims that
relatively small alterations of tempe-
rature and rainfalls can result in signi-
ficant and long-lasting plants changes.

That Sprungell thesis was the in-
spiration for us to attempt modelling
of beech forests changes not only in-

jomass in t/ha

500)
400
300
200)
100

t i - . fluenced by temperature but also pre-
— ¢ 500 cipitation change. Similar simulations
—2 were run by Brzeziecki (1999) and

resulted in the conclusion that Fagus
sylvatica is dominant species, but
when climate is dry then Fagus sylva-
tica does not appear. Alike results ap-
pear in other literatures (Krauchi, 1995), where mixture of long-lasting processes of suc-
cession and short-lasting processes of hydrology were used for more realistic ecosystem
simulation.

Scenario No. 7 (alternate changes of air temperature) was used to simulate biomass and
trees number changes while changing coefficient of amplitude and alternation period of
sum of effective temperatures (sum of temperatures higher than 5 °C).

We based on presumption that period of warming lasts circa 200 years. We deduced it
from IPCC's data — “business-as-usual”, where appeared information about presumed in-
crease in mean annual temperature by 0.3 °C for every decade by the year 2100 (IPCC,
1992) and other sources, which indicate rise of mean annual temperature by 2—5° in the next

Fig. 4. One simulation run: a - control, b — |. scenario,
¢ — 2. scenario; | — Fagus sylvatica, 2 - Abies alba.
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lomass in tZha 100 years (Carter et al., 1995). On the
other hand an increase in air tempera-
ture was visible during last hundred
years for south Poland and the Car-
pathian Mountains (Bednarz et al.,
1994; Obrebska et al., 1997). Analys-
ing collected information 200-year al-
i ternation period for changes in tempe-
rature was constructed to represent
future situation (Fig. 6).

Biomass in t/ha

5ol b The FORKOM model predicts a

a0l decrease in trees number during both

S /L V’ highest and lowest temperatures in se-

:’U / V cond half of simulation (Fig. 7b). Af-

200 ter 270. year quite permanent, in com-

100 AM parison with control situation (Fig. 7a),
T

00 400 500 s reduction in lrecsﬁ mllml.)c.r takes place.
— Further decrease in individual number
_Q can coincide with the next alternation
Fig. 5. Change in biomass in one simulation run: a - at 3. scena- height in 500, year.
10, b - at 4. scenario. Obtained results suggest that even
smallest climate changes, especially in
air temperature and rainfalls, can cause high fluctuation of sequel in succession. It is consis-
tent with data presented in literature. For example, in Germany on plot Solling simulation
ol FORSUM model was performed with use of IPCC — “business-as-usual” climatic sce-
nario which presumes raise of mean annual temperature by 0.3 °C for every decade by the
end of XXI century (Krauchi, 1995). Simulation presumed, like our model, an increase in
beech trees number. 1t was illustrated that Picea abies will definitely vanish from Solling
site and will be replaced by Luzulo-Fagetum forest type including Acer platanoides, Quer-
cuy petraea and Fagus sylvatica (Krauchi, 1995). In view of the simulation it was noticed
that decreasing number of Picea abies was caused by decreasing competitiveness. Al the
end of the century various species can afford an “attack” and successful establishment in
the Solling area. Along with new species such as Sorbus aucuparia, Salix alba and Betula
pendula, Buropean beech is establishes easily .

Conclusions
The FORKOME model predicts beech domination while mean annual air temperature in-
creases by 2 °C and fir domination while temperature decreases by 2 °C.

The model also forecasts increase in beech biomass while precipitation increases. This

tendency is also characteristic while climate is warming or cooling,
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Fig. 6. Parameters of alternative air temperature changes at 7. scenario.
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An increase in dryness of climate while warming or cooling results in decrease in beech
trees number with simultaneous increase in fir trees number in comparisen to control situ-
ation.

Simulations performed by FORKOME model indicate high need to include alternate air
temperature changes.

Results of FORKOME model simulations enable to set a thesis that forest succession
may be used for evaluating a level of climate change impacts on forest ecosystems. Pre-
sented results indicate high usefulness of the model while investigating various subjects,
especially concerning climate changes, which have both theoretical and practical impor-
tance

Translated by the authors.
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Kozak 1., Menshutkin V., Jézwina M., Potaczala G.: Modelovanie dynamiky bukového Iesa v Bieszezady vo
vzt'ahu ku klimatickym zmenam.

V prici prezentujeme vysledky vyskumu sukcesii bukového lesa v pohori Bieszezady pri pouziti modelu
FORKOME vo vztfahu ku klimatickym zmenam. Model sme verifikovali podla terénnych vyskumov v rokoch
1998-2001 v bukovom lese v oblasti Procisne v pohori Bieszczady (Pol'sko). Predpoved’ stromovej biomasy
a poétu stromov sme zamerali na nasledujucich 600 rokov. Simulacia demonstrovala dominanciu, ked’ stredni
roéna teplota sa zvysila o 2 °C. Aviak so zniZenim teploty o 2 °C sa jedl'a stala dominantnou na vyskumnej
ploche. Simuldcie poukdzali na porovnatel'né vysledky Statistickej analyzy. 3. scenar (teplo a vihkost) ilustroval
narast bukovej biomasy. Tento trend je takisto charakteristicky pre 4. scenar s parametrami pre chlad a vlhkost'.
V opaénej situdcii - sucha klima (6. scendr — zima a sucho, 5. scendr — teplo a sucho), ktord zniZzuje pocet
bukovych stromov, v podstate zvySuje pocet jedli. Zmena poétu stromov je vyznamna v 7. scendri, kde teplota
vzduchu kolise.
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