JOURNAL OF FOREST SCIENCE, 52, 2006 (7): 306—315

Regional analysis of climate change impact on Norway
spruce (Picea abies L. Karst.) growth in Slovak
mountain forests
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ABSTRACT: The paper presents the results of a regional analysis of climate change impacts on Norway spruce growth
in the north-western part of Slovakia (Orava region). Radial increment was determined from nine X-tree sample plots
established in the forests of natural character in the region. The analysis of PTT radial increment was done on tree disks
cut from a height of 1.3 m by measurements of four perpendicular directions corresponding to the cardinal points. It
was derived from the tree-ring width measured at breast height (1.3 m) while all the basic principles of tree-ring analy-
ses were observed (transport and borehole treatment, measurements with digital positiometer to the nearest 0.01 mm,
synchronisation of the tree-ring diagrams). A dendroclimatic model belongs to the category of empirical models based
on the statistical evaluation of empirically derived dependences between the time series of tree-ring parameters and
the monthly climatic characteristics. This statistical evaluation is based on a multiple linear regression model. Climatic
models were used as basic tools for climatic change prediction. There is a scenario coming from the GCM category,
which is derived from the models of Canadian Centre for Climate Modelling and Analysis in Victoria (British Columbia,
Canada), used for a solution of this task. It is the latest connected model from the second generation designated CCCM
2000. For the purpose of this study the area averages were modified for the meteorological station Oravska Polhora with
the 1951-1980 reference period. The modification includes two climatic characteristics, total monthly precipitation and
monthly temperature means. The frequency analysis indicates that 24.4% of trees would react to the assumed climatic
change negatively, i.e. by decreasing the increment, and 75.6% of trees would react positively. Most of the reactions are
moderately positive. It is to conclude that 14.6% of trees will react to a climatic change significantly in a negative way,
the reactions of 34.1% trees are considered to be unchanged and 51.3% of trees should react to the assumed climatic
change positively (P = 0.95). It results from the analysis of the climatic change impact that the highest effect on stands
situated on the upper forest limit can be expected.
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The potential impact of climate change on forest
ecosystems is of great interest in Slovakia due to a
large proportion of forest area (41%). Basically the
first works in the field of forestry in Slovakia reporting
on possible impacts of global climatic changes in this
sector indicated the wide spectrum of these impacts
(MINDAS, SKVARENINA 1994). One of the most se-
rious impacts should occur in the form of changes in
the process of tree growth. So one task in the frame-
work of the solution to National Climate Programme
of the Slovak Republic was aimed at the quantification
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of these changes in the most endangered regions of the
Slovak Republic (MINDAS, SKVARENINA 1996).
Recently growth-yield analyses indicated a forcing
of the growth process of forest trees on a regional
level in many parts of Europe, and in general it is
to state that the increment in our forests increased
(SPIECKER et al. 1996; Kaupri et al. 1992). This fact is
supposed to be mainly a result of increased nitrogen
inputs and climate change leading to the growing
season extension. On the other hand, there are also
regions where the pollution load causes a decrease
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of growth intensity and a decomposition of forest
ecosystems (PRETZSCH 1999). The combination of
both these effects may bring about different incre-
ment situations which complicate research in the
field of forest growth and the interpretation of the
present growth-yield process.

A different set of models has been developed to
study the potential effects of climatic changes on fo-
rests. There are several types of models applied to
study climate impacts on forest ecosystems which
are based on different approaches: climate-vegeta-
tion classification approach (e.g. LENIHAN, NEILSON
1995), stochastic physiological approach (e.g. Bug-
MANN 2001), and statistical dendrochronological
approach (DURSKY 1995; FRITTS 1976). The last men-
tioned approach was used for our analyses due to a
possibility of quantification of tree growth changes.

The main goals of this paper were defined as fol-
lows:

— Construction of a dendroclimatic model of Norway
spruce growth based on historical climate data and
tree-ring analyses taken from mountain forests in
the Orava region (northern part of Slovakia);

— Analysis of possible growth reactions of Norway
spruce to specified scenarios of climate change
according to model CCCM 2000 in the Orava
region;

— Evaluation of growth reactions to scenarios of the
time series of monthly climate data especially air
temperature and total precipitation till 2090;

— Analysis of possible growth increment changes
dependent on varied absolute altitude.

METHODOLOGY
Radial increment

Radial increment was determined on nine X-tree
sample plots established in the forests of natural
character in the region (Table 1). Plot selection

enabled to cover all the site conditions in the Horna
Orava Mountains at different absolute altitudes.

X-tree sample plot consists of a variable number
of trees which are divided into primary target trees
(PTT), secondary target trees (STT) and trees rep-
resenting primary competitors (PC) to target trees.
Primary target tree (PTT) also satisfies and cor-
responds to particular selection criteria and condi-
tions. Secondary target tree (STT) is directly in the
neighbourhood of PTT as its primary competitor
and it itself is a subject of the same process of obser-
vation as PTT. Their definitions and measurements
are necessary because of the effective plot establish-
ment. Primary competitors (PC) directly influence
the growth of target trees. There are influences in
the aboveground and underground growth space.
This selection design makes it possible to detail
the growth process of each individual tree in differ-
ent natural and site conditions and also to research
their relationships and the resulting influence on
their growth process.

Each PTT and PC position was fixed through the
polar coordinates, dendrometric stem and crown
parameters were measured and a detailed analysis
of site conditions was done on each X-tree sample
plot. Primary target tree had to be cut for a complete
stem and crown analysis done later. The analysis of
PTT radial increment was carried out on a tree disk
cut from a 1.3 m height by measurement of four per-
pendicular directions corresponding to the cardinal
points. Radial increment of STT was determined by
a borehole method with increment borer. It was de-
rived from a tree-ring width measured at breast height
(1.3 m) while all the basic principles of tree-ring analy-
ses were observed (transport and borehole treatment,
measurement with digital positiometer to the nearest
0.01 mm, synchronisation of tree-ring diagrams).

Finally 41 tree-ring diagrams were analysed which
cover site conditions in the range of 900 m to 1,430 m
of absolute altitude in the Horna Orava Mountains.

Table 1. Basic characteristics of X-tree sample plots in the Pilsko and Babia Hora region

No. n Altitude (m a.s.l.) Exposure Stand density Slope (°)
OR1 3 1,370 W 0.5 25
OR 2 6 1,270 W 0.7 27
OR3 4 1,320 W 0.3 15
OR 4 5 1,360 W 0.5 10
OR5 4 1,480 SW 0.3 6
OR 6 2 1,430 SW 0.1 10
OR7 6 1,200 SW 0.2 20
OR8 6 1,000 S 0.8 25
OR9 5 900 SW 0.8 16
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Fig. 1. The annual course of present and prognosed monthly temperature means and monthly precipitation means

Climatic scenario

Climatic models were used as basic tools for cli-
matic change prediction. These models take into
consideration all the elements of climatic system
including radiation balance. This radiation balance
is influenced by a change in GHG concentration.
Nowadays connected General Circulation Models
(GCMs) simulate the present climatic state with suf-
ficient accuracy. Models are truest on a global level.
Their accuracy decreases on a region level.

There is a scenario coming from the GCM category
which is derived from the models of Canadian Cen-
tre for Climate Modelling and Analysis in Victoria
(British Columbia, Canada), used to solve this task.
It is the latest connected model from the second
generation designated CCCM 2000. This model
was presented in short on the Internet in 2000 and
one year later in literature (FLATO, BOER 2001). The

model assumes a gradual increase in active radiative
gases (GHGs) in the atmosphere corresponding to
observations done in the time period 1850-1996,
i.e. an increase by 1% per year till 2100. The model
expects direct impacts of sulphate aerosols on the
albedo of the earth surface. This new generation of
models is characterised by its interactive connection
of all the climatic variables, which ensures a physical
consistence of prognosis. This physical consistence
can be disturbed during the regional modification,
so finally we can solve it either analytically or by
a statistical analysis (LAPIN et al. 2001).

GCM outputs do not represent a real climate at
a concrete point. But certainly we can expect them
to represent the area averages of climatic variables of
60-100 thousand square kilometres in the space of
grid points, a double area of Slovakia. In addition it is
the space of mellow orography without any existing
local windward and leeward effects. It is necessary

17 + —+1,100
------ T IV-IX P IV-IX :

6 16 4 :--1,000 ’é\
< " g
3154 Y
_E e R
g 4 800 E
£ 14 4 MY 3]
Q- N \I -~
b ik 700 5y
» WEN i %
= 13 4 ! i)
[ N —
s L 600 B
2 124 5:3
E L 500 5
gnd g
g $ 400 Z
£ 5
S 10l 1 300 &

9 —_— 200

— i — — L) — — v — — — — i Lo — — Ao — L

(] i N [ae} H mn \O o~ o8} (o)) [} — o o < n \O [ <o}

[o)} [e)} [o)) N [e)} [e)} [e)} [e)} [e)} [e)} (=] (=] (=] (] (=] (] (=) S (=)

— — — — — — — — — — N N N N N N N [a\] N

Year

Fig. 2. Climatic conditions in Oravskd Polhora (precipitation means since 1901, temperature means since 1931) and temperature
and precipitation according to CCCM 2000 model till 2090 in the growing season (LAPIN et al. 2001)
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to find out a relationship between the time data on
the area averages of climatic variables and the time
series of each station to acquire the time data of each
station during the modification of GCM outputs
and consequently to modify the area averages of
climatic variables. For the purpose of this study the
area averages were modified for the meteorological
station Oravskd Polhora with the 1951-1980 refer-
ence period. The modification included two climatic
characteristics, total monthly precipitation and
monthly temperature means. The team of LAPIN,
MEeLo and DaMBORsKA did this modification as
a part of the project solution of National climatic
programme in 2001.

The climatic scenario expects an increase in tem-
perature means by 2.4°C compared to the reference
period (in the vegetation season on average by 2.6°C)
on a service area in the 2060—-2090 period. The pre-
cipitation level is expected to decrease by 7% with
its change in year distribution and variability. In the
vegetation season this level will decrease by 16%, but
noticeable is the increase in winter precipitation.

Construction of dendroclimatic model

A dendroclimatic model belongs to the category
of empirical models based on the statistical evalua-
tion of empirically derived dependences between the
time series of tree-ring parameters and the monthly
climatic characteristics. This statistical evaluation is
based on a multiple linear regression model (FRITTS
1976; Cook, KAIRIUKSTIS 1990):

K

A
= Z i x Brate, 1)
A . . .
where: y, - the estimation of the tree-ring parameter
value,
Xip = the independent variable representing cli-
matic characteristics per month in i-th year,
Bk — the coefficient of regression,
a - the constant,
e. — theresidual after regression estimation.

1

This dendroclimatic model was constructed as an
individual-tree model serving for the entry of the
independent variables such as standardised average
monthly temperature and monthly precipitation
means from July of the year prior to growth to Au-
gust of the year of growth, providing a total of 28 cli-
matic variables. An advantage of this process is that
we do not have to know physiological processes
which are related with a growth reaction to estimate
the growth process dependent on climatic factors
with a high level of accuracy. The result is that we are
not able to record growth reactions on the cell level,
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but we can evaluate only the summary processes,
for example the tree-ring width. The dendrochrono-
logical series was represented by relativised (after
indexation) and standardised values of dated radial
increments from each tree.

The influence of age trend on an increment amount
had to be eliminated by indexation to satisfy one of
the important conditions for dendroclimatic mod-
elling — stationarity of time series. The age trend
was mathematically predicted by a defined growth
function describing the process of radial increment
in connection with age (SMELKO 2000). This opera-
tion removes the site influence on absolute values
of increment. Tree-ring width index was obtained
from the relation:

P 2

= (2)

where: I, — the index of radial increment,

Y, — the real increment,

¥y, — the equal value corresponding to age trend.

Parametrisation of the model, i.e. determination
of the vector of regression coeflicients, was done in
the 1932-2000 period. It is assumed that this time
period existed without any influences related with
global change in the atmosphere on the growth
process of forest trees. The prognosis was performed
for a climatic scenario of monthly temperatures and
monthly precipitation means for each analysed tree
in the 2001-2090 period.

EXPERIMENTAL REGION DESCRIPTION
Natural and climatic conditions

This area is situated in the external part of the
West Carpathian Mountains (Fig. 3). It belongs to the
external flysch zone of the Carpathian Mountains.
There are zones of parallel mountains separated by
long washout-denudative furrows and only a few
typical folds. This arrangement of flysch zones north-
erly from the klippen zone is a result of different rock
resistance. Flysch rocks containing mainly sandstone
create mostly monticules and contrariwise regions of
clayey evolution create depressions. From the view of
hypsometric classification the mountains in the serv-
ice area belong to the category of middle highlands
(800-1,500 m). The tops of Pilsko and Babia Hora
rise above the upper forest limit and can be assigned
to the category of high highlands.

From the climatic point of view this area is situ-
ated in the temperate climatic zone with temperate
Central-European climate. In the growing season
the mean air temperature (season IV-IX) varies on
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Fig. 3. Climate diagrams of two meteorological stations in the Orava region

average from 8 to 12°C. The number of days with air
temperatures higher than 10°C is from 30 to 100 days
on sample plots. Total precipitation means amount
to 1,200—1,600 mm per year. The majority of rains
occur in the growing season. February is the poorest
month in this precipitation. Snow cover generally
occurs from 170 to 210 days and it rapidly increases
with the ascending absolute altitude. Its maximum
height is on average 120-160 cm. A graphical rep-
resentation of varying climatic rates in Horna Orava
is presented in Fig. 3 in a climate diagram for two
meteorological stations.

Description of forest stands

The territory of Horna Orava mountain forests
belongs to the Forest Management Unit Oravskd
Polhora with the area of 7,943 ha. The percentage of
woodland is 64.4. All the forests of this management
unit are assigned to the category of special-purpose
forests. Coniferous species dominate in the total spe-
cies composition (90.3%), primarily Norway spruce
(83%). Beech (Fagus sylvatica) is the most frequent
species out of the broadleaves (7.5%). In connection
with tree species evolution there is a tendency of

increasing the portion of broadleaves in this region.
Average stand density in the Forest Management
Unit has been in the range of 0.80—0.85 for several
decades. There is a remarkable tendency of its de-
crease according to age classes of its structure. It fol-
lows from a comparison of the areas of each age class
that this age structure is very different from “normal
age class distribution”. A clear deficit of stands in age
class 3, 4 and 6 is characteristic and contrariwise a
surplus of stands in age class 1 and 2. An even-aged
silvicultural system was the most frequently used
silvicultural system in the past. Shelterwood system
was applied to a lesser extent, which resulted in a
small portion of forest natural reproduction. In the
past tending felling was mostly realised by moderate
thinning from above.

RESULTS AND DISCUSSION
Course of prognosed increment

An expectation increment index was calculated for
each individual tree from the constructed dendrocli-
matic model and climate scenario for the time period
2001-2090. The average values of prognosed rela-
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Fig. 5. A frequency histogram of relative differences in the
increment indices

tive increment were calculated using the predicted
prognoses of each tree for each plot and service area
(Fig. 4).

It is expected that the increment trend will grow in
future. We can explain it through the increasing tem-
perature in these mountain conditions which changes
tree growth conditions to be closer to their ecological
optimum which causes more intensive growth.

Quantification of increment changes

The differences in standardised increment indices
(DIF ) were calculated using the prognosed incre-
ment from the 2060—-2090 period (Ipmg) and the av-
erage increment related to the 1970-2000 reference
period (/

ref:
DIF ,=(I. —1)

rel = ( prog rej (3)
These differences represent growth reactions to
the assumed climatic change. Their frequency analy-

sis is shown in Fig. 5.
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This frequency analysis indicates that 24.4% of
trees would react to the assumed climatic change
negatively, i.e. by decreasing the increment, and
75.6% of trees would react positively. Most of the
reactions are moderately positive. 41.5% of all sample
trees would react in this way. As natural variabil-
ity of increment reactions is in the reference time
s,.=0.22, we can certainly consider the beginning of
considerable reactions to climatic change over the
limit of this natural variability. It may be stated that
14.6% of trees will react to climatic change consid-
erably in a negative way, the reactions of 34.1% of
trees are considered to be unchanged and 51.3% of
trees should react positively to the assumed climatic
change (P = 0.95).

This result showing the high level of increment
reaction variability should not surprise us, but it is
necessary to realise that a biological mass (forest
tree) is tested coming from different microclimatic
and site conditions, differing in genetic origin, age
and health. Regarding the forest biometry this state-
ment is sufficiently statistically backed to declare all
the growth reactions of spruce to climate change
will be mostly positive in the Pilsko and Babia Hora
Mountains.

Dependence of increment growth reactions
on absolute altitude

In a further step the increment reactions were
analysed to test their relationship to absolute altitude
in the Pilsko and Babia Hora Mountains. For each
sample tree the average indices were calculated for
the period 2060—-2090 and later these indices were
connected with appropriate X-tree sample plots.
Consequently, the average value from each X-tree
sample plot was obtained to derive relationships be-
tween the increment reactions and absolute altitude
in the framework of correlation analysis.

Fig. 6 shows that the climatic change is supposed
to affect stands situated on the upper forest limit to
the largest extent. By the more detailed analysis we
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Fig. 6. Dependence of increment on the
absolute altitude in changed climatic
conditions
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can find out that the most limiting factor for spruce
growth on these sites seems not to be the soil envi-
ronment, but roughness and unfavourable climate,
mainly low temperatures at the present time. The
scenario of future climate development indicates
a shifting of the present stands to better biocli-
matological conditions because of the increased
temperature. The precipitation amount according
to the offered scenario of climate change has a ten-
dency of minimal or no decrease characteristic of
its remarkable ecological effect on spruce growth
in these site conditions. It would not be correct to
take this information out from the whole context of
impacts on the forest system, which result from the
changed chemical status of the atmosphere because
the above-mentioned statements consider only the
influence of changed temperature and precipita-
tion means. Negatively acting factors (persisting
atmospheric deposition, ozone increase in the
troposphere, breaking the protective facilities of the
atmosphere) did not enter into a dendroclimatologi-
cal model, therefore the future development of the
upper forest limit cannot be prognosed only on the
climate change basis.

Dependence of increment growth
on climatic factors

The influence of single climatic characteristics
on increment was observed by standardised par-
tial coefficients. Figs. 7 and 8 show their average
values.

Figs. 7 and 8 confirm the assumed relations which
lead to conclusions that spruce increment will re-
act to temperature mostly in a positive way in the
Horna Orava region mainly in spring and summer
months of the current year. The temperature in the
year prior to growth will influence the increment
positively. Winter temperatures and temperatures of
late summer in a preceding year will affect the incre-
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ment negatively. Precipitation does not influence the
growth in such a way as temperature does, as we can
see it from lower values of partial regression coef-
ficients and their variable behaviour.

CONCLUSION

This study offers preliminary results of research
on spruce growth reactions to expected climatic
changes in the mountain forest area Horna Orava
(Pilsko and Babia Hora Mts.). Climatic changes
were predicted by CCCM 2000 model on the level of
monthly values of air temperature and precipitation
till 2091. Materials which were objects of tree-ring
analysis were obtained from eight temporary sample
plots established especially for this research in the
absolute altitude range of 900-1,430 m. Tree-ring
series were represented by relative (indexation was
carried out) values of measured radial increments
of single trees. The dendrochronological model was
constructed as an individual-tree model using the
method of FriTTs (1976). The results of dendro-
chronological modelling indicated the following
findings:

— air temperature will be the most essential factor
of growth,

— 14.6% of trees will react to climatic changes nega-
tively, the reaction of 34.1% of trees is supposed
not to change and 51.3% of trees will have a posi-
tive reaction to climatic changes, at 95% statistical
probability,

— the assumed climate change will affect the stands
on the upper forest limit at higher absolute alti-
tudes the most intensively.

The carried out analysis of tree growth did not take
into consideration other negative factors on forest
growth (atmospheric depositions, increasing con-
centration of ozone in the troposphere, weakening
of protective atmospheric properties), only future
changes of bioclimatic conditions.
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Analyza regionalnych dopadov zmeny klimy na rast smreka obycajného
(Picea abies L. Karst.) v horskych lesoch Slovenska

J. DURSKY!, J. SKVARENINAL, J. MINDAS2, A. MIKOVA!

Lesnicka fakulta, Technickd univerzita Zvolen, Zvolen, Slovenskd republika

 Ndrodné lesnicke centrum — Lesnicky vyskumny tistav Zvolen, Zvolen, Slovenskd republika

ABSTRAKT: Préca prezentuje vysledky regionalnej analyzy dopadov zmeny klimy na rastovy proces smreka v seve-
rozdpadnej oblasti Slovenska (Orava). Radidlny prirastok sa skimal na deviatich skusnych plochach, zalozenych
v prirode blizkych lesoch. Analyza radidlneho prirastku sa robila na béaze odobranych kruhovych vyrezov z vysky
1,3 m obvyklym metodickym postupom, respektujuc zakladné principy analyzy letokruhov. Meranie sa vykonalo
digitdlnym poziciometrom s presnostou merania 0,01 mm a synchronizaciou letokruhovych diagramov. Pouzity
dendroklimaticky model sa radi do kategérie empirickych modelov, zalozenych na $tatistickom hodnoteni empiricky
odvodenych zavislosti medzi ¢asovymi sériami parametrov letokruhov a mesa¢nymi klimatickymi charakteristikami.
Model je postaveny na baze $tatistického hodnotenia viacndsobnou linedrnou regresiou. Klimaticky model sa pouzil
ako zdkladny néstroj pre predpoved zmeny klimy na bdze scendrov GCM (globdlne cirkula¢né modely), odvodené
v Kanadskom centre pre modelovanie klimy a analyzy. Tento model bol regiondlne modifikovany pre dzemie Slovenska
pre mesacné teploty vzduchu a dhrny zrazok. Ako referen¢né klimatické obdobie sa zvolil interval 1951-1980 pre
meteorologicku stanicu Oravska Polhora. Frekvenc¢nd analyza ukazala, Ze 24,4 % stromov by reagovalo negativne na
predpokladant klimaticki zmenu a 75,6 % stromov by reagovalo pozitivne, pricom vécsina z tychto reakcii si mierne
pozitivne. Mozeme povedat, Ze vyznamne bude reagovat 14,6 % stromov negativnym prirastkom, 34,1 % stromov
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bude reagovat bez signifikantnej zmeny a 51,3 % skimanych stromov vykazuje pozitivnu reakciu na o¢akdvani zmenu

klimy (P = 0,95). Na zdklade vysledkov priestorovej analyzy mo6zeme konstatovat, Ze najvyssia zmena v prirastku sa

vyskytuje v oblasti hornej hranice lesa.

Klucové slova: dopady zmeny klimy; letokruhové analyza; radidlny prirastok; dendroklimatoldgia; smrek obyéajny

Rastovo-produkéné analyzy v poslednom obdo-
bi naznacuju, Ze na regionalnej drovni v mnohych
oblastiach Eurdpy sa rastovy proces lesnych drevin
zintenzivnil a vo v§eobecnosti mozno konstatovat,
ze prirastok v nasich lesoch sa zvysil, ako to napr.
dokumentuju citované prace (SPIECKER et al. 1996;
Kauprpri et al. 1992). Predpoklada sa, Ze je to pre-
dovsetkym v dosledku zvy$eného inputu dusika
a v dosledku klimatickych zmien predizenej dizky
vegeta¢ného obdobia. Na druhej strane vSak exis-
tuju lokality, kde predovsetkym imisnd zataz spo-
sobuje, Ze lesné ekosystémy znizuju intenzitu rastu
a rozpadéavajt sa (DURSKY 1993; PRETZSCH 1999).
Kombindciou tychto oboch efektov mozu vznikat
rozne prirastkové situdcie, ktoré komplikuja vy-
skum v oblasti rastu lesa a celkov interpretéciu sa-
¢asného rastovo-produkcéného procesu.

Stddia prinasa predbezné vysledky vyskumu ras-
tovych reakcii smreka v podmienkach horskych le-
sov Hornej Oravy (Pilsko a Babia hora) v podmien-
kach ocakdvanych klimatickych zmien. Klimatické
zmeny boli progndézované modelom CCCMprep
(LAPIN et al. 2001) na drovni mesa¢nych hodnét
teploty vzduchu a zrazok do roku 2091. Predmetom
dendrochronologickej (letokruhovej) analyzy bol
empiricky materidl z 9 $pecidlne pre tento vyskum
zaloZenych tempordlnych vyskumnych ploch vo
vyskovom rozpéti 900—1 430 m n. m. Dendrochro-
nologicky rad predstavovali relativizované (vyko-
nala sa indexdcia) hodnoty nameraného radidlneho
prirastku jednotlivych stromov na vyskumnych plo-
chach. Dendroklimaticky model bol konstruovany
ako jednotlivo-stromovy, pricom bol vyuzity postup
podla FrRiTTSA (1976).

Z priebehu prognézovanych indexov prirastku
vyplyva, zZe buduci prirastok bude mat stipajici
trend a ze vplyv skiimanych scendrov vyvoja klimy
(CCCMprep -RR1 a CCCMprep -RR3) na prirastok
je skoro rovnaky. Stdpajuci prirastok sa da vysvetlit
tym, Ze rastuce teploty v tychto horskych podmien-
kach posunt smrek blizsie k jeho ekologickému
optimu, ¢o sa prejavi jeho zvy$enou intenzitou ras-
tu. To, Ze sa neprejavil rozdiel v intenzite rastu med-
zi oboma scendrmi, vyplyva z toho, Ze tieto scendre
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sa lisia nie v teplotach, ale v rozdielnych zrazkach,
ktoré v oblasti horskych lesov pre drevinu smrek
nemaju limitujuci charakter. Preto sa v dalSom ana-
lyzoval iba jeden z pripravenych scendrov (CCCM-
prep -RR1).

Z frekvenc¢nej analyzy vyplyva, Ze 19,2 % stromov
by reagovalo na predpokladané klimatické zmeny
zaporne, t.j. znizenim prirastku, a 80,8 % stromov
by reagovalo kladne. Z reakcii najviac prevladaja
reakcie mierne kladné (do +40 %). Takto by re-
agovalo asi 46 % vSetkych skdmanych stromov.
Kedze prirodzend variabilita prirastkovych reakcii
sa v referen¢nom obdobi pri P = 0,95 rovna 24 %,
mozeme za signifikantné reakcie na zmenu klimy
povazovat reakcie nad tuto prirodzenu variabilitu.
Potom mozno konstatovat, Ze signifikantne nega-
tivne na zmenu klimy bude reagovat 11,5 % stro-
mov, reakcie 34,6 % stromov mozno povazovat za
nezmenené a 53,9 % stromov by malo na pred-
pokladané klimatické zmeny reagovat pozitivne
(P = 0,95).

Z vysledkov vyplyva, ze predpokladand zmena
klimy najintenzivnejsie ovplyvni porasty na hornej
hranici lesa. Ak tento poznatok budeme bliZ$ie ana-
lyzovat, zistime, Ze uz v sticasnosti limitujicim fak-
torom rastu smreka v tychto polohach nie je podne
prostredie, ale drsnost a nepriaznivost klimy — pre-
dovsetkym nizke teploty. Scendr buduceho vyvoja
klimy posunie sicasné porasty predovsetkym v st-
vislosti so zvy$enim teploty do lepsich bioklimatic-
kych podmienok. Zrézky podla scendra klimatickej
zmeny budd mat tendenciu len minimalneho, resp.
ziadneho poklesu, ¢o v$ak v tychto stanovistnych
podmienkach nebude mat pre drevinu smrek zdsad-
nejsi ekologicky vplyv.

Nebolo by spravne tieto poznatky vytrhnut z cel-
kového kontextu vplyvov zmien chemizmu atmosfé-
ry na lesy, pretoze vyssie uvedené konstatovania st
vztiahnuté len na vplyv zmenenej teploty vzduchu
a zrazok. Negativne posobiace faktory (pretrvava-
juca atmosferickd depozicia, zvysovanie koncen-
tracie troposferického ozénu, oslabovanie ochran-
nych vlastnosti atmosféry a i.) nevstupovali do den-
droklimatického modelu, preto buddci vyvoj hornej
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hranice lesa nemozno prognézovat iba na zdklade

zmien klimy.

Sumarne vysledky dendroklimatického modelo-
vania ukdzali, ze:

— buddci prirastok bude mat vo vseobecnosti std-
pajuci trend a vplyv skimanych dvoch modifi-
kécii scendrov vyvoja zrazok (CCCMprep -RR1
a CCCMprep -RR3) na prirastok je takmer rov-
naky,

— urc¢ujucim faktorom rastového procesu bude tep-
lota vzduchu,

— negativne na zmenu klimy bude reagovat 11,5 %
stromov, reakcie 34,6 % stromov mozno povazovat
za nezmenené a 53,9 % stromov by malo na pred-
pokladané klimatické zmeny reagovat pozitivne,
a to vSetko pri 95% statistickej spolahlivosti,

— predpokladand zmena klimy najintenzivnejsie
ovplyvni porasty na hornej hranici lesa vo vyssich
nadmorskych vyskach.
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