Proceedings of the Forestry Academy of Sciences of Ukraine, 2024, vol. 27

2. JICO3HABCTBO, NICIBHUUTBO
TA MUCJTTIUBCBKE TOCNOAAPCTBO

AeMis . C e - . .
ey, Hayxosi npaui JliciBauuoi akagemii Hayk Ykpainu

% Proceedings of the Forestry Academy of Sciences of Ukraine

2

o 2@
&

e

@vv
>
B

http://fasu.nltu.edu.ua ISSN 1991-606X print
https://doi.org/10.15421/412411 ISSN 2616-5015 online
Article received 2024.05.09 @ D4 Correspondence author
Article accepted 2024.10.18 Iryna Koval

Koval Iryna@ukr.net
86 Hryhoriy Skovoroda st., Kharkiv, 61024, Ukraine

Forestry Academy
of Sciences of Ukraine

UDC 630%561.24: 551.583.4

Dendrochronological studies in beech stands
of the Skolivski Beskydy National Nature Park
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The object of the study is the primary European beech forest in the Skolivski Beskydy National Nature Park. The
subject of the study is the response of the radial increment of Fagus sylvatica L., to climate change. The paper aims to
establish the relationships between the radial increment of beech and climatic factors in order to reveal the sensitivity
of beech stands to climate change.

Standard dendrochronological methods were applied. The response of the radial increment of beech was compared
for two periods: 1974-1996 and 1978-2019. In the second period, the increase in temperature compared to the first
period, occurred at different rates: in autumn — by 14%, in summer — by 9%, in winter — by 29%, during the calendar
year — by 14%. However, against the background of a slight increase in average annual precipitation (by 2%), there
were some changes in the precipitation regime in the second period compared to the first one: the precipitation
increased by 6% in winter, by 11% in spring, and by 2% in autumn. In summer, on the contrary, precipitation
decreased by 3%. Correlations between tree-ring chronologies of Fagus sylvatica L., temperatures, precipitation, and
hydrothermal indicators (Selyaninov, de Martonne, Forest aridity index) showed that a decrease in the precipitation
and an increase in evaporation due to a rise in air temperature in the second period made beech stands more
vulnerable to the moisture regime. This is confirmed by significant correlation coefficients between radial increment
and their increase in the second period. However, European beech has adapted to climate change at this stage. This is
evidenced by tree-ring chronologies of early, late, and one-year-old wood, which did not show a significant decrease
in the trend of the tree radial increment.

Key words: the reaction of the radial increment to climate change; temperature; precipitation; hydrothermal coef-
ficients of de Martonne, Selyaninov, O; and O;.; forest aridity index.
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Introduction. European beech, or common beech
(Fagus sylvatica L.) is dominant in Europe. It grows in
pure and mixed stands with conifers, whose distribu-
tion is limited mainly to the territory of the Alps and
the Carpathians (Walentowski et al., 2017; Adamic
et al., 2023). The main area of beech stands in Ukraine
(40 % of the total area of the region [Omiitauk, 2008])
is concentrated in the Carpathians at an altitude of
250-1,400 m above sea level. European beech is an
important species to highlight the impact of environ-
mental constraints on European forest ecosystems as
it is sensitive to climate fluctuations. Current climate
change adversely affects its growth vigor due to its
sensitivity to soil moisture deficits (Roibu et al., 2017)
and exposure to prolonged periods of drought (Fotelli
et al., 2001). The Skolivski Beskydy National Nature
Park (NNP) was created in 1999 based on the Skoliv
Forest Reserve of national significance, as well as part
of the territory of the Zelemin Landscape Reserve and
the Maidan Landscape Reserve, the Dubynske, Sopit,
and Zhuravlyna protected tracts (/leitnexka, Minkina,
[Mpunnak, 2006). Primeval forests have been preserved
in the protected zone of the park at absolute heights of
700-1,200 m above sea level. (Koposb ta iH., 2022).

From the Industrial Revolution to the present, the
global Earth temperature has increased by 0.8°C.
Mountain regions are characterized by a slightly lower
increase in average annual air temperature: 0.7°C in the
Ukrainian Carpathians (Apanrarisi 10 3MiHH KIIiMary,
2015). Since 1970, global surface temperatures have
increased faster than in any other period (Team, Lee,
& Romero, 2023). The ecological consequences of
climate change manifest themselves differently in in-
dividual regions depending on their geographical lo-
cation, the specifics of climatic and soil conditions,
the biological features of plants, their coenotic rela-
tionships, and the direction of successional processes
(Croiiko, 2011). The rate of climate change may out-
pace the ability of many biological species to adapt to
the transformed conditions of the natural environment,
which may affect their species composition and condi-
tion. Climate change over the past decades has signifi-
cantly impacted the forest vegetation conditions of the
Ukrainian Carpathians, changes in the composition of
woody vegetation have resulted in some shifting of
the boundaries of forest vegetation belts, which has
led to a decrease in the biotic stability of certain tree
species. At the same time, the area occupied by spruce
decreased, while the area under beech and fir forests,
on the contrary, increased (Llmapuk, Kpuawumpkuii,
Heo6punrok, 2020). V.I. Komendar (Komennap,
1957), K.A. Malinovsky (ManunoBcekuii, 1980),
and S.M. Stoyko (Croiiko, 2009) believed that the
meandering belts of spruce-beech forests are shifting
upwards. It is necessary to assess the vulnerability of
beech forests to the effects of climate change and their
ability to adapt to such impacts. For studying the prob-
lem of adaptation of beech forests to climate change,
natural forests protected in the network of the nature
reserve fund are the most suitable.

The tree radial increment is a complex indicator
of the condition of trees during their ontogenesis and
allows revealing the reaction of stands to changes in
climatic factors (Cook & Kairiukstis, 1990). The study
of the layers of early, late, and one-year-old beech
wood will be useful for decision-making in the field
of natural resource use and environmental protection
activities, and is also a direct indicator of the state of
stands and their stemwood productivity (IIpuxompko
Ta iH., 2022). Dendroclimatic studies are based on the
fundamental axiom that tree growth is a response to
specific climatic conditions (Schweingruber, 1996).

Many works deal with the study of the radial in-
crement of common beech in the Carpathian forests
(Tpormrok Ta iH., 2013; Roibu et al., 2017; Hlumka-
HuHenb, Masena, 2018; Lavnyy, Mazepa, & Shysh-
kanynets, 2020; ITpuxoapko Ta iH., 2022). An increase
in the vulnerability of trees to stress factors can be
expressed in an increase in the significant impact of
temperature and precipitation on the radial increment
of trees (Kosanp, 2023). Studying the dynamics of
the radial increment of beech stands under Climate
Change is important for assessing their condition and
productivity. Changes in temperature and precipitation
(Diaz, Bradley, & Eischeid, 1989) and the speed of
these changes are among the most important factors in
climate change (Gavrilov et al., 2019). Complex ana-
lysis of temperature and precipitation resembles bet-
ter their combined effects on tree growth. Parameters
representing a mathematical coefficient/ratio of the
precipitation (or air humidity values) and temperature
are known as drought indices. Hence, such indices are
important not only as indicators of plant growth but
can also be considered important indicators of climate
change (Arora, 2002).

Objects and methods. The object of the study is
the primary forest of common beech (Fagus sylvati-
ca L.) in the Skolivski Beskydy National Nature Park
(NPP) The subject of the study is the reaction of the
radial increment of common beech to climate change.
The aim of the article is to find the relationships
between the radial increment of beech and climatic
factors to reveal the sensitivity of beech stands to
climate change.

According to physical and geographical zoning, the
park is located within the Verkhnyodnistrovsky and
Skolivskyi Beskydy districts, occupying the northern
macroslopes of the latter with absolute heights rang-
ing from 600 to 1,200 m. The climate of the park is
mild, moderately warm and humid. Winters are with
frequent thaws at temperatures from 0 to +5 °C. The
duration of the growing season is 180 days. The ave-
rage temperature in January is -4.5— -6 °C, in July it
is +15.6-18.0 °C with a maximum of +30 °C and a
minimum of -31 °C. 800-1,100 mm of precipitation
falls here per year. The average depth of the snow
cover is 39 cm. The soil cover is dominated by brown
mountain forest very gravelly soils. On the territory
of the park, the remains of natural highly productive
and biologically stable stands have been preserved —
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age-old pure beech forests of natural origin, which
largely reflect the diversity of the Beskydy forest
cover (HamionansHuil nmpuponHuii napk. .., 2024).

To better understand how the radial increment
of high-altitude beech forest responded to climate
change, we collected 11 cores in the beech stand of
the Skolivski Beskydy NPP at an altitude of 800 m
above sea level (Fig. 1).
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Fig. 1. Site of collection of common beech wood cores
in the “Skolivski Beskydy” NNP

Generally accepted dendrochronological methods
were used (butBunckac, 1974; Cook & Kairiukstis,
1990; Schweingruber, 1996). The tree cores were
packed in paper containers and labeled, that is, the
samples were prepared for transportation to the labo-
ratory. The next step was to measure the earlywood
and latewood layers of the trees using HENSON
equipment. Dating was carried out to establish the
calendar date of the formation of each annual ring.
Standardization, i.e. elimination of the age (biolo-
gical trend) was calculated using a three-year sliding
scale (burBuHckac, 1974). Pointer years were se-
lected and the difference between temperatures and
precipitation was analyzed for the periods of 1974-
1996 and 1997-2019. A pointer year is considered
to be a year in which the radial increment of trees is
40 % less for most of the sampled trees than in the
previous four years (Jetschke, Maaten, & Maaten-
Theunissen, 2019).

Then a correlation analysis (ATpamenToBa, YTEB-
coka, 2007) was conducted between the indices of
early, late, and one-year-old wood and climatic fac-

tors (temperature, precipitation, and hydrothermal
coefficients) for the same periods from June of the
previous year to August of the current year.

A well-known aridity parameter is the De Martonne
aridity index (DM). This index can be calculated for
different time scales such as months, seasons, and
years. The DM index is used worldwide to determine
the dry/humid climate conditions of a region or
regions (Baltas, 2007; Croitoru et al., 2013; Gavrilov
et al.,, 2019). The annual and monthly values of the
aridity index DM, [aDM and ImDM, can be calculated
by equations 1 and 2, respectively:

Pa

ImbpM =" 4 ¢ ?)
n Tm

where Pa and Pm are the annual and monthly
precipitation, 7a and 7m are the average yearly and
monthly air temperatures, and C'=10°C is the De
Martonne constant.

De Martonne’s classification of climate dryness
is given in Table 1 with 7 types of climate dryness.
Humidity increases with increasing values /aDM and
ImDM, Using formulas 1 and 2, the de Martonne
index series were created for the calendar year and the
April-September period.

Table 1. Classification of de Martonne
aridity index

Types of Climate laDM value
Arid laDM < 10
Semi-arid 10 <laDM < 20
Mediterranean 20 < laDM < 24

Semi-humid 24 < laDM < 28

Humid 28 <JaDM < 35

Very humid 35 <IaDM < 55

Extremely humid laDM > 55

Forestry Aridity Index (FAI) is defined as (Fiihrer
et al., 2011):

FAI = Cg x TVH-VHI/ (PV-VH + PVII-VII])’ (3)

where Ty vy i1s the average temperature in July
and August in °C, Py.yy is the sum of precipitation
from May to July and Pyyypr is the precipitation
for July—August, in mm and Cg is 100 mm/°C is a
constant. By introducing a constant Cg with dimension
(Alley, 1984), FAI lost its dimension and became a
“true” index, 1.e., a dimensionless number. FAI can be
a perfect tool to represent climatic conditions during
annual forest growth, which is especially important for
those involved in forestry and agriculture (Gavrilov
et al., 2019).
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In contrast to the De Martonne aridity index,
humidity increases with decreasing FAI value and vice
versa.

Table 2. Meteorological features of forest
climatic categories (Fiihrer, Horvath, Jagodics,
Machon, & Szabados, 2011)

Values FAI Forest climatic categories

FAI < 4.75 Beech climate

475 < FAI < 6.00 Hornbeam-oak climate

6.00 < FAI <7.25 The sessile oak/Turkey oak climate

FAI > 7.25 Forest-steppe climate

Using equation (3), we supplemented the database
with FAI time series for the Lviv weather station.

The G.T. Selyaninov Hydrothermal Index (HTI)
is the sum of precipitation during the period when
the average daily air temperature is above +10°C
divided by the sum of active temperatures during the
same period when the temperature exceeded +10°C,
reduced by a factor of 10. It is calculated according to
the formula:

HTI=R/0.12T, 4)

where R is the amount of precipitation during the
period with a temperature above 10°C;

> T> 10°C — the sum of active temperatures above
10°C.

This indicator has an advantage over others and
characterizes the profitable part of the water balance
(precipitation) and the wunproductive moisture
consumption (evaporation from the soil surface, and
vegetation). HTI is a reliable indicator of humidity
in areas characterized by a uniform type of annual

precipitation. In addition, it is objective and works in a
fairly wide range of combinations of temperature and
precipitation (Cupunenko, badiu, Kupudoxk, 2004).

To characterize environmental conditions, we
also used complex climatic indicator — the ratio of
air temperature and precipitation for the hydrological
year, which begins in October of the previous year and
ends in September of the current year (butBuHcKkac,
1974):

0,=t100/V,, (%)

where O, is the hydrothermal coefficient; ¢, is the
temperature for a hydrological year (°C), V, is the
amount of precipitation (mm) for the same period.

As a norm (WMO Guidelines on the Calculation
of Climate Normals, 2017) we took the average width
of early, late, and one-year-old wood and the average
temperature and sum precipitation for 1960-2019.

Results. When comparing temperatures and
precipitation for the periods 1974-1996 and 1997-
2019, it was found that in the second period compared
to the first one, the average annual temperature
increased almost by 1.2 °C (14.4 %), in autumn — by
1.06°C (14.3 %), and in summer — by 1.7 (9.4 %).
Temperatures rose most noticeably in winter and
spring — by 0.7 °C (29 %) and 1.25 °C (14.3 %),
respectively. In the second period, precipitation
increased by 11.7 mm, i.e. by 1.5 %. These changes
according to the seasons of the year proved to be
uneven. In the 1997-2019 period, compared to
the 1974-1996 period, the amount of precipitation
increased in winter by 9.3 mm (6.4 %), in spring by
21.7 mm (11.3 %), and in autumn by 4.1 mm (2.4 %).
In summer, on the contrary, precipitation decreased by
8.7 mm (3.2 %) during this period (Fig. 2).

The pointer years of minimum (1964, 1972, 1977,
1982, 1990, 1998, 2008, 2014, 2018) and maximum
tree increment (1973, 1976, 1989, 1999, 2009) were
identified (Fig. 3).
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Fig. 2. Climatogram according to the data of the Lviv weather station
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Fig. 3. Dynamics of late width indices, early width indices and tree ring width indices

Pointer years of minimal growth are characterized
by high temperatures during the growing season
(the temperature deviation from the norm during
April — August was 14-15 %) and abnormally warm
or extremely cold winters (the average temperature
deviation for the period from December of the previous
year to February of the current year was from 40 up
to 107%). Precipitation limited the radial increment
of beech to a lesser extent. However, in 1986 growth
depression was caused by a lack of precipitation
during the growing season and in winter when it
affects moisture accumulation in the soil (36 mm,
or 35 % below normal). In the years of maximum
tree growth, an optimal heat/humidity ratio was
evaluated.

Pointer years of minimal growth are characterized
by high temperatures during the growing season
(the temperature deviation from the norm during
April-August was 14-15 %) and abnormally warm
or extremely cold winters (the average temperature
deviation for the period from December of the previous
year to February of the current year was from 40 up to
107 %). Precipitation limited the radial increment of
beech to a lesser extent, but in 1986, growth depression
was caused by a lack of the precipitation during the
growing season and in winter, when precipitation
affects moisture accumulation in the soil (the deviation
from the norm was 36 mm, which was 35%). The
years of maximum tree growth were characterized by
an optimal ratio of heat and humidity.

In the 1974-1996 period, the temperatures of
the previous year and the April temperatures of
the current year mainly had a positive effect on the
radial increment of the European beech, in the 1997-
2019 period, this effect either weakened or became
negative. In the first period, the temperatures of May-

August were mainly detrimental to growth, except for
July temperatures, but in the second period, this effect
became mostly positive. The negative impact of the
temperatures of the cold period (from November of the
previous year to March of the current year) somewhat
weakened in the second period. For the first period,
a significant positive influence of temperatures in
August of the previous year (R=0.45%0.20, to,s=2.31)
and April of the current year (R=0.43+0,20 t,,5=2.18)
was observed only for early wood (Fig. 4).

Correlation analysis between indices of radial
increment and precipitation shows that in the periods
of 1974-1996 and 1997-2019, precipitation in June-
August of the previous year had a positive effect on
the radial increment of beech. In the first period, a
significant positive impact of July precipitation on
latewood was found (R=0.47£0.22, #,,5=2.50), in
the second period, a significant positive effect of
precipitation in the previous year on latewood was
also found but this influence moved a month earlier —
to June (R=0.42+0.18, ¢,55=2.22). The impact of
precipitation from November of the previous year
to March of the current year slightly weakened in
the second period. Both periods are characterized
by a negative effect of precipitation on growth in
the summer months. A significant negative impact
of August precipitation on annual wood in the first
period was confirmed (R =-0.49+0.23, ¢,s=-2.62). In
the second period, precipitation began to limit growth
a month earlier — significant negative correlations
between July precipitation and late and early wood
were calculated (R=0.53£0.17, 1#,,=-2.99 and
R=0.42+0.17, t,55=-2.21) (Fig. 5).

Correlation analysis was carried out between indi-
ces of early, late, and one-year-old wood, and G.T. Se-
lyaninov HTI in the 1974-1996 period was 1.8, and in
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the 1997-2019 period it decreased to 1.6. Correlations
between indices of radial increment and HTI showed
that a decrease in precipitation and an increase in
evaporation in the second period led to the fact that
beech stands became more vulnerable to the moisture
regime, as evidenced by significant negative correla-
tions between late and one-year-old wood indices in
the second period. For the calendar year, no significant
relationships were found between the de Martonne
index and the early, late, and one-year-old wood in-
dices. However, for the period 1997-2019, negative
average relationships were calculated for late and early
wood. The forest aridity index showed an increase in
the vulnerability of beech forests to the ratio of tem-
perature and moisture in the second period (Table 3).

Hydrothermal indices O, and O; according to Bit-
vinskas (butBunckac, 1974) showed insignificant cor-
relations between the tree ring index series and these
indices for both periods. Correlation analysis between
indices of late, early, and annual wood showed that
the research area belongs to the forest climate cate-
gory — beech climate (see Table 2). In the second
period, positive average relationships were found
between the indexes of late and one-year-old wood, on
the one hand, and the index of forest aridity, on the
other hand.

Table 3. Correlation coefficients between
indices of tree rings, early and late wood,
and hydrothermal coefficients

Types Hydrothermal coefficients
of wood G.T. Selyaninov HTI
1974-1996 1997-2019
Latewood -0.33 -0.42*
Earlywood -0.25 0.00
Tree ring -0.41 -0.35
-0.45*
Hydrothermal coefficient of
de Martonne for April-September
Latewood -0.33 -0.43*
Earlywood -0.27 -0.37
Tree ring -0.42* -0.46*
Forestry Aridity Index
Latewood 0.21 0,62*
Eearlywood 0.13 0.29
Tree ring 0.22 0.47*

Note: * — significance at the 0.05 level

a) 1974-1996

Correlation coefficients

VI*  VII*

@ Latewood indices

VII* IX*  X*  XI*

O Eearlywood indices

XII* I 11 01 v \'% VI Vil VIl
Months
OTree ring indices

b) 1997-2019

Correlation coefficients

Latewood indices

VIII* IX*  X* o XT*

HEearlywood indices

XII* I 11 11T v \'% VI VII VI
Months
O Tree ring indices

Fig. 4. Correlation coefficients between indices of early, late and one-year-old beech wood and temperatures
for the periods of 1974-1996 and 1997-2019. Note: * — months of the previous year.
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a) 1974-1996 06 —
0,4
0,2
0,0
0,2
0,4

Correlation coefficients

0,6 -
VI* VI

O Latewood indices

VII* IX*  X*  XI*

B Eearlywood indices

XII* I 11 I v \% VI Vil VIII
Months
OTree ring indices

b) 1997-2019

Correlation coefficients

vI*  VII*

v+ IxX*  X* o XI*

A Latewood indices

XII* 1 11 I v Y VI VII  VIII
Months

B Eearlywood indices OTree ring indices

Fig. 5. Correlation analysis between indices of early, late and one-year-old beech wood and precipitation
for the periods of 1974-1996 and 1997-2019. Note: * — months of the previous year.

Discussion. In pure middle-aged beech stands
of the Ukrainian Carpathians, which grow in opti-
mal conditions for beech, for the period 1992-2013,
high correlations of the radial increment of trees with
a complex of climatic indicators during the growing
season (precipitation, temperature and air humid-
ity, and moisture deficit) were found. In middle-aged
beech stands, the radial increment is most significantly
affected by air humidity and temperature, while mois-
ture deficit and precipitation are insignificant ([wm-
KaHWHEb, Mazena, 2018).

Our research established for the 1974-1996 period
a significant positive effect of temperatures in August
of the previous year and April of the current year on
the formation of layers of early wood. No significant
correlation coefficients between temperatures and
growth indices were found for the 1997-2019 period.
In the first period, a significant positive effect of July
precipitation on latewood was found, in the second
period, June temperatures of the previous year signifi-
cantly affected correlation coefficients for latewood.
A significant negative impact of August precipitation
on one-year-old wood in the first period of August was
confirmed. In the second period, precipitation began
to limit growth a month earlier compared to the first
period — in July.

Use of hydrothermal coefficients for dendrocli-
matic analysis showed that the sensitivity of late and
one-year-old wood increased in the 1987-2019 period
compared to the 1974-1986 period, as evidenced by
significant correlation coefficients for late and one-
year-old wood in the second period. It is important
to consider the effect of changes in the ratio of heat
and moisture on tree growth. In the second period, the
increase in temperature compared to the first period
occurred at a different rate: in autumn — by 14 %, in
summer — by 9 %, in winter by 29 %, during the ca-
lendar year — by 14 %. At the same time, against the
background of a slight increase in the average annual
precipitation (by 1.5 %), there were some changes in
the precipitation regime (the amount of the precipita-
tion increased in winter by 6 %, in spring months by
11 %, in autumn by 2 %. However, in summer, on the
contrary — precipitation decreased by 3 %.

Dendroclimatic studies of common beech in
Romania found that the radial increment of trees was
mainly limited by summer temperatures, the amount
of precipitation in April-May, and droughts in April -
June (Roibu et al., 2017).

An international group of researchers from
Slovenia, the Czech Republic, and Romania found that
in the Carpathians beech has better radial increment
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with more precipitation in July and slower growth
with higher average and maximum temperatures in
June of the current year. Beech also shows a negative
correlation between radial increment and temperature
in summer. Despite the diversity of beech populations,
the future survival of beech and other temperate tree
species is uncertain because the rate, uniformity and
intensity of climate change vary from place to place.
Beech populations at the border of the species' range
have great adaptive potential, and their stability
contributes to the stability of forests. Above-average
rainfall in June and July had a positive impact on
annual rings (Adamic et al., 2023).

A study of old-growth European beech forests in
Italy found that the drought of the previous summer
was the main factor limiting their growth (Piovesan
et al., 2005). Our studies showed that in the years
1974-1996, temperatures and precipitation from June-
October of the previous year mainly had a positive ef-
fect on radial increment of trees, but in the following
years 1997-2019, not only the positive influence of
temperatures on growth decreased, but also the depen-
dence of growth on summer precipitation increased.
In northern Serbia, it was found that significant posi-
tive temperature trends were not sufficient to cause
any trends in annual ring width indices of common
oak (Quercus robur) trees. The response of the annual
wood indices of Scots oak changed only in response
to the precipitation trend, which remained constant
during the study period, and not in response to the
temperature trend. That is, it turned out that climate
change in response to the increase in temperature did
not significantly affect forest vegetation in the study
areas (Gavrilov et al., 2019).

The effects of drought on the radial increment
of beech have been reported in various regions of
Europe, However, the studies have not confirmed any
significant response of European beech to climatic
variations in the Carpathian region, which has shown
high plasticity (Dittmar, Zech, & Elling, 2003).

Based on an extensive network of European
dendrochronological series of beech, it was possible to
build an ecological-geographical model of ring width
variability in Italy (Piovesan et al., 2005). Dendroeco-
logical studies reveal the importance of tree-ring net-
works in defining bioclimatic zones and forest types
(Dittmar, Zech, & Elling, 2003; Piovesan et al., 2005).

F. sylvatica appears to require increased tempera-
ture to be compensated by a significant increase in
summer precipitation to maintain viability. Our results
(2017) are consisted with those of Mette et al. (2013)
who concluded that F. sylvatica growth is not current-
ly critically limited by drought in this region.

Conclusions. 1. In the 1997-2019 period, the
increase in temperature, compared to the 1974-1996
period, occurred at different rates: in autumn — by
14 %, in summer — by 9 %, in winter by 29 %, during
the calendar year — by 14 %. At the same time, against
the background of a slight increase in average annual
precipitation (by 1.5 %), there were some changes in

the precipitation regime (the amount of precipitation
increased in winter — by 6 %, in spring months — by
11 %, in autumn — by 2 %. But in summer, on the
contrary — there was a decrease in precipitation by 3 %.
2. Correlations between tree-ring chronologies of
Fagus sylvatica L., temperatures, precipitation, and
hydrothermal indices (G.T. Selyaninov HTI, de Mar-
tonne, forest aridity index) showed that the decrease
in the precipitation and increase in evaporation due
to air temperature in the second period led to the fact
that the beech stands became more vulnerable to the
moisture regime. However, European beech was able
to adapt to climate change at this stage. This is evi-
denced by tree-ring chronologies of early, late and
one-year-old wood, which did not show a significant
decrease in the trend of the tree radial increment.
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HOBJICHHI B3a€MO3B’SI3KIiB MK palialbHUM TPUPOC-
TOM OyKa Ta KJIIMaTHIHUMH YUHHAKAMH, 00 BUSABUTH
YYTIIMBICTh OYKOBHX JIEPEBOCTAHIB JI0 3MiHH KIIiMaTy.

3acTOCOBAaHO CTAaHAAPTHI JEHIPOXPOHOJIOTIYHI Me-
toauku. [lin yac 3midCHEHHS JEHAPOKIIMATUYHOTO
aHaJi3y BUKOPUCTAHO MICSYHI CyMH OMaJIiB, CEPETHBO-
MICSTYHI TeMIepaTypH i TiApoTepMidHi KoedillieHTH 11e
Mapronne, CenssanaoBa, O, Ta O;, IHIEKC apHUIHOC-
Ti JTiciB. 3MICHEHO MOPIBHSAHHS peakilii pagialbHOTO
npupocTy OyKa 3BHYAHOTO Ui JBOX mepioniB: 1974-
1986 ta 1987-2019 pp. Y apyromy nepioji 301IbIICH-
HSl TEeMIIEpaTypHu, MOPIBHAHO 3 MEpUIMM, BifOyBayo-
cs 3 PI3HOIO0 MIBHJKICTIO 32 CE30HAMHU: BOCEHHM — Ha
14%, BniTKy — Ha 9%, B3UMKY — Ha 29%, ynpoIooBx
KaJeHAapHoro poky — Ha 14%. [lopsa 3 uuMm, Ha T
HE3HAYHOTO 301IbIICHHSI CEPEAHBOPIYHMX OmNaliB (Ha
2%) BinOynucs AesKi 3MiHU B PEKUMI ONaJliB y APYTo-
My IepioJii y MOPIBHSIHHI 3 MEPIINM: KUIbKICTh OMaJliB
30UTBIIMIacs B3UMKY Ha 6%, HaBecHI — Ha 11%, Boce-
HHU — Ha 2%. BiiTky HaBnaku — BigOynocs 3MEHILCHHS
KIIIBKOCTI onazniB Ha 3%.

Bussneno penepHi poku MiHiMaimbHOTO (1964,
1972, 1977, 1982, 1990, 1998, 2008, 2014, 2018 pp.)
Ta MaKCHMaJabHOTO TmpHupocty naepeB (1973, 1976,
1989, 1999, 2009 pp.). PemepHi pokn MiHIMAIEHOTO
HIPUPOCTY XapaKTEPU3YIOTHCSI BUCOKUMH TeMIIEpaTy-
pamM# YIpoIOBK BEereTalliitHoro nepiony (BiIXWICHHS
TEMIIEpaTyp BiJl HOPMHU YIIPOIOBXK KBITHS-CEPITHS CTa-
HOBWIO 14-15%), Ta aHOMaJILHO TEIUIMMH, a00 HaJ-
3BUYAHO XOJIOJHUMHU 3UMaMH (BIIXHJICHHS cepel-

HIX TeMIleparyp 3a Mepioj] 3 TPyIHS MOMEPEeTHBOTO 10
JIOTHH TIOTOYHOTO POKy ckiamano Big 40 mo 107%).
Onagy MEHIIOI MiIpOl0 OOMEXKYBalIM paiialbHUN
npupict Oyka, ane y 1986 p. nemnpecito npupocty BH-
KJIMKaB e(iuUT OmnajiB yIpOAOBK BEreTamiiHoro me-
piofy Ta B3UMKY, KOJIM OMaJy BILTMBAIOTH HA BOJOTO-
HAarpoOMa/DKEHHS B TIPYHTI (BIOXWJICHHA BiJ HOPMHU
craHoBmwin 36 MM, mo ckiano 35%). Poku makcn-
MaJIbHOTO MPUPOCTY JEPEB XapaKTEPHU3yBalUCs ONTH-
MaJIbHUM CITiBBiAHOIICHHSM TeIjia Ta BOJIOTH.

KopernsitiiiHi  3B’SI3KM MK JI€PEBHO-KIIBIIEBUMU
xpoHonorisimu  Fagus sylvatica L., temneparypamu,
OTIaIaMH Ta TIAPOTCPMIYHUMH IMOKA3HUKAMHU CB1TUaTh
Mpo Te, IO 3MEHIICHHS KiTBKOCTI OMamiB Ta 301J1b-
IICHHS] BUIIAPOBYBAHOCTI 3aBISKU IiJABUILICHHIO TEM-
neparypy TOBITPA Yy APYroMmy Mepiofi HpU3BeNd 10
TOro, MO OyKOBI HAaca/pKeHHs CTalld OUIbII ypasiu-
BUMHU JI0 PSKUMY 3BOJIOXKEHHS. Lle miaTBepaKye Kijib-
KICTh 3HAYYIMMX KOoe(immieHTIB Kopemsmii MiX pamui-
QJIbHUM IPUPOCTOM 1 KIIMAaTHUYHUMU YMHHUKAMH, SIKa
30inbIIMIacS Y APYTOMY MEpiozi.

Bonnouac Oyk eBpornelchbKuil Hapasi 3Mir aganTy-
BaTucs 110 3MiHM Kiimary. [Ipo 1e cBiguarh aepeBHO-
KiJIbIIEBI XPOHOJIOTIT PaHHBOI, MI3HBOT Ta PIYHOI Jepe-
BUHH, SIKi HE BUSBUIIM 3HAYHOTO 3MEHIIICHHS B TPEH/I
pamiagbHOTO IPUPOCTY JIEPEB.

Korouosi cioBa: peakuisi panianbHOro MPUPOCTY
JI0 3MiHH KJIIMaTy; TeMIIepaTypa; OMaju; riApoTepmid-
Hi koedirientu ne Mapronne, CenssuunoBa, O, Ta Os;
IHICKC apUIHOCTI JIICIB.

. Koval, N. Maksymenko, |. Shpakivska. Dendrochronological studies in beech stands of the Skolivski Beskydy National Nature Park 43
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