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Abstract. The relevance of the study is conditioned upon the predicted changes in the area, as well as the significant
narrowing of the zone of optimal growth of Scots pine. These forecasts are based on obtaining data on the ongoing
climate changes. A constant decrease in precipitation, along with a gradual increase in temperature levels, will lead to
consequences such as uncontrolled changes in ecosystems. Such a substantial change in abiotic factors caused by human
activity plays a key role in the formation of forest coenoses. The main purpose of this study was to analyse the change in
the average annual temperature, as well as the monthly amount of precipitation observed in the forest communities in the
Separated Subdivision of the National University of Life and Environmental Sciences of Ukraine “Boyarka Forest Research
Station”. The analysis is performed over decades to obtain data on the level of temperature change in relation to the
previous period. This also includes a comparison of monthly precipitation for 2021 relative to 1991-2020, which is set as
normal. To obtain indicators of the average annual temperature, the average value method is used, followed by calculating
the value of the average annual temperature for each decade. To find the deviation in total precipitation, the method of
estimating the moisture conditions according to total precipitation is used. Therewith, the value of a substantial deviation
is taken at 20% relative to the precipitation rate. According to the study results, it was established that in 2001-2010 the
average annual temperature changed by 0.83°C relative to the previous decade, and in 2011-2020 by 0.74°C relative to
the previous period. Such dynamics indicate a gradual increase in the average annual temperature, which is reflected
in the forecasts of the world community. During the estimation of moisture conditions, separate months of 2021 with
a critical level of precipitation in relation to the normal period were selected. In March, the amount of precipitation
was 43% of normal, in June - 32%, in September — 40%, and in October — only 4.3% of normal. The value in November was
observed at 63% of the norm. Such a decrease in the amount of precipitation in relation to a gradual increase in the average
annual temperature poses a threat of a decrease in the hydrological level of moisture. This leads to a decrease in the radial
increment of tree stands, and a gradual shift in the growing area of Scots pine. The obtained analysis results will further be
used to conduct dendrochronological studies of tree rings of Scots pine (Pinus sylvestris L.) in the tree stands of the Separated
Subdivision of the National University of Life and Environmental Sciences of Ukraine “Boyarka Forest Research Station”
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Introduction

Scots pine is the main forest-forming species in Ukraine.
Its main distribution is in Polissia and the northern part
of the Forest Steppe. However, since the beginning of the
215t century, the degradation of pine stands has gained con-
siderable momentum not only on the territory of Ukraine,
but also on all continents. This is especially noticeable
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in the forest biocenoses of the temperate climate of the
Northern Hemisphere. The loss of one of the main for-
est-forming species is unacceptable for Ukraine. The mech-
anisms of investigating the degradation should include the
study of its course, as well as the causes and factors of its
emergence in forest coenoses. The main reason for this
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phenomenon, as a result, is anthropogenic load, diseases
and pests of arboreal plants combined with a set of ecological
and climatic factors. Climate fluctuations observed over
comparable periods of time, which are directly or indirectly
caused by the activities of people on the planet and changes
in the climatic conditions of the global atmosphere and are
defined as climate change [1].

A substantial change in abiotic factors, because of
human activity, plays a major, in some situations, a key role
in the formation of forest coenoses. The number, produc-
tivity, and distribution of animal and plant communities
primarily depends on limiting factors. The global commu-
nity is on a trajectory that corresponds to a temperature
increase of about +4°C by 2100 [2]. This level of tempera-
ture increase is catastrophic and will mean the emergence
of uncontrolled changes in ecosystems [3]. However, there
is also another claim: according to the United Nations,
warming by 2100 is projected at 3.2°C [4]. According to the
report of the Intergovernmental Group of Experts on Cli-
mate Change, scientific studies indicate that since the end
of the 19 century, two-thirds of the anthropogenic impact
is caused by human activity, namely the increase in the
concentration of greenhouse gases in the planet’s atmo-
sphere. On the territory of Ukraine, according to the Min-
istry of Environmental Protection and Natural Resources
of Ukraine, the average annual temperature has increased
by almost 2°C since the beginning of the 20™ century, in-
cluding by 1.2°C in the past 30 years alone [5]. Based on
the results of the World Bank research, the main theses re-
garding the impact of climate change on the state of forest
stands in Ukraine are highlighted. Thus, it was established
that the total precipitation will increase annually, but the
distribution of precipitation within the year will be uneven.
The main increase in precipitation is predicted for the win-
ter period. Prolonged droughts during the growing season
will lead to the deterioration of the sanitary condition of
forest biocenoses, which in turn will adversely affect the
significant increase in the area of forest fires [6]. When in-
vestigating the resistance of Scots pine to climatic stress, as
well as the reaction to increment in the pine regions of the
Czech Republic, the following results of the impact of cli-
mate change on stands were obtained: a considerable neg-
ative impact of droughts on radial increment over a 30-year
period was confirmed, while a positive impact was observed
in spring temperatures in February and March, which were
higher than normal [7]. Understanding the response of for-
ests to current changes in climate factors is crucial for the
implementation of forest management strategies, especially
under conditions of expected negative, and even critical
climate change [8]. The issue of forest adaptation, as well
as its use as an effective means of mitigating global climate
change, draws the attention of the scientific community to
the key role of forests as one of the most accessible tools for
stabilizing the climate and preserving the ecological bal-
ance on the planet [9]. According to the authors in [10], the
wide ecological range of Scots pine unequivocally demon-
strates its ability to adapt to variable environments. The
originality of the study lies in the calculation of moisture
conditions by the total precipitation using the method of
deviation from the norm to determine the months that
have deviations from the norm of precipitation.

The purpose of this study was to investigate the issue
of changes in the average annual temperature and average
annual precipitation in the forest fund of the Separated
Subdivision of the National University of Life and Environ-
mental Sciences “Boyarka Forest Research Station”.

Materials and Methods

To analyse the general trends, as well as climate patterns in
the forest area, the authors used the Separated Subdivision
of the National University of Life and Environmental Sci-
ences of Ukraine “Boyarka Forest Research Station” (here-
inafter SS NULES of Ukraine “Boyarka FRS”).
The forest massifs of SS NULES of Ukraine “Boyarka
FRS” are located in the central part of Kyiv region between
four administrative districts. Forest stands are in a wide
strip, limited to the right bank of the Irpin River - trib-
utaries of the Dnipro and stretch from west to east for
50 km, and from north to south for 35 km [11]. The main
type of soil is sod and low-podzolic. According to the for-
est vegetation zoning of Ukraine, the forest areas of the
enterprise, which are located in its northern, western, and
eastern parts, belong to the southern zone of the Ukrainian
Polissia, the Kyiv-Chernihiv Polissia forestry district, and
the forest areas of the southern part of the enterprise be-
long to the Forest-Steppe zone of the Dniester-Dnipro for-
est-steppe management district. There are areas that are
typical outwash plains of Polissia, as well as clearly defined
eroded landforms inherent in the Forest Steppe.
The area of SS NULES of Ukraine “Boyarka FRS” is

17,835 hectares, of which 16,161.5 hectares (92.4%) are
forest plots covered with forest vegetation. Of the total
amount, the share of Scots pine (Pinus sylvestris L.) is 81.6%
of forest areas covered with forest vegetation, the share of
common oak (Quercus robur L.) and common alder (Almus
glutinosa (L.) Gaertn.) is 13.5% and 2.0%, respectively [11].
According to the age indicator, one of the most important
forest inventory indicators that characterizes the structure
of tree stands [12], medieval plantations predominate and
occupy a share of 51.3%. According to the site index classes
of forest plots covered with forest vegetation, the share of
class I and higher site index classes by age group is 85.5%.
Thus, it can be stated that the tree stands of the Boyarka
FRS are highly productive. Fresh sudibrovas (mixed oak-
erys) and subors (mixed pine forests) make up 74.3% and
24.5% of forest areas, respectively. The share of pine for-
ests is 0.7%, and oakerys — 0.5% of forest areas covered
with forest vegetation. The most favourable conditions for
the growth of highly productive Scots pine stands, as the
main forest-forming species, are fresh sudibrova and su-
bor conditions. The forest fund of the enterprise is mainly
represented by tree stands with a background portion of
Scots pine in the first tier and admixture of common oak
in the second tier. In general, the tree stands at the enter-
prise have a composition of 9Ps1Qr, the average age of the
plantations is 74 years, the average site index class is I?, and
the average stand density is 0.63. The distribution of forest
land by category was also analysed. Of the total area of the
forest fund, 98.1% are forest plots, of which:

—71.2% - artificial stands;

—21.2% - natural stands;

—4.1% - open forest cultures;
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- 0.5% - forest nurseries and plantations;
- 0.1% - sparse forests.

Based on the analysis of the distribution of forest
fund lands, almost a third of the area comprises artifi-
cial tree stands, namely 71.2% of the total amount. The
data of the Borys Sreznevsky Central Geophysical Ob-
servatory in Kyiv [13] were used. The period 1881-2020
was used to simulate changes in average annual tem-
peratures over a multi-year period. The average annual
temperature for each year was determined according to
the method of determining the average value, and these
data were compiled by decade. For each decade, the aver-
age annual temperature was calculated using the method
of determining the average value. A graph was drawn based
on the obtained values, which made it possible to ascertain
the change in the average annual temperature. The value
of the temperature change relative to the previous period
for each decade was calculated. Data for 1991-2020, which
is considered normal, are used to determine the change in
precipitation. The estimation of moisture conditions by
total precipitation was analysed according to the method
of deviation from the norm, and the obtained data are ex-
pressed in percentages (%). Indicators are determined for
2021 in relation to the norm period. During the estimation
of the moisture conditions according to the amount of pre-
cipitation by the method of deviation from the norm, the
months that have a substantial deviation from the norm
will be determined. A significant deviation is taken at 20%
relative to the precipitation norm.

Results and Discussion
Dynamics of changes in the average annual temperature by decade

The factors affecting the radial increment of pine stands
were investigated and identified. One of the tasks is the
analysis of data on regional climate changes, as one of
the possible reasons for the loss of productivity of pine
stands [14]. Conducting a retrospective analysis to estab-
lish the mechanism, as well as the degree of influence of
climate change, to identify the sustainability of Scots pine
(Pinus sylvestris L.) in the future.

It is necessary to ensure continuous and reliable
monitoring of climate impacts, considering special threats
to forest ecosystems, to observe changes in the productiv-
ity of forests. It is also important to state that an essential
component is the monitoring of growth reduction, degra-
dation of stands and soils, as well as loss of biodiversity,
and as a result, degradation of coenoses [15].

Data from the B. Sreznevsky Central Geophysical
Laboratory in Kyiv were used to analyse changes in general
trends, as well as general patterns of changes in the tem-
perature regime and the amount of precipitation in forest
areas [13]. Based on data from the Central Geophysical
Laboratory, the average monthly air temperatures over a
prolonged period were analysed. According to the available
monthly average temperature data, the average tempera-
tures over the decade were analysed starting in 1881, which
is presented in Figure 1. According to the analysis presented
in Figure 1, since 1881 there has been a constant increase
in temperature for decades. Using the data of the results
obtained during the analysis of archival data, it is also pos-
sible to follow the linear trend shown on the graph. The
obtained information allows ascertaining that the tenden-
cy of the temperature of the environment to increase will
only persist in the future.
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Figure 1. Average annual air temperature by decade (°C) in Kyiv

This was highlighted during the Paris climate agree-
ment [16]. According to the given forecast, it was deter-
mined that in 2080-2100 there will be a considerable
narrowing of the zone of optimal growth according to
the climate humidity indicator [9]. Thus, if one analyses

the changes in temperature relative to previous periods,
which is presented in the table according to the data of
the Central Geophysical Laboratory [13], changes in the
average temperature relative to the previous period can
be observed.

Table 1. Dynamics of average temperature (t) over decades

Obser‘c’litcl;’(‘i’ege“°d’ 1881-1890 | 1891-1900 | 1901-1910 | 1911-1920 | 1921-1930 | 1931-1940 | 1941-1950
Indicator t (°C) 6.83 6.91 7.06 7.05 7.12 7.41 7.21
Difference t (°C) - 0.08 0.15 -0.01 0.07 0.29 0.2
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Table 1, Continued

Obser‘éaez‘;’;ege“"d’ 1951-1960 | 1961-1970 | 1971-1980 | 1981-1990 | 1991-2000 | 2001-2010 | 2011-2020
Indicator t (°C) 7.51 7.49 7.7 8.09 8.21 9.04 9.78
Difference t (°C) 0.3 -0.02 0.21 0.39 0.12 0.83 0.74

Having obtained the results, one can ascertain that
an increase in the average annual temperature was ob-
served in different specific periods. Thus, temperature in-
crease was recorded in 1891-1900, 1901-1910, 1921-1930,
1931-1940, 1951-1960, 1971-1990, 1981-1990, 1991-2000,
2001-2010, and 2011-2020. A decrease in the average an-
nual temperature was recorded in 1911-1920, 1941-1950,
1961, and 1961-1970. The largest decrease in temperature
was recorded in 1941-1950, and was -0.2°C. Since 1971,
the average annual temperature has gradually increased in
each decade, except for 1991-2000, when the increase was
recorded at 0.12°C, but in observations starting from 2001, a
significant increase in the average annual temperature was
recorded to 0.83°C in 2001-2010 and 0.74°C in 2011-2020.

Considering the obtained indicators, and the research
carried out by the scientific community [17], in recent years,
in the territory of the forest fund of the SS NULES of Ukraine
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“Boyarka FRS”, atmospheric maximum temperatures have
been observed, which can lead to changes in the hydrological
level of soil water. Such a scenario can only be considered if
the amount of precipitation for the year is studied, as well
as for the growing season (April-September). The analysis
of average monthly temperatures during the growing sea-
son plays one of the key roles in determining the radial
increment of trees per year when conducting dendrochro-
nological studies. The radial increment can also be affected
by the temperature regime, not only during the growing
season, but also during the rest period.

Deviation of climate indicators in 2021 to normal (1991-2020)
The deviation of the indicators of the average monthly tem-
perature and the monthly amount of precipitation in 2021
was analysed according to the accepted norm of indicators of
the period of 1991-2020 [13], which is presented in Figure 2.

Precipitation, mm

=9=1991-2020 ==0=2021

Figure 2. Comparison of average monthly temperature and precipitation in 2021 according to the norm (1991-2020)

It was established that the structure of annual tem-
peratures during 1991-2020 is expressed by smooth changes
during the period under study. However, the indicators of
2021 are characterized by lower temperatures at the end
of winter and at the beginning of spring, as well as higher
indicators in the summer period, respectively. Most of the
elevated temperature indicators fall directly on the grow-
ing season, namely in June, July and August, an increase in
the average temperature by almost 2°C was observed. It is
also possible to single out an increase in temperature in
October and November, relative to the normal period. How-
ever, there is also a decrease in the temperature regime
in February, April, and May. The above data on the graph
clearly show that in 2021, the period of low temperatures in
February-March received a small amount of precipitation —
only 17 mm compared to the norm (40 mm). During the
following months of the growing season, until June 2021,
the amount of precipitation gradually increased and cor-
responded to the normal indicators, but in June-July, the
indicators of precipitation decreased sharply. A significant
decrease in precipitation can be observed in June 2021,

which was only 24 mm compared to the norm (74 mm).
This situation was accompanied by an average temperature
of 21.3°C, which is 1.8°C more than in the normal period.
This period closely correlated with high summer tempera-
tures that were more in line with the normal period. Such
indicators can lead to a violation of the hydrological re-
gime, which can lead to drying out of the forest litter, as
well as dehydration of the soil root layers. A decrease in
precipitation was observed in September, October, and
November against the background of near-normal tem-
peratures. Precipitation indicators during the autumn
months amounted to 23 mm for September — 35 mm less
than the norm; 2 mm for October, which is less than the
norm by 44 mm; and for November — at 29 mm, the dif-
ference between the indicators of the normal period was
17 mm. However, the situation improved in December, and
the amount of precipitation was 66 mm compared to the
normal value of 47 mm. The dependence of radial incre-
ment is closely related to the decrease in precipitation
during the growing season and is also correlated with fluc-
tuations in average monthly temperatures, high indicators
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of which, combined with insufficient precipitation, can lead
to a decrease in the width of the annual ring.

Estimation of moistening conditions by the total precipitation
Using the data [13], during the research, the moisture condi-
tions were estimated based on the amount of precipitation in
2021 by the method of deviation from the norm (1991-2020).
Calculation results are presented in Table 2. Special attention
is paid to the estimation of moisture conditions, in line with
the statement that the main limiting factor in Ukraine is the
hydrological conditions for the existence of living organisms.

The calculations results presented in Table 2 suggest
that, in general, during the year, precipitation fell not sig-
nificantly below the norm, the indicator is 86% of the norm.
The significance of the deviation can be asserted only when

it exceeds 20%. When analysing individual months of the
year, it can be seen that the amount of precipitation was
within the normal range in April, May, July, and August;
in January, February, and December, their number was sig-
nificantly higher than normal; however, in March, June,
September, October, and November, the amount of precip-
itation was significantly below normal. The lowest extreme
for precipitation was October — 4.3% of the norm, which
is catastrophically insufficient for the normal functioning
of coenoses. Such indicators, even when the temperature
level is close to normal, demonstrate an increase in the
expendable part of the water balance in forest areas. And
even an increase in precipitation cannot level the moisture
supply of coenoses, considering the indicator of the annual
amount of precipitation, which is 14% below the norm.

Table 2. Estimation of moistening conditions by the total precipitation in 2021 by the method of deviation
from the norm (1991-2020)

Period (month)
Indicator
I n | om | w v | vi| vt |vim| x | x | xt | xu | Total
Average long-term
orecipitation (199, 2020, mm | 3 | 30 | 40 | 42 65 | 74 | 68 | 56 | 58 | 46 | 46 | 47 | 618
Total precipitation for 63 | 63 | 17 | 45 74 | 24 | 63 | 65 | 23 | 2 | 29 | 66 | 533
2021, mm
Precipitation as a 170 | 159 | 43 | 107 | 114 | 32 | 93 | 116 | 40 | 43 | 63 | 140 | 86
percentage of the norm, %

Having obtained the value of the estimation of the
moisture conditions by the total precipitation according to
the method of deviation from the norm, where the values
of the average multi-year total precipitation were used [13],
and considering the earlier studies [18; 19] regarding the
influence of temperatures and the hydrological regime, it
was determined that with a negative trend of such indi-
cators as a decrease in precipitation, extremely high tem-
peratures during the growing season and low temperature
indicators in winter and early spring directly affect the radial
increment of tree stands. Furthermore, the limitation of the
radial increment of pine in Zhytomyr Polissia is caused by
precipitation, relative humidity during the growing season,
as well as winter and early spring temperatures. Therewith,
it is important to note that different dynamics of depen-
dence of radial growth on precipitation were observed in
different periods. With an increase in precipitation, there
was an increase in radial growth without a limitation in the
form of extreme temperatures during the growing season.
It is also worth noting the regression of the radial incre-
ment with a decrease in the amount of precipitation and
the presence of temperature extremes during the growing
season [20].

The data obtained in the study allows comparing it
with the research conducted in the territory of Ukraine in
the corresponding area. When studying and determining
the causes of dieback of pine forests of Volyn Polissia, it
was found that there was a moisture deficit in the second
half of the growing season. This period was accompanied
by the withering and premature termination of vegetation
of herbaceous vegetation, and premature shedding of older
needles was also observed. Considering the indicators ob-
tained during the research, one can observe an increase in
temperature in the middle of the growing season relative to

the norm, as well as a large decrease in the amount of pre-
cipitation, only 32% relative to the norm in June 2021. Due
to such deterioration of the hydrological regime, as one of
the phenomena, it is also possible to observe the activation
of stem pests. In the forest-steppe zone, temperatures rose
especially quickly during the cold period [21]. This led to
a decrease in the radial increment of pine due to the dis-
ruption of winter rest in trees, while the minimum values
of the radial increment are characterized by periods with a
considerable decrease in precipitation and an increase in
temperatures at the beginning of the growing season, as
well as in its second half. When investigating the reaction of
the radial increment of Scots pine to climate changes in the
stands of the Left-Bank Steppe [22], it was established that
the minimum radial increment was found in years charac-
terized by high average annual temperatures and low win-
ter temperatures. The maximum increment was observed
at the optimal ratio of precipitation and temperature. How-
ever, the increase in temperature with a small amount of
received moisture negatively affected the radial increment.
The droughts during the growing season, which were ac-
companied by high early spring temperatures, lead to the
weakening of tree stands. The greatest limitation of radial
increment is caused by high temperatures during the vege-
tation period, early spring periods and in winter, as well as
an increase in the amount of precipitation during the cold
period, which does not contribute to the accumulation of
moisture in the soil [23]. A similar increase in precipitation
since the winter period is also noted in 2021, in January — 170%
relative to the norm, in February — 159%, and in December —
140%, respectively. In the specified months, a considerable
deviation from the norm was observed.

Analysing the results obtained during the studyj, it
can be assumed that the reaction of the radial increment

Vol. 13, No. 3, 2022

Ukrainian Journal of Forest and Wood Science

73



Romanenko & Kovalevskyi

in Scots pine stands in the SS NULES of Ukraine “Boyarka
FRS” will have a similar value.

Conclusions

The performed analysis suggests that the main limiting
factors of the functioning of forest coenoses are the av-
erage annual temperature, considering the minimum and
maximum temperature extremes during the growing sea-
son (April-September). According to the analysis, over the
last two decades, the average annual temperature has in-
creased by 0.83°C and 0.74°C, respectively. The average
amount of precipitation for a multi-year period, including
the precipitation that falls during the growing season, as
well as the assessment of moisture conditions by the to-
tal precipitation of the specified period according to the
method of deviation from the established norm. During the
calculation and analysis of the obtained temperatures, it
was found that in 2021, in some months of the growing sea-

minimum of 39% compared to the period that was consid-
ered the norm. The months of 2021 that had a significant
deviation from the normal period were noted, some of the
lowest indicators were observed at 43% in October, 40% in
September, and 43% in March relative to the normal period.
In general, based on the assessment of the moisture condi-
tions by the total precipitation using the method of devia-
tion from the norm, it was calculated that in 2021, relative
to the normal period, the amount of precipitation amounted
to 86%. Such an indicator does not have a significant devi-
ation, but it is an indicator of the occurrence of a climatic
signal of the violation of the hydrological conditions in the
forest fund of the SS NULES of Ukraine “Boyarka FRS”. It
has been established that the arid phenomena observed on
the territory of the forest fund are undoubtedly of thermal
origin. The obtained results will be further used to conduct
dendrochronological studies of annual rings of Scots pine
trees (Pinus sylvestris L.) in the tree stands of the SS NULES
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AHauti3 KJIiMaTMYHMX 3MiH Ha TepuUTopii j1icoBoro ¢poHmy
BosipcbKoi J1icOBOi JOCTiAHOI CTaHIIi1

Bitaniit AnaronirioBuu Pomanenko’, Cepriit Bopucosuu KoBaneBcbkuii?

'VYkpaiHChKUI LIEHTP MMiATOTOBKM, ITePeITiiTOTOBKM
Ta MigBuUIeHHS KBatidikamii Kagpis JIiICOBOro rocrogapcTBa
08150, Bya1. JlicomocigHa, 2, M. Bosipka, KuiBcbka 06i1., YKpaiHa

’HauioHa/IbHMI1 yHiBEpCUTET 6GiopecypciB i mMpMpomoKOpUCTYBaHHS YKpaiHu
03041, Byn. T'epoiB O6oponu, 15, m. Kuis, Ykpaina

AHoTauisl. AKTYalbHICTh JOCTIIKEHHSI 3yMOBJIEHa TTPOTHO30BAaHMMM 3MiHAMM apeasy, a8 TAaKOXX 3HAaUHUM 3BYKEHHSIM
30HU ONTUMAaJIbHOTO POCTY COCHU 3BUYAliHOi. [laHi MPOrHO3Y I'PYHTYIOTHCS HA OTPUMAaHHI JaHUX 00 3MiH KIiMaTy SIKi
3apas BimOyBaioThcs. [TocTiliHe 3MeHIIeHHSsT KiIbKOCTi OIMajliB pa3oMm i3 MOCTYIOBMUM 36ibIIEHHSIM PiBHS TeMIepaTypu
Mpu3Be[e 0 TakKuX HACTIAKIB SK HEKepOBaHi 3MiHUM y eKocucremax. Taka icToTHa 3MiHa abioTMyHUX (GaKTOPiB
MIPUYMHOIO SIKUX € MisUTbHICTh JIIOAVIHYM CTAHOBUTD KIIIOUOBY POJIb Y (DOPMYyBaHHI JIiCOBUX 11€HO3iB. OCHOBHOI0 METOI0
JOCTiJIKeHHST 6y7I0 IPOBeieHHsT aHaUTi3y 3MiHM cepeIHbOPIUHOI TeMIepaTypu, a TakoX MICSIUHOI KiTbKOCTi OmafiB, 1[0
criocTepiranuch B JIICOBUX YIPYIyBaHHSAX y Bimokpemienomy mimposzini HarionanbHOro yHiBepcutery 6iopecypciB
Ta IPUPONOKOPUCTYBaHHSI YKpainu «Bosipcbka JlicoBa JOCTiAHA CTaHILisI». AHAJIi3 MTPOBOAUTHCS IO AECITUPIUUSIX IJIsT
OTPUMAaHHSI TaHUX 100 PiBHS 3MiHM TeMIlepaTypH IO BiHOIIEHHIO [0 MOINepeqHbOro mepioay. A TaKOXK CIiBCTaBIeHHS
KiJbKOCTi omafiB mo micsisgx 3a 2021 pik BigHOCHO 1o mepiomy 1991-2020 poxiB, sikuit BCTAaHOBIEHMI 32 HOpMY. st
OTpPMMaHHS MMOKAa3HUKIB cepeaHbOi PiuHO1 TeMIlepaTypy BUKOPUCTOBYETHCS METO/, CepeTHbOTO 3HAUEHHS, 3 TOJaJIbIINM
obpaxyBaHHSIM 3HAUEHHS CcepeAHbOI PiyHOI TeMmepaTypy OJig KOXKHOTO JecaTupidus. [Ijis BM3HAUEHHST BiIXMIEHHS
CYM OTa/iiB BUKOPUCTOBYETHCSI METO/I OLIiIHKM YMOB 3BOJIOSKEHHSI 3a CYMOM0 oraziB. IIpy 1ibOMYy 3a 3HaUEHHSI CYyTTEBOTO
BiIXWIeHHS mpuitMaeThcs Ha piBHI 20 % BiAHOCHO MOKa3HMKA HOPMM OMAafiB. 3a pe3yabTaTaMy OTPUMAaHMX NaHUX B
XOZi TIpOBeieHHsI OC/iIPKeHHSs, BCTAHOBJIEHO, 110 3a rnepiox 2001-2010 pokiB cepefHs piuyHa TeMmIepaTypa BiTHOCHO
rornepegHbOro JecsiTupivust amiHmiack Ha 0,83 rpagycu 3a Llenbciem, a 3a mepiog 2011-2020 pokiB Ha 0,74 rpagycu
BiIMOBiAHO [O TOTEpeAHBbOTO Iepiomy. Taka OMHAMiKa CBiZYMTbH PO IOCTYIOBe 30iJbIIEHHS CEepemHbOi piuHOL
TeMIepaTypH, IIo i Bigo6paskeHO B MPOTHO3ax CBiTOBOI CHiMbHOTH. I1im vyac MpoBemeHHS OLIHKM YMOB 3BOJIOKEHHS
BUIiIeHO oKpeMi Micsili 2021 poKy 3 KpUTUUHMM piBHEM OTIa/IiB MO BiIHOIIEHHIO 10 Mepiogy HopMu. B 6epesHi KilbKiCTh
omnafiB craHOBMIA 43 % O HOpMU, YepBeHb — 32 %, BepeceHb — 40 % Ta XOBTeHb juiie 4,3 % 1o HOpMMU. 3HAUEHHS Y
JIMCTONAi CrIocTepirasoch Ha piBHi 63 % 10 HopMu. Take 3MeHIIIEHHS KiJIbKOCTI OTajliB y CIiBBiJHOIIEHHI i3 ITOCTYIIOBUM
MiJBUILEHHSIM DiBHS cepeHbOi piyHOI TeMIlepaTypy CTaHOBUTb 3arpo3y 3MeHILIEeHHS TiIPOJIOTiYHOro pPiBHS BOJIOTH, i
SIK HACTiOK 3MeHIIIeHHSI pajialbHOTO IMPUPOCTY NepeBOCTaHiB, Ta MOCTYIIOBe 3MillleHHS apeajly COCHM 3BUYAifHOI.
OTpuMaHi pe3yabTaTyi aHaji3y B MOAAIbIIOMY GYIyTh BUKOPUCTAHI IJIs1 IPOBEAEHHS JeHIPOXPOHOIOTIYHMX JOCTiIKEHb
IlepeBHUX Kisiellb JepeB cocHM 3BuYaitHoi (Pinus sylvestris L.) B HacamkeHHSIX BimokpemieHoro miapo3ainy HarioHaapHOTro
yHiBepcuTeTy 6iopecypciB Ta MpUPOIOKOPUCTYBAaHHS YKpainu «BosipchKa JlicoBa MOCTiIHA CTaHITisI»

KiiouoBi cjioBa: jticoBe yrpyroBaHHs, piuHa TeMIepaTypa, COCHa 3BMUaiiHa, oraau, 3eMJli JicoBOoro GoHIy
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