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ABSTRACT

Formulation of the problem. This study aligns with UN Sustainable Development Goal No. 13 — Climate Action — by address-
ing key climate-related challenges impacting sustainable development in Ukraine. It focuses on analyzing the dynamics of temperature-
dependent natural resource indicators in the North-western Black Sea region, a vital industrial-agricultural area. Understanding the
thermal regime is essential for adapting socio-economic sectors to climate change. The research supports planning and resilience in
southern Ukraine under changing climate conditions. It is part of projects at the Faculty of Hydrometeorology and Ecology, Odesa I.I.
Mechnikov National University, including: 'Forecasting hazardous meteorological phenomena over the southern regions of Ukraine'
(No. DR 00115U006532); 'Comprehensive probabilistic-forecasting modeling of extreme hydrological events on the rivers of southern
Ukraine to ensure sustainable water use under climate change conditions' (No. DR 0121U010964); 'Zoning of Ukraine's territory based
on vulnerability to climate change and selection of optimal adaptation pathways.' This work fills critical gaps in the study of regional
climate dynamics.

Analysis of previous research it proves the importance of studying the climatic indicators of the temperature regime of the
North-Western Black Sea region, which is a leading highly developed industrial-agricultural region of Ukraine. The underestimation
of certain aspects of the dynamics of climatic characteristics of the regional climate in the context of global climate change has led to
these aspects being still insufficiently studied today.

The purpose. This article aims (using the Odessa station as an example) to present the results of a physical-statistical approach
to determining regional responses in the main indicators of the temperature regime of the North-Western Black Sea region to the
changes occurring in the climate system of the present period.

Research methods. The implementation of the physical-statistical approach was conducted using classical methods of statistical
and graphical analysis.

Presentation of the main research material. Based on long-term empirical data, it was determined that during the period from
2013 to 2023, compared to the standard climatic period (1961-1990), the average number of days with maximum air temperature above
0°C increased in all winter months. For the studied area, January remains the coldest winter month, with an average of 23,5 days with
a minimum air temperature of 0°C or lower. The beginning of the 21st century is characterized by warmer winter conditions (compared
to the period 1961-1990), which has led to a decrease in the number of days with low air temperature. Over the last eleven years (2013-
2023), 65 thaw periods were registered. They most frequently occurred in January, in December and in February.

Research results and Practical value. The obtained results provide a basis for analyzing the dynamics of regional climate
changes in the context of global climate change. The rational and timely application of the climate information presented in this article
will contribute to the development of effective adaptation pathways, which, in turn, will make a significant contribution to ensuring
the sustainable development of Ukraine. Future tasks will focus on researching the thermal regime indicators of other stations in the
North-Western Black Sea region, involving additional empirical data.
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Statement of the problem in a general form and
its connection with important scientific and practical
tasks. The processes taking place in the geographical
environment are determined, first of all, by thermal
conditions. Wide use of data on air temperature for
scientific and practical purposes requires climatolo-
gists to study various indicators that allow to assess

the peculiarities of the temperature regime of any ge-
ographical region or individual point [1].
Climatological information is the basis for the
formation of rational nature management, for solving
natural and ecological problems, for perspective
planning and placement of various branches of the
economy [1, 2]. In recent decades, the study of the
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climate of our planet and its variability has acquired
clearly defined practical significance [3-7]. In this re-
gard, the concept of implementation of state policy in
the field of climate change for the period until 2030
[2] is aimed at developing a national climate program
and preventing the reduction of risks associated with
them.

According to domestic scientists [8-14], as a re-
sult of global warming, the climate on the territory of
Ukraine will change dramatically, and therefore each
new study in this direction will provide an oppor-
tunity to analyze climate-related natural resources in
order to ensure the sustainable socio-economic devel-
opment of our country.

The study of changes and fluctuations of the
temperature regime as a whole, as well as its individ-
ual characteristics, in order to take them into account
in the spheres of economic activity, and the develop-
ment of perfect methods of its forecasting for various
territories of Ukraine with great advance, are of great
practical importance at the present time. Air temper-
ature determines the state of many natural resources,
which are a component of economic resources [1, 8,
9,11, 14, 15]

Connection of the author's work with important
scientific and practical tasks. The research was car-
ried out in accordance with the goals formulated in
the research works of the departments of the Faculty
of Hydrometeorology and Ecology of the Odessa
L.I. Mechnikov National University after on the top-
ics: 'Forecasting dangerous meteorological phenom-
ena over the southern regions of Ukraine'
(No. DR 00115U006532); 'Complex method of prob-
abilistic and prognostic modeling of extreme hydro-
logical phenomena on the rivers of Southern Ukraine
to ensure sustainable water use in conditions of cli-
mate change' (No. DR 0121U010964); 'Zoning the
territory of Ukraine according to the degree of vul-
nerability to climate change and choosing optimal
ways of adaptation'.

Analysis of recent research and publications.
Climatic changes occurring during the last decades
cause concern of the scientific community. The re-
searches of Ukrainian scientists point to the restruc-
turing of climatic components that took place during
the 20th century and continues in the 21st century [1,
9, 15-20]. The dynamics of the temperature-humidity
regime and the assessment of its future changes and
fluctuations under various climate scenarios for
Ukraine are presented in works [1, 9, 11, 19]. The re-
sults of these studies indicate significant regional
changes not only in time, but also in its spatial distri-
bution. As is known, the formation of climatic fields
occurs in close connection with the processes of cir-
culation of air masses [1, 12, 13, 21-25]. The authors
emphasize that on a global scale, the weakening of
the zonal circulation and the growth of the meridional

southern component is noted in all seasons of the year
[10, 14, 21]. The paper [13, 21], which presents the
results of a statistical study of relationships in the cli-
mate system of the Atlantic-European region, is de-
voted to the circulation aspects of the spatio-temporal
distribution of the thermal regime for the Eastern Eu-
ropean region in the main and transitional seasons of
the year.

As you know, climatic factors are of decisive im-
portance, in particular, in the formation of the hydro-
ecological state of water resources. Overall, warming
has intensified the global hydrologic cycle by in-
creasing globally averaged precipitation, evapora-
tion, and runoff. Moreover, the consequences of
global warming are not only changes in average val-
ues, but also a general increase in extremes. During
the last thirty years, extreme events have taken place
in Ukraine, primarily related to the rainfall regime.
For example, in some regions, the number of abnor-
mally dry years, winters, and summers significantly
increased, and the change in the temperature regime
was reflected only in the increased number of abnor-
mally hot summers. Such changes led to the fact that,
for example, during the years 1998-2007, droughts
were observed almost every year in some regions of
Ukraine [26]. In connection with the expected in-
crease in air temperature in the Northern Hemisphere,
the food security of Ukraine (and especially its south-
ern regions) will depend on how effectively agricul-
ture adapts to climate changes [1, 9].

Taking into account that the results of the re-
search of many scientists [16-18, 22, 25, 27] indicate
particularly significant climate changes over the last
decades in the temperate latitudes of the Northern
Hemisphere, the authors [13] investigated the current
dynamics of the temperature regime of the Eastern
European region in the sector 40-60°N. and 20-44°
east. Based on the reanalysis of «ERA-INTERIM»
data for the period 1979-2013 average monthly val-
ues of surface air temperature and atmospheric pres-
sure in 144 nodes of a regular grid of points 2°x2°
were analyzed. A comparison of multi-year air tem-
perature regimes in January and July for different av-
eraging periods shows that the contribution of tem-
perature changes in these months to climate continen-
tality changes in different parts of the sector is am-
biguous.

Analysis of the dynamics of the temperature re-
gime during the winter season allows us to state that
the air temperature near the surface of the earth in al-
most the entire territory increased by 1°C on average.
In the summer season, the average monthly air tem-
perature in most of the territory increased (compared
to the long-term average value) and the highest tem-
perature anomalies were observed in the period 2001-
2010 (up to 2 °C). Analysis of the dynamics of the
temperature regime in the transitional seasons of the
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year also indicates an increase in air temperature near
the surface of the earth in the studied region [13].

As is known, the climate is formed under the in-
fluence of closely related factors, which have their
own characteristics in each specific region of
Ukraine. First of all, it is solar radiation, the nature of
the underlying surface and atmospheric circulation.
The interaction of these factors, their intensity and
specific effects are characterized by a certain territo-
rial individuality. In turn, each of the listed factors is
formed under the influence of elements that also have
their own individual geographical features [1].

The study of changes and fluctuations in the dis-
tribution of temperature characteristics and in the re-
gime of precipitation (because they are one of the
main indicators of the state of the climate system) for
the purpose of taking into account in the spheres of
economic activity, the development of perfect meth-
ods of their forecasting for various territories of
Ukraine with great advance, have at the present time
extremely important value [1, 11, 12, 16-19, 24].

The peculiarities of atmospheric circulation, the
influence of the Black and Azov seas separate the
south of Ukraine according to climatic characteristics
into a separate area that requires research of its cli-
mate-related natural resources. Due to its geograph-
ical location and the state of the environment, the
south of Ukraine is the territory for which the socio-
economic consequences of climate change may be ir-
reversible. Therefore, the scientific community is
faced with the task of studying the reasons that lead
to these changes, in order to predict the future state
of the physical parameters of the most mobile links
of the climate system.

For the territory of the Odesa region, a number
of works [15, 20, 25, 27] were devoted to the study
of the spatio-temporal dynamics of long-term indica-
tors of the temperature and humidity regime. Based
on a comparison of climate characteristics calculated
for different averaging periods, the authors obtained
results indicating regional scale variations, which are
particularly noticeable at the current stage of global
climate change.

Thus, as evidenced by the results of the above
publications, it is extremely important to study the
quantitative indicators of natural factors that influ-
ence the formation of the climate, which will allow
predicting their future changes, and this, in turn, will
help to timely assess meteorological and environ-
mental risks in solving social problems, in order to
ensure sustainable development of our country and
especially its southern regions.

Highlighting previously unsolved parts of the
general problem, to which the specified article is
devoted. Now the issues of further socio-economic
development of the state caused by changes in the
earth's climate system are extremely urgent for

Ukraine. Due to its geographical location and the
state of the environment, the south of Ukraine is the
territory for which the socio-economic consequences
of climate change may be irreversible. It should be
taken into account that global warming has sharply
expressed regional features, namely — for some re-
gions it brings favorable changes, for others — these
changes are negative and can lead to economic losses
in various sectors of the economy and aggravation of
ecological tensions [1, 26].

In order to solve natural and ecological prob-
lems, prospective planning and adaptation of various
branches of the economy of the southern region, in
connection with global climate changes, a resource
approach to the study of such changes is important.
For this, further comprehensive research of hydrome-
teorological processes, increase of the information
base using modern methods is necessary physical and
statistical analysis [28]. Agriculture, fuel and energy,
water and other sectors of the economy, health and
tourism are related to the state of the natural environ-
ment. The temperature regime is changing: spatial
and temporal distribution. Therefore, the use of cli-
mate resource - information about the atmosphere, its
thermal state can be taken into account to solve spe-
cific socio-economic problems.

The purpose of this article, using the example of
the Odesa station, is to present the results of a statis-
tical approach to the determination of regional re-
sponses in the main indicators of the temperature re-
gime of the North-Western Black Sea region to those
changes that occurred in the climate system during
the period of the second global warming, which be-
gan in the 70s x years of the last century and contin-
ues to the present time.

In accordance with the stated objective, the
study includes the following tasks, the resolution of
which will allow for determining the dynamics of
specific temperature indicators in the North-western
Black Sea region: analysing the average daily, maxi-
mum, and minimum air temperatures for the period
1991-2023, as well as inter-daily variability and the
diurnal aperiodic amplitude of air temperature; deter-
mining the number of days and the duration of peri-
ods with low air temperatures (-10.0°C and below).
Identifying the number of days and the duration of
thaw periods.

The subject of the study is the database of empir-
ical data on the average daily, maximum and mini-
mum air temperature at St. Odesa for 2790 winter cal-
endar days of the period 1991-2023 [29]. The main
task is to determine regional temperature changes in
the North-Western Black Sea region during the last
decade of the 20th century and two decades of the
21st century and to determine trends in temperature
indicators of the modern period, compared to the cli-
matic norm of 1961-1990 [30]. The period of rese-
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arch of the thermal regime of the North-Western
Black Sea Coast, the results of which are presented in
this article, falls on the secondary global warming
(the end of the 70s of the 20th century to the present),
during which there is an intense global temperature
increase, compared to the climatic norm of 1961-
1990. The period of research of the thermal regime of
the North-Western Black Sea Coast, the results
of which are presented in this article, falls on the sec-
ondary global warming (the end of the 70s of the 20th
century to the present), during which there is an in-
tense global temperature increase.

Presentation of the main material of the study
with a full justification of the obtained scientific re-
sults. As the data of meteorological observations
show, in the last decades of the 20th and at the begin-
ning of the 21st centuries, significant drops in the av-
erage daily air temperature became more frequent in

Ukraine, the repeated occurrence of which during the
month is almost always accompanied by dangerous
and spontaneous meteorological phenomena, which
requires the scientific community to study and fore-
cast them.

In accordance with the set goal, the study covers
the last three decades, which are characterized by in-
tense global warming. In order to determine the cli-
matic responses in the North-Western Black Sea re-
gion, at the first stage, a study of long-term changes
in the average daily air temperature was carried out,
which reflects the peculiarities of the temporal distri-
bution of air temperature in more detail than the
monthly average. Using the series of observations of
this meteorological quantity in the period 1991-2023
[29], its long-term average values were calculated
and the largest and smallest of them were determined,
which are listed in the table 1.

Table 1

Long-term values of average daily air temperature at St. Odesa in three periods
(I—1991-2000; II — 2001-2010; TIT — 2013-2023)

Average daily temperature, °C
b Average monthly, °C
Mont minimal maximum
1 11 111 1 11 111 1 11 111
December -9,0 -6,4 -3,8 8,5 9,0 9,3 0,6 1,6 2,9
January 9,0 |-11,0 | -9,5 4,5 7,3 7,1 -1,1 -0,2 -0,2
February -7,5 -6,9 -5,3 6,4 7,2 8,5 0,2 0,3 2,1

As can be seen from the table 1, the range of val-
ues of the average daily air temperature has wide lim-
its, but in December from the first (1991-2000) to the
following periods under consideration, the tempera-
ture background is smoothed out, that is, the differ-
ence between its smallest and largest values de-
creases: from 17,5°C (I period) to 15,4°C (II period)
and further up to 13,1°C (IIl period). For January and
February, a similar trend (namely, a decrease in am-
plitude) is characteristic only for the period 2001-
2023: in January — from 18,3 to 16,6°C and in Feb-
ruary — from 14,1 to 13,8°C; from 1991-2000 by
2001-2010, on the contrary, the amplitudes increase
— from 13,5 to 18,3°C in January and from 13,9 to
14,1°C in February.

Thus, it can be stated that the end of the 20th
century was characterized by greater differences in
the average daily air temperature in the study area
than the beginning of the 21st. We also observe large
differences between the given values and the average
monthly air temperature.

At the next stage, the dynamics of the number
of days with average daily air temperature in differ-
ent gradations in the period 1991-2023 were ana-

lyzed. First, the total number of days for certain gra-
dations of air temperature in the period 1991-2023
was determined. For this purpose, the following peri-
ods were analyzed: 903 (1991-2000), 935 (2001-
2010) and 952 (2013-2023). The results of this stage
are shown in table 2.

Analysis of the table 2 indicates that in the last
decade of the 20th century and at the beginning of the
21st, for all months of the winter season, the average
daily air temperature in the range of 0,1...5,0°C pre-
vailed. In December, the number of days with an av-
erage daily air temperature of 0°C and below (from
the previous to the following periods) decreased by
14,9%, in January — by 5,1%, and in February — al-
most twice (from 43,5% in the period 1991-2000 to
22,0% in 2013-2023). And, on the contrary, the num-
ber of days with an average air temperature above
0°C increases with each considered decade.

Thus, on St. Odesa, in the period 1991-2023,
during which 2790 winter calendar days were ana-
lyzed, positive average daily air temperature was ob-
served in 1673 of them and this is 60%. The most in-
tensive growth of the indicator was registered in Feb-
ruary, and the smallest — in January.
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Table 2

The total number of days with average daily air temperature in different gradations at St. Odesa
in three periods (I — 1991-2000; II — 2001-2010; III — 2013-2023)

. Temperature, °C December January February
l from to I 1I I I 1I I I II I
1 -24.9 -20,0
2 -19,9 -15,0 - 5 1
3 -14,9 -10,0 8 4 - 10 9 12 5 11 1
4 -9.9 -5,0 40 29 8 44 47 45 25 32 21
5 -4.9 0,0 77 87 70 | 107 100 101 93 73 45
6 0,1 5,0 123 107 | 151 | 133 128 | 136 130 123 151
7 5,1 10,0 60 76 | 66 16 45 44 28 43 86
8 10,1 15,0 2 71 12 2 - 1
0°C and below 125 120 | 78 | 161 168 159 123 116 67
Above 0°C 185 190 | 229 | 149 173 | 181 160 168 238
Indicator in percentage
0°C and below 40,3 38,7 1254 51,9 | 49,3 | 46,8 | 43,5 40,8 | 22,0
Above 0°C 59,7 61,3 | 74,6 | 48,1 | 50,7 | 53,2 | 56,5 59,2 | 78,0

To study the dynamics of the average absolute
frequency in the period 1961-2023, in the table 3 are
determined for three time periods of the recurrence of
the average daily air temperature according to the
data of meteorological observations: the period of the
last decade of the 20th century, two periods of the
21st century. They include data from the Climatic Ca-

dastre of Ukraine for the period 1961-1990 [30].

In January in the period 1991-2023 temperature
in the range from -24,9 to -20,0°C was not observed,
although in the period 1895-1975 such a value (ac-
cording to the well-known monograph [31]) was rec-
orded on average once every 10 years. The daily tem-
perature ranged from -19,9 to -15,0°C in the period

Table 3

The average number of days with average daily air temperature in different gradations at St. Odesa
in four periods (I - 1961-1990; II — 1991-2000; 111 — 2001-2010; IV — 2013-2023)

Temperature, °C Month
i December January February

from | to I onm | (v |o|m |[1v] I I | | v
1 | -249| -20,0
2 | -199| -150 |0,02 04| - | 05 [009] 0,1
3 ]-149| -100 |03 | 08 |04 21 11,0 09 | 1,1 ] 09 | 05 | L1] 0,09
4199 50 |23 40 [ 290851 |44 | 47 [ 41| 37 | 25 |32 1,9
5|49 00 [85] 77 [87]70]94][107 100 |92] 109 | 93 |73 | 41
6 | o1 50 |13,6] 12,3 |10,7|151|12,0| 13,1| 12,8 |124]| 10,5 | 13,0123 13,7
7151 | 100 |[60] 60]76]|66]20| 1,6/ 45 |40]| 1,7 28| 43| 78
8 | 10,1 | 150 |03 02] 07 | 1,2 0,09 0,2 02| 0.1 | 0,09
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1991-2000 not registered, but already in 2001-2010
was observed 5 times in 10 years or 1 time in 2 years,
which coincides with the period 1895-1975 [31]. In
the years 2013-2023, the daily January temperature
in this gradation was observed on average only 9
times in 100 years. In the central month of winter, the
daily air temperature ranging from -14,9 to -10,0°C
has been observed at the station since 1961, Odesa
already almost every year with a decrease in the num-
ber of days on average by two times, compared to the
norm. The dynamics of the number of days with a
daily air temperature in the range from -9.9 to -5,0°C
tends to decrease: from 5,1 days of the period 1961-
1990 to 4,1 for the period 2013-2023.

In February at the beginning of the 21st century,
the probability of a daily air temperature ranging
from -9,9 to -5,0°C decreases on average, since in the
second half of the 20th century it was 3-4 times an-
nually, and now it is 2-3. 4 similar trend in December
(table 3).

In winter at St. Odesa was dominated by daily
air temperature from 0,1 to 5,0°C in almost all peri-
ods under consideration, with a slight difference in
February in the period 1961-1990, in which the max-
imum falls on the limit of -4,9-0,0°C — 10,9 days. In
the first and last months of the winter season in the
period 2013-2023 (compared to the previous decade)
the number of days with a daily temperature ranging
from 0,1 to 5,0°C increased significantly — by 1,4
days in February and by 4,4 days in December.

In addition, the analysis of table 3 allows us to
state that on Art. Odesa in December from 1961 to
the present (26-29 days) and in February in the pe-
riod 1991-2023 (24-26 days) annual daily air tem-
peratures in the range from -4,9°C to 10,0°C were ob-
served; in January 1961-2023 and in February (1961-

1990), the number of days with a daily air tempera-
ture ranging from -9,9°C to 5,0°C prevailed — 26-28
and 25-26 days, respectively, in the above periods.

In general, the repeatability of average daily air
temperature in higher temperature ranges, which in-
dicates warmer winters, compared to the first half of
the 20th century, has increased in the study region.

Average inter-day variability of air tempera-
ture. As stated in the fundamental monograph [1], an
important indicator of the thermal regime of a certain
territory (point) is the inter-day variability of air tem-
perature. It reflects air temperature fluctuations
caused by advection of heat or cold. Due to the fact
that in the cold period of the year circulation pro-
cesses play a significant role, the inter-day variability
in winter in Ukraine is characterized by the largest
values [1]. For the south of Ukraine, using data of
2790 days about the average daily air temperature at
St. Odesa for three periods: one of the 20th (1991-
2000) and two periods of the 21st (2001-2010 and
2013-2023) centuries, calculated multi-year average
daily air temperatures for each day of a specific
month of the winter season.

For clarity, on the basis of the obtained indica-
tors, graphs of inter-day variability of air temperature
and marked climatic norms (1961-1990) of average
monthly air temperatures were constructed (fig. 1-3).

As can be seen from fig. 1, in December of the
period 2013-2023 an excess of the daily air tempera-
ture in accordance with the climatic norm is clearly
visible. In the period 1991-2010 inter-day variability
has a more unstable thermal regime — in the first dec-
ade of the month (2001-2010), the temperature ex-
ceeds the climatic norm by 0,2-3,8°C (the norm is
1,4°C); the second and almost the entire third decades
are characterized by temperatures that are already lo-
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Fig. 1. Inter-day variability of air temperature (Odesa station, December)
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Fig. 3. Inter-day variability of air temperature (Odesa station, February)

wer than the norm by 0,1-3,4°C.

Analysis of fig. 1-3 allows us to state that only
in January, from the first to the following decades, a
similar trend in changes in the average inter-day var-
iability of air temperature is observed. Multi-year
daily amplitude in December of the period 1991-
2000 is 5,8°C; period 2001-2010 — 7,2°C and 2013-
2023 —4,1°C. In January, from the 1st to the 3rd pe-
riod, the indicator increases from 4,2°C to 5,6°C; in
February, the inter-day variability of air temperature
from 1991 to 2023 stabilizes, as the long-term aver-
age daily amplitude decreases — in the period 1991-
2000 it is equal to 6,8°C; in the next decade — 4,2°C

and in the period 2013-2023 is already 3,2°C. As the
authors of the monograph [1] emphasize, this indica-
tor is 2,2-2,6°C on average in winter in Ukraine.

In addition, as can be seen from Figures 1-3, in
January and February for the last multi-year period
(1991-2023), daily air temperatures significantly ex-
ceed the climatic norm. And only in December (on
average) does the temperature correspond to the cli-
matic norm of 1961-1990.

Thus, in winter, the inter-day variability in the
study area, which reflects air temperature fluctua-
tions caused by advection of heat or cold, and which,
in turn, is related to atmospheric circulation, indicates
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a large spread of indicator values and depends on the
month of the season. In our opinion, this is related to
changes in circulation processes in the Northern
Hemisphere, which were recorded at the end of the
20th and the beginning of the 21st centuries [21, 32],
which is a response in the North-Western Black Sea
region.

In addition to the considered indicators, im-
portant characteristics of the temperature regime of a
certain territory (point) are the maximum, average
maximum, absolute maximum and minimum, aver-
age minimum, absolute minimum air temperature.
Below are the results of the study of the maximum
and minimum air temperature, which were analyzed
for the period 2013-2023 at St. Odesa.

In order to determine the dynamics of the ex-
treme temperature indicators of the modern period,
they were subsequently compared with the climatic
norm (1961-1990).

Indicators of the maximum air temperature at
St. Odesa in the period 1961-2023. The average
maximum air temperature characterizes the warmest
part of the day.

In the table 4 shows the average, the average of
the absolute maxima of air temperature determined
for the period 2013-2023. The listed indicators of the
standard period (1961-1990) and the average
monthly air temperature are given. The average max-
imum air temperature of each month was calculated
as the arithmetic mean of the maximum thermometer.
The average of the absolute maxima of air tempera-

ture was defined as the arithmetic mean of the maxi-
mum values recorded in each month of the analyzed
period. The absolute maximum air temperature is not
given, as it requires an increase in the volume of em-
pirical data for analysis. But in December and Janu-
ary, it exceeded the value of the period 1961-1990,
and in February, on the contrary, its decrease was
recorded.

As can be seen from the table 4, the average and
the average of the absolute maxima of the air temper-
ature in the last period under consideration exceeded
the climatic norm in all months of the winter season,
but the most in February: the average by 3,8°C and
the average of the absolute by 5,2°C.

Analysis of data on the maximum air tempera-
ture at St. Odesa showed that the maximum air tem-
perature was above 0°C in December on 276 days out
of 307, which is 89,9%; in January — 256 days out of
340, which is the least number of days among the
winter months — 75,3%; in February, this indicator is
269 days out of 305 (88,2%).

In general, for the winter season of the period
2013-2023 out of 952 days, 801 days recorded the
maximum air temperature above 0°C, which is
84,1%.

In the table 5 shows the average and largest
number of days with a maximum air temperature
above 0°C for two periods.

As can be seen from the table 5, in the period
2013-2023, compared to the standard climatic period
(1961-1990), the average number of days with a max-

Table 4
Maximum air temperature (°C) at St. Odesa for two periods: I —2013-2023; II — 1961-1990
December January February
Characteristic
I I I II I II
Average 5,9 4.0 3,0 1,1 5,6 1,8
The average of the | ) o 113 11,5 9.4 15,0 9,8
absolute
Average monthly 29 1,4 -0,2 -1,7 2,1 -1,0
Table 5
Number of days with maximum air temperature above 0°C on St. Odesa
in two periods: I —2013-2023; I1 - 1961-1990
December January February
Period, years
average most average most average most
31 30 23 196
2013-2023 27,6 2017, 2019, 23,3 24,5 ’
2023 2020 28
2013
31 29 28
1961-1990 26,0 1974 19,3 1975, 1989 18,1 1989,1990
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imum air temperature above 0°C increased in all win-
ter months: in December — by 1,6 days, in January —
by 4,0 days and in February — by 6,4 days.

At the next stage of the research, using a series
of observations of the minimum air temperature at St.
Odesa in the period 2013-2023, received and ana-
lyzed indicators of the minimum air temperature,
which characterizes the coldest part of the day.

In the table 6 shows the average minimum and
the average of the absolute minimum air tempera-
tures. The listed indicators of the standard climatic

period (1961-1990) and the average monthly air tem-
perature are given. The average minimum air temper-
ature of each month was calculated as the arithmetic
mean of the minimum thermometer. The average of
the absolute minimum air temperatures was defined
as the arithmetic average of the minimum values rec-
orded in each month of the analyzed period. The ab-
solute minimum air temperature is not given, as it re-
quires an increase in the volume of empirical data for
analysis.

As can be seen from the table 6, average mini-

Table 6
Minimum air temperature (°C) at St. Odesa for two periods: I - 2013-2023; II - 1961-1990
December January February
Characteristic
1 1I 1 II I 1I
Average -0,4 -1,1 -3.8 -4.2 -1,4 -3,2
The average of the | 5 9.8 14,6 13,2 9.8 1,
absolute
Average monthly 29 1,4 -0,2 -1,7 2,1 -1,0

mum air temperature in the period 2013-2023 in-
creased (compared to the climatic period) in all
months of the winter calendar season: in January —
by 0,4°C, in December — by 0,7°C, and most in Feb-
ruary — by 1,8°C.

A similar trend is observed with the average of
the absolute minimum air temperatures, but only in
December and February. In January, on the contrary,
the average of the absolute minimums decreased
(compared to the climatic norm of 1961-1990) from
-13,2°C to -14,6°C.

Absolute minima of air temperature, which were
determined for the entire period of instrumental ob-
servations, in the period 2013-2023 were not sur-
passed: in December, -23,1°C (1902), in January, -
28,3°C (1940) and in February, -29,0°C (1929) opin-
ion, the absolute minimum air temperature of the
20th century is unlikely to be changed, taking into ac-
count the global warming of the climate, which began
in the 70s of the last century.

Analysis of empirical data showed that the min-
imum air temperature was 0°C and below in Decem-
ber on 184 days out of 307, which is 59,9%; in Jan-
uary — 258 days out of 340, which is the largest num-
ber of days among the winter months — 75,9%; in
February, this indicator is 195 days out of 305
(63,9%). In general, for the winter season of the pe-
riod 2013-2023 out of 952 days, 637 recorded the
minimum air temperature of 0°C and below, which is
66,9%.

The average and maximum number of days with
a minimum air temperature of 0°C and below in the
period 2013-2023 was also calculated; average: in

December it was 18,4, in January — 23,5, and in Feb-
ruary — 17,7 days; the largest number of days: in De-
cember — 27,0 (2013), in January — 29,0 (2017) and
in February — 24,0 (2017).

Thus, on St. Odesa and in the period 2013-2023,
as well as in previous periods (according to research
by Ukrainian scientists [1, 13]), January remains the
coldest winter month, with an average of 23,5 days
with a minimum air temperature of 0°C and lower.

During the winter season in Ukraine, conditions
are often created for the formation of low air temper-
atures (-10,0°C and below). Such a decrease in air
temperature is considered a dangerous weather phe-
nomenon [1, 32]. As emphasized in the fundamental
monograph [1], the low air temperature is caused by
the intrusion of continental arctic air, which spreads
in anticyclones from the northeast, north, or north-
west behind diving cyclones. Cold anticyclonic
weather is established, during which the Arctic air
undergoes additional radiation cooling, which leads
to a significant decrease in air temperature (-35... -
30°C). For southern regions up to -25°C.

A strong cooling of the air also occurs during the
spread from the east of the spur of the Siberian anti-
cyclone, which is intensified by anticyclones from
the northwest or northeast. If the spur is oriented from
the northeast, cold air can spread over the entire
country. A decrease in air temperature also occurs in
those cases when a high multicenter depression forms
over the southeast of Eastern Europe and Western Si-
beria, behind which there is a significant advection of
cold in the western and southern regions. Long-term
maintenance of air temperature -10,0°C and below in
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combination with atmospheric phenomena nega-
tively affects the activity of many branches of the
economy and, first of all, agricultural production.
Such a decrease in air temperature causes the death
of winter crops, fruit trees, and forest plantations. At
an air temperature of -25,0°C and below, the parts of
machines and mechanisms are destroyed, the opera-
tion of railway transport deteriorates [1].

An important characteristic thermal regime is
the duration of the period with low air temperature,
which can vary widely from month to month: from
several hours to several days. The analysis of empir-
ical data made it possible to analyze this indicator in
the period 2013-2023. It turned out that at Art. Odesa
in December, the longest duration of low air temper-
ature was recorded for 3 days (21, 22, 23) and was
observed in 2021 (-10,0°C); in general, 9 days out of
307 days were registered, that were considered; in
December 2015, 2017, 2019, 2020 and 2023, a tem-
perature of -10,0°C and below was not registered at
the station. In January, the years 2016 and 2021 were
marked by particularly long periods with low temper-
atures (up to 7 days) (-10,0... -19,0°C). Of the 340
days of the 11-year period for the central month of
the winter season, air temperatures of -10,0°C and

below were recorded in 54 days; January 2020 and
2023 were the warmest — no such temperatures were
recorded.

Low temperatures in February 2013-2023 were
observed on 18 days out of 305. Long periods with
temperatures of -10,0°C and below were recorded in
2014 (6 days: 1.02-6.02); 3 days of January (29.01-
31.01) are added to them. In 2018, 4 days (25.02-
28.02) have been determined, followed by an exten-
sion in March, two more days (1.03-2.03). In Febru-
ary 2016, 2020, 2022 and 2023 low temperatures at
Odesa is not recorded.

The authors V.M. Babichenko, S.F. Rudishina,
N.V. Nikolaeva, L.M. Gushchyna [1] the emphasizes
the significant interest of data on the repeatability of
low air temperatures of -20, -25, -30°C and below.
Such a temperature, although it does not last long, of-
ten causes significant damage to agriculture. There-
fore, it was interesting to analyze the presence (ab-
sence) of such temperatures at St. Odesa in the period
2013-2023. In eleven years, only one case with a min-
imum temperature of -20°C and below -21°C was
recorded (January 8, 2015).

Table 7 contains the average number of days
with minimum air temperature in different gradations

Table 7

The average number of days with low air temperature in different gradations
for two periods: I — 2013-2023; 11 — 1961-1990

December January February
Temperature, °C
I II I I I 11
<-10,0 0,9 1,6 4,9 6,1 1,6 3.3
<-15,0 0,1 1,7 1,8 0,2 0,7
< 20,0 0,09 0,2 0,03
<-25,0 0,03 0,03

from 2013 to 2023. To determine the dynamics of this
indicator in months of the winter calendar season, in-
formation of the standard climatic period is provided.

As can be seen from the table 7, on St. Odesa the
number of days with a minimum air temperature of -
10,0°C and below was reduced by half (compared to
the climatic norm) in December. In the range of -
15,0°C and below, not a single case was recorded in
the eleven years of the period 2013-2023. January
also became warmer (compared to the climatic
norm). The number of days with a low air tempera-
ture of -10,0°C and below decreased from 6,1 (1961-
1990) to 4,9 days (2013-2023). In the central month
of the winter season, the minimum air temperature in
the range of -15,0°C and below almost corresponds
to the climatic norm, and in the range of -20,0°C and
below, it has become a rare phenomenon, since the

average number of days in the period 2013-2023 is
0,09 (9 times in 100 years), compared to the period
1961-1990, in which such a temperature was ob-
served once in five years with an indicator of 0,2.

The minimum air temperature of -25,0°C and
below was not observed at all in the first period, while
in the years 1961-1990 it was observed three times in
100 years. In the last month of the winter season, the
number of days with a minimum air temperature of -
10,0°C and below almost halved: from 3,3 (1961-
1990) to 1,6 days (2013-2023); the number of days
with an air temperature in the range of -15,0°C and
below almost tripled: from 7 cases in every 10 years
(1961-1990) to 1 case in every 5 years. On St. Odesa
in the period 2013-2023 the minimum air tempera-
ture in the range of -20,0°C and below was not rec-
orded in February.
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Thus, the beginning of the 21st century is char-
acterized by warmer winter conditions (compared to
the period 1961-1990), which caused a decrease in
the number of days with a low air temperature of -
10,0°C and below.

Daily amplitude of air temperature in the win-
ter season. The authors of the well-known mono-
graph [1] emphasize that the amplitude of tempera-
ture fluctuation is one of the important indicators of
air temperature. Amplitude information is important
for many industries, especially construction, as a
large amount of work is done outdoors. It is also nec-
essary for agricultural production. Amplitude data is
used in weather forecasting. For the territory of
Ukraine, this issue has hardly been studied, despite
its importance and relevance. Daily changes in air
temperature depend on the nature of the weather. In
winter, the largest daily amplitude is due to the move-
ment of atmospheric fronts and a sharp change in air
masses. The periodic daily amplitude is the differ-
ence between the warmest and coldest times.

In this article, aperiodic amplitudes are defined
and analyzed. By definition [1]: 'It is the difference
between the average maximum and average mini-
mum temperature, which gives an idea of the average

daily amplitude and characterizes the instability of
the weather of a given month'.

In the table 8 shows the average daily air tem-
perature amplitude calculated for the period 2013-
2023 and the amplitude of the standard climatic pe-
riod, taken from the climatic Cadastre of Ukraine. As
can be seen from the table §, at the beginning of the
21st century on St. Odesa, during the winter calendar
season, the daily amplitude decreases compared to
the standard climatic period: in December and Janu-
ary — by 1,5-1,6°C, which is almost 30%, and the
largest in February — by 2,0°C and the growth of this
daily air temperature index exceeds 40%.

In the table 9 shows the values of the absolute
amplitude of the air temperature, calculated for each
month of the winter season based on the values of
daily maximums (according to the maximum ther-
mometer) and daily minimums (according to the min-
imum thermometer) of the air temperature.

As can be seen from the table 9, in the winter
season of the period 2013-2023 absolute monthly
amplitude of air temperature at St. Odesa fluctuated
between 22-26°C. The highest temperature was rec-
orded in January (26,2 °C), and the lowest in Decem-
ber (21,5 °C).

Table 8
Average daily aperiodic amplitude of air temperature
Dail ° Ampli °
aily temperature, °C mplitude, °C Difference, °C
Month
: e I 1 (I-10)
Taxtmum e 2013-2023 | 1961-1990
December 5,9 -0,7 6,6 5,1 1,5
January 3,1 3.8 6,9 53 1,6
February 5,6 1,4 7,0 5,0 2,0
Table 9
Daily extremes (¢mar, tmin) and absolute monthly amplitude (4) of air temperature, °C
December January February
Year Uimax Lmin A Lmax Lmin A tmax Lmin A
2013 9,3 -9,0 18,3 13,0 -16,0 | 29,0 10,6 -5,0 15,6
2014 14,8 -11,0 25,8 13,4 -17,0 | 304 11,0 -14,0 25,0
2015 17,0 -8,0 25,0 9,0 -21,0 | 30,9 12,0 -10,0 22,0
2016 12,1 -11,0 23,1 9,8 -19,0 | 28,8 | 22,0 -5,0 27,0
2017 14,0 -5,0 19,0 5,6 -16,0 | 21,5 16,1 -11,0 27,1
2018 9,0 -14,0 23,0 11,7 -12,0 | 23,7 | 12,0 -17,0 29,0
2019 15,0 -8,0 23,0 9,8 -13,0 | 22,8 15,2 -10,0 25,2
2020 12,0 -4,0 16,0 12,0 -7,0 19,0 18,0 -8,0 26,0
2021 13,0 -10,0 23,0 13,0 -19,0 | 32,0 18,1 -14,0 32,1
2022 - - - 14,0 -18,0 | 32,0 14,0 -6,0 20,0
2023 15,9 -3,0 18,9 15,7 -3,0 18,7 15,6 -7,5 23,1
Average 21,5 26,2 24,7
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The amplitude of the air temperature does not
remain constant from year to year and undergoes
fluctuations. The absolute amplitude of air tempera-
ture fluctuations (the difference between the absolute
maximum and the absolute minimum) gives the
greatest changes in air temperature in any part of
Ukraine [1].

Thaw. A characteristic feature of the winter sea-
son in Southern Ukraine is frequent thaws. A day with
a thaw is considered a day when the maximum air
temperature above 0°C is observed against the back-
ground of constant negative air temperature [1].

Intense and prolonged thaws are considered a
dangerous phenomenon. After low air temperature,
they negatively affect the overwintering of winter
crops, reduce their hardening, sharply increase the
consumption of carbohydrates, cause the formation
of an ice crust, water saturation of the upper soil hori-
zon, which during the next decrease in air tempera-
ture can lead to freezing of winter crops. Intensive
melting of snow leads to wetting and washing of win-
ter crops. Freezing and thawing of various metal
structures and building structures reduces their stabil-
ity and prevents construction work. During a thaw,
the walls of buildings get wet, and with the subse-
quent cooling, an ice crust forms on them, which
leads to their collapse. Thaws hinder the movement
of trucks and motor vehicles. Sometimes, during the
thaw, the ice on the rivers breaks in the middle of win-
ter and floods are noted. Frequent change of periods
of thaws with frosts reduces the resistance of the hu-
man body, the number of cold diseases increases.
Thaws are caused by the instability of the weather in
the winter season, are most often found in the south
of Ukraine [1]. Considering the conditions listed
above, it was important to analyze this indicator of
the thermal regime for the St. Odesa, which was car-
ried out based on the data of the maximum air tem-
perature in the months of the winter season for the
period 2013-2023.

In the first month of the winter season, no thaws
were observed in 2017, 2019, 2020 and 2023. In
those years, the maximum air temperature at the sta-
tion during the month was positive. Unfortunately,
there are no data for 2022. /n December, 15 periods
with thaws were characterized by different duration
and intensity. The longest duration was recorded in
2014 and 2021 — 20 days with temperatures from 1,2
to 14,8°C against the background of constant nega-
tive temperature according to the maximum ther-
mometer in the range of 0,0 ... -3,9°C. The thaws of
2018 (duration of 16 days with temperatures of 0,2-
9,0°C against the background of negative tempera-
tures of -1,0 ... -2,9°C) and 2015, in which the dura-
tion of the thaw consisted of 18 days with tempera-
tures of 1,7-17,0°C against the background of neg-
ative temperatures of -1.0... -3.5°C. The thaw in 2013

lasted 19 days with temperatures in the range of 2,0-
9,3°C against the background of much lower negative
temperatures (0,0... -1,0°C).

In January, 340 days (2013-2023) with maxi-
mum air temperature were analyzed and 32 periods
with thaws were determined, which amounted to 226
days in eleven years. Thaws in January (as well as in
December and February) were characterized by dif-
ferent duration and intensity. The longest duration
was recorded in 2014 and 2015 — 21 and 22 days, re-
spectively. The thaw in 2014 was characterized by
maximum air temperatures of 0,2-13,4°C against a
background of constant negative temperature within
the range of 0,0...-8,2°C. Another thaw this year
lasted only 2 days with temperatures of 1,0°C, but
against the background of already lower temperatures
(-5,0... -11,0°C).

The 2015 thaw, which lasted 22 days, was char-
acterized by positive temperatures from 2,0°C to
9,0°C against the background of negative tempera-
tures -1,0... -11,8°C.

The thaws of 2013 (three periods lasting 12, 6,
and 2 days), 2016 (three periods lasting 13, 5 and 1
day), 2017 (four periods lasting 5, 4, 4 and 1 day),
2018 (three periods), 2019 (five periods — 9, 6, 4, 3
and 2 days of different intensity), 2021 (12, 12 and 2
days) and 2022 (10, 10 and 5 days), in which three
periods and the year 2023 (11, 10, 2 and 2 days) are
registered. And only in 2020, no negative air temper-
atures were registered, but only positive ones — in the
range of 1,0-12,0°C.

In the last month of the winter season, 18 periods
(160 days) with thaw were recorded, which ac-
counted for 30% of the total number of days with
thaw. In 2013, 2016, 2020 and 2022, only positive
temperatures were observed and, thus, thaws were
not recorded. Prolonged thaws were registered in
2014 (one period of 24 days with temperatures of 1,0-
11,0°C against the background of negative air tem-
peratures in the range of -2,0...-7,0°C); a similar pic-
ture was observed in 2023 (21 days), 2019 (22 days),
2018 (23 days); 2015 and 2021 turned out to be more
unstable, with frequent thaws of varying duration and
intensity.

It turned out that in the past eleven years, 65
thaw periods were registered, which totaled 539 days
per season. Most often (42% of the total number of
days), they were repeated in January — 32 cases; in
December there were 15 (28%) of such cases, and in
February — 18 (30%).

As stated in the monograph 'Climate of Ukraine'
[1]: 'Thaws significantly affect the regime of snow
cover. The greater the repeatability of thaws, the less
likely it is to form a stable snow cover. Years with
frequent and long thaws are characterized by a small
number of days with snow cover and its low altitude,
and sometimes even a complete absence of snow

-309 -



Cepisa «[eonocis. [eoepagis. Ekonoeis», 2025, eunyck 62

cover. Thaw lasting more than 10 days almost always
leads to snow cover of any height. In winter, when
thaws are rarely observed, the snow cover is always
stable'. Therefore, information about thaws is very
important for the North-Western Black Sea region,
which is the leading highly developed industrial and
agricultural region of Ukraine.

Conclusions:

1. An analysis of empirical data from 1991 to
2023 indicates that the late 20th century was charac-
terized by greater fluctuations in the average daily air
temperature in the study area compared to the early
21st century. During this period, 60% of the days ex-
hibited positive temperature values, predominantly
ranging from 0.1°C to 5.0°C. The most significant in-
crease in temperature was recorded in February,
while the least pronounced change was observed in
January. Overall, the study region has experienced an
increased frequency of average daily air temperatures
within higher temperature ranges, indicating milder
winters compared to the first half of the 20th century.

2. The inter-daily variability of air temperature
at the St. Odesa exhibits significant fluctuations and
depends on the month of the winter season. In our
view, this variability is associated with changes in at-
mospheric circulation processes in the Northern
Hemisphere, which were observed at the end of the
20th and the beginning of the 21st century, and have
consequently influenced the climate dynamics in the
North-western Black Sea region.

3. The average and the mean of absolute maxi-
mum air temperatures during the period 2013-2023
exceeded the climatic norm for all months of the win-
ter season, with the most significant deviations rec-
orded in February: the mean temperature was higher
by 3.8°C, and the mean of absolute maximums ex-
ceeded the norm by 5.2°C. In 84.1% of cases, the
maximum daily temperature was above 0°C. The av-
erage number of days with a maximum temperature
above 0°C increased compared to the climatic norm:
by 1.6 days in December, 4.0 days in January, and 6.4
days in February.

4. The average minimum air temperature dur-
ing the period 2013-2023 exceeded the climatic
norm, increasing by 0.4°C in January, 0.7°C in De-
cember, and reaching the highest deviation of 1.8°C
in February. A similar trend was observed in the
mean of absolute minimum air temperatures, but only
in December and February; in January, however, this
indicator fell below the climatic norm of 1961-1990
by 1.4°C, from -13.2°C to -14.6°C. During the study
period, the number of days with a minimum air tem-
perature of 0°C or lower accounted for 66.9%. At the
Odesa station, January remained the coldest winter
month between 1991 and 2023, with an average of
23.5 days per year registering minimum temperatures
of 0°C or below.

5. The average number of days with a minimum
air temperature of -10.0°C or lower has significantly
decreased over the past eleven years across all winter
months (compared to the climatic norm). This reduc-
tion is most pronounced in December and February,
where the frequency has halved — from 1.6 to 0.8 days
and from 3.3 to 1.6 days, respectively. In January, the
decrease was from 6.1 to 4.9 days. For temperatures
of -15.0°C or lower during 2013-2023, no occur-
rences were recorded in December (compared to a
norm of once per decade). In January, the frequency
remained close to the climatic norm, with an average
of 1.7 days (compared to the norm of 1.8). In Febru-
ary, temperatures of -15.0°C or lower were observed
twice in ten years, whereas the historical norm is
seven times per decade. Minimum temperatures of -
20.0°C or lower have become increasingly rare. In
December, such temperatures have not been recorded
for the entire observational period (1961-2023). In
January, only one occurrence of -20°C or lower (-
21.0°C, recorded on January 8, 2015) was docu-
mented, compared to the norm of once every five
years. In February, no cases were observed, whereas
the historical norm was three occurrences per cen-
tury. Extremely low temperatures of -25.0°C or lower
have not been recorded in the 21st century, while dur-
ing 1961-1990, such temperatures occurred three
times per century in January and February. These
findings indicate that the early 21st century is char-
acterized by significantly milder winter conditions
compared to the 1961-1990 period, as evidenced by
the reduced number of days with extremely low air
temperatures.

6. At the beginning of the 21st century, the
daily aperiodic amplitude of air temperature at the
Odesa station during the winter season has decreased
compared to the standard climatic period. In Decem-
ber and January, the reduction amounts to 1.5-1.6°C,
which corresponds to nearly 30%, while the most sig-
nificant decrease is observed in February — by 2.0°C
— where the decline exceeds 40%.

7. Over the eleven years of the 21st century, 65
thaw periods have been recorded, totalling 539 days.
These periods occurred most frequently in January,
accounting for 32 cases (42% of the total thaw days).
In December, 15 cases (28%) were documented,
while in February, 18 cases (30%) were recorded.

8. The obtained results may serve as a founda-
tion for analysing the dynamics of regional climate
change in the context of global climate transfor-
mations. The rational and timely application of the
climatic information presented in this study will con-
tribute to the development of effective adaptation
strategies, which, in turn, will significantly support
the sustainable development of the country. Future
research will focus on studying the thermal regime
indicators of other southern regions of Ukraine.
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AHaJIi3 IMHAMIKY TeMIIEPATYPHOI0 PeKMMY MiBHIYHO-3aXiIHOTO
IIpu4yopHOMOP’Sl B KOHTEKCTi INI00AIbHUX KJIIMATHYHHUX 3MIH

One: Ipokogh’ce '’

K. TeoTrp. H., IOLIEHT, 3aBiyBay Kade1py METEOpOJIOTii Ta KJIiMaToJIoTii,

! Onecrbkuii HanioHanbHui yHiBepcuTeT imMeni 1.1, Meunukosa, Oneca, Ykpaina;
CTapIIMi HAYKOBUH CITIBPOOITHHK BIJJITY KIIMAaTHYHO OPIEHTOBAHUX arpOTEXHOJIOTIH
2IHCTUTYT KIIIMATHYHO OPIEHTOBAHOTO CilbehKoro rocrogapetsa HAAH Vkpainu
Jwomuna Fonuaposa

K. Teorp. H., IOIEHT Kadeapru MeTeoposIorii Ta KITiMaToJIo i1

Temneparypa HOBITpS, SIK OfHA 3 OCHOBHHX METCOPOJIOTIYHHX BEIMYHMH, BU3HAYAE XapaKTep Ta PEXUM ITOTONH,
BIUIMBAE HA Pi3HOOIYHY JKUTTEMISUIbHICTD JIIONUHA OyIb K01 TepuTopii. Y crarTi, Ha mpukiaai ctannii Oxeca, MpomoHy-
€ThCS CTATHCTUYHUI MiIXiI M0 BU3HAYEHHS PEriOHANBHUX BIATYKIB y TemreparypHoMmy pexumi IliBHiuHO-3aximHOTO
[IpugoprOMOP’s1 Yy 3B’A3KY 3 TIOOANFHIMHE KIIIMAaTHIHUMU 3MiHaMu. [IpoaHaiizoBana 60a3za eMIipu4HAX AaHUX 3a 2790
3MMOBUX KaJIeHAapHUX JHIB nepioxy 1991-2023 pp., B sikux 60% cnocrepiraiach goaTHa cepeans Jo00Ba TeMreparypa
noBiTpst. OTpUMaHi TOKa3HUKHU MOPIBHIOBAINCS 31 CTAHAAPTHOIO KIIIMaTHYHOIO0 HOpMOIo 1961-1990 pp.. [IpoanarizoBana
cepesHs MKI000Ba MIHIMBICTh TEMIIEpATYpH TOBITPS, AOCHIIKEHA JTUHAMIKA eKCTPEMalbHUX TeMIeparyp MOBITps y
nepiox 1961-2023 poku. BuzHaueHo 4nciio AHIB 1 TPUBAJICTh MEPioAy 3 HU3BKOKO Temmneparypoto mositps (-10,0°C i
HIDKUE). 3’sicoBaHO, Mo movaTok XXI CTONMITTS XapakTeph3yeThCsl 3MEHIICHHSAM YHCIIA JHIB 3 HU3BKOIO TEMIIEPaTypoIo
moBiTps -10,0°C i HmK4Ye, TOOTO B PETiOHI BiAMIYArOThCsA OUTHIN TeIuTi 3UMU (TOpiBHSAHO 3 mepiomom 1961-1990 pp.).
HaBonsiTbest 3Ha4eHHST a0COIIOTHOI aMITIITYyI TEMIEPATy Py HOBITPS, SIKi pO3Pax0OByBAIMCS AL KOXKHOTO MiCAIS 3UMO-
BOTO CE30HY 3a 3HAUCHHAMHU JOOOBHX MaKCHMYyMiB Ta JOOOBHX MiHIMyMIB TeMIIepaTypH MOBiTps. BuzHaueHa moOoBa
armepiognYHa aMITITyAa TeMIiepatypu noBitTps. Ha ct. Onmeca 3a oqMHAIIATE OCTAaHHIX POKIB 3apeecTpoBaHO 65 mepiofiB
3 BIITIATOI0, sIKi 32 ce30H HamiuyBaiu 539 nHiB. Haituacrimme (42% 3aranbHOTO 4nciia JHIB) BOHU ITOBTOPIOBANIUCS Y CIUHI
— 32 BuUmajKky; y TPyJHI TAKUX BUIAJKIB 3apeecTpoBaHo 15, mo ckmanae 28% Ta y mortomy — 30% (18 Bumazkis). 3ampo-
MIOHOBAaHMH CTAaTUCTUYHUH MiNXiJ (Ha MPHKIaNi KOHKPETHOI CTaHIlii) € IEBHUM BHECKOM Y BHBYEHHI SIK TEOPETHYHHX,
TaK 1 MPaKTUYHHUX ACTIEKTIB JOCIIKEHHS TEPMIYHOTO PEKHUMY OKPEMHX TEPUTOPIH 3 BUKOPHCTAHHSIM EMITIPUYHUX Ja-
Hux. OTprMaHi pe3yJbTaTd MOXKYTh OyTH BpaxoBaHi JUIsl BUPIIICHHS KOHKPETHUX COLiaIbHO-eKOHOMIYHUX Ta MPUPOIHO-
€KOJIOTTYHHX MpoOJIeM, MepCIeKTHBHOTO TUIAHYBaHHS Ta aJanTaiii pi3HUX Taldy3ed eKOHOMIKH B yMOBaxX II00albHUX
KJIIMaTHYHUX 3MiH.

Kniouosi cnoga: xnimam, nokasHuku mepmiuHo20 pexcumy, KaieHOapHuii ce3on, bazamopiuni Xapakmepucmuxu,
memnepamypHa MiHAUGicms, 8iouea.

BHecOK aBTOpIiB: BCi aBTOPU 3p06UAM PiBHUIA BHECOK Y Lit0 pO6OTY Hagiiiwna 18 ciuna 2025 p.
KoHdniKT iHTepeciB: aBToOpu NOBIZOMAAIOTb NPO BiACYTHICTb KOHDAIKTY iHTEpECiB MpwuiiHaTta 26 notoro 2025 p.
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