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Aim. Identification of trends in the frequency of sharp inter-day decreases in the average daily air temperature of
varying intensity in spring in the agroclimatic zones of Ukraine and their likely change by the end of the twenty-first
century for climate scenarios of representative concentration pathways of greenhouse gas emissions RCP4.5 and
RCP8.5. Methods. Solving the set tasks envisaged the application of both conventional scientific and specialized
research methods: analytical and synthetic — to analyze the current state of research, statistical — to assess the intensity
and significance of changes in the frequency of sharp inter-day air temperature drops of varying intensity, comparative
analysis — to identify their specificities in agroclimatic zones of Ukraine, climatic — to characterize extreme tempera-
ture conditions, modeling — to assess their changes in the short, medium and long term under the implementation of
RCP4.5 and RCP8.5 scenarios. Results. The current state of changes in the extremes of temperature conditions in
spring, in particular, sharp inter-day changes in air temperature of varying intensity (severe, very severe, extremely
cold snaps) in the agroclimatic zones of Ukraine, is considered. Sharp cold snaps aggravate agricultural production
since the decrease in temperature by 4-10 °C or more often leads to light frosts, which may cause partial or complete
death of plants. The specificities of their frequency and intensity in 1981-2020 were determined. It was found that in
spring, the sharpest cold snaps of 4-6 °C in Ukraine occur 2—4 times per season; they are most frequent (3—4 times) in
the western and eastern Forest-Steppe and Polissia. Very severe cold snaps of 6-10 °C are observed 23 times less —
from 6-8 cases in 10 years in the southern Steppe to 13—16 cases in Polissia, in the western and eastern Forest-Steppe.
The extremely cold snaps of 10 °C and more are rare in spring in Ukraine — from 2-3 to 89 cases in one hundred
years. Only several regions can be isolated in Ukraine, where the phenomenon of such intensity can happen in spring
most often. These are Ivano-Frankivsk, Chernivtsi, Zhytomyr, and Odesa regions. In these regions, the inter-day
changes in spring air temperature of 10 °C or more occur 7-9 times in 100 years, whereas in Kherson and Zaporizhzhia
regions, they occur twice in 100 years. This unevenness of spatial distribution of extremely cold snaps is conditioned
by various factors, conditioning them. The trends in the frequency of sudden cold snaps in Ukraine are determined,
and the speed, direction, significance, and reliability of their change during the study period are defined. The regions
with the most significant changes in the frequency of these phenomena are specified. Despite the significant increase in
air temperature during the spring season, especially in March, the frequency of severe cold snaps in 1981-2020 in the
central, western, eastern Forest-Steppe, Chernihiv, and Novgorod-Siverskyi Polissia is increasing, and in the northern
Steppe, it is decreasing throughout the season, except for March. In contrast to severe cold snaps, the frequency of
very severe and extremely cold snaps increases the most in the Steppe and the eastern Forest-Steppe zones, especially
in March. Significant variability of air temperature in March, with a general tendency to increase, indicates a signifi-
cant change in atmospheric circulation during this period, in particular, an increase in the meridional nature of atmo-
spheric processes. The data on the probable change in the frequency of severe cold snaps in 2021-2040, 2041-2060,
2081-2100 relative to the current climate period (1991-2010) for the RCP4.5 and RCP8.5 scenarios are presented.
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It was determined that in the course of the twenty-first century, the frequency of sharp cold snaps in a considerable
territory of Ukraine may decrease, especially under the implementation of RCP8.5 scenario. These changes will be
enhanced with the increase in the phenomenon intensity. Such tendencies are notable for severe and very severe cold
snaps. The greatest changes in the frequency of cold snaps under scenario RCP4.5 are probable in Polissia (14.7—
18.3 % in the middle of the century and 14.7-21.3 % at the end of the century in comparison to 1991-2020); however,
they will decrease further south, reaching 6—12 % in the southern Steppe. The volume of extremely cold snaps will
also decrease considerably in the Steppe zone and the eastern Forest-Steppe (down to 70 % and more at the end of the
century), but in Polissia, in the western and central Forest-Steppe, their volume may increase at the end of the century
compared to its beginning (1991-2020). The greatest changes are probable in Polissia, in particular, in Rivne region,
which may encounter almost 1.3 times more extremely cold snaps. Under the implementation of RCP8.5 scenario, in
spring, the frequency of severe and very severe cold snaps will decrease in the entire territory of the country both in
short- and mid-term perspective, even in Polissia (from 8 to -28 % in 2021-2040 to 8-19 % in 2041-2060). By the end
of the century, there may be 1.8-9.3 % fewer cold snaps in the entire region. The frequency of very sharp decreases in
air temperature may decrease almost by 23 % in Chernihiv region. In the rest of the territory, their frequency will not
change considerably, and in Rivne region and Volyn, it may increase by 10.3—17.2 %. There may be almost 1.5 times
more extreme cold snaps in Polissia by the end of the century compared to 1991-2020, except for Chernihiv region,
where their frequency will continue decreasing to 37.7 %. These changes may be extremely dangerous for agriculture
since, under such a cold spell, the minimal air temperature may drop below 0 °C, and the occurring light frosts may
damage the crops considerably, especially if the air temperature increases significantly by the end of the century in this
region, and the vegetation period starts sooner. Conclusions. It was determined that despite a considerable increase
in air temperature in Ukraine, Europe, and Arctic latitudes, the earlier beginning of the warm season and vegetation
season, the number of spring days with severe, very severe, and extremely severe cold snaps is increasing in almost
the entire territory of Ukraine. The north-eastern and eastern regions of the country are most vulnerable due to the
registered highest increase in air temperature and frequency of sharp cold snaps. There may be fewer sharp cold snaps
in the short- and long-term perspective in Ukraine as compared to the current climatic period. Still, the frequency of
extremely cold snaps (over 10 °C a day) will increase by the end of the century, especially in Polissia, and the western
and central Forest-Steppe. These changes may result in premature termination of the vegetation period, damage to
primordia and fruits, impairments to normal plant development, and a significant effect on crop productivity.

Key words: climate change, extreme air temperature, cold snaps, light frosts, climate change projections, scenarios of
representative concentration pathways RCP4.5 and RCPS.5.
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INTRODUCTION

A considerable increase in air temperature, observed
on our planet in recent decades, causes ever-increasing
human, financial, and ecological losses. The changes
in the temperature regime, frequency, and intensity of
extreme temperatures triggered considerable changes
not only in the atmosphere but also in hydrosphere,
cryosphere, lithosphere, and biosphere and became a
challenge for sustainable society development (IPCC,
2021). According to the data of the World Meteorologi-
cal Organization (WMO, 2021), in the last 50 years,
11,000 natural disasters have been caused by danger-
ous weather, climate, and water-related phenomena,
due to which 2 million people died, and there has
been economic loss in the amount of USD 3.6 trillion.
From 1970 till 2019, 1,672 registered dangerous phe-
nomena in Europe led to the death of 159,438 people
and economic loss in the amount of USD 476.5 billion
(WMO, 2022). In 2021, only in Asia, the danger due to
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weather and water caused damage for a total amount of
USD 35.6 billion, impacting almost 50 million people
(WMO, 2022).

The number of sharp cold snaps decreases with the
increase in temperature. Still, their intensity does not
change much in considerable territories in Europe, the
USA, and northern-eastern Asia despite rapid warm-
ing in the Arctic regions, which brings the risks relat-
ed to short-term decreases in the air temperature. For
instance, in 2021, only in France, light frosts caused
damage to agriculture in the amount of over USD 4.6
billion (WMO, 2022; Devot et al, 2023; Lamichhane,
JR, 2021).

Many scientific works both abroad and in Ukraine are
dedicated to the study of sharp changes in air tempera-
ture, especially warming and heat waves. Still, sharp cold
snaps, especially in the current climatic period, are un-
derinvestigated and require attention, and their impact
is extremely important, especially in the agrarian sector
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(Zampieri et al, 2017; Parry et al, 2013; Cohen et al,
2021; Veron et al, 2015, Polevoy et al, 2021; Polevoy,
2017).

Severe cold snaps in winter and transition periods
impact human health, especially respiratory and car-
diovascular systems, cause an increase in the number
of respiratory diseases, lead to hypercooling of the or-
ganism and even death of people (Stellman,1998; Ha-
man et al, 2022; Lopez-Bueno et al, 2021). Sharp cold
snaps, especially if accompanied by precipitation, are
also of serious consequences for transportation, infra-
structure, and energetics since flights are cancelled,
airports are closed, there are longer lines on the roads,
there is a much higher demand for electricity to ensure
heating of buildings (Marengo et al, 2023; Afel et al,
2017; Saad et al, 2022).

Spring cold snaps are a limiting factor for crop de-
velopment and may have a destructive effect on ag-
riculture and the production of food products in the
entire world. It will affect not only plants but agri-
cultural infrastructure and economy of local districts
as well as entire countries. The losses and expenses,
related to sharp cold snaps, are complex since they
depend on the intensity and duration of the weather
phenomenon (Hatfield et al, 2011; Jendritzky, 1999;
Wei, 2024).

The impact of sharp inter-day changes in air tem-
perature becomes evident even when their values ex-
ceed 4 °C in one day. The organism of a healthy person
adapts to inter-day temperature flexibility within 4 °C
easily, without any apparent burden for the adaptation
mechanisms (Stellman, 1998). However, a change in
temperature by 4-6 °C is already notable, and above
6 °C, it irritates the human organism and promotes the
aggravation of current diseases. The most dangerous
inter-day change is the decrease in the average daily air
temperature by 10 °C or more, since it affects not only
the human organism, but also the energetics, trans-
port, agriculture, construction, infrastructure, and other
branches (Motha, 2011; Forzieri et al, 2018).

According to the estimates of the working group
of the Intergovernmental Panel on Climate Change
(IPCC), by the end of the twenty-first century, the air
temperature will keep increasing, the frequency and
duration of heat waves will be higher, and extreme phe-
nomena, related to low temperatures, will occur (IPCC,
2021). Therefore, the frequency and intensity of ex-
treme events, related to air temperature, will increase
further, which requires elaborating strategies and plans
for adapting to climate change, and thus information
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about the regional specificities of the formation of
these phenomena, their dynamics, possible changes in
the mid- and long-term perspective and the develop-
ment of the operating system of warning about extreme
weather conditions.

The aim of the study is to determine trends in the
change in the frequency of sharp inter-day decreases
in the average daily air temperature of varying inten-
sity in spring in the agroclimatic zones of Ukraine
and their likely change by the end of the twenty-
first century for climate scenarios of representative
pathways of greenhouse gas emissions RCP4.5 and
RCP8.5.

MATERIALS AND METHODS

The study on the frequency and dynamics of sharp
inter-day changes in air temperature was conducted
using daily data about the average daily air tempera-
ture from the network of hydrometeorological moni-
toring of Ukraine for 1981-2020. Only the data for
1981-2013 were used regarding the AR of Crimea
and parts of Donetsk and Luhansk regions, occupied
since 2014.

Considering the impact of sharp inter-day changes in
air temperature (SCT) on economy branches and hu-
man organism for the identification of the degree of
their intensity and danger, the following quantitative
criteria were accepted: SCT <4 °C in 24 h and less —
the changes are insignificant; 4 < SCT < 6 °C in 24 h
and less — severe sharp cold snaps; 6 <SCT <10 °C in
24 h and less — very severe cold snaps;, SCT > 10 °C in
24 h and less — extremely sharp cold snaps.

The statistical evaluation of the time-wise change in
the frequency of sharp cold snaps of different inten-
sity was conducted using the analysis of time series:
the form and the direction of the time series trend was
determined using the regression analysis, and its sta-
tistical significance (p) was evaluated. Considering the
recommendations of the [PCC, the following criteria
were used to assess the share of uncertainty regard-
ing the change in the frequency of sharp cold snaps
(IPCC, 2013): the change is practically undoubted (p
< 0.01, probability 99—100 %); very probable (0.01
< p < 0.1, probability 90-99 %); probable (0.1 < p <
0.34, probability 66—-90 %); the change is equally prob-
able and improbable (0.34 < p < 0.67, probability 33—
66 %); hardly probable (0.67 < p < 0.90, probability
10-33 %); very hardly probable (0.90 < p < 0.99, pro-
bability 1-10 %); extremely hardly probable (p > 0.99,
probability 0-1 %).
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The results obtained helped determine the most vul-
nerable regions, where these phenomena may cause
considerable risks for the life and activity of people and
sustainable work of economy branches.

The probable change in the frequency of sharp cold
snaps in the agroclimatic zones of Ukraine was evalu-
ated using the data from 14 regional climate models
of the EURO-CORDEX project (Hennemuth, 2017,
Jacob et al, 2020; Jacob et al, 2023). The evaluation
of climate change involves two scenarios (RCP4.5 and
RCPS8.5), which describe different pathways of green-
house gas emissions, their concentration in the atmo-
sphere, and changes in land use in the XXI century.
These were used in the fifth assessment report (ARS) of
the IPCC and called the Representative Concentration
Pathways (RCPs) of greenhouse gas emissions (IPCC,
2013). RCP scenarios define the total volume of the
additional radiation exposure by 2100 as compared to
the pre-industrial period (1750) due to higher anthro-
pogenic impact: 4.5 Wt/sq.m. and 8.5 Wt/sq.m. for sce-
narios of RCP4.5 and RCPS8.5, respectfully. In all the
RCP scenarios, by 2100, the concentration of CO, in
the atmosphere will be higher compared to the current
period due to a long-term increase in CO, released into
the atmosphere in the 21 century. Considering the con-
centration of CH, and N, O, the total equivalent concen-
trations of CO, by 2100 will be 630 ppm (RCP4.5) and
1,313 ppm (RCP8.5) (IPCC, 2013). The increase in the
global average annual air temperature by the middle
of the 21* century for RCP4.5 is expected to be 0.9
2.0 °C, and for RCP8.5 — 1.4-2.6 °C. By the end of the
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century, these changes may be within 1.1-2.6 °C and
2.6-4.8 °C, respectively (IPCC, 2013).

The climate forecasts for the change in the frequency
of sharp cold snaps were obtained by the ensemble data
of 14 climate models regarding the average monthly
and seasonal values of the number of cases of sharp
inter-day temperature changes in 2021-2040, 2041-
2060, 2081-2100 regarding the current climatic period
(1991-2010) for scenarios RCP4.5 and RCP8&.5.

RESULTS OF INVESTIGATIONS

The analysis of the number of cases with sharp
changes in the average daily air temperature of over
4 °C a day demonstrated that in Ukraine, in 1981-2020,
the highest frequency (73 %) was registered for severe
sharp changes in temperature from 4 °C to 6 °C in 24
h and very severe ones (25 %) — from 6 °C to 10 °C in
24 h. Extreme SCT of over 10 °C are about 2 %.

The highest frequency of sharp cold snaps is not-
ed in winter: 34.1 % — severe, 42.2 % — very severe,
75.7 % — extreme (Fig. 1). A considerable frequency
of SCT is also remarkable for transition seasons. In au-
tumn, severe and very severe cold snaps occur more
frequently than in spring. The frequency of severe SCT
in autumn is 28.6 %, while in spring — 20.3 %, very
severe — 25.8 % and 20.8 %, respectively. However,
extreme SCT are mostly observed in spring (11.0 %).
Only 0.8 % of cold snaps of such intensity a year are
noted in autumn. The lowest frequency of SCT is nota-
ble for summer: 17.2 % — severe, 11.9 % — very severe,
and 0.2 % — extreme (Fig. 1).

extremely severe
022\ — 0.8

9

I:l autumn

. summer

Fig. 1. The frequency (%) of sharp inter-day changes in air temperature (cold snaps) of different intensity in Ukraine in the

course of the year
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The significant frequency of sudden cold snaps in
spring has a negative impact on agricultural production
since a decrease in the average daily air temperature
by 4-10 °C or more during the growing season often
causes the formation of frosts on the soil and in the air,
and can lead to partial or complete plant death.

It has been established that the spatial distribution of
the frequency of sharp cold snaps changes throughout
the year, indicating a change in the synoptic processes
that cause them. In winter, severe and, especially, very
severe and extremely cold snaps are typical for the
eastern regions of the country, while in the south they
are much less frequent. In the spring, sharp cold snaps

are most often observed in the western and northern
regions of the country, particularly in Polissia, and in
the east. The summer period is characterized by the
highest frequency of sharp cold snaps of varying in-
tensity in the west of the country. In autumn, severe
cold snaps are most often observed in the eastern,
northern, and central regions of the country, where
this phenomenon is possible more than four times per
season. Very severe cold snaps in autumn are possible
throughout the country 1-2 times per season. They
are most common in the eastern, central, and southern
regions. Their frequency is twice lower in Volyn. Ex-
treme SCTs occur rarely in Ukraine — 7 times in 100

Table 1. The number of days per year and spring with sharp changes in the average daily air temperature of varying intensity

in the agroclimatic zones of Ukraine

Severe sharp cold snaps Very severe cold snaps Extremely severe cold snaps
Region
year spring year spring year spring
Polissia

Volyn 14.0 34 4.4 1.1 0.27 0.04
Zhytomyr 14.4 33 5.2 1.3 0.35 0.07
Rivne 14.9 34 5.2 1.3 0.32 0.05
Chernihiv 15.0 3.2 6.0 1.2 0.49 0.04

Western Forest-Steppe
Ivano-Frankivsk 17.2 3.6 7.0 1.6 0.43 0.09
Lviv 14.6 3.5 4.9 1.1 0.29 0.03
Ternopil 14.5 34 5.2 1.3 0.26 0.03
Chernivtsi 13.9 2.8 5.2 1.2 0.37 0.08

Central Forest-Steppe
Vinnytsia 13.8 3.1 5.2 1.2 0.35 0.06
Kyiv 14.6 34 5.5 1.3 0.38 0.03
Khmelnytsky 14.4 33 5.2 1.3 0.21 0.04
Cherkasy 14.4 2.9 5.3 1.3 0.45 0.03

Eastern Forest-Steppe
Poltava 15.4 33 5.7 1.3 0.55 0.06
Sumy 15.8 33 6.1 1.1 0.65 0.03
Kharkiv 15.5 3.1 6.5 1.3 0.65 0.03

Northern Steppe
Luhansk 14.9 3.0 6.9 1.2 0.78 0.01
Dnipropetrovsk 15.0 2.8 6.0 1.1 0.40 0.04
Donetsk 14.2 2.7 6.3 1.1 0.52 0.04
Kirovohrad 14.8 2.9 5.3 1.1 0.36 0.06
Southern Steppe

Zaporizhzhia 13.3 2.1 5.2 0.8 0.22 0.02
Mykolayiv 13.4 2.1 4.5 0.8 0.28 0.04
Odesa 12.3 2.2 43 0.9 0.27 0.08
Kherson 12.9 2.1 4.2 0.6 0.25 0.02
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years — four warmings and three coolings. Extremely
sharp cold snaps are most frequent in the eastern and
southern regions of the country, and the warming — in
the northern and central regions.

An analysis of the spatial distribution of cold snaps
of varying intensity in the country’s agroclimatic zones
showed that their highest frequency is characteristic of
the Ukrainian Carpathians, particularly Ivano-Frankivsk
region. In this region, the highest annual frequency of se-
vere and very severe cold snaps was observed — 17.2 and
7.0 cases, respectively. This region is also characterized
by the highest frequency of sharp cold snaps of varying
intensity in spring: 3.6 cases of severe, 1.6 cases of very
severe, and 0.9 cases of extremely cold snaps (Table 1).
The frequency of sharp cold snaps is high in the eastern
Forest-Steppe, in particular, in Sumy and Kharkiv re-
gions, as well as in the northern Steppe, Luhansk region,
where 14.9-15.8 severe cold snaps are recorded per year
(3.1-3.3 cases in spring); 6.1-6.9 cases of very severe
cold snaps (1.1-1.3 in spring). However, extremely cold
snaps are rare (Table 1). It should be noted that a signifi-
cant number of sharp drops in air temperature in spring
are also characteristic of the western Forest-Steppe. The
lowest frequency of severe cold snaps is in the south-
ern Steppe, particularly in Odesa and Kherson regions:
12.3-12.9 cases per year and 2.1-2.2 in spring (Table 1).

The analysis of the dynamics in the frequency of days
per year with severe SCT during 1981-2020 showed
that there are heterogeneous trends in the frequency
of this phenomenon in Ukraine. In the western, south-
ern, and partially central regions of the country, their
frequency is very probable (>90 %) to decrease, while
in the eastern Ukraine and right-bank Polissia, it is in-
creasing. The seasonal peculiarities of the dynamics of
severe cold snaps have been identified. In winter, a de-
crease in the frequency of such phenomena is observed
almost throughout the country, especially in the west
of Ukraine and right-bank Polissia. A significant de-
crease in the frequency of severe SCTs is also observed
in autumn, especially in the south-western, southern,
and south-eastern regions of the country. In summer,
and especially in spring, the number of severe SCTs
increases almost throughout the country, even though
during this period, there is a tendency for a significant
increase in air temperature (Fig. 2).

In spring, the largest increase in the number of cases
of severe cold snaps during 1981-2020 was observed in
the central, western, eastern Forest-Steppe, Chernihiv
and Novgorod-Siverskyi Polissia. The northern Steppe
during this period is characterized by a decrease in the

8

frequency of such phenomena throughout the season,
with the exception of March. It should be noted that in
the western Forest-Steppe, the trends to the increase in
the frequency of severe sharp drops in air temperature
are notable for the entire spring season (Fig. 2).

The frequency of very severe SCTs throughout the
year in Ukraine did not change considerably either.
Over the course of the year, they are also characterized
by a decrease in the frequency of occurrence in autumn
and, especially, in winter and an increase in summer
and spring over a large part of the country. In contrast
to severe cold snaps, the frequency of very severe cold
snaps increases the most in the Steppe and eastern
Forest-Steppe zones, especially in March (Fig. 3). This
month is characterized by their intensification through-
out the country, and most significantly in the Steppe
and eastern Forest-Steppe zones (Fig. 3). In April, in
the western Forest-Steppe and the Volyn Polissia, there
is a significant decrease in the frequency of severe cold
snaps, although in the eastern Forest-Steppe their fre-
quency increases. In May, changes in the frequency of
this phenomenon are not significant almost through-
out the country, with the exception of Volyn Polissia,
which is notable for a tendency to the increase (Fig. 3).

For extremely cold snaps, when inter-day changes
in the average daily air temperature are 10 °C or more,
an increase in their frequency has been observed over
the past 40 years in the Steppe zone, especially in
Odesa and Mykolaiv regions and the eastern Forest-
Steppe region in Kharkiv and Luhansk regions (Fig.
4). The increase in their frequency is most signifi-
cant in March and remarkable for the entire territory
of Ukraine, and most of all for the Steppe and east-
ern Forest-Steppe zones. In April, there is a signifi-
cant decrease in the frequency of such phenomena,
especially in the right-bank Polissia and the western
Forest-Steppe. In the eastern Forest-Steppe, there is a
tendency to their higher frequency. May is character-
ized by insignificant changes in the frequency of cold
snaps of this intensity (Fig. 4).

The analysis of the probable changes in the frequen-
cy of sharp changes in air temperature by the end of
the century under different scenarios of greenhouse gas
emissions and land use showed that both sudden warm-
ings and sharp cold snaps will probably be less fre-
quent in Ukraine in the short and long-term compared
to 1991-2010. By the end of the twenty-first century,
these trends toward a decrease in the frequency of such
phenomena will intensify and be most pronounced in
the northern, Polissia, and eastern regions of the coun-
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10

AGRICULTURAL SCIENCE AND PRACTICE Vol. 11 No.3 2024



CHANGES IN THE FREQUENCY OF SHARP COLD SNAPS IN SPRING DURING THE XXI CENTURY

very severe cold snaps, spring
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try. Such trends are typical for RCP4.5 scenario and
especially for RCP8.5 scenario, under which this de-
crease is expected to be more significant. It has been
established that the greatest changes will probably be
observed in winter, especially in the northern, north-
eastern, and eastern regions of the country, where the
frequency of sharp temperature changes will decrease
by the end of the century. In summer, sharp tempera-
ture changes, especially sharp warmings, will probably

increase, especially in the southern and south-eastern
regions under RCP8.5 scenario.

It was established that in spring, under RCP4.5
scenario, the frequency of sharp cold intrusions
will decrease throughout the country in the twen-
ty-first century (Table 2). These changes will be
enhanced with the increase in the phenomenon in-
tensity. Such tendencies are notable for severe and
very severe cold snaps. It should be noted that the

Table 2. The projection of the change in the number of spring days (%) with a sharp drop in the average daily air temperature
in 2021-2040, 2041-2060, 2081-2100 compared to 1991-2010 under RCP4.5 scenario

Severe cold snaps 4-6 °C Very severe cold snaps Extremely cold snaps over
in24 h 6-10°Cin24 h 10°Cin24h
Region
2021- 2041- 2081— | 2021- | 2041- | 2081- | 2021- | 2041- | 2081-—
2040 2060 2100 2040 2060 2100 2040 2060 2100
Polissia
Volyn —12.1 -18.3 —-15.5 -16.6 —24.1 -15.4 -37.6 79.5 443
Zhytomyr -11.9 -14.9 —-14.7 -13.2 -22.4 -22.7 -12.0 59 453
Rivne -10.2 -17.5 -17.0 -16.6 -27.2 -16.8 3.6 118.6 134.1
Chernihiv —-10.6 —-14.7 -21.3 -23.8 -32.2 -30.3 -37.8 -253 —40.4
Western Forest—Steppe
Ivano—Frankivsk -10.3 -15.4 -14.0 -5.2 -12.7 -1.2 -29.8 -49.6 1.5
Lviv -9.0 -13.9 —-14.9 -7.4 -19.2 -0.3 -253 18.5 224
Ternopil -8.3 -17.3 -14.2 -5.6 -17.4 -6.4 -10.2 -3.3 18.8
Chernivtsi -7.3 -12.9 -10.2 -5.4 -13.9 -7.7 -28.3 —-14.3 1.8
Central Forest—Steppe
Vinnytsia -3.1 -12.8 —-11.1 -20.3 -20.9 -26.3 —-19.7 -10.4 7.5
Kyiv -9.8 -13.4 -18.1 -19.2 -25.1 -26.0 19.3 23.2 33.8
Khmelnytsky -7.8 -14.3 -15.0 -7.0 -19.5 -10.0 —-14.7 133 11.5
Cherkasy -6.7 -13.0 -15.9 -25.8 -25.8 -31.8 133 24.0 -41.3
Eastern Forest—Steppe
Poltava -6.3 -8.2 —-14.5 -23.8 -27.3 -34.8 -20.9 -36.1 —43.2
Sumy -8.4 -12.9 -17.3 -27.7 -34.0 -36.7 —-40.7 -42.9 -38.4
Kharkiv -4.2 -10.8 —-14.7 -26.7 -27.5 -30.5 -42.2 -55.2 -53.2
Northern Steppe
Luhansk -7.2 -11.6 -18.9 -22.5 -31.0 -32.5 -47.0 —45.5 —63.2
Dnipropetrovsk -1.0 =55 -9.1 -23.2 =227 -23.5 -37.1 —45.5 —68.5
Donetsk -5.6 -11.6 —-14.8 -15.8 -20.8 -22.8 -28.2 -31.8 —69.1
Kirovohrad 1.0 -5.7 -8.9 -30.0 -29.5 -354 -18.3 -36.9 -63.9
Southern Steppe
Zaporizhzhia 5.3 -11.9 -9.6 —-11.1 -13.8 -23.5 -13.6 -38.1 -77.2
Mykolayiv 1.7 —-6.0 -7.7 -30.6 -27.6 -34.0 5.8 —46.8 -75.4
Odesa -1.6 -8.0 -9.9 -25.2 -22.9 —24.4 —43.3 -50.5 —64.0
Kherson -2.5 -12.0 -9.9 -20.9 -17.9 -27.0 -17.9 -58.9 -96.3
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highest changes in the cold snaps are probable in
Polissia (14.7-18.3 % in the middle of the centu-
ry, and 14.7-21.3 % at the end of the century), but
they will decrease further south, reaching 6—12 % in
the southern Steppe. As for very severe cold snaps,
the greatest changes are remarkable for the eastern
Forest-Steppe, where they will vary within 27-34 %
in the middle of the century, and, at the end of the
century, will amount to 30-35 % compared to the
current climate period. The volume of extreme cold

snaps will also decrease considerably in the Steppe
zone and the eastern Forest-Steppe (down to 70 %
and more at the end of the century), but in Polissia,
in the western and central Forest-Steppe, their vol-
ume will increase at the end of the century compared
to its beginning (1991-2020). The greatest changes
are probable in Polissia, in particular, in Rivne re-
gion, which may encounter almost 1.3 times more
extremely cold snaps (Table 2). These changes may
be extremely dangerous for agriculture, since under

Table 3. The projection of the change in the number of spring days (%) with a sharp drop in the average daily air temperature
in 2021-2040, 2041-2060, 2081-2100 compared to 1991-2010 under RCP8.5 scenario

Severe cold snaps 4-6 °C Very severe cold snaps Extremely cold snaps over
in24h 6-10°Cin24h 10°Cin24h
Region
2021- 2041- 2081— | 2021- | 2041- | 2081- | 2021- | 2041- | 2081-
2040 2060 2100 2040 2060 2100 2040 2060 2100
Polissia
Volyn —11.6 -8.0 -7.3 —-14.0 -7.7 17.2 14.6 87.2 154.3
Zhytomyr -7.9 2.4 -1.8 -17.8 —-15.1 -0.7 —64.4 22.0 26.9
Rivne —-10.0 -39 =5.1 -16.2 —11.8 10.3 -16.9 12.3 172.4
Chernihiv -10.9 —-13.5 93 -27.5 —-19.0 -22.9 —-13.0 -9.9 -37.7
Western Forest—Steppe
Ivano—Frankivsk -94 =35 0.4 -19.6 23 35.1 24 -7.0 104.3
Lviv -10.4 —4.8 -0.3 -17.3 2.0 259 -48.4 -22.6 9.6
Ternopil —11.2 7.1 1.4 -20.1 -3.0 25.8 -8.4 27.2 57.4
Chernivtsi -8.1 -1.8 3.1 —-18.3 4.4 30.3 23.9 44 .4 174.1
Central Forest—Steppe
Vinnytsia =5.1 -1.0 4.7 -16.5 -9.9 7.9 -50.0 25.7 29.2
Kyiv —6.6 -6.9 -3.6 -22.9 —-15.8 -8.4 -57.8 -16.6 -60.3
Khmelnytsky -9.1 -1.6 2.9 -16.3 —6.7 16.1 —-15.5 45.2 100.0
Cherkasy -6.0 =35 —0.8 —24.2 —-18.7 -8.9 —43.2 -323 15.8
Eastern Forest—Steppe
Poltava -7.5 -5.8 —6.4 -32.7 -24.6 —-18.3 -31.5 -32.7 —4.1
Sumy —11.1 —-11.0 —-10.8 -33.9 -27.2 -27.4 -20.4 -23.7 | =309
Kharkiv —13.1 -7.9 -12.1 -32.2 -20.0 -25.0 -523 =722 | 405
Northern Steppe
Luhansk -12.7 -8.8 —8.6 -26.4 -14.9 -30.4 -76.4 -78.4 -53.6
Dnipropetrovsk -7.9 -1.8 -1.1 -29.7 —-18.1 -14.8 -67.0 —67.6 —44.9
Donetsk -15.4 -11.2 -10.4 -25.5 —-14.8 -22.5 —63.7 -58.8 -54.4
Kirovohrad -3.1 0.7 5.7 -29.5 -17.0 -12.8 -54.6 —65.1 —24.1
Southern Steppe
Zaporizhzhia -13 -8.9 8.1 -23.5 -16.0 —-11.8 —-86.0 —74.6 —24.7
Mykolayiv 5.3 1.0 4.9 -29.2 —-18.2 -10.1 =739 | —-111.2 —41.2
Odesa -5.5 0.3 7.1 -27.9 —-12.6 3.8 —61.2 —81.8 -21.8
Kherson -10.4 -5.2 0.7 254 -17.6 —-11.5 -84.9 | -129.9 -36.4
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such a cold intrusion, the minimal air temperature
may drop below 0 °C, and the occurring light frosts
may damage the crops considerably.

Under RCP8.5 scenario, in spring, the number
of cases with severe and very severe cold snaps
per season will decrease in the entire territory of
Ukraine both in short-, mid-, and long-term per-
spective. The change in their frequency will be
enhanced by the increase in the phenomenon in-
tensity by the end of the century (Table 3). For
instance, in 2021-2040, in Polissia, the number of
this phenomenon occurrences is expected to de-
crease by 7.9-27.5 %, in 2041-2060 — by 8.0—
19.0 % as compared to 1991-2020. The changes in
the frequency of extreme cold snaps will be more
significant and fluctuate in 2021-2040 from -64.4
% in Zhytomyr region to +14.6 % in Volyn. In the
middle of the century, there will probably be a con-
siderable increase in the frequency of such danger-
ous phenomena from 12.3 % to 87.2 % almost in
the entire territory of Polissia, except Chernihiv re-
gion. By the end of the century, there may be almost
1.5 times more extremely cold snaps in the region
compared to the current climate period, except for
Chernihiv Polissia, though the air temperature will
increase considerably. These changes are especially
dangerous, since, due to the changes in the tempera-
ture mode and moisturization mode, favorable con-
ditions were formed in Polissia for the cultivation
of oil crops and cereals, the so-called oil-grain belt
(Tarariko et al, 2024). These plants are highly vul-
nerable to such drops in air temperature, especially
at the beginning of their development, which may
cause a considerable yield loss.

The same tendencies were noted for the western and
central Forest-Steppe (Table 3). However, in the Steppe
and eastern Forest-Steppe, the number of sharp cold
snaps will decrease by the end of the century. These
changes will be enhanced with the increase in the phe-
nomenon intensity (Table 3).

DISCUSSION

Agricultural production is one of the economy branch-
es, most vulnerable to climate change. Changes in en-
vironmental factors, including air temperature, precipi-
tation, and wind speed, affect crop growth cycles, the
frequency of extreme weather phenomena, and the emer-
gence of pests and diseases, which ultimately affects
crop yields and quality (Lesk, 2016; Devi et al, 2023,
Miedema, 1982; Polevoy et al, 2004; Polevoy, 2013).

AGRICULTURAL SCIENCE AND PRACTICE Vol. 11 No.3 2024

Cold spring weather has a negative impact on crops,
especially those that were sown earlier than usual in
the hope of an early harvest. Low temperatures slow
down germination, emergence, and vegetative growth,
and can lead to freezing of plants, seedling death, or
significant damage.

In case of negative air temperatures, the water in
plant cells begins to freeze, which can lead to cell
damage due to the formation of ice, which destroys
their membranes and kills the plants (Miedema,
2008). Cereals are the most vulnerable to sharp cold
snaps, especially corn, which is sensitive to frost at
all stages of its growth cycle (Barlow et al, 2015;
Grotjahn, 2021; Elmore, 1995).

Vegetables, especially heat-loving ones, such as
peppers, eggplants, and tomatoes, are also sensitive
to frost. Frosts can damage not only the crops but
also the seeds in the fruit, which can lead to reduced
germination and problems with future crops (Bozh-
ko, 2013). For example, tomato or pepper seeds may
become unusable for future harvests after an autumn
frost. If the temperature drops to critical levels, it
can slow down the growth of crops or even lead to
their death. Plants that have already begun to blos-
som may lose their ability to fertilize, which reduces
yields. For such crops as wheat, corn, and soybeans,
this can have catastrophic consequences (Brown &
Blackburn, 1987). On the other hand, for fruit trees
such as apples, pears, apricots, cherries, and other
trees, a sharp cold snap can damage flowers or pri-
mordia, significantly reducing future yields. Even
short-term spring frosts can have a decisive negative
impact on certain fruit trees (Bozhko, 2013; Brown
& Blackburn, 1987). In addition, cold weather may
have a significant negative impact on different stages
of plant growth, causing substantial losses with dif-
ferent economic consequences. Premature blossom-
ing, fruiting, and fruit loss are very difficult to assess
and quantify in terms of yield loss, depending on the
growth stage.

Very severe and extreme drops in air temperature in
the spring also cause damage to agricultural infrastruc-
ture. They may damage irrigation systems by freezing
water in the pipes, making it difficult to provide plants
with the necessary moisture after the frost (Perry, 1994;
Brown & Blackburn, 1987). Severe cold snaps may
damage the structure of greenhouses, especially if they
have not been properly prepared for the cold.

Extreme temperatures may also affect plant phenol-
ogy, including shifting planting and harvesting dates.
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Farmers may be forced to change their usual sowing
or harvesting dates to avoid the risk of frost damage,
which requires additional effort and planning (Bozh-
ko, 2013).

Several mechanisms influence the cold advec-
tion and decrease in air temperature in Europe and
Ukraine: blocking processes, changes in the position
of the jet stream, stratospheric warming and weak-
ening of the polar vortex, the negative phase of the
North Atlantic Oscillation, etc. (Martazinova & Os-
tapchuk, 2004; Bartholy & Pongracz, 2006; Shabbar
et al, 2001; Luo et al, 2014; Yiou et al, 2004, Bala-
bukh et al, 2016). These factors act both individually
and in combination, causing cold snaps of varying
intensity and duration.

CONCLUSIONS

Severe cold snaps may have serious consequences
for agriculture, reducing the quantity and quality of
crop yields, damaging plants and infrastructure. Frosts
in spring and autumn are particularly important, as they
can lead to premature termination of the growing sea-
son, damage to primordia and fruits, and disruption of
normal plant development.

It has been established that over the past 40 years,
there has been a tendency in Ukraine to the increase
in the frequency of sharp cold snaps of varying in-
tensity in spring despite the increase in surface air
temperature during this period. The greatest changes
are remarkable for March. This poses threats to agri-
cultural production, as due to rising air temperatures
and shorter cold periods, the timing of sowing spring
crops is shifted to earlier dates and often begins in the
Steppe zone in March.

The analysis of the probable change in the frequency
of sharp cold snaps in spring by the end of the 21* cen-
tury showed that the number of severe and very severe
cold snaps will probably decrease by the end of the
century, but the number of extremely cold snaps will
increase, especially in Polissia, the western and central
Forest-Steppe.

To combat these negative effects, it is important
to develop adaptation methods, such as the use of
resistant plant varieties, covers for crops, or the in-
troduction of new technologies to reduce the impact
of frosts.

Further research is needed to assess the impact of
sharp inter-day changes in air temperature and its
variability on crop yields. A more detailed consider-
ation of their spatial and temporal variability when
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developing recommendations for adapting agricul-
tural practices under climate change will help reduce
crop shortfalls caused by changes in agroclimatic
conditions. The synoptic conditions, causing the
formation of sharp temperature changes of varying
intensity, also need to be studied. The identification
of such processes will promote the development of
methods for early warning about these dangerous
weather phenomena.
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Meta. BusiBieHHs TeHJIEHIIN 3MIHHM MTOBTOPIOBAHOCTI pi3-
KHX MDKJOOOBHX 3HHKEHb CEPEAHBOI 3a 100y TeMIepaTypu
TIOBITPS Pi3HOI IHTEHCHBHOCTI BECHOIO B arpOKJIIMaTHYHHUX
30HaX YKpaiHH Ta IXHBOI MOBipHOT 3MiHU 10 KiHmg XXI
CTONITTS JUId KIIMAaTW4HUX CIIEHApiiB perpe3eHTaTUBHUX
TPAEKTOpPill KOHIIEHTpAWid BHUKWIIB MAPHUKOBUX TrasiB
PTK4.5 1 PTK8.5. Metoau. [l BHpINIEHHS TOCTaBICHUX
3aBlaHb 3aCTOCOBYBAJIM SIK 3arajbHOHAyKOBI, TaK 1 crHei-
aJIi30BaHl METOIM JOCIIHKEHDb: aHAIITUKO-CUHTETUYHAN —
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JUTS QHATI3y Cy4acHOTO CTaHy JOCIIPKeHb, CTATUCTHYHUI —
JUIS OI[IHKM IHTEHCHBHOCTI Ta 3HAYYMIOCTI 3MIHU IOB-
TOPIOBAHOCTI PIi3KUX MDKIOOOBHX 3HIKCHb TEMIIEpaTypu
TOBITPS PI3HOT IHTEHCHBHOCTI, TMOPIBHSJIBHUM aHali3 —
JUISL BUSIBJICHHS IXHIX OCOOJMBOCTEH B arpoKJIiMaTHuHHX
30HaX YKpaiHW, KJIIMAaTH4HI — JUIS XapaKTepPUCTUKH eKC-
TPEMAJIBHUX YMOB TEMIIEPAaTypHOTO PEXHUMY, MOJEINIO-
BaHHS — JUIA OIIIHKH IXHBOI 3MIHH y KOpDOTKO-, B Ce-
pEeIHBO- Ta JOBrOCTPOKOBill INEPCIEKTHBAX 3a peaizawil
cuenapiie PTK4.5 i PTK8.5. Pesyabratu. Po3misiayTto
CyYacHHH CTaH 3MiHHM IOKa3HUKIB EKCTPEMAJIbHOCTI TeM-
NepaTypHUX YMOB BECHOIO, 30KpeMa Pi3KHX MIiXI000BHX
3MiH TeMIepaTypu TMOBITPS Pi3HOI IHTEHCHBHOCTI (CHIIBHI,
Jy’K€ CWIbHI, HAJ3BUYANHI I0-XOJONAHHS) B arpoKIi-
MaTHYHUX 30HaxX YKpaiHu. Pi3ki MOXONOMaHHS BECHOIO
TIOTIPIIYIOTh CITBCHKOTOCIIONAPCHKE BUPOOHHIITBO, OCKLIb-
KM 3HIKEeHHs Temmeparypu Ha 4-10 °C i Gimblue mix gac
Bererauii 4acTo MpPU3BOIUTH JO 3aMOPO3KiB, IO MOXKYTb
BUKJIMKAaTH YacTKOBY a00 TOBHy 3aru0esib pOCIHH.
BcranoBneHo 0coOmMBOCTI iXHBOI TOBTOPIOBAHOCTI Ta
inTeHcuBHOCTI 'y 1981-2020 pp. Busemeno, mo Bec-
HOK CcuIbHI piski moxomomanus 4-6 °C B VYkpaini Oy-
BaloTh 2—4 pa3um 3a ce30H, Haifuactime (3—4 pasu) — y
Jlicocteny 3aximHomy, cximHomy Ta Ha I[lomicei. [yxe
cunmbHi moxonomanus 6-10 °C cmocrepiraothes y 23
pasu pinue — Big 68 Bumazakis 3a 10 pokis y Cremy miB-
neaHoMy 10 13-16 BumankiB mHa Ilomicci, y Jlicocremy
3axigHomy i cxigHomy. Hanssuwaitni moxonomanns 10 °C
i Oinble BecHOW B YKpaini OyBarOTh pigko — Big 2-3
mo 89 BumaakiB 3a cro pokiB. Ha Ttepuropii Ykpainu
MOXKHA BHUIUIMTH JIMIIE JEKiIbKa o0macTeil, Je SBHUIIE
Takoi IHTEHCHBHOCTI BecHOI0 OyBae Haifyacrime: IBaHO-
@pankiscbka, YepniBernpka, JKntomupeska Ta Opechka
obmacti. Y 1uX perioHax BECHOK MDKIO0O0BI 3MiHU
temneparypu nositps Ha 10 °C i Ginbuie OyBarorh 7-9
pasiB 3a 100 pokiB, y Toi 4ac sik y XEpCOHCBHKIH Ta
3amopi3pKkiii 00IACTAX BOHHU CIIOCTEPITAalOThCS 2 pasu 3a
100 pokiB. Taka HEOAHOPIIHICTH POCTOPOBOTO PO3IOILITY
HaJI3BUYalHHUX IIOXOJOJaHb 3yMOBJICHA PI3HUMU YHHHH-
KaMH, 10 X 3yMOBIIOIOTh. BcTaHOBIEeHO TeHIeHMii 3Mi-
HM TIOBTOPIOBAHOCTI PI3KUX IOXOJOMaHb B YKpaiHi Ta
BH3HAYEHO IIBUJKICTH, HANpPSM, 3HAYYIIICTh 1 JOCTOBIp-
HICTh IXHBOI 3MIHH BIIPOIOBXK JOCIIHKYBAHOTO IEPiOy.
YTO4HEHO pEeTioHW A€ BigOyBarOTHCS HAWOUTBIN 3HATYIII
3MiHM HOBTOPIOBAHOCTI nuX siBUII. He3Baxkarounm Ha cyTTe-
BE MIJBUILCHHS TEMIIEPaTypH IOBITPsSI MPOTSITOM BECHSI-
HOTO CE30HY, OCOONUBO y Oepe3Hi, MOBTOPIOBAHICTH CHIIb-
HUX PI3KMX MOXOJOAaHb BIponoBx 1981-2020 pokiB y
JlicocTemy mLEHTpaIbHOMY, 3aXiHOMY, CXiJJHOMy Ta Ha
Yepniriscekomy 1 Hosropon-CiBepcekomy Ilosicei 3poc-
Tae, a B miBHIYHOMY CTemy 3MEHIIYEThCS BIPOFOBK
YChOTO CE30HY, 32 BHHATKOM OcpesHs. Ha BiaMmiHy BiX
CHJIbHUX MOXOJIOJ]aHb, IMOBTOPIOBAHICT JIyXK€ CHJIBHUX Ta
HaJ3BUYalHHUX PI3KUX 3HIDKEHb TeMIlepaTypd HaiOuibIe
3pocrae B cTenoBiil 30Hi Ta Jlicocreny cxinmHOMY, 0CO0IH-
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BO y Oepes3Hi. 3HauHA MIHJIUBICTH TEMIIEPATypPH IOBITPS
y Oepe3Hi, Ipu 3arajbHIil TEHACHIIT 1O 11 MiJBUINCHHS,
CBIIYUTH MPO CYTTEBY 3MiHYy aTMoc(hepHOl NHPKyIALil
y el mepion, 30KpeMa, MOCHJICHHS MEpHIIiaHAIbHOCTI
arMocdepHux nporeciB. HamaHo maHi 1010 HMOBIpHOT
3MiHH TIOBTOPIOBAHOCTI pI3KUX TMoxomomanb y 2021—
2040, 2041-2060, 2081-2100 pp. BIIHOCHO CY4acHOTO
kimiMatngHOoro mepiomy (1991-2010pp.) mma  cueHapiiB
PTK4.5 ta PTKS8.5. BcranoBneno mo BrpoaoBxk XXI
CTOJNITTSl Ha 3Ha4HIN Teputopii YKpaiHM MOBTOPIOBAHICTbH
PI3KHX IOXO0JIOJaHb, IMOBIPHO, 3MEHIIYBAaTUMETHCSI, 0CO0-
auBo 3a peanmizamii cuenapiro PTKS8.5. Ili 3miau mo-
CHITIOBaTUMYTBCSA 13 3pPOCTAaHHSIM IHTEHCHBHOCTI SBUIIIA.
Taki TeHICHIT XapaKTEepHi JJIs CHIIBHUX 1 TyXKe CHIbHHX
pi3kuX ToXoJojaHb. HaiOimbi 3MiHH TOBTOPIOBAHOCTI
CHJIBHHX TOXoyofanb 3a cueHapito PTK4.5 #imMoBipHi Ha
[omicci (14,7-18,3 % B cepenuni cromitrs i 14,7-21,3 %
B KiHII CTOMTTA BigHOCHO 1991-2020 pp.) i 3MeHITY-
BaTUMYTbCSl y TIBJICHHOMY HaIpsMKy, gocsiraroun 6—12 %
y Cremry miBaenHoMy. KimbKicTh HAaI3BHYAMHUX ITOXOIO-
JlaHb TAKOX CYTTEBO 3MEHIIYBATUMETBHCS y CTEIOBIH 30HI
i Jlicocreny cximaomy (mo 70 % 1 Oumblie y KiHII CTO-
nitts1), npore Ha I[lomicei, y Jlicoctemy 3axigHOoMy Ta
LEHTPAJIbHOMY TXHS KUIBKICTh Y KIHII CTOJITTSI WMOBIpPHO
3pocte, TOpiBHSIHO 3 Horo mowatkoMm (1991-2020 pp.).
Haii6inpmi 3minu iimoBipHi Ha [lomicci, 30kpema y Pis-
HEHCBKIM 00jacTi, 1€ Haa3BUYAMHUX IT0XOJIOJAHb MOXKE
cratu Maibke y 1,3 pasiB Oinbmie. BecHoro 3a peasnizanii
cuenapito PTK8.5 mnoBroproBaHicTh CHJIBHUX Ta Jy¥Ke
CHJIBHUX IIOXOJIOJJaHb 3MEHIIYBAaTHMEThCs Ha BCiil Tepu-
TOpii KpailHM SIK y KOPOTKO- TaK 1 CepeTHbOCTPOKOBIH
nepcrekTHBi, HaBiTh Ha [lomicei (Big 8 mo —28 % y 2021—
2040 mo, 8-19 % y 2041-2060 pp.). do KiHLS CTOMITTS
CHJIbHUX TIOXOJIOZIaHb MOYKE OyTH MEHIIIE Y BChOMY PErioHi
Ha 1,8-9,3 %. IloBroproBaHicTh IyXe CHIBHUX PI3KHX
3HW)KEHb TEMIIepaTypy IOBITPS MOXKE 3MEHIIUTHUCH Maii-
MIOBTOPIOBAHICTh CYTTEBO HE 3MIHMThCS, a Ha PiBHeHIIMHI
ta Boauni moxe 30umpmmtHch Ha 10,3-17,2 %. Han-
3BHYAHUX TIOXOJIO/IaHb 10 KiHI cToniTrss Ha [lomicci
Moxe Oytn maibke y 1,5 pasu Ounbiue, HiX y 1991-2020
pp-, 328 BHHATKOM YepHIriBcbKoi 00MacTi, e IXHS MOBTOPIO-
BaHICTh MPOJOBXKUTH 3MCHINYBaTUMEThCS 10 37,7 %. Taki
3MiHH MOXYTh OyTH BKpail HEOe3MeYHUMH IS CiThCHKOTO
rOCIIO/IapCTBa, OCKUIBLKM MiHIMaJbHA TeMIeparypa IOBITPs
IpU TaKOMY BTOPTHEHHI XOJIOJy MOXE OIyCKaTHUCh HHKYE
0 °C i 3aMOpO3KH, 10 BHHUKATUMYTb, MOXYTh 3aBJaTH
3HAYHUX 30WUTKIB CUIBCHKOTOCIIONAPCHKUM  KYJIBTypam,
OCOOJTHMBO SKIIO TEMIIEpaTypa TMOBITPS JO KIHIA CTOMITTS
B I[LOMY PETIOHI CYTT€BO IiJBUIMUTHCS, a BEreTalliitHuN
mepioj] MOYMHATHUMEThCs padime. BucHoBku. Bcranos-
JCHO, 10, HE3BaXKAlOYW Ha 3HAYHE IIiJBUIICHHA TEeM-
neparypu TOBITps B Ykpaini, €Bpomi Ta apKTHYHHX
mupoTax, OUTBII paHHIA IMOYaTOK TEIIOro TIepiomy i
mepiomy BereTamii, KUIbKICTh JHIB 13 CHJIBHHMH, IYXKE
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CHJIBHMMH Ta HAJ3BHYAHHUMHU ITOXOJOZAHHIMH BECHOIO
3pocrae Maibke Ha Bcidl Teputopii Ykpainu. HaiOinbm
Bpa3MBAMHU € MiBHIYHO-CXiJHI 1 CXiJHI PerioHW KpaiHu,
Jie BiIMIYaeThCsl HAWOIMBIIMK PICT TEeMIIEpaTypH ITOBITPS
1 HaWOlIblIa MOBTOPIOBAHICTH PI3KMX IOXOJONaHb. Pi3-
KUX ITI0XOJOJaHb BECHOK, Y KOPOTKO- Ta JIOBIOCTPOKOBIH
TIepCIeKTUBaxX B YKpaiHi, IMOBIpHO, Oy/e MEHIIe MOPiBHSIHO
3 Cy4acHHUM KJIIMAaTHYHUM TEpiofoM, ajie MOBTOPIOBAHICTH
Haa3BUUaiHKMX noxonomanb (monax 10 °C 3a moly) mo
KIHI CTOJNITTS 3pocrarume, ocobmuBo Ha [lomicei, y 3a-
ximHOMY Ta meHTpanpHOMYy Jlicoctemy. Taki 3MiHU MOXYTh
NPU3BECTH JI0 MEPEeIYacHOTO MPUITMHEHHS BEreTaliifHOro
Tepiomy, TOIIKO/MKCHHS 3aB’s3ed 1 IUIOMIB, MOPYIICHHS
HOPMAJIGHOTO PO3BUTKY POCIMH Ta CyTTEBO BIUIMHYTH Ha
BPOXKAWHICTH CITHCHKOTOCIIOAAPCHKUX KYIBTYD.

KurouoBi cioBa: 3MiHa KiIiMary, eKCTpeMajibHA TEMIIe-
parypa MoBiTpsl, MOXOJOJAHHS, 3aMOPO3KHU, MPOEKINT 3Mi-
HU KJIiMaTy, ClieHapil perpe3eHTaTHBHUX TPAEKTOPiil KOH-
nentpaniit PTK4.5 ra PTKS.5.
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