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Aim. To identify the characteristics of weather anomalies in Ukraine in the context of current climate change and
to assess the associated agroclimatic risks to agriculture, using the weather conditions of 2025 as an example.
Materials and methods. The analysis was conducted based on daily observational data from Ukraine’s national
hydrometeorological observation network for 2025 and the climatological norm for key meteorological factors
for 1991-2020. The study covers the western, central, and northern regions of Ukraine, as well as the Odesa and
Mykolaiv regions. The areas where observations were not conducted or were conducted irregularly due to temporary
occupation or war hostilities (which made it impossible to form continuous data series) were excluded from the
study. Monthly weather reviews from the Ukrainian Hydrometeorological Center were used to analyze hazardous
meteorological events. Spatiotemporal specificities and seasonal variability of indicators in 2025 were identified
using climatological, statistical, and spatial analysis methods. The agricultural impacts of weather anomalies
were assessed by comparing the obtained results with data from JRC MARS (Ben Aoun et al., 2025a, 2025b) on
crop conditions and yields in Ukraine and Europe, as well as with global assessments by the FAO (FAO, 2025)
regarding the impact of climate extremes on agrofood systems. Results. In Ukraine, 2025 ranked among the
five warmest years since 1961; the annual average air temperature across most of the country was 1-2°C above
the norm. Particularly pronounced were the rise in minimum temperatures, the decrease in the number of frost
days, and the increase in tropical nights. Precipitation patterns were characterized by an overall deficit and sharp
spatiotemporal heterogeneity. The most significant factors for agricultural production were insufficient winter
moisture accumulation, the early resumption of growing after an abnormally warm March, three cold spells in
April, a cold and wet May, summer heat, and a prolonged precipitation deficit in the south and east, as well as
excessive July precipitation in the west. This combination of factors reduced the yield potential of winter crops
in arid regions, created a risk of damage to rapeseed, fruit, and vegetable crops from late frosts, deteriorated
conditions for the development of corn, sunflower, and soybean crops in the south and east, and complicated
the harvest and reduced the quality of grain and rapeseed in the western regions. At the same time, sufficient
moisture conditions in the northern and western regions supported the potential of summer crops. Conclusions.
Weather conditions in 2025 demonstrated that, for Ukraine’s agriculture, climate risk is determined not only by
general atmospheric warming but, above all, by a combination of drought, heat, late cold spells, and localized
waterlogging during critical phases of crop development. Spatial contrasts in agrometeorological conditions are
increasing, which heightens the need for regionalized climate services, early warning systems, adaptive crop and
variety selection, optimization of fieldwork schedules, and soil moisture management.
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Agriculture is among economic sectors most depen-
dent on climatic conditions and weather variability.
Rising air temperatures, changes in precipitation pat-
terns, and an increase in the frequency and intensity
of extreme weather events affect the length of the
growing season, the phenological development of
plants, water and heat regimes in soil, the timing
of fieldwork, and formation of crop yields (IPCC,
2023; FAO, 2025). At the same time, the impact of
current climate change on agricultural production is
ambiguous. The lengthening of the warm season and
the reduction in the severity of winter conditions in
regions with cool climates may offer certain advan-
tages for crop production, but these are increasingly
offset by intensified heat and water stress, as well
as the growing frequency of droughts, heat waves,
excessive moisture, and other extreme events (IPCC,
2023; Hultgren et al., 2025).

Current research indicates that one of the most
significant impacts of climate change on agriculture is
the increased risk of simultaneous high temperatures
and moisture deficits. The analysis of global data
has shown a significant increase in the likelihood
of hot and dry conditions during the growing season
in major crop-growing regions, and the combina-
tion of these conditions poses a much greater risk
to crop yield than the isolated effects of individual
meteorological factors (Heino et al., 2023). The repro-
ductive stages of plant development are particularly
vulnerable. For wheat, a combination of extreme heat
and drought during flowering can significantly disrupt
reproductive development and grain formation, and
as global warming continues, the contribution of heat
stress to crop yield losses may increase substantially
(Senapati et al., 2026).

A significant increase in agroclimatic risks is
observed in Europe, where current warming rates
exceed the global average. The analysis of the im-
pact of droughts and heat waves on crop production
showed that over the past five decades, the severity
of associated yield losses in Europe has increased
significantly (Bras et al., 2021). Research findings
at the individual farm level confirm this trend. The
analysis of 423,815 crop yield observations in Ger-
many showed that, among the extreme events con-
sidered — droughts, heat, frost, and waterlogging —
drought was the primary factor contributing to yield
losses in grain crops. At the same time, the nature
and magnitude of the impact depended significantly
on the crop, region, and phenological stage during

which the extreme event occurred (Schmitt et al.,
2022).

Similar spatial and biological heterogeneity in
crop responses to weather anomalies has also been
observed in other regions of Europe. In Sweden, the
largest negative crop yield anomalies were associated
with summer heat waves, droughts, or excess mois-
ture, with spring crops proving to be more sensitive
to extreme weather events than winter crops; in the
north of the country, a greater threat was posed by
excess moisture, while in the south — by the drought
(Sjulgérd et al., 2023). In the Netherlands, signifi-
cant crop yield variations in recent decades have also
been linked to both drought and excessive moisture,
with the response differing substantially for cereals,
potatoes, sugar beets, onions, and forage crops (van
Oort et al., 2023). The aggregate estimates for Euro-
pe also confirm that temperature and hydrological
anomalies result in multidirectional changes in crop
yield depending on the crop and region (Schmidt,
Felsche, 2024).

In addition to moisture deficits, excessive precipita-
tion and soil waterlogging can cause significant losses
in agricultural production. A global meta-analysis of
2,419 experimental comparisons showed that water-
logging reduced crop yield by an average of 32.9%,
and the magnitude of losses depended significantly on
crop type, growth stage, and duration of stress (Tian
et al., 2021). The greatest vulnerability was observed
during the reproductive phase. Excessive moisture can
also delay planting and harvesting, complicate the
use of machinery, contribute to lodging and disease
development, and reduce the quality of the harvested
crop (van Oort et al., 2023; Sjulgard et al., 2023).
Thus, an increase in precipitation intensity coupled
with a simultaneous increase in the duration of rain-
less periods can create two opposing but interrelated
types of water stress for agricultural production.

Late spring frosts also remain a significant agro-
climatic risk. A general rise in air temperature does
not necessarily mean a proportional reduction in the
danger they pose to plants. Warming causes earlier
resumption of growth, bud break, and the onset of
flowering in perennial crops, so sensitive develop-
mental stages may occur while the danger of cold
air intrusions still persists. A global analysis of the
relationship between spring frost indicators and crop
yield losses for major crops confirmed that not only
the frequency of frost events but also the amplitude
of temperature fluctuations, their duration, and the
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timing of their occurrence are of great importance
(Guo et al., 2024). This highlights the need to assess
frost risk in the context of changing phenological
phases, rather than solely based on trends in minimum
temperatures.

Of particular importance is the interaction of seve-
ral climatic factors and the sequence in which they
occur. A previous drought can reduce plant-available
soil moisture reserves and exacerbate the negative ef-
fects of a subsequent heat wave; an unusually warm
early spring can accelerate plant growth and increase
their vulnerability to a subsequent cold spell; heavy
precipitation following a prolonged dry spell does
not always compensate for the accumulated moisture
deficit and, at the same time, can cause surface runoff,
erosion, and localized waterlogging. Therefore, cur-
rent research is increasingly shifting from the analysis
of individual climate indicators to the assessment of
compound and sequential extreme events and their
overlapping with critical phases of crop development
(Heino et al., 2023; Schmitt et al., 2022; Senapati et
al., 2026).

Even when accounting for adaptations in agricul-
tural production, current global warming remains a
significant risk to food production. New global as-
sessments that account for producers’ actual adaptive
responses show that climate change continues to have
significant negative impacts on the yields of major
crops (Hultgren et al., 2025). At the same time, the
effectiveness of adaptation depends largely on the
availability of regional climate information. The use
of climate services, forecast information, and adap-
tive variety selection can reduce potential losses and
increase the resilience of crop production to climate
change (Toreti et al., 2022).

For Ukraine, this issue is of particular importance
due to the high dependence of crop production on
natural precipitation and significant interregional dif-
ferences in agroclimatic resources (Dmitrenko, 2000).
Over the past decades, Ukraine has seen a steady
rise in air temperature, an increase in the frequency
of hot days and heat waves, a shortening of the frost
period, and a shift in precipitation patterns (Balabukh
et al., 2018; Osadchyi et al., 2018; Krakovska, 2024).
It has previously been established that changes in
temperature and precipitation are already affecting
grain crop yields in Ukraine (Balabukh, 2023). At the
same time, warming does not eliminate the risk of
sudden spring cold spells: in the 215 century, these
continue to occur after the start of the active growing

season and pose risks to agricultural production (Bal-
abukh et al., 2024).

The weather conditions of 2025 are particularly
telling given the combination of conflicting agro-
climatic anomalies. A winter precipitation deficit
limited the replenishment of soil moisture reserves;
an abnormally warm March contributed to an early
resumption of the growing season; April saw several
cold spells with frosts; a cold and excessively wet
May slowed the development of heat-loving crops;
in the summer, the southern and eastern regions were
affected by high temperatures and a precipitation
deficit, while some western and northern regions ex-
perienced excessive moisture and heavy precipitation.
This sequence created fundamentally different condi-
tions for crop development in individual agroclimatic
zones of Ukraine.

On a global scale, 2025 was also characterized by
a high frequency of heat waves, droughts, intense
precipitation, and floods (WMO, 2026; C3S, 2026).
However, when assessing the impacts of these pro-
cesses on agriculture, what matters most is not the
year’s ranking in the global temperature index, but
rather how temperature and precipitation anomalies
manifested during the growing season, to what extent
they coincided with critical phases of crop develop-
ment, and what their spatial heterogeneity was.

The aim of this study is to identify the characte-
ristics of weather anomalies in Ukraine under current
climate change conditions and to assess the associated
agroclimatic risks to agriculture, using the weather
conditions of 2025 as an example.

To achieve this objective, the study aims to:
(1) assess the spatial characteristics of temperature
and precipitation patterns in 2025; (2) identify sea-
sonal anomalies and the most significant extreme me-
teorological events; (3) identify periods during which
potentially unfavorable agrometeorological conditions
may occur and determine how these periods corre-
spond to critical growth stages of major agricultural
crops; (4) assess the role of the 2025 weather condi-
tions within the context of current climate change
trends in Ukraine and determine their significance
for the adaptation of the agricultural sector.

MATERIALS AND METHODS
OF THE STUDIES

The study was conducted based on daily observa-
tional data from Ukraine’s network of meteorological
stations, which are part of the state hydrometeorologi-

36 AGRICULTURAL SCIENCE AND PRACTICE Vol. 13 No.2 2026



WEATHER ANOMALIES AS A FACTOR OF AGROCLIMATIC RISKS FOR UKRAINE’S AGRICULTURE...

cal observation system, as well as on the aggregated
data from the Ukrainian Hydrometeorological Center
(UkrHMC, 2025). The analysis covers the territory
of Ukraine, with the exception of areas where, due
to temporary occupation or war hostilities, regular
meteorological observations were suspended or con-
ducted irregularly, making it impossible to form
continuous observation series. The research results
are presented for the western, central, and northern
regions of Ukraine, as well as for the Odesa and
Mykolaiv regions.

The primary source data consisted of daily, month-
ly, and annual averages of air temperature, maximum
and minimum temperatures, and precipitation, as well
as the data on hazardous and extreme meteorologi-
cal phenomena recorded throughout 2025. To assess
the characteristics of temperature and precipitation
regimes, the study used such indicators as the num-
ber of days with an average daily air temperature
below 0°C, as well as the number of days with a
minimum temperature below —10°C, the number of
frost days, the number of tropical nights, and charac-
teristics of seasonal temperature regime and precipi-
tation.

The 1991-2020 climate norm, recommended by
the World Meteorological Organization for contem-
porary climate research (WMO, 2017), was selected
as the reference period for assessing anomalies. Air
temperature anomalies were defined as the difference
between the actual values in 2025 and the average
perennial values for the base period. Precipitation
anomalies were calculated as percentages relative to
the climatological norm.

To assess the spatial characteristics of climatic
conditions, the methods of spatial analysis of me-
teorological fields were applied, followed by the
cartographic representation of temperature regime
characteristics, precipitation, and their anomalies.
The analysis of temporal variability was performed
by comparing the monthly, seasonal, and annual
averages for 2025 with the corresponding climatic
norms and perennial observation series.

When analyzing the seasonal characteristics of
weather conditions, the nature of atmospheric cir-
culation, prevailing synoptic processes, the passage
of cyclones and atmospheric fronts, as well as the
intrusion of Arctic, temperate, and subtropical air
masses which determined the formation of tempera-
ture regime and moisture conditions were taken into
account.

The assessment of the extremity of weather condi-
tions was based on an analysis of the recurrence of
temperature records, heat and cold spells, droughts,
heavy and extreme precipitation, squalls, thunder-
storms, hail, freezing rain, and other hazardous me-
teorological events in accordance with the current
regulatory documents of the Ukrainian Hydrometeo-
rological Center (UkrHMC, 2025).

Comparative, statistical, and climatological me-
thods of analysis were used to interpret the results,
which made it possible to assess the position of 2025
within the perennial observational series, identify the
main weather anomalies, and evaluate their consisten-
cy with current climate change trends in Ukraine.

Data processing and the compilation of time se-
ries, maps of spatial distribution, and maps of me-
teorological anomalies were performed using modern
methods of statistical analysis and geoinformation
mapping. To characterize climatic conditions, the
World Meteorological Organization’s recommenda-
tions regarding the use of the 1991-2020 climatic
norm were applied (WMO, 2017), and the results
were interpreted in light of current assessments of
global climate change.

RESULTS OF STUDIES

The analysis of perennial meteorological observa-
tion series shows that recent decades in Ukraine have
been characterized by a steady rise in air temperature
(Boychenko, Maidanovych, 2024; Boychenko, Mai-
danovych, 2025; Balabukh et al., 2018; Krakovska et
al., 2024). The annual average air temperature during
the current climatic period (1991-2020) exceeds the
corresponding values of the 1961-1990 climate norm
by 1.1-1.5°C across a significant portion of the count-
ry, and by more than 1.5°C in certain regions.

In 2025, the warming trend in Ukraine continued.
Weather conditions were characterized by elevated
background temperatures, sharp temperature fluctua-
tions, significant spatiotemporal variability in pre-
cipitation, frequent extreme weather events, and an
intensification of climatic risks for the population
and economic sectors.

The average annual air temperature across Ukraine
in 2025 was predominantly 9-11°C, reaching 12—13°C
in the south of the country and along the Black Sea
coast. At the same time, it remained lowest in the
Carpathians, at around 5—7°C. These air temperatures
exceeded the current climatic norm by 1.0-2.0°C or
more. The greatest anomalies were observed in the
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Fig. 1. The dynamics in the average annual temperature and air temperature anomalies («) and the spatial distribution
of average annual temperature anomalies (b) in Ukraine in 2025 as compared to 1991-2020

Chernihiv Polissia, the central and eastern Forest-
Steppe, and the Steppe zone. As a result, 2025 ranked
among the five warmest years in Ukraine since 1961,
coming in fifth place behind 2024, 2020, 2023, and
2019 (Fig. 1).

The rise in background temperatures was most
pronounced due to increases in both maximum and
minimum air temperatures (Fig. 2). The annual av-
erage maximum temperature in 2025 exceeded the
norm across virtually the entire country. Anomalies
increased from the northwest (0.4—0.6°C) toward
the southeast and reached their highest values (over
1.5°C) in the Steppe zone, peaking in the Dnipro-
petrovsk region (Fig. 2). Throughout the year, new
maximum temperature records were repeatedly set for

specific dates. The most intense heat wave was ob-
served in July, when daytime air temperatures in the
south and east of the country rose to nearly 40°C.

The annual average minimum temperature was
also above the norm across most of Ukraine. These
anomalies significantly exceeded those of maximum
temperatures and ranged from 0.8—1.0°C in the west
of the country to 1.5°C and higher in the Chernihiv
Polissia, the central and eastern Forest-Steppe, and
the southern Steppe (Fig. 2). An increase in minimum
temperature is one of the most reliable indicators of
current climate warming. It was precisely the rise in
nighttime temperatures that accounted for a signifi-
cant portion of the positive anomaly in the annual
average air temperature. One of the most characte-

a) spatial distribution of the anomaly in the annual average
maximum air temperature

b) spatial distribution of the anomaly in the annual average
minimum air temperature

Fig. 2. The anomalies in the annual average maximum and minimum air temperatures as compared to 1991-2020 in

Ukraine
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ristic features of current changes in the temperature
regime in Ukraine is a significant increase in mini-
mum air temperatures (Osadchyi et al., 2018). The
consequences of this process include a decrease in
the number of frost days, a shortening of the cold
period and the winter season, and an increase in the
frequency of warm nights.

In 2025, the highest number of days with an ave-
rage daily air temperature of 0°C or lower was ob-
served in the high-altitude regions of the Ukrainian
Carpathians, where it ranged from 50 to 70 days or
more per year. In the lowland areas of Ukraine, the
number of such days decreased systematically from
the north and northeast toward the south and south-
west — from 50 days or more to 30 days or fewer.
Across the entire territory of Ukraine, the number
of days with an average daily temperature of 0°C or
lower was significantly lower than the 1991-2020
climatic norm. Negative anomalies ranged from 20—
25 days in the western and southern regions and in-
creased to 30—34 days or more in the central, north-
eastern, and eastern regions, as well as in the Ukrai-
nian Carpathians. The greatest deviations from the
norm were observed in the central and northeastern
parts of the country.

In 2025, Ukraine recorded the lowest number of
frosty days in the last 25 years that is, days when the
daily minimum air temperature fell below 0°C. The
number of frosty days ranged from 60 days or fewer
in the southern regions of the Odesa and Mykolaiv
regions, as well as in the Transcarpathian region, to
80 days or more in Polissia and the western Forest-
Steppe. In the high-altitude regions of the Ukrainian
Carpathians, it exceeded 100 days per year.

Compared to the 1991-2020 climate norm, a sig-
nificant reduction in the duration of the frost period
was observed throughout the country. The anomalies
in the number of frosty days in 2025 increased from
west to east, ranging from 15-20 days in the western
regions to 40—45 days or more in the central, north-
eastern, and eastern regions. The largest negative
anomalies were recorded in the Kirovohrad, Dnipro-
petrovsk, Poltava, and Chernihiv regions, where the
number of frosty days was 40—45 days below the
perennial average values.

An important characteristic of the thermal regime
during the cold season is the number of days with a
minimum air temperature of —10°C or lower, which
determines the severity of winter conditions. In 2025,
the number of such days in Ukraine was significantly

lower than the perennial average values. Compared to
the 1991-2020 climatic norm, their number decreased
by nearly one month.

Negative anomalies in the number of days with
a minimum air temperature of —10°C or lower were
observed throughout the country in 2025. They were
smallest in southern Ukraine and in the Right-Bank
Polissia, where they ranged from 4 to 8 days. To-
ward the northeast, the magnitude of the anomalies
increased, exceeding 12 days in the northeastern re-
gions, the Precarpathian region, and the Ukrainian
Carpathians.

Since the daily minimum air temperature in Ukraine
is predominantly observed during nighttime hours, its
rise is one of the manifestations of climate warming
and is accompanied by an increase in the number of
warm nights. Nights during which the minimum air
temperature does not drop below 20°C are classi-
fied as tropical. The increasing frequency of tropical
nights is one of the most characteristic manifesta-
tions of contemporary climate change both globally
and in Ukraine (Balabukh et al., 2018; Shevchenko,
Snizhko, 2019).

In 2025, tropical nights were observed across vir-
tually the entire territory of Ukraine. Their highest
frequency was observed in the southern Steppe, where
the number of such occurrences reached 15 or more
per year. The highest number of tropical nights was
recorded in the south of the Odesa and Mykolaiv
regions, where 20-25 or more such occurrences were
observed throughout the year.

The widespread occurrence of tropical nights in
2025 indicates a significant increase in minimum
air temperatures and a greater heat stress on the
population, especially in the southern regions of the
country. The increasing frequency of warm nights is
an important indicator of climate change, as it con-
tributes to heat accumulation in urban areas, impairs
the human body’s ability to recover at night, and
increases health risks to the population during heat
waves (Karamushka et al., 2022). These changes are
consistent with global warming trends documented by
the World Meteorological Organization’s Copernicus
Climate Change Service and the U.S. National Oce-
anic and Atmospheric Administration (WMO, 2026;
C38, 2026; NOAA, 2026).

A distinctive feature of 2025 was the combination
of prolonged dry periods with episodes of extremely
intense precipitation (Fig. 3). The moisture conditions
regime in 2025 was characterized by a precipitation

AGRICULTURAL SCIENCE AND PRACTICE Vol. 13 No.2 2026 39



BALABUKH et al.

100+
754
IS
€ 50
c
Qo
IS
s
V]
()
a
-147
b 255 213 -19.8
-50- —40.7
I m v v ove vl v Ix X XXl

I Anomaly of precipitation, mm — 2025 — 1991-2020

a) anomaly and monthly average precipitation

L - =
uououiowun
T T ST

|
w
o
|

Precipitation, mm

[ U
AW NN
o w w0 o
L L

Summer Autumn

Winter

Spring

b) anomaly of the average seasonal precipitation
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deficit across the entire territory of Ukraine and an
uneven distribution of precipitation both through-
out the year and across the country. Across most of
the country, annual precipitation ranged from 500 to
650 mm. In the Carpathians, precipitation exceeded
800 mm, and in some places it exceeded 1,000 mm.
The lowest amount of precipitation was observed in
the Black Sea region, where it did not exceed 350—
450 mm. A precipitation deficit was observed across
almost the entire country, with the exception of some
areas in the Khmelnytskyi, Vinnytsia, and Zhytomyr
regions. The driest region was the Right-Bank terri-
tory of Ukraine, where the annual precipitation deficit
reached 20-30% or more. A significant precipitation
deficit was also observed in the Lviv and Transcar-
pathian regions.
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The seasonal pattern of weather conditions in 2025
was characterized by significant contrasts and fre-
quent changes in atmospheric circulation patterns.
Throughout the year, prolonged anticyclonic periods
alternated with the passage of active cyclones and
atmospheric fronts, leading to significant fluctua-
tions in air temperature and an uneven distribution
of precipitation (Fig. 3b).

The 2024-2025 winter season. For most of the
winter season, westerly and southwesterly air mass
flows prevailed over Europe. Air masses that formed
over the abnormally warm Atlantic Ocean and moved
into Ukraine contributed to abnormally warm weather
throughout December and January (Fig. 4a). Febru-
ary was the coldest month of 2025 and marked the
end of a relatively mild winter season. Its weather
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Fig. 4. The anomaly of the average monthly (a) and average seasonal (b) air temperature in 2025 in Ukraine as com-

pared to 1991-2020
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conditions were influenced by anticyclonic circula-
tion and the influx of cold continental and Arctic air
from eastern and northeastern Europe. As a result,
the monthly average air temperature across most of
Ukraine was 1.1-2.9°C below normal.

Overall, the winter season was nearly 2°C warmer
than the climatological norm (Fig. 4).

The average winter temperature across most of
Ukraine was 1-3°C above the norm (Fig. 4). The
warmest regions were the Transcarpathian, the Black
Sea region, and the southern regions of the country.
The largest positive anomalies were observed in the
northeast and east of the country. The duration of
the frost period during the winter remained below
the perennial average (Fig. 5).

The winter season was also characterized by a pre-
cipitation deficit (Fig. 3). In most regions of Ukraine,
precipitation amounted to 50-80% of the norm. The
southern regions, the central part of the country, and
part of the Left-Bank territory were particularly dry.
Due to insufficient precipitation and unstable snow
cover, moisture accumulation in the soil was inade-
quate. In many areas, plant-available soil moisture
reserves in the spring were only 60-80% of the peren-
nial averages. This created conditions for the develop-
ment of atmospheric and soil drought in the spring.

The spring of 2025 was one of the most contrasting
seasons in recent years, and March was one of the
warmest since 1961 (Fig. 4). The monthly average
air temperature in the study area was 4.4°C above
the climatic norm and ranged from 2.4°C to 5.9°C.
According to data from the Ukrainian Hydrometeo-
rological Center, in most districts of the Transcar-
pathian, Lviv, Volyn, Ivano-Frankivsk, Zhytomyr,

Fig. 5. The anomaly in the number of frosty days (T,,>0
to 1991-2020
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Poltava, and Odesa regions, it was one of the warmest
on record for the entire observation period. During
the second ten-day period and at the end of the month,
maximum air temperatures reached 20-25°C, which is
more typical of the second half of April or early May.
This abnormally warm weather led to an early start to
the spring growing season and the active emergence
of perennial crops. Despite the high average tempera-
tures, March was not wet enough (Fig. 3a). Across
most of the country, precipitation amounted to only
23-79% of the normal amount. The moisture deficit
was particularly acute in the southern and central
regions, where atmospheric and soil drought condi-
tions that had begun in the fall of 2024 continued
to develop.

April 2025 was characterized by exceptionally
unstable temperature patterns and significant fluc-
tuations in air temperature. During the month, three
cold waves were observed across Ukraine (April 6-9,
10-13, and 27-28), during which frosts were recorded
in many regions both on the soil surface and in the air.
The minimum air temperature dropped to —5...—8°C,
and in the Ukrainian Carpathians—to —13°C. At the
same time, a sharp warming occurred in the second
ten-day period of the month, causing maximum air
temperatures to rise to +25...+30°C. Thus, the range
of temperature fluctuations over the month exceeded
35°C in some regions, indicating the extremely con-
trasting nature of weather conditions. Despite brief
periods of very warm weather, the number of days
with an average daily air temperature above 0°C and
above 5.0°C throughout Ukraine was below the cli-
matic norm. As a result, the average monthly air tem-
perature across most of the country remained close
to normal, deviating by no more than 0.7°C (Fig. 4).
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A distinctive feature of April 2025 was a significant
precipitation deficit (Fig. 3a), which was observed
across nearly the entire country, with the exception
of the Lviv, Rivne, Chernihiv, and Mykolaiv regions,
and reached 40% or more in the southwestern and
southern regions and in the Transcarpathian region.

May was one of the coldest and wettest months in
recent decades. It was the coldest month of the spring
season and stood in sharp contrast to the exceptionally
warm March. The predominance of cyclonic activity
led to frequent precipitation and the inflow of cool
air from northern latitudes. The average monthly air
temperature was 2.4°C below normal (Fig. 4). Many
regions recorded record-low minimum temperatures
on specific dates. Temperature conditions were par-
ticularly anomalous in the western part of the coun-
try. This region recorded the greatest anomalies in
both average minimum temperatures (—2.0...—3.0°C)
and average maximum temperatures (—4.5...—5.4°C).
May was also one of the wettest months of the year
(Fig. 3a). Most regions received between one and two
times the average monthly precipitation, while in Vin-
nytsia region, precipitation exceeded the average by
more than three times (192 mm). Frequent rains and
low temperatures slowed the growth of heat-loving
crops and delayed field operations. At the same time,
the significant precipitation partially offset the soil
moisture deficit that had developed as a result of the
dry conditions in previous months.

The summer of 2025 was also characterized by un-
stable weather, with alternating cold and heat waves,
dry periods, and heavy rainfall. The average seasonal
air temperature across much of the country was within
the normal range (0.5°C); in the northeast, it was
below normal, while in the southwest and Transcar-
pathian region, it was above normal (Fig. 4b). The
first month of summer was marked by a gradual tran-
sition to dry conditions. Temperatures were generally
close to normal, but the first heat waves began to form
in the south and east of the country. Maximum tem-
peratures exceeded 35°C in some places and reached
39°C in certain areas of the Kharkiv region. Most
regions experienced a precipitation deficit, particu-
larly in the Steppe zone. Against the backdrop of high
temperatures and intense evaporation, the condition
of winter crops deteriorated rapidly. The signs of
atmospheric and soil drought began to appear in the
southern regions. Dry winds and an increased risk of
fire danger were observed. July 2025 in Ukraine was
characterized by predominantly abnormally warm,

unstable, and contrasting weather conditions. Through-
out the month, there were significant temperature
fluctuations, with periods of intense heat alternating
with brief cold spells caused by the passage of active
atmospheric fronts. July became the hottest month of
the year and the culmination of the summer season.
The average monthly air temperature across most
of the country exceeded the climatic norm by 1.3°C
(Fig. 4). Subtropical air masses lingered over Ukraine
for an extended period, causing an intense heat wave.
In the southern, central, and eastern regions of the
country, maximum temperatures reached 38—40°C,
and in some regions, new all-time high air tempera-
tures were recorded both for specific dates and for
July as a whole. Precipitation was distributed ex-
tremely unevenly across the country. In most western,
northern, and some central regions, precipitation lev-
els exceeded the climatic norm by 1.0-2.5 times, and
in some areas reached three times the monthly norm,
while in the southern regions and in some parts of the
central and eastern regions, there was a significant
precipitation deficit (Fig. 3). Throughout the month,
there was a high frequency of hazardous and extreme
weather events, including heavy and extreme rainfall,
intense downpours, squalls, and hail, which in some
regions led to flooding, damage to infrastructure, and
disruptions to people’s activities.

Thus, July 2025 was marked by a combination of
abnormally high air temperatures, significant spatial
heterogeneity in precipitation, and increased acti-
vity of hazardous convective processes which is a
characteristic feature of current climate change in
Ukraine.

August 2025 in Ukraine was characterized by pre-
dominantly moderate temperatures, significant spatial
heterogeneity in precipitation and weather condi-
tions, insufficient moisture conditions over most of
the country’s territory, and a high fire danger. The
average monthly air temperature across most of the
country was close to the climatic norm (Fig. 4), while
in some areas of the northern, western, and eastern
regions it was below the norm. Significant fluctua-
tions in air temperature were observed throughout the
month, with alternating periods of hot weather and
brief cold spells associated with the passage of atmo-
spheric fronts and cyclones. At the end of the month,
absolute maximum temperatures for specific dates
were exceeded in the northeastern regions. Precipita-
tion was distributed extremely unevenly across the
country. In most of Ukraine, precipitation amounted
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to only 20-78% of the monthly norm, and in certain
areas of the Odesa, Volyn, and Chernivtsi regions —
only 2—19% of the norm. At the same time, in the
Kharkiv region and in some parts of the Kirovohrad,
Dnipropetrovsk, and Mykolaiv regions, precipitation
exceeded the norm by 1.3—1.6 times (Fig. 3). Despite
the prevailing precipitation deficit, isolated instances
of heavy rain, thunderstorms, squalls, and hail were
observed throughout the month; however, the number
of hazardous weather events was significantly lower
than in July. A key feature of August was the pro-
longed persistence of an extreme fire danger (Class 5)
across a significant portion of the country, which
was caused by a precipitation deficit, high air tem-
peratures, and predominantly anticyclonic weather
conditions.

The autumn of 2025 in Ukraine was generally
warm, mainly due to an abnormally warm September
and, in particular, November, during which the aver-
age monthly air temperature exceeded the climatic
norm by 1.8°C and 3.4°C, respectively (Fig. 4). Sep-
tember was one of the warmest autumn months in re-
cent years. Across almost all of Ukraine, the weather
was practically summer-like: the average daily air
temperature remained above 15°C almost until the
end of the month. The average monthly temperature
was 1.8°C above normal, and in some regions, the
deviation reached 2.5°C or more. Maximum air tem-
peratures rose to 28—36°C. Throughout the month,
new all-time high temperatures were recorded on
multiple occasions, both for specific dates and for
September as a whole, confirming the continuing
trend toward a warming climate. The predominance
of anticyclonic circulation led to prolonged periods of
dry and mostly clear weather. Most of Ukraine expe-
rienced a precipitation deficit, which was particularly
significant in the eastern regions. For example, in the
Kharkiv, Dnipropetrovsk, Poltava, and Sumy regions,
only 5-19% of the monthly precipitation norm fell,
and in Izium, September was the driest on record. At
the same time, in the western regions, as well as in
some parts of the Odesa, Mykolaiv, and Kyiv regions,
precipitation exceeded the norm by 1.0-1.8 times,
and locally — up to 2.4 times the norm.

Despite the generally dry nature of the month, Sep-
tember saw isolated hazardous and extreme meteoro-
logical events, primarily associated with the passage
of active atmospheric fronts, including heavy and ex-
treme rainfall, thunderstorms, squalls, and hail. At the
end of the month, temperatures dropped sharply due

to the influx of Arctic air. Ground frost was recorded
in most regions, and in some places even in the air,
while the first snow cover formed in the highlands
of the Carpathians on September 30. For much of
the month, an extreme fire danger (Class 5) persisted
across most of Ukraine.

October 2025 in Ukraine was characterized by a
predominance of cyclonic circulation, significant vari-
ability in weather conditions, and an uneven distribu-
tion of precipitation. Despite the frequent passage of
atmospheric fronts and cyclones, the average monthly
air temperature across most of the country remained
close to the climatic norm (Fig. 4). At the same time,
it exceeded the norm in the east of the country, while
in the Transcarpathian region and the Carpathians
it was 1.0-2.5°C below the norm. Throughout the
month, weather conditions were shaped by active
cyclonic activity, which led to frequent fluctuations
in air temperature and prolonged periods of precipi-
tation. Maximum air temperatures rose to 15-25°C,
while minimum temperatures dropped to 4°C above
freezing to 5°C below freezing, and in the Carpathi-
ansand in some parts of the Precarpathian region — to
6—8°C below freezing. In the second half of the
month, many regions of the country experienced
ground and air frosts, which in some places reached
hazardous levels. Precipitation was distributed ex-
tremely unevenly across the country. In most regions,
precipitation levels were close to normal; however, in
the southern, northern, and central regions, as well as
in the Kharkiv region, some areas received 1.0-2.3
times the monthly normal, and in certain districts of
the central regions and the Odesa region, up to 2.4—
3.1 times the norm (Fig. 3a). Due to the increase in
precipitation, the situation with soil moisture reserves
improved somewhat; however, a moisture deficit per-
sisted in the Lviv and Transcarpathian regions, as well
as in some parts of the Ivano-Frankivsk, Volyn, and
Rivne regions. According to data from the Ukrainian
Hydrometeorological Center, a significant number
of hazardous meteorological events were observed
throughout October, including heavy rain, heavy
snow, thunderstorms, squalls, fog, and frosts. In the
highlands of the Carpathians, a stable snow cover
formed on multiple occasions, and at the end of the
month, there were instances of heavy snow and freez-
ing rain. Despite the prevalence of cyclonic weather,
an extreme fire danger (Class 5) persisted in some
eastern regions at the beginning of the month.
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November 2025 was characterized by abnormally
high average temperatures, a predominance of cyclo-
nic activity, significant spatial variability in precipita-
tion, and the late but intense onset of winter weather
conditions in the western and northern regions of
Ukraine. The average monthly air temperature was
3.4°C above the norm, and in the south, anomalies
reached 5.0°C or more. The predominance of westerly
air flow ensured the inflow of warm and humid air
masses from the Atlantic. Throughout the month, new
all-time high temperatures were recorded on several
occasions for specific dates, particularly in the central,
eastern, and southern regions, confirming the trend
toward a significant warming of the cold season in
Ukraine. Despite the calendar start of the cold sea-
son, weather conditions remained unseasonably warm
for most of the month. Maximum air temperatures
rose to 12-22°C, reaching 24°C in the south of the
Odesa region. At the same time, during periods of
cold air incursions, minimum temperatures dropped
to 0—10°C below freezing, and the first sustained
winter conditions were observed in the western and
northern regions. Precipitation was generally distri-
buted quite unevenly, but over most of the territory,
the amount was close to the climatic norm (Fig. 3a).
In the far west, as well as in the northern, central,
Odesa, and Mykolaiv regions, some areas received
1.2-2.4 times the average monthly precipitation. At
the same time, the western and southern regions ex-
perienced a precipitation deficit, which in some places
reached 50% or more below the climatological norm.
According to data from the Ukrainian Hydrometeo-
rological Center, weather conditions throughout the
month were primarily determined by active cyclonic
activity, which led to frequent precipitation of varying
intensity, strong winds, fog, freezing rain, and wet
snow accumulation. In the second half of November,
mixed-phase precipitation was observed in the west-
ern and northern regions, while a stable snow cover
up to 28 cm deep formed in the Carpathians and
certain areas of the western regions. In the highlands
of the Carpathians, heavy snowfall, strong winds, and
severe winter weather conditions were repeatedly
recorded. December continued the trend of a warm
second half of the year. Air temperatures across most
of Ukraine were 3.0°C above the norm (Fig. 4a).
The month was characterized by prolonged periods
of anticyclonic weather, which led to a precipitation
deficit. The number of days with precipitation was
below the climatological norm (Fig. 3a), and the num-
ber of frosty days decreased significantly. A stable

snow cover did not form over most of the country.
Fog, thaws, and frequent temperature fluctuations
around 0°C prevailed. In the Carpathians and Tran-
scarpathian region, complex accumulations of freez-
ing rain and rime were observed. Thus, December
provided further evidence of the gradual mildening
of winter conditions in Ukraine against the backdrop
of current climate change.

AGROCLIMATIC IMPACTS
OF THE 2025 WEATHER CONDITIONS
ON UKRAINE’S AGRICULTURE

The sequence of weather anomalies in 2025 crea-
ted complex risks for Ukraine’s agricultural sector,
with the nature and scale of these risks varying sig-
nificantly across regions and crops. The precipitation
deficit during the winter of 2024—2025 and in March
limited the replenishment of plant-available soil mois-
ture reserves, especially in the south, east, and parts
of the central regions. An abnormally warm March
accelerated the resumption of growth in winter crops
and the onset of development in perennial crops,
increasing their sensitivity to subsequent cold spells.
Three cold waves in April and late-spring cold spells
posed risks of damage to the reproductive organs of
fruit crops and rapeseed, while a cold and wet May
slowed the development of heat-loving crops and
field operations but also partially replenished soil
moisture reserves.

In the summer, the main limiting factor in the
southern and eastern regions was a combination of
high temperatures, a prolonged lack of precipitation,
and increased evaporative demand. This coincided
with the critical stages of yield formation for corn,
sunflowers, and soybeans. JRC MARS estimates
confirm that in southern and eastern Ukraine in the
summer of 2025, the yields of summer crops were
significantly below average, while in the northern and
western regions, adequate moisture supply made it
possible to maintain higher yield potential (Ben Aoun
et al., 2025a). At the national level, expectations for
corn and soybeans were better than the five-year aver-
age, while those for sunflowers were lower, reflecting
the regional distribution of crops and the more severe
impact of drought in the south.

Excessive precipitation in July in the western re-
gions had a different type of negative impact: it de-
layed the harvest of early grains and rapeseed and de-
graded product quality. Thus, the agrometeorological
conditions of 2025 in Ukraine were characterized not
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by a single dominant stressor, but by a sequence and
combination of divergent hazards. For agricultural
production, this means that not only average climate
changes but also the timing of extremes relative to
crop phenological phases are becoming increasingly
important. That is why adaptation strategies must be
based on regional agroclimatic indicators, monitoring
of plant-available soil moisture reserves, forecasts of
heat waves and frosts, as well as flexible manage-
ment of sowing and harvesting dates and crop rota-
tion structure.

DISCUSSION

The results of the study showed that the agrocli-
matic characteristics of 2025 in Ukraine were deter-
mined not so much by the magnitude of the average
annual temperature anomaly as by significant seasonal
variability, spatial heterogeneity of moisture, and a
succession of weather extremes of varying directions.
The combination of a warm, snow-poor winter, an
abnormally warm March, cold spells in April, a cold
and wet May, summer heat and drought in some re-
gions, and excessive moisture in others created risks
for agricultural crops that varied in both mechanism
and consequences. This pattern of weather condi-
tions aligns with the current understanding of agro-
climatic risk, according to which crop yield losses
are increasingly caused not by the isolated effect of
a single meteorological factor, but by the interaction
of several stressors and their coincidence with critical
phases of plant development (Schmitt et al., 2022;
Heino et al., 2023).

One of the key features of 2025 was a significant
deficit in winter precipitation. Across most of Ukraine,
precipitation amounted to only 50-80% of the cli-
matic norm, and soil moisture reserves in the spring
were below the average perennial values in many
regions. From an agronomic perspective, this ano-
maly was significant not only as a characteristic of
the winter season. Insufficient replenishment of soil
moisture created unfavorable initial conditions for
spring vegetation and increased the sensitivity of
crops to subsequent precipitation deficits. The results
of European studies confirm that drought remains one
of the most significant factors contributing to year-to-
year variability in crop yields. In Germany, drought
was found to be the most significant of the extreme
weather events studied in terms of yield losses in
field crops (Schmitt et al., 2022), and an analysis of
long-term changes in Europe indicates an increase in

yield losses associated with droughts and heat waves
(Bras et al., 2021). For the Forest-Steppe of Ukraine,
long-term observations also indicate a transforma-
tion in soil moisture conditions under current climate
change. In particular, in the central part of the Left-
Bank Forest-Steppe, a persistent trend toward signs of
a non-leaching water regime in chornozem has been
observed, indicating increasing aridization of grow-
ing conditions for agricultural crops (Demydenko &
Velychko, 2025).

At the same time, the impact of the moisture deficit
in 2025 varied significantly throughout the season.
Heavy rainfall in May in many regions partially oft-
set the spring soil moisture deficit, which may have
improved conditions for winter and spring grains.
However, the cold weather in May hindered heat
accumulation and the development of heat-loving
crops. Thus, the positive effect of increased moisture
reserves was accompanied by temperature-induced
limitations on plant development. This once again
demonstrates that assessing agrometeorological con-
ditions based on a single indicator — temperature or
precipitation — can lead to an incomplete interpreta-
tion of their impact on crop yield.

Another characteristic manifestation of this com-
pound risk was the combination of an exceptionally
warm March with subsequent cold spells in April.
The average temperature in March was 4.4°C above
the norm, which contributed to the early resumption
of vegetative growth in winter crops and accelerated
the development of perennial crops. This was fol-
lowed by three cold spells in April, during which the
minimum temperature dropped to —5...—8°C, and in
the Carpathians—to —13°C. Under these conditions,
agricultural risk was determined not only by the ab-
solute value of the minimum temperature but also by
its occurrence following an abnormally warm period
when plant growth had been accelerated.

This situation is consistent with the findings of
recent studies on spring frosts. Guo et al. (2024)
showed that crop yield losses are associated not only
with the frequency of frost events but also with the
amplitude of temperature fluctuations, their duration,
and the timing of their occurrence. Therefore, the
overall trend toward a shorter frost period observed
in Ukraine should not be interpreted as a proportional
reduction in agricultural risk from late cold spells.
On the contrary, an earlier resumption of vegetation
growth may increase the exposure of sensitive de-
velopmental stages to brief cold air intrusions. This

AGRICULTURAL SCIENCE AND PRACTICE Vol. 13 No.2 2026 45



BALABUKH et al.

pattern has previously been observed in Ukraine as
well (Balabukh et al., 2024).

During the summer, the main agroclimatic risk
for the southern regions and parts of the central and
eastern regions was a combination of high air tem-
peratures and a precipitation deficit. Conditions were
particularly unfavorable during the July heat wave,
when maximum temperatures in the south and east
reached 38—40°C. High temperatures increase atmo-
spheric demand for moisture and the intensity of
evapotranspiration; therefore, even the same amount
of precipitation under different temperature condi-
tions can result in fundamentally different levels of
water stress.

It is precisely these simultaneous hot and dry con-
ditions that are considered one of the most dangerous
manifestations of modern climate change for crop
production. Heino et al. (2023) demonstrated that the
likelihood of such conditions occurring during the
growing season is increasing in many major global
agricultural regions, and the occurrence of these com-
bined extremes is associated with significant negative
crop yield anomalies. The coincidence of heat and
water stress with reproductive phases is particularly
critical. According to model estimates by Senapati
et al. (2026), potential losses in global wheat yields
due to extreme heat stress during flowering could in-
crease significantly with further warming. The results
obtained for Ukraine confirm the need to analyze not
only the number of days with high temperatures but
also the timing of their occurrence relative to the
phenological development of crops.

At the same time, weather conditions in 2025 de-
monstrated significant spatial contrast in agroclimatic
risks. While the southern and some eastern regions
experienced a moisture deficit, the western and nor-
thern regions saw excessive precipitation during cer-
tain periods. This heterogeneity in the response of
agricultural production to weather conditions is also
characteristic of other European countries. In Swe-
den, drought had a greater impact on crop yields in
the southern part of the country, while in the north,
excess moisture was the more negative factor (Sjul-
gard et al., 2023). In the Netherlands, extremely wet
conditions during field operations and harvest caused
significant losses for certain crops, whereas in other
years, drought was the dominant factor (van Oort
et al., 2023). This confirms that the same climatic
anomaly cannot be considered universally negative
or positive for all agroclimatic zones.

For Ukraine, this pattern is particularly important
due to the country’s significant territorial extent and
natural and climatic heterogeneity. Rising tempera-
tures in the northern and western regions, coupled
with sufficient moisture during certain periods, may
create more favorable thermal conditions for heat-
loving crops. In contrast, in the Steppe and southern
Forest-Steppe, the temperature anomaly itself com-
bined with a precipitation deficit exacerbates water
stress and may reduce productivity. Thus, the agri-
cultural consequences of warming are determined not
only by the magnitude of the temperature change but
also by the region’s baseline climatic conditions and
moisture availability (Schmidt, Felsche, 2024).

Excessive precipitation observed in certain regions
in May and July cannot be viewed solely as com-
pensation for the previous moisture deficit either. At
certain intensities and durations, it causes soil water-
logging, impairs soil aeration, and complicates field
oeprations and harvesting. A global meta-analysis by
Tian et al. (2021) showed an average 32.9% reduction
in crop yields under waterlogged conditions, with
losses being greatest when waterlogging occurred
during the reproductive phase and increasing as the
duration of stress increased. Therefore, during the
agroclimatic assessment, it is important to consider
not only monthly or seasonal precipitation totals but
also precipitation intensity, the duration of wet pe-
riods, and the timing of precipitation.

The results also indicate that traditional indicators
such as annual temperature and annual precipitation
are no longer sufficient for assessing climate risks to
agricultural production. In 2025, a positive average
annual temperature anomaly was accompanied by a
cold May and several spring cold spells, while the
overall annual precipitation deficit was accompanied
by local monthly totals that were several times higher
than normal. It was precisely the seasonal structure
and sequence of these anomalies that determined their
agronomic significance.

This conclusion is consistent with current ap-
proaches to assessing the impact of climate on ag-
riculture. Yield response depends significantly on
the crop, local soil and climate conditions, and the
stage of plant development (Schmitt et al., 2022;
Sjulgard et al., 2023). Therefore, it is advisable for
Ukraine to further develop a system of agroclimatic
indicators that combine characteristics of tempera-
ture, precipitation, evaporation, plant-available soil
moisture reserves, and crop phenology.
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At the same time, the study results should be in-
terpreted with certain limitations in mind. Due to the
temporary occupation of territories and war hostili-
ties, regular meteorological observations in parts of
the eastern and southern regions were either absent
or incomplete. These territories are among the driest
agroclimatic zones in Ukraine and play an important
role in the production of grain and oilseed crops.
Therefore, the actual spatial heterogeneity of drought
and heat stress may have been greater than reflected
in the available data. Furthermore, this study focuses
primarily on the meteorological conditions underlying
the formation of agroclimatic risks; quantifying the
attribution of specific crop yield losses to individual
weather events requires combining meteorological
data with regional crop yield statistics, phenologi-
cal observations, soil characteristics, and cultivation
practices.

On a global scale, new assessments show that
adapting agricultural production can partially reduce
climate-induced losses, but does not eliminate them
entirely (Hultgren et al., 2025). For Ukraine, this un-
derscores the need to shift from reacting to individual
adverse weather events to systematically managing
agroclimatic risks. Promising areas include adaptive
selection of crops and varieties, optimization of plant-
ing and harvesting dates, soil moisture conservation,
improved irrigation efficiency, diversification of crop
patterns, and the use of climate forecasts. Another key
element of adaptation is the management of plant-
available moisture reserves through the optimization
of crop rotations and tillage systems, as these factors
significantly influence the accumulation and utiliza-
tion of soil moisture by agrocenoses (Demydenko et
al., 2021; Demydenko & Velychko, 2025).

Climate services, which convert meteorological and
climate information into indicators directly applicable
to agronomic decision-making, are also of great im-
portance for agricultural adaptation. A study by Toreti
et al. (2022) shows that the use of climate informa-
tion for adaptive management, particularly in variety
selection, can mitigate the negative impacts of climate
change on crop production. For Ukraine, it makes
sense to focus such services primarily on monitoring
and forecasting plat-available soil moisture deficits,
droughts, heat waves, late spring frosts, excessive
precipitation, and their potential overlap with critical
growth stages of major agricultural crops.

Thus, the weather conditions of 2025 demonstrate
that current climate change in Ukraine affects agricul-

ture not only through a general rise in temperature.
Equally important are the increasing spatiotemporal
variations in precipitation, shifts in seasonal patterns,
the occurrence of extreme events, and the formation
of combined heat and water stress. It is precisely these
characteristics that should form the basis for further
assessment of agroclimatic risks and the development
of measures to help Ukraine’s agriculture adapt to
climate change.

CONCLUSIONS

An analysis of Ukraine’s weather and climate con-
ditions in 2025 showed that this year provided fur-
ther confirmation of the current trend toward global
warming. In terms of average annual temperature, it
ranked among the five warmest years since 1961, and
air temperatures across most of the country exceeded
the 1991-2020 climate norm by 1-2°C. The largest
positive anomalies were observed in the northern,
central, and eastern regions of Ukraine.

One of the most significant features of the year was
the earlier rise in minimum air temperatures com-
pared to maximum temperatures, which manifested
in a significant reduction in the number of frosty
days, days with temperatures below 0°C, and days
with minimum temperatures below —10°C, as well
as an increase in the frequency of tropical nights.
These changes indicate a further mildening of winter
conditions and an increase in heat stress during the
warm season.

In 2025, high spatiotemporal variability in atmo-
spheric precipitation persisted. Despite an overall
annual moisture deficit across most of Ukraine, cer-
tain periods were characterized by extremely intense
precipitation and were accompanied by dangerous
convective phenomena. The combination of prolonged
dry periods with localized heavy rains indicates an
increase in the contrast of the moisture regime, a cha-
racteristic feature of contemporary climate change.

Seasonal weather patterns were marked by sig-
nificant variability. The most anomalous conditions
included a record-warm March, a contrasting April
with several cold spells, a cold and very wet May, a
hot July with heat waves, and an abnormally warm
November. This combination of heat and cold anoma-
lies, droughts, heavy downpours, and other hazardous
meteorological events is a characteristic feature of
the current climate transformation in Ukraine.

The results confirm the intensification of climatic
and agroclimatic risks in Ukraine. For agriculture in

AGRICULTURAL SCIENCE AND PRACTICE Vol. 13 No.2 2026 47



BALABUKH et al.

2025, the most significant factors were insufficient
winter-spring moisture accumulation, early plant de-
velopment following a warm March, late spring cold
spells, summer drought and heat in the south and
east, and excessive precipitation in certain western
regions. The impact of these factors depended on the
phenological stage and region: drought reduced the
yield potential of winter and summer crops, frosts
posed a risk to rapeseed and perennial plantations,
and excessive moisture complicated harvesting and
degraded product quality. This justifies the shift from
evaluating individual climate indicators to a compre-
hensive assessment of composite agroclimatic risks
and the development of regionalized climate services
for the agricultural sector.
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Meta. BusiBuTH 0COOIMBOCTI MPOSIBY MOTOJHUX aHOMAITil
B YKpaiHi B yMOBaX CydacHOi 3MiHU KJIIMaTy Ta OIiHHU-
TH TI0B’sI3aHi 3 HUMHU arpOKJIIMATHYHI PU3HUKH IS Cilb-
CBKOTO TOCIIOJapPCTBA HA MPHUKIAIl MOTOTHUX yMOB 2025
poky. Matepiaan i meTtonu. i aHamizy BUKOPUCTAHO
I[OJICHHI JIaHl1 CIIOCTEPEKCHB JCPKABHOT MEPEKi TiApO-
METEOPOJIOTIYHUX CIOoCTepexkeHb Ykpainu 3a 2025 pik i
KJIIMAaTUYHY HOPMY OCHOBHUX METEOPOJIOTIYHUX YNHHUKIB
3a 1991-2020 pp. JocaimkeHHs OXOIUTIOE 3aXi/IHi, IIEHT-
panpHi Ta MBHIYHI peTioHn YKpaiHu, a Takok OmechKy i
MuxkonaiBceky obnacti. Tepuropii, ne yepe3 TUMYACOBY
oKymarito abo 00¥0oBi il cIOCTEPEKEHHsI HE POBOIH-
11 abo 371HCHIOBAIM HEPETyJISpHO (110 YHEMOXKIUBUIIO
(dbopMmyBaHHs Oe3MEPEPBHUX PSIIB TaHHUX), BUKIIOYCHO 3
nocnipkeHas. g aHanizy HeOe3MeyHUX SBUII ITOTOIU
3aJTy9eHO IOMIiCSYHI OTIISAIN OTOAN YKPaiHCHKOTO Tiapo-
METEeOopoJIoTiYHOro neHTpy. IIpocropoBo-uacoBi ocobnu-
BOCTI Ta CE30HHY MIHJIMBICTh MOKa3HUKIB y 2025 poui
BUSBJIEHO 34 JOMOMOTO METOIIB KIIMaTOIOTi4HOTO, CTa-
THUCTUYHOTO ¥ MPOCTOPOBOTO aHami3y. ArpapHi HACTi KK
MTOTOTHUX aHOMAJIi¥ OLIHEHO NUIIXOM 3iCTaBICHHS OTPH-
MaHuX pesynbraTiB i3 qanumMu JRC MARS (Ben Aoun et
al., 2025a, 2025b) mozo craHy Ta BpOXKaiHOCTI KyJIBTYp B

VYkpaini # €Bpomni ta rodansaumu oninkamu FAO (FAO,
2025) momo BIUIMBY KIIIMAaTHYHUX €KCTPEMYyMIB Ha arpo-
npopoBoskdi cucremu. Pesyabrarn. 2025 pik B Ykpaini
YBIHIIOB 10 1’ sATipKK Haifterutimux 3 1961 poky; cepenns
3a piKk TemIieparypa moBiTps Ha OUTBIIIN YaCTHHI TePUTOPIT
nepesumnryBaia Hopmy Ha 1-2°C. OcoOIUBO BUPAa3HUM
OyI1o MiABUIICHHS MiHIMaJIbHOI TEMIEPaTyPH, CKOPOUSHHS
KUIBKOCTI MOPO3HHMX JIHIB 1 MOIIMPEHHS TPOMIYHUX HO-
yeif. PexxumM omajiB xapakTepu3yBaBcsl 3araibHuUM Jedi-
IATOM 1 Pi3KOI0 POCTOPOBO-4aCOBOIO HEOMHOPITHICTIO.
Jlyist arpapHOro BUPOOHUIITBA HAMOLIBII 3HAYYIIUMHU OyIH
HEJIOCTAaTHE 3UMOBE HAKOITMYCHHS BOJIOTH, PAHHE BiTHOB-
JICHHSI Bererauii micyis aHOMaJIbHO TEIIoro Oepe3Hsi, TpH
XBHJI1 XOJIOY V KBiTHI, XOJOHUH 1 BOJIOTHI TPaBEHb, JITHS
CIleKa Ta TpUBaIUH AedIIUT omajiB Ha MiBIHI ¥ cXOmi,
a TakoX HaJMIpHI JHUIHEB] onanu Ha 3axoni. Take moeju-
HaHHS YUHHUKIB 3HWKYBAJIO MMOTEHIIall 03UMHX KYJIBTYp Y
MOCYIIJIMBHUX pailOHAX, CTBOPIOBAJIO PU3UK MOLTKOKESHHS
pimaxy, GpyKTOBUX Ta OBOYEBHX KYIBTYp Mi3HIMH 3aMO-
PO3KaMH, NOTipIIyBajIo YMOBH (pOpMyBaHHS BPOXKalo KyKy-
PY/3H, COHSINIHMKY Ta COi Ha MIiBAHI W CXOJI Ta yCKIaj-
HIOBaJO 30MpaHHs 1 AKICTh 3€pHA Ta PilaKy B 3aXiTHUX
obnactsix. BogHouac ocTaTHe 3BOJIOKEHHS B MIBHIYHUX
1 3aXiJHAX perioHaxX MIATPUMYBAJO MOTEHIiad JTiTHIX
KynbTyp. BucHoBkm. Ilorogui ymosu 2025 poky mpoje-
MOHCTPYBaJH, IO JJIS CITBCHKOTO TOCIOAAPCTBA YKpaiH!
KJIIMaTHYHUH PU3UK BU3HAYAETHCSI HE JIHINE 3arallbHUM
MOTEIUTIHHAM aTMoc(hepH, a HacaMmIepea MOEJHAHHIM
MIOCYXH, CIIEKH, Mi3HIX ITOX0JIOJaHb Ta JOKAJIBHOTO Iepe-
3BOJIOXKCHHS B KpUTHYHI a3y po3BUTKY KyibTyp. [Ipocro-
pOBa KOHTPACTHICTh arPOMETEOPOJIOTIYHNX YMOB 3pPOCTAE,
10 HiACHIIIOe TOTpeOy B perioHani3oBaHUX KIIMaTHYHUX
cepBicax, paHHbOMY TONEPEKEHHI, aIalTHBHOMY J1000pi
KYIBTYp 1 COPTiB, ONTUMI3aIlil CTPOKIB IOJTHOBHX POOIT Ta
YIPaBJIiHHI IPyHTOBOIO BOJIOTOIO.

KurouoBi cjioBa: 3MiHa KiIiMaTy, arpoKIiMaTHYIHI PU3HKH,
TeMIeparypa MnoBiTpsi, arMoc(epHi onaju, mocyxa, 3amo-
PO3KH, XBUIII TEIUIA, YPOKAUHICTH, CIIIBCHKE FOCIIOAAPCTRO,
VYkpaina.
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