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ABSTRACT

Formulation of the problem. This is the second part of a trilogy dedicated to the analysis of climate indicators in central
Ukraine over the entire period of instrumental observations, which analyzes air temperature data from the weather stations of Uman,
Kropyvnytskyi, and Poltava. This work addresses issues related to the 13th Sustainable Development Goal, which is to combat cli-
mate change and strengthen resilience and adaptation to climate-related hazards and disasters in all countries.

The purpose of this study was to analyze data from weather stations in central Ukraine that have the longest period of observa-
tion and to find patterns in the dynamics of temperature indicators over the past 140-200 years.

Data and methods. To characterize the climate of central Ukraine, we analyzed the average monthly and average annual tem-
peratures of Uman, Kropyvnytskyi, and Poltava, which have the longest continuous or almost continuous period of observation.
Based on these data, we have constructed graphs of changes in the average annual and average monthly temperatures for the winter
and spring seasons. To analyze the dynamics of temperature indicators, we constructed linear and 11-year moving trends.

Results. At all weather stations, there is a trend towards an increase in both average annual air temperatures and temperatures
for certain months. In particular, in Uman, the average annual temperature over the entire observation period (138 years) has in-
creased from +6.8°C to +8.6°C, i.e. by 1.8 degrees. In Kropyvnytskyi, average annual temperatures over 149 years increased from
+7.4°C to +8.9°C, i.e. by 1.5 degrees. In Poltava, the average annual temperature over 199 years has increased from +5.9°C to
+8.7°C, i.e. by 2.8 degrees (since 1886 from +6.4°C to +8.7°C, i.e. by 2.3 degrees). At all weather stations, the most significant in-
crease in average annual temperatures occurred between 1989 and 2023. Temperatures in the autumn months increased the least.
Over the entire observation period, average monthly temperatures in September/October/November increased from 0.3/0.1/0.1°C in
Uman, 0.6/0.1/1.8°C in Kropyvnytskyi to 1.5/1.2/1.9°C (since 1886 — 0.9/0.9/1.7°C) in Poltava. All three meteorological stations
have common periods of temperature increases and decreases, in particular, a decrease in average monthly summer temperatures
occurred from 1947-1969 to 1985-1995; from 1986-1996 to 2023, an increase in air temperature. Air temperatures in the summer
months have increased quite significantly. Over the entire period of observation, the average monthly temperature in
June/July/August increased from 0.9/0.3/0.7°C in Kropyvnytskyi, 1.9/1.3/1.6°C (since 1886 — 1.3/1.2/1.4°C) in Poltava to
2.0/1.1/1.1°C in Uman. The greatest increase in average monthly autumn temperatures occurred from 1999-2001 to 2023. Analyzing
the graphs of 11-year moving averages, one can see the presence of periods of increase and decrease in average monthly tempera-
tures lasting about 33 years or doubled periods lasting about 66 years.

Scientific novelty. For the first time, the data of meteorological stations in central Ukraine for the entire period of observation
(138 years — Uman, 149 years — Kropyvnytskyi, 199 years — Poltava) were analyzed and regularities in the dynamics of temperature
indicators were determined.

The practical significance lies in the possibility of using the results of the study to predict future climate change.

Keywords: climate, temperature, climate action, average monthly air temperature, territory of Ukraine, regional climate
changes, summer, autumn.
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Problem statement. The issue of analysing
and forecasting changes in weather and climate con-
ditions over time is the most challenging in clima-
tology. Periodic changes in climate indicators re-
main insufficiently studied. A detailed, high-
resolution understanding of the temporal and spatial
patterns of climate change over previous centuries is
essential to assess the extent to which the changes of

the late 20" and early 21% centuries may be unusual
of pre-industrial natural climate variability.
Analysis of recent research and publications.
Temperature fluctuations for Europe since before
1500 are discussed in detail in the paper ‘European
Seasonal and Annual Temperature Variability,
Trends, and Extremes Since 1500°. The authors
used multi-proxy reconstructions of monthly and
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seasonal surface temperature and found that the
European climate of the late 20" and early 21% cen-
tury is very likely (>95% confidence level) to be
warmer than at any time in the last 500 years. This
is consistent with findings for the entire Northern
Hemisphere. Average European winter temperatures
between 1500 and 1900 are ~0.5°C lower (0.25°C
for annual mean temperatures) compared to the 20™"
century. Summer temperatures have not experienced
a systematic cooling on a century-long scale relative
to current conditions. The coldest European winter
was in 1708-1709; 2003 had the hottest summer on
record [6].

Since 1757, there has been a trend towards
summer cooling (-0.06°C per decade) until the early
20" century, with 1902 being the coldest summer on
record. Subsequently, there has been an extremely
strong, unprecedented warming (linear trend of
+0.7°C per decade), probably marked by the hottest
summer decade from 1994 to 2003. European sum-
mer temperatures show other multi-decadal periods
with comparable, though less strong, warming
trends (1731-1757, 0.42°C per decade; 1923-1947,
0.45°C per decade, respectively). The summer of
2003 exceeded European summer temperatures from
1901 to 1995 by about 2°C. The summer of 2003
was probably warmer than any other summer before
1500 [6, 9].

The 19" century (-0.32°C) was the coldest in
the last half millennium [6]. This is consistent with
reconstructions for the entire Northern Hemisphere
[2]. The coldest decadal periods were observed in
the second half of the 19" century and at the end of
the 17" century. Decadal continental annual temper-
ature changes during pre-industrial times appear to
be driven primarily by solar variability [16, 17],
although long periods of volcanism may also have
contributed to the cooling in Europe.

The 20" century (1901-2000) was the warmest
since 1500. There was a strong warming trend of
+0.08°C per decade in the 20" century. In the last 30
years (1974-2003), temperatures were ~0.45°C
higher than the second warmest 30-year periods
(1722-1751 and 1750-1779) of the reconstructions.
Nine of the warmest European years have occurred
since 1989. 1989 (+1.3°C) and the decade from
1994 to 2003 (+0.84°C) were likely the warmest in
more than half a millennium [6].

Air temperatures in each of the last three dec-
ades have been higher than all previous decades
since 1850, and the first decade of the 21 century
was the warmest. In the Northern Hemisphere, the
period from 1983 to 2012 was the warmest 30-year
period in the last 1400 years. The average global
surface temperature increased by 0.85°C between
1880 and 2012, calculated using a linear trend based
on several separately developed data series [10].

According to the expected future climate
change, the change in the average global surface
temperature in the short term over the period 2016-
2035 compared to 1986-2005 is likely to be in the
range of 0.3-0.7°C. This estimate assumes no major
volcanic eruptions or long-term changes in total
solar radiation [11]. However, in late 2021 and early
2022, the Hunga Tonga-Hunga Ha'apai (HTHH)
volcano erupted, releasing huge amounts of water
vapor into the atmosphere, leading to an increase in
temperature in the winter months in the northern
hemisphere [13].

Studies of the dynamics of climatic indicators
for the territory of Ukraine and its regions are ongo-
ing [7, 8, 24], but they often do not cover the entire
period of instrumental observations [19, 23]. Re-
searchers note that the average annual temperature
has increased by 0.6+0.2°C over 100 years [3, 4].
There have been attempts to predict climate change
based on the projection of regional climate charac-
teristics (for example, in Odesa region). According
to them, in the near future (until 2030), changes in
the average annual air temperature relative to the
current period will be +0.44°C+0.3°C, and its value
will be 10.9°C. Insignificant changes in the average
monthly air temperature (within +0.05°C) are ex-
pected from January to March, and from April to the
end of the year, a gradual increase in average
monthly air temperatures is expected. The largest
increases are expected in December, September and
July (+0.8°C+0.5°C, +0.79°C+0.4°C, +0.74°C+0.4°C,
respectively). The smallest confidence intervals
were obtained for August £0.2°C, and the largest for
January +0.7°C [14].

Projections of changes in air temperature in
Ukraine by the middle of the XXI century indicate
unambiguous warming in all months of the year.
Changes in the average annual temperature in this
period are projected to be +1.41+0.2°C, and its value
is 11.9°C, which is 1.0°C higher than in the previous
period. The maximum changes are expected, as in the
previous period, in December, at +2.05+0.4°C. Un-
like in the near future, significant changes will occur
in August +1.81+0.4°C and January +1.61+0.6°C, the
smallest in spring with a minimum in February
+0.79+0.4°C. In the summer months, warming will
occur unevenly: the maximum is in August, but in
July the temperature changes are significant and
amount to +1.68+0.3°C [14]. Compared to 1961-
1990, the average monthly air temperature in spring
and autumn will undergo the smallest changes (up to
1°C), while the temperature increase in summer and
winter will be 2.5-3.5°C [27].

In June, the average monthly temperature in
Ukraine increased by 0.4-0.7°C, and in the west, up
to 1.0°C over a 100-year period. From July to Au-
gust, a slow decline (up to 1.0°C) in air temperature
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begins, which is increasing further. In August, the
direction of the isotherms for both study periods
coincides, with a temperature increase of 1.0°C over
most of the territory and 0.5°C in the south-east. The
largest temperature increase occurred in the far
south, where the temperature reached 22.0°C. It also
warmed up by 1.0°C in the west, where the tempera-
ture reached 18.0°C. In July and August, the air
temperature increased by 1.5-2.0°C across the terri-
tory compared to the climatological standard norm
(1961-1990). In September, the air temperature re-
mained almost unchanged. In October, an increase
of 1.0°C was observed in the southeast, and 0.1-
0.5°C in the rest of the country. In November, in
most areas, the air temperature has increased in re-
cent years (by 0.4°C), while in some areas it has
decreased [20].

The average annual air temperature over the
past almost twenty years has been on a general up-
ward trend, despite the fact that two periods can be
clearly distinguished in the time distribution: 2000-
2006 and 2007-2018. In the former case, there was a
slight decrease, and in the latter, an increase in the
value of this characteristic. In the northern and
northeastern regions of Ukraine, the annual tempera-
ture increased by 1.0+0.2°C/100 years; in the south-
ern and southwestern regions only by 0.5+0.1°C/100
years; there is a decrease in the amplitude of the
seasonal temperature course by ~0.4-0.5°C: signifi-
cant warming in the cold season (1.0-2.0°C/100
years), for spring (1.5-2.0°C/100 years); warming
was insignificant in the summer months [4].

Other researchers argue that from 2000 to
2020, the air temperature in Ukraine increased sig-
nificantly, especially during the warm season, when
extreme temperatures became more frequent both in
the country and worldwide [22].

The changes in the temperature regime ob-
served now are confirmed by changes in atmospher-
ic circulation in Europe, which has led to an in-
crease in the duration of sunshine [18] and changes
in the characteristics of the radiation balance, in-
cluding in most regions of Ukraine. [25]. The tem-
perature increase in Europe and Ukraine has been
stronger than the global average in recent decades
[5]. There has been an increase in the duration and
severity of droughts in most regions, especially in
the central part of Ukraine, which negatively affects
agriculture [26].

Highlighting the previously unresolved parts
of the general problem to which the article is
devoted. Climate change with a resolution from
seasonal to annual over the past centuries has been
covered in a number of studies, including climate
modelling experiments with estimates of natural and
anthropogenic radiative forcing and empirical re-
constructions [10, 12, 15, 17]. Reconstructions of

hemispheric and global temperatures do not provide
information on regional-scale variations, such as
characteristic seasonal patterns of climate change
that have occurred, in particular, in central Ukraine
over the past centuries. Currently, much attention is
being paid to the study of local (regional) climates,
as trends in air temperature are ambiguous in differ-
ent regions. Therefore, it is important to study the
climate of central Ukraine over the longest possible
period of instrumental observations.

The aim of this study is to analyse data from
the meteorological stations in central Ukraine that
have the longest continuous or almost continuous
period of observations (Uman, Kropyvnytskyi, Pol-
tava). The objectives of the study are to determine
the following: changes in average annual air tem-
peratures; changes in average monthly air tempera-
tures in summer and autumn seasons; periods of
increase and decrease in temperature indicators over
the entire period of instrumental observations (138-
199 years) in central Ukraine.

Main material of the research. To character-
ise the climate of central Ukraine, meteorological
data from meteorological stations with the longest
continuous or almost continuous period of observa-
tion were taken. In particular, the following temper-
ature indicators are analysed:

1. The meteorological station in Uman (Cher-
kasy region), located at latitude 48.77, longitude
30.23, is situated at an altitude of 216 m above sea
level. The meteorological station has been operating
since 1885 and has continuous data for 138 years.

2. The meteorological station in Kropyvny-
tskyi (Kirovohrad region), which has the following
coordinates: latitude 48.52, longitude 32.20, located
at an altitude of 171 m above sea level. The meteor-
ological station has been operating since 1874, how-
ever, meteorological data for 1941-1944 are partial-
ly or completely missing. The meteorological data
were analysed for 149 years.

3. The meteorological station in Poltava has
the following coordinates: latitude 49.60, longitude
34.55, located at an altitude of 160 m above sea
level. The meteorological station has been operating
since 1824, however, meteorological data for 1832-
1835, 1858, 1865-1885, 1941-1943 are partially or
completely missing. The meteorological data were
analysed for 199 years.

A number of scientists identify periodic com-
ponents of climate change, the main one being the
eleven-year cycle of solar activity (Schwabe cycle)
[2]. Therefore, in addition to the empirical data, we
added eleven-year rolling periods to the graphs.

The analysis of the data from the meteorologi-
cal station in Uman for 138 years showed the fol-
lowing: the average annual air temperature is
+7.65°C. The lowest temperature was recorded in
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1942 at +4.8°C. The highest temperature was in
2021 — +10.7°C. According to the linear trend graph,
the average annual temperature over the entire ob-
servation period has increased from +6.8°C to
+8.6°C, i.e. by 1.8 degrees. Between 1885 and 1987,
there was almost no increase in the average annual
temperature. Instead, from 1989 to 2023, there was
a rather significant increase in temperature, accord-
ing to the eleven-year moving average graph (Fig. 1).

The analysis of 149 years of data from the me-
teorological station in Kropyvnytskyi showed the
following: the average annual air temperature was
+8.19°C. The lowest temperature was recorded in
1987 at +5.9°C. The highest temperature was in
2020 at +11.0°C and in 2023 at +11.2°C According
to the linear trend graph, the average annual temper-
ature over the entire observation period increased
from +7.4°C to +8.9°C, i.e. by 1.5 degrees. Between
1874 and 1987, there was almost no increase in the
average annual temperature. In contrast, from 1989

YMaHb (Uman)

KponueHuubkui (Kropyvnytskyi)

. |,
SRR R

| 2

to 2023, there was also a fairly significant increase
in temperature, according to the eleven-year moving
average.

The analysis of the data from the meteorologi-
cal station in Poltava over 199 years showed the
following: the average annual air temperature was
+7.31°C. The lowest temperature was recorded in
1840 at +4.6°C. The highest temperature was rec-
orded in 2020 at +10.6°C. According to the linear
trend graph, the average annual temperature over the
entire period of observation has increased from
+5.9°C to +8.7°C, i.e. by 2.8 degrees (since 1886
from +6.4°C to +8.7°C, i.e. by 2.3 degrees). Analys-
ing the graph of eleven-year moving averages, the
following periods can be distinguished: from 1824
to 1863 — temperature increase; from 1887 to 1933 —
slight temperature fluctuations; from 1934 to 1975 —
slight temperature increase; from 1976 to 1987 —
slight temperature decrease; from 1989 to 2023 —
quite a significant temperature increase (Fig. 1).

MonTasa (Poltava)

)
1l
hLi“w*Wi i

Fig. 1. Average annual temperatures in °C in central Ukraine (Uman, Kropyvnytskyi, Poltava):
1 - empirical data; 2 - eleven-year moving averages; 3 - linear trend

Characteristics of summer months of the year

June: in Uman, the average monthly tempera-
ture among the studied meteorological stations was
the lowest at 17.93°C. The lowest temperature was
recorded in 1925 at +14.6°C. The highest tempera-
ture was observed in 2019 at +22.4°C. According to
the linear trend graph, the average monthly tempera-
ture in June for the entire observation period in-
creased from +16.9°C to +18.9°C, i.e. by 2.0 de-
grees. Analysing the graph of eleven-year moving
averages, the following periods can be distin-
guished: from 1885 to 1921 — a slight decrease in
temperature; from 1922 to 1964 — a slight increase
in temperature; from 1965 to 1994 — a slight de-
crease in temperature; from 1995 to 2023 — an in-
crease in temperature.

In Kropyvnytskyi, the average monthly tem-
perature was the highest among the meteorological
stations studied, at +18.92°C. The lowest was ob-
served in 1887 and 1894 at 15.4°C. The highest was
in 1875 at 23.4°C. According to the linear trend
graph, the average monthly temperature in June for
the entire observation period slightly increased from
+18.5°C to +19.4°C, i.e. by 0.9 degrees. Analysing
the graph of eleven-year moving averages, the fol-

lowing periods can be distinguished: from 1874 to
1921 — a slight decrease in temperature; from 1922
to 1947 — a slight increase in temperature; from
1948 to 1994 — a slight decrease in temperature;
from 1995 to 2023 — an increase in temperature.

The average monthly temperature in Poltava
was +18.54°C. The lowest temperature in 1846 was
12.4°C. The highest temperature in 1901 was
+23.5°C. According to the linear trend graph, the
average monthly temperature in June over the entire
observation period has increased from +17.5°C to
+19.4°C, i.e. by 1.9 degrees (since 1886 — from
+17.5°C to +19.8°C, i.e. by 2.3 degrees). Analysing
the graph of eleven-year moving averages, the fol-
lowing periods can be distinguished: from 1825 to
1934 — temperature fluctuations; from 1935 to 1957
— a slight increase in temperature; from 1958 to
1995 — a slight decrease in temperature; from 1996
to 2023 — an increase in temperature (Fig. 2).

All three meteorological stations have common
periods of temperature increases and decreases, in
particular, the average monthly temperature in June
increased from 1922-1934 to 1947-1957; from 1948-
1965 to 1994-1995 the temperature decreased; from
1995-1996 to 2023 the air temperature increased.
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Fig. 2. Average temperatures in °C in summer months (June, July, August) in central Ukraine
(Uman, Kropyvnytskyi, Poltava) : 1 — empirical data; 2 — eleven-year moving averages; 3 — linear trend

July: In Uman, the average monthly tempera-
ture was the lowest among the meteorological sta-
tions studied, at +19,80°C. The lowest was recorded
in 1979 at +16.6°C. The highest was recorded in
1936 at +25.0°C. According to the linear trend
graph, the average monthly temperature in July for
the entire observation period increased from
+19.3°C to +20.4°C, i.e. by 1.1 degrees. Analysing
the graph of eleven-year moving averages, the fol-
lowing periods can be distinguished: from 1885 to
1918 — a slight decrease in temperature; from 1920
to 1946 — a slight increase in temperature; from
1947 to 1986 — a slight decrease in temperature;
from 1987 to 2023 — an increase in temperature.

In Kropyvnytskyi, the average monthly tem-
perature among the studied weather stations was the
highest at 20.90°C. The lowest was observed in
1912 at 17.6°C. The highest was also in 1936, at
25.6°C. According to the linear trend graph, the
average monthly temperature in July over the entire
observation period hardly changed. It was +20.8°C
and became +21.1°C, i.e. increased by 0.3 degrees.
Analysing the graph of eleven-year moving averag-
es, the following periods can be distinguished: from
1874 to 1918 — a slight decrease in temperature;
from 1920 to 1940 — a slight increase in tempera-
ture; from 1947 to 1986 — a slight decrease in tem-

perature; from 1987 to 2023 — an increase in tem-
perature.

The average monthly temperature in Poltava
was 20.59°C. The lowest temperature was observed
in 1836 — 15.7°C. The highest temperature was in
2001, at 25.1°C. According to the linear trend graph,
the average monthly temperature in July over the
entire period of observation has increased from
+19.9°C to +21.2°C, i.e. by 1.3 degrees (since 1886
— from +20.1°C to +21.3°C, i.e. by 1.2 degrees).
Analysing the graph of eleven-year moving averag-
es, the following periods can be distinguished: from
1825 to 1919 — temperature fluctuations; from 1920
to 1942 — a slight increase in temperature; from
1945 to 1967 — slight temperature fluctuations; from
1969 to 1986 — temperature decrease; from 1988 to
2023 — temperature increase (Fig. 2).

All three meteorological stations have common
periods of temperature increases and decreases, in
particular, the increase in average monthly July
temperatures occurred from 1920 to 1940-1946;
from 1947-1969 to 1986, there was a decrease in
temperature; from 1987-1988 to 2023, there was an
increase in air temperature.

August: in Uman, the average monthly tem-
perature among the studied meteorological stations
was the lowest at +19.03°C. The lowest temperature
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was recorded in 1926 and 1976 at +16.8°C. The
highest temperature was in 2010 at +23.6°C. Ac-
cording to the linear trend graph, the average month-
ly temperature in August over the entire observation
period increased from +18.5°C to +19.6°C, i.e. by
1.1 degrees. Analysing the graph of eleven-year
moving averages, the following periods can be dis-
tinguished: from 1885 to 1917 — a slight decrease in
temperature; from 1920 to 1946 — a slight increase
in temperature; from 1947 to 1985 — a slight de-
crease in temperature; from 1986 to 2022 — an in-
crease in temperature.

In Kropyvnytskyi, the average monthly tem-
perature was the highest among the meteorological
stations studied, at 20.03°C. The lowest temperature
was also observed in 1976, at 16.8°C. The highest
temperature was in 1929 at +24.9°C and in 2010 at
+24.8°C According to the linear trend graph, the
average monthly temperature in August over the
entire observation period increased slightly from
+19.7°C to +20.4°C, i.e. by 0.7 degrees. Analysing
the graph of eleven-year moving averages, the fol-
lowing periods can be distinguished: from 1874 to
1916 — a slight decrease in temperature; from 1917
to 1946 — a slight increase in temperature; from
1947 to 1985 — a slight decrease in temperature;
from 1986 to 2023 — an increase in temperature.

The average monthly temperature in Poltava
was 19.79°C. The lowest temperature in 1836 and
1840 was 15.8°C. The highest temperature in 2010
was 25.6°C. According to the linear trend graph, the
average monthly temperature in August over the
entire observation period slightly increased from
+18.9°C to +20.5°C, i.e. by 1.6 degrees (since 1886
— from +19.1°C to +20.7°C, i.e. by 1.6 degrees).
Analysing the graph of eleven-year moving averag-
es, the following periods can be distinguished: from
1825 to 1901 — temperature fluctuations; from 1902
to 1920 — a slight decrease in temperature; from
1920 to 1939 - a slight increase in temperature;
from 1940 to 1964 — slight temperature fluctuations;
from 1968 to 1985 — a decrease in temperature; from
1990 to 2023 — an increase in temperature (Fig. 2).

All three meteorological stations have common
periods of temperature increases and decreases, in
particular, a decrease in the average monthly tem-
perature in August occurred in 1916-1920; from
1917-1920 to 1939-1946, a slight increase in tem-
perature; from 1947-1968 to 1985, a slight decrease
in temperature; from 1986-1990 to 2023, an increase
in air temperature. Thus, the summer season was the
warmest in Kropyvnytskyi and the coldest in Uman.

Characteristics of autumn months of the year

September: in Uman, the average monthly
temperature was the lowest among the meteorologi-
cal stations studied — 13.97°C. The lowest tempera-
ture was recorded in 1959 at +10.8°C. The highest

temperature was in 1909 at 18.3°C and in 2023 at
18.4°C. According to the linear trend graph, the
average monthly temperature in September over the
entire observation period hardly changed. It was
+13.8°C and became +14.1°C, i.e. increased by 0.3
degrees. Analysing the eleven-year moving average
graph, the following periods can be distinguished:
from 1885 to 1954 — slight temperature fluctuations;
from 1956 to 1966 — slight temperature decrease;
from 1967 to 2000 — slight temperature fluctuations;
from 2001 to 2023 — temperature increase.

In Kropyvnytskyi, the average monthly tem-
perature among the studied weather stations was the
highest at 14.76°C. The lowest temperature was
observed in 1997 at 11.3°C. The highest temperature
was also in 1909, at 20.2°C. According to the linear
trend graph, the average monthly temperature in
September hardly changed over the entire observa-
tion period. It was +14.5 and became +15.1, i.e.
increased by 0.6 degrees. Analysing the graph of
eleven-year moving averages, the following periods
can be distinguished: from 1874 to 1954 — slight
temperature fluctuations; from 1955 to 1966 — slight
temperature decrease; from 1967 to 1997 — slight
temperature fluctuations; from 1999 to 2023 — tem-
perature increase.

The average monthly temperature in Poltava
was 14.29°C. The lowest temperature was in 1843,
at 9.6°C. The highest temperature was also in 1909,
at 19.4°C. According to the linear trend graph, the
average monthly temperature in September over the
entire period of observation slightly increased from
+13.5°C to +15.0°C, i.e. by 1.5 degrees (since 1886
— from +14.0°C to +14.9°C, i.e. by 0.9 degrees).
Analysing the graph of eleven-year moving averag-
es, the following periods can be distinguished: from
1825 to 1997 — insignificant temperature fluctua-
tions; from 1999 to 2023 — temperature increase
(Fig. 3).

All three weather stations have common peri-
ods of rising and falling temperatures, in particular,
from 1999-2001 to 2023, when the air temperature
increased.

October: In Uman, the average monthly tem-
perature was +7.81°C. The lowest temperature was
recorded in 1920 at +1.1°C. The highest temperature
was recorded in 1918 at +13.1°C. According to the
linear trend graph, the average monthly temperature
in October over the entire observation period hardly
changed. It was +7.8°C and became +7.9°C, i.e.
increased by 0.1 degrees. Analysing the graph of
eleven-year moving averages, the following periods
can be distinguished: from 1885 to 1915 — a slight
decrease in temperature; from 1917 to 1935 — a
slight increase in temperature; from 1936 to 1951 —a
slight decrease in temperature; from 1952 to 1966 — a
slight increase in temperature; from 1967 to 2023 —
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Fig. 3. Average temperatures in °C in autumn months (September, October, November) in central Ukraine
(Uman, Kropyvnytskyi, Poltava): 1 — empirical data; 2 — eleven-year moving averages; 3 — linear trend

slight temperature fluctuations.

In Kropyvnytskyi, the average monthly tem-
perature was the highest among the meteorological
stations studied, at 8.37°C. The lowest temperature
was also observed in 1920, at +1.4°C. The highest
temperature was in 1918, at +14.0°C. According to
the linear trend graph, the average monthly tempera-
ture in October over the entire observation period
hardly changed. It was +8.3°C and became +8.4°C,
i.e. increased by 0.1 degrees. Analysing the graph of
eleven-year moving averages, the following periods
can be distinguished: from 1874 to 1915 — a slight
decrease in temperature; from 1917 to 1935 — a
slight increase in temperature; from 1936 to 1951 —
a slight decrease in temperature; from 1952 to 1966
— a slight increase in temperature; from 1967 to
2023 — slight temperature fluctuations.

In Poltava, the average monthly temperature
among the studied weather stations was the lowest
at +7.57°C. The lowest temperature was also in
1920, at +1.5°C. The highest temperature was in
2020 at 12.5°C. According to the linear trend graph,
the average monthly temperature in October for the
entire observation period slightly increased from
+6.9°C to +8.1°C, i.e. by 1.2 degrees (since 1886 —
from +7.3°C to +8.2°C, i.e. by 0.9 degrees). Analys-
ing the graph of eleven-year moving averages, the

following periods can be distinguished: from 1825
to 1860 — a slight increase in temperature; from
1898 to 1923 — a decrease in temperature; from
1924 to 1939 — an increase in temperature; from
1940 to 1952 — a decrease in temperature; from 1953
to 2023 — a slight increase in temperature (Fig. 3).

All three meteorological stations have common
periods of temperature increases and decreases, in
particular, a decrease in the average monthly tem-
perature in August occurred from 1915 to 1923;
from 1917 to 1924 to 1935 to 1939, a slight increase
in temperature; from 1936 to 1940 to 1951 to 1952,
a slight decrease in air temperature.

November: In Uman, the average monthly
temperature was +1,91°C. The lowest temperature
was recorded in 1993 -5.1°C. The highest tempera-
ture was in 2010 at 8.8°C. According to the linear
trend graph, the average monthly temperature in
November over the entire observation period slight-
ly increased from +1.0°C to +2.8°C, i.e. by 1.8 de-
grees. Analysing the graph of eleven-year moving
averages, the following periods can be distin-
guished: from 1885 to 1922 — slight temperature
fluctuations; from 1923 to 1934 — slight temperature
increase; from 1935 to 1959 — slight temperature
decrease; from 1960 to 1969 — slight temperature
increase; from 1970 to 1993 — slight temperature de-
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crease; from 1994 to 2023 — temperature increase.

In Kropyvnytskyi, the average monthly tempera-
ture was the highest among the meteorological sta-
tions studied, at +2.18°C. The lowest temperature was
observed in 1993 -6.1°C. The highest temperature
was in 2010, at +9.0°C. According to the linear trend
graph, the average monthly temperature in November
hardly changed over the entire observation period. It
was +1.9°C and became +2.5°C, i.e. increased by 0.6
degrees. Analysing the graph of eleven-year moving
averages, the following periods can be distinguished:
from 1874 to 1922 — slight temperature fluctuations;
from 1923 to 1934 — slight temperature increase;
from 1935 to 1959 — slight temperature decrease;
from 1960 to 1969 — slight temperature increase;
from 1970 to 1993 — slight temperature decrease;
from 1994 to 2023 — temperature increase.

In Poltava, the average monthly temperature
among the studied weather stations was the lowest
at +1.04°C. The lowest temperature was -7.5°C in
1993. The highest temperature was observed in
2010 at +8.4°C. According to the linear trend graph,
the average monthly temperature in November over
the entire period of observation slightly increased
from +0.0°C to +1.9°C, i.e. by 1.9 degrees (since
1886 — from +0.2°C to +1.9°C, i.e. by 1.7 degrees).
Analysing the graph of eleven-year moving averag-
es, the following periods can be distinguished: from
1825 to 1921 — slight temperature fluctuations; from
1922 to 1945 — temperature increase; from 1946 to
1960 — slight temperature decrease; from 1961 to
1973 — slight temperature increase; from 1974 to
1994 — slight temperature decrease; from 1995 to
2023 — slight temperature increase (Fig. 3).

At all the studied weather stations over the en-
tire observation period, the lowest average monthly
temperatures in November were recorded in 1993,
and the highest in 2010. All three weather stations
had common periods of temperature increases and
decreases, in particular, from 1922-1923 to 1934-
1945 — a slight increase in temperature; from 1935-
1946 to 1959-1960 — a slight decrease in tempera-
ture; from 1994-1995 to 2023 — an increase in air
temperature.

Thus, the autumn season was the warmest in
Kropyvnytskyi, and the coldest (except for Septem-

ber) in Poltava.

Conclusions. The analysis of meteorological
data from meteorological stations in central Ukraine
over the entire period of observation showed the
following: average annual temperatures increased
from 1.5°C in Kropyvnytskyi, 1.8°C in Uman to
2.8°C (since 1886 2.3°C) in Poltava. The highest
average annual temperatures at all weather stations
were recorded in 2020, 2021 and 2023.

Temperatures in autumn months increased the
least. Over the entire observation period, average
monthly temperatures in September increased from
0.3°C in Uman, 0.6°C in Kropyvnytskyi to 1.5°C
(since 1886 0.9°C) in Poltava. The average monthly
temperature in October increased from 0.1°C in
Uman and Kropyvnytskyi to 1.2°C in Poltava (0.9°C
since 1886). The average monthly temperature in
November increased from 0.6°C in Kropyvnytskyi
and 1.8°C in Uman to 1.9°C (since 1886 1.7°C) in
Poltava. All three weather stations had common
periods of temperature increases and decreases, in
particular, an increase in average monthly autumn
temperatures occurred from 1999-2001 to 2023.

The temperatures of summer months have in-
creased quite significantly. Over the entire period of
observation, the average monthly temperature in
June increased from 0.9°C in Kropyvnytskyi, 1.9°C
(since 1886 2.3°C) in Poltava to 2.0°C in Uman. The
average monthly temperature in July increased from
0.3°C in Kropyvnytskyi, 1.1°C in Uman to 1.3°C in
Poltava (1.2°C since 1886). The average monthly
temperature in August increased from 0.7°C in Kro-
pyvnytskyi and 1.1°C in Uman to 1.6°C (since 1886
1.6°C) in Poltava. All three meteorological stations
had common periods of temperature increases and
decreases, in particular, a decrease in average
monthly summer temperatures occurred from 1947-
1969 to 1985-1995; from 1986-1996 to 2023, an
increase in air temperature.

Analyzing the 11-year sliding graphs, one can
notice the presence of periods of increase-decrease
in average monthly temperatures lasting about 33
years or doubling periods lasting about 66 years.
Due to the lack of meteorological data for a long
period, such patterns are difficult to identify, but this
is a promising area for further research.
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Bararopiuna nuHamika TemMneparypu noBiTps
JITHBOI'0 TA OCiIHHBOI'0 Ce30HIB Y HEHTPAJIbHIN YKpaiHi

Onvza I'enesepa *

K. Teorp. H., JIOLEHT, Kaeipa 3arajJpHOro 3eMIIepoOCTBa,
lenrpanbHoykpaiHCchKuii HAIOHAEHUI TEXHIYHWI YHIBEPCUTET,
KpomnusHuubskuii, Ykpaina;

Mugxona Mocminan *

K. OioJIor. H., mpodecop, 3aB. KapeapH 3araJbHOTO 3eMIIEpOOCTBa;

Cepziit Tononvnuii ?

K. 610JI0T. H., TOKTOpAHT,

2 HanjioHanbHuii yHiBepcuTeT GiopecypciB i MPUPOIOKOPUCTYBaHHS YKpaiHH,
Kuis, Ykpaina

Le npyra yacTuHa TPUIIOTii, IPUCBSYEHOI aHaJI3y KJIIMATHYHHUX [TOKAa3HUKIB IEHTpaIbHOT YKpaiHU 3a Bech epioxn
IHCTPYMEHTAJIbHUX CIIOCTEPEXEHb, B sIKii NMPOaHaIi30BaHO JlaHi IPO TeMIeparypy IOBITpS 3 METEOCTaHLiH YmaHi,
Kponusnuuskoro ta Ilontasu. List po6ota crocyeThest muTanp, nop'a3anux 3 13-ro L{iwio cranoro po3BUTKY, sIKa MOJIs-
rae y 00poth0i 3i 3MIHOIO KJIIMAaTy Ta IMOCHJICHHI CTIMKOCTI i ajanTanii 10 MOB'I3aHUX 3 KIIMaToM HeOe3IeK 1 KaTacT-
pod y Bcix kpaiHax. Ha BCiX MeTE€OCTaHIIIsIX CIIOCTEPIraeThCsl TEHACHINIS A0 MiIBUIICHHS K CEPEIHbOPIUYHOI TeMIIepa-
TYpH TIOBITPSI, TaK 1 TEMIIEPATYPH JJIsI OKPEMHUX MICSIIiB. 30KpeMa, B YMaHi cepeTHbOpiTHa TeMITepaTypa 3a Bech mepio

- 154 -


https://doi.org/10.1017/9781009157896.006
http://dx.doi.org/10.59327/IPCC/AR6-9789291691647
https://link.springer.com/article/10.1007/s10584-017-2048-3
https://doi.org/10.1002/joc.7270
https://doi.org/10.1002/joc.5191
https://doi.org/10.15407/ugz2013.04.032
https://doi.org/10.1038/s41467-020-16970-7
https://doi.org/10.26565/2410-7360-2023-58-17
https://doi.org/10.26565/2410-7360-2020-53-12
https://doi.org/10.31481/uhmj.30.2022.02
https://doi.org/10.1002/joc.8416
https://doi.org/10.31481/uhmj.25.2020.02
https://doi.org/10.31481/uhmj.25.2020.02

ISSN 2410-7360 BicHuk XapKiecbK020 HauioHa/ibHO20 YHieepcumemy imeHi B.H. KapasiHa

cnocrepexens (138 pokis) spocna 3 +6,8°C no +8,6°C, To610 Ha 1,8 rpagyca. YV KponuBHUIIBEKOMY CepelHbOpiuHa
TeMIIepaTypa 3a Bech Tepio cnocrepeskensb (149 pokis) 3pocia 3 +7,4°C mo +8,9°C, To61o Ha 1,5 rpanyca. V ITonrasi
cepeHbOpiYHA TeMIIepaTypa 3a Bech mepioj crnocTtepexkens (199 pokis) 3pocna 3 +5,9°C no +8,7°C, To6TO Ha 2,8 rpa-
nyca (3 1886 poky 3 +6,4°C mo +8,7°C, T06T0 Ha 2,3 rpagyca). Ha Bcix MeTeocTaHIisSX HAWOLIBII 3HAYHE 3POCTAHHS
CepeIHbOPIYHMX TeMIeparyp BifOymocs B mepion 3 1989 mo 2023 pik. HaiimeHre 3pocna Temmeparypa B OCIHHI MiCSIIi.
3a Bech Hepiofl CHOCTEpEKeHb cepeHbOMICAYHA TeMIeparypa BepecHs 3pocna Biz 0,3°C B Ymani, 0,6°C y KponusHu-
nekomy 10 1,5°C (3 1886 poky — 0,9) y ITonTasi. CepenapoMicauna Temeparypa y xoBTHi 3pocia Bix 0,1°C B Ymani Ta
Kpormusaunskomy 10 1,2 (3 1886 p. — 0,9) rpanyciB y IlonTasi. CepeqapoMicayHa TeMIiepaTypa B JHCTOMAL 3pocia 3
0,6°C y Kponusaunskomy, 1,8°C B Ymani 10 1,9°C (3 1886 poxy — 1,7) y ITonTaBi. Yci Tpu MeTeocTaHIii MatOTh CITilb-
Hi TIepioy MiABHMINECHHS Ta 3HIKCHHS TEeMIIepaTypH, 30kpema, 3 1947-1969 no 1985-1995 pp. crocTepiranocs 3HIWKEH-
HS CepeIHbOMICIYHUX JIITHIX Temmepatyp; 3 1986-1996 mo 2023 pp. — miABHIIEHHS TeMIIepaTypH NoBiTps. Temmepary-
pa MOBITPS B JIITHI MiCAIlI MiABUIIKMIACS JOCUTh CYTTEBO. 3a BECh MEPIOJT CIIOCTEPEIKEHD CEPETHBOMICSIYHA TeMIIeparypa
uepsHs 3pocna Big 0,9°C y Kponusaunpskomy, 1,9°C (3 1886 p. — 2,3) y IMonrasi o 2,0°C B Ymani. Cepennnomicsuna
Temneparypa nunns 3pocia 3 0,3°C y Kponupauuskomy, 1,1°C B YMmani g0 1,3 (3 1886 poky — 1,2) rpanycis y Ilonrasi.
Cepennbomicsuna TemMneparypa y cepnsi spocia 3 0,7°C y Kponusauiskomy ta 1,1°C B Ymani 1o 1,6°C (3 1886 poky —
1,6) y IlonTaBi. Yei Tpu MeTeocTaHIii MaOTh CIUIBHI MEPiOM MiIBUIICHHS Ta 3HIKEHHS TeMIepaTrypu, 30Kpema, -
BUILICHHS CEPEHROMICSIYHUX OCIHHIX Temnepatyp Binoyinocs 3 1999-2001 mo 2023 pik.

Knrouosi cnoea: xnimam, memnepamypa, Kiimamuusi Oii, cepeOHbOMICAYHA MeMnepamypa nosimps, mepumopis
Yxpainu, pecionanvmi sminu knimamy, 1imo, ocCib.

BHecOK aBTOpiB: BCi aBTOpW 3p06MAM PiBHUIM BHECOK Y L0 poboTy Hagiiwna 5 yepsHsa 2024 p.
KoHdniKT iHTepeciB: aBTopu NOBIAOMAAIOTb NPO BiACYTHICTb KOHONIKTY iHTepeciB MpuiiHata 18 sepecHs 2024 p.
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