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Early historical meteorological observations of air surface temperature on 11 meteosta-
tions in Ukraine (since 1808) were analyzed. However, since a larger number of stations
have time series of temperature starting in 1821—1825, for more reliable estimates of the
linear trend, the period 1824—2021 was required. The trend is 0.78 °C per 100 years for
this period.

According to the analysis of meteorological data, the average annual surface air tem-
perature on the territory of Ukraine in 1900—2021 was 8.6£0.9 °C. However, for the more
recent period of 1991—2020, it increased to 9.5+£0.9 °C. The temperature in Ukraine ex-
hibited an increase of 1.31+0.42 °C per 100 years during 1900—2021. Over the last 30
years, a more pronounced increase in annual surface air temperature, by 0.79+0.08 °C
per decade, was observed.

Changes in the temperature regime exhibit spatio-temporal patterns. In most parts
of Ukraine in 1900—2021, a temperature increase is within 1.5—2.0 °C per 100 years.
Simultaneously, some parts of northern, northwestern, and eastern regions, as well as
the Vinnytska and Zaporizhzhska oblasts, are characterized by more intense warming,
reaching 2.0—2.5 °C per 100 years, in contrast to southwestern, southern regions, and
the territories adjacent to the Ukrainian Carpathians, where the temperature rise is within
1.0—1.5 °C per 100 years.

Temperature anomalies from 1900 to 2021 indicate the lowest annual averages occurred
in 1933, 1956, 1976, 1985, and 1987, while the highest annual averages were observed in
2007, 2015, 2019, and 2020.

Between 1900 and 2021, the average monthly air temperature in Ukraine substantially
increased in colder months (from October to March), ranging from 0.7 to 2.0 °C per century.
Simultaneously, warmer months (from April to September) saw an elevation ranging from
1.0to 1.9 °C per century. In the 1991—2020 norm, an overall warming trend of 0.5—1.3 °C
per decade was observed. Notably, January showed a slight decrease in the warming rate,
with a trend value of 0.1 °C per decade.

An indicator of the seasonality of climatic conditions is the amplitude of surface air
temperature (4). In Ukraine, the average amplitude Awas 12.7+1.1 °C from 1900 to 2021
and 12.5£0.8 °C from 1991 to 2020. Analysis of the temperature amplitude over the 20th
century and the early 21st century revealed a general tendency of decreasing 4 values
(the trend is —0.5 °C per 100 years), primarily due to warming in the colder months. Ho-
wever, from 1991 to 2020, the trend in 4 values was only —0.001 per decade, attributed to
a significant temperature rise during the warmer months.

Based on the analyses of the Johansson-Ringleb continentality indices in Ukraine,
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the indices' values were determined to be 59.3+3.7 for the period spanning from 1900 to
2021, and 59.0+3.4 from 1991 to 2020. An overarching trend indicates a decrease by 0.4 %
per 100 years. However, from 1991 to 2020, a contrasting pattern emerged, revealing an

increase by 6.4 % per decade.

The three scenarios of annual average surface temperature changes in Ukraine (SSP1-
2.6, SSP2-4.5, and SSP3-7.0) relative to pre-industrial levels in the late 19th century, based
on greenhouse emissions scenarios by 2100, are discussed.

Key words: average annual and monthly surface air temperature, temperature ampli-
tude, continentality indices, temperature anomalies, scenarios of annual average surface

temperature changes.

Introduction. Human activities, principally
through emissions of greenhouse gases, have
unequivocally caused global warming. The
global mean temperature in 2022 is estimated
tobe 1.15£0.13 °C above the 1850—1900 pre-
industrial average. The eight years from 2015
to 2022 will likely be the eight warmest years
on record [WMO, 2022]. Global greenhouse
gas emissions have continued to increase,
with unequal historical and ongoing con-
tributions arising from unsustainable ener-
gy use, land use, lifestyles, and patterns of
consumption and production across regions
[[PCC, 2023]. Warming anomalies in a large
area have become typical manifestations of
climate change in most parts of the World
and Europe in particular [Hegerl et al., 2018;
Krauskopf, Huth, 2020; Twardosz, Kossow-
ska-Cezak, 2021; Twardosz et al., 2021; Nita
et al., 2022].

Amidst the backdrop of climate change,
distinct patterns of temperature variations
throughout the seasons [Pezzulli et al., 2005;
Barbosa, 2009; Manabe, 2011; Twardosz et al.,
2021] and changes in the amplitude of the an-
nual cycle [Stine et al., 2009] have been iden-
tified. One of the modern regional features of
climate change throughout the 20th century
and at the beginning of the 21st century is
the spatial-temporal transformation of the
amplitude of the seasonal temperature varia-
tion due to sufficiently significant warming,
which led to a decrease in the continental-
ization [Ciaranek, 2014; Vilccek et al., 2016;
Szabo-Takacs et al., 2015; Boychenko et al.,
2018].

Ukraine's climate has been changing in
unison with global processes [Voloshchuk,
Boychenko, 2003]. Due to climate changes
against the background of rising average an-
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nual temperatures and changes in the spatial
distribution of precipitation, the frequency
of extremely high temperatures in the east
of Central Europe, including Ukraine, is in-
creasing, and the frequency of extreme cold
is decreasing. Over the past twenty years,
every year in Ukraine has been warmer than
the long-term average, and 2020 became the
hottest year in Europe and Ukraine, excee-
ding the 1961—1990 average by 2.8 °C [Wil-
son etal., 2021]. However geographical zona-
tion and atmospheric circulation dominate in
shaping the random component of the inter-
annual variability of the climatic field of tem-
perature in Ukraine [Lipinskyy et al., 2003].

There is currently a strong evidential base
for understanding future climate change
in Ukraine, developed through successive
stages of modeling studies included in the
assessment reports of the Intergovernmental
Panel on Climate Change (IPCC), the latest
of which is the Sixth Assessment Report (ARG)
[IPCC, 2023] as well as regional modeling
studies such as EURO-CORDEX [Jacob et
al., 2014, 2020].

To assess relevant regional climate chan-
ges, it is advisable to analyze a long-term se-
ries of meteorological observations because
the long-term datasets establish a baseline
for climate research from a historical per-
spective. They provide a historical context
against which current climate conditions can
be compared, helping identify fluctuations
and changes in the Earth's climate system
[Oliver, 2005].

In this study, we introduce a long-term sur-
face air temperature analysis for the territory
of Ukraine. We use three temperature data-
sets: the historical (since 1808) dataset (for 11
weather stations), the long-time (1900—2021)
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dataset (for 35 weather stations), and temper-
ature data from Berkeley Earth source (which
are commonly used in climate bulletins and
scientific assessments) [Rohde, Hausfather,
2020; Climate ..., 2024].

In summary, for the territory of Ukraine,
our study aims to analyze early instrumen-
tal meteorological observations regarding
the surface air temperature from 1808 to
2021; long-term changes in average annual
surface air temperature; the relationships
between interannual variations, linear trend
coefficients, and long-term annual means of
surface air temperatures; the annual cycle of
surface air temperature; long-time changesin
the thermal continentality index; scenarios of
warming in Ukraine.

This study complements previous research
for other datasets and periods [Voloshchuk,
Boychenko, 2003; Boychenko, 2008; Boy-
chenko et al., 2016, 2018].

Materials and Methods. The research
was based on an analysis of changes in long-
term average annual surface air temperature
in Global land, North Hemisphere, Europe,
and Ukraine, namely:

e average monthly surface air tempera-
tures for the territory of Ukraine. These were
calculated by averaging data from 45 weather
stations (weather data set Q9y_50y1) for the
period from 1900 to 2021 (Table 1) [Central
..., 2023; Open Data-Server, 2023; Climate
...r 2023; Weather ..., 2023]. The selection
criteria for meteorological stations included
initiation of observations around 1900, mis-
sing observations not exceeding 25 %, and
even distribution of stations with elevations
above sea level not exceeding 350—400 m.
Observational omissions at weather stations
in this region were prevalent, notably during
the First World Warand the consequent per-
turbation periodin the former Russian empire
(1914—1925) and during the Second World
War (1939—1945). Unfortunately, meteoro-
logical data for part of the eastern and south-
ern regions is unavailable from 2014 to 2023
due to the ongoing russian aggression;

e early historical meteorological observa-
tions of surface air temperature on 11 meteo-
stations (Dnipro, 1833; Kyiv, 1812; Mykolaly,
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1808; Kamianets-Podilsky, 1844; Kherson,
1825; Luhansk, 1937; Lviv, 1924; Odesa, 1821;
Poltava, 1824; Simferopol, 1821) since 1808
were selected from the weather dataset (see
Table 1);

e average annual surface air temperature
anomalies. We calculated thembased on the
weather data of the pre-industrial period from
1880 to 1900;

e anomalies of surface air temperatures
from 1750 to 2020 based on the Berkeley Earth
temperature datasets [Berkeley ..., 2023].
Temperatures were reported as anomalies
relative to the 1951—1980 average. With
global temperature data dating back to 1850,
it stands as one of the longest continuous cli-
mate records. Some land-only areas even have
data extending to 1750, providing insights
into historical climate conditions, such as
those in Ukraine. The temperature anomaly
time series for Ukraine has been converted to
absolute values.

The Berkeley Earth group has developed
a mathematical framework for generating
large-scale averages of temperature changes
from weather station data. This mathematical
framework enables the inclusion of short and
discontinuous temperature records, ensuring
that nearly all temperature data can be uti-
lized. The framework incorporates a weigh-
ting process that evaluates the quality and
consistency of a spatial network of tempera-
ture stations, serving as an integral part of the
averaging process. Thus, data with varying
levels of quality can be incorporated without
compromising the accuracy of the resulting
reconstructions. The Berkeley Earth avera-
ging process is extendable to spatial networks
of arbitrary or locally varying density while
preserving the expected spatial relationships.

The selected meteorological stations are
shown in Fig. 1.

Furthermore, utilizing empirical data
from the Ukrainian network of meteorologi-
cal observation stations spanning periods
1900—2021 and 1991—2021, we analyzed the
spatial-temporal distribution of annual and
seasonal surface temperatures. The seasonal
course of temperature is well-approximated,
and the annual amplitude of seasonal tem-
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o Early weather dataset (from 1808)
o Weather dataset (from 1900)

Height above sea level, m

B0 [ ]351-500
50 - 200 [T 501 - 1000
[ |201 - 350 1001 - 2061

100 200 km

Fig. 1. Map of the selected meteorological stations.

Table 1. Brief metadata of meteorological records

Number | stations | Attude,m | foo s | MO | K ee | Hod 1a0- 2031, %
33915 Askaniia-Nova 30 46.45 33.88 1910 14
33464 Bila Tserkva 180 49.75 30.18 1872 19
34434 Bilovodsk 75 49.21 39.58 1897 17
33135 Chernihiv 141 51.47 31.28 1883 19
33658 Chernivtsi 246 48.36 25.90 1880 4
34504 Dnipro 143 48.60 35.08 1833 2
33686 Haivoron 175 48.35 29.86 1928 25
33910 Henichesk 15 46.16 34.81 1883 5
33526 Ivano-Frankivsk 280 48.96 24.70 1887 22
33889 Izmail 30 45.36 28.86 1886 22
34415 Izium 78 49.18 37.30 1900 6
33548 |Kamianets-Podilskyi 222 48.65 26.58 1844 6
34300 Kharkiv 154 49.96 36.13 1841 2
33902 Kherson 54 46.63 32.61 1825 8
33261 Konotop 149 51.23 33.20 1893 7
33711 Kropyvnytckyi 171 48.51 32.25 1874 2
33791 Kryvyi Rih 124 48.03 33.21 1881 3
33345 Kyiv 166 50.40 30.57 1818 —
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Number | stations | Atitude,m | fions | MO | K nee. | Hod 1900 2031,%.
33377 Lubny 158 50.00 33.02 1892 2
33187 Lutsk 232 50.70 25.33 1892 22
34519 Luhansk 62 48.56 39.26 1837 6
33393 Lviv 319 49.81 23.95 1824
34712 Mariupol 70 47.04 37.48 1900 2
34704 Melitopol 34 46.83 35.36 1883 16
33846 Mykolaiv 50 47.03 31.96 1808 1
33466 Myronivka 153 49.66 31.00 1913 14
33837 Odesa 42 46.43 30.76 1821 3
33213 Ovruch 170 51.31 28.78 1894 7
33506 Poltava 160 49.60 34.55 1824 2
33834 Rozdilna 148 46.85 30.08 1925 23
33049 Semenivka 161 52.18 32.58 1927 22
33317 Shepetivka 278 50.16 27.05 1924 22
33275 Sumy 181 50.85 34.78 1896 1
34505 Synelnykove 146 48.40 35.50 1915 3
33415 Ternopil 329 49.53 25.67 1881 12
33587 Uman 216 48.76 30.23 1886 1
33631 Uzhhorod 124 48.63 22.26 1881 11
33562 Vinnytsia 298 49.23 28.46 1900 16
34601 Zaporizhzhia 112 47.80 35.25 1885 6
33325 Zhytomyr 224 50.23 28.63 1886 5
33484 Zolotonosha 96 49.68 32.03 1895 2
33976 Feodosia 26 45.03 35.38 1881 2
33983 Kerch 49 45.37 36.43 1874 2
33946 Simferopol 181 44.7 34.1 1821 3
33990 Yalta 72 44.48 34.17 1881 2

perature variation was objectively calculated
using Fourier fitting with a single (annual)
harmonic [Von Storch, Zwiers, 1999]:
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where k is the meteorological station number
and m is the month number, 4 and F are am-
plitude (°C) and the phase (in a unit of m) of
seasonal temperature variation.

Also, based on the analyses of the Jo-
hansson-Ringleb continentality indices in
Ukraine, the indices' values were determined
for the period spanning from 1900 to 2021 and
from 1991 to 2020 [Johansson, 1931].

The period from 1900 to 2021 was em-
ployed to illustrate long-term trends in annual
and monthly surface air temperature, provid-
ing a baseline against which the significant
changes during 1991—2020 were analyzed.
Additionally, climatic norms for temperature
from 1991 to 2020 were calculated, while
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norms for the period 1961—1990 were ob-
tained from Climate Cadastre [The Climate
..., 2005]. Assessing trends in the seasonal
temperature courses involved calculating
linear trend coefficients for each month at a
given meteorological station and then avera-
ging them over the territory.

The three Shared Socioeconomic Pathways
(SSPs) scenarios of annual average surface air
temperature changes in Ukraine (SSP1-2.6,
SSP2-4.5, and SSP3-7.0) relative to pre-in-
dustrial levels in the late 19th century, based
on greenhouse emissions scenarios by 2100,
were constructed by Berkeley Earth's data
source [Berkeley ..., 2023].

The trends were determined using linear
least squares regression lines. The Mann-
Kendall nonparametric test was used to as-
sess the statistical significance of temperature
trends (with a significance level of 95 %). The
research results are based on data processed
using standard methods of statistical analysis
for meteorological information [Von Storch,
Zwiers, 1999]. Statistical analysis and graphi-
cal representation were conducted using MS
Excel and XLSTAT software packages.

QGIS and SAGA-GIS software were used
to develop maps. The radial basis function
with thin plate spline was applied for spatial
interpolation of meteoparameters. It is widely
used to interpolate weather data from meteo-
rological station networks, especially in the
case of sparse input point distribution [Boer
et al., 2001; Smith et al., 2017].

Results. Early instrumental meteorologi-
cal observations in the territory of Ukraine
regarding the surface air temperature since
1808. Climatic analyses require homoge-
neous data and long-term series, which is
particularly important for climate change
and variability [Oliver, 2005]. Unfortunately,
most long-term climatological time series
have been affected by several non-climatic
factors that make these data unrepresenta-
tive for analysis of the actual climate variation
occurring over time. These factors include, in
particular, changes in observing instruments
and practices, station locations, and formu-
lae used to calculate derived quantities. The
missing periods in the meteorological data
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can be due to various reasons, including gaps
in record-keeping, data loss, or perhaps the
absence of consistent observations during
those years, and social factors such as wars,
post-war periods, revolutions, etc.

Climate datasets based on more or less
systematic instrumental observations date
back to the middle of the 19th century, but
scientific measurements of meteorological
parameters began even earlier, in the 17th
century [Camuffo, Bertolin, 2012; Pfister et
al., 2019; Bronnimann et al., 2019; Brugnara
et al., 2020].

The Central England temperature series
is one of the longest continuous temperature
records in the world from the year 1659 to the
present. The monthly mean surface air tem-
peratures of the Midlands region (England)
record is a meteorological dataset published
by G. Manley (1953) and subsequently ex-
tended and updated in 1974 [Manley, 1974]
and the time series were homogenized [Par-
ker, 2009]. This record represents the longest
series of monthly temperatures since 1659
[Camuffo, Bertolin, 2012; Met Office ..., 2023]
and the series of daily temperatures since
1772 [Camuffo et al., 2020a], and it is a valu-
able dataset for meteorologists and climate
scientists.

Another the earliest temperature series in
Paris from 1658, taken by the astronomer Is-
maél Boulliau and the botanist doctor Louis
Morin is made available at daily resolution
after careful work of homogenization and
correction [Rousseau, 2013; Camuffo et al.,
2020b]. Johann Jakob Scheuchzer's temper-
ature records from Zurich, starting in 1718,
represent one of the earliest digitized time se-
ries of temperature measurements [Brugnara
et al., 2020]. Long-term datasets have been
made in Uppsala, Sweden, since 1722, and a
complete series of air temperatures have been
reconstructed and homogenized [Bergstrom,
Moberg, 2002].

Early meteorological observations on the
territory of Ukraine were started in the middle
of the 18th century by scientific groups within
Universities. According to the restored data,
the first observations (air temperature and at-
mospheric pressure) were recorded in Kharkiv
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in 1738—1741, in Snovsk (near Chernihiv) in
1769—1782, and in Kyiv in 1770—1771 [His-
tory ..., 1968; Matushevsky et al., 1970]. At the
beginning of the 19th century, several ama-
teur weather stations appeared (Kyiv, 1804;
Berdychiv, 1814; Odesa, 1821; Poltava, 1824;
Mykolaiv, 1824; Kherson, 1825).

Although meteorological data in Kyiv
dates back to 1770, sub-daily data is available
only from 1812 to 1841, with missing periods
(for example, 1846—1853). Also, in Kharkiy,
regular archival data is available starting from
1840—1841 [History ..., 1968].
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The first observatories commenced in Lu-
hansk in 1836 and Kharkivin 1839. Note that
this study uses observational data from the
Kherson station in 1825, but records as early
as 1808 have been reconstructed [Skrynyk et
al., 2021]. Subsequently, in the 20—40 s of the
19th century, Dnipropetrovsk (Dnipro), Ka-
mianets-Podilskyi, and Poltava weather sta-
tions were also opened (see Table 1).

Unfortunately, since 2014, observations
have been interrupted or unavailable for
most of the territory of the occupied Donetsk
and Luhansk regions and Crimea. In Febru-
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Fig. 2. Ukrainian (pre-1808) weather obser-
vations: I — empirical data of the average
annual surface temperature, 2— running
five-year averaging.
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ary 2022, some observations were lost due
to the occupation of the southern regions of
Ukraine, the destruction of weather stations
as aresult of the actions of the occupiers, and
as a result of the blackout.

The average annual surface temperature
long-term time series, recorded at the wea-
ther stations in Ukraine from 1808 to 2021,
are shown in Fig. 2.

The long-term average annual surface
temperature time series, recorded at the
weather stations, and an averaged time
series for Ukraine from 1808 to 2021 are
shown in Fig. 3. The warmest years and the
coldest years were selected for this period.
Anomalously warm or cold years were se-
lected according to the following formula:
Tyam(&)>Top(k)to and Toq (k)< (k) — o,
where Tapr(k)20.0062k—3.2948 is the linear ap-
proximation of the average annual tempera-
ture, k is a certain year, ¢ is the temperature
standard deviation. As we can see, the largest
number of the warmest years is typical for the
19th century, as well as for the end of the 20th
century and the beginning of the 21st century,
while the coldest years are observed in the
20th century.

The main statistical characteristics for
these time series of the average annual tem-
perature are given in Table 2. However, since
alarger number of stations have time series of
temperature starting in 1821—1825, the pe-
riod 1824—2021 is required for more reliable

estimates of the linear trend. As we can see in
this table, the trend is 0.78 °C per 100 years
for this period. This table also presents for
comparison the main statistical parameters
for the 20th century.

Long-time changes of average annual sur-
face air temperature in Ukraine from 1900
to 2021. Since 1880, the annual global sur-
face air temperature has fluctuated, showing
an overall signification upward tendency
[IPCC, 2023]. The annual surface air tem-
perature anomaly was at its highest point in
2020, at 1.65 degrees above average [Climate
..., 2024]. Anomalies in surface temperature
in Ukraine followed a similar trend over the
same period.

Meteorological observations of gro-
und-level air temperature in Ukraine have
long-term records, spanning over 100—120
years, encompassing 45 stations (see Table 1).
However, observations from the beginning
of the 19th century were conducted only at
11 of these stations (see Fig. 3). As seen in
Fig. 4, relatively regular instrumental recor-
dings evenly distributed across the territory of
Ukraine started from 1890 to 1900. Therefore,
to obtain reliable (representative) statistical
estimates regarding changes in surface air
temperature, we shall use observational data
from 1900 for further analysis. The average
annual temperature change in Ukraine from
1808 to 2021 is 0.43 °C per 100 years.

Fig. 5 shows the long-term average annual

Table 2. Average annual temperature (<7>, °C), standard deviation (+o, °C), and linear
trend coefficients (7,,{T}, °C per 100 years) for weather stations with the longest observation

records in Ukraine

g o % > 2 g & 2 o <] g é
2 g = g% | = 2 > 2 2 2 5 o =
2 | < |E5| Bl 2| 3| £ 28|52 ¢
£ g | 2| * S| 2 Sl s | =
1824—2021
<7> 8.7 7.4 8.2 7.4 10.0 7.3 8.1 10.0 10.0 7.3 10.4 8.6
to 1.0 1.2 0.9 1.2 0.9 1.1 1.1 0.9 1.0 1.3 0.9 0.9
T, AT} 0.76 1.38 0.44 1.49 0.42 1.06 0.99 0.54 0.95 1.44 0.66 0.78
1901—2000
<7> 8.5 7.5 7.9 7.2 9.8 7.4 8.2 9.9 10.0 7.3 10.3 8.5
tc 0.9 1.0 0.8 1.0 0.8 0.9 1.0 0.8 0.8 1.0 0.8 0.8
Tt T} 0.04 1.26 0.43 1.17 0.16 0.11 1.02 0.37 0.70 1.10 0.74 0.63
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Fig. 3. Average annual surface air temperature: the weather stations data (1), the averaged time series (2), and
the linear trend for Ukraine (3) for the period from 1808 to 2021 (4 is the warmest years; 5 is the coldest years).

Statistically significant trends (¢ < 0.05).
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Fig. 4. Long-time average annual surface air temperatures (I — time series, recorded at 45 weather stations; 2 —
averaged time series; 3 — five-year moving averages; 4 — the linear trend) in Ukraine for the period from 1808 to

2021. Statistically significant trends (¢ < 0.09).

surface air temperatures in Ukraine from 1900
to 2021. According to the analysis, the average
annual surface air temperature in Ukraine
in 1900—2021 was 8.6+0.9 °C. However, for
the more recent period of 1991—2020, it in-
creased to 9.5+0.9 °C. Notably, the climatic
norm of temperature for 1961—1990 was
8.410.9 °C. As indicated by Fig. 5, the tem-
perature increased at 1.31£0.42 °C per 100
years in 1900—2021. It is worth noting that
climate change has accelerated significantly
since the second half of the 20th century. Over
the last 30 years (for the last climatic norm
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1991—2020), a more pronounced increase in
annual surface temperature, by 0.79£0.08 °C
per decade, was observed, contrasting with
the trend of the climatic norm for 1961—1990,
which showed a decrease (-0.02+0.15 °C per
decade).

The spatial distribution of averaged an-
nual surface air temperature and correspon-
ding trends in Ukraine from 1900 to 2021 are
shown in Fig. 6.

The climate of Ukraine is shaped by the
interplay of various external and internal fac-
tors [Lipinskyy et al., 2003]. Global influences
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Fig. 5. Long-term average annual surface air temperatures (I — time series, recorded at 45 weather stations; 2
— averaged time series; 3 — five-year moving averages; 4 and 6 — linear trends for 1900—2021 and 1991—2020,
respectively; 5— the standard deviation (£c)) on the territory of Ukraine for the period from 1900 to 2021. Statisti-

cally significant trends (c < 0.05).

include the planet's spatial orientation and
the influx of solar electromagnetic radiation.
Zonal factors involve the latitudinal charac-
teristics of heat exchange in temperate lati-
tudes, the westward movement of air masses
from the Atlantic, and meridional flows of air
masses. Regionally, the orographic features
of the terrain, proximity to seas, and local at-
mospheric circulation play pivotal roles. Lo-
cal factors, including regional winds, water
bodies, vegetation, and other elements, shape
the microclimatic characteristics in specific
areas.

Changes in the temperature regime ex-
hibit spatial-temporal peculiarities in Ukraine
(see Fig. 6). A temperature increase within
the range of 1.5—2.0 °C has been observed
in most parts of the country from 1900 to
2021. Simultaneously, some parts of north-
ern, northwestern, and eastern regions, as
well as Vinnytsia and Zaporizhzhia oblasts,
are characterized by more intense warming,
reaching 2.0—2.5 °C, in contrast to south-
western, southern regions, and the territories
adjacent to the Ukrainian Carpathians, where
the temperaturerise is within 1.0—1.5°C. This
is likely associated with both the latitudinal
features of global warming and the generally
continental nature of the climate, along with
regional features of atmospheric circulation
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[Voloshchuk, Boychenko, 2003; Boychenko,
2008].

The average annual surface air tempera-
ture anomalies on the territory of Ukraine for
the period from 1900 to 2021. The anomaly
for a specific variable and year is calculated
as the difference between the variable's value
for that year and the multi-annual average or
the climatic norm. It should be noted that the
approach to the estimated anomalies from the
multi-annual averages of global mean tem-
perature can be used for monthly averages, as
well [State ..., 2021; Climate ..., 2024].

The average annual surface air tempera-
ture anomalies (A7) were calculated from
the annual average value (weather data set
Q1900_2021) relative to the 1880—1900 pre-
industrial average (AT=T, year—<1- 1880-1990>")-
Temperature anomalies from 1900 to 2021
indicate the lowest annual averages in 1933,
1956, 1976, 1985, and 1987 (A7=0.6840.54 °C),
while the highest annual averages were
observed in 2007, 2015, 2019, and 2020
(AT=0.74+0.63 °C) (Fig. 7). In the recent de-
cade, there has been a significant increase in
temperature in Ukraine, as well as globally.

The analysis of the relationships bet-
ween inter-annual variations, linear trend
coefficients, and long-term annual means
of surface air temperatures. The analysis of
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Fig. 6. The spatial distribution of averaged annual surface air temperature (a) and corresponding trends (b) in
Ukraine from 1900 to 2021.

the relationship between inter-annual varia- nual means avr{7} for the meteostations in
tions of surface air temperatures var{7} (root- Ukraine (1900—2021) found maximum var{7}
mean-square error) and their long-term an- values were characteristic in areas with low
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Fig. 7. The average annual surface air temperature anomalies (I — the lowest annual average, 2 — the highes
tannual average, 3 — the linear trend) in Ukraine from 1900 to 2021.

var{T}, °C

6 7 8 9 10 11 12 13
avr{T}, °C
a

tm{T}, °C per 100 years

6 7 8 9 10 11 12 13

avr{T}, °C
b

Fig. 8. Comparison of the inter-annual variations values var{7} (a) and linear trend coefficients trn{7} (b) with long-
term annual means of surface air temperature avr{7} for the meteostations in Ukraine with long-time data from

1900 to 2021 (I — data, 2— linear regression, 3 — £o).

avr{T}, i.e., the northwestern, northern, and
northeastern regions. Minimum var{7} values
were characteristic for areas with high avr{7},
which are typical for the southern, south-
western, and southeastern regions of Ukraine.

Therefore, for each degree of annual mean
surface air temperature avr{7}, the variance
var{7} changes by approximately -0.05 °C
from north to south (Fig. 8, a). The relation-
ships between the variance and annual mean
air temperature confirm that the geographical
zonation and atmospheric circulation domi-
nate in shaping the random component of the
inter-annual variability of the climatic field

64

of temperature in Ukraine [Lipinskyy et al.,
2003].

When analyzing the relationship between
the coefficients of linear trends in the annual
mean of surface air temperatures trn{7} and
their long-term values avr{7} for 1900—2021,
it was established that the highest values
of trn{7} were characteristic in northern,
northwestern, and northeastern regions.
Slightly lower — in southern, southwestern,
and southeastern regions of Ukraine. Thus,
for each degree of annual mean surface air
temperature avr{7}, the warming trend trn{7}
decreases from north to south by 0.15 °C
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(Fig. 8, b). The similar relationships were ob-
tained early for the period from 1900 to 1990
[Voloshchuk, Boychenko, 2003; Boychenko,
2008]. The current study used more stations
for the period from 1900 to 2021, and the gaps
in the observations were no more than 25 %.

The intensification of warming towards
higher latitudes in the territory of Ukraine is
a feature of the latitudinal distribution of war-
ming in the Northern Hemisphere [Volosh-
chuk, Boychenko2003; Boychenko, 2008].

The annual cycle of surface air tempera-
ture in Ukraine. The seasonal course of the
surface air temperature in Ukraine has cha-
racteristic features of the temperate latitudes
[Lipinskyy et al., 2003]. On average, the maxi-
mum temperature in Ukraine is observed in
summer (from 18.9 to 20.9 °C), and the mini-
mum — in winter (from —4.1 to —1.6 °C). In
the transitional seasons, the average tempera-
tures are from 1.3 to 15.2 °C (spring) and from
15.1 to 3.1 °C (autumn). The annual cycle of
averaged time series of surface air tempera-
ture for the Q;qy9_99; Weather dataset and
their approximation in Ukraine are shown in
Fig. 9.

The seasonal course of temperature 7, is
quite well approximated by using Fourier fit-
ting of a single (annual) harmonic (1) [Climate
.., 2024]:

T, =86+ (—3.74)m[@j +

+(—12.10)COS[MJ’

12
A=127+£1.1°C and F=127£0.07, (2)

where 4 and F are the amplitude and the
phase of seasonal temperature variation by (1).

The comparison of the model monthly
temperatures with their actual values showed
that the reliability of the linear regression (R%)
is 0.97—0.99.

The spatial distribution of average monthly
surface temperature (in January, April, July,
and October) in Ukraine has zonal differences
shown in Fig. 10.

The seasonal distribution of the tempera-
ture root-mean-square errors, as a character-
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istic of the variability of weather conditions,
showed a pronounced maximum in the cold
period of the year, especially in January and
February (3.2—3.5 °C), and a minimum in
the warm period, especially in the summer
(1.6—1.7 °C). Seasonal variation of the tem-
perature root-mean-square errors in Ukraine
in 1900—2021 is shown in Fig. 11.

Amidst the backdrop of climate change,
distinct patterns of temperature variations
throughout the seasons have been identified
[Pezzulli et al., 2005; Barbosa, 2009; Manabe,
2011; Boychenko et al., 2018; Twardosz et
al., 2021]. From 1900 to 2021, the average
monthly temperature in Ukraine showed a
pronounced rise in the colder months (Oc-
tober to March), ranging from 0.7 to 2.0 °C
per century and the warmer period (April to
September) experienced an increase from 1.0
to 1.9 °C per century.

Analysis of linear trends of the surface
air temperature for several 30-year periods
(meteorological norms) in Ukraine indicates
certain differences (Fig. 12). So, for example,
the 1961—1990 norm was characterized by a
warming in December—March of 0.2—1.0 °C
per decade, while in April—November there
was even a cooling from —0.2 to —-0.8 °C per de-
cade. And for the 1991—2020 norm, a warm-
ing of 0.5—1.3 °C per decade was observed.
In addition, in January there is a decrease in
the rate of warming and the trend value is
—0.1 °C per decade.

One of the indicators of climatic condi-
tions' seasonality is the amplitude of surface
air temperature. The amplitude of the seaso-
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Fig. 9. The annual cycle of surface air temperature (1
— monthly data, 2— average values for the Q950 502;

dataset, 3 — *+o, 4 — Fourier approximation) and cor-
responding trends (9) in Ukraine in 1900—2021.
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nal temperature (4) was calculated by equa-
tion (1) for the weather set from 1900.

The average temperature amplitude in
Ukraine is 4=12.7+1.1 °C from 1900 to 2021
and 12.51£0.8 °C from 1991 to 2020. The ana-
lysis of the seasonal temperature amplitude
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for the 20th century and the beginning of the
21st century showed a general tendency to
decrease A values (the trend is —0.5 °C per
100 years), due more to the warming in the
cold period of the year, whereas from 1991 to
2020,the trend in 4 values was only -0.001 °C
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Fig. 10. The spatial averaged monthly surface air temperature in Ukraine in January, April, July, and October

(averaged for 1900—2021).

per decade, due to a significant increase in  sonal temperature 4 in Ukraine for periods
temperature in the warm period of the year.  from 1900 to 2021 are shown in Fig. 13. Some
The variations of the amplitude of the sea-  cycles are observed: minimum values in 1915,
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Fig. 11. Seasonal variation of the temperature root-
mean-square errors in Ukraine in 1900—2021 (I —
monthly data for the weather station, 2 — average val-
ues, 3 — to).
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Fig. 12. Seasonal differencesin linear trends of the surface
air temperature for several 30-year periods on the terri-
tory of Ukraine. Statistically significant trends (¢ <0.05).
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Fig. 13. Long-time changes of the amplitude of the seasonal temperature (I) in Ukraine for periods from 1900
to 2021 (2 — five-year moving averages, 3 and 4 — linear trends for 1900—2021 and 1991 to 2020). Statistically

significant trends (¢ <0.05).

1916, 1925, 1990, and 2020 and maximum va-
lues in 1902, 1929, 1954, 1963, and 2012.

The spatial distribution of the seasonal
air temperature amplitude and their trends
in Ukraine from 1900 to 2021 are shown in
Fig. 14.

In Ukraine, in the 20th century, against
the background of a general increase in the
average annual temperature, there was a de-
crease in the amplitude of its seasonal course
(the trend is~—-0.4 °C/100 years) and it warmed
significantly in the cold period, and slightly
in the warm period of the year [Voloshchuk,
Boychenko, 2003; Boychenko, 2008]. While
the temperature amplitude was changed by
—0.510.2 °C per 100 years from 1900 to 2017
[Boychenko et al., 2018].
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The climatic conditions with pronounced
seasonality and variability, abnormal sum-
mer heat, and regional climate change have
a certain negative impact on people's health
and comfort. The human comfort (by the
bioclimatic index (equivalent-effective tem-
perature)) in Ukraine changed [Boychenko et
al., 2021]. The number of days in a year with
comfortable thermal conditions for humans
tended to increase in 1991—2020. It contribu-
ted to more comfortable climatic conditions
for the local population. However, over the
last couple of decades, especially in the sum-
mer, the frequency of anomalously high tem-
peratures has increased.

Long-time changes of the thermal continen-
tality index in Ukraine. The extent of climate
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Fig. 14. The spatial distribution of the seasonal air temperature amplitude (a) and their trends (b) in Ukraine from
1900 to 2021.

continentality is gauged by the correspon- midity, cloudiness, wind speed, precipitation
ding shifts in annual, seasonal, and daily variability, and other related factors [Oliver,
amplitudes of surface air temperature, hu- 2005; Zhang, Gao, 2023]. The space-time dis-
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Fig. 15. Long-time changes of the thermal continentality index K p (1) in Ukraine from 1900 to 2021 (2 —sliding av-
eraging, 3, and 4 — linear trend for the period 1900—2021 and 1991 to 2020). Statistically significant trends (¢ <0.05).

tribution of the surface air temperature on the
plain part of Ukraine has features of a temper-
ate continental climate that grows more pro-
nounced towards the north and northeast of
the country (deep into the continent) [Lipin-
skyy et al., 2003].

One of the features of typical mid-latitude
continental seasonal variation of temperature
is the minimum in January and the maximum
in July (annual range of temperature 4). On
average across the territory of Ukraine, the
difference in annual temperature range (Janu-
ary and July) from 1900 to 2021 fluctuated
within about 23—26 °C, while the amplitude
of the seasonal temperature is 12.8+1.1 °C
(see above).

To evaluate the continentality of the cli-
mate, the Johansson-Ringleb indices (K )
[Johansson, 1931] were employed:

4,

sin

K r :0.6[1.6 —14J—D+36, 3
(for the marine climate — 0<K; <40, conti-
nental — 40<K; <70, strongly continental —
70<K; g<100).

Here ¢ is geographic latitude (in degrees),
Ais annual temperature amplitude (to be pre-
cise, the annual range of temperature (Janu-
ary—July)), and D is the difference between
the average values of the autumn (Septem-
ber—November) and spring (March—May)
temperatures.

70

The results of calculations of Johansson-
Ringleb (K ) continentality indices by (3) for
45 meteorological stations in Ukraine showed
that K; p=59.3+3.7 from 1900 to 2021 and
K; g=59.0£3.4 from 1991 to 2020. The analy-
sis of the continentality indices for the 20th
century and the beginning of the 21st cen-
tury showed a general tendency to decrease
by 0.4 % per 100 years (related to more war-
ming in the cold period of the year), whereas
from 1991 to 2020, the increasing tendency
revealed K p by 6.4 % per 10 years as the tem-
perature began to increase significantly in the
warm period of the year.

The variations of the continentality indi-
ces in Ukraine from 1900 to 2021 are shown
in Fig. 15. Some cycles are observed in their
century course: minimum values in 1902,
1918, 1948, 1952, 1984, and 2020 years, and
maximum values in 1947, 1950, 1954, 1963,
1972 and 1987 years.

The spatio-temporal distribution of con-
tinentality indices K and their trends in
Ukraine for the periods from 1900 to 2021 are
shown in Fig. 16.

As we can see from Fig. 16, b, trends of
continentality indices K;p have negative
values over most of Ukraine. That is further
confirmation of the fact that one of the mod-
ern regional features of climate change is the
spatio-temporal transformation of the ampli-
tude of the seasonal temperature variation,
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Fig. 16. The spatio-temporal distribution of continentality indices K  (a) and their trends (b) in Ukraine for the
periods from 1900 to 2021.

due to sufficiently significant warming, which  [Lee et al., 2021], including in Ukraine (the
led to a decrease in the continentalization decontinentalization effect) [Voloshchuk,
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Boychenko, 2003; Boychenko et al., 2018].
Truly, such periods of fluctuations in the con-
tinentality indices and the amplitude of the
seasonal temperature variation were observed
throughout the 20th century and at the be-
ginning of the 21st century in other regions
[Ciaranek, 2014; Vilcek et al., 2016; Szabo-
Takacs et al., 2015].

Discussion. Changes in average annual
surface air temperature from global to re-
gional scales. Climate change warming has
manifested divergently across continents and
regions and the warming trend has become
more pronounced since the 1970s [Lee et al.,
2021; Baldos et al., 2023; IPCC, 2023]. The
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Northern Hemisphere generally experienc-
es higher warming rates than the Southern
Hemisphere, while Europe and Ukraine ex-
hibit more high-temperature change rates,
displaying temperature change rates that can
differ by as much as two times as observed.
This suggests that regional warming trends
depend on latitude, other geographical con-
ditions, and internal variability [Olonscheck
et al., 2021].

We compared the tendency of average
annual surface air temperature changes for
Global land, the Northern Hemisphere, Eu-
rope, and Ukraine based on the Berkeley
Earth temperature datasets. For Ukraine in
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Fig. 19. The annual average surface temperature changes relative to a pre-industrial baseline in the late 19th cen-
tury in Ukraine (historical data) and the three scenarios of changes (SSP1-2.6, SSP2-4.5, and SSP3-7.0), based on
greenhouse emissions scenarios by 2100 (the uncertainties associated with projections). Source [Berkeley ..., 2023].

particular, two empirical time series were
used for analyses (UA,, and UA, ). UA, , is
the Berkeley dataset, and UA  is the long-
term average annual surface temperature
dataset, encompassing 45 stations (Fig. 17).

The comparison between the rate of tem-
perature change over the past several 30-
year periods reveals that global, continen-
tal, and regional warming rates were not
constant throughout the past century. Un-
like the recent 30-year periods (1981—2010
and 1991—2020), earlier 30-year periods
(1951—1989 and 1961—1991) exhibit dis-
tinctively opposite temperature changes on
both global and regional scales. From 1990
to 2020, Ukraine was one of the regions in
Europe experiencing one of the highest rates
of climate change.

The later 30-year period (1991—2020) had
stronger and more significant warming trends
than the earlier 30-year periods in most re-
gions of the world. Thus, warming has been
accelerating in the past decades both globally
and regionally.

To analyze long-term climate changes in
Ukraine, two long-term temperature series
UA,,, (from 1750 to 2020) and UA,, (from
1808 to 2020) were used (Fig. 18). These se-
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ries have certain differences associated with
weather stations' selection and observation
periods. It is worth noting that the time se-
ries UAy , represents an interpolation based
on European weather station data from 1750
to 1800, an interpolation considering early
meteorological observations in Ukraine from
1800 to 1900, and an interpolation of modern
systematic meteorological observations for
1900—2020 (however, there are data gaps in
the time series).

Scenarios of warming in Ukraine. Cli-
mate change scenarios are crucial for as-
sessing the consequences of different pol-
icy choices and actions related to climate
change mitigation and adaptation [IPCC,
2023]. They provide a range of possible fu-
tures based on varying levels of greenhouse
gas emissions and global temperature in-
creases. In response to global warming, land
areas are generally expected to warm faster
than ocean areas. This is due to differences
in heat capacity and other factors. As a re-
sult, national average temperature time se-
ries are likely to show more warming than
the corresponding global average within the
same scenario. Each model scenario comes
with a level of uncertainty regarding the fu-
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ture warming response to a given emissions
trajectory. Climate models are complex and
involve many variables, making it difficult to
predict future temperatures [Lee et al., 2021].

The IPCC ARS featured four RCP (Repre-
sentative Concentration Pathway) scenarios
(RCP2.6, RCP4.5, RCP6.0, and RCP8.5) that
explored different possible future greenhouse
gas emissions trajectories [Lee et al., 2021].
These scenarios represent a range of radiative
forcing levels by the year 2100, with RCP2.6
being a low emissions scenario and RCP8.5
representing a high emissions scenario. In
CMIPG6 (the sixth phase of the Coupled Mo-
del Intercomparison Project), these scenarios
were updated and renamed as Shared Socio-
economic Pathways (SSPs) [Riahi et al., 2017,
Meinshausen et al., 2020]. The new versions
of these scenarios are SSP1-2.6, SSP2-4.5,
SSP3-7.0, and SSP5-8.5. Importantly, these
SSPs aim to achieve similar radiative forcing
levels by 2100 as their predecessors in ARS.
For example, SSP1-2.6 corresponds to a lo-
wemissions pathway similar to RCP2.6, while
SSP5-8.5 represents a high-emissions path-
way similar to RCP8.5.

The SSPs consider not only greenhouse
gas concentrations but also socioeconomic
and policy factors that influence emissions
pathways. SSP1 is the scenario referred to as
Sustainability — Taking the Green Road (Low
challenges to mitigation and adaptation). It
envisions a future characterized by a gradual
and widespread shift towards sustainability
and inclusive development. SSP2, referred to
as Middle of the Road (Medium challenges to
mitigation and adaptation), envisions a future
where social, economic, and technological
trends largely continue along the historical
patterns. There are some positive develop-
ments, such as reduced resource and en-
ergy use intensity and moderate population
growth. Still, there are also persistent issues,
including income inequality and slow prog-
ress towards sustainable development. SSP3 is
the scenario referred to as Regional Rivalry —
A Rocky Road (High challenges to mitigation
and adaptation). It posits a future with sig-
nificant challenges to mitigation and adapta-
tion efforts in the face of various geopolitical
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and socioeconomic factors. It highlights the
potential risks associated with a lack of inter-
national collaboration and the consequences
of prioritizing security and nationalism over
sustainability and global development. This
holistic approach helps to provide a clearer
picture of the range of possible futures based
on a combination of emissions and societal
developments.

To create a national average temperature
time series for future projections, model
data are used to estimate how temperatures
will change in specific regions. These data
are then rescaled to match historical tem-
perature observations from the same regions
[Krakovska et al., 2018]. This process helps to
ensure that the model projections align with
observed data as closely as possible. The his-
torical temperature data for scenarios were re-
ceived from the Berkeley Earth source (http://
www.berkeleyearth.orq).

The scenarios of annual average surface
temperature change relative to a pre-indus-
trial baseline in the late 19th century until
the end of the 21st century (SSP1, SSP2, and
SSP3) in Ukraine are presented in Fig. 19:

e SSP1-2.6. Under this scenario by 2100,
average global warming is expected to reach
approximately 1.8°C above the pre-industrial
baseline. This scenario assumes lower green-
house gas emissions and aims for global net
zero CO, emissions by around 2050;

e SSP2-4.5. This scenario projects an aver-
age global warming by the end of this century
rise of 2.7 °C. It represents a situation where
modern CO, emissions levels remain relative-
ly consistent through 2050 before gradually
declining;

e SSP3-7.0. In this high-emissions scena-
rio, average global temperatures are expected
to increase in 2100 by approximately 3.6 °C
above the pre-industrial baseline. It assumes
that emissions continue to rise.

The SSP2-4.5 scenario is seen as somewhat
representative of the current trajectory of ave-
rage global temperature if emissions are not
significantly curtailed.

Conclusions. We analyzed early (since
1808) historical meteorological observations
of air surface temperature on 11 meteosta-

ISSN 0203-3100. I'eogpizuunuti xypHaa. 2024. T. 46. Ne 2



A CENTURY-LONG TENDENCY OF CHANGE IN SURFACE AIR TEMPERATURE ...

tions on the territory of Ukraine. However,
since a larger number of stations have time
series of temperature starting in 1821—1825,
for more reliable estimates of the linear trend,
the period 1824—2021 is required. The trend
is 0.78 °C per 100 years for this period. The
temperature in Ukraine exhibited an increase
of 1.31+£0.42 °C per 100 years in 1900—2021.
Climate change has accelerated significant-
ly since the second half of the 20th century.
Over the last 30 years, a more pronounced
increase in annual surface air temperature, by
0.79+0.08 °C per decade, was observed.

Changes in the temperature regime ex-
hibit spatio-temporal patterns. In most parts
of Ukraine in 1900—2021, a temperature in-
crease is within 1.5—2.0 °C per 100 years.
Simultaneously, some parts of northern,
northwestern, and eastern regions, as well
as the Vinnytska and Zaporizhzhska oblasts,
are characterized by more intense warming,
reaching 2.0—2.5 °C per 100 years, in con-
trast to southwestern, southern regions, and
the territories adjacent to the Ukrainian Car-
pathians, where the temperature rise is within
1.0—1.5 °C per 100 years.

Temperature anomalies from 1900 to
2021 indicate the lowest annual averages oc-
curred in 1933, 1956, 1976, 1985, and 1987
(AT=-0.68x0.54), while the highest annual
averages were observed in 2007, 2015, 2019,
and 2020 (A7=0.7410.63). In the recent de-
cade, there has been a significant increase in
temperature in Ukraine, as well as globally.
Against the backdrop of climate change, no-
ticeable patterns in temperature variations
across seasons have come to light. Between
1900 and 2021, the average monthly air tem-
perature in Ukraine increased substantially
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CToAiTHIN aHaAi3 3MiHU IPU3€eMHOI TeMIlepaTypHu MOBIiTPS
Ha TepuTopii YKpainu

C. BOI/"IquKOI’z, H. MaI/"IAaHOBH!I3, 2024

IIHCTI/ITYT reocdizukuy im. C.I. Cy66orina HAH Ykpainu, Kuis, YKpaiHa
2HaluiOHaAI)HI/IfI yHiBepcuTeT «KneBo-MoruasgHCbKa akapeMiga», KriB, YKpaiHa
3VKpH,A,Il'[BT iMm. Aeownipa [Toropiroro, M. AocCAipHUIIBKE, YKpaiHa

[TpoanaAizoBaHO paHHI iICTOPUYHI METEOPOAOTIYHI CIOCTEpPEeKEeHHS 3a MPU3EeMHOI0
TeMIIepaTypoIo MOBITP, gKi OyAu po3nouaTi 3 1808 p. Ha 11 MeTeocTaHIIigX, po3TallloBa-
HUX Ha TepUTOPil YKpaiHu. biabIla KiABKICTE CTQHIIIY Ma€ YacoOBi pIAU TeMIIepaTypu IIo-
ypHaouu 3 1821—1825 p., A GIABIIL AOCTOBIPHUX OIIHOK AiHIMHOTO TPEHAY PO3PaxyHOK
OyB mpoBeapenuti 3 1824 mo 2021 p. Tpena ctaroBuTh 0,78 °C/100 pOKiB AAST TOTO TIEPIOAY.

3a aHaAi30M MeTeOPOAOTIYHNX AQHHUX CepepAHbOPiYHa TeMIlepaTypa IIOBITps Ha TEPU-
TOpil YKpaiuu B riepiop 3 1900 mo 2021 p. cranoBuAa 8,6+0,9 °C. OpHak AAS OiABIITI HOBOTO
nepiopy 3 1991 mo 2020 p. BoHa 3pocaa A0 9,5+0,9 °C. TemnepaTypHUM TPeHA CTAHOBUTH
1,3140,42 °C/100 poKiB AAst TTHOTO TIEPiOAY. 3a octanHi 30 POKiB criocTepiraeThbes GiAbIl
BUpakeHwu Tpeup Ao 0,79+0,08 °C/10 pokis.

3MiHU B pe>XKMMi TeMIlepaTypyu MalOTh IIPOCTOPOBO-YaCOBi OCOOAMBOCTI B MeKaX TEPU-
TOpil YKpainu. Ha GiabIlni yacTUHI TEpUTOPil KpaiHu 3adikcOBaHO 3POCTaHHS TeMIIe-
patypu B Meskax 1,5—2,0 °C 3a nepiop 1900—2021 pp. BopHouac y niBHIYHUX, iBHIYHO-
3axiAHUX 1 CXIAHUX perioHax, a TaKo’K BiHHUIIBKUM i 3anopi3bKill 00AaCTAX BiAOyAOCS
OiAbIN iHTeHCUBHe noTenAiHHI — 2,0—2,5 °C, Ha BiAMiHY Bip HiBAe€HHO-3aXiAHUX, IiB-
AeHHUX perioHiB i [TepeakapnarTs, Ae TpeHA cTaHoBUTH 1,0—1,5 °C.

Amnowmanii TemnepaTtypu 3 1900 o 2021 p. 3aCBiAUYIOTE, 1110 HAUXOAOAHIII CepeAHbO-
piuHi 3HayeHHA OyAU 3acikcoBani y 1933, 1956, 1976, 19851 1987 p., Toal 9K HaWTeNAiIi
— vy 2007, 2015, 20191 2020 pp.

3a nepiop 1900—2021 pp. cepepHbOMiCSUYHA TeMIlepaTypa MOBITps B YKpaiHi 3HaUHO
3pOCAa B XOAOAHI Micstii (Bip >)KOBTHsI A0 GepesHsi), Bapitorouu Bip 0,7 oo 2,0 °C/100 poxkis,
TOAIL SIK y TeTAl MicsTli (Bia KBITHS AO BepecHs) BOHa BusgBUAaCs Butoro Ha 1,0—1,9 °C/100
pokiB. 3a HopMoto 1991—2020 pp. cmocTepiraBcs 3araAbHUN TPEHA ITOTEMAIHHS B MeXKaX
0,5—1,3 °C/10 poxkiB. Caip 3a3HaUUTH, IO CiYeHb MOKA3aB CAAOKe 3MEeHIIeHHST TeMITiB
norenainasg — #Ha —0,1 °C/10 pokis.

[HAMKATOPOM CEe30HHOCTI KAIMAaTUYHUX YMOB € aMIINTYyAQ TEMIIEPATYPU IIOBITPS Ha I1O-
BepxHi. B YKpaiHi cepepHst aMnaiTyaa ctaHoBuaa 12,7+1,1 °C 3 1900 mo 2021 p.i12,5+0,8 °C
3 1991 no 2020 p. AHaAi3 aMIAITyAU TeMIlepaTypyu BUSBUB 3araAbHY TEHAEHIII0 3MeH-
IIIeHHs 3HaueHb TpeHAY A Ha —0,5 °C/100 poKiB mepeBa’kHO uepes MOTEMAIHHS B XOAOAHI
micsari. OaHak 3 1991 mo 2020 p. cmocTepiraeTbes 3pocTants TpeHAy A Ha —0,001 °C/10
POKIB, 1110 IIOB's13aHe 3 BEAMKUM IMABUIIIEHHIM TeMIIepaTypPH IPOTIrOM TEIIAUX MiCAIIiB.

Ha miacTaBi aHani3y iHAeKciB KoHTHHeHTaAbHOCTI Johansson-Ringleb B Ykpaiui Oyao
BM3HAUEHO 3HaUeHHs iHAEeKCIB K 59,3£3,7 3a mepiop 1900—2021 pp. i 59,0£3,4 3a mepiop,
1991—2020 pp. 3ararbHa TEHAEHITiT BKa3ye Ha 3MeHIeHHs iHAeKciB Ha 0,4 %/100 poxkiBs.
IMpote 3 1991 o 2020 p. BUSABAEHO IIPOTUAEKHY TEHAEHIIIO, gKa II0Ka3ye 3pOCTaHHS
inaekciB Ha 6,4 %/10 pokiB.

HaBeaeHo Tpu ciieHapil 3MiH cepeAHbOPIUHOI TeMIlepaTypH B Ykpaini (SSP1-2.6, SSP2-
4.5 1 SSP3-7.0) cTOCOBHO AOIHAYCTpiaABHUX PiBHIB 3 KiHIg XIX CT. Ha OCHOBI CIleHapiiB
BUKUAIB ITapHUKOBUX Ta3iB po 2100 p.

KAr04o0Bi croBa: cepepHbOPiUHA Ta CEPeAHBOMICIYHA ITPHU3eMHa TeMIlepaTypa IOBiTPs,
aMIIAITyAQ TeMIepaTypH, iIHAeKCU KOHTUHEeHTAaABHOCTI, aHOMaAil TeMIlepaTypH, ClieHapil
3MiHU TeMIepaTypHu.
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