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ABSTRACT

Relevance: The ability to forecast weather conditions is essential for societal development, as it helps minimize damage caused
by weather anomalies. At specific points in time, the state of environmental parameters is recorded by a hydrometeorological
monitoring system. One of the parameters recorded is surface air temperature. Trends in changes to the current state of the natural
environment cannot be determined without knowledge of its previous state and a model of meteorological processes. Therefore, the
collection and intelligent analysis of data on the dynamics of temperature processes for subsequent refinement of the meteorological
process model remains a relevant task. Aim and research objectives: To conduct an intelligent analysis of long-term time series of
surface air temperature to obtain information on the temporal characteristics of surface air temperature variability. To assess changes
in temperature trends, temperature trend patterns, and the scales of temperature variability processes. Methods: Time series analysis
method. Scientific novelty: A temporal analysis was performed on long-term time series of surface air temperature observations not
previously presented in research: temperature changes, the scales of these changes, and trends in temperature variability were
assessed. Practical significance: The use of the obtained data in hydrometeorological monitoring systems to refine models of
meteorological processes, improve the accuracy of identifying patterns in climate dynamics, and support forecasting decisions.
Results: For long-term temperature time series with different properties (different lags, different durations), amplitude characteristics
of air temperature changes and temperature trends were obtained, and the scales of temperature change were estimated. Conclusions:
As a result of the study, changes in temperature patterns, temperature trends, and the scales of temperature variability processes were
assessed over twenty years (from two thousand and five to two thousand and twenty-four) and over one hundred forty-four years
(from one thousand eight hundred and eighty-one to two thousand twenty-four) based on an intelligent analysis of four surface air
temperature observation series with lags of one year, one month, one day, and three hours.
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INTRODUCTION fluctuations and anthropogenic impacts on the
climate, and to make important administrative
decisions at the regional and governmental levels, by
international organizations and scientific
communities to develop measures to adapt to these
changes. In general, climate observation is the key to
understanding the causes and consequences of
changes on our planet, to developing effective ways
to adapt to changes and develop in the future.

Of the entire spectrum of observations, one of
the most important is considered to be the
observation of surface air temperature [1]. In

Climate change monitoring is one of the most
important tools for assessing the state of the natural
environment, detecting trends in its condition, and
mitigating the consequences of identified dangerous
trends. Monitoring involves collecting and analyzing
data on temperature, humidity, precipitation, ocean
levels and salinity, greenhouse gas concentrations,
and other indicators that affect the planet's climate
system. Such observations and subsequent analysis
of the results allow us to understand natural

practice, the results of such observations are
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time steps (constant or variable) and different
durations. This is a sequence of time-ordered
numerical indicators characterizing the level of
development of the phenomenon under study. These
series contain information that needs to be extracted
and analyzed.

The extraction and analysis of information from
such series is carried out using various methods. The
need for temporal, spectral, and spectral-temporal
(scale-temporal) analysis of air temperature
observation series is due to a number of important
tasks and advantages related to the understanding
and modeling of climatic and meteorological
processes. These tasks include identifying periodic
components, separating signals and noise,
distinguishing  between process scales, and
improving forecast models. Other very important
tasks include analyzing changes and trends,
detecting non-stationary processes, justifying data
processing methods, and studying interactions
between processes.

Other tasks also arise. In general, it can be
noted that there is an urgent need to integrate
methods of temporal, spectral, and spectral-temporal
(scale-temporal) analysis into a single computational
model. The article presented by the authors to the
reader's attention is the first in a series of articles
devoted to the analysis of long-term series of surface
air temperature. It discusses the features of temporal
analysis of such series. Subsequent articles will
reflect the results of studies of these time series
using spectral, spectral-temporal (scale-temporal)
analysis methods and corresponding models.

The article presented here aims to conduct an
intellectual analysis of long-term time series of
surface air temperature data not previously reported
in the literature to obtain information on the
temporal characteristics of temperature variability;
as such, it represents a scientific innovation. It is the
first in a series of articles devoted to the analysis of
long-term surface air temperature time series. It
presents solutions to problems involving the
assessment of temperature variations, temperature
trends, and the scales of temperature variability
processes. Subsequent articles will present the
results of studies conducted on these time series
using spectral and spectral-temporal (scale-
temporal) analysis methods to identify periodic
components, separate signals from noise in the
series, distinguish between different scales of
processes, and detect non-stationary processes.

LITERATURE REVIEW AND STATEMENT
OF THE PROBLEM

Time series contain  both  meaningful
information and random fluctuations. In some cases,
random components may not be entirely random;
they may be related to the dynamics of certain
synoptic and climatic processes. Knowledge of the
dynamic characteristics of temperature helps to
develop more accurate models that take into account
periodic components and their impact on forecasts.
Time series may contain long-term trends and
changes that can be identified by other methods of
analysis, which is important for assessing climate
change. Thus, time series analysis is an important
tool for gaining a deep understanding of the
structural features of temperature series, improving
the accuracy of climate assessments, and developing
effective forecasting methods.

A large number of studies are devoted to
solving the above problems, the results of which are
reflected in numerous publications. The review
mainly covers papers devoted to temporal and other
types of analysis of observation series for various
meteorological variables and forecasting the future
behavior of series. Article [2] examines issues
related to the construction of homogenized
temperature and precipitation series based on data
from weather stations and analyzes the quality of the
series and their differences. Papers [3], [4], [5]
examine observation series in different countries and
regions, the dynamics of these series, and forecasts,
including temperature forecasts. A significant part of
the articles examines trends in the behavior of
various observation data in different regions of the
globe [6], [7], [8].

Many papers are devoted to the study of the
dynamics of climate indices [9], [10], [11]. The
statistical parameters of series as a set of random
variables are studied [12]. Significant attention in
the studies is paid to the assessment of global long-
term changes in meteorological parameters and
anomalies, including temperature [13], [14], [15].
The seasonal dynamics of meteorological variables
and, to a large extent, temperature is analyzed [16],
[17]. Forecasts are made for all weather elements
[18], [19]. Article [20] is devoted to the description
of climate data analysis.

The papers listed below reflect the application
of various methods of analysis for the analysis of a
wide range of meteorological variables in different
regions of the globe. In paper [21], in addition to the
temperature series, the solar activity series is
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studied, and in [22], an analysis of wind speed and
gusts in the surface layer of the atmosphere is
carried out. The study of the possibility of
forecasting precipitation in different conditions is
described in [23] and [24]. Papers [25] and [26] are
devoted to identifying precipitation cycles and
finding cyclical patterns in climate data. Articles
[27] provide a fairly detailed overview of the
analysis of climate data using various methods.

The analysis of climate data and river flow
using regression and wavelet analysis is presented in
[28]. The paper [29] shows the results of assessing
the short-term and long-term periodicity of droughts,
as well as the trend component of these processes.
An analysis of the literature sources cited shows that
there are many studies in the field of
hydrometeorology. These studies are very diverse,
ranging from local assessments of climate
parameters to global assessments of the state of the
climate.

In order to build an adequate climate model for
successful weather forecasting, as much data as
possible obtained from research is needed. An
analysis of the publications cited leads to the
conclusion that it is necessary to continue current
research that allows us to track climate change.
Temporal analysis plays an important role in these
studies. With its help, information can be extracted
from long-term time series of varying lengths and
with varying time steps, which can subsequently be
used as the basis for creating algorithmic (software)
support for intelligent systems in hydrometeorology.

AIM AND RESEARCH OBJECTIVES

Thus, the aim of this study is to conduct an
intelligent analysis of long-term time series of
surface air temperature in order to obtain
information on the temporal characteristics of
surface air temperature variability.

The objectives of the study are:

1) to assess changes in temperature trends;

2) to identify trends in surface air temperature
patterns;

3) to distinguish between
temperature variability processes.

RESEARCH MATERIALS AND METHODS

The research materials consisted of four time
series, each with its own characteristics. The first
series is a series of 144 years of annual observations
of surface air temperature from 1881-2024
(hereinafter referred to as Series A). The second is a
series of 144 years of monthly observations of
surface air temperature for the same period

the scales of

(hereinafter referred to as Series B). The third is a
series of 20 years of 8-times-daily observations of
surface air temperature from 2005-2024 (hereinafter
referred to as Series C). The fourth is a series of 20
years of daily observations of maximum and
minimum surface air temperatures from 2005-2024
(hereinafter referred to as Series D).

The first two series are identical in duration but
have different time steps: the first has an annual time
step (Fig. 1) and values representing average annual
air temperatures, while the second has a monthly
time step (Fig. 2) and values representing average
monthly air temperatures. In the theory of numerical
series, the above-mentioned temperature values are
commonly referred to as series levels. In this paper,
to avoid confusion with other levels, we will refer to
the temperature values in the series as series
readings.
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Fig. 1. Series A — series of average annual air
temperatures for the 1881-2024 period
(144 readings)

Source: compiled by the authors
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Fig. 2. Series B — series of average monthly air
temperatures for the 1881-2024 period
(1728 readings)

Source: compiled by the authors
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The third series represents a series of air
temperature values for 20 years with a time step of
three hours and is therefore called an 8-times-daily
series (8 measurements per day). A graphical
representation of this series is shown in Fig. 3.

The fourth series is a series with a one-day time
step of minimum and maximum daily air
temperatures over 20 years. A  graphical
representation of this series is shown in Fig. 4.

The objectives of the time series analysis
determine the necessary depth of research.
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Fig. 3. Series B — series of three-hour air
temperatures for the 2005-2024 period
(58,440 readings)

Source: compiled by the authors
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Fig. 4. Series D — series of daily minimum
and maximum air temperatures for the
2005-2024 period (7305 readings)

Source: compiled by the authors

This may be the construction of a simple model
describing the behavior of the series in the most
general form, in order to determine the temporal
parameters of hydrometeorological events. Or, with
more in-depth research and an attempt to explain its
behavior, a hypothesis about the behavior of the
series is accepted and a more complex model is

constructed that allows for the identification of the
frequency or temporal-frequency characteristics of
Processes.

Achieving these goals makes it possible to
predict the future behavior of the series and, on this
basis, warn of upcoming adverse events. With even
deeper analysis, it is possible to jointly consider the
development of several series of other variables over
temperature (precipitation, solar radiation flux,
ozone levels and other trace gas components,
geophysical factors, etc.). In this case, the series
under consideration becomes one of the vectors of
multidimensional observations. This makes it
possible to make more reliable long-term climate
forecasts.

The research examined all four series in general
terms. In the first stage of the research, one of the
outcomes of which is this article, a temporal analysis
method was selected.

In this article, the temporal analysis of a
numerical series of meteorological data consists of
constructing a simple model describing the behavior
of the series in the most general form and, based on
the constructed model, evaluating the temporal
parameters of the process. The construction was
carried out for several values of the temporal intervals
of analysis. Subsequently, after obtaining the results
of time series analysis, the same series were subjected
to spectral, spectral-temporal  (scale-temporal)
analysis in order to identify the components of the
series, their dynamics, scales, and energy.

A series of meteorological observations
M(time) can be represented as several components:
M(time) = Tr(time) + Sn(time) + Rg(time) +
Ns(time). Here, Tr(time) is the trend or long-term
change, Sn(time) is the seasonal component,
Rg(time) is more or less regular fluctuations relative
to the trend or oscillations, and Ns(time) is changes
in the form of a non-systematic or random effect.
Such a decomposition of a series into components is
convenient for analysis. However, it should be
understood that by applying this approach to model
building, the researcher limits himself to the
framework of this particular series model.
Nevertheless, the above model of the series was used
in the study. At the same time, it was necessary to
take into account the fact that the trend Tr(time) and
seasonality Sn(time) in the series under study are
intertwined. It is difficult to separate one without
simultaneously highlighting the other. Therefore, it
became necessary to select trends in such a way as
to preserve the possibility of obtaining the maximum
amount of data from the transformed series.

ISSN 2663-0176 (Print)
ISSN 2663-7731 (Online)

Information technology in socio-economic,
organizational and technical systems

459



Perelygin B. V., Tkach T. B., Hnatovska H. A., Sergienko A. V., Milczarski Piotr

/

Herald of Advanced of Information Technology

2026; Vol.9 No.3: 456—-469

When constructing a trend, an essential
requirement is its smoothness, which naturally
means representing the trend as a continuous and
differentiable  function.  Such  functions are
constructed using mathematical regression. The task
of mathematical regression is to approximate the
data (x, yi) with a certain function f(x) that best
minimizes the set of errors [f(xi)-yi|. Regression boils
down to selecting unknown coefficients that
determine the analytical dependence f(x). The
simplest and most commonly used regression is
linear. The data (x;, yi) is approximated by the linear
function f(x)=b+a-x. On the coordinate plane (x, y),
a linear function is represented by a straight line.
Linear regression is often referred to as the least
square’s method, since the coefficients a and b are
calculated from the condition of minimizing the sum
of the squares of errors |b+a-xi -yi |. Polynomial
regression means approximating data (xi, yi) with a
polynomial of degree k f(x)=a+bx+cx®+dx*+...
+h-x. When k=1, the polynomial is a straight line;
when k=2, it is a parabola); when k=3, it is a cubic
parabola, and so on. Since any smooth function
under general assumptions can be locally
represented by a polynomial with a high degree of
accuracy, it is quite possible to find a polynomial in
this local region that reflects the behavior of the
function with a small error. The local region must be
moved along the series under study and an estimate
must be calculated for each, for example, the
midpoint of the local region. The coefficients of the
polynomial can be calculated in different ways. This
is the moving average method for constructing a
smooth trend function.

In this article, trends were selected and
calculated using various functions: linear (linear
regression); parabolic (quadratic regression); cubic
parabolic (cubic regression); moving average with a
third-order polynomial and window sizes of 7 and
21 with Spencer weighting coefficients. Various
trends were selected to better separate the trend and
seasonal components of the series. Since the process
of separating components is iterative, the best trend
must ultimately be selected. It is the best in the sense
that, as noted above, it will allow us to obtain the
greatest amount of information after subtracting the
trend from the series. In our case, removing the trend
from the series should preserve the greatest number
of oscillating and random components for further
spectral analysis with minimal distortion.

This is necessary so that subsequent types of
analysis can still identify temperature data with
synoptic processes. The oscillations Rg(time) and

random components Ns(time) of the series are
identified by spectral and spectral-temporal
methods, and the results of this analysis will be
discussed in subsequent articles.

However, one important feature of the analysis
of meteorological series should be noted. In some
cases, the requirement for trend smoothness has to
be abandoned. This situation arises when
constructing annual and seasonal climate normal in
temporal analysis. These climate normals change
every year in the current 30-year climate period, and
the changes cease at the end of the current climate
period and the onset of a new climate period.
Therefore, the function is not smooth, but stepped.

RESULTS OF THE STUDY AND THEIR
DISCUSSION

It should be noted that the analyzed series did
not require noise reduction or any other
preprocessing. They were formed after careful desk
processing, including checking and eliminating
outliers and checking and restoring missing data.

Results of the study of the series with a one-
year time step (Series A) and their discussion

Since 1960, the World Meteorological
Organization has recommended identifying thirty—
year climate cycles when analyzing climate
conditions. This approach was used to evaluate the
entire Series A. The results of the evaluation are
shown in Fig. 5 and Table 1.
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Fig. 5. Temperature values and thirty-year
climate normals for the 1881-2024 period

Source: compiled by the authors

The temperature trend for the climatic period
since the 1930s has also been positive. This indicates
that temperature swings are increasing in each
period, at least until 2020.
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Table 1. Values of climate normal’s, maximum
and minimum average annual temperatures,
and temperature trends for the climate
period 1881-2024

Maxi- | Mini- | Tempe-
mum | mum | rature
Climate |Climate| average|average| range
period, |normal,| annual | annual | for the
years °C | tempe- | tempe- | climatic
rature, | rature, | period,
°C °C °C
1881-1900( 9.9 10.7 8.4 2
1901-1930( 9.8 10.9 8.7 2.2
1931-1960 9.9 11.1 8.1 3
1961-1990| 10.1 11.7 8.4 3.3
1991-2020| 11.3 13.0 9.5 3.5
2021-2024| 12.6 13.6 11.4 2.2

Source: compiled by the authors

The temperature trend for a climate period is
the difference between the maximum and minimum
average annual temperatures in the corresponding
climate period.

When analyzing the data obtained, it should be
noted that the first and last periods are incomplete.
The first period covers 20 years instead of 30, and
the last period covers only 4 years. Therefore, the
data for these periods are approximate; they are
more reliable for the first period than for the last.
Nevertheless, it is clear that the climate normal has
been increasing since the 1960s. Maximum average
annual temperatures have been rising since the
beginning of the series, and minimum temperatures
have been increasing since the 1990s.

As noted above, when conducting temporal
analysis, one of the stages of the study is to identify
Tr(time) — the trend or long-term change in the series
— as one of the main components of the series.
Constructing a trend requires determining the degree
of the selected polynomial and the size of the
moving window in which the averaging is
performed. All these operations allow for selecting a
trend that provides the best opportunity for
subsequent extraction of information from the series
after subtracting the trend from it.

If a series consists, for example, of a set of
different harmonics or can be represented in this
form, then as a result of trend identification, the
energy of oscillations with a period shorter than the
trend period increases. In addition, the energy of
oscillations with a short period will increase due to

oscillations with a long period. That is, there is a
possibility that cyclical oscillations may be distorted
by the trend exclusion procedure. The same can
happen with any oscillations, since a prolonged
oscillation is taken as a long—term trend when
calculating the trend. The remainder of the series
after trend exclusion loses some of the dynamics that
should have been considered as fluctuations around
the trend. Therefore, various functions were selected
as trends, which would allow the optimal function to
be chosen from among them to solve a specific
problem using other methods. When studying a
series with a one—year time step (Series A), trends
were calculated (Fig. 6, Fig. 7, Fig. 8, Fig. 9 and
Fig. 10).

All the trends obtained reflect the dynamics of
the series under study, but each in its own way.
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selection of the optimal trend must be carried out in
relation to the specific task being solved.

For the subsequent spectral analysis of the
series, a similar optimization was performed. The
result will be presented in the next article.

Results of the study of the series with a monthly
time step (Series B) and their discussion

A temporal analysis of the series with a
monthly time step (Series B) was performed. This
series allows us to highlight the values of monthly
temperatures by season.

Seasonal temperature values were obtained by
calculating the arithmetic mean of the monthly
temperature for three months of each season.

The calculated seasonal temperature values
with seasonal climate normals superimposed for the
1881-2024 period are shown in Fig. 11 and Table 2.

Analysis of the temperature values in Fig. 11
shows that, according to the data of the series under
study, the calendar autumn is warmer than the
calendar spring throughout the entire series
analyzed.
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Fig. 11. Seasonal temperature values and seasonal
climate normal’s for the 1881-2024 period

Source: compiled by the authors
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Table 2. Seasonal climate normal’s for
temperature in °C for the 1881-2024 period
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Fig. 10. Series A with a moving average trend
superimposed with a window of 21 series
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Source: compiled by the authors
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They all minimize the totality of errors, but
further analysis of the trends obtained and the

Climate period, Season
years Winter| Spring| Sum- | Fall
mer

1881-1900 -20 | 88 | 216 | 11.2
1901-1930 -1.3 | 86 | 20.8 | 11.0
1931-1960 -14 | 84 | 212 | 11.2
1961-1990 -0.5 | 89 | 20.7 | 11.3
1991-2020 05 | 10.2 | 22.4 | 12.0
2021-2024 3.1 | 105 | 23.7 | 12.9

Source: compiled by the authors
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Over the 1881-2020 periods, spring, summer,
and autumn showed positive dynamics: +1.4 °C,
+0.8 °C, and +0.8 °C, respectively. However, the
most significant dynamics were observed in the
winter season, amounting to +2.5°C. Its climate
normal crossed the zero thresholds and is currently
positive. It is too early to draw conclusions for the
subsequent climate period (2021-2024), but the
general trend of temperature increase, specifically in
relation to winter, is clearly visible.

Results of the study of the series with a three-
hour time step (Series C) and discussion

Temporal analysis of a series of 3-hourly
observations allows us to identify the daily
temperature range as the difference between the
maximum and minimum temperatures per day at
established observation times. The result of the
temporal analysis of the series of 3-hourly
observations in the form of information on the daily
temperature range is shown in Fig. 12. The abscissa
of each point corresponds to the time, and the
ordinate corresponds to the value of the daily
temperature range.

The periodic structure of the daily temperature
range is clearly visible in the graph in Fig. 12. It is
modulated by the seasonal temperature variation. In
winter, the daily temperature range is generally
small, while in summer it increases.
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Fig. 12. Daily temperature range values for the
2005-2024 period

Source: compiled by the authors

The histogram of the distribution of daily
temperature range values is shown in Fig. 13.

The histogram clearly shows that in 55% of the
observations, the daily temperature range is between
4°C and 8°C, and in 80 % of observations, it is
between 3°C and 9°C.

The distribution of daily temperature range
values by month of the year at different threshold
values ATys is shown in the graphs in Fig. 14.
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Fig. 13. Histogram of the distribution of daily
temperature range values for the
2005-2024 period

Source: compiled by the authors

Analysis of the distribution of daily temperature
range values shown in Fig. 14 indicates that daily
ranges up to 8 °C mainly occur at the end of summer
and beginning of autumn (July-September). Large
daily temperature ranges, approximately 10 °C and
above, begin to split and also appear in the spring
(March-May). This leads to the conclusion that winter
and summer temperature regimes are more stable than
those in spring and autumn. Moreover, the greatest
temperature variability is observed in spring. Large
temperature fluctuations in spring prevail over
fluctuations in other seasons, except for early autumn.

Results of the study of the series with a daily
time step (Series D) and discussion

The series of maximum and minimum daily
temperatures is intended for calculating extreme
climate indices. This is necessary because
meteorological parameter data are obtained at
regulated three-hour observation intervals. This can
lead to the omission of extreme values of these
parameters, which may be reached between
observation intervals.

It is easy to see from the graph in Fig. 4 that for
the entire observation period, the maximum
temperature of 39.3°C was recorded on July 23,
2007, and the minimum temperature of -22.3°C was
recorded on January 23, 2006.

Currently, 76 extreme indices are used in global
climate science, 12 of which characterize air
temperature.

These are:

1. TG — average daily air temperature for the
study period j (month, season, year), °C.
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2. ATR — amplitude of annual air temperature
fluctuations, defined as the difference between the
average monthly temperatures of the warmest and
coldest months during the study period j, °C.

3. TN - average daily minimum air
temperature for the study period j, °C.

4. TX — average daily maximum air
temperature for the study period j, °C.

5. DTR - average daily air
amplitude for the period j, °C.

6. TN; — daily minimum air temperature for
period j.

7. TXx — the highest of the daily maxima
(absolute maximum) air temperatures for the study
period j, °C.

8. FD — number of frosty nights, i.e., days with
a minimum negative temperature (Tni< 0 °C) during
period j, days.

9. SU — number of «summer days», i.e. days
with a maximum temperature above 25 °C (7Txi >
25 °C) during period j, days.

temperature

10. CSU — maximum number of consecutive
«summer days» during the study period j, days.

11.TR — number of «tropical nights», i.e. days
with a minimum temperature is exceeding 20 °C (TN
> 20 °C) during period j, days.

12. GSL - growing season length: the period
between the start of at least a 6-day period with an
average daily air temperature above 5 °C (TG > 5
°C) and the start of a period of at least 6 days with
an average daily temperature below 5 °C (TG < 5
°C) within the period j, days.

Of all the twelve temperature indices listed
above, FD, SU, TR, and CSU are of greatest interest
for analysis. Analysis of these indices will allow
conclusions to be drawn about the state of the
climatic regime of air temperature.

Based on the data on the minimum and
maximum daily air temperatures, extreme indices
were calculated, the values of which are given in
Table 3. The CSU index is the maximum number of
consecutive «summer days» during the study period
— 70 days, starting from June 24, 2022.
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Table 3. Values of extreme air temperature
indices for the 2005-2024 period

Number of Number of days meeting
Index the index requirement
days observed
%
1091
FD 7305 149
1746
SU 7305 3.9
720
TR 7305 9.8
Source: compiled by the authors
The total number of consecutive «summer

days» (number of days in a sequence > 2) for the
entire observation period was 153. The histogram of
the distribution of the lengths of the sequences of
«summer days» is shown in Fig. 15.
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Fig. 15. Histogram of the distribution of the

lengths of “summer days” sequences (CSU index)

over 20 years (for the 2005-2024 period)

Source: compiled by the authors

The histogram clearly shows that out of 153
sequences, 100 sequences (65 %) have duration of
no more than 10 days. The 70-day sequence starting
on June 24, 2022, is a unique single case in all 20
years of observations.

CONCLUSION

The objectives set for this study, namely:

e assessing changes in surface air temperature;

o identifying temperature trends;

e determining the scales of temperature
variability, have been achieved.

Analysis of the results obtained allows us to
draw the following conclusions.

1. For a 144-year temperature series with an
annual lag:

o the climate normal for temperature, starting

in the 1960s, has been increasing and has reached a
value of 12.6 °C;

e maximum annual average temperatures have
been rising since the beginning of the series and
have reached 13.6°C, while minimum values have
also been increasing since the 1990s and have
reached 11.4 °C;

o the temperature trend over the climatic
period, starting in the 1930s, has also shown a
positive trend, reaching 3.5°C. This indicates that
the range of average annual temperatures is
increasing in each period, at least through 2020.

2. For a 144-year temperature series with a
monthly lag:

o throughout the entire series, seasonal climate
temperature  normal’s  increase  with  slight
fluctuations: in winter from -2.0°C to 3.1°C, in
spring from 8.8°C to 10.5°C, in summer from
21.6 °C to 23.7°C, and in autumn from 11.2°C to
12.9 °C;

e calendar autumn is warmer than calendar
spring throughout the entire series;

o the most significant change occurs in the
winter season and amounts to +2.5°C. Its climatic
normal has crossed zero and has a positive value.

3. For a 20-year temperature series with a
three-hour lag:

o the diurnal temperature range exhibits a
pronounced periodic component with a seasonal
cycle;

o values of the diurnal temperature range vary
between 1 and 16°C, and in 80 % of observations,
the diurnal range varies between 3 and 9 °C;

o daily ranges of 1 to 10 °C occur during the
summer and early fall; larger daily ranges are
observed not only during the summer but also during
the spring.

4. For a 20-year temperature series with a daily
lag:

¢ the maximum temperature in the series was
determined to be 39.3°C, observed on July 23, 2007,
and the minimum temperature was determined to be
-22.3°C, recorded on January 23, 2006;

e the wvalues of extreme indices
determined:

number of frost nights — 14.9 %;

number of “summer days” — 23.9 %;

number of “tropical nights” — 9.8 %;

e 65 % of “summer day” sequences last no
more than 10 days, and the 70-day sequence
beginning on June 24, 2022, is a unique one-time
occurrence over the entire 20-year observation period.

were
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AKTYaJIBHICTB.JJATHICTh TPOTHO3YBATH IMOTOAHI YMOBU MAa€ BaKIMBE 3HAYCHHS [UISI PO3BUTKY CYCHIJIBCTBA, OCKLIBKU
JOTOMara€e MiHiMi3yBaTH 30MTKH, COPUYHHEHI HOTOAHUMHU aHOMATisMH. Y TeBHI MOMEHTH 4acy CTaH MapaMeTpiB HaBKOJIHUIIHBOIO
cepeloBHIa (PIKCYETHCSI CHCTEMOIO TiJPOMETEOpPONOriuHOro MOHITOpHHTY. OAHHM i3 TapaMeTpiB, IO PEECTPYIOTHCI, €
TeMmIeparypa MmoBiTpsi Oins moBepxHi. TeHAeHIIl 3MiH MOTOYHOTO CTaHy MPUPOAHOrO CEpelOBHUINA HEMOXIMBO BH3HAYHTH Oe3
3HAHHS HOro MONepeaHhOro CTaHy Ta MOJETi MeTeopoNoriuyHux mporeciB. Tomy 36ip Ta iHTeNeKTyadbHUI aHAi3 AaHHX MPO
JUHAMIKY TEMIEpPaTypHUX MPOLECIB Ui MOAANBIION0 BIOCKOHATIEHHS MOJENl METEOPOJOTiYHUX MPOLECIB 3aTHIIAETHCS
aKTyaJIbHUM 3aBaHHsM. MeTa Ta 3aBaaHHs. [IpoBecTH iHTeNeKTyalbHHH aHAIi3 JOBIOCTPOKOBHUX YaCOBUX PSJIiB TEeMIEpaTypu
MPU3EMHOr0 Iapy MOBITPSl 3 METOK0 OTPUMAaHHs iHpOpMarii Mpo YacoBi XapaKTEPUCTUKH MIiHIMBOCTI TEMIEPATYpH MPH3EMHOrO
mapy moBiTps. OIMHUTH 3MiHH TEMIEPAaTYPHUX TPEH[IB, 3aKOHOMIPHOCTI TEMIEpaTYpHHX TpPEHIIB Ta Maciitabu MpoleciB
MiHTUBOCTI Temmiepatypu. MeToan. Meron anani3y yacosux psais. HaykoBa HoBu3Ha. [IpoBeieHO YacoBHii aHAIT3 TOBrOTPUBAIIMX
YacOBHX PSIIB CIIOCTEPEKEHb TEMIIEpaTypH MPU3EMHOTO TOBITps, SKi paHille HE MPEACTAaBICHI B HAyIli: OIIHEHO 3MiHH
TeMIIepaTypy, MaclTadu MUX 3MiH Ta TEHISHIIi MIHIUBOCTI Temmneparypu. IlpakTuyne 3HaveHHsi. BUKopHCTaHHS OTpUMaHHUX
JAHUX Y CHCTEMax TiJpOMETEOpPOIOTiYHOr0 MOHITOPHHTY JJIsi YTOYHEHHS MOJAENEH METEOpOJOTiYHHX MpOLECIB, ITiABHIICHHS
TOYHOCTI BHABJICHHS 3aKOHOMIPHOCTEW y JHWHAMIIl KJIIMaTy Ta MIATPUMKH pillleHb MOAO MPOTHO3yBaHHA. Pesdyabtarm. s
JIOBIFOCTPOKOBHX YAaCOBHX PAMIB TEMIEPATypH 3 PI3HAMHU XapaKTEepUCTUKaMH (pi3HI JIard, pi3Hy TPHUBAIICTB) OylnO OTpUMaHO
XapaKTEPUCTUKN aMIUTITYIU 3MiH TeMIIEpaTypH TOBITPSl Ta TEMIIEPAaTYpHI TPEHIHW, a TAKOX OMIHEHO MacITabu TeMIepaTypHUX
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3MiH. BUCHOBKH. Y pe3ynbpTaTi AOCHIIKEHHS Ha OCHOBI iHTENEKTYaJbHOIO aHANII3y YOTHUPHOX DPSAIIB CHOCTEPEKEHb MPHU3EMHOI
TEeMIIepaTypyd MOBITPS 3 JaraMd OJIMH pIK, OOWH MICsIb, OOWH JA€Hb Ta TPU TOAWHM OIIHEHO 3MIHH TEeMIIepaTypHHUX
3aKOHOMIPHOCTEH, TeMIepaTypHi TPEHAM Ta MAacIITadM IPOIECciB TeMIepaTypHOI MIHJIIMBOCTI 3a IBAaAIATh POKIiB (3 ABI THCSUL
I’ SITOTO POKY I10 JIBI THCSY1 JBaUATH YETBEPTHH PiK) Ta 3a CTO COPOK YOTHUPHU POKH (3 THCSUA BICIMCOT BICIMAECST IIEPIIOTO POKY 110
(B THCSYi JABaIUATH YETBEPTHIl PIK).
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