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alization using time series and graphs. It was found that both global and local air temperature
trends demonstrate a steady increase, albeit with a slight slowdown in recent years. Seasonal temperature variations were character-
ized, showing accelerated warming in spring and summer. The stabilization of minimum temperature values after 2000 was identified,
accompanied by an increase in January, March, August, September, and December. Maximum air temperature trends were analyzed,
revealing a downward tendency over the last decade, despite pronounced increases in July, August, and September. A contrasting stabil-
ity in maximum temperature levels from January to March was established. The average annual precipitation in Boryspil was estimated
at 566.2 mm, with a monthly rate of approximately 47.2 mm and an average of 194 days with precipitation per year. The precipitation
distribution was characterized as relatively stable throughout the observation period, despite periodic extremes. Moisture conditions
were assessed using Ivanov’s humidity coefficient and Selyaninov’s hydrothermal coefficient, calculated based on the ratio of annual
precipitation to evaporation and the sum of precipitation and active temperatures. A steady negative trend in the humidity coefficient
was identified, indicating a transition from excessive to insufficient moisture. A deterioration in moisture conditions was determined,
particularly after 2003, based on the dynamics of the hydrothermal coefficient. A correlation analysis was conducted, revealing a
statistically significant relationship between the hydrothermal coefficient, the humidity coefficient, and key climatic indicators such
as average air temperature and relative humidity. The maximum correlation values were found between the humidity coefficient and
average air temperature (r = -0.72) and relative humidity (r = 0.83). It was confirmed that the impacts of global warming manifest at the
local level through alterations in thermal regimes and precipitation patterns, influencing agricultural practices and economic sectors.
The urgent need for climate research was emphasized to ensure effective monitoring and adaptive responses to climate change. It was
highlighted that understanding local manifestations of global climate trends facilitates proactive adaptation measures.
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Amnorauis. JocnimxeHas GoKycyeTbes Ha aHaNi31 TaHUX MeTeopoioriynoi crannii B bopucnoni (Ykpaina) 3a nepion 3 1976 mo 2019

POKH, IO CTOCYIOTHCS TEMIIEPATYPH MOBITPS Ta aTMOC(hEPHUX ONaaiB. ¥ ITOCHiHKEHH] pO3IISIAI0THCS TEHICHIIT 3MIHN TeMIeparypu
MOBITPsI Ta OMAJiB 3 aKIEHTOM Ha JIOKaJIbHI MPOSBH, SIK HACTIIKK [I00ATBHOTO MOTEIUIiHHA. BeTaHoBNeHO, 0 m00ajbHi, TakK i JIo-
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KaJbHI TPEHAN TEeMIIepaTypy MOBITPs AEMOHCTPYIOTH MOCTiiHE 3pOCTaHHs, 3 JIEIKUM YIOBUIFHEHHSM TEMIIB 3pOCTAHHS y OCTaHHI
poku. Ce30HHHMI aHaJi3 OKa3ye OiIBII IIBUIKE 3pOCTAHHS TEMIIEpaTypy HaBeCHI Ta BIiTKy. Po3moain MiHIMaIbHOT TeMmeparypu Je-
MOHCTpye cTabdinizawito micist 2000 poky, Xoda i 31 30UIbIIEHHSIM 3Ha4eHb MiHIMaJIbHOT TEMIIepaTypH y CiuHi, Oepe3Hi, CepIHi, BepecHi
Ta rpyaHi. AHaji3 MakCUMaJIbHOT TeMIIepaTypH IOBITPS IMOKa3ye TEHICHIIIO 0 11 3HIKEHHs IPOTATOM OCTAHHBOTO JECSTHIITTS, 3
BHPA)KCHUM MIIBUIIEHHSM Y JIMITHI, CEpITHi Ta BEPECHI, 1110 KOHTPACTYE 31 CTaOIIBHUMHU PIBHAMHU 3 ciuHs 1o Oepe3eHs. CepenHbopiu-
Ha KiJIbKicTh onaaiB y bopucnomni 566,2 MM, MicsiuHa HOpMa — O1u3bK0 47,2 MM, a KiIbKIiCTh JIHIB 3 ONaJaMu CTAaHOBHUTH 194 Ha pik.
Po3zmnoxin onanis 3anuiaeTbest cTablIBHEM MPOTITOM CIIOCTEPEIKYBAHOTO NEPio/y, HE3BaXKalOUH Ha MepioAndHi eKCTpeMyMH. Po3ris-
HYTO YMOBH 3BOJIOKEHHsI TEpUTOPIi 3a JoroMororo koedimienta 3onoxenns H.M. IBanoBa — I'M. Bucoupkoro Ta rizporepmidHoro
xoedinienta [.T. Censninoa (I'TK). BuzHaueHHs nux moka3HHKIB 6a3y€ThCs Ha BIHOIICHH] PiYHOT KiJIbKOCTI ONa/IiB 10 BUMAPOBY-
BAHOCTI, @ TAKOXK Ha CyMi OIa/IiB Ta aKTHBHUX TEMIIepaTyp 3a IeBHUII epioA. AHai3 oka3as CTIHKMIl HeraTuBHUI TpeH KoedilieHTa
3BOJIO’KEHHS, 1[0 CBIUUTH NPO MEPeXiJ BiJl HAJAMIPHOIO 0 HEIOCTaTHHOIO THIy 3BOJIOKEHHs. J[MHaMika rigpoTepMmiuHOro xoedi-
LIiEHTa TaKOX BKA3y€e Ha IOTipIIaHHS YMOB 3BOJIOKeHHs, ocobiuBo micist 2003 poxy. KopensuiiiHuit aHaii3 103BOJIMB BCTAHOBHTH
CTaTHCTUYHO 3HAYYIIUH B3a€MO3B 30K MIXK TiPOTEpMIYHIM Koe(ilieHTOM Ta Koe(illieHTOM 3BOJIOKEHHS i TAKUMH MOKa3HUKAMH, SIK
CepeIHs TeMIIeparypa MOBITPS Ta BITHOCHA BOJIOTICTh. BCTaHOBIICHO, 1110 MAKCUMAITbHI 3HAYCHHS KOe]illieHTa KOpeIlii crocTepira-
FOTBCSI MXK KOS(II[iEHTOM 3BOJIOXKCHHS Ta CEPEIHBOI0 TEMITEpaTyporo moBitps (r=-0,72) i BimHOCHO BooricTio (r = 0,83). L1i pe3ysb-
TaTU MiATBEPPKYIOTh BaXKJIMBICTh BUKOPUCTAHHS 3a3HaYeHHUX KOE(II[iEHTIB JUIs OLIHKH TiAPOTEPMIYHMX YMOB TEpPHTOpIi Ta iX 3MiH
y KOHTEKCTi KJIIMaTHYHHUX JOCITI/PKeHb. BIUIHB 11100aabHOTO MOTEITiHHS MPOSBISETHCS HA MICIIEBOMY PiBHI 4epe3 3MiHy TEIUIOBOTO
PEeKHUMY Ta CTPYKTYPH OIaiB, IO BIUIMBAE HA CLTLCHKE TOCHONAPCTBO Ta iHII CEKTOPU eKOHOMIKH. JlOCIiKEHHS MIIKPECIIIOE TOCTPY
noTpely B KIIIMAaTUYHUX JOCIIDKEHHSX ISl €peKTHBHOTO MOHITOPHHTY Ta pearyBaHHs Ha 3MiHM KJliMaTy. PO3yMiHHS JIOKaJIbHHX HPO-
SIBiB NIOOANBHUX KJIIMATHYHUX TCHACHIIH MOJIETITYE MPOAKTUBHI 3aX0/H 3 aanTallii 10 3MiH KIliMary.

Knrouoei crosa: memnepamypa nogimps, ammocgepHi onaou, memeoponoziuni cnocmepexcenHs, Koegiyicum 38010cenus leanosa-

Bucoyvrozo, ciopomepmiunuii xoeghiyieum Censninoga, Kiimam.

Introduction

The relevance of this research is driven by the
need to assess the climatic changes that are already
occurring. The current state of the climate system is
characterized by the continuation of the global warm-
ing phase, which is happening against the backdrop of
increased solar activity, heightened El Nifio activity,
and a restructuring of atmospheric circulation (Glob-
al, 2015; IPCC, 2019; Climate, 2021). It is important
to understand that global warming is manifested not
only in long-term changes in the near-surface air tem-
perature of the planet and its individual regions. The
extremity (intensity) of near-surface air temperature
has increased, as well as the intensity and frequen-
cy of adverse weather events, which cause significant
damage. According to the report by the Intergovern-
mental Panel on Climate Change (Climate, 2021),
from 1991 to 2010, the number of natural anomalies
increased by 2.6 times compared to previous decades,
leading to a 7.3-fold increase in economic damage in
developed countries.

In early August 2021, the IPCC released its lat-
est — sixth — report on climate change, which contains
detailed forecasts of the dynamics of near-surface air
temperature, precipitation, and soil moisture for var-
ious regions of the Earth. Fig. 1 shows scenarios of
changes in near-surface air temperature associated
with different global warming levels (GWL).

Fig. la illustrates the response of global near-sur-
face air temperature to anthropogenic greenhouse gas
emissions for two scenarios (SSP1-2.6 and SSP3-7.0).
The time when a given simulation reaches a GWL, for

example, +2°C, relative to 1850—-1900, is taken as the
time when the central year of a 20-year running mean
first reaches that level of warming (see the dots for
+2°C) (it is worth noting that not all simulations reach
all levels of warming). Fig. 1b shows the change in
near-surface air temperature, precipitation (expressed
as a percentage change), and soil moisture (expressed
in standard deviations of interannual variability) for
three GWLs. The number in the top right corner of
the panels indicates the number of model simulations
averaged across all models that reach the correspond-
ing GWL in any of the five Shared Socio-economic
Pathways (SSPs).

Given the causes of global warming, it is important
to note that a gradual increase in near-surface air tem-
perature has been observed since the beginning of the
twentieth century, while a rapid rise was observed in the
second half of the last century (Fig. 2). Fig. 2a shows
changes in global surface temperature reconstruct-
ed from paleoclimate archives (solid grey line, years
1-2000) and from direct observations (solid black line,
1850-2020), both relative to 1850—1900 and decadally
averaged. The vertical bar on the left shows the estimat-
ed temperature (very likely range) during the warmest
multi-century period in at least the last 100,000 years,
which occurred around 6,500 years ago during the cur-
rent interglacial period (Holocene). The Last Intergla-
cial, around 125,000 years ago, is the most recent candi-
date for a period of higher temperature. These past warm
periods were caused by slow (multi-millennial) oscilla-
tions of the Earth’s orbital elements. The grey shading
with white diagonal lines shows the very likely ranges
for the temperature reconstructions.
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Fig. 2b shows changes in global surface tem-
perature over the past 170 years (black line) relative
to 1850-1900 and annually averaged, compared to
CMIP6 climate model simulations of temperature re-
sponses (Copernicus, 2021) to both human and natu-
ral drivers (brown) and natural drivers only (solar and
volcanic activity, green). Solid-colored lines show
the multi-model average, and shaded colors show the
very likely range of simulations. The published re-
sults prove the leading role of anthropogenic factors
in the rapid warming observed in recent decades.

The general patterns of climate change mentioned
above have various manifestations with different re-
gional and local expressions. Global warming is not
uniform; it results in the redistribution of atmospheric
characteristics and weather phenomena — both over

(a) Global mean temperature in CMIP6
54

SSP3-7.0 (20-yr GSAT means)

Temperature change
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time and across different areas (Klimat, 2003; Klok et
al., 2023, 2022; Kornus et al., 2023; Kornus & Lynok,
2017; Tymofieiev et al., 2022; Savchuk et al., 2020;
Shcherban, 1991). Studies currently being conducted
show that temperature exhibits a stable upward trend
(Martazinova, 2016, 2019; Osadchyi et al., 2018;
Osadchyi & Babichenko, 2013; Donat & Alexander,
2012), while precipitation changes are more com-
plex (Martazinova & Shchehlov, 2018; Zamfirova &
Khokhlov, 2020; Khokhlov et al., 2020; Khokhlov &
Yermolenko, 2015; Snizhko, 2021). These changes
provoke the transformation of the natural environ-
ment, significantly impacting the economy of the
region. The ratio of heat and moisture is the leading
factor determining the development of terrestrial eco-
systems.

(b) Patterns of change in near-surface air temperature, precipitation and soil moisture
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Fig. 1. Changes in global temperature calculated as part of the sixth phase of the Coupled Model Intercomparison Project (CMIP6) and
spatial changes in near-surface air temperature, precipitation, and soil moisture under different warming scenarios (+1.5, +2, and +4°C)

(Climate, 2021; CMIP6, 2021).
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(b) Change in global surface temperature (annual average) as observed and
simulated using human & natural and only natural factors (both 1850-2020)
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Assessments of climate change are based on ob-
servations obtained from meteorological stations.
These data and their analysis allow for the identifi-
cation and evaluation of specific manifestations of
global warming. This, in turn, paves the way for the
development of adaptation measures by local com-
munities to address climate change. A detailed char-
acterization of the main climate-forming factors, cli-
matic regions, as well as an assessment of climate
change in the Kyiv region is provided in (Martazi-
nova & Ivanova, 2010).

Since our study is based on data from a city’s
weather station, the work by Shevchenko O. and
Snizhko S. (Shevchenko & Snizhko, 2019) is partic-
ularly relevant. Using representative Concentration
Pathway (RCP) scenarios, the authors analyze tem-
perature and precipitation trends, focusing on urban
areas, and assess potential impacts on infrastructure
and public health. The findings indicate an increase
in average temperatures and changes in precipitation
patterns, which could lead to more frequent heat-
waves and altered urban hydrological regimes.

The study by Diadin et al. (2023) is also devoted
to urban areas. This article investigates factors affect-
ing the resilience of urban water resources to climate
change. Key indicators include drought frequency,
groundwater levels, and water source contamination.
The research suggests adaptation strategies to ensure
a sustainable water supply in urban areas.

The article by Kuryliuk et al. (2018) focuses on
the local effects of global warming. This study ex-
amines climate change effects in the Rivne region
and their consequences for aquatic ecosystems. The
authors analyze temperature trends, precipitation
dynamics, and moisture levels, assessing their local
impact. The research includes predictions of possible
future changes and suggests adaptation strategies for
climate resilience.

The work by Lyalko et al. (2016) is notable from
an applied perspective. This study examines the main
climatic characteristics — beginning, end, and dura-
tion — of the heating period across Ukraine. The au-
thors analyze how these parameters have changed in
the context of modern climate conditions, revealing
alterations in the temperature regime. The research
underscores the significance of understanding these
climatological characteristics for adapting to evolving
climatic conditions.

Shevchenko O. examines the impact of climate
change on agricultural land use in Ukraine (Shevchen-
ko, 2023). This paper explores the effects of tempera-
ture shifts, declining precipitation, and increasing
droughts. The author assesses the impact on key crops
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such as wheat, corn, and sunflowers, proposing differ-
ent adaptation strategies.

Our paper examines the peculiarities of changes
in temperature, precipitation, and moisture levels in
the Kyiv region from 1976 to 2019. The initial data
for the work consists of time series of the main mete-
orological indicators obtained at the Boryspil weather
station.

The aim of the article is to analyze long-term
trends in air temperature, precipitation, and moisture
conditions in the Kyiv region based on observations
from the Boryspil weather station (1976-2019) and
to assess their implications in the context of the local
manifestations of climate change.

Material and research methods

The study is based on data obtained from obser-
vations at the Boryspil weather station (50°21'09”N,
30°57'18"E) during the period from 1976 to 2019.
These electronic data were obtained from the Sec-
toral State Archive of Hydrometeorological Observa-
tions, which is part of the State Emergency Service
of Ukraine, housed at the Central Geophysical Obser-
vatory named after Borys Sreznevskyi. The Boryspil
weather station was selected due to its central location
within the Kyiv region (situated 10 km from the geo-
graphical center of the Kyiv region, which is located
on the outskirts of the Hnidyn village, Boryspil Dis-
trict) (Hudyma et al., 2012). Additionally, it is a sta-
tion with an extended range of observations, includ-
ing soil temperature measurements and actinometric
observations, which may allow for an expansion of
research topics in the future.

The selected period includes part of the baseline
climatological period (1961-1990) and the majority
of the modern period (1991-2020), enabling a com-
parison of trends in both historical and contemporary
contexts. Using a longer-than-standard climatological
period helps smooth out short-term fluctuations and
enhances the reliability of trend analysis. Since the late
20th century, global temperatures have been rising at
an accelerated pace; thus, studying a 44-year period
encompasses both the onset of modern warming and
its subsequent development, making it possible to as-
sess the rate and scale of changes. Within this time se-
ries, two 22-year observation periods (1976-1997 and
1998-2019) were compared. This division may also be
useful for analyzing potential influences of solar activi-
ty, which could be explored in future research.

The quality of the data used in the study is en-
sured by the unification of observation methods, com-
pliance with standardized procedures for measuring
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temperature, precipitation, humidity, etc., as well as
the use of approved instruments and the standardized
location of measuring equipment. Measurements are
carried out at strictly defined times for weather fore-
casts, which minimizes the possibility of subjective
errors. The collected data are verified and corrected, if
necessary. For example, in the case of detection of ab-
normal values, possible sources of errors are checked.
Since the Boryspil weather station has been operat-
ing for decades using unchanged methods, its data
are comparable between different observation peri-
ods, which allows for the analysis of long-term cli-
mate trends. Standardized observation methods also
guarantee the homogeneity and stability of the data
series, which are critical for detecting climate change.
In addition, unified measurement procedures enable
comparisons of Boryspil’s results with those of other
stations, enhancing their local representativeness and
making the conclusions drawn more generalizable.

These results were processed using standard
statistical analysis techniques through the built-in
functions of Microsoft Excel and Statistica software
(StatSoft Inc.) and visualized in graphs, illustrating
the dynamics of monthly and annual near-surface air
temperature and precipitation at the specified station.

To characterize the humidity of the study region,
Ivanov’s Humidity Coefficient (HC) was calculated.
This coefficient is calculated as the ratio of annual
precipitation (P, mm) to annual evaporation (E, mm),
which is obtained by summing the evaporation values
for each month (E__ , as follows:

P
fe= ZEmont], (1)
where HC is Ivanov’s Humidity Coefficient, P is yearly
precipitation (mm) and E_ is monthly evaporation
(mm). To calculate monthly evaporation, as N. Ivanov
suggested, the following equation was used (2):

E =0.0018(25 +T)* (100 —r), 2)
where E is monthly evaporation (mm), T is mean
monthly temperature (°C) and r is mean monthly rel-
ative humidity (%).

For the description of moisture conditions in the
study area, Selianinov’s Hydrothermal Coefficient
(HTC) was used. It represents the correlation between
the amount of precipitation during the period when
the mean daily temperature exceeds +10 °C and the
sum of temperatures (in degrees) during the same pe-
riod. HTC was calculated by applying the formula de-
veloped by G. Selianinov (Selianinov, 1928):

_ R
HTC = 5rom 3

where R is the total precipitation (mm) and T is the
sum of temperatures (°C) for months with mean tem-
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peratures exceeding +10 °C, primarily corresponding
to the vegetation period (April-October). This index
can also be calculated on a monthly level for the same
period. HTC has been widely applied in studies relat-
ed to the identification of moist and dry periods (Palt-
ineanu et al., 2007), the assessment of climate favor-
ability for agriculture and natural vegetation develop-
ment (Kwiatkowski, 2015; Leblois & Quirion, 2013).

Results and discussion

Let us consider the features of spatiotemporal
changes in air temperature and precipitation at the
Boryspil weather station.

Mean Air Temperature

It is known that the thermal regime of the at-
mosphere is one of the most important indicators of
weather conditions and the climate of specific areas.
The consequences of current changes in near-surface
air temperature (global warming effects) are already
being felt today, making it extremely relevant and im-
portant to study the mechanisms of these changes to
develop strategies for their prevention or mitigation.

The curve of the mean annual near-surface air
temperature at the Boryspil weather station (Fig. 3a)
shows a clear upward trend, similar to the global air
temperature discussed earlier. Notably, there has been
a certain slowdown in the rate of increase in near-sur-
face air temperature over the last two decades, along
with a decrease in its amplitude.

The comparative distribution of the long-term
mean monthly near-surface air temperature for differ-
ent observation periods at this station is shown in Fig.
3b. The relative position of the curves illustrating the
annual temperature variations clearly shows that the
most intense temperature increase is observed during
the spring and summer seasons. In view of this, it
would be interesting to conduct a comparative anal-
ysis of the temperature distribution across specific
gradations.

It should be noted that the mean temperature val-
ue is a calculated indicator, so for a more objective
analysis, many authors, such as (Klok et al., 2022;
Savchuk et al., 2020, etc.), suggest using its extreme
values — absolute minimum and maximum.

Minimum air temperature.

As is well known, the minimum air temperature
(T_,) is the lowest temperature observed at a given
location over a certain period: a day, month, year, etc.
The distribution of the minimum temperature at the
Boryspil weather station is shown in Fig. 4a. Notably,
since the 2000s, there has been a certain stabilization
of this climatic parameter. The increase in Tmin did
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not occur in all months of the year, as can be seen
from Fig. 4b, but only in January, March, August,
September, and December.

The distribution of Tmin across its gradations
over the two 22-year observation periods is interest-
ing, as shown in Fig. 5. Only the gradations of 0°C,
20°C, and 25°C demonstrate an increase in the fre-
quency of the corresponding temperatures in the sec-
ond observation period (1998-2019) compared to the
1976-1997 period.

The increase in the frequency of the 0°C gradation
needs to be studied in more detail, as its occurrence in
April or September may lead to late spring or early
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Fig. 5. Distribution of cases of minimum near-surface air tem-
perature by gradation according to observations at Boryspil
weather station (1976-2019 pp.)

autumn frosts, which are an unfavorable agrometeo-
rological phenomenon.

Maximum air temperature. The highest air tem-
perature recorded during a given year of observations
at the Boryspil weather station demonstrates a down-
ward trend over the past decade (Fig. 6a).

A comparative analysis of the annual distribution of
T, over the two 22-year observation periods is shown
in Fig. 6b. The increase in maximum monthly tempera-
tures occurred in the warm months (July, August, and
September warmed the most), while during the cold
months (October—March), the level of Tmax either re-
mained unchanged or decreased (January—March).

The analysis of the distribution of cases of daily
T . across its gradations is shown in Fig. 7.

It is important to note the significant increase in
the frequency of extremely high values (>25 °C) of
maximum daily near-surface air temperature, which
can be extremely dangerous for agriculture and other
sectors, especially in conjunction with prolonged dry
periods (droughts). Research by Ukrainian scientists
indicates that over the past decades, there has been
a persistent trend of an increasing duration and fre-
quency of droughts not only in southern Ukraine but
also in the central and northern parts of the country
(Adamenko, 2014; Dmytrenko, 2010; Klimat, 2003;
Savchuk et al., 2020).
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air temperature by gradation according to observations at the Bo-
ryspil weather station (1976-2019)

Atmospheric precipitation. The average long-
term precipitation amount at the Boryspil weather
station for the period 1976-2019 is 566.2 mm, which
is close to the average baseline for Ukraine (Adamen-
ko, 2014). The monthly average is 47.2 mm, and the
average number of days with precipitation is 194. The
main characteristics of precipitation are shown in Ta-
ble 1. It should be noted that the maximum precipita-
tion (daily, monthly, and annual) was observed quite a
long time ago — in 2002.

The annual precipitation amounts throughout
the entire period under analysis are distributed quite
evenly — there are no significant trend changes in this
characteristic, as shown in Fig. 8. However, in some
years, precipitation has been extremely small, or on the
contrary, very large, with the range of variation in the
annual precipitation total being about 400 mm (Fig. 8).

At the same time, there is a steady downward
trend in the number of days with precipitation at the

Boryspil weather station, as shown in Fig. 9. The fact
that the decrease in the number of days with precipita-
tion occurs against the background of a stable annual
amount of precipitation indicates an increase in the
precipitation intensity and, accordingly, a decrease in
its effectiveness.

Fig. 10 demonstrates the distribution of the mod-
al component of monthly precipitation amounts, by
which we mean, as is customary in mathematical sta-
tistics, any local maximum of the distribution densi-
ty. Whereas before 2000 it was observed exclusively
in the warm season, today we have seen its shift to
the winter months. Considering the variable nature
of recent winters, characterized by frequent thaws
that hinder sustainable snow accumulation, it can be
concluded that the effectiveness of precipitation has
somewhat decreased in recent years.

An interesting aspect of analyzing the dynamics
could be the examination of annual precipitation totals
relative to the climatological norm, the distribution of
which can be seen in Fig. 11. In this case, the climato-
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Fig. 8. Distribution of annual precipitation according to observa-
tions at Boryspil weather station (1976-2019)

Table 1. Descriptive statistics of precipitation at Boryspil weather station (1976-2019): mean values and variability.

observation period mean annual mean value maximum value, mm standard devi-
f ti
start, date end, date npmber N .days mm/ mm/ day month year ation,
with precipitation | month year mm
99.7 180.2 | 829.0
01.01.1976 | 31.11.2019 194 47.2 566.2 1052002 | 52002 | 2002 32.6
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logical norm refers to the average multi-year precipita-
tion value for the period 1961-1990 (560 mm).

It should be noted that over the past decades, in
some years, the annual precipitation has been signifi-
cantly lower than the long-term norm, and this trend
has continued in recent years. Overall, negative pre-
cipitation anomalies prevail over positive ones.

Humidification of the territory. The simplest way
to assess moisture conditions is by calculating Ivan-
ov’s humidity coefficient (HC), which characterizes
the ratio of annual precipitation to evapotranspiration
for the same period and is one of the main climat-
ic indicators of aridity or humidity in the climate. It
should be considered that potential evapotranspira-
tion is used in computations, not real evapotranspi-
ration, since part of the precipitation is usually not
evaporated but instead seeps into the soil, runs off as
surface runoff, etc.

In addition, we note that according to the results
of observations at the Boryspil weather station, there
is a decrease in relative air humidity (Fig. 12).

The results of calculating the HC according to
observations of near-surface air temperature, precip-
itation and relative humidity at the Boryspil weather
station for the period 1976-2019 are shown in Fig. 13.

It is important to note that a stable negative HC
trend (Fig. 13a) was observed throughout the entire
period indicated, although until the early 2000s, low
HC values were observed episodically — only in se-
lected years: 1981, 1983, 1986, and 2000. At the same
time, during our observation period, there was a tran-
sition of moisture conditions from excessive (HC =
1.5-2.0) to insufficient (HC < 1.0) types (Fig. 13b).

Selyaninov’s hydrothermal coefficient (HTC)
has an advantage over the previous coefficient, as it
characterizes not only the incoming part of the wa-
ter balance (precipitation), but also the unproductive
loss of moisture (evaporation from the soil surface,
vegetation, etc.), which is closely related to air
temperature. Accordingly, it is more objective and
functions in a sufficiently wide range of temperature
and precipitation combinations. In the current sys-
tem of agrometeorological services in Ukraine, this
indicator is widely used, as well as in Bosnia and
Herzegovina, Bulgaria, Kazakhstan, and Lithuania
(Hydro-thermal, 2024). Using HTC, it is possible to
determine how much evaporation is compensated by
precipitation. Accordingly, lower values of the in-
dicator characterize greater aridity of climatic con-
ditions (however, it should be noted that the HTC
does not take into account moisture reserves in the
soil and uses only air temperature to estimate evapo-
transpiration).
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The dynamics of the distribution of absolute val-
ues of HTC at the Boryspil weather station is quite
illustrative, as can be seen from Fig. 14. The first ob-
servation period (1976-1999) is characterized by an
almost zero trend in HTC change, while later we have
an intensive decrease in moisture conditions (Fig.
14a). As can be seen from Fig. 14b, which shows the
distribution of HTC value deviations relative to the
climatological norm for the period 1961-1990, dry
years prevail over wet years.

Over the past 17 years (since 2003), HTC values
have almost always been below normal (with the ex-
ception of 2006, 2008, 2013, and 2014), although in
those years the exceedance of the normal was negli-
gible. At the same time, not all months of the warm
season of the year show a negative HTC trend: for ex-
ample, in May it increases, and in August-September
it is quite stable (Fig. 15).

Correlations. The values of indicators character-
izing the hydrothermal conditions of the study area
that were obtained in this work were subjected to cor-
relation analysis to establish the relationship and in-
terdependence between them. We expected that HTC
and HC should correlate best with air temperature and
humidity or precipitation (in the first case, the correla-
tion should be negative). The results of the correlation
analysis are shown in Table 2.

HC

1,0

R? =0.4896

0,5

0,0

1976 1981 1986 1991 1996 2001 2006 2011 2016

Years
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The maximum values of the correlation coefficient
(r) are observed for the relationship between HC and
mean annual air temperature (r = -0.72) and relative
humidity (r=0.83). Fig. 16 shows the correlation fields
for the aforementioned most correlated indicators.

Conclusions

The analysis confirms the presence of climatic
changes, as recorded by observations at the Boryspil
meteorological station. First of all, there is a stable
tendency toward increasing climate aridity — both
Ivanov’s humidity coefficient and Selyaninov’s hy-
drothermal coefficient demonstrate a steady negative
trend throughout the study period.

The increase in air temperature, observed based
on the 1976-2019 data, occurs both due to an increase
in extreme values and a gradual rise in average tem-
peratures overall. However, in recent decades, max-
imum temperatures have shown a negative trend. A
comparative analysis of the results of two different
22-year observation periods (1976-1997 and 1998-
2019) showed a more significant temperature increase
in the spring-summer period rather than over the en-
tire temperature dataset.

The annual sum of precipitation remains con-
stant for the entire analyzed period, but its distribu-

(b)

0,0
1976 1981 1986 1991 1996 2001 2006 2011 2016

Years

Fig. 13. Dynamics of HC according to observations at Boryspil weather station (1976-2019)
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Fig. 14. Dynamics of HTC according to observations at Boryspil weather station (1976-2019)
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Table 2. Correlation coefficients between moisture indices and meteorological variables

Mean air tempera- | Maximal air tem- | Minimal air tem- Precipitation, Relative air hu-
Index o o o 1
ture, °C perature, °C perature, °C mm midity, %
HTC -0.52 -0.46 -0.24 0.57 0.57
HC -0.72 -0.58 -0.38 0.40 0.83
25 2.5 1
2,0 4 .
1,5 4
O
=
1,0 1
0.5 4
0,0 . : T : : . 0,0 . . . )
5,0 6.0 7,0 8,0 90 100 110 65 70 75 80 85

Mean annual air temperature, °C

Mean annual relative air humidity, %

Fig. 16. Correlations between the HC and: a) mean annual air temperature, b) relative humidity (according to observations at the Bo-

ryspil weather station for 1976-2019)

tion throughout the year has changed — the amount of
precipitation has increased in the cold months, which
reduces its overall effectiveness. The decrease in the
number of days with precipitation against the back-
ground of a stable amount of precipitation indicates
an increase in precipitation extremes, which is con-
sistent with well-documented global climate change
trends.

The above findings allow us to recommend study-
ing the possibility of cultivating more heat-loving
crops in the study area due to the rising background
component of air temperature. Given the redistribu-
tion of atmospheric precipitation, it is worth recon-
sidering the sowing dates of crops and, if possible,
creating optimal conditions for maximizing the effec-
tiveness of winter precipitation.
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