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Abstract. The sustainability of agriculture in Ukraine directly depends on the level of natural soil moisture
supply, which is significantly deteriorating under the influence of climate change. The article investigates
the impact of these changes on the value of potential evapotranspiration (ETo) in the southwestern part of
the Kyiv region (Central Forest-Steppe of Ukraine) based on the data from the Bila Tserkva weather station
for the period from 1991 to 2020. The research methodology is based on the assumption that the assessment
of the impact of climate change on the state of natural moisture supply can be performed provided that
climate change itself'is assessed according to the long-term dynamics of air temperature and precipitation
in the period from 1991 to 2021 with the values of the same indicators in the period from 1961 to 1990 — the
climatic norm. The potential evapotranspiration (ETo) was chosen as the criteria for assessing the impact
of climate change on the state of soil moisture supply. The assessment results showed that the annual
value of potential ETo increased by 9 %, which may indirectly indicate a deterioration in the conditions of
natural soil moisture supply. This has important implications for agriculture, as an increase in ET can lead
to a decrease in available moisture for plants, which will negatively affect crop yields. The study covers
changes in average annual and average monthly air temperature, as well as precipitation by season and
month. It has been established that over the past thirty years, Ukraine has been experiencing a deterioration
in moisture conditions, which requires the adaptation of agricultural practices. Sustainable development
of the agricultural sector is possible only if changes in the natural moisture supply are taken into account
when developing management models and cultivation technologies. The results obtained indicate the need
to introduce innovative agronomic technologies that adapt to current climate change.

Keywords: forecasting of moisture reserves, modeling, factors of influence, hydrothermal conditions,
agriculture, climate change

Relevance of the research. The sustainability of The rapid increase in average annual

farming in Ukraine directly depends on the level of
natural soil moisture supply. According to numerous
studies conducted by various authors, Ukraine is one
ofthe countries where climate change is characterized
by the highest rates of increase in average annual air
temperature in Europe. This so-called “hot” phase
of climate change began in Ukraine in the late 70s
and early 90s of the last century and continues today.
Depending on the region of Ukraine, the rate of
growth of the average annual temperature ranges
from 0,6 to 0,8 °C (over 10 years).

temperature leads to a corresponding increase in
total evaporation and potential evapotranspiration.
And given that the amount of annual precipitation
remains unchanged, climate change has led to
the development of a progressive dehydration
process throughout Ukraine, which is primarily
manifested through the deterioration of natural
soil moisture conditions and sustainable farming
practices. In this regard, it is important for almost
every business entity, regardless of ownership,
to assess the state of natural soil moisture supply
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and trends in its changes under the influence
of climate change as a basis for developing
measures to minimize the negative impact of this
process on the efficiency and sustainability of
management.

Analysis of recent research and
publications. In recent years, Ukraine’s climate
has been changing intensively: since 1991, each
subsequent decade has been warmer than the
previous one: 1991-2000 by 0,5 °C, 2001-2010
by 1,2 °C, 2011-2019 by 1,7 °C. In 10 regions of
Ukraine, precipitation in 2014-2018 was 7-12 %
less than normal [1-4].

In addition, there is a tendency to increase
the area with insufficient precipitation (less than
400 mm) in the warm season. The climate has
already become drier throughout the country. In
particular, there were droughts in the following
periods: spring drought in 2002, 2003; spring and
summer drought in 2007, 2009 and 2012; autumn
drought in 2011; winter and early spring drought
in 2019; autumn drought in 2020 [5-6] .

Scientists both in Ukraine and globally are
talking about climate change and the threat it poses
to humanity. There are many different forecasts,
and they are all disappointing for agricultural
producers, since in most of the scenarios, from
the most optimistic to the pessimistic, in regions
where there is a significant shortage of water
resources, changes will lead to a decrease in
yields [7-10].

Average annual air temperature is one of the
main parameters for assessing climate change.
In Ukraine, it has risen by 1,2 °C over the past
thirty years, and by 1,7 °C over the past 10 years.
However, for effective agricultural management,
it is important to know how not only the average
annual air temperature is changing, but also
the trends in average monthly and seasonal
temperatures [11] .

The period of active vegetation of crops
has already been extended by 10 days or more.
These are additional opportunities for growing
all types of heat-loving crops. The effectiveness
of precipitation decreases as the air temperature
rises, and a 1 °C increase in temperature threatens
Ukraine with the disappearance of the already
small zone of sufficient moisture (Polissya and
the western Forest-Steppe) and the transition of
this zone to unstable and insufficient moisture.
For several years in a row, the Polissya and
Western Forest-Steppe regions have experienced
extremely low precipitation.

In recent years, there has been a tendency
to increase the area with insufficient rainfall in
the warm season (less than 400 mm), which is
necessary for growing all crops. The climate has
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already become more arid throughout the country
[12]. Some of the benefits of warming are likely
to be short-lived, and within 15-20 years, there
will be a significant reduction in yields of most
crops due to an increase in the frequency and
intensity of droughts [13—14].

The rapid growth of thermal resources and
almost unchanged amount of precipitation, both
in summer and in spring and summer, is already
leading to an increase in the frequency of droughts
and their spread to the western and northern
regions. Therefore, assessing the conditions of
natural moisture supply in the regions that used
to be classified as sufficiently moist and provided
a stable high productivity of major field crops,
but now are increasingly experiencing prolonged
droughts and other climate risks is an urgent issue.

The study aims to assess the impact of
climate change on the growth of potential
evapotranspiration in the southwestern part of the
Kyiv region.

Materials and methods. The research was
conducted at the Institute of Water Problems
and Land Reclamation of the National Academy
of Agrarian Sciences of Ukraine by analyzing
information obtained from the database of
meteorological indicators, followed by their
statistical processing.

The research is based on the assumption
that the impact of climate change on the state
of natural moisture supply can be assessed by
evaluating climate change itself based on the
long-term dynamics of air temperature and
precipitation. The basis for such an assessment
is archival data from the State Meteorological
Station on the average monthly, seasonal, and
annual air temperature, as well as the average
monthly, seasonal, and annual precipitation. In
our case, we used data from the weather station in
Bila Tserkva (49 °48" N, 30 °7" E) for the period
from 1961 to 2021. The choice of this observation
period is based on the World Meteorological
Organization (WMO) recommendations to use
data from thirty-year periods for comparison.
Climate change assessment is carried out by
comparing the above data on temperature and
precipitation in the period from 1991 to 2021
with the values of the same indicators in the
period from 1961 to 1990 — the climate norm.

It is known that the only factors that affect
potential  evapotranspiration are climatic
parameters. Therefore, ETo is a climatic parameter
and can be calculated based on meteorological
data. ETo expresses the maximum potential
evapotranspiration loss in a specific area and
for a specific time of year and is independent of
crops or soil type.
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The potential evapotranspiration (ETo) was
chosen as the criteria for assessing the impact
of climate change on the state of soil moisture
supply. In the absence of solar radiation data
at the meteorological station, we chose the
alternative Hargreaves equation to estimate ETo
[15]. For the calculation, we used the minimum
set of input data and the maximum and minimum
air temperatures.

ET0=0,0023(7,,,, +17,8)x O
(T, =T,

max min

)0’5 x Ra mm,

where E7o is the reference evapotranspiration,

mm; 7,,,, is the average monthly air tempe-
rature, °C; T,,,. is the maximum monthly air tempe-
rature, °C; T, is the minimum monthly air tempera-

ture, °C; Ra is extraterrestrial solar radiation, mm.
Ra L 24(60)
A T )
xG..d, |:(DS sin () +cos(p)cos(Scos(w, ))J mm,

where Ra is extraterrestrial solar radiation, mm,;
G, is the solar constant, MJ-m?-day!; d, is
the inverse relative distance of the Earth-Sun,
o, is the angle at sunset, rad; ¢ is latitude, rad;
0 is solar declination, rad; A is latent heat of
vaporization, MJ-m-day.

The Ra value was taken on the 15th day of
each month from Appendix 2 of Table 2.6 [15].

Research results and discussion. The air
temperature regime was assessed for the period
from 1961 to 2021, according to the dynamics
of changes in its absolute values and deviations
from the norm (1961-1990). The results of this
assessment are shown in Fig. 1.

Fig. 2 shows the results of the assessment of
the dynamics of seasonal air temperature values,
and Table 1 shows the values of average monthly,

seasonal and annual air temperature values for
the entire assessment period (1961-2021).

The analysis of the data on temperature
changes presented in Figures 1, 2 and Table 1
shows that the average annual air temperature
for the period 1991-2020 increased by 1,2 °C, in
winter by 1,6 °C, in spring by 1,1 °C, in summer
by 1,5 °C and in autumn by 0,6 °C, i.e. the most
intense temperature increase is in summer.

As for precipitation, the assessment of changes
in which was made by the values of annual
(Fig. 3), seasonal (Fig. 4) and monthly (Table 2)
precipitation amounts for the same period as
for the temperature, namely from 1961 to 2021,
unlike the temperature, which is increasing,
the amount of precipitation in both annual and
seasonal (except for autumn) decreases. A slight
increase in precipitation in the fall (up to 12 %)
does not compensate for the decrease in annual
precipitation.

The decrease in precipitation in the rest of the
year against the backdrop of a clear increase in
temperature is evidence of an increasingly arid
climate, and, accordingly, a deterioration in the
conditions for growing crops.

The value of potential evapotranspiration
can be used to estimate the potential moisture
consumption for a certain period (day, month,
season, year) and its comparison with the moisture
supply for the same period makes it possible
to assess the moisture supply of the production
process in crop cultivation [16]. In this case, there
are several methods for determining potential
evapotranspiration, which can be generally
divided into calculated and experimental [ 17-22].
In our study, we used the Penman-Monteith
method recommended by FAO as a reference
method, which, according to many data on its
use in different weather and climatic conditions,
allows obtaining data close enough to the values
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Fig. 1 — Dynamics of the average annual air temperature for 1961-2021, °C
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Fig. 2 — Dynamics of seasonal air temperature values for 1961-2021, °C

1. Changes in average monthly, seasonal and annual air temperature values for 1991-2020 compared
to 1961-1990, °C

Months/seasons Years
1961-2021 1961-1990 1991-2020 + to 1961-1990
January —4.,5 -5,6 -3,3 2,2
February -3,1 —4,1 -2,1 2,0
March 1,8 0,9 2,7 1,8
April 9,5 8,9 10,0 1,1
May 15,3 15,0 15,5 0,5
June 18,7 18,2 19,2 1,1
July 20,0 19,1 20,9 1,8
August 19,5 18,7 20,3 1,6
September 14,6 14,2 14,9 0,7
October 8,5 8,3 8,7 0,4
November 2,6 2.3 2.9 0,5
December —2,2 2,4 -1,9 0,5
Winter -3,2 —4,0 2.4 1,6
Spring 8,9 8,3 9.4 1,1
Summer 19,4 18,7 20,1 1,5
Autumn 8,6 8,3 8,8 0,6
Year 8,4 7,8 9,0 1,2
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2. Changes in monthly, seasonal and annual precipitation over 1991-2020 compared to 1961-1990, mm
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Table 2 (ending)
1 2 3 4 5
Winter 122 124 117 =7
Spring 138 133 140 7
Summer 220 235 208 —27
Autumn 135 128 143 15
Year 615 620 608 —12

of actual evapotranspiration, but it requires a
significant amount of input data, some of which
should be obtained from direct measurements.
Given this circumstance, an attempt was made to
find a simpler method for determining potential
evapotranspiration, namely, using only the
value of the average monthly temperature. The
dependence of the potential evapotranspiration
on the average monthly air temperature obtained
using this approach is shown in Fig. 5.

Comparison of the values of potential evapo-
transpiration calculated by the Penman-Monteith
method and the dependence shown in Fig. 5 (Fig.
6) made it possible to calculate the correction
factors (Table 3) to the experimental dependence of
potential evapotranspiration on the average monthly
air temperature (Fig. 5). Further comparison of the
values of potential evapotranspiration calculated with
their use with the data of calculation by the Penman-
Monteith method (Fig. 7) showed a sufficient level

180
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Total monthly ETo, mm

-15 -10 -5 0

v =0,1336x%2+2,5671x + 15,351

Average monthly air temperature, °C

R?=0,9113

10 15 20 25

Fig. 5. Dependence of total monthly potential evapotranspiration on the average monthly air
temperature, mm
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Fig. 6. Potential evapotranspiration calculated by the Penman-Monteith method and based
on the average monthly air temperature, mm
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of coincidence of the calculation results for practical
purposes, which led to the conclusion that it is possible
to use the dependence shown in Fig. 5 in combination
with the correction factors (Table 3) in conducting
forecast calculations of potential evapotranspiration
for their further use to assess the level of soil moisture

supply.

Using this methodological approach, the
dynamics of the annual potential evapotranspira-
tion for the period 1961-2021 was assessed
(Fig. 8) and changes in monthly values of
potential evapotranspiration for the period
1991-2020 compared to the period 1961-1990
(Table 4).
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Fig. 7. Potential evapotranspiration calculated by the Penman-Monteith method and based
on the average monthly air temperature with a correction factor, mm

3. Correction factors for calculating potential evapotranspiration based on average monthly air temperature

Months
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Fig. 8. Dynamics of annual potential evapotranspiration for 1961-2021, mm

4. Changes in monthly values of potential evapotranspiration for 1991-2020 compared to 1961-1990, mm

Months
Years | 1I 111 v \4 VI | VvII | VIII | IX X XI | XII | Year
1961-2021 7 14 34 72 105 | 123 | 121 106 68 32 14 7 703
1961-1990 6 13 31 69 103 119 | 113 99 66 31 13 7 670
1991-2020 8 16 36 75 107 | 127 | 128 | 112 71 33 15 8 735
+1961-1990 2 3 5 6 4 8 14 12 5 2 2 2 65
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The analysis of the results of this table shows
that the growth of potential evapotranspiration
occurs in all months of the year, but the largest
increase is observed in the summer months —
by 8 mm in June, 15 mm in July and 13 mm in
August. In general, the growth rate of potential
evapotranspiration is 65 mm per year.

Conclusions. Temperature changes show
that the average annual air temperature over the
period 1991-2020 increased by 1,2 °C, in winter
by 1,6 °C, in spring by 1,1 °C, in summer by
1,5 °C, and in autumn by 0,6 °C, i.e. the most
intense temperature increase is in summer.

Regarding precipitation over the same period
of research, it was found that, unlike temperature,
which is increasing, precipitation is decreasing in
annual and seasonal (except for autumn) terms. A

slight increase in precipitation in the fall does not
compensate for its decrease in the annual context.

There is an increase in potential evapo-
transpiration throughout the year, with the largest
increase in the summer months. In general, the
growth of potential evapotranspiration is 65 mm
per year.

Summarizing the results of the assessment
of climate change on the growth of potential
evapotranspiration, it should be noted that
climate change has caused a significant (9 %)
increase in the annual value of potential
evapotranspiration, and, accordingly, a
deterioration in the conditions of natural
moisture supply of soils in the Central Forest-
Steppe of the Ukraine. This circumstance must
be taken into account when growing crops.
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Anomayia. Cmanicme 8edenns 3emnepoocmea 6 Ykpaini 6e3nocepeonvo 3anedcums 6i0 pieHs npupoo-
HO20 8010203a0e3NeYUeHHsL IPYHMIB, U0 3HAYHO NOSIPULYEMBCS NIO BNIUBOM KIIMAMUYHUX 3MIH. Y cmammi

LAND RECLAMATION AND WATER MANAGEMENT Ne 2 « 2024



AI'POPECYPCHU 115

Q0CTIONCYEMBCS GNIIUS YUX 3MIH HA 8eIuyuny nomenyiinoi esanompancnipayii (ETo) é niedenno-3axioniti
yacmuni Kuiecvroi obnacmi ([{enmpanvruil Jlicocmen Yxpainu) Ha ocrosi 0anux memeocmanyii M. bina
Lepxsa 3a nepioo 3 1991 no 2020 poxu. B ocHogy memo0donocii 00caiodceHb NOKIA0EHO NPUNYUjeHHs,
WO OYiHKY GNAUBY 3MIH KAIMAmMy HA CMAH NPUPOOHO20 8010203a0e3neUeH sl MOICHA GUKOHAMU 3d YMOBU
OYIHKU CAMUX 3MIH KAIMany 3a OaHumu 0azamopiuHoi OUHAMIKU memnepamypu nogimps ma onaodis 8
nepiod 3 1991 no 2021 pp. 3i 3navenusamu yux sice NOKazHukie 6 nepiod 3 1961 no 1990 pp. — kaimamuuna
Hopma.. B sikocmi kpumepiie oyinKku 6nugy 3min KAiMamy Ha CMan 6010203a0e3neyents [pyHmie 0opano
nomenyitiny esanomparcnipayiio (ETo). Pesynomamu oyinku noxasanu, wjo piuHa 6enuyuna nNOmMeHyiiHol
ETo 3pocna na 9 %, wo onocepedxosano modice caiouumu npo no2ipuleHHs ymog npupooHo2o 6010203a-
be3neuenns ipynmis. Lle mae easicnugi nacnioxu 0us cinbcvbkoeo cocnodapcmea, ockinoku 3pocmanns ETo
Mooice npuzgecmi 00 sMEHWEeHHs O0CMYNHOI 601102U 01 POCAUH, WO He2AMUGHO GNIUHE HA BPOACAIHICIb
Kynomyp. Jocuiodicenns OXOnoe 3MiHu cepeOHbOPIvHOL ma cepedHbOMICAUHOI memnepamypu nogimpsi, a
MaKodic KiibKicms 0naodis @ po3pisi ce3onis i micayis. Bcmanosneno, wo npomszom ocmaunix mpuoysmu
poxie 6 Vkpaini cnocmepicacmuvcs menOeHyis 00 NOSIPUWeHHs YMO8 8010203d0e3neyents, uo nompeoye
aoanmayii cintbcvrococnooapcvkux npakmuk. Cmanuii po3eumox azpapHo2o cekmopy MOoNCIUBUL Tuue 3d
YMOBU 8PAXYBAHHSA 3MIH 8 NPUPOOHOMY 8010203abe3neyenti npu po3podyi mooeneli 20cCno0aplosanis ma
mexnonozit supowysants. Ompumani pe3yiomamu ceiouams npo HeoOXIOHICMb 8NPOBAOICEHHSL IHHOBA-
YIUHUX A2POHOMIYHUX MEXHON02IH, SKI a0anmyomscs 00 AKMYaibHUX 3MIH K1IMany.

Knrwouoei cnosa: npoenosysanns 6010203anacis, MoOen08anHs, hakmopu eniugy, ciopomepmiuni ymosu,
CLIbChKE 20CN00APCMB0, 3MIHU KAIMAMY
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