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Abstract. The article examines the importance of considering several factors affecting the soil
water regime in the context of developing models for forecasting productive soil moisture reserves.
It was established that the main factors, such as the type of soil, its density, and mechanical composition,
remain constant in different soil and climatic regions of Ukraine. The second group of factors, such as air
temperature, precipitation, and soil moisture, are subject to changes throughout the growing season and
even over short periods. Therefore, the dynamics of soil moisture as a function of the main variables, such as
average air temperature and precipitation, was considered using calculations. Initial moisture reserves are
used in the calculations for more accurate forecasting of moisture reserves at the end of a specified period.
Hydrothermal conditions considered as predictors in the regression equation are also used. The reliability
of the conducted research is confirmed by the analysis of independent input and output information from
the Kherson weather station in the period from 2018 to 2021 regarding the actual reserves of productive
moisture in the soil at a depth of 0-20,0-50 and 0—100 cm.

The average error between actual and calculated data did not exceed +13,5 %. It confirms the reliability
and precision of the conducted research making it the basis for further analyses and conclusions. The
conclusions notedthe need for accurately determining soil moisture to effectively manage agrometeorological
conditions and optimize crop yield. The authors believe that the research work presented in this article
can significantly contribute to developing modern approaches to water availability in agriculture and
agrometeorology. That will contribute to the gradual and improved development of soil moisture forecasting
methodology, which is key to ensuring sustainable and productive development in agriculture.

Key words: soil water regime, forecasting of moisture reserves, modeling, influencing factors,
hydrothermal conditions, productivity, agriculture, climate change

Relevance of research. In modern conditions of
climate change, in particular global and regional
warming, there is a change in the ratio between
the physical evaporation of moisture from the soil
and its direct use by plants. The rate of moisture
absorption by plants also changes with increasing
temperature. These potential changes in water
consumption need to be quantified, considering
the influence of all factors that form the basis of
precision agriculture. To determine the mechanism
of forming the dynamics of water availability for
crops during the growing season, it is necessary

to take into account the variable nature of
hydrothermal conditions and the potential plant
productivity, which is proposed to be done using
ground and remote monitoring data. It is possible
to predict changes in moisture reserves for the
decade by the forecast of air temperature and
amount of precipitation when using developed
models and having information about the actual or
determined reserves of productive moisture at the

beginning of the decade.
Analysis of recent research and publications.
Global  climate change has  different
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manifestations in different regions of the world,
and its impact on the environment and socio-
economic development is becoming more
and more noticeable and is one of the pressing
problems of our time. Assessing the impact of
this change on all aspects of human life plays an
important role in the fundamental science of the
21st century as well as in global economics and
politics. One of the main consequences of climate
change is a change in the hydrological regime,
the amount and quality of water resources, which
affects various areas of the economy, especially
agriculture.

In modern conditions, the lack of water
availability becomes one of the main limiting
factors for the sustainable development of
agriculture. For this reason, attention to the problem
of water management in agriculture is growing.
Over the past decades, many studies have been
devoted to this topic, which resulted in a significant
increase in publication activity. For example,
during 1993-2017, the number of publications on
this topic increased 67 times. In [1], the impact
of climate change on available water resources in
agriculture was investigated, given global trends
and perspectives. The authors analyzed changes
in the precipitation regime, distribution, and water
availability for irrigation and production. An
assessment of changes in the hydrological regime
in agricultural areas under various climate change
scenarios was also carried out [2].

Scientists have analyzed changes in river
flow, groundwater levels, and water demand for
various crops. The review study [3] considered the
modeling of the impact of climate change on plant
water demand and irrigation needs. Scientists
have analyzed changes in water availability
for various crops and irrigation requirements
depending on climatic conditions. It was
established that if water availability decreases in
the future, soils with high water-holding capacity
will be preferable for use to reduce the impact of
drought on crop productivity. In works [4, 5], the
authors investigated the vulnerability of the main
field crops to climate change. They analyzed
the impact of climate change on yields, drought
risks, and other factors affecting production
sustainability and assessed the impact of climate
change on countries’ adaptation strategies.

Ukrainian scientists have made databases
for assessing [6] and rational use of agricultural
resource potential of areas, analyzed the impact of
global and regional climate change on increasing
evaporation and moisture deficit, as well as on
decreasing precipitation in the Southern Steppe
subzone [7]. Four basic models of climate
change are commonly used now. Summarizing

the above and conducting our research will not
only contribute to the development of scientific
approaches to the problem of water availability of
main field crops (in our case, it is winter wheat)
but will also make it possible to develop specific
practical recommendations and innovative
solutions for farmers and agricultural enterprises
to effectively cope with the challenges, posed by
climate change.

The purpose of the research is to study the
features and establish the dependencies between
the dynamics of water availability of winter
wheat and the hydrothermal conditions of the
growing season in the South of Ukraine.

Research materials and methods. The
research was conducted at the Institute of
Water Problems and Land Reclamation of the
NAAS by processing the data from long-term
field experiments, weather forecasts, data from
the Hydrometeorological Center, and further
processing of the obtained information using
automation tools.

Research results and their discussion.
Environmental constraints on water, temperature,
and energy balance are known as key factors that
can vary independently in time and space. Studies
by many scientists show that these factors have
complex spatial and temporal relationships, which
are important to be considered when analyzing
ecological systems. Spatial co-variances,
such as relationships between air temperature,
atmospheric humidity, and soil moisture, indicate
the effect of landscape structures on climatic
conditions. Changes in the landscape can affect
the distribution and availability of water, as
well as air temperature and other environmental
parameters. Time co-variance is also a significant
factor, especially regarding climate change.
Correlated daily or seasonal fluctuations in air
temperature and atmospheric humidity indicate
changes in climatic conditions over time [8].

Global climate change generates joint trends
in changing air temperature and water availability
that have been manifested over many years [9].
That can have serious consequences for ecological
systems, in particular for resources distribution.
Simultaneous changes in precipitation, water
availability, and environmental humidity can
amplify or weaken the effects of climate change
depending on the patterns of changes in the
hydration state of organisms. That indicates
the importance of carefully investigating the
changes in air temperature and environmental
water availability for understanding ecological
processes in a changing climate environment. In
arid regions in particular in the South of Ukraine,
the spatial-temporal distribution and availability
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of water resources are studied at different levels
(local, regional, and global) [10, 11]. These studies
identify vulnerable to water scarcity areas and
develop ecosystem management strategies. They
are a key tool for the development of effective
water management policies and adaptation to
climate change [12].

In crop cultivation water availability is a key
factor. It directly affects the yield and determines
the cultivation technology. Most agricultural
producers pay attention to the average amount of
precipitation, but it is also important to consider
its distribution during plant development
[13, 14]. It is important to determine the soil
moisture in the early spring period at the initial
stages of plant growth to prevent material and
yield losses due to the moisture lack [15, 16].

The main factors affecting moisture dynamics
were considered when developing models
for forecasting productive moisture reserves.
They include soil type, density, and mechanical
composition, which almost do not change over
a long period and practically remain constant in
each soil and climate region. The second group
of factors, on the contrary, changes significantly
both during the entire vegetation period (growth
phases, plant height, and stem density) and
short periods: months, decades, and days
(air temperature, precipitation, soil moisture,
etc.). Moisture consumption for evaporation
from the soil surface increases with the rise
of temperature, which is accompanied by a
decrease in air humidity [17]. Plant transpiration
also significantly affects the intensity of total
evaporation depending on soil moisture [18].

When developing models for forecasting
moisture reserves at the end of any period (a
decade, one or two months), it is necessary to
consider the initial moisture reserves in the soil
layer as a predictor for the regression equation
at the time of making the forecast (Wn) [19,
20]. Other independent variables in the equation
are indicators of hydrothermal conditions, such
as average air temperature (Tn) and precipi-
tation (Rn). Therefore, the change in moisture in
the soil layer over a certain (n-) period (AWn)
is a function (F) of the following main variables:

AWi = F (AWi, ti, Ri, P, S),

where P is a soil type and its mechanical
composition; S is a condition of crop sowing area
(phase of plant development, height and density
of stems).

Due to the stability of soil type and its
mechanical composition, which change little
over time but significantly vary within the
territories, it is possible to include them in
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forecasting models of moisture reserves. That
can be done by developing separate models
for regions with similar or predominant soil
characteristics, typical for steppe, forest-steppe,
and steppe soil zones. Due to the different water-
physical properties of these soils, the formation
of moisture reserves in their layers is not the
same. Also, the hydrothermal regime formed in
these regions affects the dynamics of moisture
reserves differently. The change in the reserves
of productive moisture per decade (AWi) in the
0-20, 0-50, and 0-100 cm soil layers under
winter wheat is determined by the algorithm:

AWi=a+ bWhi + cti + dRi,

where Wi is the initial moisture reserves at the
beginning of the i-th decade; ti, Ri is the average
air temperature and amount of precipitation
per decade; a, b, ¢, d are multiple regression
coefficients that differ depending on the natural
and climatic conditions, soil layer, month and
decade for which the change in moisture reserves
is calculated.

The results of the author’s verification show
that their reliability in the vast majority exceeds
80 %. Quantitative dependencies and models of
hydrothermal indicators’ influence on moisture
reserves in soil layers 0-20, 0—50, and 0—-100 cm
were investigated per decade. Average decadal air
temperature and decadal precipitation were used
as input variables. The dynamics of soil moisture
reserves (4Wn) was estimated as the difference
between the values of the current decade (Wn)
and the previous one (Wn—1):

AWn =Wn - Wn-1

The determination coefficient (R2) of the
established mechanism, depending on the
estimated soil layer and the crop growing season,
ranges from 0,82 to 0,94.

Graphical models for evaluating the dynamics
of soil moisture reserves under winter wheat
were investigated on soil layers 0-20, 0-50 and
0-100 cm (Fig. 1).

The results of the analysis of independent
input and output information regarding the
actual reserves of productive moisture in the
soil at a depth of 0-20 and 0-100 cm for the
period from 2018 to 2021, using the data from
a weather station located in the city of Kherson,
confirmed the high reliability of the developed
models (Figure 2). Figure 2 illustrates the results
of verification of the models used to forecast
changes in productive moisture reserves in the
soil under winter wheat in the period from 2018
to 2021, according to the data of the Kherson
weather station.
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Fig. 1. Graphical models for evaluating the dynamics of soil moisture reserves under winter wheat in
the 0-20, 0-50, and 0—100 cm soil layer
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Fig. 2. Results of verifying models of changes in productive moisture reserves in the soil under
winter wheat (Kherson meteorological station, 2018-2021)

LAND RECLAMATION AND WATER MANAGEMENT Ne 1 « 2024



AI'POPECYPCHU

The obtained results allow us to conclude that
it is possible to determine the expected changes
in soil moisture reserves during the decade, based
on the analysis of actual and simulated data, given
the forecast air temperature and the expected
amount of precipitation. This approach enables
users to calculate expected moisture reserves at
the end of a specified period, given a reliable
meteorological forecast. When having actual
data on soil moisture reserves at the beginning
of calculations, the calculation process remains
unchanged, and the actual values of moisture
reserves are taken as the basic values. This
approach increases the accuracy and reliability
of soil moisture forecasts and is important for
agricultural resource management and decision-
making in agriculture.

Conclusions. It was established that the
correlation analysis of hydrometeorological
factors affecting the formation of soil moisture

(0]

reserves shows a significant influence of initial
moisture reserves on their amount in subsequent
periods (correlation coefficient varies from 0,45
to 0,84). The dependence of soil moisture reserves
on air temperature is averagely significant, and
the general trend shows a decrease in the direct
influence of the temperature regime with an
increase in the depth of the calculated soil layer.

The investigated dependences and models
of the dynamics of water availability for winter
wheat in the south of Ukraine, considering the
condition of crop sowing area and hydrothermal
conditions of the growing season in the soil layers
0-20, 050 and 0-100 cm per a decade, have
a determination coefficient (R2) ranging from
0,82 to 0,94. Verification of the accuracy of the
above models when using independent data for
2017-2020 proved their reliability. The average
error between actual and calculated data did not
exceed +13,5 %.
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Anomayia. Y cmammi 00CHioHCyemvpcsa 8anCIUBICIb YPAXY8AHHA HU3KU (AKMOPIE, AKI 6NIUBAIOms HA
B0O0HULL pediCcUM TPYHIMY Y KOHMEKCHi po3poOKu Mooenell 0isl NPO2HO3YB8AHHSL 3aNdcie NPoOYKMUBHOI 807102U 8
Ipyumi. Bemanosneno, wo ocnosHi haxmopu, maxi sk mun [pyHmy, 020 wWinbHiCmb ma MexaniyHuil CKaao,
3anUUAIOMbCS CIMATUMIUL Y PI3HUX TPYHIMOBO-KAIMAMUYHUX pecionax Vxpainu. /lpyea epyna ¢paxmopis, maxux
AK memnepamypa nosimpsi, onaou ma 80J02icms IPYHMY, NIOOAIOMbCsL IMIHAM YIPOOOBIC 8e2emAayiiiHO20
nepiody ma Hasimv KOpomkux npomigickie yacy. Tomy nooanbuiumu OOUUCTEHHAMU BPAXOBAHO OUHAMIKY
6011020CMi IPYHMY 5K (DYHKYIIO OCHOBHUX IMIHHUX, MAKUX SK CePeOHs. meMnepamypa nogimps ma KilbKicms
onaois. /[na binvu mouHo20 Npo2HO3Y6ANHS 3aNACIE 80102U HA KiHEYb BU3HAUEHO20 NePiody 8UKOPUCHIOBYIOMb
NOYAMKOBI 3anacu 0102U, d MAKOHC 2IOPOMEPMIUHT YMOBU, PO32TIAHYMI K NPEOUKMOPU Y DIGHAHHI peepecii.
Jlocmosipricms npogedeHux 00CHioHceHb NIOMBEPOICYEMbCSL AHANIZ0M HE3ANeHCHOI 6XIOHOI ma BUXIOHOL
inghopmayii' 3 memeocmarnyii m. Xepcon y nepiod 3 2018 no 2021 pp. wo0o ghaxmuuHux 3anacie npooyKmueHoi
sonoeu 6 tpyumi na enuduni 0-20, 0—-50 ma 0—100 cm. Cepedns noxudka misc paxmuynumu ma pospaxyH-
Kosumu OaHumu He nepesuwysaia +13,5 %. Lle niomeepoxcye HadiliHicmb ma npeyusitiHicms npo8edeH020
00CTIOMNCEHHSL, POONAYU 11020 OCHOBOIO OJis NOOALULUX AHAI3IE [ BUCHOBKIB. Y 8UCHOBKAX BIO3HAUEHO HeoOXiO-
HICIMb MOYHO20 BU3HAUEHHS BONO20CMI IPYHNTY 3 MEMOI0 eeKmMUBHO20 YNPAGIIHH a2pOMemeoponoiuHUMU
YyMO8aMU MA ONMUMIZAYIT 8POJICAUHOCI CilbCLKO2OCNOOAPCLKUX KYIbmyp. Asmopu nioKpeciiooms, o
HAYK0B0-00CiOHA poboma, KA JiA2ld 8 OCHO8Y Yiel cmammi, 30amua 3p00umu 6a20Mutl 6HECOK ) PO3GUMOK
cyuacHux nioxo0ie 00 8010203a0e3NeUeHHs V 2any3i CilbCbKO20 20Cno0apcmea ma azpomemeoponocii. Lle
cnpusmume noCmyno8omy ma 800CKOHALEHOMY DPO3GUIKY MemoO0a02li NPOSHO3Y6AHHSL B0I020CMI TPYHINY,
WO € KNoYo8UM Ol 3a0e3neUeHHs CIIK020 Ma NPOOYKMUBHO20 PO3GUMKY CLTbCLKO20 20CN00apCcmaq.
Kniouosi cnoea: 6oonuil pesicum rpyumy, npocHo3y8ants 8010203andcie, MOOeN08aHHs, (pakxmopu 6niusy,
2I0poOmepMIdHi YMOBU, 8PONCAUHICMb, CLIbCbKE 20CNO0APCMB0, 3MIHA KILIMAMY
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