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SUMMARY 

This study examines approaches to determining and adjusting crop water demand rates for 
irrigation in Ukraine. An assessment of water demand with meteorological station data and 
regional level was conducted, considering climate change and the need for continuous updates 
using an automated system and geospatial technologies. Results indicate a significant increase 
in crop water demand, especially in southern Ukraine. Integrating evapotranspiration 
calculations based on various methodologies improves the accuracy of regional water 
consumption estimates. 

Water consumption norms were determined for 2005–2024 using the Shtoyko biophysical 
method, incorporating meteorological data and long-term agro-meteorological observations. 
Spatial distribution maps of water demand were developed using Thiessen-Voronoi polygons, 
and an interactive database was created for real-time access. The study also refined sowing 
dates and crop development stages by region using the BBCH scale. 

A software tool was developed in Python (Folium, Shapely, Django) for visualization and 
spatial analysis. Results show a 40% increase in crop water demand in the Steppe zone and 
15% in the forest-steppe and Polissia zones compared to 1960–2000. 
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Introduction 
 
The last decades are characterized by climate aridity and maximal temperatures growth (Rosa L. et al., 
2025, Romashchenko M. et al. 2024). This leads to changes in crops vegetation period. Under such 
conditions, irrigation has become the primary tool for adapting to climate change (Matiash T. et al 
2025). 
 
Effective adaptation requires the implementation of modern water management planning methods. Crop 
water demand rates serve as generalized assessment criteria for agriculture and irrigation. They are 
classified according to various criteria, including annual water availability, water consumption deficit, 
costs, duration of applicability, irrigation technologies, degree of consolidation, and optimization 
criteria. 
 
These rates are used in water management planning on year and long term periods; by project 
organization for determining water volumes, capacity of irrigation networks calculation and for 
grounding and justification of water supply of systems being built or reconstructed. For agriculture 
producers these rates are needed for planning water intake volumes, calculating energy consumption, 
irrigation costs and assessing economic efficiency under different strategies (Zhovtonog O. et al., 2015, 
Bohaienko V. et al. 2021, 2023). 
 
The aim of this research is to determine and adjust seasonal crop water demand rates, necessary for 
medium- and long-term planning, with their spatial visualization. 
 
Method and Theory 
 
The study covers the period from 2005 to 2024. Evapotranspiration was calculated using the Shtoyko 
method, based on meteorological data obtained from regional automated weather stations in Ukraine, 
as well as information systems developed at the IWPLR. Calculations were carried out in the warm 
period of the year (at an average air temperature above zero) based on daily data, determining the water 
deficit of various agricultural crops using standard calculation procedures. 
 
Methodological approach consists of nest steps: 

Collection of the daily climatic data in relation to meteo-stations; 
Formation of data sets of phenological phases of crop development with reference to weather 
stations on a BBCH scale; 
Determination of the meteorological station's area of influence using the Thiessen-
Voronoi method; 
Visualization of water deficit for respective crop; 

 
The determination of crop water demand for irrigation is based on the zoning of a territory according 
to the natural moisture coefficient and water balance calculations and visualization of water 
consumption deficit (Parmar S. H. et al., 2023). The crop water demand rate represents the estimated 
volume of water required per hectare during the growing or irrigation season to achieve the planned 
yield under specific natural, technical, and economic conditions (Ed. Kovalenko P. et al., 2016). 
 
The calculation of crop water demand rates relies on assessing the water consumption deficit using the 
water balance equation within the active soil layer. Long-term meteorological data series (20–30 years) 
from representative weather stations are utilized to ensure the reliability and accuracy of the results for 
a given region (Zhovtonog O. et al., 2015, El-Fakharany Z. M. et al, 2021) 
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 m3/ha,                                     (1) 
where Di – deficit of water demand of agricultural crops for the i-th decade of the growing season; Ei – 
evaporation sum; Pi - precipitation; ∆Pi – part of precipitation that went to surface runoff and filtration. 
 
The calculation of total evaporation Еi is performed according to the formula, in which the first product 
characterizes evaporation from the part of the field covered with plants, and the second - from bare soil 
(Zhovtonog O. et al., 2004): 

𝐸𝐸і = 𝜙𝜙𝑖𝑖 ⋅ 𝑘𝑘б𝑖𝑖
к ⋅ 𝐸𝐸0𝑖𝑖 + (1 − 𝜙𝜙𝑖𝑖) ⋅ 𝑘𝑘П𝑖𝑖 ⋅ 𝐸𝐸0𝑖𝑖  , m

3/ha,                         (2) 

To calculate the agricultural crop water demand rates, the sum of water demand deficits Di for all 
decades of the irrigation period is reduced by the amount of readily available moisture in the active soil 
layer at the beginning of the growing season. (Wo). 

𝑀𝑀𝑗𝑗𝑛𝑛 = ∑ 𝐷𝐷𝑖𝑖к
𝑖𝑖=𝐽𝐽
𝑖𝑖=1 −𝑊𝑊0𝑗𝑗

 , m3/ha,                                                  (3) 

Net field water demand rates are determined based on the deficits of water consumption of agricultural 
crops. When calculating the water consumption of winter crops to the crop water demand rates, autumn 
moisture-charging irrigations are also considered. The conversion into gross field demand is carried out 
by dividing by the coefficients of the useful effect of the irrigation network and sprinkler equipment. 
The provision of the year for the deficit of water consumption is the probability in the estimated multi-
year series of the number of years in which this deficit cannot be exceeded. 
 
To determine the crop water demand rates in irrigation for a given statistical supply, the multi-year 
series of water consumption deficits Di is ranked, and the supply is determined by the formula: 

𝑝𝑝 = (1 − 𝑛𝑛−0,3
𝑁𝑁+0,4

) ⋅ 100, %,                                                (4) 

where n - ordinal number of the row, starting from the maximum values; N - number of years of the 
row. 
 
In this work the Shtoyko method is used, which is based on the correlative dependencies between air 
temperature, relative air humidity and total evaporation of moisture from the soil. In conditions of 
optimal soil moisture, the evaporation process is practically not regulated by the plant and the soil, since 
the moisture supply to the plant or to the evaporation surface is limited and from sowing or germination 
to complete shading of the soil surface, the total evaporation is determined by the formula (Zhovtonog 
O. et al., 2004): 
In other periods, with complete shading of plants and with more intense evaporation according to: 

,                            (5) 

 
Where  sum of average daily air temperatures for n days, average daily air temperature, ℃, 

𝑡𝑡𝑐𝑐𝑖𝑖 ;- average daily air temperature, ℃; a - average daily relative humidity, %. 
 
Thyssen-Voronoi polygons built around a network of weather stations are used in calculations and 
visualization of the zone of influence of weather stations. The area of influence of a meteorological 
station is calculated using the Thiessen-Voronoi method, which involves partitioning a geographic 
region into polygons, where each polygon represents the area closest to a specific station. This method 
allows for the spatial delineation of meteorological data applicability on a map, ensuring interpolation 
of weather parameters for agricultural and hydrological studies. When visualizing water consumption 
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deficits for crops that are not typical for cultivation in a given region, the calculation results are not 
displayed, ensuring the correctness of the analytics. 
 
Results 
 
Based on the analysis of existing approaches to determining and adjusting seasonal water demand rates, 
assessments were made at the level of weather stations and regions. 
 
According to research conducted at the IWPLR, changes in modern climatic conditions and the increase 
in aridity in the country's regions have proven the need to develop water consumption standards not 
only for the southern, but also for the central and northern regions of Ukraine. 
 
Updated crop water demand rates for agricultural crops using modern climate data were obtained and 
their trends were assessed. The crop water demand rates were obtained both in the context of regions 
for different zones of Ukraine (Steppe, Forest-steppe, Polissya), and for weather stations for agricultural 
crops with sprinkler irrigation, for dry (Р = 95%), medium-dry (Р = 75%) and medium (Р = 50%) years 
in terms of moisture availability.  
 
Figure 1. presents the spatial distribution of water demand deficits in the warm period of the year for 
years with different moisture availability using the Shtoyko E2 formula based on the analysis of a series 
of data from 01.05 to 30.09 for 2005 - 2023. E2 usage allows estimating the maximum value of moisture 
loss during the warm period of the year for years with different moisture availability. 
 

50% securement by deficit 75% securement by deficit 95% securement by deficit 
   

2500          3800              5100            6400            7700           9000          10300 
 

Figure 1 Spatial distribution of water demand deficits in the warm period of the year for years with 
different moisture availability according to the Shtoyko E2 formula based on the analysis of a series of 
data from 01.05 to 30.09 for 2005 - 2023, m3/ha. 
 
Conclusions 
 
When comparing the results obtained over the last 2 decades with the crop water demand rates for 1960-
2000, which is defined by the World Meteorological Organization as a reference climatic period, with 
the onset of an average dry year, the increase in water demand in the steppe zone of Ukraine reaches 
40%, and in the forest-steppe and Polissya - 15%. 
 
Comparison of accumulated data for 2005-2024 showed a continued increase in water consumption 
standards in all climatic zones (on average 18-25%). 
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Using the specified phenological phases of crop development according to the BBCH scale in the 
assessment of crop water demand rates allows us to consider the process of formation and accumulation 
of water demand deficit during the growing season, depending on the phase of crop development. 
 
The practical use of updated estimates of water demand standards will maximally correspond to the 
prevailing climatic conditions and minimize environmental and economic risks in their application. 
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