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SUMMARY

This study focused on the impact of climate change on water availability and agricultural
sustainability in Ukraine, emphasizing the growing challenges posed by insufficient
precipitation and increasing aridization. More than half of Ukraine's agricultural territory
experiences water deficits, with the Southern Steppe zone particularly reliant on irrigation.
The destruction of the Kakhovka reservoir has further exacerbated water scarcity, limiting
irrigation capabilities and affecting agricultural production.The research is based on the
hypothesis of river flow non-stationarity, employing analytical, statistical, GIS, and remote
sensing methods. Results indicate a significant reduction in river discharge, particularly in the
south, where water resources have declined by 50% over the past four decades. Future
projections suggest a further 40-50% decrease in available water, making sustainable water
management critical. The study highlights the urgent need for irrigation expansion, improved
water conservation strategies, and adaptive agricultural practices. Climate change is shifting
Ukraine’s agro-climatic zones northward, increasing drought frequency and intensifying soil
erosion risks. The findings emphasize the necessity of integrating modern irrigation
technologies, high-yield crop varieties, and soil protection measures to maintain agricultural
productivity in the face of climate variability.
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Introduction

One of the primary limiting factors for agricultural land productivity is insufficient precipitation.
Climatic water balance zoning across Ukraine indicates that the majority of agricultural areas
experience significant water deficits. Only a small portion of meliorative land areas is classified as a
zone of excessive moisture, which can be effectively managed only through reclamation measures.
The destruction of the Kakhovka reservoir has dramatical consequences for the water supply of a
number of regions in the lower reaches of the Dnieper, irrigation systems, and has led to a critical loss
of water supply to agricultural lands (Vyshnevskyi & Shevchuk, 2024, Vyshnevskyi & Kutsyi, 2024).

More than half of Ukraine's agricultural territory is affected by varying degrees of water deficit, which
can only be mitigated through irrigation. In the Southern Steppe zone, many crops, including
vegetables and soybeans, cannot grow without irrigation, highlighting the urgent need for sustainable
water management strategies to support agricultural production under changing climatic conditions. A
significant portion of territoryes is characterized by low to very low water availability. One of the key
consequences of climate change is the alteration of the hydrological regime, affecting both the
quantity and quality of water resources, as well as their distribution across various economic sectors,
including agriculture. Insufficient moisture supply remains one of the primary limiting factors for the
sustainable development of agricultural production (Shevchenko, Bozhenko & Lyutnitsky, 2022).
Ukraine's major rivers include the Danube, Dnipro, Dniester, Tisza, Pivdenny Bug, Prypiat, Desna,
Siverskyi Donets, and Western Bug. The main data on water resource availability are presented in
Fig. 1. However, due to the impacts of climate change, the average annual river discharge is
decreasing, and in the future, the availability of water for irrigation is expected to decline further,
exacerbating challenges for agricultural sustainability.

Method and Theory

The research is based on the hypothesis of the non-stationarity of river flow fluctuations over time and
space, providing a novel approach to hydrological calculations of river water regime changes. This
approach considers the impact of human economic activities and the global transformation of the
country’s regional climate, offering a new perspective compared to previous studies.

The study employs analytical methods (including graphical analysis), statistical methods for
processing data on water intake and discharge, climate, hydrological, and hydrometeorological data,
as well as comparative analysis. Additionally, remote sensing data interpretation, GIS analysis, and
modelling techniques are utilized.For this study, we selected an evapotranspiration calculation method
based on the analysis of a series of satellite images and digital datasets. Particular emphasis was
placed on the Penman-Monteith model for evapotranspiration estimation and the CHIRPS dataset for
precipitation identification across Ukraine during the growing season. Using raster computations, a
composite image of water supply deficits for Ukraine's territory was generated.

Results

As an effect of climate change the flow of small and medium-sized rivers in the north of by 10-20%
from 1980 till 2020. In the south, the decrease reaches 50% on average for the same period Fig.1. As a
consequence, the volumes of surface water available for use as a result of climate change have
decreased by 20-25% on average. The water content of the Dnipro in the Kakhovska hydroelectric
power plant (before its detonation and destruction) decreased by 11.6 km?, or by more than 20% under
the influence of economic activity and additional evaporation from the reservoirs increased by 2.3
km®/year (Vyshnevskyi & Kutsyi, 2022). This trend towards a decrease in water resources available
for use is also confirmed by forecast data, the state of water resources of Ukraine based on the
"climate-flow" model for the period 2030-2040. Their results indicate a decrease in water resources of
the steppe zone by 40-50%, and in the rest of the territory by 24-40%.
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Figure 1 Reduction of the average annual discharge (cubic meter per second) of some small and
medium sized rivers of Ukraine from 1980 — 2020.

The most favourable areas for water availability for irrigation according to the research data observed
in the Dnipro river basin. After damage of Kakhovka dam water is not available for the large-scale
irrigation on the low part of the Dnipro basin till reconstruction of the dam will be possible and there
are limitations also on the middle part of the basin due to the damages of other dams and water supply
constructions. Water for drinking purposes became a biggest priority now in the South and South —
West regions of Ukraine (Hapich & Onopriienko, 2024, Gleick, Vyshnevskyi, & Shevchuk, 2023).
The pollution problem is also agriviated in some regions of the country during the war time due to the
damages of water treatment facilities and inundations due to the dam damages in territory protection
reason (Hapich et al, 2024, 2024, Lavrenko et al, 2025 ).

Challenges and risks for the farmers

The territory of Ukraine is characterized by climatic conditions that are quite favourable for
agriculture, which, in combination with fertile soils, make it possible to successfully grow a wide
variety of agricultural crops (winter and spring grain, technical, vegetable and fruit and berry crops).
While climatic conditions are generally favorable in Ukraine, climatic variability, which is expected
to increase with climate change, is a considerable risk for agriculture. Increasing temperatures may
have some positive impact in the colder and more humid regions in the north of Ukraine. However, in
the south of the country, where most fertile chernozem soils are concentrated and where water
availability is a limiting factor, increasing temperatures and increasing variability in rain are expected
to increase the frequency of droughts which have a negative impact on agriculture. Soil erosion
exacerbates the impact of climatic variability, while simultaneously extreme weather will increase soil
erosion. This double link is expected to impose a further threat to Ukraine’s extraordinary soil fertility
and its inherent resilience to climate change. With the change in the average annual temperature, the
agro-climatic zones of Ukraine - steppe, forest-steppe and Polissia - undergo drastic changes,
significantly shifting to the north.

A persistent trend towards aridization of the climate can be seen in Ukraine, which is accompanied by
an increase in average annual temperatures, the frequency and intensity of extreme weather events,
including droughts. Droughts occur once every two to three years in 10 to 30 percent of the country's
territory, and once every 10-12 years in 50 to 70 percent of its total area. The last 40 years of
observations indicate that droughts have become more frequent and longer and occupy significantly
increasing areas of the country.

An increase in crop production can be achieved primarily through the introduction of high-yielding
varieties and hybrids, improvement of agricultural culture, and the widespread use of modern
technologies for growing agricultural crops. Currently, the main agricultural crops grown in Ukraine
are cereals (more than 57% of the cultivated area): winter and spring wheat, rye, winter and spring
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barley, corn, oats, buckwheat, millet. Analysis of climate change shows that growing agricultural
crops in the usual mode is already risky for agricultural producers in Ukraine nowadays. A high
deficit outlines that in the next 30 years irrigation will be increasingly necessary to support the
production of agricultural crops. Increasing of nature water deficit will call for water resource
protection, reallocation and integrated management and use of irrigation and drainage development on
the majority of the country to compensate crops water deficit for agriculture and rural development.

The period of active vegetation of agricultural crops is already overextended by 10 days or more due
to increasing the sums of positive (active) air temperatures (°C).These are additional opportunities for
growing all types of heat-loving crops. The effectiveness of precipitation decreases due to the increase
in air temperature, and a temperature increase of 1 °C threatens Ukraine with the disappearance of the
already small zone of sufficient moisture (Polyssia and western Forest Steppe) and the transition of
this zone to unstable and insufficient moisture (Shevchuk & Matiash, 2022).The risks of a further
rapid rise in temperature and insufficient supply of natural water resources for agricultural crops for
Ukraine are increasing due to significant plowing of the country's territory. Significant plowing
increases moisture evaporation from the soil surface, as well as a significant increase the area of
tilling crops, (corn, sunflower, soybeans), and the expansion of the zone their cultivation to the north
of the country with low anti-erosion resistance of soils (UNCCD, Z, 2012).

Areas with demand-supply water gaps for irrigation and environmental constraints are those where
agricultural production is significantly challenged due to insufficient natural precipitation, requiring
supplementary irrigation to sustain crop growth.The aim of assessing the current actual state of
Ukraine's territory under climate change conditions, using global climate data sets, was to develop
several maps for evaluating areas of the country where agricultural activities are currently, and will
likely in the near future, only be feasible with the use of irrigation (Matiash et al, 2025).

To achieve this, calculations were performed using available data sets in raster layers based on (1). In
Figure 2, areas where crops experience a water deficit of 50% or more during the season are marked
in red. Figure 2 shows cartographic data during the 2020 growing season, when irrigation systems
were operating. In most southern areas, precipitation does not meet even 50% of crop water needs. No
water deficit was observed in the areas of irrigation systems in the Kherson region.

Red = % — Prept (M

where: ET — Evapotranspiration calculated using the Penman-Monteith formula, mm; Prcpt —
Precipitation, mm.

Figure 2 Natural moisture deficit considering the functioning irrigation systems. Orange - deficit
50% of crop water requirements or more, green - less than 50%, 2020.

For further territorial classification, an informational system was developed to create a map of
Ukraine’s territory, based on 2020 data, which globally reflects the impact of climate change and
water deficit in agricultural crop cultivation season (Fig. 2). This map closely correlates with the
predictive calculations for assessing and zoning moisture conditions across Ukraine, where the area of
insufficient natural moisture is increasing and expanding northward.
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Conclusions

As an effect of climate change the flow of small and medium-sized rivers in the north of by 10-20%
from 1980 till 2020. In the south, the decrease reaches 50% on average for the same period Fig.1. As a
consequence, the volumes of surface water available for use as a result of climate change have
decreased by 20-25% on average. The water content of the Dnipro in the Kakhovska hydroelectric
power plant (before its detonation and destruction) decreased by 11.6 km®, or by more than 20% under
the influence of economic activity and additional evaporation from the reservoirs increased by 2.3
km?*/year. It should be emphasized that a large part of the territory of is characterized by low and very
low availability of water resources. Increasing of nature water deficit will call for water resource
protection, reallocation and integrated management and use of irrigation and drainage development on
the majority of the country to compensate crops water deficit for agriculture and rural development.
Climate change analysis shows that business as usual crop production is already risky for Ukrainian
farmers — high deficits indicate that irrigation will be increasingly necessary to support crop
production over the next 20-30 years. In connection with the destruction of the Kakhovka Reservoir,
restoring irrigation to replace the lost areas and ensure food security will require identifying priority
areas for such restoration in Ukrainian-controlled territory, taking into account climate change and the
priority of its restoration after the war. (Gleick, P., Vyshnevskyi, V., & Shevchuk, S., 2023).
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