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The study investigates the impact of climate change on food security and agriculture in Ukraine. It
explores the role of GIS in monitoring and analyzing reclaimed lands, as well as their effectiveness in
identifying areas affected by negative factors. The focus is on the use of orthophotos and satellite
images for map creation and assessment of the consequences of climate change. The application of
GIS for managing reclaimed lands and sustainable development of the agricultural sector is proposed.
The importance of an integrated approach to ensuring food security in the context of climate change is
emphasized. Information on spatial data in the form of GIS layers for comprehensive analysis and
monitoring of reclaimed lands is presented. An example of using the NDVI transect diagram for
spring crops on irrigated lands in Ukraine using actual colors and NDVI maps based on Sentinel-2
images is presented. The NDVI graph for an irrigation field for the period from January 2016 to
August 2024 based on Sentinel-2 images on irrigated lands in Ukraine is also presented.
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Introduction

Climate change is one of the greatest global threats, impacting all aspects of our lives. One of the critical
consequences of climate change, significantly affecting agriculture, is the reduction in water resource
availability. According to research by domestic scientists, particularly from the Institute of Water
Problems and Land Reclamation of the NAAS of Ukraine, the Public Council at the State Agency of
Water Resources of Ukraine, and foreign scientists, forecasts for the second half of the 21st century
indicate a further increase in temperature and evaporation, leading to water resource deficits (State
Water Agency 2020; AgroPolit.com 2021). The international community continuously emphasizes the
connection between environmental issues, healthy eating, the goals of eradicating hunger, other
sustainable development goals, and climate change. Representatives from the Food and Agriculture
Organization of the United Nations (FAQ) note that climate change, environmental degradation, and the
loss of biodiversity exacerbate conflicts, contribute to global food insecurity, and pose a threat to
international peace and security (United Nations 2024). Climate disasters, conflicts, and environmental
degradation destroy agricultural systems, reduce crop yields, and disrupt supply chains, creating
conditions for new armed conflicts and exacerbating existing ones. Thus, climate change and global
warming significantly impact food security in every country. Rising temperatures and altered
precipitation patterns can reduce agricultural yields, leading to food shortages and increased prices,
threatening the stability of food systems, especially in low-income countries. In Ukraine, changes in
temperature and water balance challenge the agricultural sector, particularly in the southern and steppe
regions (AgroPolit.com 2021). The issue of water availability for irrigation is becoming increasingly
critical due to growing droughts and uneven rainfall distribution. Irrigation is essential for maintaining
crop Yyields, particularly in the southern regions of the country. As climate change continues to
exacerbate these challenges, the need for effective water management and irrigation systems becomes
more urgent to ensure agricultural sustainability in these vulnerable areas (Figure 1).
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Figure 1. The impact of climate change on the dynamics of natural zones and the zoning of moisture
supply in Ukraine (State Water Agency 2020; AgroPolit.com 2021)

Method and Theory
The use of Geographic Information Systems (GIS) is a powerful tool that allows for the processing

and integration of large volumes of analytical and spatial information about land parcels. GIS
facilitates the creation of various spatial analytical information layers, which enhances the
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understanding and management of land resources. This technology enables more precise decision-
making by providing comprehensive visualizations and analyses of spatial data (Kupriianchyk et al.,
2023). When using GIS for monitoring reclaimed lands, spatial analysis is employed to integrate
various spatial layers with analytical information about land parcels. This method provides new
insights into the condition and use of the land. Theoretical modeling and comparisons help refine the
methodological foundations by combining analytical data on negative factors affecting reclaimed
lands. Spatial analysis in GIS also identifies the zones of impact and configuration of these factors on
specific areas. Additionally, recent research indicates that remote sensing and GIS can effectively
assess flood impacts (Dorosh et al. 2024). The effectiveness of using satellite imagery from Sentinel
and Landsat to detect surface water information is demonstrated in research that highlights their
capabilities. These satellites offer high-resolution images across various spectral bands, making them
ideal for monitoring water bodies. By analyzing this imagery, researchers can accurately identify and
assess surface water features, track changes over time, and support water resource management efforts
(Yang et al. 2017). They also substantiated the use of Sentinel-2 to determine the boundaries of water
bodies. Sentinel-2 MSI offers spectral bands with different resolutions. The above studies demonstrate
the effectiveness of GIS for analyzing and monitoring reclaimed land.

Results

According to the State Statistics Service of Ukraine and the Cabinet of Ministers of Ukraine's Decree
“On Approval of the Irrigation and Drainage Strategy in Ukraine for the Period up to 20307, 5485.3
thousand hectares of reclaimed land were registered in Ukraine, including 2178.3 thousand hectares of
irrigated and 3307 thousand hectares of drained land with the corresponding reclamation
infrastructure (Verkhovna Rada of Ukraine 2019, State Statistics of Ukraine 2021). Reclaimed land
accounting is carried out by the State Statistics Service of Ukraine, the State Agency of Water
Resources of Ukraine, and the State Service of Ukraine for Geodesy, Cartography, and Cadastre.
Today, information on reclaimed land accounting is incomplete and outdated due to changes in the
accounting of state statistical reporting forms, lack of consistency in the accounting itself and a single
body responsible for such accounting, changes in the administrative and territorial structure of
Ukraine, and the impact of armed aggression. In order to improve the quality of analysis and
systematic monitoring of land, as well as in other land accounting systems, it is now necessary to use
GIS. The use of GIS allows us to get a comprehensive view of the state of reclaimed land and its
actual functioning in the system of the entire land use complex. This is especially important in times
of war, when there is no way to actually check the situation on the ground. Using GIS, which includes
satellite images of different spatial resolution, a combination of their channels and field observations,
it is possible to calculate the change in the flooded area based on maps of spectral indices NDWI,
NDSI and surface classification from Sentinel-2 L2A images with a combination of Red8, SWIRL,
Red (RSR) channels (Yilka et al. 2024). Using various spatial data information, we can identify the
following GIS layers for comprehensive analysis and monitoring of reclaimed land: — Topographic
layer: terrain, elevation contours; — Hydrological layer: water bodies such as rivers, lakes, canals,
drainage systems and groundwater levels; — Soil layer: soil types, fertility and salinity; — Vegetation
layers: data on vegetation, crop types, biomass and vegetation indices (NDVI); — Climate layer:
precipitation, temperature, humidity and other climatic indicators; — Environmental layer: Information
on the environmental state of the territory, including pollution, erosion and other factors; —
Infrastructure layer: linear objects - roads, canals, pipelines, power lines, settlements and other
infrastructure; — Cartographic layer: administrative boundaries, land zoning, land plots in the State
Land Cadastre; — Satellite images: Maxar Technologies Inc; Sentinel; Landsat is used to monitor
changes on the land surface, assess the state of vegetation and detect anomalies.

The application of spatial information allows for a detailed assessment of agricultural losses and the
loss of crop diversity through the recognition of yields using machine learning algorithms. Figure 2
shows that the level of the vegetation index for spring crops has significantly decreased on the same
irrigated land between 2020 and 2024. Among the reasons, we assume: worse climatic conditions and
a decrease in the intensity of spring crops (seeds, fertilizers, agricultural technologies), as these lands
have been under the temporary occupation of Russia since 2022 and are likely to face economic
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difficulties. However, we also believe that the main factor behind the significant decline in NDVI is
the reduction in irrigation opportunities due to the destruction of the Kakhovka hydroelectric power
plant dam and the draining of the Kakhovka reservoir.
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Figure 2 Transect chart of NDVI for summer crops on irrigated lands in Ukraine, using true color
and NDVI maps by Sentinel-2 images
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Figure 3 Chart of the NDVI for the irrigation field for the period from January 2016 to August 2024
by Sentinel-2 images
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Figure 3 shows the time series of NDVI for one of the study plots from January 2016 to August 2024
based on Sentinel-2 satellite images at the median value for the entire irrigated area. After the
temporary occupation in 2022, as we can see, winter crops were harvested on the site. After the
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destruction of the irrigation infrastructure in 2023, the level of the spring crop vegetation index in
2024 decreased even further. The volume and sources of irrigation of the site in 2024 remain
unknown.

Conclusions

GIS in the analysis and monitoring of reclaimed land allows collecting and storing data centrally,
conducting spatial analysis, monitoring changes, modeling scenarios, and predicting the impact of
various factors. The use of GIS also facilitates data visualization and assessment of the effectiveness
of reclamation measures. Thus, GIS is an indispensable tool for the sustainable development of the
agricultural sector, ensuring effective management of reclaimed land. The use of such a GIS complex
will facilitate the implementation of land management actions that improve the condition of reclaimed
land, as we can see from the example of land that is not irrigated due to the drainage of the Kakhovka
Reservoir. Such actions will also help to optimize irrigation and drainage systems, control soil
salinity, apply agroforestry, and rationally use water resources.
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