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The purpose of the study is to perform the analysis of Normalized Difference Water Index (NDWI)
for a typical region with most of area covered by agricultural land use under irrigation to show the
impact of interruption of water supply due to Kakhovka dam ruination. Using Sentinel-2 imagery and
QGIS software, we determined that according to NDWI values dynamics Kakhovka dam ruination led
to decreasing of land plots humidity from 2021 to 2024 yearly and caused decline of agricultural land
suitability in the region. Histograms taken by raster tools in QGIS show disappear of the second peak
value for irrigated lands after military actions damaged the irrigation systems and agricultural
activities, and further decline of the index values in 2024 due to warfare. According to our analysis,
NDWI dynamics shows decline of soil moisture in general, comparing to the pre-war year, 2021, and
following dramatic decline of the index value in 2024 as irrigation stopped. For the research plot,
mean NDWI value in 2022 is less than 47% of the 2021 value, while the 2024 mean negative value
demonstrates shift from humid to even moderate drought conditions. The use of NDWI to assess the
condition of agricultural enterprises’ lands, as well as for operational monitoring, enables evaluation
of moisture regime changes.
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Introduction

The Kakhovka Dam was not only extremely important for its energy generation, but it also was a
valuable source for agricultural sector as irrigation water supply resource. It was the sixth and the
last dam in the Dnieper reservoir cascade. The Kakhovka Reservoir held 18 cubic kilometres of
water (Wikipedia contributors, 2024). The dam was breached on 6 June 2023 and that event had
catastrophic effect on local agricultural land use and households (Dorosh, et al., 2023). Estimated
amount of environmental damage of the russian blow-up of the Kakhovka HPP dam according to
Ecozagroza (2024) is 146,4 bin uah. That conclude to land use and soil cover damage, along with
developing degradation processes threaten sustainable development (Bogdanets, et al., 2022).

Normalized Difference Water Index (NDWI) was proposed by Gao Bo-Cai (1996) to assess water
and humid areas using remotely sensed imagery by their band calculation.

Methods and materials

Sentinel-2 MSI L2A images obtained via Copernicus Dataspace Browser were processed in QGIS
v3.38. NDWI was calculated in QGIS raster calculator using Sentinel-2 spectral bands 8A and 11,
for July 2021, 2023, and 2024 correspondingly. These dates were chosen as an initial state point
(2021), next date — after warfare started (2022), and the last date — a year after the Kakhovka dam
was ruined (2024). Raster statistics and histogram analysis were used to investigate changes by
guantitative indices analysis.

Results and discussion

For the analysis an agricultural landscape at the right bank of the Dnipro River in Kherson region
of Ukraine, where typical irrigated lands prevail, was chosen (plot area — 39125 ha, Fig. 1), to
investigate the impact of Kakhovka dam ruination on agricultural sector of the region. This
territory was deoccupied by Ukraine in 2023.

Figu 1. Research t location (red line contur).aotfrom aurs " OGIS project. The
background image — Google Hybrid (courtesy of Google LLC., 2024)

NDWI values on raster images of the research area contour, clipped from Sentinel image, were
calculated for every of three time points and analysed by raster statistics and histogram values
distribution.
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The most demonstrability achieved by visual comparison of initial (2021) and final (2024)
images; color codes shown on the left side in the legend, that’s a snapshot from the authors’
QGIS project (Fig. 2).
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Figure 2. NDWI for the research area calculated using Sentinel-2 image for July 2021 (top
image) and July 2024

As seen on Fig. 2, the NDWI values decrease, and distribution became more even as agricultural
land irrigation stopped, even moderate drought occurs on most part of the area, exeption for land
plots alongside rivers and remains of water cannels.

The NDWI values interpretation correspond to the following ranges. 0,2...1: water surface,
0.0...0,2: flooding, humidity, -0,3...0.0: moderate drought, non-aqueous surfaces, -1...-0.3:
drought, non-aqueous surfaces (EOS, 2024).

Raster statistics delivered from processed NDWI images for the research area return mean value
0.0559 and median value -0.0133 for year 2021, mean 0.0261 and median -0.0052 for year 2022,
and mean -0.0917 and median -0.10372 for 2024.

Histograms comparison illustratively shows the main trend (Fig. 3). Histograms show that the
second peak NDWI value (0.35) that corresponded to humified irrigated lands was highly
pronounced in 2021 image histogram, then disappear in 2022 after military actions damage
the irrigation systems, and further decline of the index in 2024 due to warfare shifted the
mean NDWI value downwards (Fig. 3). The trend also increases the frequency of low NDWI
values (-0.17...-0.05) in the distribution as seen of histogram to the right, corresponding year
2024,
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Figure 3. Histogram for raster image of NDWI in 2021, 2022, 2024 (from left to right).

As the consequence, land suitability for agriculture became problematic, as irrigation was the
factor that allows to achieve optimal conditions for field and vegetable crops, traditionally grown
at the south of Ukraine, namely in Kherson region.

Conclusions

As a result of the full-scale invasion in 2022, a big share of Ukraine's highly productive
agricultural lands at the south became unsuitable for agricultural production. Ruination of
Kakhovka dam due to the aggressor's military action led to disaster for irrigated agriculture in the
region. The use of Normalized Difference Water Index (NDWI) to assess the condition of
agricultural enterprises’ lands, as well as for operational monitoring, enables evaluation of
moisture regime changes.

According to our analysis, NDWI dynamics shows decline of land humidity (and soil moisture
correspondingly) in general, comparing to the pre-war period, as seen for 2021, and following
dramatic decline of the index value in 2024 as irrigation stopped and agricultural lands degraded.

For the research plot, mean NDW!I value in 2022 is less than 47% of the 2021 value, while the
2024 mean negative value demonstrates obvious shift from humid to moderate drought
conditions. It sounds even more challenging in context of climate changes, that prepare numerous
threats for agriculture and society of the Ukrainian south regions.

Far consequences of the research allow to estimate the range of land use affection by military
actions, as well as the possibility of agricultural production under irrigation recovery and the
quality of life of people in general for the region.
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