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This study examines the impact of the full-scale war on the qualitative state of water resources and
land use regulation of the Pechenizke reservoir — one of the main sources of drinking water supply for
the Kharkiv region. The reservoir has undergone significant transformations in its physical
characteristics as well as its chemical and biological indicators. Based on remote sensing data,
analysis of Sentinel-2 satellite imagery (NDWTI indices), and results from geodetic monitoring, a 3.2%
reduction in the water surface area was recorded over the period from 2021 to 2023. Simultaneously,
an increase in concentrations of nitrates, phosphates, heavy metals, and microbiological
contamination (notably Escherichia coli) was observed. The primary drivers of these adverse effects
include the destruction of wastewater treatment facilities and sewage systems in frontline areas,
increased pressure on existing infrastructure due to population displacement, and the direct
consequences of military actions — such as the infiltration of explosives and petroleum products into
water bodies. The paper presents a comparative analysis of the reservoir's condition before and during
martial law, along with graphical visualizations of water quality changes and spatial dynamics using
heat maps and satellite index analysis (NDWI/NDMI). The findings underscore the urgent need for
the implementation of a comprehensive monitoring system, emergency response mechanisms, and
long-term measures aimed at the revitalization of regional water resources and the regulation of land
use.
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Introduction

Water resources play a critically important role in sustaining human life, maintaining ecological balance,
and supporting the development of regional economic systems. The Pechenihy reservoir, located in
Kharkiv oblast, serves as a strategic source of drinking water for the residents of Kharkiv city and
surrounding settlements. In the context of the full-scale military aggression ongoing since 2022, there is an
urgent need to assess the changes that water resources in the region have undergone as a result of
hostilities, infrastructure destruction, and migration processes. Previous studies (Derzhavne ahentstvo
vodnykh resursiv Ukrainy, 2021; Copernicus, 2023) indicated a stable hydrochemical condition of the
Pechenizke reservoir during the pre-war period. However, recent years have witnessed notable changes in
the physical parameters of the reservoir, including a reduction in water surface area, an increase in
biogenic substances, and the emergence of new pollution sources, which have raised concerns within the
scientific community. Until now, such changes have primarily been examined in the context of climate
variability or agricultural impacts (Anhurets et al., 2022; Strokal, Kovpak, 2022; Vynohradenko et al.,
2023; Koshkalda et al., 2022). Nevertheless, a comprehensive investigation into the impact of the war on
water resources and land use regulation remains absent.

A review of scientific publications indicates that the condition of aquatic ecosystems during armed
conflicts remains insufficiently explored. The research conducted by P. Gleick (Gleick, 2014) emphasizes
the threats that warfare poses to water security, though it primarily addresses the issue on a global scale.
Studies by Ukrainian scholars (Loboda et al., 2020) analyze changes in the water balance during peacetime
conditions. A recent study supported by the United Nations Environment Programme (UNEP, 2022)
highlights the degradation of water infrastructure in conflict zones but does not focus on local reservoirs.
Thus, there is a significant gap in empirical data concerning changes in water quality within specific water
bodies located in active war zones. The aim of this study is to propose land use regulation measures and to
provide a comprehensive assessment of the water quality status of the Pechenihy reservoir under martial
law, based on hydrochemical, microbiological, and satellite data. This research seeks to contribute to the
body of knowledge on aquatic systems affected by warfare, expanding the scope of existing analyses with
particular attention to the degradation of riparian zones and land use regulation.

Method and Theory

A comparative method was employed to collect and analyze data from official sources (Derzhavne
ahentstvo vodnykh resursiv, 2021, Kharkivskyi rehionalnyi tsentr z hidrometeorolohii). The research
methodology was based on an interdisciplinary approach, incorporating the analysis of hydrochemical
indicators, microbiological conditions, geodetic monitoring using satellite data, and spatial visualization of
environmental changes. Both fieldwork and office-based analysis were utilized for data collection. The
main stages of the research included:

1. Initial collection of statistical data from open sources for the period 2021-2023.

2. Field investigations conducted in the area of the Pechenizke reservoir during the summer—autumn
period of 2023, including water sampling from various depths and coastal zones.

3. Determination of concentrations of nitrates, phosphates, biochemical oxygen demand (BOD), chemical
oxygen demand (COD), as well as lead, cadmium, and Escherichia coli content, in accordance with ISO
standards.

4. Geodetic monitoring of land use changes using the NDWI (Normalized Difference Water Index) and
NDMI (Normalized Difference Moisture Index) derived from Sentinel-2 satellite imagery for the years
2021 and 2023 via the Copernicus browser platform.

5. Vectorization of the water surface within a GIS environment to assess changes in surface area between
2021 and 2023.

6. Statistical processing of results to construct graphs and analyze trends in qualitative water condition
indicators.

The results obtained made it possible to conduct a comprehensive assessment of land use dynamics and the
quality of water resources in the context of military conflict and to formulate scientifically sound
recommendations for further monitoring and rehabilitation measures.
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Results

During the study, a number of violations of water and land legislation were identified, which have become
particularly critical under martial law conditions. In particular, instances of unauthorized occupation of
land within coastal protective zones, ploughing of riparian areas, and illegal construction of facilities
without adherence to sanitary and environmental restrictions were documented. The increased pressure on
water bodies in the frontline zone was also accompanied by unauthorized discharges of wastewater and
violations in the maintenance regimes of hydraulic structures. These actions not only breach the legal
framework regulating land use in coastal areas but also exacerbate ecological risks to water quality and the
overall state of the environment. Until 2022, the Pechenihy reservoir was characterized by stable water
quality indicators, despite occasional discharges from domestic and agricultural sources. However, in the
period of 2022-2024, partial damage to water intake systems and sewer networks in nearby settlements
was recorded. This resulted in the uncontrolled release of wastewater into the catchment system. Elevated
concentrations of heavy metals in the water were detected, likely associated with the use of ammunition
and the depressurization of fuel and lubricant storage facilities (Fig.1).

2021 2023
Figure 1. Dynamics of the water surface of the Pechenizke reservoir based on satellite monitoring using
NDWI and NDMI (Moisture Index) derived from Sentinel-2 imagery for the years 2021 and 2023;
distribution graphs of NDWI and NDMI coefficients

An increase in levels of microbial contamination, particularly Escherichia coli, was also detected,
indicating the infiltration of fecal waters (Table 1). The rise in the number of internally displaced persons
in coastal zones contributed to additional pressure on infrastructure and caused an increase in domestic
pollution. The NDWTI index was used to illustrate changes in the water table and coastal degradation
processes. The results of processing Sentinel-2 satellite images (2021-2023) show a significant decrease
in the water saturation index, which is reflected in the NDWI change heat maps (Fig. 2).
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Table 1. Comparative analysis of water quality indicators
Indicator 2021 (before the war)| 2023 (during the war, after de occupation)
Nitrates (mg/dm?®) 5,4 12,7
Phosphates (mg/dm?) 0,3 1,1
Biochemical oxygen demand 2,6 6,5
(BOD) (mg/dm?)
Chemical oxygen  demand 14 33
(COD) (mg/dm?)
Lead (Pb) (mg/dm?) 0,0012 0,0055
Escherichia coli (CFU/100 ml) 120 >500
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Figure 2. Thermal graph of NDWI changes showing the drying of coastal areas of the Pechenizhsky
reservoir water mirror (2021-2023)

To assess changes in the water surface area of the Pechenizhsky reservoir in 2021 and 2023, a
vectorisation method based on Sentinel-2 satellite images was applied in the QGIS environment using
the NDWI index. The total measurement error was no more than 2% due to the high spatial resolution
and the use of the same processing algorithms for both periods. In 2021, the water surface area was
estimated at ~86.2 km?, and in 2023 — ~83.4 km?2. The relative decrease in area is about -3.2%. The
greatest drying is observed in the north-eastern and south-western areas of the thermal map (Fig. 2),
indicating a decrease in water levels and degradation of natural land use buffers. Regulation of land use
in coastal areas of water bodies under martial law covers the processes of legal establishment of land
protection regimes and control over compliance with the intended purpose. Changes caused by the war —
in particular, population displacement and military infrastructure — have highlighted the need for
flexible, crisis-oriented land use management based on a balance between security needs, environmental
constraints and sustainable use of natural resources. Recommendations for improving the water quality
of the reservoir and regulating land use:

1. Introduction of a real-time geodetic monitoring system using remote sensing to ensure compliance
with the intended use of land.

2. Creation of buffer zones and mobile stations around the reservoir to reduce domestic and agricultural
pollution.

3. Cleaning of coastal areas and remediation of silt deposits.

4. Development of a post-war environmental restoration strategy for the reservoir.

5. Legal formalisation of restrictions on land use under martial law.

6. Assessment of the compatibility of land use with the ecological function of the water body and spatial
zoning and functional planning of coastal areas.

Conclusions

Military actions have significantly affected the ecological state of the Pechenizhsky reservoir, leading to
a deterioration in water quality. Based on a comprehensive analysis of physical, chemical,
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microbiological, and remote satellite data, a 3.2% reduction in the water surface area and a critical
increase in the concentration of pollutants, including nitrates, phosphates, organic compounds, and
heavy metals, have been established. One of the key features of the changes identified is their
complexity — physical reduction of the reservoir, chemical degradation and biological disruption. It has
been established that the existing monitoring systems are not sufficiently adapted to wartime conditions
and require urgent modernisation. The study confirms the importance of combining geodetic monitoring
using satellite data with laboratory analysis for rapid response to environmental risks. In addition,
serious challenges have been identified in the regulation of land use in the coastal zone of the reservoir.
Military actions have led to actual violations of the legal regime of land: unauthorised occupation of
coastal protection zones, ploughing of protected areas, and temporary seizure of land for military
purposes without proper documentation have been recorded. With the weakening of control by state
institutions, the problem of unauthorised changes in the functional use of coastal lands has become more
acute. Thus, land use regulation in the coastal zone should be considered an integral part of the
environmental safety of water resources. Urgent intervention by state and international institutions is
necessary not only to preserve the source of drinking water for millions of people, but also to establish
spatial order, restore control over land use and ensure sustainable development of territories in the post-
war period.
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