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The study analyzes the impact of war on the state of the protected area — the Pryazovskyi
National Nature Park, particularly concerning hazardous geological phenomena and
processes. Satellite monitoring was applied, conducted using Google Earth Engine, along
with fire data from NASA’s FIRMS resource, which provides real-time information on
thermal anomalies detected by the MODIS and VIIRS satellites. The analysis of satellite fire
data was carried out for the territory of Molochnyi Estuary, the Altagir Zoological Reserve,
and Radivonivske Forestry for the period 2020-2024 and revealed significant changes in the
frequency, intensity, and causes of wildfires. It was established that the most extensive fires
were recorded in 2022, 2023, and 2024, which is associated with both the occupation of the
territory and its use as military training grounds, as well as the absence of environmental
control for fire suppression. In 2022, the highest number of fires was recorded, whereas in
2023, the highest radiative power was observed, indicating more intense ignitions. The year
2024 was marked by fires occurring in the winter season, which is an unusual phenomenon. It
was proven that wildfires pose a significant threat to the studied ecosystems, which play a
crucial role in stabilizing the geoecological conditions of the region. The destruction of these
forested areas will lead to intensified erosion processes, changes in soil conditions, and
deterioration of the region’s hydrogeological situation, resulting in long-term environmental
consequences.
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Introduction

The relevance of the study is due to the fact that, under wartime conditions and the temporary
occupation of certain territories, it has become impossible to implement measures to mitigate
hazardous geological phenomena and processes. This primarily concerns shoreline abrasion, water,
and wind erosion. Unfortunately, the positive changes achieved through the long-term application of
relevant measures have been negated due to inaction and destruction during the war, creating
environmental and geological risks for these territories. One such territory is the Pryazovskyi National
Nature Park, located on the coast of the Azov Sea in the occupied part of the Zaporizhzhia region.
Therefore, there is already a pressing need for research whose results will allow for an assessment of
the impacts and the development of measures for the potential restoration of these territories.

Method and Theory

The research methodology is based on the use of modern geoinformation technologies for analyzing
fire activity. The primary data processing tool is Google Earth Engine (GEE). As part of the study, a
fire data collection from Fire Information for Resource Management System (FIRMS) by NASA was
used, which provides real-time information on thermal anomalies detected by MODIS and VIIRS
satellites (FIRMS resource). Through the integration of satellite data and GEE tools, it was possible to
obtain an objective picture of fire activity in the region, which is crucial for making management
decisions in the field of environmental protection. The visualization of results was carried out using
color coding: red indicated high fire intensity, orange represented medium intensity, and yellow
denoted low intensity.

Results

Radivonivske forestry is an important natural site in the steppe zone of Ukraine, playing a significant
role in maintaining the region's ecological balance. Its history dates back to 1903 when afforestation
was initiated to combat water and wind erosion, stabilize soils, and improve the microclimate.
Geologically, the area is located within the Black Sea Basin, where a crystalline basement lies beneath
a thick layer of sedimentary rocks. The terrain is predominantly flat, with slight elevation changes, the
presence of ravines, gullies, and other features characteristic of steppe landscapes.

Altagir forestry, located within the Yakymivskyi district, is one of the most unique protected natural
sites in the Northwestern Azov region. From a geological perspective, this territory is part of the dry
Black Sea steppe, where Neogene and Quaternary deposits dominate. The forestry area exhibits a
complex morphology of soil cover, influenced by the transgressive-regressive cycles of the formation
of Molochnyi Estuary. The terrain consists of three main geomorphological elements: the estuarine
terrace, the steep slope, and the elevated plateau (supra-estuarine terrace). Each of these elements has
a specific geological structure and distinct soil composition.

An analysis of satellite fire data for the territory of Molochnyi Estuary, Altagir zoological reserve, and
Radivonivske forestry over the period 2020-2024 revealed significant changes in the frequency,
intensity, and causes of wildfires.

In 2020-2021, the primary factor contributing to wildfires was anomalous heat, which led to ignition
during the summer months. The brightness temperatures during daytime fires ranged from 302.21 K
to 332.74 K, while the radiative power varied from 1.31 to 3.07 MW. High-temperature conditions
facilitated the rapid spread of fire, which was particularly evident in cases of serial ignitions in July.

In 2022-2024, the natural factor of ignition also played a significant role. However, the lack of
environmental management due to military occupation made it impossible to control and extinguish
such fires, contributing to their large-scale spread.
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Since 2022, when the territory of Molochnyi Estuary was occupied and used for the creation of
military training grounds, a significant increase in fire intensity has been observed. Thus, in 2022,
recorded brightness temperatures reached 367 K, and radiative power was measured at 97.12 MW,
indicating large-scale fires caused by ammunition explosions, artillery strikes, and deliberate arson. In
2023, this trend persisted: the largest fires occurred in August, with recorded power reaching up to
9.21 MW, which may indicate active combat operations in the region (Fig. 1).
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Figure 1 Geoaphy of Major Fires in 2023.

Particular attention should be paid to the situation in 2023-2024. In 2023, several major fires were
recorded in the area around Molochnyi Estuary, coinciding with zones of active military activity and
the locations of Russian military training grounds. The high temperature and radiative power of these
fires indicate large-scale ignitions, which could have been caused by increased temperature levels,
explosions, or deliberate arson (Fig. 2).

On July 15, 2023, at 10:21 UTC, a fire was recorded at coordinates 46.69481°N, 35.31675°E, with a
brightness temperature of 342.51 K, an actual temperature of 308.05 K, and a radiative power of 6.62
MW, indicating a large-scale fire, likely caused by artillery strikes or ammunition detonation. On the
same day, at 10:21 UTC, another fire was recorded at coordinates 46.69395°N, 35.31168°E, with a
brightness temperature of 336.77 K, an actual temperature of 309.98 K, and a radiative power of 2.63
MW. This less intense fire may have resulted from the spread of flames from the primary source or
the targeting of individual objects. On August 5, 2023, at 10:27 UTC, a fire was recorded at
coordinates 46.75291°N, 35.39981°E, with a brightness temperature of 336.51 K, an actual
temperature of 309.88 K, and a radiative power of 1.94 MW, which may indicate the ignition of
remaining ammunition or detonation due to an explosive shockwave. On August 6, 2023, at 10:09
UTC, a fire was recorded at coordinates 46.59848°N, 35.25154°E, with a brightness temperature of
346.42 K, an actual temperature of 310.70 K, and a radiative power of 5.04 MW. The high-
temperature indicators suggest a massive fire, potentially caused by prolonged exposure to high
temperatures or explosions. The largest fire was recorded on August 6, 2023, at 10:09 UTC at
coordinates 46.73981°N, 35.36436°E, where the brightness temperature reached 311.65 K, and the
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radiative power was 9.21 MW. Such high temperature and power indicate an intense fire over a large
area, which may have resulted from military activities.
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Figure 2 Geography of Major Fires in 2023.

All recorded fires in 2023 were characterized by high radiative power and temperatures. The high
intensity of the fires indicates the impact of explosions, the use of heavy equipment, and possible
deliberate arson, as well as the lack of fire management to extinguish those fires that occurred due to
anomalous temperatures.

In 2024, several significant fires were recorded in the area around Molochnyi Estuary. Considering
the possible anomalous temperature conditions, some of these fires may have been caused by extreme
heat and the absence of environmental management, which could have minimized the fires or reduced
their spread (Fig. 3).

On August 5, 2024, a fire was recorded at coordinates 46.48893°N, 35.29580°E, with a brightness of
309.64 K, a brightness temperature of 282.86 K, and a radiative power of 2.28 MW. This incident
occurred at night, which may indicate localized ignition or residual burning after daytime surface
heating. On August 19, 2024, a fire was recorded at coordinates 46.63655°N, 35.25887°E, with a
brightness of 344.80 K, a temperature of 313.74 K, and a radiative power of 5.79 MW. This
significant fire could have been caused by both natural factors and human activity. On September 1,
2024, at 10:58 UTC, a fire was detected at coordinates 46.70989°N, 35.48804°E, with a brightness of
336.42 K, a temperature of 302.72 K, and a radiative power of 2.24 MW. Considering the daytime
ignition, it may have been caused by high temperatures or human activity. On December 24, 2024, a
fire was recorded at coordinates 46.72868°N, 35.29205°E, with a brightness of 330.86 K, a
temperature of 281.93 K, and a radiative power of 2.61 MW. This case is atypical for the winter
period, which may indicate a technogenic factor or intentional ignition.

Conclusions
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The analysis of satellite data and environmental conditions in the Northwestern Azov region indicates
significant changes in the frequency, scale, and causes of fires in the steppe zone, which are
associated with both natural factors and anthropogenic influence. Historically, Ukraine's steppe zone
has been prone to fires; however, measures were implemented to control ignitions, including planned
burning practices to restore biotopes and prevent uncontrolled fire spread. With the onset of military
operations and the occupation by Russian forces, this control disappeared, leading to the uncontrolled
spread of fires. An additional threat has been the establishment of military training grounds near
Kyrylivka, Dunayivka, and Radivonivka, where a military range is located directly adjacent to an
artificially created forest massif designed to regulate the area's water balance.
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Figure 3 Geoaphy of Major Fires in 2024.

Satellite monitoring has shown an increase in fire hotspots near military training grounds. The most
extensive fires were recorded in 2022, 2023, and 2024, linked both to the occupation of the territory
and its use as military training grounds, as well as the lack of environmental oversight. In 2022, the
highest number of fires was recorded, while in 2023, the highest radiative power was observed,
indicating more intense ignitions. The year 2024 was marked by fires occurring in the winter season,
an unusual phenomenon. This may suggest the anthropogenic influence of military training activities
or intentional burning of areas.

Fires pose a significant threat to the ecosystems of Molochnyi Estuary, the Altagir Zoological
Reserve, and Radivonivske Forestry. The latter plays a key role in stabilizing the geoecological
conditions of the region by reducing wind erosion, regulating the hydrological regime of adjacent
areas, and promoting soil moisture retention. Forest plantations also help maintain the stability of
biocenoses, preventing landscape degradation. The destruction of these forested areas will lead to
intensified erosion processes, changes in soil conditions, and deterioration of the region’s
hydrogeological situation, resulting in long-term environmental consequences.
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