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RESEARCH ON THE IMPACT OF WAR ON PROTECTED AREAS
OF SOUTHERN UKRAINE

Purpose. To conduct an integrated analysis of the dynamics and ecological consequences of wildfires on
Biriuchyi Island (Azovo-Syvash National Nature Park) between 2014 and 2024 using satellite monitoring tools. The
study aims to identify spatial and temporal patterns of fire occurrence, assess their impact on vegetation and fauna,
and highlight the environmental threats exacerbated by the ongoing occupation and lack of fire management.

Methods. The study utilized NASA FIRMS (MODIS and VIIRS sensors), Sentinel-2 data, Google Earth
Engine, and weather archives (RP5) to detect and map fire anomalies. Temporal-spatial analysis was performed
based on fire radiative power (FRP), thermal brightness, fire coordinates, and weather parameters. Multisource
data were integrated to validate fire events, and Sentinel-based NDVI changes were analyzed to assess vegetation
damage.
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Results. Two primary fire peaks were identified: June and August 2024. The highest FRP (35.15 MW) and
temperature (367 K) were recorded on June 10. Fires exhibited clear diurnal patterns— higher intensity during the
day and more detections at night. Vegetation loss and fire scars were confirmed via Sentinel imagery. Occupation-
related factors (lack of suppression, military activities) were linked to increased fire spread. Post-fire satellite data
showed significant degradation of native vegetation and fragmentation of habitats for deer, amphibians, and
migratory birds.

Conclusions. The fires on Biriuchyi Island have caused severe disruption to ecosystems through soil ero-
sion, vegetation loss, and trophic imbalance. Restoration requires urgent actions: wildlife population monitoring,
reforestation with native species, erosion control, and regulation of ungulate density. The use of satellite tools
proved essential for detecting small-scale fires and monitoring ecological dynamics in inaccessible territories.
Without active intervention, cascading degradation is likely, including microclimatic shifts and invasion of alien
species. A long-term management plan is needed to restore and protect this unique ecological area.

KEY WORDS: Biriuchyi Island, wildfire monitoring, satellite remote sensing, FRP, NDVI, ecosystem
degradation, ungulates, vegetation loss, fire dynamics, occupation, Google Earth Engine
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Introduction

The consequences of the full-scale direct impacts such as combat damage,
invasion of Ukraine have significantly impacted landmines, pollution, disruption of the
various aspects of the environment, particularly hydrological regime, and uncontrolled human
the condition of protected natural areas. Nature intervention.
reserves, national parks, and other ecosystems Researching the consequences of war on
under special protection have come under threat this protected area is extremely relevant for
of destruction, degradation, or severe disruption assessing the current state of natural complexes,
of natural balance. Military actions have caused identifying the most vulnerable zones, and
soil, water, and air pollution, habitat destruct- developing scientifically based rehabilitation
tion, changes in the range of animal species, and measures. Furthermore, the results of such
the extinction of rare flora and fauna species. studies can serve as a foundation for updating

In wartime conditions, there is an nature protection policies in the context of post-
increasing need for comprehensive studies on war recovery, increasing environmental
the consequences of anthropogenic impact on awareness, and integrating ecological safety
natural resources and the preservation of into national security overall.
biodiversity. Such research is vital for develo- Biryuchyi Peninsula, which is part of the
ping strategies for environmental restoration, Azov-Syvash National Nature Park, is located
adapting conservation activities to crisis in the southern part of Kherson Oblast. This
conditions, and ensuring ecological security in area holds exceptional conservation value due
the post-war period. to its unique ecosystems, rich flora and fauna,

The Azov-Syvash National Nature Park and its importance for bird migration routes. As
is a unique natural site that plays a key role in a result of the Russian occupation, monitoring
preserving the biodiversity of Ukraine's the ecological condition of the Biryuchyi
southern region. Its territory includes important Peninsula and responding promptly to
ecosystems— lagoons, lakes, steppes, and salt environmental threats has become nearly
marshes— which serve as habitats for rare and impossible. This creates conditions for
endangered plant and animal species, as well as potentially irreversible losses to the natural
a globally significant bird migration zone. Due environment.

to military operations, the park has suffered
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Objects and Research Methods

The object of the study is the Biryuchyi
Peninsula, part of the Azov-Syvash National
Nature Park, specifically its coastal-steppe
ecosystems that have been affected by wildfires
since the beginning of the full-scale invasion.
Due to the temporary occupation of the NNP's
territory, the study of wildfires was conducted
using Sentinel-2 satellite imagery via NASA’s
observation tools through the Google Earth
Engine platform. This enabled the identification
of areas with increased thermal impact [1-2].

The main tool for data processing
is Google Earth Engine (GEE)- a cloud-based
platform that allows users to work with large
volumes of satellite images and conduct real-
time analysis. The study utilized fire data from
NASA’s FIRMS (Fire Information for Resource
Management System), which provides up-to-
date information on thermal anomalies detected
by MODIS and VIIRS satellites.

The methodology for wildfire detection
using satellite data is a complex, multi-stage
process that includes the collection, processing,
and analysis of data from various sensors, such
as MODIS, VIIRS S-NPP, VIIRS NOAA-20,
and VIIRS NOAA-21. Each of these satellite
instruments has unique characteristics that
influence the accuracy, completeness, and
timeliness of fire detection.

For example, the VIIRS satellite has a
higher spatial resolution compared to MODIS,
enabling it to detect even smaller fire sources.
Additionally, VIIRS observes both during the
day and at night, unlike MODIS, which mainly
focuses on daytime imaging. This gives VIIRS
the ability to record fires across a wider time
range. Furthermore, VIIRS sensors have
increased sensitivity to thermal radiation,
enhancing their capability to detect even
relatively low-intensity fires.

The MODIS satellite, in turn, has a
somewhat lower spatial resolution but
compensates for this with a wider field of view,
which allows it to conduct global wildfire
monitoring. One of MODIS’s advantages is its
long history of observations, as the satellite has
been operating since 2000, enabling the analysis
of multi-year data. Additionally, MODIS has

better radiometric accuracy and calibration
characteristics, which enhance the reliability of
the measurements obtained. Despite its
advantages, MODIS still falls short of VIIRS in
certain aspects, such as resolution and
observation frequency.

The analysis of satellite data on fires is
based on evaluating several key parameters. One
of the main ones is surface temperature, recorded
in Kelvins, which serves as an indicator of fire
intensity. The higher the temperature, the more
powerful the fire. Another important indicator is
FRP (Fire Radiative Power), measured in
megawatts. It reflects the thermal radiation
power of a fire. FRP values are considered
directly proportional to fire intensity. High FRP
values indicate large-scale fires, while low
values point to less intense fire outbreaks. FRP
can also be used to estimate the rate of vegetation
burning and carbon emissions into the
atmosphere during fires. This information is
important for modeling the impact of fires on
ecosystems and the global climate. It should also
be noted that FRP values may vary depending on
many factors, such as weather conditions,
vegetation types, and others. Therefore, it is
necessary to consider the specific context when
interpreting this parameter.

The analysis was carried out by processing
satellite data and subsequently visualizing them
in Google Earth Engine. The geometry of the
study area was created, and key fire activity
zones were identified. To assess the dynamics of
fires, data were filtered by year, which made it
possible to track changes in fire intensity in the
area under study. The results were visualized
using color coding: red indicated high fire
intensity, orange — medium, and yellow — low.

Additionally, spatial analysis methods
were used to identify patterns in the distribution
of fires. This made it possible to determine
potential factors influencing fire occurrences and
to assess the scale of their spread. Thanks to the
integration of satellite data and Google Earth
Engine tools, an objective picture of fire activity
in the region was obtained, which is important
for making management decisions in the field of
environmental protection.

Results and Discussion

The Azov-Syvash National Nature Park
was established by the Decree of the President
of Ukraine dated February 25, 1993, No. 62/93,

on the basis and within the existing boundaries
of the Azov-Syvash nature and hunting reserve
and its protected zone with the water areas of
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the Central Syvash and the Sea of Azov. Ad-
ministratively, the Azov-Syvash National Na-
ture Park is subordinated to the State Admin-
istration of Affairs of the President.

The idea of reserving these territories
arose at the end of the 19th century due to their
unique natural significance. In 1927, a separate
reserve “Seaside Spits” was created under the
Askania-Nova reserve, which later turned into
the Azov-Syvash Reserve. In 1933, the reserve
was divided into the Black Sea and Azov-
Syvash. In 1957, the latter was reorganized into
a nature and hunting reserve, and in 1975 its ter-
ritory received international status as an im-
portant nesting site for waterfowl. In 1993,
based on the nature and hunting reserve, the
modern national park was created.

The territory of the park is located in the
southeast of the administrative Kherson region
within the Henichesk and Novotroitsk adminis-
trative districts and has an elongated east-west
configuration, which is also defined by the con-
figuration of the coastline of the Syvash Bay
and the Sea of Azov. Geographically, the terri-
tory of the park consists of two parts separated
from each other — the Syvash and the Azov. The
Syvash part occupies the northern part of the
Central Syvash and borders in the south with the
Crimean Peninsula, and in the north along the
shoreline of the Syvash Bay. An exception is the
Serhiivsky and Novodmytrivsky estuaries and a
number of ponds that are separated from the
main water area by dams. The lands adjacent to
the park along the shoreline, as well as parts of
the Churyuk and Kuyuk-Tuk islands, are used
by village and farming households. The Azov
part is located in the water area of the Sea of
Azov and is represented by the Biryuchyi Pen-
insula and a one-kilometer strip around it. In
2018, during the development of the “Territory
Organization Project...” the area of the Azov-
Syvash National Nature Park was clarified,
which now amounts to 52581.6774 ha. The en-
tire territory of the park, according to the latest
“Territory Organization Project,” is divided into
the following functional zones: 1) reserve —
39196.07 ha. Any economic and recreational
activity is prohibited here, with rare exceptions.
It includes: a) Churyuk Island — 898.7 ha, b)
Kuyuk-Tuk Island — 255.3 ha, ¢) Martynyachyi
Island — 7 ha, d) part of the Syvash Bay — 37785
ha, e) Biryuchyi Spit — 250 ha; 2) regulated rec-
reation — 618 ha. It includes the territory: a) Bi-
ryuchyi Spit — 318 ha, b) water area of the Sea
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of Azov around Biryuchyi Spit — 300 ha; 3) sta-
tionary recreation — 49 ha of the Biryuchyi Spit.
The last two zones are intended for recreation.
Here it is allowed to establish tourist routes,
ecological trails; 4) economic zone — 12718.6 ha
(mostly located on the territory of the Biryuchyi
Spit).

Here shooting and trapping of wild ani-
mals, sports, hunting and nature tourism, fish-
ing, limited subsidiary farming, construction,
grazing of livestock are allowed — in other
words, economic activity within reason. It also
includes the water areas of the estuaries adja-
cent to Biryuchyi: Muzhychyi, Yamkivskyi,
Olen, Ozerskyi, Vershynskyi, Bukhta with a to-
tal area of 632 ha, part of the water area of the
Syvash Bay and a one-kilometer strip of the wa-
ter area of the Utliuk estuary and the Sea of
Azov. According to the landscape zoning
scheme, the territory of the Azov-Syvash Na-
tional Nature Park belongs to the Prysyvash-
Pryazov dry steppe lowland landscape area. The
landscape structure of this area has formed un-
der the influence of climatic conditions, vegeta-
tion characteristics, air mass action, relief, com-
position of underlying rocks, soil-forming pro-
cesses, and geological-geomorphological activ-
ity of the sea. This area is distinguished by the
following features: minimal atmospheric pre-
cipitation, high evaporation rates, low relative
air humidity, and almost complete absence of
surface runoff.

The Azov-Syvash National Nature Park
is one of the most valuable natural areas of the
Azov region. Its landscape combines steppe ar-
eas, salt flats, and significant water areas of the
Sea of Azov, Syvash Lake, and the Utliuk estu-
ary. Only one-sixth of the territory is land, and
the rest is occupied by aquatic ecosystems that
are of great importance for the region’s biodi-
versity. The climatic conditions of the park are
characterized by a long hot summer with tem-
peratures up to +40°C and a short winter with
minimal precipitation. The average temperature
in January is -3°C, although it can drop to
--34°C. The territory of the park is one of the
driest in Ukraine, with an average annual pre-
cipitation of about 260 mm. This creates spe-
cific conditions for the formation of steppe and
salt-marsh vegetation adapted to the arid cli-
mate. The reserve zone of Central Syvash is rep-
resented by lagoon ecosystems that are periodi-
cally flooded by sea waters, forming a complex
hydrological regime.
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Accordingly, the vegetation of this part of
the park includes saltmarsh grass, spreading
glasswort, half-shrub sea lavender and other
halophilic species. This territory is also an im-
portant site for bird concentrations, especially
during seasonal migrations. Biryuchyi Island,
which is actually a spit with an area of 7232 ha
and stretches for 20 km, was formed by the ac-
cumulation of sand and shells. Its coastline is
indented by numerous bays and lagoons, creat-
ing favorable conditions for the development of
aquatic flora and fauna. Small lakes are located
along the coast, and the island's climate is mod-
erately continental with a long hot summer. The
soils of the island are mainly meadow, sod and
saline, and the vegetation cover is represented
by littoral, sandy-steppe, salt-meadow, coastal-
aquatic communities, as well as artificial forest
plantations. It should be noted that Biryuchyi is
more appropriately considered a peninsula, as it
has a permanent land connection with the main-
land via the Fedotov Spit. This connection is
only occasionally interrupted for a short time
due to storm events.

The plant world of Biryuchyi is mainly
represented by meadow and sandy-steppe spe-
cies, among which vascular plants dominate —
reed, rush, couch grass. In the 1970s-80s, artifi-
cial forest plantations were created here with a
total area of 232 ha, which included narrow-
leaved oleaster, elm, robinia, and ash. The fauna
of the island includes various species of even-
toed ungulates, in particular red deer, fallow
deer, kulans, mouflons, and even domestic
horses. In addition, foxes and raccoon dogs live
here, and among birds — pheasants. It is im-
portant to note that most of the species were ac-
climatized, since by the beginning of the 20th
century the fauna of Biryuchyi was relatively
poor. On Biryuchyi Island, some animal species
were successfully acclimatized, in particular
fallow deer and pheasants, as well as reacclima-
tized Askanian steppe deer, mouflon, and saiga.
Thanks to favorable natural conditions, these
species have adapted well to local ecosystems,
enriching the biodiversity of the park. Given the
limited economic activity, which is constrained
both by natural factors (isolation of the territory,
saline soils, lack of permanent population) and
by environmental restrictions (protected zone
status), the natural landscapes of the Azov-
Syvash National Nature Park remain almost un-
touched. An exception is part of the Biryuchyi
Peninsula — the territory around the lighthouse,
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the village of Sadky, and the border areas,
where park employees carry out limited man-
agement: haymaking, livestock grazing, culti-
vation of household plots. In addition, the area
of artificial forest plantations on Biryuchyi
should be considered transformed, as forest eco-
systems are not typical for local landscape con-
ditions. At the same time, these plantations en-
rich the natural structure of the territory, creat-
ing new ecological niches for the habitation and
concentration of living organisms. Afforesta-
tion on the Biryuchyi Peninsula has a long his-
tory. The first plantings, including pyramid
poplar and Bolle poplar, white mulberry, black
locust, and narrow-leaved oleaster, were
planted as early as 1914. Although the initial re-
sults were promising, further greening efforts
were resumed only in 1957. Then, in addition to
the already mentioned species, many new trees
were planted — common quince, small-leaved
elm, box elder, western plane, balsam poplar,
green ash, as well as several species of willows
(brittle, Babylonian, and white).

Among the shrubs were planted privet,
felt cherry, Tatar honeysuckle, cornelian cherry,
white dogwood, smoke tree, and golden currant.
However, due to the unsuccessful choice of
plots and the use of standard technologies in dif-
ficult natural conditions, the desired result was
not achieved. In 1958, under the leadership of
Professor O.L. Belgard, O.A. Fedorko began
work on creating protective coverts for pheas-
ants in the form of ribbon-rectangular forest
plantations 20-50 meters wide. Within this pro-
ject, 116 species of woody-shrub plants were
tested, including 53 tree species and 63 shrub
species.

The planting method involved forming
clumps of trees, with strips of shrubs placed
along the edges. At that time, valuable forest ar-
eas were formed on an area of 650 hectares.
Over the past 40 years, about half of such cov-
erts have disappeared. Of the 51 tree and shrub
species that have survived, most are in de-
pressed or only satisfactory condition. The best
preserved are plantings of silver and narrow-
leaved oleaster, common black locust, various
species of poplar (white, Bolle, Canadian,
black), common oak, eastern plane tree, Vir-
ginia juniper, common ash, black mulberry, and
smooth elm. In addition to the coverts, separate
forest areas and park zones were established on
the territory of the Sadky village estate. The
largest areas — over 200 hectares — are occupied
by monocultures of narrow-leaved and silver
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oleaster. In general, the condition of plantations
created in the period 1965-1980 (common oak,
green ash, narrow-leaved oleaster, smooth elm,
four-stamen tamarisk) is assessed as satisfactory.

The occupation of the territory and mili-
tary actions since 2022 have caused irreparable
damage to the natural ecosystems of the na-
tional park in general and to the Biryuchyi Pen-
insula in particular. The loss of protected status,
destruction of fauna and flora, as well as inter-
ference in natural processes may have long-
term consequences that will require significant
efforts for restoration in the future. Some con-
sequences of the war's impact have been studied
by us in the works. In order to determine the im-
pact of fires on the ecosystem of the Biryuchyi
Peninsula since the beginning of the full-scale
invasion, we conducted studies of thermal
anomalies using satellite data.

Within the framework of the study, satel-
lite data on thermal anomalies recorded in the
period from 2014 to 2024 in the area of the
northern coast of the Sea of Azov, in particular
in the vicinity of Biryuchyi Island, were system-
atized. The data were obtained from the open
NASA FIRMS (Fire Information for Resource
Management System) platform and cover key
parameters of each hotspot: date and time of de-
tection, geographic coordinates, brightness and
temperature of radiation, FRP (Fire Radiative
Power), as well as the part of the day. The anal-
ysis of the obtained indicators makes it possible
to assess the dynamics of fire occurrences, their
intensity and potential connection with weather
conditions, economic activity, or other anthro-
pogenic factors. Tables 1 and 2 presented form
the basis for further spatiotemporal analysis of
fire activity in the study area during 2014-2021.

The analysis of Tables 1 and 2 showed
that during the period from 2014 to 2021,
wildfires occurred at certain locations (with
observable recurrence) but were of short
duration. They took place both in the steppe
zone of the island and within its territory.

Particular attention should be paid to the
period from 2022 to 2024, since the territory, as
noted, was occupied, and it was appropriate to
analyze the situation specifically during this
time. From 2022 to 2024, a number of wildfires
of varying intensity, spread patterns, and
temporal dynamics were recorded in the area
near Biryuchyi Island.

Figure 1 shows the spatial intensity of
thermal anomalies recorded in 2022 within the
northern coast of the Sea of Azov, with a focus
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on Biryuchyi Island and adjacent areas of
Henichesk District. The data are visualized
based on satellite observations from the NASA
FIRMS platform, which detects thermal
radiation sources (wildfires) through spectral
analysis.

The color gradation of pixels (from
yellow to red-orange) indicates the density and
frequency of thermal events. A high concent-
ration of anomalies is observed in the north-
western part of the image — this indicates a
significant number of fires or thermal processes
of technogenic or natural origin. Biryuchyi
Island, marked with a green square, is relatively
less affected; however, several hotspots have
also been recorded in its northeastern part,
suggesting a potential spread of wildfire activity
into the nature reserve area.

Google Earth Engine (GEE) is a cloud-
based platform that allows working with large
volumes of satellite imagery and performing
real-time analysis. Within the framework of the
study, a dataset was used MODIS and VIIRS.

The use of fire data from NASA’s
FIRMS (Fire Information for Resource
Management System) did not provide informa-
tion on wildfire characteristics during 2022.
This may be due to the absence of data on
thermal anomalies recorded by the VIIRS
satellite.

At the same time, the application of the
data processing tool Google Earth Engine
(GEE), which provides information on burned
areas detected by MODIS and VIIRS satellites,
made it possible to identify the following results
throughout 2022 (Fig. 2).

In 2022, it was not possible to obtain data
for the winter months— January and February—
due to the lack of suitable satellite images with
low cloud cover. The first signs of burning were
recorded in March, with an estimated burned
area of approximately 0.14 km?. In April, fire
activity increased, and the burned area reached
0.66 km?, making it the second most intense
month of the year. In May and June, activity
decreased, with burned areas of 0.006 km? and
0.014 km?, respectively. The highest level of
fire activity was observed in July, when the
burned area exceeded 1.19 km?- this was the
peak month by all indicators. In August, the
burned area significantly decreased to 0.012
km?, and from September to December, only
isolated or minor fire outbreaks were recorded,
with monthly burned areas of less than 0.01
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Table 1

Thermal anomalies (wildfires) based on NASA FIRMS satellite monitoring in the northern
Pryazovia region (Biryuchyi Island) during 2014-2018 (Suomi NPP satellite, VIIRS instrument)

Date Time Coordinates Brightness, | Temperature, | FRP, MW Time
°K °K of Day
2014 year ‘
25.02.2014 09:36 35.19423°, 46.08587° 332.82 299 4.7 day
16.05.2014 09:38 35.09446°, 46.07539° 339.2 311.24 11.14 day
2015 year ‘
30.04.2015 10:33 35.12894°, 46.1455° 339.14 314.05 6.21 day
08.05.2015 23:45 35.19014°, 46.07806° 304.62 284.49 2.16 night
22.05.2015 22:42 35.05461°, 46.07613° 309.18 291.54 1.1 night
11.06.2015 23:07 35.15404°, 46.15062° 317.6 290.53 1.18 night
13.09.2015 09:42 35.20778°, 46.09476° 348.46 321.08 17.22 day
2016 year
29.05.2016 10:24 35.1572°,46.18586° 346.56 318.99 8.78 day
10.06.2016 22:20 35.14247°, 46.15843° 301.18 289.29 0.7 night
07.06.2016 22:50 35.15163°,46.20123° 312.53 293.86 1.36 night
23.11.2016 22:07 35.07772°, 46.07906° 332.95 275.25 4.45 night
25.11.2016 09:08 35.13446°,46.19335° 326.63 289.93 2.56 day
2017 year
13.06.2017 22:18 35.16241°, 46.15647° 313.29 310.29 0.93 night
17.06.2017 22:44 35.13104°, 46.15343° 302.91 303.91 0.71 night
20.06.2017 09:26 35.16985°, 46.17682° 355.30 356.30 17.54 day
01.07.2017 09:19 35.15219°,46.14613° 342.98 343.98 7.49 day
03.12.2017 23:16 35.03753°,46.17597° 304.54 305.54 1.00 night
2018 year
20.06.2018 10:22 35.16138°,46.1436° 344.08 317.47 8.44 day
03.07.2018 23:40 35.20909°, 46.09457° 320.98 298.63 3.72 night
07.07.2018 22:25 35.15823°,46.14952° 304.76 292.12 1.25 night
03.08.2018 22:19 35.15622°, 46.10986° 305.0 294.92 0.99 night
03.09.2018 10:16 35.12032°, 46.08723° 350.08 321.3 16.53 day
13.09.2018 22:51 35.2088°, 46.18575° 314.69 293.33 1.38 night
Compiled by the authors based on source [1].
km?. Thus, the main fire activity occurred in the Biryuchyi Island — a nature reserve site.

spring-summer period, with a peak in July.
Similar studies were continued for 2023.
Figure 3 presents satellite mapping of
thermal anomalies in the southern part of
Zaporizhzhia and the eastern part of Kherson
regions for the period from January to
December 2023. The image was created using
NASA FIRMS data, which reflect active fire
hotspots (thermal anomalies) with spatial
distribution of intensity. As in the previous
image, the green square marks the area of
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Regarding the protected zone— Biryuchyi
Island— thermal anomalies were also recorded
within or near it, posing a threat to natural
ecosystems. This expansion of fire activity may
be linked to changes in climatic conditions (an
increase in average daily temperature, a
decrease in precipitation), as well as
complications in environmental monitoring
during wartime. Therefore, the year 2023 is
characterized by increased intensity and
territorial coverage of wildfires, which creates



ISSN 1992-4224 Jlropuna Ta noskimns. IIpobaemu Heoekomnorii. 2025. Bunyck 43

Table 2

Thermal anomalies (wildfires) based on NASA FIRMS satellite monitoring in the northern
Pryazovia region (Biryuchyi Island) during 2019-2021 (Suomi NPP satellite, VIIRS instrument)

Date Time Coordinates Brightness, | Temperature, | FRP, MW Time
°K °K of Day
2019 year
02.06.2019 22:38 35.16323°,46.15553° 307.07 307.07 0.92 night
14.06.2019 09:51 35.11017°, 46.11028° 367.00 367.00 15.15 day
14.06.2019 22:13 35.08490°, 46.12121° 341.50 341.50 7.48 night
15.06.2019 09:32 35.09468°, 46.11148° 347.75 347.75 24.35 day
16.06.2019 10:54 35.09716°, 46.08716° 341.01 341.01 11.94 day
04.08.2019 10:35 35.16127°,46.17272° 348.12 348.12 6.90 day
14.08.2019 10:48 35.19474°,46.16037° 367.00 367.00 26.60 day
13.09.2019 22:06 35.21069°, 46.11153° 330.11 330.11 4.33 night
2020 year
26.06.2020 22:25 35.08144°, 46.09064° 318.21 297.2 4.23 night
28.06.2020 09:25 35.0776°, 46.11045° 344.38 316.5 18.68 day
28.06.2020 21:47 35.06363°, 46.12894° 312.27 294.85 3.36 night
30.06.2020 08:48 35.08916°, 46.15711° 334.11 334.11 21.39 day
30.06.2020 22:50 35.06333°, 46.15044° 310.4 348.17 1.38 night
30.06.2020 23:53 35.0659°, 46.07281° 307.77 346.34 4.73 night
01.07.2020 09:57 35.12608°, 46.19098° 367.00 336.21 8.69 day
2021 year
09.04.2021 22:43 35.16703°, 46.10798° 311.59 282.03 1.24 night
24.04.2021 10:41 35.16858°, 46.14602° 367.00 316.51 3.35 day
25.04.2021 10:22 34.98259°, 46.17447° 333.37 308.06 4.36 day
25.04.2021 22:43 34.9863°, 46.08393° 304.83 288.38 0.57 night
04.06.2021 21:53 35.14074°, 46.16631° 315.01 291.81 1.94 night
05.06.2021 09:13 35.13234°,46.16674° 341.16 315.91 2.34 day
24.06.2021 09:57 35.13001°, 46.19447° 367.00 327.22 8.69 day
25.06.2021 09:38 35.17773°,46.21025° 321.02 351.61 13.9 day
21.07.2021 22:13 35.06557°, 46.09747° 312.12 299.18 3.01 night
22.07.2021 09:32 35.06585°,46.1017° 351.87 320.45 10.16 day

Compiled by the authors based on source [1].

additional environmental risks for coastal and
protected areas of the Azov-Black Sea region.
Satellite data recorded a wildfire on the
southeastern coast of the Biryuchyi Peninsula
from July 4 to July 10, 2023. The affected zones
are clearly visible in the imagery using NDVI,
indicating vegetation cover degradation. The
results of the conducted analysis indicate a
significant deterioration in the ecological
condition of the study area due to military
occupation. Since the occupation began, the

effectiveness of fire suppression has noticeably
decreased, and systematic care of protected
areas, particularly in the Biryuchyi Island
region, has almost completely ceased. This has
created preconditions for large-scale seasonal
wildfires affecting both natural and agricultural
landscapes.

During the analysis of satellite data from
NASA's FIRMS system, two main periods of
fire activity were recorded in the study area — in
June and September (Table 3).
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Fig. 1 — Condition of the selected area from January 2022 to December 2022.
Compiled by the authors based on source [2].

Burned Area per Month (km?) in 2022:
~List (12 elements)

*08: Object (2 properties)
burned_area_km2: null
month: 1

=1: Object (2 properties)
burned_area_km2: null
month: 2

=2: Object (2 properties)
burned_area_km2: 0.13863764069608803
month: 3

~3: Dbject (2 properties)
burned_area_km2: 0.6597645292834713
month: 4

~4: Object (2 properties)
burned_area_km2: 0.0086233703918457031
month: 5

~5: Object (2 properties)
burned_area_km2: 0.01432473016357422
month: 6

~6: Object (2 properties)
burned_area_km2: 1.1897405258789062
month: 7

~7: Object (2 properties)
burned_area_km2: 0.012470583984375
month: 8

*8: Object (2 properties)
burned_area_km2: 0.0006238674926757812
month: 9

*9: Object (2 properties)
burned_area_km2: 0.0006240060424804688
month: 10

*10: Object (2 properties)
burned_area_km2: 0.08934088555908203
month: 11

*11: Object (2 properties)
burned_area_km2: 0.0006233760986328125
month: 12

Fig. 2 — Burned Area in 2022
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Fig. 3 — Condition of the selected area from January 2023 to December 2023
Compiled by the authors based on source [2].

Table 3
Thermal anomalies (wildfires) based on NASA FIRMS satellite monitoring in the northern Pryazovia
region (Biryuchyi Island) during 2023 (Suomi NPP satellite, VIIRS instrument)

Date Time Coordinates Brightness, | Temperature, | FRP, MW | Time
°K °K of Day
2023 year
06.06.2023 23:11 35.07536°,46.1778° 302.36 288.91 0.39 night
06.06.2023 23:11 35.07462°, 46.1813° 300.33 28791 0.39 night
08.06.2023 22:33 35.06746°, 46.19642° 290.72 310.44 1.52 night
10.09.2023 23:10 35.11687°, 46.16344° 320.04 295.22 1.91 night
11.09.2023 08:50 35.11636°, 46.17956° 340.52 312.29 12.88 day
11.09.2023 10:30 35.12804°, 46.15277° 354.85 320.19 16.43 day
11.09.2023 22:51 35.13182°, 46.14058° 294.86 305.66 1.6 night

In 2023, the first fire outbreaks were
recorded from June 6 to 8, mostly at night, with
low Fire Radiative Power (FRP) values ranging
from 0.39 to 1.52 MW, indicating small,
localized fires.

Significantly higher activity was recorded
in September 2023, particularly on September
11, when a fire during the daytime reached a
temperature of up to 320.19 K, brightness of
354.85 K, and an FRP of 16.43 MW, indicating
intense burning. On the same morning, another
powerful fire with an FRP of 12.88 MW was also
detected. These events indicate a high fire hazard
at the end of summer and the beginning of
autumn.

Unlike June, the fires in September
(September 10-11) were of a completely
different nature — 17 detections were recorded,
covering a broader area between 35.10-35.13°N
and 46.14-46.18°E, with an estimated area of
about 3 km?. These fires alternated between night

and day phases and showed sharp fluctuations in
intensity. The daytime burning temperature
reached 354.85 K, the highest value during the
observed period, and the FRP peaked at 16.43
MW — a record value recorded twice on
September 11.

June fires showed consistently low
intensity and were detected with nominal
confidence. In contrast, September fires
exhibited high variability in intensity even within
a single day, with a peak in activity in the
morning and daytime hours of September 11. On
this day, a sharp increase in fire intensity was
recorded, followed by a rapid decline in the
evening. Some daytime detections had mixed
confidence levels due to high aerosol
concentrations and possible interferences
affecting the accuracy of satellite data.

Spatially, the June and September fire
outbreaks did not overlap — they were located in
different areas approximately 4-5 km apart. All
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fires had a clustered pattern, forming compact
groups, which indicates local conditions for fire
ignition, likely caused by human activity or
uncontrolled processes on abandoned land plots.

In conclusion, NASA FIRMS data clearly
captures changes in the intensity and spatial
characteristics of wildfires in the second half of
2023 and demonstrates the increased risks
associated with declining land management
effectiveness. This further underscores the

importance of satellite monitoring for detecting
and assessing the dynamics of both natural and
human- induced fires.

The use of the Google Earth Engine
(GEE) tool made it possible to obtain
information on burned areas in 2023, as recorded
by MODIS and VIIRS satellites. As in the
previous case, combining information from both
sources allowed for an expanded understanding
of the fire events (Fig. 4).

Burned Area per Month (km?) in 2023:
*List (12 elements)

*9:

burned_area_km2:

1

month:

2

month:

burned_ar
sonth: 3

w

burned_ar

sonth: 4

ea_km2:

ea_km2:

eca_km2:

burned_area_km2:

sonth:

5

Wt

burned_area_km2:

6

sonth:

.
n

Object (2 properties)

null

: Dbject (2 properties)
burned_ar

null

: Object (2 properties)

14.415378108989156

: Object (2 properties)

©.04301451867675781

: Object (2 properties)

@.10110475665283203

: Object (2 properties)

1.1821690122680664

: Object (2 properties)

burned_area_km2: @

7

month:

: Object (2 properties)

burned_area_km2: 0.0006230745239257813

8

sonth:

: Object (2 properties)

burned_area_km2: 9.0018665003051757812

9

month:

)

burned_area_km2:

sonth:

10:

10
Object (2 properties)

burned_area_km2:

month:
11:

11
Object (2 properties)

burned_area_km2:

month:

12

: Dbject (2 properties)

0.0024915206509179688

0.04545594244384766

0.928034564697265625

Fig. 4 — Burned Area in 2023

In 2023, wildfire activity on Biryuchyi
Island showed a clear seasonal dynamic with a
sharp peak in spring. No data were available for
January and February, likely due to unfavorable
weather conditions and high cloud cover that
prevented the acquisition of suitable satellite
imagery. In March, an exceptionally large
burned area was recorded — over 14.4 km?, which
represents the absolute maximum for the year. In
April, the figure dropped sharply to 0.043 km?,
and in May it slightly increased to 0.10 km?. June
saw another significant increase in burned area to
over 1.18 km?, after which no burning events
were recorded in July. In August, September, and
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October, only minor traces of fire activity were
detected, with monthly burned areas less than
0.003 km?. In November, the burned areca was
approximately 0.045 km?, and in December —
around 0.028 km?2 Overall, 2023 was
characterized by abnormally high fire activity in
March, less intense episodes in June, and isolated
fires during other months.

An analysis of NASA FIRMS thermal
anomaly (wildfire) data based on satellite
monitoring of Biryuchyi Island using the Suomi
NPP satellite and VIIRS instrument is presented
in Table 4.
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Table 4

Thermal anomalies (wildfires) based on NASA FIRMS satellite monitoring in the northern Pryazovia
region (Biryuchyi Island) during 2024 (Suomi NPP satellite, VIIRS instrument)

Date Time Coordinates Brightness, | Temperature, | FRP, MW | Time
°K °K of Day
2024 year
04.06.2024 22:44 35.10315°,46.20099° 316.8 207.12 2.38 night
06.06.2024 22:06 35.09619°, 46.18369° 316.88 293.57 4.65 night
06.06.2024 23:46 35.09515°,46.18308° 307.97 202 .86 3.04 night
07.06.2024 09:26 35.08377°,46.20878° 340.79 300.93 5.07 day
08.06.2024 09:07 35.07297°,46.19811° 367.00 307.11 7.42 day
08.06.2024 10:48 35.07441°, 46.21264° 310.09 367.00 9.33 day
08.06.2024 23:09 35.06923°,46.21117° 204.73 327.04 2.68 night
09.06.2024 08:48 35.0585°, 46.20996° 345.48 300.91 7.33 day
09.06.2024 10:29 35.057°, 46.20673° 317.82 355.77 20.17 day
09.06.2024 22:50 35.06757°, 46.11308° 268.60 312.63 1.63 night
10.06.2024 10:10 35.04699°, 46.09775° 339.59 309.68 4.09 day
10.06.2024 22:31 35.03495°, 46.08949° 201.48 317.44 1.87 night
11.06.2024 22:12 35.02854°, 46.09764° 291.70 306.25 1.79 night
12.06.2024 21:53 35.032°,46.10518° 291.25 301.53 1.17 night
12.06.2024 09:32 35.02376°, 46.10268° 308.69 341.22 16.16 day
13.06.2024 09:13 35.0119°,46.11203° 305.93 347.58 4.48 day
14.06.2024 10:35 35.04836°, 46.20476° 311.14 367.00 15.42 day
02.07.2024 09:57 35.19245°,46.17499° 317.45 346.86 7.40 day
10.08.2024 09:26 35.15236°,46.14219° 317.62 346.2 7.35 day
19.08.2024 09:58 35.19637°,46.15812° 323.25 348.35 18.52 day
17.10.2024 22:12 35.02831°, 46.13974° 293.67 321.06 2.75 night
24.10.2024 23:22 35.21137°, 46.09368° 277.76 296.84 0.98 night

In 2024, activity began in early June.
From June 4 to 7, mostly nighttime fires with
moderate intensity were recorded, with FRP
reaching up to 4.65 MW, concentrated
geographically near 46.18-46.21°E. From June
8 to 9, the situation escalated — a series of
powerful daytime fires were recorded with FRP
up to 20.17 MW and temperatures above 350 K,
indicating large— scale burning. The highest
recorded FRP value occurred on June 9,
possibly signaling the ignition of a significant
area of dry vegetation. Activity continued
through June 14, with a daytime fire on the 14th
reaching a temperature of 367 K and FRP of
15.42 MW — one of the most intense events in
the entire observation period.

In July and August 2024, intense fires
with FRP exceeding 7 MW were also recorded,
with a peak of 18.52 MW on August 19. Later

in autumn, in October 2024, nighttime fires with
moderate intensity (up to 2.75 MW) were
observed, which may have been caused by both
natural factors and human activity.

In summary, wildfire activity during this
period demonstrates a rising trend in the spring—
summer season, with peaks in June and August.
This underlines the importance of continuous
monitoring to prevent environmental threats,
especially under conditions of arid climate and
possible anthropogenic influence.

Between June 4 and June 14, 2024, the
study area experienced prolonged wildfire
activity characterized by a distinct phased
development and spatiotemporal dynamics. The
initial ignition was recorded on June 4 at 22:44
at coordinates 35.09-35.10°N and 46.19-
46.20°E. In the following days, active burning
zones gradually shifted toward the southwestern
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sector  (35.00-35.08°N,  46.08-46.21°E),
accompanied by increased thermal radiation
intensity (FRP) and burning temperatures.

The main development phase occurred
from June 8 to 10, peaking on June 10 at 10:10
at coordinates 35.04699°N, 46.09775°E, where
the maximum FRP reached 35.15 MW, the
burning area temperature was 309.68 K, and
brightness was 339.59 K. This represents the
highest energy output recorded during the entire
observation period.

The daily dynamics of the fire displayed
a typical natural pattern: higher FRP values
were recorded during daylight hours (average
~8-12 MW), while nighttime activity decreased
to around 2-3 MW. However, more detections

occurred at night due to improved visibility for
satellite sensors. Temperature readings ranged
from 300.9 K to 367 K, with typical daytime
values of 340-355 K and nighttime values of
305-320 K.

Following the peak intensity on June 10,
the fire’s energy gradually declined, marking
the decay phase (June 11-14). During this time,
the active burning zone shifted eastward (to
coordinates 35.04-35.05°N, 46.20°E). A new
isolated flare— up was recorded on July 2 at
coordinates 35.19°N, 46.17°E, indicating a
possible re— ignition or residual smoldering of
organic matter.

The spatial concentration of fire activity
is shown in Fig. 5.

Fig. 5 — Largest Wildfires Recorded During the Occupation on Biryuchyi Island
Compiled by the authors based on source [17].

Thus, the wildfires of June 2024 exhibited

a complex development structure, with a
sequential ~escalation of intensity, spatial
expansion, a clear daily rhythm, and the
conclusion of the main active phase within ten
days. The highest temperatures and FRP values
were recorded during daylight hours, while the
nighttime phase provided detailed satellite data
necessary for reconstructing the full dynamics of
the wildfire.

Based on Sentinel- 2 (Copernicus) satellite
imagery from August 2024, a large— scale wildfire
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was detected on Biryuchyi Island, covering a
significant portion of its territory. The first signs
of fire activity were observed on August 3, the
intensity peaked on August 8, and active fire spots
persisted through August 18-19. The images
clearly show areas affected by thermal damage
corresponding to hotspots of high temperature and
burning (Fig. 6-8).

The wildfires were accompanied by
thermal anomalies, with a maximum temperature
reaching 348.35 K (on August 19) and fire
radiative power (FRP) up to 18.52 MW. This is
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Fig. 6 — Wildfires on Biryuchyi Island, August 3, 2024
Compiled by the authors based on source [1].
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Fig. 7 — Wildfires on Biryuchyi Island, August 8, 2024
Compiled by the authors based on source [1].

confirmed by NASA FIRMS data, where these
events were recorded as distinct, high—
temperature daytime hotspots. In particular, the
wildfire on August 10 (09:26) at coordinates
35.15236°N, 46.14219°E was accompanied by a
temperature of 346.2 K and an FRP of 7.35 MW.
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Throughout 2024, the overall pattern of fire
load was as follows:

No fires were detected from January
through May.

June accounted for the primary wave of
detections, with 181 cases.
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Fig. 8 — Wildfires on Biryuchyi Island, August 18, 2024
Compiled by the authors based on source [1].

July saw only 3 minor episodes.

The August outbreak was the second
most intense.

October recorded 3 fire hotspots.

In autumn and early winter, fire activity
gradually declined.

The temporal dynamics of the fires showed
a typical diurnal pattern: intensity was higher
during the day, but the total number of nighttime
detections was greater due to higher contrast in the
infrared spectrum. Spatially, the hotspots shifted
from the eastern part of the island toward the
center and then closer to the southwestern section,
forming a clustered burn pattern.

The temperature range was consistent
with natural burning of dry vegetation: from
3009 K to 367 K. Daytime temperatures
typically reached 340-355 K, while nighttime
temperatures did not exceed 320 K. Average
daytime FRP ranged from 8 to 12 MW, while
nighttime values were around 2-3 MW.

Taken together, this data indicates
significant wildfire activity on Biryuchyi Island in
August 2024, confirmed by both remote sensing
data from Sentinel- 2 and NASA FIRMS
observations. The scale and duration of the fires
suggest a serious ecological impact on the island's
ecosystem, especially under conditions of limited
fire  management and restricted access for
suppression efforts due to occupation.
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The use of the Google Earth Engine
(GEE) tool enabled the acquisition of
information about burned areas in 2024, as
recorded by MODIS and VIIRS satellites. As in
the previous case, combining data from both
sources allowed for a more comprehensive
understanding of the wildfire events (Fig. 9).

In 2024, Biryuchyi Island experienced
relatively moderate but traceable wildfire
activity, marked by several periods of increased
intensity. As early as January, a small burned
area of approximately 0.004 km? was recorded.
In February and March, no data were available,
likely due to cloud cover or the lack of high—
quality satellite images. In April and May,
burned areas remained minimal— 0.013 km? and
0.0087 km?, respectively. In contrast, June saw
a sharp rise in activity, with over 1.63 km?
burned, making it one of the two peak months
of the year.

In July, the burned area dropped again to
0.0012 km?, but in August it increased to over
0.2 km?. September showed a more moderate
figure of 0.061 km?. October marked the second
and most intense peak of the year, with a burned
area exceeding 1.85 km?- the highest recorded
monthly value. In November, wildfire activity
nearly ceased (0.0006 km?), but in December, it
rose again to 0.179 km?.
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Burned Area per Month (km?) in 2024:
~List (12 elements)
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Fig. 9 — Burned Area in 2024

Thus, the combined use of the Google
Earth Engine platform and NASA FIRMS
allowed for a detailed description of the wildfire
situation on Biryuchyi Island since the onset of
war.

To confirm conclusions regarding the
causes of fires (see Table 2), multiple sources
were used— satellite data, meteorological
information, and local— scale observations—which
allowed for a more complete and comprehensive
picture of the changes that occurred during the
2015-2024 period.

To study the influence of weather
conditions on the likelihood of wildfires in the
Biryuchyi Island area, a table was constructed
containing data on fire detection dates and
corresponding weather conditions. Fire data were
obtained from the official source— NASA FIRMS
(Fire Information for Resource Management
System), which provides satellite monitoring of
thermal anomalies.

For each recorded fire date, the average
daily air temperature was calculated as the
arithmetic mean between daytime and nighttime
temperatures. These weather data were gathered
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from hydrometeorological websites that provide
actual weather information in the region. The
primary meteorological station used for data
collection was located in the urban— type
settlement of Kyrylivka, the closest to the study
area [18].

In addition to temperature, the table also
includes recorded weather phenomena (sunny,
rain, cloudy, thunderstorm) observed on the day
of the fire, as they can significantly influence
ignition conditions or fire spread. This enabled a
comprehensive assessment of the possible
relationship between temperature conditions,
atmospheric phenomena, and the risk of natural
wildfires, as illustrated in Table 5.

Wildfire on 11.06.2015

The average daily temperature was 20°C,
reaching 25°C during the day and dropping to
15°C at night. The weather was sunny. These
temperature values do not reach critical thresholds
for spontaneous ignition of vegetation. While the
sunny weather could have contributed to drying
the grass, the anthropogenic factor remains the
most likely cause of the fire.

Wildfire on 10.06.2016
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Table 5
Analysis of Meteorological Conditions on Wildfire Days Near Biryuchyi Island, 2015-2024
Average Dayti | Nightti Average Dayti | Nightti
Daily me me | Weather Daily me me Weather
Date of Fire Tempe | Tempe | Conditio | Date of Fire Tempe | Tempe o
Tempera Temperat Conditions
ture (°C) rature | rature ns ure (°C) rature | rature
cO | CO O | €O
11.06.2015 20 25 15 Sunny | 28.06.2020 22,5 26 19 Sunny
10.06.2016 15,5 18 13 Sunny | 4.06.2021 15,5 18 13 Rain
13.06.2016 19,5 22 17 Sunny | 5.06.2021 16 19 13 Rain
17.06.2016 22,5 25 20 Sunny | 24.06.2021 23 26 20 Cloudy
18.06.2016 22,5 25 20 Sunny | 25.06.2021 24,5 28 21 Cloudy
20.06.2016 26,5 32 21 Sunny | 26.06.2021 24 27 21 Cloudy
23.06.2016 27 30 24 Sunny | 21.07.2021 27 31 23 Sunny
Thunders
1.07.2017 27,5 32 23 Sunny | 22.07.2021 21,5 22 21 torm
Thun-
der-
9.07.2017 21,5 24 19 storm | 18.07.2022 21 26 16 Sunny
10.07.2017 19,5 24 15 Sunny | 19.07.2022 20,5 25 16 Cloudy
11.07.2017 23 26 20 Sunny | 20.07.2022 22 26 18 Cloudy
12.07.2017 23 25 21 Sunny | 21.07.2022 21,5 26 17 Cloudy
13.07.2017 24 26 22 Sunny | 22.07.2022 23,5 27 20 Cloudy
30.08.2017 16 18 14 Sunny | 23.07.2022 21,5 27 16 Cloudy
20.06.2018 22,5 25 20 Sunny | 24.07.2022 23 28 18 Cloudy
3.07.2018 20,5 23 18 Sunny | 6.06.2023 16 20 12 Sunny
7.07.2018 25 30 20 Sunny | 8.06.2023 17 20 14 Sunny
12.07.2018 27,5 34 21 Sunny | 4.06.2024 22 26 18 Cloudy
3.08.2018 24 27 21 Sunny | 6.06.2024 22,5 26 19 Cloudy
8.08.2018 24 31 17 Sunny | 7.06.2024 23 27 19 Cloudy
2.06.2019 21,5 25 18 Rain | 8.06.2024 23 27 19 Cloudy
14.06.2019 22,5 25 20 Sunny | 9.06.2024 23 27 19 Cloudy
15.06.2019 22 26 18 Sunny | 10.06.2024 24,5 28 21 Cloudy
16.06.2019 23 27 19 Sunny | 11.06.2024 24,5 27 22 Cloudy
19.06.2019 23,5 27 20 Sunny | 12.06.2024 25 28 22 Rain
17.07.2019 21,5 25 18 Sunny | 13.06.2024 22 27 17 Cloudy
Thun-
der-
4.08.2019 22 24 20 storm | 14.06.2024 22,5 26 19 Cloudy
14.08.2019 24,5 27 22 Sunny | 2.07.2024 25,5 29 22 Sunny
26.06.2020 21 24 18 Sunny | 10.08.2024 25 28 22 Cloudy
27.06.2020 22 25 19 Sunny | 19.08.2024 24 28 20 Cloudy

Compiled by the authors based on sources [1, 2, 18].
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The average temperature was 15.5°C, with
a daytime high of 18°C and a nighttime low of
13°C. Although the weather was sunny, the
temperature was too low for natural ignition. The
fire was most likely caused by human activity.

Wildfire on 13.06.2016

Average temperature: 19.5°C (22°C day,
17°C night). Sunny weather, but moderate
temperatures make spontaneous ignition unlikely.
Again, the anthropogenic factor is the main
hypothesis.

Wildfire on 17.06.2016

Average daily temperature: 22.5°C (25°C
day, 20°C night). Sunny conditions could dry out
vegetation, but temperatures are still below levels
typical for spontaneous ignition. Most likely
human- caused.

Wildfire on 18.06.2016

Average temperature: 22.5°C (25°C day,
20°C night). Conditions similar to 17.06 —
conducive to burning, but not spontaneous
ignition. Anthropogenic cause remains most
probable.

Wildfire on 20.06.2016

Higher average temperature: 26.5°C (32°C
day, 21°C night). Sunny weather and high
daytime temperature may have created conditions
for natural ignition, but definitive conclusions
require more data.

Wildfire on 23.06.2016

Average temperature: 27°C (30°C day,
24°C night). Temperatures were high and sunny
weather promoted drying. Natural ignition is
possible, though human involvement cannot be
ruled out.

Wildfire on 1.07.2017

Average temperature: 27.5°C (32°C day,
23°C night). High temperatures and sunny
weather provided favorable conditions for
ignition, though human factors remain possible.

Wildfire on 9.07.2017

Average temperature: 21.5°C (24°C day,
19°C night). Thunderstorms were reported,
suggesting possible lightning ignition.

Wildfire on 10.07.2017

Average temperature: 19.5°C (24°C day,
15°C night). Sunny with moderate temperatures.
Most likely anthropogenic.

Wildfire on 11.07.2017

Average temperature: 23°C (26°C day,
20°C night). Sunny weather and moderate
temperatures do not exclude human influence.

Wildfire on 12.07.2017
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Average temperature: 23°C (25°C day,
21°C night). Anthropogenic factor remains the
leading cause, as temperatures are not critical.

Wildfire on 13.07.2017

Average temperature: 24°C (26°C day,
22°C night). Conditions similar to previous days.
Most likely human-— caused.

Wildfire on 30.08.2017

Average temperature: 16°C (18°C day,
14°C night). Low temperatures rule out natural
ignition. Human activity is the main suspected
cause.

Wildfire on 20.06.2018

Average temperature: 22.5°C (25°C day,
20°C night). Sunny weather supports burning, but
not natural ignition. Human activity is the likely
cause.

Wildfire on 3.07.2018

Average temperature: 20.5°C (23°C day,
18°C night). Moderate temperatures again point to
anthropogenic origin.

Wildfire on 7.07.2018

Average temperature: 25°C (30°C day,
20°C night). High but not extreme temperatures.
Both natural and human causes are possible.

Wildfire on 12.07.2018

Average temperature: 27.5°C (34°C day,
21°C night). High daytime temperature increases
likelihood of natural ignition.

Wildfire on 3.08.2018

Average temperature: 24°C (27°C day,
21°C night). Conditions support burning, but
spontaneous ignition is unlikely.

Wildfire on 8.08.2018

Average temperature: 24°C (31°C day,
17°C night). Sunny weather and high daytime
temperature could facilitate ignition, though a
human cause is still possible.

Fires on 30.08.2017, 20.06.2018, and
others up to August 2019. These dates reflect
similar average temperatures (16°C-27.5°C) with
sunny weather. Temperatures do not exceed
thresholds for natural ignition, suggesting human
activity as the probable cause.

Fires during 06-07 months of 2020-2022

Temperatures ranged between 15.5°C and
27°C under varied weather conditions (sunny,
cloudy, rainy). The lack of extreme heat suggests
low probability of spontaneous ignition. Fires
during cloudy days further support the
anthropogenic origin theory.

Fires in 2023-2024

Data shows a temperature increase up to
25.5°C (with daytime highs of 29°C). At such
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temperatures, natural ignition is unlikely,
especially since vegetation might be more humid
during this period. Cloudy weather conditions in
2024 once again highlight the role of human
activity.

The results of this comprehensive analysis
confirm the main conclusion about the predominant
causes of wildfires — anthropogenic pressure re-
sulting from the occupation of the territory, rather
than climatic anomalies, throughout the studied
period.

Conclusions

During the study of the chronological
dynamics of thermal anomalies on the territory
of the Biryuchyi Peninsula for the period 2014—
2024, a full- scale spatiotemporal analysis of
fire activity was carried out based on satellite
data from NASA FIRMS and Google Earth
Engine. Two stable periods of increased
intensity were identified — the spring— summer
season (especially June—July) and, in some
years, September. Fires during these periods
were characterized by significant thermal loads,
confirmed by high fire radiative power (FRP)
values exceeding 20 MW, indicating extremely
intense burning. The spatial distribution of
thermal anomalies showed a clustered pattern:
ignition zones concentrated in compact areas of
3-5 km? with a tendency for repeated ignition in
the same locations. The movement of fire
hotspots from the northeastern to the
southwestern part of the peninsula indicates the
formation of localized fire— prone zones, likely
linked to landscape morphology, vegetation
type, and the presence of abandoned
infrastructure.

The daily distribution of fire activity
revealed a clear pattern: the highest FRP values
were recorded during the daytime (from 08:00
to 12:00), associated with peak air
temperatures, while the number of detections
increased at night (22:00-02:00) due to optimal
conditions for infrared signal reading. June and
August 2024 were particularly active in terms
of thermal dynamics due to a combination of
high air temperatures, low precipitation levels,
and increased dryness of soil and vegetation. A
retrospective  analysis of burned areas
conducted via GEE revealed significant annual
variability: over 2.1 km? in 2022, over 16.5 km?
in 2023 (with a peak in March — 14.4 km?), and
about 3.9 km? in 2024, with pronounced peaks
in June and October.

The ecological situation in the region has
significantly deteriorated since 2022 due to
military occupation. There has been a decline in
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environmental monitoring, loss of operational
control over protected areas, and reduced
effectiveness of fire suppression. As a result,
uncontrolled wildfires have spread on a large
scale, leading to the degradation of biotopes,
loss of floristic and faunal diversity, and the
activation of secondary destructive natural
processes such as erosion and changes in
microclimatic conditions.

Meteorological context accompanying
the thermal anomalies, determined by
comparing weather conditions (based on data
from the Kyrylivka meteorological station) with
fire detection dates, showed that most fires
occurred under average daily temperatures of
18-26°C — values not critical for spontaneous
vegetation ignition. Moreover, some thermal
anomalies occurred under cloudy skies or
following rainfall, which significantly reduces
the probability of natural causes and points to
an anthropogenic origin.

The integration of multi— source satellite
analysis — particularly NASA FIRMS (VIIRS),
Google Earth Engine (MODIS/VIIRS), and
Sentinel- 2 (Copernicus) imagery — enabled
high— precision reconstruction of the real fire
dynamics. The use of NDVI for assessing post—
fire vegetation condition helped to detect the
degree of vegetation degradation and
objectively assess the scale of environmental
damage.

The overall assessment of fire hazard in
the study area indicates a high level of
ecosystem vulnerability on the Biryuchyi
Peninsula and adjacent areas of the Henichesk
coastline. This hazard is caused by a
combination of natural factors (arid climate,
open landscapes, rapid biomass drying) and
anthropogenic impact (military presence,
neglect, abandoned land plots). Therefore, there
is an urgent need to create an adaptive fire risk
management system based on satellite
monitoring, meteorological modeling, and the
development of fire danger forecast maps.
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JOCJIKEHHSA BIUIVMBY BIMHU HA 3ATIOBIIHI TEPUTOPII ITIBJIHA YKPATHA

Merta. [IpoBecTr KOMIIEKCHUH aHai3 JMHAMIKH Ta €KOJIOTIYHMX HACII/IKIB JIICOBUX TOXKEX HA TEPUTOPIT
Biprouoro mniBoctpoBa (A30B0o-CuBachknii HaIllOHAJIBHUI MPUPOAHUNA TapK) 3a mepiox 3 2014 mo 2024 poxu 3
BUKOPHUCTAHHSIM IHCTPYMEHTIB CYITyTHUKOBOT'O MOHITOPUHTY. JlOCIIDKEHHS CIIPSIMOBAaHE Ha BUSIBICHHS IPOCTO-
POBO-4aCOBHX 3aKOHOMipHOCTEH BUHUKHEHHS ITOKEXK, OIIHKY IXHBOTO BIUIMBY Ha POCIMHHICTE 1 TBAPUHHHH CBIT,
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a TaKOX BUSBIICHHS €KOJIOTTYHHX 3arpo3, IO IMOCHIIIOIOTHCS OKYMAI€0 Ta BiJCYTHICTIO IPOTHIIOKEKHOTO Me-
HEJDKMEHTY.

Metoau. 1151 BUSABICHHS Ta KapTorpadyBaHHS MOXKESKHUX aHOMAaITiH OyJIi BUKOPHCTAaHI 1aHI CyIyTHHUKIB
NASA FIRMS (marunku MODIS Ta VIIRS), Sentinel-2, Google Earth Engine ta moromui apxisu (RP5). IIpocro-
POBO-4YaCOBHIA aHAITI3 IPOBOMBCS HA OCHOBI pamiamniiiHoi moTyxHocTi okexi (FRP), Termoroi sickpasocTi, Ko-
OpAMHAT TOXKeXI Ta MOTOTHMUX TapaMeTpiB. JlaHi 3 pi3HUX JKepen Oy iHTerpoBaHi AJS MiITBEPIKEHHS II0-
KeXHUX Toi, a sMian NDVI 1a ocrosi Sentinel 6y npoananizoBasi ist OMIHKY MOMIKOIKEHHS POCITHHHOCTI.

PesyabsTaT: BeTanosneHo, mo moxexi Ha biprouoMy miBOCTpOBI Many KIIaCTepHHUN XapakTep i JeMOH-
CTpyBaJIM YiTKy JOOOBY Ta CC30HHY MUHaMiKy. BUSBICHO NBa OCHOBHI Miku moxexk: YepBeHs i ceprens 2024
poky. HaiiBumii 3nauenns [1PIT (35,15 MBT) i Temneparypu (367 K) 6ynu 3adikcoani 10 uepHs. [Toxexi manu
4iTKi J0OOBI 3aKOHOMIPHOCTI - BHIIIAa IHTEHCHBHICTh BAEHB 1 OiIbIIa KUIBKICTh 3aropsiHb BHOYI. Brpara pocnun-
HOCTI Ta TOXKEXKHi mpaMu OyIH MiATBepXKEeHi 3a gomoMororo 3HiMKiB Sentinel. T'eorpadiunuit anami3 mokasas
3MIIEHHS OCEPEKIB TOPIHHS 3 MIBHIYHOTO CXOJy Ha MIiBACHB MIBOCTPOBA. MeTeoaHasi3 miATBEPIUB, IO Oib-
IIiCTH MOKEXX BUHUKAJH B yMOBaX IIOMipHOi a00 BHCOKOi TeMIIepaTypH IPH BiACYTHOCTI ONaiB, IO CBITYUTH PO
BIpOTiZIHY y4acTh aHTPOIIOTCHHOTO YNHHUKA y BUHUKHEHHI 3aropsHb. PaxkTopy, MOB'sI3aHi 3 OKynaniero (Heno-
CTaTHE TaCiHHA, BIHCHKOBI [il), OyiH MOB'sI3aHi 31 30UTBIICHHAM MOIMIUPEHHS mMoXkexk. CyMyTHHKOBI JaHi Micis
MOXKEK1 TIOKA3aIH 3HAYHy AeTpajalito IPUPOIHOI POCIMHHOCTI Ta (hparMeHTAaIliI0 cepeIOBHII iCHYBaHHS OJICHIB,
3eMHOBOJHHX 1 IIEPETITHUX NTaXiB, [0 BUABIISETHCS 3a 3HIDKCHUME 3HaueHHAME ND VI micist moxkex

Bucnosku. [Toxexi Ha BiproguoMy miBOCTpOBi B yMOBaX OKYTIAIlil CTAIH YaCTIIIUMU, MacIITaOHIIINMH Ta
MEHII KOHTPOJILOBaHUMH. BTpaTa mpupoI00XOpOHHOTO PEXUMY, MPUITHMHEHHS MOKEKOTACIHHS Ta 3MEHIICHHS
AQHTPOIIOTEHHOTO JOTJISIY 32 TEPUTOPIEI0 CTAIM KPUTHYHMMHM YMHHUKAMHU 3arOCTPEHHS €KOJIOT1YHOI CHTYyaIlil.
Hacuixu BKIIIOYaI0Th Cepi03HI NOPYILIEHHS €eKOCUCTEM Yepe3 epo3ito IPYHTY, BTpaTy POCIMHHOCTI Ta TpO(IHHUHA
JucOananc. BinHOBIGHHS BUMarae HEBiIKJIaJHUX 3aXO0/1iB: MOHITOPUHTY TIOIYJISIH IUKUX TBaPUH, BIAHOBICHHS
JiciB MICIIEBUMH BHIAaMH, OOPOTHOH 3 €pO3i€I0 Ta PEryJIIOBaHHS YHCENbHOCTI KOMMTHUX. BUKOpUCTaHHS CyITyT-
HHUKOBHX IHCTPYMEHTIB BUSBUJIOCS Jy’KE BaXKJIMBUM ISl BUSIBIICHHS HEBEJIMKUX [TOXKEK Ta MOHITOPUHTY €KOJIOT1Y-
HOI IMHaMIK{ Ha BaKKOJOCTYITHUX TEPUTOPisX. be3 akTMBHOTO BTpyYaHHS MOXKJIMBA KaCKa(Ha JeTPaaallis, BKIIO-
Yar04d MIKpOKJTIMAaTHYHI 3MiHH Ta BTOPTHEHHS Uy KOPiMHUX BUAIB. J[J1s1 BiTHOBICHHS Ta 3aXHCTY i€l yHIKaIBHOT
€KOJIOTIYHOI TepuTOpii HeOOX1THUI JOBrOCTPOKOBHH TUIAH YIPABIiHHS.

KJIFOYOBI CJIOBA: biprouuil nigocmpis, MOHIMOPUHE NiCOBUX NOXHCENHC, CYNYMHUKOBE OUCTNAHYIIHEe
sonodysanns, FRP, NDVI, oeepadayis exocucmem, konummni, gmpama pociuHHOCMI, OUHAMIKA NONCENC, 3ali-
namicmo, Google Earth Engine
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