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The object of this study is the territory of the Lutsk district in the Volyn region (northwest Ukraine),
and the subject is the locations and dynamics of wildfires in this area. The purpose of this work is to
assess the spatio-temporal features of wildfire occurrences in the Lutsk district. The research methods
applied include analysis of literary sources, decoding and analysis of multispectral satellite images,
statistical analysis of remote data on hot spots, and cartographic data visualization. Using remote data,
the locations and timing of wildfires in the Lutsk district from 2012 to 2022 were analyzed. The
yearly and seasonal dynamics of fire occurrences were evaluated. The most frequent fires were
recorded in the early spring and summer-autumn periods of 2015 and 2016, while the least occurred in
2013 and 2021, mainly due to weather conditions. An interactive Google MyMaps map was created to
record the locations of fires for each year. The locations of the most frequent wildfires were identified
and correlated with landscape types. The necessary materials for further monitoring, using a
combination of remote data, are described.

Keywords: wildfires, Lutsk district (Ukraine), FIRMS (Fire Information for Resource Management
System), fire detection

International Conference of Young Professionals “GeoTerrace-2024”
7-9 October 2024, Lviv, Ukraine



GTgr(c?ce EAGE

Conference

Introduction

Wildfires are one of the most extreme effects on the environment, causing a negative impact on all
components of ecosystems, sometimes leading to their complete destruction or degradation.
Biodiversity, air quality, soil, and plant cover suffer the most damage. Fires also occur due to natural
causes, but they are much more frequent in areas with significant human activity. In addition to the
obvious negative impact on the environment, there are frequent cases of threats to the life and health
of the population. Therefore, monitoring the timing and locations of fires within ecosystems requires
careful analysis and improvement.

In recent years, the detection of fires in ecosystems has been greatly simplified thanks to the
availability of remote sensing data. Perhaps the best-known remote wildfire detection resource is the
FIRMS service, which began analyzing fire hotspots using MODIS data in 2007 (Davies, D. K.,
llavajhala, S., Wong, M. M., & Justice, C. O., 2008), and later integrated data from other satellites
with thermal infrared channels, such as VIIRS and Landsat-8,9.

There are already many studies on the practical use of such data in specific areas and tasks (Zibtsev,
S. V. et al., 2019, Zymaroieva, A., et al., 2024), including the assessment of the consequences of
military actions (e.g., Tomchenko, O. V. et al., 2023; Yailymov, B. et al., 2023), as well as methods
for generalizing and proposals for improving fire monitoring (Soshenskyi, O. et al., 2021; Stankevich,
S., Zaitseva, E., Kozlova, A., & Andreiev, A., 2023).

However, research for each new territory may present unique challenges related to the nature of the
relief, land cover and land use, and climatic differences. Building on existing developments, we
decided to conduct a retrospective monitoring of the occurrence of wildfires in the territory of the
Lutsk district of the VVolyn region.

Method and/or Theory

The starting materials for the work included literary sources, remote satellite data from the NASA
FIRMS service, and data from the Sentinel-2 and Landsat-8 satellites.

The main stages of the work were as follows: 1) creation of digital contour files for the district and
communities; 2) generation of archival data requests on the NASA FIRMS (Fire Information for
Resource Management System) service; 3) retrospective analysis of the timing and locations of
wildfire in the district since 2012; 4) creation of interactive wildfire visualization maps; 5) additional
search for ignition centers based on Landsat-8 and Sentinel-2 multispectral images.We submitted a
request to receive archival data specifically for the outline of our district.
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Figure 1. Formation of archival data requests by district in the NASA FIRMS system
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The archived files that were sent contained information on hot spots in the selected area for the
specified period, with a total of more than 1,500 spots recorded over 11 years. It's important to note
that not all of these points precisely correspond to wildfires, as some may be mistakenly identified.
However, the vast majority of these data points are accurate.

In the FIRMS system, only thermal spots are shown — points with increased spectral brightness, most
likely interpreted as fires in natural ecosystems. However, it only provides the latitude and longitude of a
single point, while the wildfire may affect a larger area, the contours of which need to be known. To
achieve this, multispectral satellites can be used, which, by combining visible and near-infrared
spectrums, can vividly visualize wildfires. The combination of these methods enables effective
retrospective and near-real-time wildfire monitoring. After receiving a large set of tabular data, we
visualized it using Google Maps, creating separate interactive wildfire maps for each year of the period.

Results

The Lutsk district, within its current boundaries, was formed in 2020. It is located in the southeastern
part of the Volyn region and is the largest of the four districts in terms of population. The district
comprises 15 communities. The Lutsk district encompasses both steppe and forest-steppe natural
zones. The southern part of the district lies within the Volyn Upland, characterized by rugged terrain
and significant economic development, while the Polissia region is mainly flat, with a higher
proportion of forests, meadows, and pastures.

Using the previously described methodology, we obtained substantial data on the timing and location
of fires in the Lutsk district's ecosystems. We analyzed data from January 2012 to December 2022.
The following results were obtained:

During this period, a total of 1,672 hot spots were recorded in the district. The FRP (fire radiative
power) ranged from 2.7 to 465 MW per pixel. The largest wildfire, with an FRP of 465 MW, was
recorded on August 16, 2016, in the fields between the village of Peremyl and the city of Berestechko.
Three more wildfires on 03/26/2020, 03/18/2012, and 03/18/2015 had FRPs greater than 200 MW; 25
wildfires had FRPs between 100 and 200 MW; 73 wildfires between 50 and 100 MW; 852 wildfires
between 10 and 50 MW; and more than 700 hotspots had FRPs below 10 MW.
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Figure 2. The dynamics of the occurrence of wildfires in the territory of Lutsk district in 2012-2022.

As we can see, the highest number of wildfires occurred in 2015 and 2016, while the lowest numbers
were in 2013 and 2021. These results are largely influenced by climatic conditions. For instance, in
2013, there were the fewest wildfires, with almost none occurring in the northern Polissia part of the
district. That year experienced a long winter and significant flooding, which led to high humidity and,
consequently, a lack of wildfires. In 2015, a total of 315 wildfires were detected, with the majority
occurring in March and August. In April and September, there were more than 20 wildfires. It is
noteworthy that August and the first half of September that year had hot weather, with temperatures
reaching +35°C and no rainfall.
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Figure 3. Distribution of wildfire frequency by month

2022

Seasonally, wildfires most often occurred in March—April and August—September, mainly after a long
dry period. Spring wildfires are most likely associated with the burning of dry grass and garden
residues before the cultivation season. Based on the collected data, we created an interactive map in
Google Maps, where each layer represents the wildfires of a specific year. Wildfires from 2013 are
shown here as an example.

ayer 2013)

If we overlay the locations of wildfires on a landscape map, we can see that wildfires are most often
recorded in fields, gardens, sometimes on the edges of forests, and especially in spring, on meadows in
river valleys. By knowing the detected locations of hot spots and the time they were recorded, it is often
possible to trace the locations and contours of wildfires using other satellite data, particularly Sentinel-2
and Landsat-8 and -9 multispectral images. A combination of SWIR (ShortWavelnfrared) channels,
which combine the visible image with the near-infrared part of the spectrum, is best suited for this. This
allows us to see both active burning and traces of recently burned vegetation (Fig. 5). The thermal
channels of Landsat-8 and -9 are somewhat less informative due to their lower spatial resolution and
longer flight intervals, but they are still suitable for detecting wildfire contours in slightly larger areas.
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Figure 5. An example of wildfies dtection using Seniel2 iages is shown through a combination
of SWIR channels, with images from April 13 and 18, 2020.
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Conclusions

Remote monitoring allows for near-real-time wildfire detection and archival data analysis. Our study
analyzed data on the occurrence of wildfires in the Lutsk district, with data collected in 2020, covering
the period from 2012 to 2022. The highest number of wildfires occurred in 2015 and 2016, while the
lowest occurred in 2013 and 2021. According to the seasons, wildfires most often occur in March—April
(often associated with the burning of dry grass and garden residues) and August—September (mainly
after a long dry period). Wildfires are most often recorded in fields, gardens, sometimes on the edges of
forests, and, in spring, also in meadows in river valleys. Interactive maps make it easy to visualize the
locations of wildfires. It is advisable to further refine these maps by analyzing multispectral satellite
images, particularly those combining visible and near-infrared channels.
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