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The article describes the peatlands of Lviv region and natural peatland fires within the territory.
Peatlands play an important role in maintaining the environmental balance, especially in regulating
water resources, preserving biodiversity, mitigating the effects of climate change and supporting
human well-being. GIS technologies were used to analyze peat fires, with the help of which a
geoinformation database of the studied emergencies was formed. Based on this database, cartographic
materials were created for different time periods, which reflect basic information about peat fires in
Lviv region. The study was conducted in several stages: the preparatory stage - included the
preparation of materials for further analysis, the analytical stage - included the calculation of the areas
of the selected types of land use and land cover, the visualization stage - involved the selection of
methods for cartographic representation of the obtained results and the preparation of the original
layout of the corresponding cartographic models. Actually, such a combination of cartographic
methods contributes to understanding the essence of the phenomena, and accordingly, making
informed decisions based on the analysis. Based on the research and reports of the State Emergency
Service of Ukraine in the Lviv region, presented on the cartographic maps, the largest areas affected
by peat fires were recorded in the Sambir district, which is associated with a high level of peatiness (>
15.0%) of landscapes. Also, landscapes located within the Lviv district are characterized by high
peatiness, which affects the number of fires during the year. The landscapes of the Chervonohrad
district are significantly peaty, where many fires occurred during 2022, covering significant areas.
The absence of peat fires in the Stryi district is explained by the low level of peatiness.
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Introduction

Peatlands play an important role in maintaining the environmental balance, especially in regulating
water resources, preserving biodiversity, mitigating the effects of climate change, and supporting
human well-being (Syaufina and Sitanggang 2018). According to the International Peat Society (IPS),
the world's peat reserves are about 400 million hectares, of which more than 305 million hectares are
currently being developed for agricultural and energy needs. Within Ukraine, geological peat reserves
are estimated at 2.17 billion tons, and more than 2,500 peat deposits have been discovered, covering
an area of about 1 million hectares with an average depth of 1.4 m (Sukach 2018, Kyryliv 2019). In
Ukraine, peat mining is carried out in Lviv, Rivne, Chernihiv, Zhytomyr, and Sumy regions, where
more than 20 million tons of peat are extracted annually.

However, every year hundreds of thousands of cubic meters of peat deposits are covered by fires. The
products of peat combustion contain saturated and unsaturated hydrocarbons, benzene, toluene and
other toxic substances in concentrations that exceed the maximum permissible concentration by
thousands of times. Excess harmful substances in the atmospheric air leads to an increased risk of
respiratory diseases of the population (Liu et al. 2017).

Research by European and American scientists is aimed at studying the so-called fire ecology, which
reflects modern concepts of the attitude towards natural fires as an integral and fundamental process
that occurs in various ecosystems on Earth (McLauchlan et al. 2020). Scientists who study fires
consider them as dynamic ecological forces that have evolutionary consequences and are
fundamentally shaped by human actions. The goal of such a direction as fire ecology is to understand
the diversity of ways in which fire affects organisms and ecosystems on Earth. Ecologists studying
fires have created an increasingly subtle, sophisticated and mechanistic understanding of the changing
nature of fire as part of an ecological system. Many scientists focus their research on the
consequences of the increase in the number of fires and their impact on air quality, human health,
ecosystem stability and the global carbon cycle (Che Azmi et al. 2021, Page, Hooijer 2016).

The main factors influencing the occurrence and development of peat fires are, first of all, natural
factors such as: ash content, climatic and hydrological conditions, geological deposits and vegetation
cover. Such features of peatlands, such as their area and the presence of artificial drainage, also have
an important impact on the occurrence of fires (Swindles et al. 2016).

Method

The main method of research, despite the general methods of analysis, synthesis, statistical methods,
etc., the use of geoinformation technologies was chosen. Geographic information systems (GIS)
create visualization of various objects, on the basis of which modeling results are formed. The main
idea of using GIS is to display visual information on the background of a geographical map, which
has applied significance. Therefore, the primary task in developing any GIS is to create a geographical
subsystem that would allow displaying a map of a geographical region on the screen.

Methodologically, the research was carried out in several stages:
1. Preparatory stage — included preparation of materials for further analysis:
a) selection and assignment of a single coordinate system to all geospatial information in order to
obtain correct analysis results;
b) selection of objects according to the criteria of attribute information and spatial location with
their subsequent separation into geospatial layers.

2. Analytical stage — included calculation of the areas of selected land use and land cover types:
a) by using overlay analysis operations, vector planar geospatial layers were obtained for each
individual peatland area and landscape units to which they belong;
b) the calculation of the areas of land use types and land cover was carried out at the level of
attribute databases using landscape indices as key fields with subsequent connection of the
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obtained data as attributes of landscape units.
3. Visualization stage — involved the selection of methods for cartographic display of the obtained
results and the preparation of the original layout of the corresponding cartographic models. In the
selection process, it was decided to use the quantitative background method for such an indicator as
the percentage of peatland cover and structural diagrams for land use and land cover types. This
combination of cartographic methods helps to better understand the phenomena, and accordingly,
making informed decisions based on the analysis.

To work with cartographic sources, the ArcGIS 10.6.1 software was used. With the help of this
software, a map of the distribution of peatlands in the landscapes of the Lviv region was created. The
specified map was created by compiling the landscape and soil maps of the studied area. Having
digitized the landscape structure map, we obtained a database of landscape groups, similar actions were
repeated with the soil map. The resulting database, consisting of the boundaries of the landscape and soil
groups, makes it possible to conduct a spatial analysis of peat fires in the study area.

Results

According to the Main Department of the State Emergency Service of Ukraine in Lviv region, as of
2016, 35 fires broke out on peatlands, covering a total area of 20.1 hectares. In 2017, 27 peat fires
spread across the region, covering a total area of 4.1 hectares. In the reporting period of 2018, 32 fires
broke out on peatlands covering an area of 52.8 hectares in Lviv region. In 2019, 140 fires broke out
on peatlands covering a total area of 60.7 hectares in Lviv region. In 2020, 86 fires covered a total
area of 52.6 hectares in Lviv region.

The dynamics of peat fires (Table 1, Table 2) are indicated according to data from the State
Emergency Service of Ukraine in the Lviv region.

Table 1. Generalized information on peat fires for 2016-2020.

Year Number of peat fires | Area, ha
2016 35 20,1
2017 27 4,1
2018 32 52,8
2019 140 60,7
2020 86 52,6

Table 2. Number of peat fires and areas of fires in the Lviv region in 2021-2022.

Number of killed/injured
. domestic animals during the
Region
years
2021 2022
Drohobych district 0 0 3 2,145
Zolochiv district 1 0,01 3 0,055
Lviv district 11 | 0,295 | 14 5,244
Sambirskyi district 2 2,2 9 14,835
Stryi district 0 0 0 0
Chorvonohrad district 3 0,069 | 28 57,989
Yavoriv district 3 1,085 | 19 14,454

Based on the processed reports of the State Emergency Service of Ukraine in the Lviv region, maps of
the spread of peat fires and areas of fires in the regions of the region for 2021 and 2022 were
compiled (Figure 1). The areas of fires on the map are presented with a qualitative background. The
administrative districts of the region are classified into five groups depending on the area of peat fires.
In addition, based on the LandUse database, we have processed and analyzed the main types of land
use of territories with peatlands in the context of individual landscapes of the Lviv region.
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Figure 1. Number and area of peat fires in the Lviv region in 2022

After analyzing the map, we can conclude that the number of peat fires is not related to their area.
Thus, the largest number of fires as of 2021 was recorded in the Lviv district. In the Sambir district,
where the burning areas were the largest, the number of fires is two.

According to the map above, we see that the largest areas of peatlands covered by fires were in
Chervonohrad and Sambir districts. Slightly smaller areas of fires were recorded in Yavoriv and Lviv
districts. We see insignificant areas covered by fires in Zolochiv and Drohobych districts, as well as
the absence of fires in Stryi district.

Conclusions

The causes of peat fires were identified and their number within the studied area was analyzed. The
main internal cause of peat ignition is the passage of exothermic biochemical and chemical processes in
it, however, the human factor should not be excluded, namely accidental or deliberate arson. Having
analyzed the annual reports of the State Emergency Service of Ukraine for the period from 2016 to
2022, the analysis showed that the number of peat fires in peatlands of the Lviv region does not have a
clear pattern of growth. The largest number of emergencies related to fires and peat occurred in 2019,
and the smallest in 2021. The pattern is not studied in the areas covered by fires, which are allocated
from the covered period only 2021, although the area covered by fires is 3.7 hectares, which corresponds
to the smallest value.

Based on the presented cartographic materials and reports of the Main Directorate of the State
Emergency Service of Ukraine in the Lviv region, we can conclude that large areas of fires in the
Sambir district are associated with a high level of peatiness (> 15.0 %) of landscapes. Landscapes
located within the Lviv district are also characterized by high peatiness, which affects the number of
fires during the year. The landscapes of the Chervonohrad district are significantly peaty, where many
fires occurred during 2022, covering significant areas. The absence of peat fires in the Stryi district is
explained by the low level of peatiness in the north of the district and the absence of peatlands south
of Zhydachiv.
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