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SUMMARY

The Ukrainian Hydrometeorological Institute has been developing the Fire monitoring system
since 2020. The system performs geocoding of thermal points by processing the open data
from four NASA satellites’ infrared sensors. It allows identifying a geographical object
sourcing a wildfire, its severity, area, acquisition time, and other characteristics. This study
reviews an experience of using the Fire monitoring system to monitor wildfires resulting
from hostilities. Based on the results of this study, we defined major criteria for identifying
fires caused by combat operations. Such wildfires occur suddenly in a large area with several
outbreak points in uncommon sites for wildfires — urban areas, has irregular-shaped fire
contours, can cover an area with different types of land use, occur in an unusual time for a
given territory, or have excessive severity. At the same time, wildfires of non-military origin
include those occurring at the sites of old fires, those arising and spreading over a large area
during several days, or those of low and medium intensity outside the combat zone. For the
first time, we have conducted wildfire monitoring using satellite data during warfare, not
retrospectively. Such conditions enabled identifying essential features of these fires'
occurrence and progression.
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Introduction

A heat emissions monitoring and potentially dangerous fires detecting system has been developing at
UHMI since April 2020. At that time, severe forest fires broke out in Ukraine within the Chornobyl
Zone and the Luhansk region. The system allows identifying heat emissions on a map and finding
potentially dangerous wildfires. For its operation, it uses data from FIRMS (Fire Information for
Resource Management System), a service that provides open access to data from infrared sensors
placed on four NASA satellites. The Fires monitoring system uses geocoding and other geospatial
operations to define and draw an exact contour for each wildfire and calculate its characteristics:
severity, fire area, the time of occurrence, and the natural or industrial object sourcing the fire.

Since the beginning of the Russian invasion of Ukraine, a large number of wildfires have occurred in
various landscapes. The maps of these wildfires indicate dangerous areas for civilians and the State
Emergency Service of Ukraine specialists responsible for firefighting. Such data are a valuable source
of information, so they are provided to the responsible specialists daily. Each wildfire should be
accurately classified to improve the quality of information. As the area around the wildfires caused by
military activities is dangerous due to possible unexploded ammunition, these wildfires are
extinguished in a different way.

FIRMS has been running since 2000, so many studies using its data have been published since then.
Numerous authors and organizations have been involved in fire monitoring based on satellite imagery
(Yuan et al., 2015; Ahmad, 2014). Public access to satellite data contributed to this progress.
However, there is no centralized and sophisticated fire monitoring system in Ukraine. To understand
the essence of the current research, a number of studies on the principles of satellite thermal signal
processing (Wan and Roy, 2022; Vadrevu, Lasko, 2018) should be considered. Even more important
are limited studies on wildfires resulting from military actions (Dinc et al., 2021) and the impact of
such actions on the environment (Lawrence et al., 2015). Unfortunately, all these studies are
retrospective. In conclusion, there are no scientific papers about wildfires occurring in Ukraine after
February 24, 2022.

Method and Theory

The study aims to identify the typical features of wildfires caused by combat operations. For this
purpose, the analysis of wildfires was carried out twice a day on the territory of Ukraine. A set of
scripts in the Python programming language was used to obtain maps with fire contours
automatically. Every 12 hours, the satellite data were downloaded from the FIRMS website
(https://firms.modaps.eosdis.nasa.gov), and the script processed it creating a map for each wildfire.
The FIRMS data are a set of thermal points; each contains geographical coordinates, acquisition date
and time, severity, surface temperature, and other characteristics. The data processing included
aggregating heat emission points into fire contours: the script connected heat emission points within a
2 km radius. A fire contour was drawn along the side points, and an area and total severity were
calculated for each contour. The severity of wildfire within the contour was calculated based on
aggregated severity of all thermal points within a contour. The further process of geocoding was
carried out using a “geocoding map,” which contained the areas of the main geographical objects:
settlements, agricultural lands, forests, water bodies, meadow-and-steppe vegetation. Finally, the
maps contained characteristics of wildfire areas. Also, the obtained data were displayed on a geoportal
(geoportal.uhmi.org.ua) developed by the author. The geoportal made it possible to analyze the
features of any fire more precisely by loading various cartographic layers, including detailed satellite
images.

During the analysis, the wildfire maps were compared with a set of analogous fire maps since the
beginning of satellite observations in 2000. We took into account the previous experience of the
wildfire’s maps processing, which has been carried out since April 2020. The resulting maps were
compared with the current satellite images of medium resolution, as severe wildfires (more than 200
MW) are accompanied by smoke visible on imagery. When possible, the identified wildfires were
compared with the map of military actions and reports in the mass media.

Results
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Heat emission points unevenly cover the territory of Ukraine. Most wildfires occur on agricultural
land, meadows, and some forest areas. Therefore, the first criterion for fires caused by military actions
is ignition in the non-typical territories: built-up areas of settlements, especially large cities (Fig. 1).
Usually, the number of heat emissions within such an area of interest exceeds 4 points.
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Figure 1 Heat emissions in the city of Sevodonetsk. August 31, 2022

The regular (almost daily) heat emissions in the industrial areas of cities are an exception. Such points
include metallurgic, coking, and cement plants. Their heat source is not open fire but hot surfaces.
Only large-scale fires can indicate shelling here.

Usually, wildfires do not cover areas with different types of land use. Obviously, wildfires on
agricultural land can spread to the nearby forest, meadows, or vice versa. However, wildfires rarely
cover a large area with different types of land use. This fact indicates the presence of a specific, rather
powerful force that has caused these wildfires and is not a consequence of human economic activity.
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Figure 2 Irregular-shaped fire contour areas cover a large territory with different land use types

Therefore, the second criterion is met if a wildfire covers a large area with several types of land use.

XV International Scientific Conference “Monitoring of Geological Processes
and Ecological Condition of the Environment”

15-18 November 2022, Kyiv, Ukraine




Monitoring’2022 EAGE

The third criterion is the irregular-shaped fire contours. Even powerful wildfires of natural or civil
man-made origin commonly have a regular shape (oval or rounded). A rounded shape is characteristic
of a wildfire that has one or several outbreaks and spreads naturally. Contrary, a wildfire contour has
an elongated linear or triangular shape when it results from shelling. It can also combine several areas
of an atypical shape (Fig. 3).
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tours of a fire resulting from the city of Donetsk shelling on

A certain fire radiation power characterizes each territory. For example, forest fires can reach a value
of 9 GW, while wildfires of a lower severity of up to 350 MW are typical for agricultural lands.
Therefore, a massive wildfire or one with a large number of outbreaks that is not typical for a given
area indicates a non-typical cause of their occurrence, warfare in our case. An unusual time of a fire
occurrence can be attributed to this criterion as well.

Conclusions

Thus, hostilities lead to landscape fires that have distinguishing features — criteria. They are an
irregular geometric shape of the fire contour and the following wildfire properties: excessive severity,
unusual time and place of occurrence for a given territory, and numerous outbreaks. In order to
indicate the cause of the fire correctly, a combination of several criteria is required. For example,
shelling in several areas indicates the irregular shape of the contours and the number of fire outbreaks.
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A massive wildfire and several outbreaks located far from each other indicate a loss of crop yield.
Using the papers (Ichoku and Kaufman, 2005; Sofiev, Vankevich and Lotjonen, 2009) to define the
quantitative characteristics of wildfires, this study will allow calculating the damage caused to the
economy of Ukraine and the environment by military aggression.
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Figure 4 Massive wildfire near the warfare frontline with the temporarily occupied part of the
Donetsk region. The inset shows a current satellite image with a smoke plume from the fire
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