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SUMMARY 

 
 

More active and purposeful use of artificial intelligence for management, manipulation, analysis, 

modeling, presentation and display of geoinformation data will allow solving complex issues of land 

resource planning and management effectively. The research presents and analyzes the results of using 

machine learning methods to classify satellite images of the southern part of the Kharkiv region during 

the period of increased fire danger, which in turn will contribute to a more rational implementation of 

land management works. Geographic information systems are in constant development and are 

integrated with scientific achievements from other fields. Artificial intelligence, namely machine 

learning, in geoinformation systems allows for faster and better environmental research. 
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Introduction 

 

The first picture of the Earth from space was obtained in 1946. In 2021, there were almost 7,500 active 

satellites in low Earth orbit. In terms of a constant increase in remote sensing data, the acceleration and 

optimization of the process of geoinformation processing and analysis are becoming a recent issue. 

More active and purposeful use of artificial intelligence for management, manipulation, analysis, 

modeling, presentation and display of geoinformation data will allow solving complex issues of land 

resource planning and management effectively. The research presents and analyzes the results of using 

machine learning methods to classify satellite images of the southern part of the Kharkiv region during 

the period of increased fire danger, which in turn will contribute to a more rational implementation of 

land management works. 

 

Research methods  

 

For the needs of land management, thematic decoding of space images can be carried out in many ways, 

particularly, through visual decoding, raster classification, machine learning of qualifications, etc. 

Visual decoding takes a lot of time and depends on the professional qualities of the operator (attention). 

The effectiveness of “ordinary” raster classification depends on the operator's ability to select 

parameters that reflect the regularities of the studied phenomenon. Classification through machine 

learning doesn’t have the listed disadvantages. Machine learning is a set of methods in the field of 

artificial intelligence, a set of algorithms that are used to make a computer program learn from its 

experience. As training, a computer program (model) processes a wealth of input data and finds patterns 

in them (Bishop, 2006). 

 

Machine learning has the following parts: 

• algorithm – choosing a method for solving the task (in our research, it is the “k-nearest 

neighbors” method – a type of classification where the function is only locally approximated, 

and all calculations are postponed until the function is evaluated); 

• signs – the choice of characteristics and properties that the system should monitor as a result 

of training (in our research, this is an increase in the spectral brightness of the mid-infrared 

spectrum, which corresponds to the places of fires); 

• data – samples of data with which the system (computer program) needs to be taught to work 

(in our research, these are space multispectral images of the southern part of the Kharkiv 

region). 

 

Source data 

 

In terms of administrative division, the study area covers the Izyum, Chuguyiv, and Loziv districts of 

the Kharkiv region. The main part of fire-hazardous areas is located in the forested area in the valley of 

the Siverskyi Donets river. The data source for the thematic deciphering is space multispectral images 

of the European Space Agency's Sentinel-2 family of Earth remote sensing satellites for June-July 2022. 

Space images are obtained from open sources: the site of the US Geological Survey. The GIS program 

QGIS in combination with Orfeo ToolBox was used for image processing. QGIS is a free cross-platform 

geographic information system, and Orfeo ToolBox is an open-source project for state-of-the-art remote 

sensing that can process high-resolution optical, multispectral, and radar images. 

 

Research results 

 

In 2022, research was conducted on the use of GIS technologies to monitor the state of land resources 

and identify emergencies. Land management takes into account the relief of the area, soil, and 

vegetation cover, as well as hydrological, hydrographic, climatic conditions, and the probability of 

emergencies. All these properties of land and natural conditions are taken into account to organize the 

use of land better and increase the efficiency of agricultural production. These data are considered in a 

complex way, so that land management decisions made based on accounting for one type of data do not 

contradict others. Land properties and natural conditions can be favourable or unfavourable for the 
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development of production. The influence of natural conditions is substantial, but not absolute. The 

final result depends largely on land management because it creates the organizational and territorial 

basis for the production process. GIS technologies allow exploring all the listed types of data. In 

our research, as an example of the use of artificial intelligence in GIS, emergencies – fires – were 

analyzed. Natural fires in forests and grain fields are one of the four emergencies of natural origin 

that occur most often in Ukraine. Fires destroy the soil cover, as well as the death of soil-forming 

microorganisms. 

 

Satellite data play an important part in supporting knowledge of fire severity by providing rapid 

information for accurate and fast mapping of fire-affected areas. Accurate and fast mapping of fire-

damaged areas is the basis for supporting fire management, accounting for environmental loss, as 

well as determining a strategy for planning and controlling vegetation restoration, and conducting 

land management of the territory. Fire mapping can be done from satellite remote sensing spectra 

using two different approaches, namely: using a single satellite image or using a multi-temporal 

satellite image, usually using a combination of satellite data. Research on the use of combinations 

of Sentinel-2 multispectral images for accurate and fast mapping of fire-damaged areas has shown 

their high efficiency (Filipponi, 2018, Quintano, 2018). 

 

In the first stage, a combination of images with near- and mid-infrared channels was created using 

the “raster calculator” tool. Areas of forest vegetation after fires are characterized by a decrease in 

spectral brightness in the near-infrared zone (NIR). This is explained by a decrease in the content 

of chlorophyll in the vegetative organs of trees. Also, fires are characterized by an increase in 

spectral brightness in the mid-infrared zone. This is explained by a decrease in the moisture content 

in the tree leaves or needles. In the visible zone of the spectrum, a damaged plant is characterized 

by higher spectral brightness than a healthy one. 

 

At the second stage, pixel-based image classification was performed using Orfeo ToolBox. This 

software platform allows training on multiple images and multiple machine learning techniques 

such as “k-nearest neighbours”, Bayesian classification, “decision trees”, and “random forest”. 

 

The complete workflow has the following points: 

• calculation of sample statistics for each image; 

• calculation of sampling frequency for each image; 

• selection of sample positions for each image; 

• obtaining from sample measurements for each image; 

• calculation of image statistics; 

• training a machine learning model by samples. 

 

As a result of the research in the Siverskyi Donets river valley on 07.02.2022, 29 fire sources were 

found. In Figure 1, detected fires are marked with red dots. Each point of the fire source has 

geodetic coordinates, which makes it possible to perform metric operations, cluster analysis, and 

further research, such as: 

• identification of fire sources; 

• analysis of the effectiveness of existing fire prevention measures; 

• establishment of ways to prevent an emergency with land management tools (security 

zones, sanitary protection zones, etc.) 

 

As Figure 1 indicates, fire sources are located mainly in forest areas and along the Siverskyi Donets 

River. It is worth noting that in the specified period, there were more fires than in 2020 and 2021. 

The reason for this situation is an anthropogenic factor. Factors of fire danger must be taken into 

account when organizing the territory, creating a comprehensive plan for the spatial development 

of the community's territory, as well as establishing the boundaries of security and sanitary 

protection zones. Using artificial intelligence (including machine learning) in GIS technologies 

increases the efficiency of information analysis. The possibility of automating the processing of 
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large volumes of data on land resources is being created. The mechanism described in the study 

can be used to detect damage to land resources as a result of anthropogenic activity (results of 

artillery shelling and rocket attacks, etc.) and negative natural phenomena (floods, strong winds, 

erosion processes, etc.). It is possible to perform the tasks of searching for energy sources and 

minerals, monitoring the ecological state and identifying sources of environmental pollution, as 

well as analyzing the state of agricultural land and forest plantations, monitoring emergencies, etc. 

(Tytarenko, 2014). 

 

 
Figure 1 Sentinel-2 space image of the visible spectrum dated 07.02.2022 of the southern part of the 

Kharkiv region. The red dots are the locations of fires that were identified using machine learning. 

The area in the enlarged scale in Figure 2 is shown in the blue rectangle 

 

There is an opinion that in the future, geospatial data and artificial intelligence will be used in all types 

of monitoring of land resources, cadastral and land assessment activities. Various land management 

agencies will involve technologies as they develop. GIS and artificial intelligence can help in decision-

making and encourage government bodies and private enterprises to perform their work in the field of 

land management better. 

 

In the upper part of Figure 2, there is a fragment of the raster of the combination of channels, where the 

increased spectral brightness corresponds to the location of the fire and burn. Below we see the same 

area in the visible spectrum. The image shows white smoke from the fires. 

 

 
Figure 2 Fragment of a raster in different spectrum ranges. The upper part is a raster of a 

combination of infrared spectrum channels. The lower part is an enlarged fragment of a space photo 

of the visible spectrum, where white smoke can be seen 
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Conclusions 

 

Multispectral satellite images are a source of information about the state of land resources and the 

manifestation of negative phenomena. The volume of such information is constantly growing. 

Currently, many methods and tools have been developed for the analysis of Earth remote sensing data. 

Geographic information systems are in constant development and are integrated with scientific 

achievements from other fields. Artificial intelligence, namely machine learning, in geoinformation 

systems allows for faster and better environmental research. It is necessary to implement more 

applications of artificial intelligence in specialties related to GIS technologies, as well as in the 

educational process as a whole. 
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