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SUMMARY 

 
 

The research explores the environmental impacts of oil and gas production in the Carpathian region, 

focusing on abandoned wells and their potential to contaminate the environment. The region, 

characterized by a long history of oil and gas extraction, faces significant risks due to approximately 

6,000 abandoned wells, which are potential sources of methane emissions. Methane, being a primary 

component of these emissions, poses serious threats to air quality and public health. The study 

emphasizes the absence of a standardized methodology for detecting hydrocarbon contamination from 

these wells. To address this, the authors propose using remote sensing data, particularly from the 

Sentinel-5P TROPOMI satellite, to monitor methane emissions. The study spans data from 2019 to 

2024, employing tools like Google Earth Engine for processing and visualizing this data. The results 

include interactive maps and time series analyses that show an increasing trend in methane levels over 

the Carpathian region. The findings underline the importance of combining remote sensing with 

ground-based observations to develop a comprehensive environmental monitoring system. This 

approach not only helps in understanding the pollution dynamics but also aids in formulating 

strategies for decarbonization and improving environmental safety in the region. 
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Introduction 

 

The transborder area of the Carpathian region (Fig. 1), which encompasses the Lviv, Ivano-Frankivsk, 

Zakarpattia, and Chernivtsi regions, within which the Ukrainian Carpathians are situated, is 

characterized by a significant anthropogenic footprint (Kuzmenko et al., 2018; Sytnyk et al., 2020). 

Oil and gas facilities have a substantial impact on environmental pollution and the disruption of the 

geological environment. This is evidenced by the fact that oil and gas production within the study area 

was initiated in the 19th century. The number of abandoned oil and gas wells in the region is 

estimated to be approximately 6,000 (Mandryk et al., 2022). These wells represent a significant 

environmental risk due to their potential for contamination through the filtration of hydrocarbons and 

the emission of natural gas. Natural gas is the main component of these emissions, and it is composed 

primarily of methane (CH4). This poses a threat to human health and the environment through the 

contamination of soil, surface water, ground water, and the atmosphere. 

 

Currently, there is no single methodology for identifying areas of hydrocarbon contamination caused 

by mines and abandoned wells (Conrad et al., 2023). In light of the considerable number of inactive 

wells in the Carpathian region, many of which lack sufficient information, the utilisation of remote 

sensing data to identify and map contaminated areas represents a promising approach. This 

methodology can then be employed in conjunction with ground observations and UAV surveys, for 

instance, utilising laser methane detectors, GPS and LIDAR, to facilitate further, more detailed 

research (Filipovych et al., 2020; Mandryk et al., 2022). 

 

 
Figure 1 The location of the study area and the Western oil-gas region of Ukraine (Monchak et al., 

2016): oil and gas bearing areas (tectonic elements): I – Pre-Carpathian (A – Bilche-Volytska gas-

bearing zone, B – Boryslavsko-Pokutska gas and oil-bearing zone); ІІ – Folded Carpathians; III – 

Transcarpathian; IV – Volyn-Podilsk) 

 

Method and Theory 

 

The study utilised data obtained from global monitoring with a spatial resolution of approximately 

1 km², gathered through the sensors of the Sentinel-5P TROPOMI satellite between the years 2019 

and 2024. Інструмент моніторингу TROPOspheric (TROPOMI) is a sensor on board the Copernicus 

Sentinel-5 Precursor satellite that performs high spatial and temporal resolution observations of the 

atmosphere to determine air quality, ozone, ultraviolet radiation intensity, and to monitor and predict 

climate change (Lu et al., 2023). 
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The Sentinel-5P OFFL CH4: Offline Methane dataset provides high-resolution offline methane 

concentration images for the 2019-2024 observation period. TROPOMI utilises information derived 

from the absorption of light in the Oxygen-A (760 nm) and SWIR spectral bands to derive data on the 

concentration of methane (CH4) in the atmosphere.  

 

When conducting regional studies and considering a sufficiently long time period, satellite image 

analysis becomes more complicated due to the need for significant computing power. Desktop 

geographic information systems are unable to process petabytes of satellite monitoring data 

simultaneously. However, the increasing availability of storage space and the democratisation of 

access to online systems (servers, clouds, etc.) are providing solutions to this problem (Dubucq et al., 

2021). 

 

The Google Earth Engine geoinformation cloud web platform provides a convenient methodology for 

the analysis of global satellite data on atmospheric conditions, including data obtained with the 

Sentinel-5 TROPOMI instrument. Google Earth Engine permits the implementation of flexible 

analytical techniques, including the computation of mean values for consecutive or non-consecutive 

days, the calculation of ratios or products of variables, and the spatial averaging of data (Davybida, 

Wyczałek, & Plichta, 2022).  

 

Results 

 

The authors have developed and implemented a software algorithm that enables the downloading of 

observations of methane content in atmospheric air, with the results averaged over the specified 

observation period and visualised in the form of interactive maps (Fig. 2). Additionally, data on the 

density of methane molecules (n∙10⁻⁹ mol./m²) in atmospheric air can be downloaded in the form of 

raster images in GEOTIFF format. 

 

 
Figure 2 The interactive map of the annual methane (CH4) content in the atmospheric air, created on 

the basis of Sentinel-5 observations for 2023 using the Google Earth Engine platform 

 

The software code also enables the downloading a time series of monthly average values of methane 

density in the atmosphere for the study area, thus providing a graph of the averaged results derived 

from the daily observations of the TROPOMI sensor for each month in the period 2019-2024 (Fig. 3). 

The autocorrelation analysis of the obtained time series indicates the presence of a linear trend, while 

the seasonal component is found to be statistically insignificant. 
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Figure 3 Monthly average methane levels from Sentinel-5 data for 2019-2024 

 

The identified spatial and temporal patterns provide the basis for the design of a programme to 

conduct further research in order to gain a more detailed understanding of the air pollution caused by 

hydrocarbon gases from degraded oil and gas wells. This research will contribute to the improvement 

of the environmental safety of the territories of abandoned oil and gas fields (Leshchenko, 2021). The 

findings on methane air pollution can also be employed to ascertain priorities for the advancement and 

implementation of the decarbonisation and reduction of greenhouse gas emissions strategy within the 

region (Yatsenko & Mohylna, 2022; Savenets et al., 2023). 

 

Conclusions 

 

It can be reasonably concluded that remote sensing and GIS represent effective tools for the 

monitoring and study of the environmental impact of oil and gas production. The utilisation of remote 

sensing enables the acquisition of data concerning the condition of the environment and its constituent 

elements at the transboundary, regional and local levels. The combination of data obtained through 

remote sensing with data from ground-based observation methods and geospatial modelling 

techniques offers a comprehensive approach to environmental assessment, forecasting and change 

dynamics tracking. Spatial and temporal modelling and creation of interactive maps of the Carpathian 

region based on Sentinel-5 TROPOMI satellite data show a steady upward trend in the methane 

content in the atmospheric air over the study area.  

 

The obtained results are based on the utilisation of contemporary monitoring tools that employ 

geographic information systems and remote sensing technologies. These findings serve as a crucial 

foundation for the development of a comprehensive monitoring system and the implementation of 

targeted measures to restore the territory and mitigate the environmental impact of the oil and gas 

complex in the Carpathian region. Moreover, these results possess significant potential for utilisation 

in the domain of environmental protection and regional development. In particular, they can be 

employed to further resolve environmental planning and management tasks, as immediate access to 

current information on pollution and its dynamics allows for an expedient response to potential 

adverse effects and the formulation of measures to mitigate them. 
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