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SUMMARY 

In the course of the work, Sentinel-2 satellite data were sequentially processed in order to statistically 
estimate the probability of detecting spectral anomalies of vegetation. These anomalies can be caused 
by the presence of hydrocarbon deposits. It was carried out on the basis of calculating the values of a 
number of spectral indices of vegetation for 20 pairs of polygons constructed within known hydrocarbon 
deposits and beyond it on a homogeneous area covered by vegetation. Similar work was carried out for 
25 pairs of polygons for the results of calculating the surface temperature according to the data of a 
long-wave infrared survey obtained by the image processing of the Landsat-8 satellite TIRS sensor. 

The spatial data, sensitivity, and frequency of the Sentinel-2 and Landsat-8 satellite imagery data were 
found to be effective in solving the problem of detecting spectral and temperature anomalies associated 
with hydrocarbon deposits. This approach can be recommended as a means of additional information 
in the exploration of hydrocarbon deposits in areas with known proven deposits and as an auxiliary in 
the performance of geological prospecting for the identification of new deposits. 
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Introduction. Nowadays it is important to solve the problem of increasing the efficiency of oil and gas 
exploration while reducing costs. Currently, there are three ways to solve this problem: 
- development of direct methods for the search for oil and gas; 
- improvement of modern geophysical methods for the search for hydrocarbon deposits (HC); 
- integration of inexpensive traditional and new methods of prospecting for deposits. 
Research in the first direction began in the 80s of the last century in the process of implementing the 
Coordination Plan for the direct forecasting of oil and gas deposits "Anomalies of the type of deposits 
(ATZ)", did not bring the expected result (Trofimov, 2010). 
The second direction is the focus on the widespread use of seismic exploration, the cost of which sharply 
increases the cost of exploration, not always providing high-quality preparation for deep drilling. 
The third direction for the current conditions is the most acceptable, since it includes the integration of 
geological and geophysical information based on modern technologies with widespread use of 
aerospace (space) methods. The level of development of remote sensing methods (the possibility of 
obtaining high-resolution images in a wide range of scales and spectral ranges) makes it possible to 
increase the efficiency of this method in solving oil and gas prospecting problems. 
 
The use of remote spectral surveys in the visible spectral range for the search for hydrocarbon 
deposits prospecting. In the publication [2] it was shown that the use of adaptive spectral indices allows 
one to identify deviations of the spectra of vegetation cover over gas deposits and use it as an indicator 
of the presence of deposits. Adaptive Spectral Index (ASI) can be determined by the optimal 
wavelengths, based on the condition of the maximum modulus of the difference between the indices for 
the reference points in the areas where gas productivity is confirmed by drilling (signal), and for areas 
without hydrocarbon deposits (background). 
To perform ground verification work, a hyperspectral spectroradiometer is usually used for further use 
of the obtained spectra in the processing of remote sensing data. The possibility of using the adaptive 
spectral index of the wavelength ranges (0.75-0.90 μm) and (1.55-1.75 μm), which are available on 
most Earth remote sensing survey systems (in particular, on Sentinel-2 and Landsat-8). 
Also, during the course of the work, it was found that in places of abnormally high concentrations of 
gaseous hydrocarbons in the soil, the values of the vegetation indices of the red edge position (REP) 
and terrestrial chlorophyll index (MTCI) decrease compared to their values for the background areas 
outside the field. 
The satellites of the Sentinel-2 series provide data in three spectral ranges of Vegetation Red Edge (with 
centers at wavelengths of 0.705, 0.740, and 0.783 μm, respectively), and studies of its planar distribution 
can be used as an additional method for detecting hydrocarbon deposits (Jakimchuk et al., 2016). 
 
Assessment of the possibilities of using satellite imagery in the longwave infrared spectral range 
for oil and gas deposits prospecting. The possibility of using remote sensing data in range of 3-14 μm 
is based on the possibility of detecting temperature signal generated due to various physicochemical 
processes in hydrocarbon deposits and during its migration (Trofimov, 2010). 
Due to temperature increment in hydrocarbon deposits, convection leads to an increase of the heat flux 
from depth to the Earth’s surface, and causes the formation of surface temperature anomalies 
(D'jakonov, 1958). 
Since the middle of the last century, it became possible to carry out experimental ground-based and 
aerial surveys in order to assess the feasibility of the practical use of the temperature method in the 
search for oil and gas. The advent of equipment with high spatial resolution for surface scanning made 
it possible to begin extensive research using these methods. A significant contribution to these studies 
was made by Ukrainian experts. According to the results of (Lyalko et al., 1979, Osadchij et al., 1976, 
Chekaljuk et al., 1972), it was found: 
- anticlinal traps with hydrocarbon deposits at the background level are characterized by elevated 
temperatures; 
- the values of temperatures measured by ground-based sensors over hydrocarbon deposits exceed 
average values from tenths of a degree to several degrees; 
- due to the vital activity of soil bacteria that feed on hydrocarbons migrating to the surface, additional 
heat is generated. 
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The main mechanism for the manifestation of heat flow from deep sources to the Earth's surface is 
convective heat and mass transfer. It is accompanied by the removal of hydrocarbons through a system 
of low-amplitude disturbances and their accompanying fracture zones, which complicate trap shape. 
The most important factor in this process is the age of geothermal anomalies, which usually amounts to 
millions of years, and the totality of geothermal anomalies ensures constant heating of the rock stratum 
over hydrocarbon deposits. 
The heat flux upwelling from the bowels of the Earth to the Earth’s surface is significant over active 
discontinuous disturbances, and much less over deposits. This indicates the existence of a direct 
relationship between the productive horizons and the Earth’s surface, which is carried out through the 
pass-through zones in the sedimentary cover and affects the distribution of filtration-capacitive 
properties in them, expressed in linear zones of lowering reservoir pressures and well flow rates 
(Berman and Zaharov, 2011, Vorobiev et al., 2016). During geological time, under the influence of 
changes in tectonic stress fields and current lithogenetic processes, through channels change their 
permeability until barriers with different permeability form. 
Landsat satellite imagery is supplied as a set of individual GeoTIFF images and metadata. The image 
is pre-radiometrically calibrated and georeferenced. An informative product for processing far-infrared 
data is pixel maps of the temperature of the earth's surface. 
 
Sentinel-2 and Landsat-8 Software Processing. Based on the processing of satellite data, a 
comparative statistical values assessment is performed. Based on Sentinel-2 data - adaptive and 
chlorophilic indices, based on Landsat-8 data - temperature values obtained both within and outside 
hydrocarbon deposits. To do this, test polygons were formed within the known gas and oil deposits and 
beyond using the ROI Tool. 
The constructed polygons were compared within a homogeneous area with vegetation to identify the 
difference between the average values of the corresponding indices and the characteristics of the 
anomaly. The maps developed by the staff of the Center for Aerospace Research of the Earth were used 
to form sections of the boundaries of the deposits. For processing, we used a comparison of the average 
distribution statistics of the studied features. To assess the statistical probability of identifying 
anomalous deviations, the work was carried out on the basis of samples of 20 pairs of polygons for 
adaptive and chlorophilic indices and 25 pairs of polygons in determining the temperature difference. 
Pairs of polygons were formed on the basis of the map of deposits, one of the polygons was created 
within the reservoir, the second – outside it. The sample was formed randomly in compliance with the 
rule: the ratio of a pair of polygons in one section with vegetation, without overlapping neighboring 
sections other than test ones. The average size of the polygons is 200 m × 200 m, which can vary 
depending on the size of the field on which the test polygons are built. 
 
Testing the methodology at known hydrocarbon deposits within the Dniprovsko-Donetska 
depresion. A test of the methodology for using the Landsat and Sentinel-2 satellites data was performed 
on the areas of known oil and gas deposits within the northwestern part of the Dniprovsko-Donetsk 
depression. The estimation of surface distributions of adaptive indices MTCI, NAVI, ASI, spectral 
reflection coefficients in the ranges of the red edge and temperature within the known hydrocarbon 
deposits were performed. 
The obtained comparisons of the indices and temperatures within and outside the deposits are 
systematized and the probability of detecting anomalies for each of the features, caused by the presence 
of hydrocarbon deposits based on 20 pairs of test ranges for spectral adaptive and chlorophilic indices 
and 25 pairs of test ranges for temperature data, is estimated, obtained using the TIRS thermal radiance 
sensor at the Landsat-8 satellite (Figure 1). 
The article presents the values of the compared average values of the distribution of indices and 
temperatures for the test sites outlined in the corresponding images within and outside the boundaries 
of the deposits and the value of the difference between them. 
When analyzing spectral anomalies within hydrocarbon deposits fields, the adaptive ASI index did not 
performed a systematic difference when comparing its values within the reservoir and beyond, which 
indicates the impossibility of its use when using remote sensing data in geological exploration. While 
for the chlorophyll indices MTCI and NAVI in 15 cases out of 20, its decrease is noted within the field 
compared with their values outside it. This corresponds to a probability of 75% recognition of the 
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anomaly, which corresponds to the presence of deposits in the experimental site. The following are the 
relevant comparisons for oil fields based on 20 test pairs of test sites. 
 

 
Figure 1. Image of the average temperature distribution based on a series of five images obtained 

after Landsat-8 processing. 
 
When analyzing oil fields, 13 out of 20 cases show a decrease in the ASI index within the field compared 
with their values outside it, which corresponds to a probability of 65% recognition of the ASI index as 
a spectral anomaly, which corresponds to the presence of deposits in the experimental site. The MTCI 
index in 16 cases out of 20 showed a decrease within the oil reservoir, which corresponds to a 
probability of 80% recognition of the spectral anomaly by this index, which corresponds to hydrocarbon 
migration within this area. While the NAVI index in 12 cases out of 20 performed a decrease in the 
value, which makes it an unreliable indicator for hydrocarbon deposits prospecting. 
Corresponding comparisons were made of the data of remote measurement of the Earth’s surface 
temperature from the averaged satellite imagery data using Landsat-8, obtained by merging five 
temperature distribution images into a data time series for the summer sensing period from 2015 to 
2018 for known areas of existing hydrocarbon deposits. 
Data time series analysis of obtained time series data within gas deposits in 20 cases out of 25 revealed 
an excess of temperature at the polygons within the deposits when compared with the temperature 
within the polygons outside the deposits, two of it were identified as insignificant (<0.1 ° С). Thus, the 
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temperature as an indicator performes the presence of a thermal anomaly associated with the presence 
of deposits with a probability of 72%. 
In the research of hydrocarbon deposits fields, temperature rises in areas of fields located in proven oil 
deposits were detected in 21 cases out of 25 and two more of them were identified as a slight increment 
(<0.1 ° C). Thus, for hydrocarbon fields, the probability of detecting a thermal anomaly associated with 
the presence of deposits is 76%. 
 
Conclusions. In the course of the work, Sentinel-2 space data were sequentially processed in order to 
statistically estimate the probability of detecting spectral anomalies using vegetation indices. These 
anomalies can be caused by the presence of hydrocarbon deposits. It was carried out on the basis of 
estimating the values of a number of spectral indices of vegetation for 20 pairs of polygons constructed 
within known deposits and beyond them on a homogeneous area covered by vegetation. Similar work 
was carried out for 25 pairs of polygons for the results of estimating the surface temperature according 
to the data of a long-wave infrared survey obtained on the basis of image processing of the TIRS sensor 
of the Landsat-8 satellite. 
The adaptive ASI index did not demonstrate a systematic difference when comparing its values within 
hydrocarbon deposits and beyond, which indicates the inappropriateness of its use when using remote 
sensing data for geological exploration. The NAVI index turned out to be unreliable when processing 
data on oil deposits; for the chlorophyll indices MTCI and NAVI, 15 out of 20 cases showed its decrease 
within gas fields compared with their values outside it, which corresponds to a probability of 75% 
recognition of the anomaly, which corresponds to the presence of deposits on the test site. The MTCI 
index in 16 cases out of 20 performed a decrease within the hydrocarbon deposits, which corresponds 
to a probability of 80% recognition of the spectral anomaly by this index, which corresponds to 
hydrocarbon migration within study area. When processing data on temperature distribution in oil 
fields, the probability of detecting a thermal anomaly associated with the presence of deposits is 76%, 
for gas deposits – 72%. 
The spatial data, sensitivity, and frequency of the Sentinel-2 and Landsat-8 satellite imagery data were 
found to be effective in solving the problem of detecting spectral and temperature anomalies associated 
with hydrocarbon deposits. This approach can be recommended as a means of additional information 
in the exploration of hydrocarbon deposits in areas with known proven deposits and as an auxiliary 
when performing geological prospecting for the identification of new deposits. 
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