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Abstract

The dynamics of the state of vegetation cover has been analysed in the hydrocarbon deposits of the Tomsk 
region, specifically Luginetskoye, Katylginskoye, Olenye, Lomovoye. The territory of the Oglatsky Nature Re-
serve was chosen as the background area. Based on satellite data from Terra/MODIS (Moderate Resolution Imag-
ing Spectroradiometer), the average values of the NDVI vegetation index (Normalized Difference Vegetation 
Index) were calculated from June, 26 to July, 11 for the years 2012 to 2022. It has been found that the same trend 
in NDVI values is observed for the vegetation in the studied oilfields Luginetskoye, Katylginskoye, and Olenye: 
the maximum NDVI values were recorded in 2016, while the minimum values occurred in 2012. For the territory 
of the Lomovoye oilfield, the highest NDVI value was established in 2022, with the lowest in 2012. Overall, a 
positive trend in NDVI values was noted across all studied areas, with an average increase by 9.7 % from 2012 to 
2022, indicating a stable (not suppressed) state of the vegetation cover of these territories.
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INTRODUCTION

Regular monitoring observations of the state 
of vegetation cover at oil and gas producing ter-
ritories serve as an essential tool to assess the im-
pact of oil production on ecosystems. The aim of 
monitoring is to obtain the parameters for eval-
uating the environmental situation in hard-to-
reach territories of oil and gas extraction in the 
Tomsk Region, for which land-based observation 
methods are difficult to be applied for systematic 
studies and analysis. It is more reasonable to as-
sess the state of the environment using the mod-

ern methods of reliable and relevant (timely) in-
formation, namely multispectral satellite images, 
and the data of the Earth’s remote sensing (ERS). 
Remote sensing methods are based on measuring 
electromagnetic radiation within different spec-
tral ranges, reflected by objects. This allows rec-
ognising various types of vegetation, polluted re-
gions, oil extracting enterprises, water bodies and 
other objects on the Earth, which makes it possi-
ble to analyse the landscape changes.

The goal of the work was to assess the envi-
ronmental state of hard-to-reach territories in 
the hydrocarbon fields of the Tomsk Region over 
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many years. The vegetation cover was chosen as 
the indicator of an environmental situation at the 
territories under investigation because vegetation 
depicts, fully and reliably, the action of anthropo-
genic and natural factors on the environment [1].

EXPERIMENTAL

Object of investigation 

The object of investigation was the vegetation 
cover of the territories of hydrocarbon fields in 
the Tomsk Region. The relief of the Tomsk Re-
gion is formed by marshy plains with altitudes 
not more than 200 m above the sea level. The 
left-bank territory of the region is occupied by 
the Vasyugan Swamps, the largest in the world 
(53 thousand km2). The swamps cover up to 40 % 
of the whole area, while river valleys occupy one 
fifth of the whole territory. The prevailing relief-
forming processes are bogging and peat forma-
tion. Forests occupying the area of 28.6 mln ha 
(58 % of the territory), form one of the main nat-
ural riches of the Region. Coniferous species (pine, 
spruce, fir-tree, larch, cedar) account for about 
60 % of the area covered with forests [2]. 

The map of hydrocarbon fields and back-
ground territory (the Oglatsky Nature Reserve) 
is shown in Fig. 1. The map was compiled using 
the VEGA-Science service [3–6]. 

The territory of hydrocarbon fields of the 
Tomsk Region is characterised by inaccessibility 
due to marshy relief and vast bogs, which implies 
the necessity to apply satellite monitoring to 
evaluate the state of vegetation cover and the 
environmental situation in the region.

There are more than 130 hydrocarbon fields in 
the Tomsk Region, the area of potentially oil and 
gas bearing territories exceeds 224 thousand km2, 
which is ~70 % of the whole area of the Region. 
For a long time, the Tomsk Region is occupying 
one of the leading positions in the production of 
hydrocarbons in West Siberia, so regular tracking 
of the environmental state of oil and gas produc-
ing fields is necessary for timely detection of neg-
ative changes and for minimisation of environ-
mental impact.

The MODIS system  
and calculation of vegetation index 

The medium-resolution satellite images com-
bine the advantages of free access to the data and 
acceptable spatial resolution for detecting the 
changes in the state of vegetation cover. These 

requirements are met by the data from the spec-
troradiometer MODIS (Moderate Resolution Im-
aging Spectroradiometer), mounted on board the 
satellites Terra and Aqua [6]. The thematic prod-
ucts of MODIS have been developed by foreign 
experts relying on the results obtained by pro-
cessing the satellite images taken from the Terra 
satellite by MODIS scanner and the digital mod-
els of the relief. The MODIS survey data are used 
in a broad range of the studies of the atmosphere, 
water bodies, and lands. These data over the whole 
Earth’s surface are obtained from the Terra sat-
ellite every second day in 36 spectral zones (with-
in the range of 0.405–14.385 μm with the resolu-
tion of 250–1000 m), which provides modelling on 
the global and regional scale. The destination of 
the MODIS system is to collect the data for cali-
brated global interactive models of the Earth as 
an integrated system. In the future, it is assumed 
to use interactive models to predict the global 
changes of the environment related to the an-
thropogenic impact. It should be noted that MODIS 
data are freely available and allow rapid assess-
ments of the state of the environment [7].

To work with spectral information, so-called 
index images are often generated [8]. An image 
corresponding to the index value in each pixel is 
built on the basis of a combination of brightness 
values in certain channels, which are informative 
to isolate the object under investigation, and cal-
culation of the spectral index of an object using 
these values. This procedure allows one to distin-
guish the object under study or evaluate its state. 
Spectral indices used to study and evaluate the 
state of the vegetation have been called vegeta-
tion indices.

To monitor the state of the vegetation cover, 
the normalised difference vegetation index (NDVI) 
is widely used [8]:

NDVI = (ρnir – ρred)/(ρnir + ρred)

where rnir is the spectral brightness of the sur-
face in the near infrared region, rred is the same 
in the red region. 

To calculate the average values of normalised 
vegetation index NDVI for the territories under 
investigation, eleven 16-day MOD13Q1 compos-
ites are used (the 193rd composite, recorded on 
June 26 – July 11), with the spatial resolution of 
250 m, during the period of 2012–2022.

RESULTS AND DISCUSSION 

By means of the ArcGis 10.8 geoinformation 
system, the polygonal vector layers of the hydro-
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carbon fields and background territories have 
been generated. Then the average values of NDVI 
were calculated for these territories relying on 
the satellite MOD13Q1 data (2012–2022). Calcula-
tion was carried out using the zonal statistics tool 
by imposing the vector models of polygons for 
the territory of the Oglatsky Reserve and the 
territory of hydrocarbon fields onto the multi-
temporal satellite MOD13Q1 images with the in-
formation on NDVI value. The dynamics of the 
average values of normalised difference vegeta-
tion index for the background territory of the 

Oglatsky Reserve and four hydrocarbon field ter-
ritories from June 26 to July 11, 2012–2022, is 
shown in Fig. 2. 

According to the data obtained (see Fig. 2), the 
maximal value of NDVI (0.87) is observed in 2016 
for the vegetation cover of the Background terri-
tory, the Oglatsky Reserve, which is evidence of 
favourable environmental conditions and the ab-
sence of significant anthropogenic impact on the 
ecosystem of the reserve. The smallest NDVI val-
ues were detected for the vegetation at the ter-
ritories of the Olenye (0.73) and Luginetskoye 

Fig. 1. Map of the oilfields and background territory of the Tomsk Region: 1 – Luginetskoye, 
2 – Katylginskoye, 3 – Olenye, 4 – Lomovoye.

Fig. 2. Changes of the average values of NDVI during the years 2012–2022.
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(0.74) oilfields in 2012. It is known that in 2012, 
the number of equipment failures at the territory 
of the Luginetskoye oilfield increased from 106 

to 144 in comparison with 2011. According to the 
data of Tomskneft VNK, the amounts of pipeline 
leakage in 2012 were 8.7 t of oil and 7.8 t of highly 

Fig. 3. Dynamics of the average values of NDVI at the oilfields under study: Luginetskoye (a), 
Katylginskoye (b), Olenye (c), and Lomovoye (d).
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mineralised fluid. The total area of polluted land was 
2 ha [9]. The largest polluted areas were detected 
in 2012 within the Luginetsky oilfield (0.53 ha), 
which explains the NDVI value (see Fig. 2). 

Then the dynamics of NDVI values for each of 
the four oilfields under investigation during the 
same time interval (June 26 – July 11, from 2012 
to 2022) was considered (Fig. 3). In general, the 
trend of index value changes is of the same type 
for the territories of all hydrocarbon fields under 
study: minimal values in 2012, high values in 
2016, and continuous increase in NDVI by 2022.

The obtained NDVI values for the time inter-
val under investigation allow us to state that a 
positive trend is generally observed for all the 
territories, which is evidence of a stable (unde-
pressed) state of the vegetation cover at these 
territories. 

Calculations show that during the observation 
time, the average values of NDVI for each hydro-
carbon field increased, from 7.7 % (the Katylgin-
skoye oilfield), 8.2 % (the Olenye oilfield), 10.8 % 
(the Luginetskoye oilfield) up to 12 % (the Lomo-
voye oilfield). The average increase was 9.7 % in 
general for the four oilfields. The data can be 
indirectly related to the fact that the level of pol-
lutant emissions from the oil and gas industry 
decreased in 2022 by 10 % [9] in comparison with 
emission level in 2012. In addition, a well-defined 
correlation between the reduction of pollutant 
emission and an increase in NDVI value is de-
tected. 

CONCLUSION

The diagnostics of vegetation cover state dur-
ing the years 2012–2022 has been carried out 
using the medium-resolution satellite data from 
MODIS over the background territory of the 
Oglatsky Reserve and the territories of four oil-
fields in the Tomsk Region – the Luginetskoye, 
Katylginskoye, Olenye, and Lomovoye. 

A positive trend of NDVI values has been re-
vealed. The value of NDVI was determined to 
increase by 9.7 % on average from 2012 to 2022. 
An increase in the values of the vegetation index 
points to the stability of the vegetation against 

anthropogenic actions, which may be related to 
the improvement of environmental situation. In 
spite of the positive results of vegetation cover 
diagnostics over the oil and gas producing terri-
tories, it is necessary to state the necessity to con-
tinue the studies in this direction. Control over 
the state of the plant ecosystem will allow more 
efficient management of natural resources to 
provide measures aimed at environmental pro-
tection under the conditions of active oilfield de-
velopment.
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