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ABSTRACT   

The article deals with the problem of assessing damage during seismic surveys on agricultural land used in the 
production process. The difficulty lies in determining the area of the damaged surface after harvesting the crop. At the 
same time, the full processing of the entire field to a depth of 35-45 cm will lead to a multiple increase in the cost of 
reclamation. In order to avoid such a situation, it is proposed to use a GPS tracker, which will indicate the path traveled, 
and then be able to orient the equipment for spot processing of the field. The purpose of the study is to propose an 
algorithm for determining damage in case of violation of the fertile surface layer of agricultural land with excessive 
compaction. To solve this problem, the following tasks are supposed to be solved: - study of a universal methodology for 
determining damage in case of damage to agricultural land; - to determine the features of the formation of damage during 
seismic surveys; - formulate proposals for improving the standard methodology. When using a GPS tracker, the cost of 
reclamation will be reduced from 491 thousand rubles up to 23 thousand rubles (21 times). 

Keywords: damage, misuse of agricultural land, remote positioning, soil cover disturbance, GPS tracker, price, lost crop, 
heavy wheel equipment. 
 

1. INTRODUCTION  

Agricultural land requires special protection. Unlike other types of land, agricultural land has productivity and certain 
technological properties that are easily destroyed, causing significant damage to the land user. In addition to the obvious 
examples of contamination, mixing of layers, there are more subtle cases of violation of the technological properties of 
the soil, such as excessive compaction. The movement of heavy wheeled vehicles rams the fertile surface soil layer, 
reducing its productive properties (figure 1) [1-5]. 

The sealing action from the wheels extends up to 1 m in depth and up to 0.8 m in the transverse direction. The quality of 
work when performing technological operations on compacted areas following the tracks of tractors and machines, as a 
rule, does not meet agrotechnical requirements [6-11]. On the surface of the field there are traces up to 0.12 m deep, in 
which the density of the soil significantly exceeds the optimal values, the specified depth of cultivation by cultivators is 
not maintained, up to 48% of seeds of grain crops are not planted to the specified depth, the traction resistance of the 
working bodies working on compacted areas increases , the quality of harvesting is deteriorating, the structure of the soil 
is being destroyed, and the yield of grain crops is decreasing [12-15]. 

With a single pass of heavy equipment, crop losses can reach 50-60%. The consequences of a one-time intensive 
compaction persist for 2-5 years [16-18]. 
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Figure 1. Damage to a piece of land during the passage of heavy equipment. 

 

When eliminating the consequences of compaction of the surface layer, two main problems arise: 1) the absence of 
visible traces of damage after minimal impact on the soil; 2) minimizing the cost of restoring the fertility of damaged 
areas. 

To solve these problems, it is proposed to use GPS trackers.  

The purpose of the study is to propose an algorithm for determining damage in case of violation of the fertile surface 
layer of agricultural land with excessive compaction. 

To solve this problem, the following tasks are supposed to be solved: - study of a universal methodology for determining 
damage in case of damage to agricultural land; - to determine the features of the formation of damage during seismic 
surveys; - formulate proposals for improving the standard methodology. 

2. MATERIALS AND METHODS 

In the course of the study, it is planned to investigate the consequences of soil cover disturbance as a result of seismic 
surveys on agricultural lands. 

The damage caused by the technique (Usum) consists of three parts: 

 recYsum UUUU  0  (1) 

where U0 is the damage from previously incurred costs before the disturbance of the soil cover, rub.; 

UY - lost profit, rub.; 

Urec is the cost of restoring the soil cover, rub. [19-22] 

To determine all these three components, it is necessary to determine the area of agricultural land (S) on which the soil 
cover has been damaged. 

 wLS p   (2) 

where L is the length of the vehicle path, m; 

w is the width of the passage of cars (most often coincides with the width of the wheelbase), m [23-26]. 
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To determine the length of the path of vehicles, it is proposed to oblige companies conducting seismic exploration of oil 
fields to install GPS trackers. In this case, based on the data of such equipment, it is very easy to determine the length of 
the path of vehicles passing through agricultural land and calculate the amount of damage. 

To solve the tasks set, the following methods were used: the empirical method, the statistical method, the calculation and 
analytical methods. 

3. RESULTS AND DISCUSSION 

As a basis for the study, data on soil cover disturbance during seismic surveys in 2019 were used. At present (April 
2022), it is not possible to determine the area of the damaged surface layer on the ground due to repeated tillage by 
agricultural machines during technological operations. 

However, there are a number of documents submitted (photos, a copy of the act of inspection of crops and plantings of 
agricultural crops dated September 19, 2019, acts of a planned (raid) inspection, survey of agricultural land dated 
October 4, 2019 No. 332 / 4, 333 / 4, 334/4, 335/4, 336/4, a cover letter from the Municipal Institution "Department of 
Agriculture and Food of the Kinel-Cherkassky District Administration) indicate that damage to the surface layer 
occurred due to the use by the enterprise that carried out the work of a heavy wheel equipment in the process of seismic 
exploration on land plots with cadastral numbers: 63:23:0704003:12, 63:23:0704003:14, 63:23:0704003:15, 
63:23:0000000:5166, 63:23:0000000:4902, 63:23:0000000:4735, 63:23:0702003:60, 63:23:0702003:64, 
63:23:0702003:65, 63:23:0702003:66, 63:26:0702003:157 . The source of damage to the surface soil layer (excessive 
compaction) was the movement of heavy equipment (Sercel Nomad-65 vibrators, the mass of which is 28.5 tons) (figure 
2). For comparison: the mass of the K-7 tractor, which is used in the production process, is from 14.0 to 18.8 tons, and 
the mass of a combine harvester with a full grain hopper is 16.5 tons [27-32]. 

 

 
Figure 2. Vibrators Sercel Nomad-65. 

 

The area of damage is (according to the acts of a planned (road) inspection, survey of agricultural land dated 04.10.2019 
No. 332/4, 333/4, 334/4, 335/4, 336/4, conducted by the Office of the Federal Service for veterinary and phytosanitary 
supervision in the Samara region) a strip with a width of 3 to 6 meters. In total, on the fields occupied by sunflower 
(63:23:0000000:4902, 63:23:0000000:5166, 63:23:0704003:12), according to the acts of the Administration of the 
Federal Service for Veterinary and Phytosanitary Surveillance in the Samara Region, 25 bands were observed. 
According to the Public cadastral map of the Samara region, the width of the fields exceeds 500 m in diameter. Based on 
this, the minimum area of damage to the surface layer of soil is 4.5 m x 25 pcs. x 500 m / 10000 = 5.6 ha, which shows 
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that the data given in the letter of the Municipal Institution “Department of Agriculture and Food of the Kinel-
Cherkassky District Administration No. 81 of 04/06/2022 are quite reliable. 

For the rest of the plots, acts of planned (raid) inspection, surveys of agricultural land were drawn up after harvesting 
crops, so it is not possible to establish the number of passes of equipment for seismic surveys. 

At the same time, based on the data of the GPS tracker, it is easy to determine the length of the path of equipment over 
agricultural land (figure 3). 

 
Figure 3. A map of the movement of equipment during seismic surveys using a GPS tracker. 

 

According to this map, it is easy to calculate the damaged area, determine the placement of crops and, as a result, 
calculate the damage. At the same time, it is easy to repeat the original path when eliminating the consequences of 
damage to the fertile layer. 

To eliminate the negative impact of soil compaction, deep loosening to a depth of 40-45 cm is assumed [33-38]. In 
accordance with the technological map, the cost of processing compacted soil with a chisel plow (PCh-4.5) at the current 
price level (April 2022) is 2183 rubles/ha or 23.1 thousand rubles over the entire damage area (10.6 ha). The calculation 
was carried out using the Program for the calculation of technological maps in crop production, developed at the 
Department of Economic Theory and Economics of the Agroindustrial Complex of the Samara Agrarian University. 

Based on the data specified in the letter of the Municipal Institution “Department of Agriculture and Food of the 
Administration of the Kinel-Cherkassky District No. 81 dated 04/06/2022, the statistical reporting form of the peasant 
farm enterprise No. 2-farmer (information on the harvest of agricultural crops) for 2019 and price monitoring data 
conducted by Samara-ARIS for 2022. (Table 1), the market value of the lost crop in the indicated areas in 2019 was 
calculated (table 2). 

 

Table 1. The price of most sales in the Samara region in 01.2022-03.2022 (State Budgetary Institution "Samara - ARIS"). 

Date 01.01.2022 15.01.2022 01.02.2022 15.02.2022 01.03.2022 15.03.2022 

Barley 14740 14740 14740 15400 15400 15400 

Sunflower 38400 40000 38400 41000 41000 41000 
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Average price for the period 01.2022-03.2022 amounted to: barley - 15070 rubles / t, sunflower - 39967 rubles / t. 

The price of Sudanese grass hay at the beginning of April 2022, according to the Avito.ru portal, was 1,500 rubles. per 
roll weighing 300 kg. The cost of 1 ton of hay is 5000 rubles/ton. 

 

Table 2. Lost crops due to seismic surveys in 2019. 

Crop 
Area of crop 

death, ha 
Cadastral numbers of 

land plots 

Productivity 
(according to the 

form No. 2-
farmer), cwt/ha 

Lost crop, t 

Barley 2.04 

63:23:0704003:14 
63:23:0704003:15 
63:23:0704003:12 

(contour - 1) 

32.3 6.59 

Sunflower 7.66 

63:23:0000000:4902 
(contour - 2,3), 

63:23:0000000:5166 
(contour - 1), 

63:23:0704003:12 
(contour - 2) 

29.9 22.9 

Sudanese grass 0.9 
63:23:0000000:4902 

(contour - 1) 
45.0 4.05 

 

The cost of the lost crop in these areas in 2019 at the prices of the beginning of 2022 will be 6.59 tons x 15070 rubles/t + 
22.9 tons x 39967 rubles/t + 4.05 tons x 5000 rubles/t = 1034805.0 rubles. 

4. CONCLUSION 

At present (April 2022), it is not possible to determine the area of the damaged surface layer on the ground, due to 
repeated tillage by agricultural machines during technological operations. However, the calculations carried out 
according to the data of the acts of the planned (road) inspection, survey of agricultural land, show the high reliability of 
the data given in the act of inspection of crops and plantings of crops dated September 19, 2019, according to which the 
area of the damaged surface soil layer was: in plots 63:23:0704003:14, 63:23:0704003:15, 63:23:0704003:12 (contour - 
1) (spring barley) - 2.04 ha; 63:23:0000000:4902 (contour - 2.3), 63:23:0000000:5166 (contour - 1), 63:23:0704003:12 
(contour - 2) (sunflower) - 7.66 ha; 63:23:0000000:4902 (contour - 1) (sudanese grass) - 0.9 ha. 

The source of damage to the surface layer of the soil was compaction by heavy machinery at the place of its passage. The 
compaction from the wheels extends up to 1 m in depth and up to 0.8 m in the transverse direction. At the moment of 
damage, the area of the damaged area is well defined visually, which makes it possible to limit the treatment to only the 
damaged area. To eliminate the consequences of excessive soil compaction, it was enough to process the damaged area 
to a depth of 35-45 cm with a chisel plow. In accordance with the technological map, the cost of this operation in this 
case will be 2183 rubles/ha or 23.1 thousand rubles over the entire damage area (10.6 ha). 

Cost of damage from loss (destruction) of spring barley crop on an area of 2.04 ha; sunflower on an area of 7.66 
hectares; Sudanese grass on an area of 0.9 hectares, which occurred in the period August-September 2019 as a result of 
survey work of seismic exploration, in prices as of the current date (April 2022), is 1,034,805.0 rubles. 

REFERENCE 

[1] Zhichkin, K.A., Nosov, V.V., Zhichkina, L.N., Ramazanov, I.A., Kotyazhov, A.V. and Abdulragimov I.A. “The 
food security concept as the state support basis for agriculture,” Agronomy Research 19(2), 629–637 (2021). 

Proc. of SPIE Vol. 12296  122960J-5
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 07 Jul 2022
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



 
 

 

 

 

 

[2] Zhichkin, K., Nosov, V., Lakomiak, A. and Zhichkina L. “Cadastral valuation of lands dedicated to perennial 
plantings: features and practice,” E3S Web of Conferences 177, 04002 (2020). 

[3] Filippova, I., Ermakova, A., Gabdrakhmanova, L., Bogdanova, J., Cherepanova, V. and Abramova, S. 
“Innovative approach to assessing natural resources,” International Journal of Recent Technology and 
Engineering 6, 998-1004 (2019). 

[4] Ivanova, I.A., Pulyaeva, V.N., Vlasenko, L.V., Gibadullin, A.A. and Safarov, B.G. “Collaboration of different 
generations in the digital environment of the economy,” IOP Conference Series: Earth and Environmental 
Science 421, 032039 (2020). 

[5] Zhichkin, K., Nosov, V. and Zhichkina L. “The Express Method for Assessing the Degraded Lands 
Reclamation Costs,” Lecture Notes in Civil Engineering 130, 483-492 (2021). 

[6] Ermakova, A.M. “Sustainable development of rural areas of the Yamalo-Nenets Autonomous Okrug,” IOP 
Conference Series: Earth and Environmental Science 723, 042026 (2021). 

[7] Pascual, A., Tupinambá-Simões, F., Guerra-Hernández, J. and Bravo, F. “High-resolution planet satellite 
imagery and multi-temporal surveys to predict risk of tree mortality in tropical eucalypt forestry,” Journal of 
Environmental Management 31015, 114804 (2022).  

[8] Byer, S. and Jin, Y. “Detecting drought-induced tree mortality in Sierra Nevada forests with time series of 
satellite data,” Remote Sensing 9 (9), 929 (2017). 

[9] Cawse-Nicholson, K., Townsend, P.A., Schimel, D., Assiri, A.M., Blake, P.L., Buongiorno, M.F., Campbell, P., 
and Zhang, Q. “NASA's surface biology and geology designated observable: A perspective on surface imaging 
algorithms,” Remote Sensing of Environment 257, 112349 (2021). 

[10] Zhichkin, K., Nosov, V., Zhichkina, L., Alborova, M. and Kuraev, A. “Methodology for cadastral valuation of 
agricultural lands occupied by water bodies,” E3S Web of Conferences 175, 06014 (2020). 

[11] Ermakova, A., Demina, K. and Nurullina, T. “Resource-saving technologies - The basis of effective enterprise 
activity,” IOP Conference Series: Earth and Environmental Science 723, 042027 (2021). 

[12] De Luca, G., Silva, J.M.N., Cerasoli, S., Araújo, J., Campos, J., Di Fazio, S. and Modica, G. “Object-based land 
cover classification of cork oak woodlands using UAV imagery and Orfeo Toolbox,” Remote Sensing 11 (10), 
1238 (2019).  

[13] Gorelick, N., Hancher, M., Dixon, M., Ilyushchenko, S., Thau, D. and Moore, R. “Google Earth Engine: 
Planetary-scale geospatial analysis for everyone,” Remote Sensing of Environment 202, 18-27 (2017). 

[14] Jiang, Z., Huete, A.R., Chen, J., Chen, Y., Li, J., Yan, G. and Zhang, X. “Analysis of NDVI and scaled 
difference vegetation index retrievals of vegetation fraction,” Remote Sensing of Environment 101 (3), 366-378 
(2006). 

[15] Zhichkin, K.A., Nosov, V.V., Zhichkina, L.N., Sterlikov, F.F. and Abramov, Y.V. “Calculation of damage 
caused to agricultural areas as a result of placement of oil production facilities,” IOP Conference Series: Earth 
and Environmental Science 808, 012054 (2021). 

[16] Lehmann, E.A., Wallace, J.F., Caccetta, P.A., Furby, S.L. and Zdunic, K. “Forest cover trends from time series 
Landsat data for the Australian continent,” International Journal of Applied Earth Observation and 
Geoinformation 21 (1), 453-462 (2013). 

[17] Meddens, A.J.H., Hicke, J.A. and Vierling, L.A. “Evaluating the potential of multispectral imagery to map 
multiple stages of tree mortality,” Remote Sensing of Environment 115 (7), 1632-1642 (2011). 

[18] Moon, M., Richardson, A.D. and Friedl, M.A. “Multiscale assessment of land surface phenology from 
harmonized Landsat 8 and Sentinel-2, PlanetScope, and PhenoCam imagery,” Remote Sensing of Environment 
266, 112716 (2021). 

[19] Ahmadi, K., Kalantar, B., Saeidi, V., Harandi, E.K.G., Janizadeh, S. and Ueda, N. “Comparison of machine 
learning methods for mapping the stand characteristics of temperate forests using multi-spectral sentinel-2 
data,” Remote Sensing 12 (18), 3019 (2020). 

[20] Astola, H., Häme, T., Sirro, L., Molinier, M. and Kilpi, J. “Comparison of Sentinel-2 and Landsat 8 imagery for 
forest variable prediction in boreal region,” Remote Sensing of Environment 223, 257-273 (2019). 

[21] Dube, T., Pandit, S., Shoko, C., Ramoelo, A., Mazvimavi, D. and Dalu, T. Numerical assessments of leaf area 
index in tropical savanna rangelands, South Africa using Landsat 8 OLI derived metrics and in-situ 
measurements,” Remote Sensing 11 (7), 829 (2019). 

[22] Korhonen, L., Hadi, Packalen, P. and Rautiainen, M. “Comparison of Sentinel-2 and Landsat 8 in the estimation 
of boreal forest canopy cover and leaf area index,” Remote Sensing of Environment 195, 259-274 (2017). 

Proc. of SPIE Vol. 12296  122960J-6
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 07 Jul 2022
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



 
 

 

 

 

 

[23] Meyer, L.H., Heurich, M., Beudert, B., Premier, J. and Pflugmacher, D. “Comparison of Landsat-8 and 
Sentinel-2 data for estimation of leaf area index in temperate forests,” Remote Sensing 11 (10), 1160 (2019). 

[24] Bryukhovetskaya, S.V., Artamonova, K.A., Gibadullin, A.A., Ilminskaya, S.A. and Kurbonova, Z.M. 
“Management of digital technology development in the national economy,” IOP Conference Series: Earth and 
Environmental Science 421, 042018 (2020). 

[25] Rahimzadeh-Bajgiran, P., Hennigar, C., Weiskittel, A. and Lamb, S. “Forest potential productivity mapping by 
linking remote-sensing-derived metrics to site variables,” Remote Sensing, 12 (12), 2056 (2020). 

[26] Wolter, P.T. and Townsend, P.A. “Multi-sensor data fusion for estimating forest species composition and 
abundance in northern Minnesota,” Remote Sensing of Environment 115 (2), 671-691 (2011). 

[27] Alcaraz-Segura, D., Chuvieco, E., Epstein, H.E., Kasischke, E.S. and Trishchenko, A. “Debating the greening 
vs. browning of the North American boreal forest: Differences between satellite datasets,” Global Change 
Biology 16 (2), 760-770 (2010). 

[28] Bright, B.C., Hudak, A.T., Meddens, A.J.H., Egan, J.M. and Jorgensen, C.L. “Mapping multiple insect 
outbreaks across large regions annually using landsat time series data,” Remote Sensing 12 (10), 1655 (2020). 

[29] Ivanova, I.A., Pulyaeva, V.N., Vlasenko, L.V., Gibadullin, A.A. and Sadriddinov, M.I. “Digitalization of 
organizations: current issues, managerial challenges and socio-economic risks,” Journal of Physics: Conference 
Series 1399, 033038 (2019). 

[30] Zhichkin, K.A., Vorob'eva, D.A., Zhichkina, L.N., Nayanov, A.V. and Kuraev, A.N. “Cadastral valuation of 
agricultural land: regional practice,” IOP Conference Series: Earth and Environmental Science 723, 032095 
(2021). 

[31] Collins, J.B. and Woodcock, C.E. “An assessment of several linear change detection techniques for mapping 
forest mortality using multitemporal landsat TM data,” Remote Sensing of Environment 56 (1), 66-77 (1996). 

[32] Coops, N.C., Shang, C., Wulder, M.A., White, J.C. and Hermosilla, T. “Change in forest condition: 
Characterizing non-stand replacing disturbances using time series satellite imagery,” Forest Ecology and 
Management 474, 118370 (2020). 

[33] Shumilo, L., Lavreniuk, M., Skakun, S. and Kussul, N. “Is soil bonitet an adequate indicator for agricultural 
land appraisal in ukraine?” Sustainability (Switzerland) 13 (21) (2021).  

[34] Sapozhnikov, P. M., Granina, N. I. and Kulizhskii, S. P. “Comparative characteristics of the cadastral value of 
agrolandscapes of the siberian federal district (as exemplified by irkutsk and tomsk oblasts),” IOP Conference 
Series: Earth and Environmental Science 862 (2021).  

[35] Bartoš, V., Vochozka, M. and Janíková, J. “Fair value in squeeze-out of large mining companies,” Acta 
Montanistica Slovaca 26(4), 712-731 (2021).  

[36] Skůpa, J., Fasura, M. and Bartoš, V. “BUT digital library introduction of an institutional repository,” Grey 
Journal 13 (Special Winter Issue), 38-41 (2017). 

[37] Priyadarshini, I., Bhola, B., Kumar, R. and So-In, C. “A novel cloud architecture for internet of space things 
(IoST),” IEEE Access 10, 15118-15134 (2022).  

[38] Zhichkina, L.N., Nosov, V.V., Zhichkin, K.A., Aydinov, H.T., Zhenzhebir, V.N. and Kudryavtsev V.V. 
“Satellite monitoring systems in forestry,” Journal of Physics: Conference Series 1515, 032043 (2020). 

Proc. of SPIE Vol. 12296  122960J-7
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 07 Jul 2022
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use


