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The article is devoted to a detailed analysis of various methods of remote sensing of the Earth, which are 

used to detect and map oil spills. The purpose of the article is to test various functions that will allow find the 
optimal combination of classification based on a semi-automatic approach. The article propose and confirm 
the hypothesis that synthetic aperture radar images by themselves do not contain enough information, but 
using longer time series this problem can be solved. Thus, the studies carried out made it possible to extract 
the spatial extent of oil development sites and oil pollution in the shelf waters using multi-temporal data from 
synthetic aperture radar and a multispectral merged image with a spatial resolution of 10 m. Time series of 
radar images of the same territory can process many identifiable objects of the water surface and recognize 
oil spill zones at early stages. 

 
Keywords: Sentinel-1A, Sentinel-2A, radar images, multi-zone satellite images, oil pollution monitoring 

REFERENCES 
1. Lawa, R. J., & Kelly, C. (2004). The impact of the "sea empress" oil spill. Aquatic Living Resources, 

17, 389–394. Retrieved from https://www.semanticscholar.org (accessed December 05, 2020). 
2. Palinkas, L., Downs, M., Petterson, J., & Russell, J. (1993). Social, Cultural, and Psychological Im-

pacts of the Exxon Valdez Oil Spill. Human Organization, 52, 1–13. Retrieved from 
https://doi.org/10.17730/humo.52.1.162688w475154m34 (accessed December 05, 2020). 

3. Piatt, J. F., & Ford, G. R. (1996). How many seabirds were killed by the Exxon Valdez oil spill? 
American Fisheries Society Symposium, 18, 712–719. Retrieved from https://pubs.er.usgs.gov (даaccessed 
August 05, 2020). 

4. Picou, J. S., Gill, D. A., Dyer, C. L., & Curry, E. W. (1992). Disruption and stress in an Alaskan 
fishing community: Initial and continuing impacts of the Exxon Valdez oil spill. Organization & Environ-
ment, 6, 235–257. Retrieved from https://www.jstor.org (accessed September 20, 2020). 

5. Beyer, J., Trannum, H. C., Bakke, T., Hodson, P. V., & Collier, T. K. (2016). Environmental e ffects 
of the Deepwater Horizon oil spill: A review. Marine Pollution Bulletin, 110, 28–51. Retrieved 
from https://pubmed.ncbi.nlm.nih.gov/27301686/ (accessed September 20, 2020). 

6. Li, P., Cai, Q., Lin, W., Chen, B., & Zhang, B. (2016). O ffshore oil s     
emerging challenges. Marine Pollution Bulletin, 110, 6–27. Retrieved 
from https://europepmc.org/article/med/27393213 (accessed 20, 2020). 

7. Espedal, H. A., & Wahl, T. (1999). Satellite sar oil spill detection using wind history information. In-
ternational Journal of Remote Sensing, 20, 49–65. Retrieved 
from https://www.sciencedirect.com/science/article/abs/pii/S1571919705800278 (accessed August 05, 
2020). 

8. Liu, P., Li, Y., Liu, B., Chen, P., & Xu, J. (2019). Semi-automatic oil spill detection on X-band marine 
radar images using texture analysis, machine learning, and adaptive thresholding. Remote Sensing, 11, P. 
756. Retrieved from https://doi.org/10.3390/rs11070756 (accessed January 02, 2021). 

9. Tong, S., Liu, X., Chen, Q., Zhang, Z., & Xie, G. (2019). Multi-feature based ocean oil spill detection 
for polarimetric SAR data using random forest and the self-similarity parameter. Remote Sensing, 11, P. 
451. Retrieved from https://link.springer.com/article/10.1007/s12601-020-0023-9 (accessed January 02, 
2021). 

1 

mailto:alov_soc@yahoo.com
mailto:hlebnikova@ssga.ru
https://www.semanticscholar.org/
https://doi.org/10.17730/humo.52.1.162688w475154m34
https://pubs.er.usgs.gov/
https://www.jstor.org/
https://pubmed.ncbi.nlm.nih.gov/27301686/
https://europepmc.org/article/med/27393213
https://www.sciencedirect.com/science/article/abs/pii/S1571919705800278
https://doi.org/10.3390/rs11070756
https://link.springer.com/article/10.1007/s12601-020-0023-9


Вестник СГУГиТ, Том 27, № 2, 2022 

10. Zakharov, A. I., Kovalevskiy, N. P., & Sinilo, V. P. (2014). Features of methods for processing radar 
space information. Kosmonavtika i raketostroenie [Cosmonautics and Rocketry], 5(78), 108–113. Retrieved 
from https://istina.msu.ru. [in Russian] (accessed January 02, 2021). 

11. Moreira, A., Prats–Iraola, P., Younis, M., Krierger, G., Hajnsek, I., & Parathanassiou, K. A. (2013). 
Tutorial on Synthetic Aperture Radar. IEEE Geoscience and Remote Sensing Magazine, 1(1), 6–43. 

12. Ouchi, K. (2013). Recent Trend and Advance of Synthetic Aperture Radar with Selected Topics. 
Remote Sensing, 5(2), 716–807. Retrieved from https://doi.org/10.3390/rs5020716 (accessed January 02, 
2021). 

13. Guliyev, A. Sh., & Khlebnikova, T. A. (2019). Identification of oil pollution sites in the shelf zone 
based on space survey materials (for example, the water area of Oil Rocks (Caspian Sea)). Vestnik SGUGiT 
[Vestnik SSUGT], 24(3), 52–64. Retrieved from https://geocartography.ru/source/vestnik_ssugt/2019_3_52-64  
[in Russian] (accessed January 02, 2021). 

14. Kolmogorov, A. N. (2005). Izbrannye Trudy: T. 2, Teoriya veroyatnostey i matematicheskaya statis-
tika [Selected works: Vol. 2, Probability theory and mathematical statistics]. Moscow: Nauka Publ., 581 
p. Retrieved from https://www.livelib.ru/book/1000384446 [in Russian] (accessed January 02, 2021). 

15. Shiryaev, A. N. (2017). Veroyatnost'-1 [Probability-1]. Moscow: MTSNMO Publ., 552 p. Retrieved 
from http://www.mathnet.ru [in Russian] (accessed January 02, 2021). 

16. Kruglov, V. M., & Korolev, V. Yu. (1990). Predel'nye teoremy dlya sluchaynykh summ [Limit theo-
rems for random sums]. Moscow: Moscow University Publ., 269 p. Retrieved from https://istina.msu.ru [in 
Russian] (accessed January 02, 2021). 

17. Fingas, M. F., & Brown, C. E. Review of Oil Spill Remote Sensing. Proceedings of the Sixth Inter-
national Conference on Remote Sensing for Marine and Coastal Environments, Veridian ERIM Internation-
al, Ann Arbor, MI (pp. I211-218), 2000a. 

18. Guliyev, A. Sh. (2019). Methods of aerospace monitoring for assessing the ecological state of off-
shore oil and gas production facilities. In Sbornik materialov Vtoroy natsional'noy nauchno-prakticheskoy 
konferentsii s mezhdunarodnym uchastiem: Neftegazovyy kompleks: problemy i resheniya [Proceedings of 
the Second National Scientific and Practical Conference with International Participation: Oil and Gas 
Complex: Problems and Solutions] (pp. 4–11). L. M. Bogomolov & V. A. Melkiy (Eds.). Yuzhno-
Sakhalinsk: IMGiG FEB RAS Publ. Retrieved from http://books.imgg.ru/atlasfull/proc1.pdf [in Russian]. 

19. Attema, E., Snoeij, P., Duesmann, B., Davidson, M., Floury, N., Rosich, B., Rommen, B., & Levrini, 
G. (2009). GMES Sentinel-1 mission and system. European Space Agency (Special Publication), 668, 26–
30. Retrieved from https://earth.esa.int (accessed April 17, 2021). 

20. Snoeij, P., Attema, E., Torres, R., & Levrini, G. (2010). C-SAR Instrument Design for the Sentinel-1 
Mission. Proceedings of the 2010 IEEE Radar Conference (pp. 25–30). Washington, DC, USA.  
doi: 10.1109/RADAR.2010.5494660 (accessed April 17, 2021). 

21. ESA Copernicus – Open Access Hub. (n. d.). Retrieved from https://scihub.copernicus.eu. 
22. Han, Bin. (2021). Screening and validation of new diagnostic ratios of dibenzothiophenes and fluo-

renes for identification of seriously weathered oil spills. Environmental Technology, 42(1), 1–8. Retrieved 
from https://doi.org/10.1080/09593330.2019.1619843 (accessed April 17, 2021). 

23. Chua, Candice C. (2020). Tiered approach to long-term weathered lubricating oil analysis: GC/FID, 
GC/MS diagnostic ratios, and multivariate statistics. Analytical Methods, 12(43), 5236–5246. Retrieved 
from https://pubs.rsc.org/en/content/articlelanding/2020/ay/d0ay01510e (accessed April 17, 2021). 

24. Lillesand, T. M., Kiefer, R. W., & Chipman, J. W. (2008). Remote sensing and image interpretation 
(6th ed.). New York, NY: John Wiley & Sons. 

25. Shannon, C. E. (1948). A mathematical theory of communication. Bell System Technical Journal, 3, 
379–423. 

 
Received 10.01.2022 

© Alovsat Shura-ogly Guliev, T. A. Khlebnikova, 2022 
  

2 

https://istina.msu.ru/
https://doi.org/10.3390/rs5020716
https://geocartography.ru/source/vestnik_ssugt/
https://www.livelib.ru/book/1000384446
http://www.mathnet.ru/
https://istina.msu.ru/
http://books.imgg.ru/atlasfull/proc1.pdf
https://earth.esa.int/
https://doi.org/10.1109/RADAR.2010.5494660
https://scihub.copernicus.eu/
https://doi.org/10.1080/09593330.2019.1619843
https://pubs.rsc.org/en/content/articlelanding/2020/ay/d0ay01510e

