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MAPPING FREQUENCY OF OIL SPILLS
IN THE CASPIAN SEA USING SENTINEL-2 OPTICAL IMAGES

Abstract. The main goal of this work is to evaluate the capabilities of optical images in the problem of
detecting oil spills, testing them in the task of mapping zones with a high frequency of oil spills during one year.
Using SAR imagery, sometimes it is difficult to separate anthropogenic oil spills and false targets, usually called
“look-alikes”. Using optical images for oil spill detection, we rely on the spectral characteristics of objects, and
although the reflectivity varies depending on the thickness and composition of the slick, in most cases, oil spills can
be distinguished from “look-alikes”. The region near Absheron peninsula was selected as a study area. Optical
images of the Sentinel-2 (A, B) satellites were used to detect oil spills and calculate the zones of their most frequent
occurrence. Object based approach was chosen for segmentation and classification images. The map of hot spots
with high frequencies of oil spills during 2019 year was presented in this article. Conclusions about the advisability
of using optical images along with radar data for monitoring oil spills were made.

Key words: oil spills detection, Caspian Sea, Sentinel-2, optical imagery.

Introduction. The environmental situation in the Caspian Sea, which is literally saturated with
products of the oil industry, is one of the acute issues for the littoral states. The Caspian Sea is subject to
increasing anthropogenic impact, there is an increase in water pollution by oil products, heavy metals, and
chemical products. At a rapid pace, there is a decrease in marine bioresources. The main sources of sea
pollution are: river runoff; industrial and municipal effluents; oil production at sea and onshore;
transportation of oil products by sea or through pipelines; flooding/drainage of the coastal zone as a result
ofthe rise/fall ofthe Caspian level [1].

Oil spills at sea can be of natural origin (natural oil emissions due to fractures of geological structures,
griffins, mud volcanoes), but in most cases they are of anthropogenic nature: they arise as a result of ships
and tankers discharging ballast and bilge water, due to the removal of oil stains or pollution with river
flows, industrial effluents, in the event of accidents of ships and tankers, in the breakdown of offshore oil
pipelines, in the discharge of drill cuttings and in accidents due to exploratory drilling and industrial
production [2,3]. This is especially felt in offshore zones where oil and gas fields are being developed, oil
is extracted and transported. Oil pollution in coastal zones has a detrimental effect on flora and fauna,
leads to pollution of coastlines, which entails large material losses associated with the cleaning of these
territories. The marine ecosystem ofthe Caspian Sea, a closed reservoir, which self-cleaning ability is very
small, is especially sensitive. Almost every year, there are reports of the death of sturgeon, seals, birds, in
the carcasses of which oil products are found [4].

International experience shows that space monitoring methods are the most effective way to detect
and evaluate the development dynamics of most natural and a number of man-made emergencies, in
particular oil spills. Modern systems of remote sensing make it possible to obtain overview and detailed
information about emergencies of various sizes in large areas. At the same time, space monitoring
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methods are much more economical than traditional ground-based data collection methods. It is practically
impossible to control oil spills in the Caspian Sea scattered over a gigantic area (over 377,155 thousand
square kilometers) by traditional land-based methods, and the use of aerial observations is expensive and
can only be carried out in limited local areas. Therefore, remote sensing is the most effective method for
timely detection of oil spills in the Caspian Sea with its large territory.

There are two types of sensors used in remote sensing - active (radar) and passive (optical).

Both types of sensors have their advantages and disadvantages. Optical sensors can detect oil spills
only in the daytime when there is no cloud, fog or smoke above the area of interest, that is, when nothing
obscures the object from the sensor. Radar images can detect oil spills despite the cloudiness and time of
day. Also, a large coverage area of radar images is an advantage. Nevertheless, there are weather
conditions under which radar images are "powerless™ for this task, namely, rain, and wind force above the
sea surface beyond the interval of 2.5-12.5 m/s [5-8]. Due to many ofthe advantages listed above, radar is
now the most common means of oil spill remote sensing.

However, using SAR imagery, sometimes it is difficult to separate anthropogenic oil spills and false
targets, usually called “look-alikes”, which include low wind areas, areas, sheltered by land, rain cells,
organic films, grease ice, wind fronts, up-welling zones, oceanic fronts, algae blooms, current shear zones,
etc. One group of researchers showed that even with extensive processing of SAR (synthetic aperture
radar) imagery, 20% of the images reported as “oil spills” were still “look-alikes” [9]. This means that
using only radar images to monitor oil spills, about a fifth of all detected objects will be false targets, and
when calculating their total area or analyzing maps built on such data, the error will be large.

Using optical images for oil spill detection, we rely on the spectral characteristics of objects, and
although the reflectivity varies depending on the thickness and composition of the slick, in most cases, oil
spills can be distinguished from “look-alikes”. Of course, limitations of optical imagery are a serious
obstacle to monitoring efficiency. But in cases when mapping accuracy is more important, optical images
are needed.

So, purpose of this work was to test opportunities of optical imagery in oil spill detection task by
trying mapping hot spots with high frequency of oil spills during year.

Study area. The region near Absheron peninsula was chosen for a reason. Oil spills detected more
often in this region than in other regions of the Caspian Sea. Accurate oil spill frequency map of this
region, built by using optical sensors, will be useful for future oil spill monitoring. There are 3 oil fields in
this region: Oil Rocks Settlement, Chilov and Pirallahi Islands. Oil Rocks Settlement is located 35 km
from the coast of the Caspian Sea. Its development began in 1949. Oil Rocks is an industrial settlement in
Baku, Azerbaijan. A full town on the sea, it was the first oil platform in Azerbaijan, and the first operating
offshore oil platform in the world, incorporating numerous drilling platforms [10]. Pirallahi Island is
located 1.6 km from the coast of the Caspian Sea. Chilov Island is located 16 km from the coast of the
Caspian Sea [11]. The map ofthe Oil Rocks Settlement, Chilov and Pirallahi Islands is presented in figure 1(b).

a) b)
Figure 1- a) Study area; b) Map of the Oil Rocks Settlement, Pirallahi and Chilov Islands
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Methods and data processing. Optical images of the Sentinel-2 (A, B) satellites were used to detect
oil spills and calculate the zones of their most frequent occurrence during 2019. Sentinel-2 is an Earth
observation mission from the Copernicus Programme that systematically acquires optical imagery at high
spatial resolution (10 m to 60 m) over land and coastal waters. The mission is a constellation with two
twin satellites, Sentinel-2A and Sentinel-2B [11].

Eighteen L1C images with less than 20% cloud cover were downloaded from the USGS
Earthexplorer website. Downloaded images were pre-processed to obtain L2A imagery from L1C.
Sen2Cor Processor was used for that purpose. Sen2Cor is a processor for Sentinel-2 Level 2A product
generation and formatting that performs the atmospheric, terrain and cirrus correction of Top-Of-
Atmosphere Level 1C input data. Sen2Cor creates Bottom-Of-Atmosphere, optionally terrain and cirrus
corrected reflectance images. In addition, Sen2Cor generates Aerosol Optical Thickness, Water Vapor,
Scene Classification Maps and Quality Indicators for cloud and snow probabilities. Its output product
format is equivalent to the Level 1C User Product: JPEG 2000 images, three different resolutions, 60, 20
and 10 m [12, 13].

Object based segmentation and classification was used for oil spill detection. In contrast to pixel-
based classification that classify pixels one-by-one, object-based approach first groups image pixels into
spectrally homogenous image objects using an image segmentation and then classifies the individual
objects [14, 15]. Then detected oil spills objects were checked through visual interpretation. After all, GIS
overlay analysis was performed for computation of oil spill frequency, and determination of
spatiotemporal distribution. The workflow for the detection of oil spill frequency presented in figure 2.

Sentinel-2
L1C imagery

SenZCor

Segmentation

Multiresolution Spectral Difference
Segmentation C=> Segmentation

Classification

Select Samples for Nearest Neighbor
Class Hierarchy Classification

n .
Visual Interpretation and GIS Overlay Analysis

Figure 2 - Workflow for the detection of oil spill frequency
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Results and discussion. Oil spills in the study area for the most cases are easily detected visually in

the visible range of the electromagnetic spectrum, they usually have a silver-blueish color (figure 3 a, b),
which indicates the thinness of the slicks [16].

Figure 3 - Well visible oil spills (a-The Oil Rocks Settlement, b - Pirallahi Island)

But it should be noted that in some cases in the zones of accumulation of biogenic material such as
surface seaweeds or sunken kelp beds oil detection was difficult. One of that cases presented in figure 4.
Under many conditions, oil is not visible on the surface of the water [17]. Oil spills on shorelines is

difficult to identify positively because seaweeds look similar to oil and oil cannot be detected on darker
shorelines [18].

Figure 4 - One of difficult cases

In addition, there remain limitations such as cloudiness in the images. Indeed, many pictures for 2019
were cloudy over 20%. This is completely unsuitable for operational monitoring.

Therefore, it is better to take an integrated approach, namely the use of both radar and optical images.
This approach also partially solves the issue of validation in those days when the sensing days coincides of
both radar and optical sensors. This allows us to compare the obtained oil spill detection results. Example
ofthat comparing presented in figure 5 (a, b), where we see the correspondence.

a) b)
Figure 5 - a) Radar image on 26thof April; b) Optical image on same date
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The detection of oil spill from Sentinel-2 images and multi-temporal GIS overlay analysis resulted in
the map of hot spots with high frequencies of oil spills during 2019 year, presented in figure 6. On the map
we see that the main hotspot of oil spills is the Oil Rocks Settlement, what was to be expected. The
medium class of oil leak sources were observed around the Oil Rocks Settlements and Chilov Islands and
the small and occasional leak sources were observed around Pirallahi Island.

This map will allow to increase the accuracy and reliability of detected oil spills in future monitoring.
For example, the oil spill areas with no overlaps and far away from the oil spill hot spots will not be
mapped because ofthe lower reliability of occurrence.
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Figure 6 - Map of oil spill frequency in 2019

Conclusion. Research in this direction will be continued with the use of more remote sensing data,
their statistical analysis, with the aim of increasing the likelihood of detecting oil pollution and its
practical application. Preliminary results are considered successful and consistent, with a high degree of
applicability to other Sentinel-2 satellite imagery. Further testing and proper tuning of the proposed
object-oriented methodology should be carried out using SAR images.

These works are carried out with financial support by the CS MES RK, in the framework of the
scientific and technical program 0.0782 “Development of a multi-purpose aerospace forecast monitoring
system (MAKSM), as well as the creation on its basis of services for the comprehensive presentation of
emergency and natural-generated emergency information in conjunction with semantic and geospatial
data”.
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XK. L. XXaHTaes, [. B. Uenawes, A. A. “angbi6aes, C. M. HypakbiHoB, K. M. YHrapoB

EXXLWC «MoHocthepa MHCTUTYThI» AK «¥NTTbIK rap™MUThIK 3epTTeysiep MeH
TexHosormanap optanbirbl», Anmarbl, KasakctaH

SENTINEL-2 ONTUKANbLL CYPETTEPIH MANAANAHA OTbIPbIM,
KACMUA TEW3WAEMN MYHANABIH TOM 1Y XXWN1MW KAPTATA TYCIPy

AHHOTaumsa. MyHali eHepKa3cibiHiH eHiMmaepiMmeH nacTawaH Kacnuii reHisiHAeri 3KOMOrusAnbIK xarpan -
Xaranay MaHblHAarbl MemsekeTTep YLWIiH Maupbi3gbl npobnemManapfbiH 6ipi. Kacnuii TeHi3i KyHHeH KYHre
aHTPOMOreHAiK 3pekeTKe yubipayga. XXblil caiiblH CyAblH MyHali eHiMAepiMeH nacTtaHybl apTbin Kenegi. TeHi3
6ropecypcTapblHbIH KbICKapybl Te3 KapKbIH anyfa. XanblkapasbiK THk1pnbe KepceTKeHAen, rap™ W TblK MOHUTOPUHT
apicTepi KenTereH Taburn >XxaHe TEXHOMEHAIK TETEHLLE Xarganapaply, atan aiTKaHaa, MyHalbliH TeriNyiHiH gamy
OVHAMUKACbIH aHblKTay MeH 6aranaydblH HerypabIM TwWiMai Tacini 6onbin  Tabblnagbl. Ka*pn 3amaHrbl
KalLbIKTBIKTaH 30HAblNay XYWenepi YnkeH aymakTapgarbl apTyphi Kenemgeri TeTeHLle xargainap Typanbl WWony
)K3He TOMbIK aknapaTt anyra MYMKIHGIK 6epefi. COHbIMEH KaTap, rapbilTblK MOHWUTOPUHI 3ficTepi fepeKTepgi
XUHayAbIH A3cTY pni xepYCTi agicTepiHeH anjekanga YHemai. KallbIKTbIKTaH 30HAblIayAa ceHcopnapAablH eKi Taa
KonfdaHblnagbl - akTuBTI (pagap/fiblK) >3He naccuBT (ONTUMKabIK). CeHcopnapfblH eki Typuu, fje e3
apTbIKLWbINbIKTapbl MEH Kem L Wwra” 6ap. KenTereH apTbiKLWbIbIKTapAbIH apKacbiHAa pajap/ibiK CypeTTep Kasipri
yaKbITTa MyHalfblH TerinyiH KalbIKTbIKTaH 30HAblINayAblH eH Ken TapanraH Kypasbl 60nbin Tabbliagbl. Anakija,
pagapnblK CypeTrepgi naiganaHa OTbIpbin, Kelige aHTPOMOreHAL MyHai TeriflyiH >K3He onapra ykcac >asiraH
06beKTinepai 6enin any KublH 6onafbl X3He 3geTTe onapra ''look-alikes™ pgen atanaTbiH, XXefci3 alimakTapgpbl,
Tabury TeKn opraHvKabiK NiaeHKanapabl, 6angbipnapgblH ryngeHyLw XaHe T. 6. KamMTugbl. Byn XymbICTbIH Hen3n
MakcaTbl - 6ip XbIN iWiHAe MyHal TerinyiHiH Xorapbl XuWinikTepi nainga 6onaTbiH aliMakTapgbl KapTtara TYcipy
)K3HE MYHai TeriflyiH aHbIKTay MaKcaTblHAA ONTUKaNbIK CypeTrepaiH MYMKIiHAIKTepiH 6aranay. AMLwepoH TY6eriHiH
MaHblHAarbl Kacnuii Tew3i ayfaHbl 3epTTey ayAaHbl peTiHAe TaHfanabl. MyHalgbiH Terinynepi Kacnuii TeHisiHiH
facka alimakTapblHa KaparaHfa OCbl eHipfe >XL aHblKTanagbl, COHAbIKTaH ONTMKa/bIK CeHcopiapibl nalijanaHa
OTbIPbIN Ca/iblHFaH OCbl eHipgeri «MyHaifblH LW Terify aimakTapbl KapTacbl» 6onawakta MyHain TerinyiHiH
MOHUTOPWHTI YLWiH naiigansl 6onagpl. Sentinel-2 (A, B) xepcepluTepLuLy, onTUKanbIK 6eiiHenepi MyHaligbIH TerinyiH
aHbIKTay >K3He 0/lapfblH XL naiga 601y aiMakTapbiH ecenTey YLiH naiganaHbingsl. XXYKTenreH cypettep b1C-geH
L2A cypeTiH xacaliTblH Sen2Cor yTunautacbl apKbiibl anfgbiH ana eHgengi. Mukcengepai 6ip-6ipaeH XiKTeWTIH
NUKCenaep HerisiHgeri XOKTeMere KaparaHga, 06bekTini-6aFbiTraiFaH Tacw angbIiMeH O6eliHEeHiH MUKcengepiH
6eliHEHIH cermMeHTTeyWw nMalijanaHa OTbIPbIN, CNEKTP/iK 6ipTeKTi 06beKTLIepre TONTacTbipadbl, COA4AH KeliiH
)KeKenereH o00beKTinepai ikTeigi. MyHail Terinyi peTiHAe >XOKTeNreH 006beKTiNep KesbeH LIOAY apKblibl
Tekcepwar 2019 bin iwiHAe MyHali TerinyiHiH >koFapbl XuninikTepi 6ap alimMakTapfblH KapTacbl YCbIHbIIAbI.
CanbiHFaH KapTa 6oibiHWa 2019 Xblbl MyHal TerinyiHiH eH XLW Ke3gepi aHblKTangbl, atan aiTkaHga '‘MyHain
Tactapbl”, "Uumnos" >3He "Tnpannaxu' KeH opblHAapbl. CoHpaii-ak, Makanafa Keihbip Terinynepgi KepHeki
TYCiHgipy KesiHAe TyblHAaFaH KWbIHAbIKTapAbIH Mblcasigapbl KenTipinreH. HaTukeciHae, «MyHalgbiH Terinyid
MOHUTOPUHTiNeY YLWiH pagnonoKauusanblK gepeKTepMeH KaTap onTvKanblK 6eliHenephi naiganaHy fa opbiHAbI», -
[lereH KOpbITbIHABI Xacanibl.

TYWiH cesgep: MyHaii Terinyin aHbikTay, Kacnuii Tenisi, Sentinel-2, onTuKanbIk cypeTTep.

K. L. XKaHTaes, [. B. Henawes, A. A. Kangbi6aes, C. M. HypakbiHOB, K. M. YHrapoB

OTOO «UHCTUTYT noHochepbl» AO «HauMoHaNbHbIV LEHTP KOCMUYECKUX UCC/IeA0BaHWNI
M TexHonornii», Anmartbl, KasaxctaH

KAPTUPOBAHWE YACTOTbI PA3/INBOB HE®TU B KACMUACKOM MOPE
C MCMONIb3OBAHVEM OMTUYECKWNX N3OBPAXXEHWIN SENTINEL-2

AHHOTaLMsA. JKoMorMyeckas cuTyauust Ha Kacnuiickom mope, KOTopoe GYKBa/IbHO HAaCbILEHO MpPoAyKTamu
He(TSAHOW NMPOMbILLMIEHHOCTH, SIBMISIETCS OfLHOW M3 OCTPbIX NPo6/eM Ans NPUBPEeXHbIX rocyfapcTs. Kacnuiickoe
MOpe MOJBEPXXEHO BO3PACTAlLLEMY aHTPOMOreHHOMY BO3AeicTBUI. C KaXAbIM FOA0M YBE/TMUMBAETCS 3arpsi3HeHMe
BOflbl He(hTenpoAykKTamMu. B GbICTPOM Temme MPOoUCXOAUT COKpalleHUe MOPCKMX GMOopecypcoB. MexayHapoaHbiii
OMbIT MOKa3bIBAET, YTO METOAbl KOCMWUYECKOTO MOHWUTOPWHIa SIBASOTCA HamGonee 3MHEKTUBHbLIM CMOCO60M
BbISIBMIEHUS U OLIEHKW AVHAMWKMN Pa3BUTUS GOMBLUMHCTBA NMPUPOAHBLIX Y TEXHOTEHHbIX YPe3BblUaiiHbIX CUTyaluii, B
YacTHOCTU Pas3nUBOB HedpTW. COBPEMEHHble CUCTEMbl AUCTAHLMOHHOFO 30HAMPOBAaHWS MO3BOASIOT MOJyYaThb
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0630pHYI0 M NOAPOGHYK WH(OPMaUuio 0 4pe3BblYaliHbIX CUTyauuax pasn4YHbIX pasmepoB Ha 60/bLUMX
TeppuTopusix. B To >Xe Bpems MeTOAbl KOCMWYECKOr0 MOHUTOPUHIa HaMHOI0 3KOHOMMUYHee TpafuLMOHHBLIX
Ha3eMHbIX MeTOf0B cbopa AaHHbIX. B AUCTaHUMOHHOM 30HAMPOBAHUM WCMNOML3YKOTCA [Ba TUMNa CEHCOPOB -
aKTUBHbIN (pagapHbIil) 1 NaccuBHbIA (onTuyecknin). O6a Tna CeHCOPOB UMEKDT CBOM NMPEUMYLLECTBA U HEAOCTATKMU.
Bnarogapa MHOrMM npeumMylliecTBaM, pajapHble CHUMMKU B  HacTosillee BpeMs SABNAKOTCA  Hambosnee
pacnpocTpaHeHHbIM CPeACTBOM AUCTAHLMOHHOIO 30HAUPOBaHUA pa3MBOB HedTu. OfHAKO, UCMNOMb3YSA pagapHble
CHUMKMW, UHOr4a 6bIBaeT TPYAHO OTAENNTbL aHTPOMNOreHHbIe pPasnBbl HETU M NTIOXKHbIE 06LEKTbI, MOX0XNE Ha HUX, U
06bI4YHO HasbiBaemble «look-alikes», KoTopble BK/OUalOT 6e3BeTpeHHble 06/1acTu, opraHU4Yeckune MeHKU
€CTECTBEHHOI0 MPOUCXO0XAEHWS, LBeTeHMe Bogopocneit n T. A. Vcnonb3ys e ONTUYecKMe M306pakeHus Ans
06Hapy>XeHVsi pa3nMBOB HedTW, Mbl MO/araemMcsi Ha CheKTpa/ibHble XapaKTEPUCTUKU OOBLEKTOB, U XOTH
oTpaxaTe/lbHasA CNOCO6HOCTb BapbUPyeTCs B 3aBUCUMOCTW OT TO/ILMHbI U COCTaBa NATHA, B 60/IbLUMHCTBE C/yYaeB
pasnuBbl HEPTM MOXHO OT/IMUUTBE OT MOXOXMX JIOKHbIX 06bEKTOB. OCHOBHas Uenb JaHHOW paboTbl - OLEHUTb
BO3MOXHOCTU ONTUYECKMX CHMMKOB B 33ajade OOHapy>eHWs pasuBoB HedTW, onpoboBaB WX B 3afjadye
KapTMpOBaHWs 30H C BbICOKOI YacTOTOW MOSIB/IEHWSA pa3/IMBOB HepTW B TeueHMe 04HOr0 roga. PaioH Kacnuiickoro
Mops BO3/1e AMLEPOHCKOr0 MosyocTpoBa 6bin Bbi6paH B KauyecTBe palioHa WUccriefoBaHWi. PasnuBbl HedTw
06Hapy)XnBalTCAa B 3TOM PEruoHe 4alle, YeM B ApYyrux pervoHax Kacnuiickoro mops, Mo3ToMy KapTa 30H C
YacTbIMW pasiMBamMu He(TW B 3TOM pPervoHe, MOCTPOEHHAs C WCMNOJIb30BaHWEM OMNTUYECKUX CEHCOPOB, 6yneT
nosnesHa Ans 6yayuiero MOHUTOPMHIa pasnnBoB HedTn. OnTuyeckne M3obpaxkeHMs cnyTHUKOB Sentinel-2 (A, B)
MCNO/b30BA/IUCL ANA 06HApPYXeHUS pa3NMBOB HePTU M pacyeTa 30H UX Hambosiee yacToro nosineHns. CKayaHHble
CHUMKW 6bl NpeaBapuTeNbHO 06paboTaHbl C MOMOLWbLIO YTUANTLI Sen2Cor, reHepupytoLeii nsobpaxeHusa L2A u3
L1C. O6BbEKTHO-OPMEHTMPOBAHHBIN NMOAX04 Obla BbiOpaH ANs CErMeHTauMuM U Knaccuukauum nsobpaxeHuin. B
OT/IMUYME OT KaccuukaumMm Ha OCHOBE MUKCeneld, KoTopas KaaccuuumpyeT MUKCeM Mo OJHOMY, 06BLEKTHO-
OpPVEHTUPOBaHHbIA MOAXOA CHayana rpynnupyet MUKCENN M306paXeHUs B CMNEKTPaslbHO O4HOPOAHbIE 00BLEKThI
n306paXKeHNs C MCMO/b30BaHUEM CermMeHTauuy M300padkeHUs, a 3aTeM KiaccuuuupyeT OTAe/bHble 00BEKTbI.
O61beKTbl, KnaccMuUMpoBaHHbIE KaK pas/vBbl HepTW, MPOBEPANNCE NMyTeM BM3yaslbHOW MHTepnpeTauun. Bbin
NpoBefeH aHa/IM3 HaIoXeHUs W MNpefcTaBieHa KapTa 30H C BbICOKMMMW YacTOoTaMW MOSIB/IEHUS Pa3/IMBOB He(hTU B
TeueHme 2019 roga. Mo NOCTPOEHHOW KapTe, 6bIAM onpefeneHbl Hanbosiee YacTble UCTOYHUKK Pa3IMBOB HedhTH 3a
2019 rof, a UMEHHO MecTopoXaeHUs «HedpTaHble KaMHU», «HunoB» n «Mupannaxm». Takxe B CTaTbe MPUBESeHbI
NPUMepPbI C/TIOXKHOCTEN, BOSHUKLLMX NPU BU3yasibHOW MHTepnpeTaLMmM HEKOTOPbIX pasfBOB, U CAenaHbl BbIBOAbI O
LenecoobpaszHOCTM MCMOMb30BaHMA ONTUMYECKUX W306paXKeHUii Hapsgy C pagvo/ioKaUMOHHbIMU JaHHbIMU A1
MOHUTOPUHIa Pa3IMBOB HETU.
KntoueBble coBa: 06Hapy>KeHne pa3nMBoB HehTu, Kacnuiickoe mope, Sentinel-2, onTu4eckue CHUMKM.
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