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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.
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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
of the rise/fall of the 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 of the 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 of the 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 of the Oil Rocks Settlement, Chilov and Pirallahi Islands is presented in figure 1(b).

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].

FEighteen 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.
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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].

a) b)
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
of that comparing presented in figure 5 (a, b), where we see the correspondence.

b)
Figure 5 —a) Radar image on 26™ of 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 of the 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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K. III. Kanrtaes, 1. B. Uenames, A. A. Kaaapioaes, C. M. Hypakbinos, K. M. Yurapos

EXIIC «Monocdepa nHcTUTYTh AK «¥IITTHIK FAPBIITHIK 3€PTTEYJIEp MEH
TEXHOJIOTHUSIIap OpTaNbIFel», AnMaThl, KaszakcTan

SENTINEL-2 ONITUKAJIBIK CYPETTEPIH ITAMJIAJIAHA OTBIPBIII,
KACIHHMA TEHIBIHJIETT MYHAWJIBIH TOT'LTY )KULJIITTH KAPTAFA TYCIPY

AnHotanusi. MyHali eHepkociOiHIH eHiMAepiMeH nactaHFaH Kacmuii TeHi3iHAETr1 SKONOTHSIBIK JKarmal —
JKaFajay MaHBIHIAFBI MEMJICKeTTep VINiH MaHBI3OBl MpobnemanapabiH Oipi. Kacrmit TeHi3i KyHHEH KyHTe
AHTPOTIOTEH/IIK dpeKeTKe ymbIpayna. Kbl callblH CyAbIH MYHall eHIMIEpiMEH JIaCTaHyBl apTHII Keiemdi. TeHi3
6uopecypcTapbIHbIH KbICKAPYbl T€3 KapKbIH alyja. XalbIKapaJblK TOXIPHOe KOPCETKEHIEH, FaphIIITHIK MOHUTOPUHT
omictepi KenTereH TaOWUFH JKOHE TEXHOTEHAIK TOTECHIIE JKaFfaiIapIblH, aTal alTKaHAa, MYHAHAbIH TOTLTYiHIH AaMy
TUHAMUKACBIH aHBIKTay MEH OaraylayaslH HEFYpIbIM THIMAI Tocimi Oonbim TalOpmiamel. Kasipri 3amasfsl
KalIBIKTHIKTaH 30HJbUIAY JKYHesepl yJIKeH ayMakTaplarbl SpTypJli KeJeMJeri TOTEHIIe jKarJaiiaap Typaibl IOy
KOHE TONBIK aKmapar ajxyra MYMKiHaik Oepexni. COHbIMEH KaTap, FapbIITBIK MOHMTOPHHI 9JicTepi JIepeKTep.i
JKHHAYIBIH JOCTYPJIi )KEPYCTI 9ficTepiHeH anjekaiaa yHem i, KalbIKThIKTaH 30HbIIaYAa CCHCOPIAPAbIH eKi TYpi
KOJIIaHBUTAAbl - aKTUBTI (pajapiiblk) »oHe mnaccuBTi (onTHKalbIK). CeHcopiapibslH €Ki TypiHiH nae 3
apTHIKIIBUTBIKTAphl MEH KeMIIuTikTepi 6ap. KenrereH apThIKIIBIIBIKTAPIBIH apKAChIHIA PAaIapiiblK CypeTTep Kasipri
YaKbITTa MYHAWJIBIH TOTUTyiH KaIIBIKTHIKTAH 30HIBUIAYIBIH €H KONl TapalfaH Kypaibl OoJbIn TaObutansl. Anaiina,
pamapibIK CypeTTepli MmalfajaHa OTBHIPHIN, KeWe aHTPOIOTEHAIK MYHall TeTiIyiH >KOHE oJlapFa yKcac JKalFaH
oOBexTinepai Oemim amy KWBIH Oonanmbl >koHe omerte onapra "look-alikes" mem aramathiH, Kenci3 alMakKTap.bl,
TaOWFU TEKTI OPTaHUKAIBIK IICHKATApb!, OaAbIpIapAbIH TYIIEHYIH XoHE T. 0. KaMTUABI. ByJ )KyMBICTBIH HeTi3ri
MakcaTsl — Oip KBTI iIIiHAE MYHall TOTiMyiHiH XOFaphl >KAUTIKTEepl maiiga OOomaTeIH aiMaKTapAsl KapTara TYCipy
KOHE MYHaH TOTUTyiH aHBIKTAy MaKCaTBIHAA ONTHKAIBIK CYpeTTEepAiH MYMKIHAIKTEepiH Oaranay. AmmepoH TyOeriHiH
MaHbIHIarbl Kacnuii TeHi3i ayJaHbl 3epTTey ayAaHbl peTiHae TaHaaiasl. MyHaiinslH Teritynepi Kacnuii TeHi3iHiH
Oacka aiiMakTapblHa KaparaH/Ja OChl OHIpJE JKMi aHBIKTajlaJbl, COHJBIKTAH ONTHKAJBIK CEHCOpJapAbl INaiganaHa
OTBIPBIN CaJIBIHFaH OChI OHipAeri «MyHalJIbIH XUl Terily ailMakrapbl KapTachD» Oojallakra MyHai TeruryiHiH
MOHUTOPHHT' YIIIiH naigans! 6onansl. Sentinel-2 (A, B) sxepcepikTepiHiH ONTHKANIBIK OeliHeaepi MyHalIbIH TOriTyin
AHBIKTAy KSHE OJIAp/IBIH JKWi Takga 0oy aliMaxkTapblH ecenTey YIIiH naipanansuiasl. JKykrenren cyperrep L1C-nen
L2A cypetin xacaiiTeiH Sen2Cor yTHIUTACHI apKbUIBI JIbIH ana eHjenmi. [lukcenmepai Oip-OipiieH >KiKTEHUTIH
MUKCENIep HETi3iHAeTi JXKiKTeMere KaparaHja, OOBEKTLTI-OaFbITTaFaH TOCUT anmsiMeH OeHHEHIH NHKCeIAepiH
OcifHEeHIH CEerMEHTTEeyiH NaigaraHa OTBIPBIN, CIEKTPIIK OIpTeKTi OOBEKTiIepre TONTACTHIPAAbI, COIAH KeHiH
JKEKeNereH OOBeKTiepai >Kikreiimi. MyHail Terimyi peTiHAe >XIKTenreH OOBEeKTiIep KOo30€H IOy apKbUIBI
tekcepinai. 2019 kb1 imHge MyHail TOruUTyiHIH OFapbl XHUTIKTEpi 0ap alMakTap/blH KapTachl YCHIHBUIIBIL.
Canpiaran kaprta Ooiibrama 2019 xpuTel MyHa#l TerunyiHiH eH JKui Ke3Iepi aHBIKTaNIbl, aTan aWTkaHaa "MyHai
tactapel”, "Ummos" xone "[lmpammaxu" keH opsiHmapel. CoHmaii-ak, Makajiaga KeibOip Terimynepnl KepHeKi
TYCIHAIPY Ke3iHIe TybIHJaFaH KUBIHIBIKTApAbIH MBbICAIAAPBl KenTipiireH. Hotwmkecinae, «MyHa#JblH TerityiH
MOHUTOPHUHTJICY VIIH PaTdOJOKAIUSIIBIK ICPEKTEPMECH KaTap ONTHKAJBIK OciiHenep Al maiaanany aa OPbIHIBD), -
JIeTeH KOPBITHIH/IBI 5KacaJIbl.

Tyiiin ce3nep: MyHaii Terinyin anbikTay, Kacmuii TeHi3i, Sentinel-2, onTHKaNbIK CypeTTep.

7K. 1II. ’Kanraes, 1. B. Yenames, A. A. Kangpi6aes, C. M. Hypakbinos, K. M. Yarapos

ATOO «MucTHTyT nHoHOocdeps» AO «HarmoHamsHBIH HEHTP KOCMHYECKHUX HCCIEI0BaHUI
M TEXHOJIOT Uiy, AMaTtel, Kazaxcran

KAPTUPOBAHME YACTOTHI PA3JIMBOB HE®TH B KACIIUICKOM MOPE
C UCNTOJIb30BAHUEM ONTUYECKUX U305PAKEHU SENTINEL-2

AHHOTanmsi. DKoylornueckas cutyanus Ha KacnmiickomM Mope, KOTOpoe OyKBaJbHO HACBIIIEHO HPOJIYKTaMu
He(TSHON NPOMBIIUIEHHOCTH, SIBISETCS OJHOM M3 OCTPBIX IpolieM Juisd NpUOpexHBIX rocynapcts. Kacnwmiickoe
MOp€ MOABEPKEHO BO3PACTAIOIIEMY aHTPOIIOIE€HHOMY BO31eHCTBHIO. C Ka)AbIM FOJIOM yBEJIUUMUBAETCS 3arps3HEHUE
BOJBI HE(PTENPOIYKTaMH. B OBICTPOM TeMIle MPOMCXOIUT COKpAILEHHE MOPCKHX OMopecypcoB. MeXIyHapOoIaHbIH
ONBIT TOKA3bIBACT, YTO METOJIbl KOCMHYECKOIO MOHMTOPHHIA SBISIOTCA HanOosiee 3((GEKTHBHBIM CIIOCOOOM
BBIBJICHUS W OLIEHKH JMHAMUKU Pa3BUTHUS OOJBIIMHCTBA NMPHUPOAHBIX M TEXHOTEHHBIX YPE3BBIYAHHBIX CUTyalnH, B
YaCTHOCTU pa3nuBoB HeGTH. COBpPEMEHHbIE CHCTEMBl IUCTAHIIMOHHOTO 30HAMPOBAHMS IIO3BOJIAIOT IONyYaTh
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0030pHYI0 M MOAPOOHYI0 MH(OPMAIMIO O YPe3BBIYANHBIX CHUTYalMAX pa3IMYHBIX pa3MepoB Ha OOJBLIMX
TeppuTopusix. B TO ke Bpems METOAbl KOCMHYECKOTO MOHMTOPMHIAa HaMHOTO 3KOHOMHYHEE TPaJULHOHHBIX
Ha3¢MHBbIX MCTOJ0B c60pa JaHHBbIX. B JAAUCTAaHIUOHHOM 3O0HJUPOBAHHMU HUCIIOJB3YIOTCA JBa THUIIA CEHCOPOB -
aKTHBHBIN (paJapHblil) 1 maccuBHbIA (onTr4eckuit). O0a THIa CEHCOPOB UMEIOT CBOM MPEUMYIIECTBA M HEIOCTATKH.
bnaromaps MHOrMM mpeuMyIIeCTBaM, paJapHble CHMMKHM B HAacTosIlee BpeMs SBISIOTCA Haubosee
pacipocTpaHEeHHBIM CPEICTBOM JMCTAHIIMOHHOTO 30HJMPOBAHMS pa3iuBOB HedTu. OIHAKO, MCIOJIB3YS paiapHbIe
CHHMMKH, HHOTJa OBIBAET TPYAHO OTAEIUTH AaHTPOIIOTCHHBIE PAa3JIMBBI HEYTH U JIOXKHBIE OOBEKTHI, IOXOXKHE Ha HUX, U
o0ObryHO HazpiBaeMmble «look-alikes», KoTopwle BKiIIOYAaOT Oe3BeTpEHHbIE OO0NACTH, OPraHWYEcKHE IIJIEHKU
€CTECTBEHHOTO IPOMCXOKACHHS, IIBETEHHWE BOJOpOCied M T. 1. Mcmonp3ys ke ONTHYECKHE HW300paXKEeHUs s
OoOHapyXeHHs pa3TuBOB HEe(TH, MBI IOJaraeMcsi Ha CIIEKTPAIbHBIC XapaKTEPUCTHKH OOBEKTOB, W XOTA
OTpaxkaTesbHasl CIOCOOHOCTh BapbUPYETCsI B 3aBUCHMOCTH OT TOJIIIMHBI U COCTaBa MATHA, B OOJBIIMHCTBE CIIy4acB
pa3nuBbl HEPTH MOXKHO OTIHYUTH OT MOXOXKHX JIOKHBIX 00beKkTOB. OCHOBHAasI Liesib AaHHOH pabOThI - OLIEHUTH
BO3MOXKHOCTH ONTHYECKHX CHMMKOB B 3ajaue OOHapy)XeHHWs pa3iuBoB He(TH, OmpobOBaB HX B 3aj1ade
KapTHPOBAHUS 30H C BHICOKOH 4aCTOTOM IMOSIBJACHHS Pa3IMBOB He(pTH B TeueHHe ogHOro roga. Paiton Kacnuiickoro
MOpsl Bo3Jie ATIIEPOHCKOr0 MOJYyOCTpOBa ObUI BHIOpaH B KadyecTBe pailoHa uccienoBaHuil. PasmuBbl HedTH
0o0OHapyXMBAIOTCS B 3TOM pErHOHE 4alle, 4eM B Jpyrux permoHax Kacmuiickoro mops, mo3tomMy Kapra 30H C
YacTHIMHM DPa3MBaMH He(TH B ITOM DPETHOHE, IIOCTPOCHHAsl C HWCIIOJb30BAaHHEM ONTHYECKUX CEHCOPOB, OYJIeT
noJie3Ha 1yisi Oyayliero MOHUTOpPUHTa pa3nuBoB HepTH. OnTHueckue n3oOpaxeHus cryTHHKOB Sentinel-2 (A, B)
UCIIOJIb30BAINCH ISl 0OHApYKEHUs Pa3IMBOB HETH M pacyeTa 30H MX Hamboiyiee 4acToro nosieieHus. CkayaHHbIE
CHUMKH OBLTH TIpeIBapUTEIbHO 00paboTaHbl ¢ moMoIblo YTHIUTH Sen2Cor, reHepupytomei nzodpaxkenns L2A u3
L1C. O0beKkTHO-OPHEHTUPOBAHHBIA MOAX0 OBLT BBIOpaH JJIS CETMEHTAIlMH W KiaccH(UKaruu n3o0paxeHuil. B
OTJIMYME OT KJIAcCH(HKALMK HAa OCHOBE NHKCENIEH, KOTopas KiIacCH(PHUIUPYET MHKCENH IO OJHOMY, OOBEKTHO-
OPHEHTHPOBAHHBIM MMOJXOA CHayaja IPYNNUPYET NUKCENTH H300paKEHHS B CHEKTPAIbHO OAHOPOIJHBIE OOBEKTHI
n300pakeHMsI ¢ WCIONB30BaHUEM CErMEHTAlMH HM300paXKEeHHs, a 3aTeM KIACCU(PHUIMPYET OTACIbHBIE OOBEKTHI.
OOBeKTH, KIacCU(pUIMPOBAaHHBIC KaK pa3ivBbl He(TH, MPOBEPSUINCH IyTeM BH3yalbHOH HHTeprpeTranuu. bein
IMPOBCACH aHAJIM3 HAJIOXCHHA W NPEACTaBJI€CHA KapTa 30H C BBICOKMMH 4YaCTOTaMHU MOSABJICHUA Pa3JIMBOB He(l)TI/I B
teuenne 2019 roga. [To mocTpoeHHoO KapTe, ObUTH OINpezeeHbl Hanboee YacTble UICTOYHUKU pa3inBoB He(TH 3a
2019 rox, a umenHo Mectopoxxaenus «Hedrsubie kamuamy», «Hunoe» n «[Iupamnaxu». Takke B craTbe NpHUBEACHBI
MPUMEPBI CI0KHOCTEH, BO3HUKIINX NPH BU3YAJIILHON MHTEPIIPETAllM HEKOTOPBIX Pa3jIMBOB, M CAEJIAaHBI BHIBOJBI O
1eJIeCO00pPa3sHOCTH HCIIOJIB30BAHUS ONTHYECKUX HW300paKeHWH Hapsiy € paJvoJIOKalMOHHBIMH JTAHHBIMH JUIS
MOHUTOPHHIA Pa3IMBOB HEPTH.
KuaroueBsie ciioBa: oOHapyxeHue pa3nnBoB Hedtu, Kacmuiickoe Mope, Sentinel-2, onTuaeckne CHUMKH.
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