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OIIPEJIEJIEHUE 30H 3ATOILJIEHUAA IOMMEHHBIX OCTPOBOB
KYUABBIIEBCKOT'O BOJOXPAHUINIIA C UCIIOJIb30BAHUEM
JAHHBIX JTUCTAHIIMOHHOI'O 30HAUPOBAHUSA
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Hnemumym npobnem sxonoeuu u nedpononvzosanus AH PT (0o6ocobrennoe noopasdenenue
I'HBY «Axademus nayk Pecnybnuxu Tamapcmany), Kasanw, Poccus

C KCnonb30BaHUEM MYJIBTHCIEKTPATIbHBIX JAHHBIX AUCTAHIIMOHHOIO 30HIMPOBAHUS 3€MIHM OLICHEHB! 30Hbl IOMMEHHBIX OCT-
poBoB KyHOBIIIIEBCKOr0 BOJOXPaHMIININA, TOABEPKEHHBIC MIEPHOANIECKOMY 3aToIuleHno. Kimaccudukarms THIoB 3eMHOI mo-
BepxHOCTH MeToioM Random Forest mo3Boriia ycTaHOBHTH TPAHHUIBI OCTPOBOB IIPH MUHHMAIBHOM (51,55 M) 1 MakcHMansHOM
(53,28 M) ypoBHe BoABl. Pe3ymbTaThl KitaccH(MKAIMK ITOKA3BIBAIOT, YTO B Pe3yIbTaTe KoJIeOaHHS YPOBHS BOIBI B BOZOXPaHH-
JIMIIE OKOJIO ITOJIOBUHBI TEPPUTOPHU OCTPOBHBIX cUcTeM (41,2%) HaxoauTCs B 30HE 3aTOIUICHHUS.

Knrwouesvie cnosa: ocmposa, éodoxpanunuwe, Landsat 8, dannvle ducmanyuonno2o 30Houposanus, Tamapcman.

BBenenne

OcTpoBa BOJOXpaHWIMII, B YaCTHOCTH OCTpPOBa
KyiiOpITIeBCKOro BOJOXpAaHWIININA — KPYIHEUIIEro B
EBpasun, ABISAIOTCS MaJlOW3Y4YE€HHBIMH TPHPOIHO-
aHTPOIIOTEHHBIME  OoOpa3oBaHusMu [VIBaHOB © 1p.,
2007]. Pe3kast cMeHa HaIlpaBJIEHUs pa3BUTHUS IKOCUCTEM
OCTPOBOB B Pe3yJIbTaTe CO3MaHUS BOJOXPAHMIHIIA 00Y-
CIIOBJIMBACT MX YHUKAIBHOCTh KaK 00BEKTa MCCIIEHIOBA-
HUs. BOAHBINA pe)XuM BOIOXPAaHIIIUINA, KOTOPBIH MOXKET
HMMETh HE TOJNBKO CE30HHYIO, HO U HEAEIbHYIO, U CyTOY-
HYI0 TMHAMHKY, HE XapaKTepHYIO Ui HE 3aperyiupo-
BaHHOW peKH, OMNpeAessieT BBICOKYIO IHHAMHYHOCTb
TPaHHMI[ CyIIH OCTPOBOB, & TAKXKe 00JACTEH 3aTOIUICHUS
W TIOATOIUIEHUS TOYBEHHOTO0 MOKpOBa. JTO, B CBOIO
ouepeb, ONpeAessieT CKOPOCTh U HaIpaBl€HUE IBOJIO-
LMK BCel 3KocucTeMbl OCTpoBOB. OmpexneneHue 30H
3aTOIUICHHUS OCTPOBOB — HEOOXOIMMBIA 3Tal Kak s
JANbHEUIIEr0 W3Y4YeHHS M MOHUTOPHHIa OCTPOBHBIX
cucreM, Tak W 1 3(G(EKTHBHOTO M YCTOHYHBOTO
yHpaBJeHUs JaHHBIMU 3eMETbHBIMHU PECYPCaAMHU.

O0BbEeKTHI H METObI

Pation uccneoosanus. OOBEKTOM HCCIENOBAHUS SIB-
JIIIOTCSL OCTPOBA, PacHoJOXKEeHHble Ha TeppuTopun Ka-
3aHCKOTO paiioHa TepeMeHHoro moxmopa KyhObrmes-
ckoro Bogoxpanmauia (Pecryonuka Tatapcran, Poc-
cus): oT Mocra 3eneHonoidbck — Hwknue Bsi3oBbie
(55°4927,1" c.m.; 48°31'05,6" B.1.), MO ydacTKa B MpH-
ypoueHHoro r. Kazanm (55°42'51,2" c.m. 49°01'52,9"
B.Jl.) HIDKE 10 TeueHuto p. Bonra (puc. 1). YpoBeHs Bo-
IIbl TAaHHOTO paiioHa BOAOXPaHMIMIIA KOHTPOIUPYETCS
motuHoM Kurynesckoit I'9C u xapakrepusyercsi 3Ha-

YUTCIBHBIMUA TOMOBBIMH KojieOaHusMu: oT 48,6 10
53,5M mpu HOPMaJIBHOM IMOATIOPHOM YPOBHE BOJIBI
(HITY) B 53 m [M3meneHus.., 2018].

[IpencraBiennas Ha puc. 1 kaprorpaduyeckas oc-
HOBa OTpa)kKaeT TPaHUIIEI OCTPOBOB paiioHA HMCCIIEIO0BA-
Hust npu HITY. I'paHutisl oCTpOBHBIX CUCTEM OIpEAee-
HBI IyTEeM JeMH(POBKU CITyTHHKOBBIX CHUMKOB BBICO-
KOTr0 MPOCTPAaHCTBEHHOTO pa3pelIeHus, MpeaoCTaBIsie-
MBIX KapTorpauuecKuMu OHJIaliH-cepBHCaMU  Yan-
dexMaps, GoogleMaps u BingMaps. Ilpu oTcyTcTBHH
JIAHHBIX O JIaTe CO3JaHUs CIIyTHUKOBOTO CHIUMKA, W, KaK
CJIEJICTBUE, OTCYTCTBHH BO3MOXKHOCTH OMPENETUThH YPO-
BEHb BOJIbI, TPAHUIBI OCTPOBOB IMOATBEPKAAINCH C TIO-
MOIIBIO JCMTHU(PPOBKH CITYTHHKOBBIX CHHMKOB HH3KOI'O
MPOCTpaHCTBeHHOro paspenienus (Landsat 8) ¢ usBecrt-
HOM 1aTOM CO3MaHMs.

B pesynprare nemmdpoBKkHd Ha 0oOCIeAyeMOW Tep-
puTopuu BBIICIEHO 262 00BekTa, 162 M3 KOTOPHIX —
MEJIKOBOJbsI Wiu 3aroruieHHsie npu HITY ocTposa,
4 monyocTpoBa — OBIBIIUX OCTPOBOB, COCIMHEHHBIX
Hacembio ¢ OeperoM (cM. puc. 1). Cymmapras mio-
maabe 00bEeKTOB cocTaBiiieT 1856,25 ra, W3 KOTOpPBIX
32 ocTpoBa UMEIOT TUIOMIAAL MeHee 2 ra, 38 — oT 2 10
10 ra, 26 — ot 10 mo 100 ra u 4 ocTtpoBa — MIOMIAAH
6omee 100 ra. [To cBoeMy reHe3UCy OCTpOBA TAaHHOTO
y4acTKa BOJOXPAaHUIIUIA OTHOCSTCS K MOWMEHHBIM U
MPEACTaBIAIOT co0oi Hambojiee BBICOKHE YYACTKH
noiimel p. Bonru 0 co3manus Bogoxpanmmma [Kap-
Ta.., 1990; Oxomoruueckue.., 2002]. Heckombpko oct-
POBOB SIBIISIFOTCSI OTHOCHUTEIIEHO CBEKUMH HCKYCCTBEH-
HBIMHU II€CYAaHBIMHA HaMbIBaMHU, THIIHYHBIA U HauOoee
KPYIHBIN MpuUMep — TpylIia OCTPOBOB IOXHee 1. 3aii-
mumie (55°48'38,3" c.m. 48°49'59,7" B.1.) [Kynaruna u
np., 2016].
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Puc. 1. Iloiimennnie octpoBa Kaszanckoro paiiona nepemenHoro noanopa npu HITY

Fig. 1. Floodplain islands of Kazan district of variable backwater at Normal Water Level

Oyenxa 301 3amonieHusi 0cmposos. J1jis ycraHoBlie-
HUS TPAHUI] OCTPOBHBIX CHCTEM IPH Pa3IUYHBIX yPOB-
HSIX BOIBI OBUIA OTOOpaHBI MYJIBTUCIICKTPAIBLHBIC CITYT-
HUKOBBIC CHUMKH, CACTAaHHBIC B JHH YCTaHOBJICHUS
MaKCUMaJIbHOTO ¥ MHMHHMAJbHOTO YPOBHS COIJIACHO
naHabIM [TAO «Pycl'uapo» [U3menenus.., 2018]:

1) caumok Landsat 8 OLI (path 171, row 21) ot
01 oktsa0pst 2018 . YpoBEeHb BOABI HA MOMEHT CO3JIAHUS
canMka — 51,55 m (puc. 2, a);

2) caumok Landsat 8 OLI (path 171, row 21) ot
28 mast 2013 r. YpoBeHb BOJBI Ha MOMEHT CO3J[AHUS
cHuMKa — 53,28 M (puc. 2, b).

[IpocTpaHCTBEHHOE pa3pelleHne JaHHbIX CIIYTHHKO-
BBIX CHHUMKOB coctaBisieT 30*30 m. [{udpossie 3HaUE-
Hus spkoctu (Digital Numbers) CHUMKOB KOHBEPTHPO-
BaJINCh B 3HAYCHUS OTPAKCHHS Ha IMOBEPXHOCTH aTMO-
coepnl (Top Of Atmosphere Reflectance) ¢ mocienyro-
mell aTtMocdepHOil Koppekmmii 1o Meromy DOSI
[Chavez, 1996; Landsat.., 2015].

OmnpenencHne TpaHUIl CYIIN OCTPOBOB IMpPU pa3ind-
HBIX YPOBHSX BOIBI IIPOBOJMIIOCEH ITYTEM KOHTPOIHPYE-
MOU KJIacCH(HUKAIWHU CIEKTPAIGHBIX CIOEB CHHMKOB
Landsat 8: B2 (0,45-0,51 mxm), B3 (0,53-0,59 mxm), B4
(0,64-0,65 mxm), B5 (0,85-0,88 mxm), B6 (1,57-
1,65 mxm), B7 (2,11-2,29 mxm). [ns kmaccudpukanun
ucnons3oBaH Meron Random Forest, kKoTopslii ocHOBaH
HAa WCIONB30BAaHUU aHCAMONsI HE3aBHCHMBIX JIEPEBHEB
KJIACCU(HUKAINN U PETPECCHU M XOPOLIO TTOAXOAUT IS
MOJICTIMPOBAHUS C OONIBIIAM KOJIMYECTBOM KOPPEIHUPO-
BaHHBIX IPETUKTOpoB. HemoctaTkoM MeTona sBISETCS
HU3Kas HWHTEPIPETHPYEMOCTh 3aBHCHMOCTEH MEXIy
MPEANKTOPAMHU U 3aBICHMOH TIEPEMEHHOM, UTO B CIIydae
3a/la4 KapTUPOBaHUs 36MHOIO MOKPOBA HE UTpaeT 3Ha-
guTensHON ponu [James et al., 2013].

Jnst oOyueHust Monenu Kiaccu(UKaIy Ha o0ciemnye-
MOH TEpPUTOPUH CO3JaH TPEHUPOBOYHBIA HAaOOp TOUYEK.
[ockonbKy OCHOBHOM HMHTEpEC MpEICTABIIET 3EMHOH I10-
KpOB ocTpoBOB, TO 300 TOUEK CITy4aitHBIM 00pa3oM co3za-
HBl B TpeAeNax TPaHUIl OCTPOBHBIX cUCTeM. JlomomHu-
TEJBHO CO3MIaHO emie 89 Touek, pachpeeneHHbIX o o0Ma-
CTH, TIOKPBIBAEMON CIYTHHKOBBIM CHUMKOM. Kax<moi u3
389 TpEeHHPOBOYHBIX TOYCK, ITyTEM ICITHU(PPOBKA MYITh-
THUCHEKTPAITHGHBIX CHUMKOB M CHHUMKOB BBICOKOTO paspe-
IICHUS, BPYYHYIO NPHUCBAUBAJICSI OJUH W3 JBYX KIIACCOB:
3eMHasl TOBEPXHOCTh JIMOO BOJAHASI MOBEPXHOCTH. MTOro-
BBIC PACTPBl 3aTE€M BEKTOPH30BHIBAINCH, BBIUHCIIUIACH
TUTOIIATh 36MHON TTOBEPXHOCTH OCTPOBOB ITPH PA3ITHYHBIX
YPOBHSIX BOIBI B BOIOX PAHITHIIIE.

HUcnonvzoeannoe  npocpammnoe  obecneyenue.
[penBapurensHas o6pabotka cHuMKoB Landsat u ¢u-
HaJIbHAs KOMIIOHOBKA KapT MPOBOJAWINCH C HUCIOIB30-
BaHHeM reonH(popmaronnoi cuctembl QGIS [QGIS..,
2018] u moxyas Semi-Automatic classification Plugin
[Congedo Munafo, Macchi, 2013]. Jns meroxa Ran-
dom Forest ucrons3oBana peanu3anus B MaKeTe «ran-
domForesty mms crarucrmueckoir cpemsl R [Liaw,
Wiener, 2002].

Pe3yabTarhl M 00cy:KIeHUSA

Ilocmpoenue modenu xnaccugpukayuu. B Tabmuie
MIPEICTABICHE MATPHUIBI OIMUOOK KIIACCH()HUKAIIIH IS
cHuMKOB OT 28 mas 2013 r. (ypoBeHb BoasI 53,28 M) u
1 oktsi0pst 2018 1. (ypoBens Bomel 51,55 m). ObGmas
TOYHOCTh KJIAacCH(PHUKAIUK U 000MX CHUMKOB COCTa-
Buia 93,76 u 90,64% cooTBETCTBEHHO. boiee Hu3Kas
TOYHOCTB KJIacCHU(pUKAINU CHUMKA OT 1 okTsiOpst 2018 T.
o0yciioBiieHa OONBIIAM KOJIWYECTBOM OOJAKOB HAJ
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YYACTKOM HCCIICIOBAHHS HA MOMEHT CO3/IaHUsI CHUMKOB
(Tabmuma). ApreakTsl, CBSI3aHHBIC C HAIMYUEM OO0JIa-
KOB, OBUTH CKOPPEKTHUPOBAHBI Mepel TaTbHEUITNM aHa-
JIU30M PE3YJIBTATOB KJIACCH(UKAIIH.

I'panuyvl ocmposos u 30ubl 3amonnenus. Pezynpra-
ThI OIICHKH TPaHHUI] OCTPOBHBIX CHCTEM IPU PA3TUUHBIX
YPOBHSIX BOJBI B BOJOXPAHWIJIMIIE MOKA3bIBAIOT, YTO B
3aBUCHMOCTH OT BOJHOTO PEXKHMa BOJOXPAHHIIHUINA,
3HAYUTEIBHBIC TUIOIMAIN TTOMMEHHBIX OCTPOBOB OKa3bl-
BAIOTCS 3aTOILICHHBIMH (puc. 3).

Tak, Ipu MUHUMAJILHOM ypOBHE BOJBI 3a HaOIIOa-
eMbIii epuox B 51,55 M, miomaabs OCTPOBHBIX CHUCTEM
nccienyemMoro paiiona onenuBaercs B 2 718,97 ra. Ilpu

T O
o,

500 1000 1500 2000 m

a

MOABbEME YPOBHS BOIBI 10 HOPMAJBHOTO TIOJITOPHOTO
ypoBHs (53 M), momanas HAABOMHOW YacTH OCTPOBOB
cokpamaercs Ha 31,7% u cocraBnser 1 856,25 ra. [Ipu
MaKCUMAaJIBHBIX YPOBHSX BOMBI B 53,28 M, Turomaab
OCTPOBOB cokpamiaercsi emie Ha 14% wu gocruraer
1 596,76 ra. IIpm 3TOM CTOMT OTMETHTh, YTO MAaKCH-
MaJIGHBIA YPOBEHb BOJBI B BOJOXPAHIIIHINE 32 TIEPUO]]
20132018 rr. cocraBasan 53,48 M, omHAKO HA MOMEHT
HAIlMCaHUs JaHHOIO OT4YeTa HE YAajJoCh IMomo0paTh
MOIXOSIIUN CHOIMOK ¢ HU3KOH 0071a9HOCTBIO.

Takum oOpa3oMm, 3aTamiMBaeMasl 30HA JJIS BCEX
MOMMEHHBIX 0cTpoBOB KazaHcKoro paiioHa mepeMeHHO-
ro moxrnopa oreHuBaercs B 1 122,21 ra.

500 1000 1500 2000 m

b

Puc. 2. Ilpumep ocTpoBa npu pa3In4yHbIX YPOBHAX BoAbI: a) 51,55 m; b) 53,28 m

Fig. 2. An example of island at different water levels: a) 51,55 m; b) 53,28 m

Tabnuima

MaTtpuusl 0IHG0K MOJe N KJIacCH(PUKAIMH CIYTHUKOBBIX CHUIMKOB

Table

Confusion matrices of satellite imagery classification models

CHumok ot 28 mas 2013 r. (ypoBeHb BojbI 53,28 m)

peaJIbHBIE KIIACCHI
3I1 BIT Ilonp30oBaTenbCKast TOYHOCTD, %
3I1 320 15 95,5
faace-p BII 15 131 89,7
TounocTh KiMaccupukaTopa, % 95,5 89,7
CHumok ot 1 okts6ps 2018 r (ypoBenb Boasl 51,55 m)
peaJIbHBIE KIIACCHI
3I1 BIT ITonp3oBaTenbCKast TOYHOCTD, %
Kace-p 3I1 327 8 97,6
BIT 37 109 74,7
TounocTh KTaccupukaTopa, % 89,8 93,2

Tpumeuanue. 3I1 — 3emuas noBepxHocTs; BI1 — BogHast MOBEPXHOCTE.

Note. 311 — land surface; BII — water surface.
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a b c

FpaHMUa Npy YpoBHE BOAbI B

555 ™ 53 m(HITY) [ 53.28 v

Puc. 3. IIpumMepsl rpaHu 0OCTPOBOB NPH Pa3JINYHBIX YPOBHAX BO/BI: ¢ — IPH YPOBHE BOAbI 53,28 M;
b — mpu ypoBHe BoabI 51,55 M; ¢ — 30HBI 3aTOIJIEHHS OCTPOBOB

Fig. 3. Examples of islands borders at different water levels: a — at water level 53,28 m;
b — at water level 51,55 m; ¢ — flooding zones of islands

3aki0ueHune JaHHble 007acTH XapaKTepH3YIOTCS Hamboee TH-
POMOP(HBIMI YCIIOBHSMHU ITOYBOOOPa30BaHUS C COOT-
Pe3ynbTaThl OLEHKM JUHAMUKHU TPaHUI] OCTPOB-  BETCTBYIOILMM BIMSHHUEM Ha 3KOCHCTEMBI OCTPOBOB.
HBIX CHCTEM IOKa3bIBalOT, YTO B 3aBUCHUMOCTH OT

YPOBHS BOJbI, NMEPUOJUYECKOMY 3aTOIUICHUIO MOJ- Paboma evinonnena npu @uuancogou noodepoicke

Bepraetcs okono 41,2% ot obmeil mmomanu octpo- PDPPU u Ilpasumenvcmea Pecnybnuxu Tamapcman @

BOB. pamrax HayyHozo npoexma Ne 18-44-160002.
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DETERMINATION OF FLOODING ZONES OF THE FLOODPLAIN ISLANDS ON THE TERRITORY
OF THE KUIBYSHEVSKY WATER RESERVOIR USING REMOTE SENSING DATA

Water reservoirs islands, particularly islands of the Kuibyshev reservoir (the largest in Eurasia), are little-studied formations with
both natural and anthropogenic origin. The reservoir water regime, which can have not only seasonal, but also weekly and daily dynam-
ics, determines high dynamism of islands boundaries, as well as areas of surface and subsurface flooding. Determination of islands
flooding zones is necessary both for monitoring of island systems and for efficient and sustainable land use management. The current
study was performed to determine the flooding zones of islands of the Kazan District of Variable Backwater, which is located on the
territory from the Zelenodolsk-Nizhnie Vyazovye bridge (55°49'27.1"N; 48°31'05.6"E) to the Kazan area (55°42'51.2"N 49°01'52.9"E).
The water level on that part of the reservoir is characterized by significant annual fluctuations from 48.6 m to 53.5 m with a Normal
Water Level of 53 m. On the area under investigation 262 object were distinguished with the total area of 1856.25 hectares (Fig. 1). To
determine the boundaries of island systems at different water levels two multispectral Landsat 8 scenes were picked up: (1) scene from
st October 2018 (water level in the reservoir — 51.55 m); (2) scene from 28th May 2013 (water level in the reservoir — 53.28). Landsat
scenes were converted from Digital Numbers to Top of Atmosphere Reflectance values with subsequent atmospheric correction using
DOS1 method. Finally, multispectral imagery was classified as ground or water land cover using Radom Forest technique. To train the
classification model 300 points were randomly created on the territory of islands and 89 extra points were distributed on the full scene
area. Overall accuracies of land use classification were 93.76% and 90.64% for the scene of 28th May 2013 and the scene of 1st Oct
2018, respectively. The results of land use classification of islands showed that according to the water level, significant areas become
flooded (Fig. 3). At minimal water level of 51.55 m islands area were estimated as 2718.97 hectares. When the water level reaches nor-
mal water level (53 m), the surface area of islands reduces by 31.7% and estimates as 1857.25 hectares. At maximal water levels of
53.28 m, the island area reduces by another 14% and reaches 1596.76 hectares. Thus, the flood zone for all the floodplain islands of the
Kazan region of variable backwater was estimated at 1122.21 hectares. The results showed, that depending on the water level, about
41.2% of the total islands area is subjected to periodic flooding. These areas are characterized by hydromorphic conditions with a corre-
sponding effect on island ecosystems.

Keywords: islands, water reservoir, Landsat 8, remote sensing data, Tatarstan.
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