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INPOCTPAHCTBEHHO-BPEMEHHAA TNUHAMUKA JJAHAIIA®TOB
BOJIOCBOPHBIX BACCEMHOB AJITAICKOT'O PETMOHA B IOCJIEJTHUE 40 JIET

Ha ocnoee dannbix ducmanyuoHHo20 30HOUPOBAHUSA C NPUMEHEHUEM 2eOUHDOPMAUUOHHBIX MEemM0008 NPO8edeH AHAAU3 NPO-
CMPAHCMBEHHO-8DeMEHHOL OUHAMUKU Ha3eMHbIX noKpoeoé (land covers) penpezenmamuenbix 60docooprbiX baccelinoe Armati-
ck020 peeuona (Armatickuii kpaii u Pecnybauka Anmaii). B kavecmee Karouesbix meppumopuil UCN0Ab308aHbL: 045 OeCCMOUHOU
oonracmu O6b-Upmbiuickoeo mexcoypeuvs u nesobepescvs Bepxuei Oou — cmexncnvie 6acceiinvt 03. Topvkoe, pex Kacmanwt u
bapnayaxu na Ilpuobckom naamo (Aamatickuil kpaii); 043 npasobepedicva Bepxueii Oou — 6accetin p. boavwoi Peuku na buii-
cko-Yymbluickoii 6036biuienHoCMU U OpesHUX 00cKux meppacax (Aamaiickuil kpail); 015 Huskoeopuil u cpedoneeopuii Cesepo-3a-
naduoti nposunyuu Pycckoeo Anmas — bacceiin p. beaou (Aamaiickuil kpail); o Huszkoeopuii u cpeoneeopuii CesepHoil u
Cesepo- Bocmounoti Anmaiickux npogunyuii — 6accetin p. Maiimor (Pecnybauxa Aamaii). /s paccmampugaemoti meppumopuu
adanmupoean aneopumm, NO380ASIOWUI AHAAUZUPOBAMb AKMYAAbHOE COCMOSHUE HA3eMHbIX HOKPOBO8 U 6bl0eAsimb OCHOBHbLE
6eKmopyl Ux npeobpasosanus. Hcnoav3oeana cepusi pasHOBPeMeHHbIX KOCMU4ecKux cHumkoe Landsat 0ns mpex epemeHHbiX
cpe306. Buviseaeno, umo pasHuHHble Oaccelinbl CMenHoU U 1ecOCMEenHOl 30H XapaKmepu3ymcs MeHbluell aunaumyoot usmene-
HUIl HA3eMHbIX NOKPOBOE NO CPABHEHUI) ¢ e0pHbimuU. s 6eccmounoii ooaacmu O6b- Upmbiuickoeo mexncdypeuvs u 1e600epenchs
Bepxneii O6u naubonee nokazamenvHo cHudceHue 00U NAXOMHBIX Y200Ull U BbICOKAS eCmecm8eHHas OUHAMUKA 800HbIX 006~
exmos. /lns npasobepexncvs Obu xapaxmepHa HauMeHbUlas OUHAMUKA 6CeX MUNOE HA3ZEMHbIX NOKPOBOE U 3HAYUMA OUHAMUKA
UCKYCCMBEHHBIX 800HbIX 008eKmos. B eoprbix baccelinax npouzowino 3nauumensoe cHudicerue 00U AeCONOKPbIMbIX NAOUaoe
npeuMyu,ecmeeHo 6 noab3y eCMeCcmeeHHbIX MPABsIHbIX cO00UleCme 6 pe3yavmame X03alucmeeHHol desmeavhocmu. Kpome moeo,
NOKA3aHO, YMO HANPABAEHUs USMEHeHUU U Nepex0008 Pa3nu1HbIX MUN08 HA3EMHbIX NOKPOBOE MOYN CYUeCIBEHHO PA3AUYAMb-
¢ 044 Pa3HbIX epYnn AaHOuUAagpmos.

KiroueBbie cioBa: HazemHble nOKpossl, OucmanyuoHHoe 30H0upoganue, Aamaiickuil kpaii, Pecnybauxa Anmaii, epynnol
AQHOWAhmos, mampuybl nepexo0os.
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SPATIOTEMPORAL DYNAMICS OF LANDSCAPES OF PLAIN AND MOUNTAIN CATCHMENTS
IN THE ALTAI REGION DURING THE LAST 40 YEARS

The spatiotemporal dynamics of land covers of representative catchments of the Altai region (Altai Krai and Republic of
Altai) was analyzed using remote sensing data and GIS techniques. The following key areas were used: the adjacent basins of
Lake Gor’koe and the Kasmala and Barnaulka rivers on the Ob Plateau (Altai Krai) were used for the inland drainage area
of the Ob-Irtysh interfluve and the left bank of the Upper Ob; the Bol’shaya Rechka basin on the Biisk-Chumysh Upland and
ancient Ob terraces (Altai Krai), for the right bank of the Upper Ob; the Belaya river basin (Altai Krai) for the low mountains
and middle mountains of the Northwestern province of Russian Altai, and the Maima river basin (Republic of Altai) for the low
mountains and middle mountains of the Northern and Northeastern Altai provinces. The algorithm for analyzing the actual state
of land covers and identifying the main vectors of their transformation was adapted to the study area. A series of multi-temporal
Landsat images for three time slices was used. It is found that the plain catchments of the steppe and forest-steppe zones are
characterized by a smaller amplitude of land cover change as compared to the mountain zones. For the inland drainage area of
the Ob-Irtysh interfluve and the left bank of the Upper Ob, a reduction of the arable land and a high natural dynamics of
water bodies are most indicative. The right bank of the Ob is characterized by the lowest dynamics of all types of land cover and
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a significant dynamics of artificial water bodies. In the mountain basins, a noticeable decrease in the forest areas largely in
favor of natural grass communities was caused by the economic activities. It is also shown that the directions of changes and
transitions of different types of land covers can differ greatly for different groups of landscapes.

Keywords: land covers, remote sensing, Altai Krai, Republic of Altai, groups of landscapes, transition matrices.

BBEJAEHUE

B 3apy0eskHOI1 auTepaType mo reorpaduu 1 JaHAIIADTHON 3KOJOTUM IIPU aHAIM3e TUHAMUKM JIAH[I-
mahTOB IIMPOKO MCITONIB3YeTCs MOHATHE «Ha3eMHbIe ToKpoBel» (HII) (arrn. — land use/land cover change).
B oreuectBeHHOIT Teorpaduy 3TOT TEPMUH TIPUMEHSIETCSI CPaBHUTEIBHO HegaBHO. MI3BeCTHO 1 MMeeT MHO-
JKECTBO CUHOHMMOB, CPel KOTOPBIX HanboJiee paciipoCTpaHEHbI CIAYIOIINE: «KJIACChl 3eMJICTIONIb30BAHUS»,
«KJIacChl MOACTHUIAIONICH TTOBEPXHOCTH», «JTAHAIIA(PTHBIN ITOKPOB», «3€MEIbHBIE YrOIbsi». B HEKOTOPHIX
paboTtax OHATHS «Ha3eMHBbIe TTOKPOBBI» U «reocucTeMa» ToxnectBeHHbI. Tepmun HIT mompasymeBaer oTo-
OpaxkeHune OMOGMU3NYECKUX CBOMCTB 36MHOI MOBEPXHOCTU B KATETOPUsIX €€ COCTOSSHMI (Jieca, KyCTapHUKMU,
0oJsioTa, MalIHU, CTPOECHHUS, BOAHAS MOBEPXHOCTb 03ep W T. I1.). [IprMeHeHre 3TOro IMOHSTUSI HEe TpeOyeT
00OCHOBaHMSI CTPOTMX CXeM JaHaiadTHON nepapxuu. Mepapxuueckuit ypoBeHb 0TOOpaKeHUsI TEPPUTOPUU
OOBIYHO OMpeaesieTcs: MaclTaboM, OTBeYalolUM LeJsIM ucciaenoBanus [1].

Ectb MHeHue, yTo B Hacrosilee Bpems: nuHamuka HII, Hapsoy ¢ yBelnueHHMeM KOHIIGHTpALlMU Yrjie-
KHCJIOTO ra3za B atMocdepe U TpaHchopMalldeil KpyroBopoTa a3oTa, MpeACTaBiseT co00it OMHO U3 TpeX I0-
Ka3aHHBIX II100aIbHBIX M3MeHeHU# Ha maHete [2]. JuHamuka HIT okasbiBaeT BIMsHUE Ha KJIMMaT, OMO-
pa3HoOOpa3ne U 3KOCUCTEMHEBIE YCIYTH, UTO, B CBOIO OUepeb, OMpeaessieT XapaKTep 3eMJICIIOIb30BaHus [3].

B ocnoBe munamuku HIT moryt sexaTh Kak MeIEHHBIE TOCTYIaTeIbHbIe, TaK U OBICTPHIC, HEPEIKO
KaTacTpouueckune, U3BMEHEHMSI, TaK1Me KaK BOWHbBI, BCIIBIIIKKA 0OJIe3HEN, 9KOHOMUYECKNE KPUBKUCHI U T. 1.
[4—7]. OmgHyM M3 BaxXKHEWIINX COOBITUI MOCIEAHUX AECITUICTHI ObUT Kpax coumasmn3Ma B BoctouHoii EB-
porie u 6biBIIeM CoBeTckoM Coro3e B Havyaie 1990-x IT. 1 CONMPOBOXIABIIWIA €ro Mepexon OT SKOHOMUKMU,
KOHTPOJMPYEMOU TOCyIapcTBOM, K pbIHOUHOH [8]. B psime cTpaH u Bo MHOrux peruoHax Poccuu ato mnpu-
BEJIO K MacIITaOHbIM M3MeHeHUsIM B cTpyKType HII: 3amycTeHuro manmHu 1 macTOMIl, He3aKOHHBIM pyOKaM
JIECOB, aHTPOIOIeHHBIM IoxapaMm U Ap. [9—14]. OgHako 3akoHoMepHocTH nuHamuku HIT B mocinenHue
JNeCATUJIETUSI O KOHILIA He MOHMATHI [15], Tak KaK OHU MMEIOT PErMOHANbHYIO CIielIU(pUKY.

HaHHble OTucTaHIIMOHHOro 30oHaupoBaHus 3emin ([I33) B Hacrosiee BpeMsl CTaHOBSITCS OCHOBHBIM
MCTOYHUKOM nHpopmarmu o nuHamuke HIT [16—18]. Maciutabel npuMeHeHus MatepuaioB /133 HACTONIBKO
IIMPOKM, YTO JABHO BBHILLIN 3a MpPEIeSibl COOCTBEHHO HAYYHBIX MCCJICHOBAHUI, aKTMBHO Pa3BUBAasSICh BO
MHOTHMX OTPACIISIX SKOHOMUKM: CEILCKOE M JIECHOE XO3SMCTBO, HedTera3oBast oTpacib W T. 1. AHAIU3 TIPO-
CTPaHCTBEHHO-BPEMEHHBIX U3MEHEHUIT JTaHAIIa(hTOB UMEET OCHOBOTIOJIAratollee 3HaUeHUE ISl TTOHUMaHUS
MHOTOUMCJIEHHBIX COLMAIBbHBIX, SKOHOMUUYECKNUX M IKOJOTUIECKUX MpodsieM [19] M MoOXeT mpeaocTaBUTh
LIEHHbIE CBEIEHUS JIJISI TIPUHSITHSI COOTBETCTBYIOIIMX YITPABICHYECKUX PEIICHUIA.

OBBEKTLI 1 METOJbI

B kauecTBe 0OBEKTOB UCCIETOBAHUS BHIOPAHBI HECKOJIBKO PEMPE3EHTATUBHBIX BOIOCOOPHBIX OAaCCeTHOB
Anraiickoro pervona: 6acceitHbl KacmanuHckoil u bapHayabCKoit JIOXKOMH ApeBHEro cToka (BKJItOYas Co-
BpeMeHHBIe OacceiHbI 03. ['opbpKoe (beccrouHoe), pek Kacmainsl n bapHaynkm), pek bombinoit Peuku, Maii-
MbI 1 bemoit (puc. 1). JlaHHBIe OacceiHBI UYpe3BhIUAHO pa3HOPOMHEI IO CBOCH JIAHMIIADTHON CTPYKType,
peXrMaM TIPUPOAOTIONb30BaHNS W THIPOJIOTUUECCKUM XapaKTeprcTuKaMm. Kaxkmelii OacceiiH B yKa3aHHBIX
acIieKTaxX COOTBETCTBYET OIpeleeHHBIM (DU3NKO-Teorpapuyecknum ycaoBUsIM AJTasl.

KacmanuHckuit 6acceitn (6acceiitbl 03. 'opbkoe u p. Kacmaibl) u 6acceiiH p. bapHayiku oObeIMHEHbI
B €IMHYIO KJIoueBylo Tepputopuio Kacmana—bapHayika, MOCKOAbKY HacAeAylOT OJHOMMEHHbIE CMEXXHbIE
Jnox0uHbl aApeBHero croka (JIJAC), couerast pa3inyHble HaNpaBACHUS U XapaKTep CTOKA, a TAaKXKe O0beANHSIS
nanamadTel 6ecctouHoit obysactu OO0b-UpThilickoro Mexaypeubst U OacceitHa Bepxneit Oou. bacceitn
p. bonbioit Peuku tunumuen nisg mpaBobepexbs Bepxneit O6u. 3aech BomocOOpPhl MalIbIX M CPEIHUX PEK
pPa3BUBAIOTCSI Ha MOBEPXHOCTSIX buiicko-YyMBIIICKOM BO3BBIIICHHOCTA W APEBHUX OOCKUX Teppac. Ob1as
yepTa BCeX BBIIICYKa3aHHBIX 0aCCEITHOB — 3TO COYeTaHUE OIpeAeICHHBIX JJAHAIIA(hTOB. pABHUHHBIX 30HAJb-
HBIX (CTCITHBIX M JIECOCTEIHBIX), AKCTPA30HAIBHBIX COCHOBBIX O0OpPOB, C(POPMUPOBABIIMXCS HA TECYAHBIX
OTJIOXKEHUSIX THUIIL JIOKOWH JApEeBHEro cTtoka u teppac p. O0u, a Takke MHTPA3OHAIBHBIX THAPOMOPGhHBIX,
TTOJTYTUAPOMOPGHBIX U TAJTOTUAPOMOP(MHEIX. PaBHUHHAS TEpPUTOPHUS MMEET IIUTEIBHYIO UCTOPHIO XO3STii-
CTBEHHOTO OCBOEHUSI, TIPU 3TOM CEJILCKOXO3SIMCTBEHHAS M JIECOXO3SIMCTBEHHAST ACSTEIbHOCTh Pa3BUBAIOTCS
3[1€Ch, HEMOCPEACTBEHHO KOHTAKTUPYS APYT C IPYIrOM B IPOCTPAHCTBE.

TEOT'PA®UA U TPUPOOHBIE PECYPCLHI 2018 Ne 3 105



A.B. YEPHbIX 1 JIP.

.. @ fKacmana_Bapayn
QT

2 )i)

Puc. 1. TlonoxeHre KIIOUEBBIX 0acceitHOB B Ipeaenax AnTaiickoro Kpas u Pecryonmku Anraii.

1 — MonenbHble OacceiiHbl; 2 — rpaHUlla PErMOHOB.

Bacceiitnbl pek Maiimbl 1 besoiil peripe3eHTaTUBHBI UIS HU3KO- M CPETHETOPHBIX TEPPUTOPUIA CEBEPHO-
ro MakpockiyioHa Pycckoro Anrasi, Kotropbie (pOPMHUPYIOT OCHOBHYIO YacTh CTOKA BECEHHETO IOJOBOMIbS
Bepxneobckoro Oacceitna [20]. B nanmmadTHON CTpyKType NOMMHUPYIOT TOPHOJECHBIE (TTOATAEXHbBIE U
YepHEBO-TaeXHbIE) JaHIIIADTHI, a HU30BbsI OTHOCATCS K JIECOCTEITHBIM HU3KOTOPBSIM.

AJITOPUTM HACTOSILLIETO UCCAeA0BaHUS OCHOBaH Ha uHTerpauuu ['MC-texHonoruii 1 MeTonoB 06padoT-
KU pa3HOBPEMEHHBIX KOCMUYECKIX CHUMKOB M BKJTIOUAET B ce0sl CEMb 3TAIlOB: OTOOP U MOJIyYeHNE CHUMKOB,
npeakiaaccudukalmoHHas oopadboTka, Kiaccupukalus, MocTkaaccudurkalmoHHas oopaboTka, BepuduKarus
U MoauduUKalus MOJYYEHHBIX MaTepUaloB, COMOCTaBICHUE Pa3HOBPEMEHHBIX JAaHHBIX, aHAIWU3 MPOCTPaH-
CTBEHHO-BPEMEHHBIX M3MEHCHMIA.

B xauectBe /133 BbIOpaHbl JaHHBIE cO CIyTHUMKOB cepun Landsat (ckanepsl MSS, ETM+, OLI). Ha-
KOIUIEHHbIE U HaXOMSIIMECs] B OTKPBLITOM A0cTyre [21] rimobanbHble apxXuBbl JaHHBIX OTKPBLIBAIOT KpaiiHe
IIMPOKKE BO3MOXHOCTHU PETPOCIIEKTUBHOTO aHanu3a. CHuMKM Landsat mMeIOT GOJBIIOE YMCIIO CIIEKTPaTh-
HBIX KaHaJIOB, BHICOKOE IPOCTPAHCTBEHHOE pa3pellieHue, IMPOKUI BPeMEHHOI OXBAT M CBOOOIHBIN JOCTYII
K 6a3e MaHHBIX.

Ha nepBonavasibHOM 3Tame paboT MPOU3BOAUICS OTOOP 0€300JaUHBIX U MaJOOOTAUHbBIX CIIEH, OTHOMN
00 HECKOJbKUX, MAaKCUMaJIbHO OJIM3KUX IO J1aTe CheMKU. Bcero B McciieioBaHUM MCTIOMB30BaHO 25 CIieH
(path/row) (ta6u. 1). KimoueBas teppuropusi Kacmaia—bapHaylika HOKpBIBAaeTCS TpeMsl CLIEHAMU ChEMKU
BO BCEX BPEMEHHBIX Mepuopax, dacceiiH p. benoit (cM. tabn. 1) — aByms cuieHamu B 2014 1. OcranbHble
Teproabl — T10 OJHON CIleHe Ha OJWH BPEMEHHON cpe3.

I1pu nmoa6ope 33 BaxkHO MCMOIL30BATh PA3HOTOAUYHbIE CHUMKHU, HO 3a OJIM3KKME AaThl OAHOTO Ce30Ha,
YTO YMEHBIIIACT BEPOSITHOCTh IIPUHATH CE30HHBIC N3MEHEHUS 32 MHOTOJIeTHUE. JIJIsT KOHTpAaCTHBIX 1O JIaH/I-
ma@THON CTPYKTYpe TEPPUTOPHUIA, OXBATHIBAIOIIMX TOPbl M PAaBHUHBI, HEOOXOAMM TOI00p AYOJIMPYIOLINX
Pa3HOCE30HHBIX CHUMKOB OJHOTO BPEMEHHOTro cpe3a. BeceHHUe CHUMKHU YyIOOHBI IJIsI CO3MaHMSI MacKu
CeJIbX03YTOANii, HO B 3TO BpeMs TOPHBIC TEPPUTOPUM €Ille HE IOJTHOCTHIO OCBOOOXKMAIOTCS OT CHera, 4To
BBI3bIBAET MPOOJIEMbI MPU aBTOMATU3UPOBaHHOI Kiaccudukauuu. Kpome Toro, B ciaydyae rop mpu oopadoT-
K€ CHUMKOB T€HU MOTIYT KJIacCU(UIIMPOBATLCS, K IIPUMEPY, KaK BOIHbIC OOBEKThl. BBUAY 3TOro oueHb BaxkeH
KaYeCTBEHHBIN MOI00P MCXOMHBIX TaHHBIX.
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Tad6nuua 1
Cuenbl KocMHYECKNX CHUMKOB Landsat 1uig KiioueBbIX BOIOCOOPHBIX DAacCeifHOB AJITAliCKOr0 permona

Kacmana—bapHayika Bosbmias Peuka Maiima Benas

Hara Path/Row Hata Path/Row Jara Path/Row [Hara Path/Row
| Landsat 2 | 14.08.1975| 161/24 |30.08.1975| 159/23 |09.09.1976 | 157/24 |01.06.1975| 159/24

MSS 09.05.1976 | 160/24 30.08.1975
09.05.1976 | 160/23

II Landsat 7 | 25.05.2001 | 149/24 |27.05.2001 | 147/23 |13.05.2001 | 145/24 ]09.08.2002 | 148/24
ETM |25.05.2001 | 149/23 17.08.2001 24.05.2003
02.05.2001 | 148/23

111 Landsat 8 | 08.05.2015 | 149/24 |28.05.2016 | 147/23 |14.05.2016 | 145/24 |07.05.2014 | 147/24
OLI 08.05.2015| 149/23 03.09.2016 07.05.2014 | 147/25
01.05.2015| 148/23 11.08.2014 | 147/24
11.08.2014 | 147/25

Bpemen- | CbeMouHast
HOIt cpe3 | cucTema

IMpumeuanue. Path/Row — koopaunats! ciieHbl o pasrpadke WRS2, ucronb3yemoii 1yist Karajnorusaiuu naHHbeix Landsat.

ABTOMaTU3MpPOBaHHAsI KJIacCU(pUKAIMS TTPOBOIMIIACH B HECKOJIBKO 3TaroB. Ha mepBoM 13 HUX co3maHa
MacKa CeJIbCKOXO3STMCTBEHHBIX YTOAUIA, MOCKOIBKY JaHHbII Tl HIT 3aTpyIHUTEIBHO OTACIUTD OT OKPYXKalo-
IIUX U3-32 MePEeKPBITUSI CIIEKTPAIbHBIX CUTHATYP. Macka CceJbXx03yroiuil co3aaHa IMyTeM pacyeTa MHIeKca
NDVI u nonbopa 3HaYeHUIA, COOTBETCTBYIOIIMX OTKPBITON MOYBE (JAThl CheMKU CIELMAIbHO MOM00paHbI,
KOT/a ToJisi cBOOOIHBI OT MoceBoB). Ha BTopom aTare mpoBoAWIach HEKOHTpoOJUpyeMasi Kiaccudukanus
cHMKOB ISODATA ¢ nmpuMeHeHeM MOJIy4eHHOM MacKu cebxo3yroauii. KoHTpob TOCTOBEpHOCTH KiTac-
cudukanum (M Mpyu HEOOXOAMMOCTH BHECEHWE U3MEHEHUI B Pe3yJIbTUPYIOIINE TaHHbIE) OTKPBITHIX BOIHBIX
MPOCTPAHCTB MPOBOAMUJICS ¢ MOMOILbIO pacyeTa uHaekca MNDWI [22]. DToT MeToa oOHapyKeHUsI BOTOEMOB
1Mo uH(OpMaIMM MYyJbTUCTIEKTPAIbHBIX JTAaHHBIX OCHOBAH HA TOM, YTO BOAA B 3HAUMTEJIbHOI Mepe MOoTIo-
1aeT U3JTy4eHue B cpeiHeM MH(PaKpaCHOM Juara3oHe.

[Tpu ananusze uamenenuit HI1 B pabote ncnonb3oBaHbl KOCMUYECKUE CHUMKU, MOJTYYEHHbIE Pa3HbIMU
CBEMOUYHBIMU CUCTEMaMU U UMEIOIIME PA3INYHbIE XapaKTEPUCTUKHU, B TOM YKCJIE IPOCTPAHCTBEHHOE paspe-
eHue. MIx conocTtaBjieHUe MOXET MPUBECTU K OLLIMOOYHBIM BhiBoAaM 00 uaMmeHeHuun HII, ocobeHHO Maibix
00BEKTOB, BBUIY PA3IMYHON MOTHOTHI el pUPOBaHUS, UCKIIOUEHUST U3 aHAIN3a OOBEKTOB, OTOOpaxae-
MBIX Ha CHUMKE 00Jiee BBICOKOTO pa3pelieHrs] U He BUAHBIX HA CHUMKE 0ojiee HU3KOro. st KoppeKTHOTO
aHajM3a CpaBHUBaeMble MaTepUasbl MIPUBEIECHBI K OMWHAKOBOM AeTaTbHOCTHU (siueitka 60 M), MPUHSATOR 1O
caMoOMYy Xy[llIeMy MPOCTPaAaHCTBEHHOMY pa3pelleHUI0 MCIob3yeMbIX cHUMKOB Landsat 2 MSS. ITogo0OHBbIi
MPUEeM YMEHBIIIAET NETaTbHOCTh MPOCTPAHCTBEHHOTO aHalM3a, HO YBEJWYMBAET AMATA30H UCCIIENOBaHUS
BPEMEHHBIX U3MEHEHUIA.

[IpoBeaeHbI MCCIeIOBaHMUSI 10 TPEM BPEMEHHBIM cpe3aM (cM. Taba. 1): I — 1975—1976 rr., 11 — 2001—
2003 rr., 111 — 2014—2016 rr. Paccmotpensl yetbipe tuia HIT: BonHast moBepXxHOCTh 03ep U npyaoB (W — ot
aHra. water body), celbCKOXO3SMCTBEHHbIE YTOAbsl (MAXOTHBIE 3€MJIM) U HAceJeHHbIE MyHKThI (AS — agri-
culture/settlement), seca comkHytbie (F — forest), ecTecTBeHHBIE TpaBsIHbIE COOOIIECTBA — Jyra, CTEIIH,
BogHO-0osoTHBIe yromabs (GSW — grassland, steppe, wetland). AHann3 M3MeHEHUI HACEICHHBIX ITYHKTOB
HECOMHEHHO MMeEeT HeMaJloBaXXKHOE 3HAueHMWe IPU OlleHKe aHTPOITOreHHON AMHAMUWKM JIaHAIadTOB, HO B
paMKax JaHHOTO MCCJEeNOBaHUs 3acTpoiika Kak camocrtositenapHblid TMN HIT He Bbimensuiack. HaceneHHble
MMyHKTBI TIPEACTABISIOT CO00 CIOXHBIN KOMILIEKC 00BEKTOB (OTKPHITAsi TTOUBA, BOJOEMbI, TTOCTPOUKU, ac-
(anpTUPOBaHHbBIE TOPOTH), pa3MepPbl KOTOPHIX B OOJIBIIMHCTBE CBOEM MEHBIIE pa3peliarolleil CmocoOHOCTU
cHuMKOB Landsat. M3-3a cXOXeCTU CMEeKTPaJIbHBIX CUTHATYP (HalpuMep, ¢ CUTHATYpaMU OTKPBITON MOYBHI,
JIYTOB WJIM BOIHO IMMOBEPXHOCTH) BO3HUKAIOT MPOOJIeMBbI KJIaCCU(PUKAIINKY CHUMKOB, TaK KaK KO3(MOUIIMEHT
OTpaXXeHUS MUKCENST MPencTaBIseT cO00i KOMOMHALNIO KOR(DMUIIMEHTOB OTPAXXEHUI BCEX TUIOB MOBEPX-
HOCTHU, MOMANAIINX B 3TOT MUKCETb. B TaHHOM cilyyae 3TO HEe UrpaeT 3HAUMTEIbHOW POJIM B IJIOLIATHOMN
oueHke tTunosB HIT BBuAy mManoil 10au KpyImHBIX YPOAHU3UPOBAHHBIX TEPPUTOPUIA.

ITonyuennsie kaptel HIT manee aHaau3upoBaMCh ¢ TOMOIIbIO porpaMMHoro komiiekca QGIS Desk-
top 2.18, Moaynis MOLUSCE (Modules for Land Use Change Simulations). [TocieaHuit mo3BosisieT 4acTuy-
HO aBTOMAaTU3MPOBATh aHATU3 TUHAMUKU TTPOCTPAHCTBEHHON CTPYKTYPHI TIO CEPUU KapT JINOO KOCMUYECKUX
CHUMKOB, Ha KOTOPBIX OTOOPaXKeHO TEKYIIIee COCTOSIHUE TEPPUTOPUH, 3a Pa3IMIHbIe MepUOIbl BpeMeHu [23].
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PE3VYJIBTATBI 1 OBCYXIEHNE

B pesynbraTte Knaccudukalnmy pasHOBPEMEHHBIX NaHHBIX moiydeH psia KapT HII, cooTBeTcTByrOLIMX
JlaTaM CheMKM (puc. 2), U TIPOBeIeH IMPOCTPaHCTBEHHO-BpeMeHHoM aHanu3 HII xkirtoueBbIx peyHbIX Oacceli-
HOB Ha ypoBHe Tpymi JaHamadros (tatn. 2—5). [To pe3ynabratam aHanam3a COCTaBISIOTCS MAaTPUILIBI Tepe-
X0NoB [24—26], KOTOpbIE OMUCHIBAIOT MPOCTPAHCTBEHHYIO YaCTOTY TEPEXOI0B KOHTYPOB Pa3HbBIX BBIICIOB
OIVH B APYTOM Ha CHUMKAaX pas3HbIX JIeT (puc. 3).

KmoueBas Teppuropus Kacmana—Bapnayaka. VMamexcsl rpymnin gaHamadToB [27] COOTBETCTBYIOT MOI-
TUNaM JaHamadToB (MPUPOAHBIM MOA30HaM): 3acyuuiuBas crenb (I), ymepeHHo-3acynumsasg cremnb (I1),
toxHas Jiecoctenb (111). BoigeneHsl poabl JaHAmadgToOB: 30HaIbHbIE BOAOpa3ae/bHO-JAeccoBbie (A), MHTpa-
30Ha/IbHbIe rajoruapoMopdHseie (B), skcrpazonanbHble IcammoMopdHble (C). HazBanue rpynmn naHaimad-
TOB (hopMUpPYyeTCS MAaTPUUYHBIM CIIOCOOOM, Hampumep, [-A— rpynmna 3acylIMBO-CTETHbIX 30HAIbHBIX BOIO-
pa3nesibHO-JeCCOBBIX JaHIIIA(hTOB U T. 1.

Bacceiin p. Boabmoii Peukn. MHAeKchHl rpynm JaHaaGpTOB aHAJTOTUYHBI OMMCAHHBIM BhIIIE IS KITIO-
yeBoii Tepputopun Kacmana—bapHaynka: montun JaHaimadToB (IPUPOIHAs TIOA30HA) — CPEIHSIS JIECOCTEIh
(IV). Ponpl manmmadToB — 30Ha/BHBIE M MHTpa3oHaabHbIe (AB), akcTpasoHanbHbie IcaMMoMopdHbIe (C).

Bacceiin p. Maiimbl. Urnexcel rpynm sanamadToB [28]: mpoBunumu — CeBepHast Antatickas (c), Ce-
Bepo-Bocrounast Anraiickast (d); BeICOTHBIE Tosica — JiecocTernHoit mosic (1), secHoit mosic (2). 1-¢ — ake-
TO3UIIMOHHAs JIECOCTEITh HU3KOTOPHOI YacTu OacceiiHa, BKIIIoUasi HU30BbsI IOJWHBI p. Maiimbl; 2-¢ — To1-
TaeXXHBbI M TOPHO-TaeXHBIN TOIOsICa HU3KOTOPUI U CPeHEropuii 6acceiiHa, BKIIIOYasi OCHOBHYIO YacTh
IonuHbI p. Maiima; 2-d — 4YepHeBO-TaeXHbBI M TOPHO-TACXKHBIM MOIOSICA HU3KOTOPUIT U CPeTHETOpUit
OacceifHa, BKIIOYasl JOJMHBI MPaBbIX MMPUTOKOB p. MaiiMbl.

Bacceiin p. Benoii. MHnekcel rpynmn ganamadtoB [28]: CeBepo-3ananHas Anrtaiickas npoBuHLUS (b);
BBICOTHBIE Mosica — JiecocTenHou (1), ecHoit (2), cydbanbnuiickuii (3). 1-b — aKcnmo3uLMoHHas JeCOCTelb
HU3KOTOpPHOI yacTu OacceiiHa, BKJIIOUYasi HU30BbsI JOJMHBI p. benoii; 2-b — uyepHEBO-TaeXHbIII U TOPHO-
TaeXHbIN TOAIOsICa HU3KOTOPUI U CpeAHeropuii bacceliHa, BKJIloYass OCHOBHYIO YacThb JOJUHBI p. benasg u
IIPUTOKOB; 3-b —IMOATr0IbIIOBO-CYOATBITMHOTUITHBIC CPEIHETOPhST (MACCUBBI) U TMICEBIOTOJbIIOBBIE HU3KOTOPhSI
(otnenbHbIe HanbOJIEe BHICOKUE BEPIIUHBI).

Ha xmmouesoit teppuropun Kacmana—bapnaynka Bce Tunst HIT Hanbosee ctadbuibHbl Bo BpemeHu. Of-
HAaKoO 3a(PMKCHPOBAHO TTOCTENIEHHOE CHIDKeHMe 1oau (8 %!) mamnnm (AS), mepexonsieil IIIaBHBIM 00pa3oM
B 3aJIEXXM, BTOPUYHBIE CTEMU M B MEHBIIIE CTETIEHMW B jieca. DTOT MpoIlecC HAOIIOMAaeTCs CO BPEMEHU TO-
TaJbHOM pacIallKy (OCBOEHME LIEJIMHHBIX U 3aJIEXKHBIX 3eMeJib), ITpoucxoausiueii B 1954—1961 rr. B npene-
J1ax 30HaJbHBIX JaHamadroB Tpex moas3oH (I-A—III-A) cokpaiueHue cocraBuwio oT 4 go 12 % mowanu
COOTBETCTBYIOLIMX I'pynIl JaHauadToB. ['opa3no Gosiee 3HAUMTENbHOE YMEHbIIEHUE AOJU MalHu (0T 9 1o
17 %) xapakTepHO /Uil UHTpa3oHaIbHbIX JaHamadToB (I-B—III-B). 3mech, B oT/IMuMe OT 30HAJIBHBIX TPYIIII,
IJIe 3TOT MPOLECC MPOMCXOAUII bojiee-MeHee paBHOMEPHO, pe3Koe CHIKeHue pukcupyetcs Ha cHumke 2001 r.
Pacnaiiika B npeaenax MHTpa3oHaAbHBIX TPYIIN JaHAIIAa(hTOB OrpaHMYEHA JETKUM MEXaHMYECKHUM COCTaBOM
MoyYB (CyIecu, JIerKue CyIIMHKU U TIeCKU) U MaJeoruapoMopGhU3MOM, ¢ KOTOPHIM CBSI3aHO OOMJIME 3aCOJICH-
HBIX YYaCTKOB, KOTOpbIe HEYTOOHBI JIJIsI BO3AEAbIBaHUS. DTU (PaKTOPhI CIIOCOOCTBOBAIN aKTUBHOMY IIepeX0-
Iy TIAITHY B 3aJIeXXW U IacTOUIIA.

GSW 1mpeacTaBisioT co00i HanbdoIee TMHAMUYHBINA TUII. Bo3MOXeH MX TIepexoa B MalllHU, 3apacTaHue
JlecoM 0O 3aTOIUIEHMWE TIPU pa3ivuBe BOAoeMOB. HarpaBieHHOe Bo3pacTaHWe TIIONIAAM JAaHHOTO THUIIA B
1IeJIOM TIPOITOPIIMOHAIBHO YMeHbIIeHWIO TTomnaneit AS. Hanbomnbiee yBenuueHue noau GSW mmponcxomut
B Tpe/iesiaX 30HANIBHBIX (Ha 16 %) 1 MHTpa3oHaIbHBIX (Ha 22 %) JaHamadTOB I0KHO-JI€COCTEITHOM MOA30HHI.
B npyrux momsoHax pocT HECKOJIBKO MEHbIIE: 10 6 % Ha yBajax U ellle HUKe — B MHTPA30HAIBHbBIX JIAH-
macdrax. [IpuurnHaMu noBbiIeHUs q0au AaHHoro tuna HIT B 10XHOM JecOCTenu CTOUT CYMTATh HE TOJIbKO
Mepexo/bl MalllHU B 3aJiexKb, HO U BBIPYOKM Jieca.

B maciurabax Beeit miiomanu Kacmana—bapHayiika jieca He3HaYMTEIbHO M3MEHSUIM CBOM IUIOLIAAU (10
4 %). OgHaKo 1O OTAEAbHBIM IpyIaM JaHAIaGTOB 3TOT IPOLECC CYILIECTBEHHO pasiuyaics. B mpenenax
rpynn ganamadToB I-A, I-B u 11-A, 1I-B MakcumanbHOe yMEHBIIEHUE J0JU JecoB Habmonanock K 2001 r.
WsmeHeHus: mporcxoauin B npeaeiax 2—9 %, npu atom K 2015 r. 10181 JIeCOB B 3aCYLUIMBO-CTEITHOM MO~
30HE YBEJIUUYMJIACh OTHOCUTENIBHO 1975 T., a B yMepeHHO 3aCyILIMBOI cTeny — yMeHblnIack. Kpome toro,
B 3aCYILJIMBO-CTEIIHOM MOA30HE HAOJII0IAETCs IIOC/IeA0BaTeIbHOE yBeIMUeHe 1011 JecoB (Ha 12 % 3a Bech
TIeproI) B TIpeAetax 3KCTpa3oHabHOU (C) TpyIITbl TaHAIIadTOB.

I 3neck u ganee npusonarca usmeHenus miowann HIT B npolieHTax OT IIIowanyu Bogoc60pHOoro bacceitHa 11ubo oT paccmar-
pMBaeMOIi TPYIIbI JaHAIIA(hTOB 3a BeCh MePUO UCCAeI0BaHMS (€C/IM MHOM MEepHO He OTOBOPEH).

108 TEOT'PA®UMA U TPUPOJHBIE PECYPCBHI 2018 Ne 3



MMPOCTPAHCTBEHHO-BPEMEHHAS TMUHAMUWKA JTAHIIIA®TOB BOJOCEOPHLIX BACCEMMHOB

*(9LOMAL g "WO BUHOHOKOL)
dgoLdenmrHer [MUUAdI OMOTHU — ‘I "L U -] ‘gV-A] ‘Beraq — 2 ‘BWHRJN — 9 ‘BIhdd BeMIrog — ¢ ‘eMrAeHdeq—eIrrewoey — » (I9HKJDIRQ A[9HA0QI0T0d d19ddh0Ily|

‘WBHIQ20eQ WI9HA0QD
-0r0d WI9EgOhOII OI (g) WATRIMIOLL XU BUHOHIWEN U () SMHAIIOHLO0D XU ‘(YY) 9090d¥OIL XITHWOERH 0L dUHALTddIoed dOHHIdLOHedLOdOd ] 7 ond

00T 00Tl 0001 008 009 00t 00¢ 0 008 00L 009 00S 00t 00€ 00C 001 0
MSD (1 T O
4 I 300t

I L]
f ____N,_wn_v___ d
NE o _w_mh_m_ I
'
q q
% T65 % 6°TE % 9°LT % 10T
% €€~ “% %0 % 8T\ %0 % T/ V%9 % TV “%1°0 % €Y7/ - %10 %T€ Y% T
1
2007 W] 910C
Vv o7 Vv
2
0 000% 000T 0
| _m_ | S N Y I R N A B |
| ﬂo_ Lol | _w_“m%wo_ [ h_“m_Mwm ot
_ﬁ_@_ 100c g - _oho_vm_o_ 1 _w_,oo_v 100z g
;687910 61168 LT s10¢
| I Y Y A Y A B B |
%I %OEY D% 0 # % <12
0, ¢ 0, 3 © 0, &
0B 0 08 5 q % LY % €65 LASYLG % T'SS q
%% SHLL % 781 76:9C %% 11T ‘x £0C

% €0 % 1°¢

109

03

TFEOT'PA®UA U TPUPOOHBIE PECYPCLHI 2018



A.B. YEPHbIX 1 JIP.

Tab6nuua 2
Martpuupl U3MEeHEHHId HA3eMHBIX MOKPOBOB KI04eBoil Tepputopun Kacmana—bapnayika no rpynnam ganmuadros
L 197652001 W | AS | F | GSW |2000 >2015] W | As | F | Gsw |S1976,]52001, 152015,
KM KM KM
I-A W 47,06 | 17,65 0 35,29 W 59,76 | 3,66 | 10,98 | 25,61 | 0,11 0,52 3,52
AS 0,01 | 92,19 | 0,16 | 7,64 AS 0,10 | 89,36 | 1,49 | 9,05 [1650,29/1612,56| 1520,6
F 0 35,14 | 10,02 | 54,84 F 0,16 | 28,49 | 61,64 | 9,71 30,8 8,04 | 52,04
GSW 0,15 | 49,70 | 1,47 | 48,67 GSW 0,70 | 34,81 | 10,35 | 54,14 | 161,47 | 221,56 | 267,27
I-B W 70,71 | 22,49 | 3,40 | 3,40 W 83,05 0,36 | 8,59 | 8,00 | 4,33 5,34 | 14,57
AS 0,18 | 66,54 | 0,49 | 32,79 AS 1,98 | 54,12 | 4,29 | 39,62 | 242,14 | 265,38 | 177,84
F 0,04 | 21,21 | 19,90 | 58,85 F 19,98 | 1,00 | 70,77 | 8,24 | 15,18 | 7,67 | 51,81
GSW 0,76 | 41,30 | 1,36 | 56,58 GSW 1,47 | 15,02 | 15,27 | 68,24 | 242,3 | 225,56 | 260,58
I-C W 97,44 | 1,34 | 0,29 | 0,93 W 97,71 | 0,04 | 1,67 | 0,58 | 128,68 | 148,23 | 185,21
AS 17,75 | 11,91 | 26,28 | 44,05 AS 19,43 | 4,91 | 39,21 | 36,44 | 62,05 | 36,68 3,5
F 0,36 | 1,10 | 91,87 | 6,67 F 0,85 | 0,02 | 95,99 | 3,15 | 786,34 | 837,99 | 933,52
GSW 4,17 | 8,79 | 4591 | 41,14 GSW 15,24 | 0,89 | 65,40 | 18,47 | 215,41 | 169,57 | 72,1
II-A W 75,81 | 4,84 | 8,06 | 11,29 W 57,71 | 4,57 | 6,29 | 31,43 | 04 1,12 4,93
AS 0,02 | 90,68 | 0,22 | 9,08 AS 0,20 | 89,84 | 1,37 | 8,59 |1100,08|1082,28| 1045,3
F 0,03 | 23,75 18,73 | 57,49 F 0,58 | 6,35 | 61,36 | 31,71 | 88,08 | 26,2 | 62,35
GSW 0,32 | 35,49 | 4,04 | 60,15 GSW 0,76 | 27,61 | 12,03 | 59,60 | 179,59 | 258,54 | 256,28
II-B W 96,44 | 2,28 | 0,56 | 0,72 W 98,13 | 0,38 | 0,22 | 1,27 | 24,96 | 56,1 | 90,24
AS 5,46 | 61,80 | 1,70 | 31,04 AS 5,53 | 55,39 | 2,42 | 36,66 | 236,37 | 226,59 | 182,3
F 0,58 | 14,46 | 6,91 | 78,05 F 26,00 | 4,28 | 30,16 | 39,56 | 41,12 | 21,13 | 35,36
GSW 5,59 | 21,89 | 4,18 | 68,34 GSW 5,03 | 16,41 | 6,91 | 71,66 | 338,02 | 336,67 | 334,37
I1-C W 95,82 | 1,60 | 0,89 | 1,69 W 98,01 | 0,06 | 0,49 | 1,44 | 148,81 | 158,24 | 187,05
AS 11,49 | 19,12 | 45,90 | 23,48 AS 18,60 | 13,73 | 12,33 | 55,35 | 43,82 | 34,64 | 10,12
F 0,77 | 1,88 | 87,47 | 9,88 F 4,09 | 0,14 | 71,98 | 23,79 | 274,94 | 312,6 | 258,36
GSW 6,19 | 13,61 | 36,85 | 43,35 GSW 12,57 | 4,81 | 27,81 | 54,80 | 137,5 | 99,58 | 150,82
II1-A W 57,34 126,95 | 4,42 | 11,30 W 72,87 | 8,30 | 0,92 | 17,90 | 8,55 15,21 | 33,13
AS 0,13 | 84,81 | 1,38 | 13,69 AS 0,44 | 83,67 | 0,17 | 15,73 |2877,97|2701,99|2467,62
F 0,83 | 28,48 | 17,00 | 53,70 F 2,70 | 14,23 | 7,42 | 75,65 | 224,2 | 128,24 | 20,9
GSW 0,99 | 40,03 | 10,29 | 48,69 GSW 0,89 | 24,62 | 0,88 | 73,60 | 487,35 | 752,65 | 1082
I11-B W 74,79 | 17,06 | 2,92 | 5,23 W 86,17 | 1,24 | 2,66 | 9,93 | 16,88 | 22,06 | 37,56
AS 0,39 | 73,34 | 2,31 | 23,96 AS 1,55 | 66,11 | 0,63 | 31,71 | 528,88 | 515,01 | 407,81
F 1,27 | 20,72 | 22,10 | 55,91 F 6,51 | 5,56 | 24,55 | 63,39 | 149,44 | 85,86 | 34,57
GSW 1,76 | 30,01 | 12,91 | 55,33 GSW 1,26 | 15,98 | 2,49 | 80,27 | 310,89 | 383,17 | 529,3
I-C W 87,35 | 3,26 | 6,06 | 3,33 W 95,57 | 0,12 | 1,89 | 2,42 | 52,48 | 58,83 | 100,77
AS 2,71 | 30,09 | 44,58 | 22,62 AS 9,70 | 45,37 | 8,70 | 36,22 | 104,01 | 53,63 | 38,25
F 0,21 | 0,61 | 94,78 | 4,39 F 2,10 | 0,36 | 82,52 | 15,02 [1069,19|1234,39(1048,84
GSW 3,00 | 5,36 | 65,39 | 26,25 GSW 9,34 | 6,62 | 15,87 | 68,18 | 262,23 | 141,06 | 303,27

IMpumeuanue. 3nech 1 B TaGsI. 3—5 M3MEHEHMsI YKa3aHbl B MPOIIEHTAX OT OOIIEH TUTOIIAAN TUITA HA3eMHBIX TOKPOBOB, L —
MHIEKC TPyMIbl JaHamadTos, S — obuas mioaab TMIa HA3eMHBIX TTOKPOBOB B YKa3aHHbI BPEMEHHOI Cpe3.

Tabnuuma 3
Marpuupl H3MeHeHHii Ha3eMHBIX MOKPOBOB OacceiiHa p. Bosbmoii Peukn no rpynnam jganamadroB

L [197552001 W | AS | F | GSW 2001 2016 W | AS | F | Gsw |° 1975152001 Sﬁglf’
IV-AB| W 57.41 | 14.81 | 15,43 | 12.35 w 4422 | 13,18 [ 20,49 [22.11| 058 | 7.24 | 6.02
AS 0.21 |82.55| 2,15 | 15,09 AS 0,08 | 81,41 | 3,31 | 15,20 [1142,13|1117.55|1060.86
F 0,47 | 14,10 | 59,90 | 25,53 F 0.45 | 12,87 | 60,11 | 26,58 | 274.95 | 248.8 | 256,34
GSW | 0,96 | 40,32 | 17,66 | 41,06 | GSW | 0,23 | 31,69 | 18,03 | 50,05 | 336,9 | 380,98 | 427,62
IV-C w 30,98 | 0 | 48.35 | 20,67 W 6,09 | 0,18 | 86,90 | 6.83 | 8.52 | 37.5 | 2.94
AS 1,83 | 63,54 | 21,79 | 12,84 AS 0,03 | 78,67 | 14,39 | 6,91 | 14,72 | 11.81 | 9.82
F 228 | 0,14 | 86,73 | 10.85 F 0,04 | 0,04 | 95,83 | 4,10 |1024,04/1055,71| 1151,9
GSW | 5,09 | 047 | 72,76 | 21,67| GSW | 0,16 | 0,02 | 66,18 | 33,63 | 220,25 | 162,51 | 101,05
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Tab6nuua 4
Marpuup! H3MeHeHHii Ha3eMHBIX MOKPOBOB Oacceiina p. MaiiMbl 0 rpynmaM JaHmmagdToB
L [1976 >2001] W | AS | F | GSW |2001 >2015| W | As | F | Gsw |5 1976, |52001, 1.5 2016,
KM KM KM
I-c \WY 29,82 | 22,02 | 9,17 | 38,99 W 26,00 | 46,00 | 24,00 | 4,00 | 0,79 0,34 0,18
AS 0,43 | 53,08 | 1,77 | 44,72 AS 0,12 | 56,41 | 5,78 | 37,69 | 12,5 | 15,27 | 13,23
F 0,10 | 14,51 | 26,44 | 58,95 F 0,10 | 0,97 | 86,36 | 12,56 | 29,51 | 10,38 | 13,81
GSW 0,09 | 14,92 | 8,15 | 76,84 GSW 0,14 | 9,23 | 8,55 | 82,09 | 28,05 | 44,84 | 44,33
2-¢ W 14,17 | 28,35 | 10,24 | 47,24 A\ 5,00 | 36,67 | 20,00 | 38,33 | 0,46 0,22 0,1
AS 0,38 | 47,36 | 7,97 | 44,28 AS 0 |42,73|10,87 |46,41 | 11,33 | 15,94 | 17,4
F 0,02 | 1,83 | 77,18 | 20,97 F 0,01 | 0,13 | 88,71 | 11,15 | 355,11 | 292,81 | 277,33
GSW 0,04 | 3,75 | 16,83 | 79,38 GSW 0,04 | 6,16 | 9,24 | 84,56 | 105,63 | 163,56 | 179,02
2-d A\ 0 0 100,00 0 W 100,00/ O 0 0 0 0,03 0,03
AS 0 33,98 | 20,46 | 45,56 AS 0 21,18 | 51,09 | 27,73 | 0,93 1,14 1,43
F 0 0,33 192,85 6,81 F 0 0,03 | 94,72 | 5,26 | 206,93 | 201,47 | 195,04
GSW 0,09 | 0,63 | 43,28 | 56,00 GSW 0 4,29 | 11,76 | 83,96 | 21,14 | 26,36 | 33,22
Tab6nuua 5
Martpuipl H3MeHEeHHid Ha3eMHBIX MOKPOBOB DacceiiHa p. beoii mo rpynnmam janamadToB
L [197552002] W | AS | F | GSW|2002>2014 W | AS | F | Gsw |S1975.]52002,1.52014,
KM KM KM2
1-b \WY 64,70 | 0,07 | 6,04 | 29,20 w 91,81 0 1,46 | 6,73 | 5,43 3,69 3,79
AS 0 68,88 | 0,57 | 30,55 AS 0,04 | 89,44 | 0,02 | 10,50 | 46,4 | 39,68 | 47,02
F 0,05 | 0,99 | 57,18 | 41,78 F 0,13 | 0,07 | 57,35 | 42,44 | 100,82 | 73,32 | 47,46
GSW 0,05 | 2,61 | 5,85 | 91,49 GSW 0,10 | 3,81 | 1,80 | 94,29 | 257,57 | 293,53 | 312,84
2-b w 45,66 | — | 27,74 | 26,60 w 86,23 | — 10,14 | 3,62 | 3,82 1,99 1,99
F 0,02 — 193,43 | 6,55 F 0,02 — 190,31 | 9,68 | 871,91 | 838,66 | 767,68
GSW 0,06 - 121,33 | 78,60 GSW 0,10 - 6,95 | 92,95 | 107,52 | 142,6 | 213,84
3-b F - — 162,59 | 37,41 F - - 179,77 1 20,23 | 17,92 | 11,76 | 12,82
GSW - - 1,68 | 98,32 GSW - - 8,80 91,20 | 32,59 | 38,74 | 37.8

IMpumeuanue. [Ipouepk — AaHHBIE TUIBI HA3EMHBIX MOKPOBOB OTCYTCTBYIOT.

OuyeHb KOHTPACTHO BBINVISIAUT CUTyallUsl ¢ JilecaMM B Ipeaesiax BCeX TPYI JaHAIA(TOB I0XHO-IeCOo-
crenmHoi nmoa3oHkl. ITo ponam nanaiad®ToB A U B iporcxoaut nmociaenoBaTe/ibHOE U CYIIECTBEHHOE CHUXKE-
HMe J0JI1 JlecoB, coctaBuBiiee 6 U 11 % cooTBeTcTBeHHO. B Tpenenax poma jaHmmadToB A TUIOLIaab KO-
JIOYHBIX U OaJIOUHBIX JIECOB cOoKpatuiach 6ojee yem B 10 pa3, mepexoabl MPOUCXOAUIN B OCHOBHOM B
eCTeCcTBeHHbIe TpaBsiHble coobiiectBa. CHukeHue ¢ 2001 r. (roa, B KOTOpbIit 3apuKcUpoBaHa HaubOOJIbIIasK
IJIOLIAAb JIECOB) JAOJU JiecoB mpoucxoamiao u mo poay C, cocraBuB 13 %. YuurbiBasi, 4TO B JaHHBIA TUIT
TOTaJaloT Bee Jieca (B TOM YMCIIie pa3inyHble aHTPOTIOTEHHbIe MOAM(DUKAIINN ), CHYDKEHUE TIIOIIAIN YUCThIX
COCHSIKOB, CKOpee BCero, ObUIO ellle 0ojiee 3HAYNUTEIbHBIM.

B Gacceitne p. bosbiioit Peuku nong Becex tunoB HIT B o0wieil CTpykKType MEHSIETCS HE3HAYUTEIBHO,
He npesbiiasg 1—3 %. [1nowanb AS npakTUYeCcKy OCTaeTCsl ONMHAKOBOM BeCh BpeMEHHOI repuo (B mpene-
nax 3 %). OnHako HaOII0maloTCs IpsIMble M OOpaTHbIE Iepexoabl Mexay aaHHbM TurnoM HIT u GSW, Bbi-
3BaHHbIC, BEPOSITHO, B3aMHBIM IIPOCTPAHCTBEHHBIM TPAHCIIOHMPOBaHUEM (HaIpuMep, 3a0poIleHHasl mali-
HSl — 3aJIeXXb, 3aJIeXXKb WIM BTOPUYHAsl cTelb — naiHs). B omiuuue ot Kacmana—bapHaynka, 3nech nojs
GSW He3HauMTeJbHO, HO CHUXKAETCs. DTO MPOMCXOAUT Ojarogapsi yMEHbLIEHUIO IJIOLIAAW JAaHHOIO THUIIa
(Ha 9 %) B IV-C, roe oH akKTMBHO TepeXxoauT B jeca (cM. Tabi. 2). B mpenenax IV-AB, HanpoTus, moJs
€CTECTBEHHBIX TPaBSIHBIX COOOIIECTB Bo3pacTaeT (Ha 5 % 3a BeCh MEepUO.).

JloJist JlecoB CYIIECTBEHHO He TMOBBIIIACTCS B MaciuTabax Bcero GacceitHa (1o 3 %). DTO MPOMCXOAUT
HECMOTpsSI Ha yBeJWYeHue ux romaan B npeneiax 1V-C (Ha 10 %), rae OHM MOCTETIEHHO 3aHUMaJIU TUTO-
mwagu GSW. JaHHEBIN npoliecc 00yCIOBICH AByMsT (haKTOpaMU: BO-TIEPBEIX, 3apacTaHUEM OOIIMPHBIX CIIOII-
HBIX BBIPYOOK, BO-BTOPBIX, 00pa30BaHMEM COTP Ha TepeyBIaXXHEHHBIX Tepputopusix. OaHaKko 37ech Ke OT-
Meuaercs nosieiieHrne GSW Ha MecTe Jjieca, CKOpee BCero BI3BAaHHOE HOBBIMU BBIPYOKaMM JTMOO MOXapamu,
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IIolaau dacceiHa.
KutoueBbie BogocbopHbie OacceiiHbl: a — Kacmana—bapHaynka, 6 — bounbiuasi Peuka, 6 — Maiima, ¢ — benasi. I — Boa-

Hasd MOBEPXHOCTL O3€P U MPYAOB; 2 — CebCKOXO0351CTBEHHbIE yroabsa U HaCCJICHHBIC ITYHKTBI; 3— Jieca; 4 — ecTecTBeH-
HBIC TpaBsSIHBIC coo01iecTBa.
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Tabnuma 6
Marpuua kodddunuentoB koppesuun Ilupcona s crpykrypst HIT Bonoc6opusix 6acceiinos (1975—2015 rr.)
Kacmana—bapHaynka Benast Bosbuias Peuka Maiima
Kacmana—bapHaynka 1,00
benas —0,12 1,00
Bosbias Peuka 0,66 0,52 1,00
Maiima —0,11 0,96 0,62 1,00

IIpumevanue. KupHbIM 1IpuchTOM BbIAEIEHbBI ITOKA3aTeJIM 3HAUUMON KOPPEISILIUU.

MIPEeNMYIIEeCTBeHHO BOJIM3U KPYITHBIX HACEJICHHBIX TyHKTOB. B mpeaemax IV-AB otMmeuaeTcss He3HAUMTEIBHOE
cHkenue ponu F (mo 1 %), BeI3BaHHOE pyOKaMM, Ioxapamu U T. 1. (paBHast TpaHchopmaius B AS u GSW).

[IpumeuarenbHa NMHAMUKA IUIOLIAAEH BOMHBIX OOBEKTOB B Ipelesiax paccMaTpUBAeMbIX PaBHUHHBIX
OacceiiHoB. B otnmuue ot GacceiiHa p. boabwioit Peuku, Ha tepputopun Kacmanma—bapHaynka Hapsiny ¢
MpyJaMu CYIIECTBYIOT TakKXke KPYITHbIE ecTecTBeHHbIe o3epa. Ilo mccienoBaHusM B OacceitHe p. Kacmainl
TUTIOLIAb MPYAOB MOCTENEHHO CHUXKAETCS CO BPEMEHM MX MaKCHMAaJIbHOTO pa3BUTUS B cepeauHe 1980-x rr.
[29]. ITo TpeM paccMaTpuBaeMbIM BPEMEHHBIM cpe3aM H0Js mioaaeii W ysennuusaercs ot 3,08 % B 1976 .
10 5,40 % B 2015 r. B Gacceitnax teppuropun Kacmana—bapnayika. Tem He MeHee 5T U3MEHEHUSsI, BEPOST-
HO, HE SIBJISIIOTCSI HAallpaBJIEHHBIMU, a CBS3aHbl C TUAPOTEPMMUECKUMU YCJIOBUSIMU KOHKPETHOTO TOja.

B 6acceitre boabimoit Peukn k 2001 1. HabmomaeTcsT yBeandeHe TToman W, IIaBHBIM 00pa3oM, 3a
CYeT CTPOMTEIbCTBA TUAPOCOOPYKeHUid (B 12 pa3 B rpymnmne itanmmadtoB IV-AB). B nmepuon 2001—2016 rr.
B rpynie IV-AB stot Tun HIT oTHOCUTeNIbHO cTaOuWieH, HE3HAUMTEJIbHO YMEHbIAS CBOIO ILJIOIIAAb 3a CYET
HWCYE3HOBCHMS psma IpynoB. B Tor ke mepuon B rpymme ganmmadToB IV-C oTMeuaeTcs cylieCTBEHHOE CO-
KpallleHre TIIOIIAAN BOAHBIX OOBEKTOB B CBSI3M C 3apacTaHUEM 03ep.

Crpykrypa HIT 6onee kputuuHo tpaHchopmupoBaiach Bo BpeMeHU. Eciu W u AS ciabo u3MeHsoT
cBou gonu B crpykrype HII, To F 1 GSW nau6Gonee nuHamudabl. MakTUyecKy Iepexoanl MPOUCXOIIT B
OCHOBHOM Mexxay 3Tumu AByMmsl Tunamu HII. OcHoBHas TeHAEHIIMs B 000MX OacceilHaX — CYILIECTBEHHOE
CHMXKEHME K HACTOSLIEMY MOMEHTY A0Ju JiecoB B cTpyktype HIT (Ha 11—14 %). B Gacceiine p. benoit max-
cuMajibHOe cokpauleHue ((hakKTUUecKu OOoJblIe MOJOBUHBI IJIOIIAAM) MPOU3OIILI0 B HAaMOOJIee OCBOCHHOM
JlecocTenHoi yactu b6acceiiHa (1-c), rae jeca rmpouspacTaid Ha 3KCMO3UIIMOHHO OJIarornpUusITHBIX yJyacTKax.
B Haubosee 001MpHOIT YacTu GacceiiHa, OTHOCUMOM K JIECHBIM HU3KOTOPbsIM (2-b), TIIOIIaaN JIECOB TakKXke
cokpatuivch (Ha 11 %). DTo mpou3o1uIo 1axe HECMOTPST HA OPraHU3AIIMI0 B BEPXOBbsX OacceitHa Turupek-
ckoro 3aroBenHuKka. B GacceitHe p. MaliMbl HanOosbIlIee COKpaIllEHUE JIECOB TIPOU3OIILIO B Mpeeiax Moji-
TaeXXHOW M TOPHO-TaeXHOM yacth (2-¢) (Ha 17 %). DTh TeppuUTOpUN TaKKe TOCTATOUHO OCBOEHBI U, YUWTHI-
Basl mpeobjlagjaHue CKIOHOBBIX ITOBEPXHOCTEH, B pe3yjbTaTe COKpAICHUS JICCHBIX IUIONIANEil CO3Mar0TCS
CYIIECTBEHHBIE PUCKU OIMACHBIX TMAPOJOTHUYECKUX TpolieccoB [30].

Jlns cpaBHEHUS KJIIOUEBBIX O0acceifHOB ObLIa MOCTpoeHa MaTpulia Koa3huimeHToB Koppensauuu [Tup-
coHa (Tabj. 6), oTpaxarolias CBI3b MeXIy OacceiiHaMM IO J0JM Iulolaay Kaxmoro Tuna HIT Ha Tpu Bpe-
MEHHBIX cpe3a (12 map maHHbIX). Haubosee TecHble CBSI3M Mpu ypoBHE 3HauuMocTu p < 0,05 HabmonaoTCs
Mexay 6acceitHamu pek Maiimbl u benoii. Kak yxe ObU10 oTMeueHo, oblve TeHaeHuun usamMeHenuii HIT B
9TUX OacceifHax oyeHb CX0XU. TakKe 3HaUMMBI CBsI3U Mexay OacceitHamu Kacmanwi—bapHayinku v p. bosb-
moit Peuku. Koppensius mMexmy HUMU MeHee TecHasl, BUAMMO, M3-3a CYIICCTBEHHBIX pa3jIMudii B XOje
pa3BUTHS BOAHBIX 00bekTOB. Kpome TOTo, CyllecTByeT MOCTOBepHAs CBSI3b MEXAy OacceiiHamu pek MaitMbl
u bonboit Peuku. [Ipeodnananue necoB B ctpyktype HII npupaet 6acceiiny p. bosbiioil Peuku cxoxectb
C TOpHBIMU OacceitHaMM.

3AK/IIOYEHUE

st Tepputopun ANTaiicKOro peruoHa arnpoOMpOBaH ajJrOPUTM KOJMYECTBEHHOIO aHaIM3a JUHAMUKU
HaseMHbIX ITOKpoBOB (land use/land cover change) 3a 1975—2016 rr. Ha OCHOBE Pa3HOBPEMEHHBIX CHUMKOB
cepun Landsat. B kauecTBe MOJENbHBIX OOBEKTOB BHIOpPAHBI UEThIpe penpe3eHTaTUBHBIX BOAOCOOPHBIX Oac-
ceitHa (Kacmana—bapHaynka, bonbiuas Peuka, Maiima, benast), HarfsimHO xapakTepusylolye JJaHamagTHOe
pa3HoOOpa3ne M pa3IMIHbBIC PEXXUMBI IIPUPOIOITOIB30BaHNST B peTMOHE. B oT/iMumMe OT aHAJIOTUYHBIX 3apy-
OeXHBIX paboT, MPOCTPAHCTBEHHO-BpEeMEeHHAasT JMHAMUKA Ha3eMHBIX ITOKPOBOB B IIpeeiax 0acceifHOB o1e-
HEHa 0 OCHOBHBIM TPYIIIIaM JIaHAIIadTOB.
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A.B. YEPHbIX 1 JIP.

[TonyyeHHble pe3yibTaThl MOKa3aJM, YTO AMHAMUKA JJaHIIIA(TOB 32 pacCMaTpUBaeMBblii II€PUOI UMEET
cren(uKy B pa3INIHBIX IIPUPOIHBIX 30HAX M ITOA30HAX, a TAKXKE B Ipeleiax paBHUHHBIX W TOPHBIX TEP-
puTopuii. BeISIBJICHBI clienyrolime 0COOEHHOCTH M 3aKOHOMEPHOCTH:

— paBHUHHBIE OacCeiiHbl CTEITHOW M JIECOCTEITHOW 30H XapaKTepU3YIOTCS MEHbBIIeH aMITIUTYI01 W3-
MEHEHMI1 Ha3eMHBIX TTOKPOBOB (10 8 %) MO cpaBHEHUIO ¢ TOpHBIMU (0 14 %);

— JUISL CTEITHOM 30HBI M I0XHO-JIECOCTEIIHOM IMOA30HbI (JieBobepexbe OOM) Hauboyiee CBOMCTBEHHDI
CHMXKEHUE AOJU IMaXOTHBIX (JOMMHMPYIOLIMX I10 ILUIOINAAM) YIOAWK M BbICOKAsl €CTeCTBEHHAasl IMHAMMKA
BOJHBIX O0OBEKTOB;

— B JIECOCTEMHOI 30He (mpaBobepexbe O0M) HaboaeTCs HaMMeHblask IMHAMMKa BCeX TUIIOB Ha3eM-
HbIX ITOKPOBOB (10 4 %) 1 3HayMMasl AMHAMMKa MCKYCCTBEHHBIX BOIHBIX OOBEKTOB (IpyIina JaHaiapToB
IV-AB B 6Gacceiine p. bonbwmoii Peukn: 0,58 kM2 B 1976 1., 7,24 xm? B 2001 1. 1 6,02 xm2 B 2016 T1.).

— TopHbIe OacCceiiHBI C TOMUHUPOBAHMEM JICCOIOKPHITHIX TUIomanaeii (peku Maitma u bemast) xapakre-
PUBYIOTCSI 3HAYMTEIbHBIM CHIXKEHHEM uX goau (10 14 %), mpeuMylieCTBEHHO B TMOJIb3Y €CTECTBEHHBIX
TPaBSHBIX COOOIIIECTB, B Pe3yJIbTaTe XO3SICTBEHHOM NesTETbHOCTH.

[TpumeHsiemMblii B paboTe aITOPUTM MOXKET OBITh MCITOIB30BaH ISl TIPOBEICHUSI CPABHUTEIHLHOTO aHAJM -
3a TIpeoOpa3oBaHMil HA PerMOHATLHOM YPOBHE, BBISIBJIEHUS OOIIMX 3aKOHOMEPHOCTE! Pa3BUTUST IIPUPOIHBIX
CHCTEM M MOJIETMPOBAHUSI UX COCTOSIHUS, CO3AHUST CUCTeMbl PETMOHAJIBHOTO U TJ100aTbHOTO MOHUTOPUWHTA.

Paboma ewvinoanena npu unarcosou noddepiucke Poccuiickoeo gonda @yHOameHmManrbHbIX UCCAe008aAHUT
(18—05—00007).
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Abstract—The spatiotemporal dynamics of land covers of representative catchments of the Altai region (Altai
Krai and Republic of Altai) was analyzed using remote sensing data and GIS techniques. The following key
areas were used: the adjacent basins of Lake Gor’koe and the Kasmala and Barnaulka rivers on the Ob Plateau
(Altai krai) were used for the inland drainage area of the Ob-Irtysh interfluve and the left bank of the Upper Obj;
the Bol’shaya Rechka basin on the Biisk-Chumysh Upland and ancient Ob terraces (Altai krai), for the right
bank of the Upper Ob; the Belaya river basin (Altai krai) for the low mountains and middle mountains of the
Northwestern province of Russian Altai, and the Maima river basin (Republic of Altai) for the low mountains
and middle mountains of the Northern and Northeastern Altai provinces. The algorithm for analyzing the actual
state of land covers and identifying the main vectors of their transformation was adapted to the study area. A
series of multitemporal Landsat images for three time slices was used. It is found that the plain catchments of
the steppe and forest-steppe zones are characterized by a smaller amplitude of land cover change as compared
to the mountain zones. For the inland drainage area of the Ob-Irtysh interfluve and the left bank of the Upper
Ob, a reduction of the arable land and a high natural dynamics of water bodies are most indicative. The right
bank of the Ob is characterized by the lowest dynamics of all types of land cover and a significant dynamics
of artificial water bodies. In the mountain basins, a noticeable decrease in the forest areas largely in favor of
natural grass communities was caused by the economic activities. It is also shown that the directions of changes

and transitions of different types of land covers can differ greatly for different groups of landscapes.

DOI: 10.1134/S187537281803006X

Keywords: land covers, remote sensing, Altai krai, Republic of Altai, groups of landscapes, transition matrices.

INTRODUCTION

The term “’land use/land cover change” has gained
widespread acceptance in the foreign English-
language literature (henceforth to be referred to as
LC). National geography introduced this terminology
relatively recently. To date it has a great number of
synonyms, and the commonest of them are: “classes
of land wuse”, “classes of underlying surface”,
“landscape cover”, and “agricultural areas”. In some
publications, the notion of “land covers” is equated
with the “geosystem”. The term “LC” implies
expressing the biophysical properties of the terrestrial
surface in the categories of its states (forests, bogs,
croplands, structures and buildings, water surface of
lakes, etc.). To use this notion does not require any
rigorous schemes of the landscape hierarchy. The
hierarchical level of mapping a territory is usually
determines by the scale corresponding to the goals of
an investigation [1].

It is speculated that the current LC dynamics, along
with an increase in carbon dioxide concentration in
the atmosphere and the transformation of the nitrogen
cycle, is one of the three proved global changes on
our planet Earth [2]. The LC dynamics has influence
on the climate, biodiversity and ecosystem services,
which, in turn, has implications for decision-making
in the realm of land use [3]

Central to the LC dynamics can be slow
progressive, often disastrous, changes, such as wars,
outbreaks of diseases, economic crises, etc. [4-7].
One of the most dramatic developments of the last
several decades was the breakdown of socialism in
Eastern Europe and in the former Soviet Union in the
early 1990s and the accompanying transition of the
economy controlled by the state to a market economy
[8]. In some countries and in many regions of Russia
this brought about large-scale changes in the LC
structure: cropland and pasture abandonment, illegal
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felling, anthropogenic fires, etc. [9-14]. However, the
regularities in the LC dynamics over the last several
decades have not yet been fully understood [15],
because they have a regional specific character.

Earth remote sensing data (ERSD) are becoming
the main source of information on the LC dynamics
[16—18]. ERS data are being used to such an extent that
they have long gone far beyond the scope of scientific
research and “encroached” upon many economic
sectors, such as agriculture, the oil and gas sector, etc.
Analysis of spatiotemporal changes in landscapes is
of paramount importance for understanding a great
number of social, economic and ecological problems
[19] and can provide valuable information for
appropriate managerial decision-making.

THE OBJECT AND METHODS

As the objects for study, we used several
representative drainage basins of the Altai region: the
basins of the Kasmala and Barnaulka dingles of old
runoff (DORs) (that include the contemporary basins
of Lake Gor’koe (drainless) and of the Kasmala and
Barnaulka rivers)) as well as of the Bol’shaya Rechka,
Maima and Belaya rivers (Fig. 1). These basins are
extremely heterogeneous in their landscape structure
and hydrological characteristics. Seen from this
perspective, each basin is characteristic for particular
physical-geographical conditions of Altai.
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The Kasmala basin (the basins of Lake Gor’koe
and the Kasmala river) and the Barnaulka river basin
are combined into a single key territory, Kasmala—
Barnaulka, because they inherit the contiguous DORs
of the same name, combining the different directions
and the pattern of the runoff as well as the landscapes
of the drainless region of the Ob-Irtysh interfluve
and the Upper Ob basin. The basin of the Bol’shaya
Rechka is typical for the right bank of the Upper Ob.
In this area, the catchments of the small and medium-
sized rivers occur on the surface of the Biisk-Chumysh
upland and the old Ob terraces. A common feature for
all of the aforementioned basins is a combination of
particular landscapes: plain zonal (steppe and forest-
steppe), extrazonal pine forests that emerged on sandy
deposits in the bottoms of DORs and the terraces of
the Ob river as well as intrazonal hydromorphic and
semihydromorphic landscapes. The lowland territory
has a long history of development, and agriculture and
forestry are pursued in immediate spatial contact.

The Maima and Belaya river basins are
representative the low- and middle-mountain
territories of the northern macroslope of Russian
Altai which make up most of the spring flood runoff
in the Upper Ob basin [20]. The landscape structure
is dominated by mountain-forest (subtaiga and chern-
taiga) landscapes, while the lowlands refer to the
forest-steppe low mountains.

smala-Barnaulka &
¥ ™ )4 4

=
Pl

;1 00'km

Fig. 1. Location of the key basins within Altai krai and the Republic of Altai.

I — model basins; 2 — boundaries of regions.
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The algorithm of this research is based in
integrating GIS technologies and methods of
processing multitemporal satellite images and includes
seven stages: selection and retrieval of images,
pre-classification processing, classification, post-
classification processing, verification and modification
of material obtained, comparison of multitemporal
data, and analysis of spatiotemporal changes.

As ERSD, we used Landsat imagery (the MSS,
ETM+ and OLI scanners). Publicly available global
data archives [21] afford exceptionally ample
opportunity for retrospective analysis. Landsat images
have a large number of spectral channels, high spatial
resolution, broad temporal coverage and free access
to the database.

The initial stage involved selecting cloudless and
low-cloud scenes of one or several images taken at
dates as closely separated as possible. The study used a
total of 25 scenes (path/row) (Table 1). The Kasmala—
Barnaulka key territory is covered by three imaging
scenes in all time periods, and the Belaya basin (see
Table 1) by two scenes in 2014. The other periods are
covered by one scene each, per time slice.

In selecting ERSD, it is important to use images from
different years but for closely spaced dates of the same
season in order to reduce the likelihood that seasonal
changes would be perceived as long-term changes.
For contrasting (in landscape structure) territories
encompassing mountains and valleys it is necessary
to select replicating images from different seasons and
for the same time slice. Spring images are convenient
for creating the mask of agricultural lands but at that
time the mountain territories have not yet fully freed
themselves from snow, which causes problems with
an automated classification. Furthermore, there arise
difficulties in processing images because of the presence
of shadows which can be classified a water bodies, for
example. Because of this, it is very important to select
input data with high quality.

CHERNYKH et al.

An automated classification was carried out in
several stages. The first stage involved creating the
mask of agricultural lands, because the classification
procedure posed problems with separation of this type
of LC from the surroundings LCs as a result of the
overlap of spectral signatures. The mask of agricultural
lands was created by calculating the NDVI index and
selecting the values corresponding to the open soil (the
dates of images were specifically selected when the
fields were not under crops). The second stage involved
an unsupervised ISODATA image classification by using
the resulting mask of agricultural lands. Validation of the
classification (and, where necessary, the introduction of
changes in the resultant data) of the open spaces was
carried out by calculating the MNDWI index [22]. This
method of identifying water bodies from information
of multispectral data relies on the fact that radiation
is absorbed by water in the infrared band. Hence, it is
possible to effectively reveal open water spaces.

In this study, to analyze LC changes used satellite
images taken by different imaging systems and featuring
different characteristics, including spatial resolution.
Comparison of such images can lead to erroneous
conclusions about LC change, especially small objects,
because of the different completeness of interpretation
and the exclusion (from the analysis) of objects
displayed on a higher-resolution image and not seen on a
lower-resolution image. For a correct analysis, material
to be compared was brought to the same detail (60-m
cell) adopted according to the worst spatial resolution
of the Landsat 2 MSS images used. Such a procedure
decreases detail of spatial analysis but increases the
range of investigation of temporal changes.

The investigations were made for three time slices
(see Table 1): T — 19751976, I — 2001-2003, and
III — 2014-2016. Four types of LC were considered:
the water surface of lakes and ponds (W), agricultural
lands (croplands) and settlements (AS — agriculture/
settlement), closed forests (F), and natural grass

Table 1. Scenes of Landsat images for the key drainage basins of the Altai region

Time Kasmala-Barnaulka Bol’shaya Rechka Maima Belaya
li Imaging system
shiee date Path/Row* date Path/Row date Path/Row date Path/Row
I |Landsat2 MSS |8.14.1975 |161/24 8.30.1975 | 159/23 9.9.1976 |157/24 6.1.1975 |159/24
5.9.1976 |160/24 8.301975
5.9.1976 | 160/23
II |Landsat 7 ETM |[5.25.2001 |149/24 5.27.2001 | 147/23 5.13.2001 |145/24 8.9.2002 |148/24
5.25.2001 |149/23 8.17.2001 5.24.2003
5.2.2001 | 148/23
IIT |Landsat 8 OLI 5.8.2015 |149/24 5.28.2016 | 147/23 5.14.2016 | 145/24 5.7.2014 | 147/24
5.8.2015 | 149/23 9.3.2016 5.7.2014 | 147/25
5.1.2015 | 148/23 8.11.2014 | 147/24
8.11.2014 | 147/25
*Path/Row — coordinates of the scene according to the WRS2 intermap relationship used to catalog Landsat data.
GEOGRAPHY AND NATURAL RESOURCES ~ Vol.39 No.3 2018
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communities (GSW — grassland, steppe, wetland). Of
course, analysis of changes in settlements is essential
to assessing the anthropogenic dynamics of landscapes
but it was not identified as an independent type of
LC within the framework of this study. Settlements
constitute a complex cluster of objects (the open soil,
water bodies, buildings, and asphaltic roads), the size
of which is in most cases below the resolution of
the Landsat images. Because of the similarity of the
spectral signatures (with, for example, the signatures
of the open soil, grassland or the water surface), there
arise problems with a classification of the images,
as the value of the reflection coefficient of a pixel
is a combination of the reflection coefficients of
all types of surface falling within this pixel. In the
present context, this does not play a significant role
in assessing the area of the types of LC in view of the
small proportion of large urbanized territories.

The resulting LC maps were analyzed in QGIS
Desktop 2.18 (MOLUSCE — Modules for Land Use
Change Simulations). MOLUSCE makes it possible
to partly automate the analysis of the dynamics of
the spatial structure from a series of maps or satellite
images displaying the current state of the territory, for
different periods of time [23].

RESULTS AND DISCUSSION

Asaresult of the classification of multitemporal data,
we obtained a number of LC maps corresponding to the
imaging dates (Fig. 2) and carried out a spatiotemporal
analysis of LC of the key river basins at the level of
groups of landscapes (Tables 2—5). Results of analysis
are used to compile transition matrices [24, 25, 26]
which describe the spatial frequency of transitions of
the outlines of different landscape units to one another
on images from different years (Fig. 3).

The Kasmala—Barnaulka key territory. The
indices of groups of landscapes [27] correspond to the
subtypes of landscapes (natural subzones): dry steppe
(I), moderately dry steppe (1), and southern forest-
steppe (I11). We identified the kinds oflandscapes: zonal
watershed-loess (A), intrazonal halohydromorphic
(B), and extrazonal psammomorphic (C). The names
of the groups of landscapes are formed by a matrix
method: for instance, [-A — group of dry steppe zonal
watershed-loess landscapes, etc.

The Bol’shaya Rechka basin. The indices of the
groups of landscapes are the same as those described
above for the Kasmala—Barnaulka key territory: subtype
of landscapes (natural subzone) — middle forest-steppe
(IV). The kinds of landscapes — zonal and intrazonal
(AB) and extrazonal psammomorphic (C).

The Maima basin. The indices of groups of
landscapes [28]: provinces — Northern Altai (c),
Northeastern Altai (d); altitudinal belts — forest-steppe
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belt (1), forest belt (2). 1-c — expositional forest-steppe
of the low-mountain portion of the basin, including
the lower reaches of the Maima valley; 2-c — subtaiga
and mountain-taiga subbelts of the low mountains and
middle mountains of the basin, including the main
part of the Maima valley, and 2-d — chern-taiga and
mountain-taiga subbelts of the low mountains and
middle mountains of the basin, including the valleys of
the right tributaries of the Maima.

The Belaya basin. The indices of groups of landscapes
[28]: Northwestern Altai province (b); altitudinal belts
— forest-steppe (1), forest (2 and subalpine (3).1-b —
expositional forest-steppe of the low-mountain portion
of the basin, including the lower reaches of the Belaya
valley; 2-b — chern-taiga and mountain-taiga subbelts of
the low mountains and middle mountains of the basin,
including the main section of the Belaya valley and its
tributaries, and 3-b — subgoletz-subalpinotype middle
mountains (massifs) and pseudo-goletz low mountains
(separate highest summits).

On the Kasmala—Barnaulka key territory, all types of
LC are the most stable across time. However, a gradual
decrease in the contribution (8 %) from croplands (AS)
was recorded, which changed mainly to fallow lands and
secondary steppes and, to a lesser extent, to forests. This
process has been observed from the time of total plowing
(development of virgin and fallow lands) during 1954—
1961. Within the zonal landscapes of the three subzones
(I-A-III-A), the decrease made up from 4 to 12% of the
area of the respective groups of landscapes. A far larger
decrease in the contribution from croplands (from 9
to 17%) is characteristic for the intrazonal landscapes
(I-B-1III-B). Here, unlike the zonal groups where this
process was evolving more or less uniformly, an abrupt
decrease is seen on the image from 2001. The plowing
within the intrazonal groups of landscapes is limited by
light mechanical composition of the soils (sandy loams,
light loams and sands), and by the paleohydromorphism
with which an abundance of salinized inconvenient-to-
cultivate is associated. These factors promoted an active
transition of croplands to fallow lands and pastures.

GSW are the most dynamical type. There is a
possibility for their transition to croplands, overgrowing
with forest or flooding from water bodies. A directional
increase in the area of this type is generally proportional
to a decrease in the areas of AS. The largest increase
in the contribution from GSW occurs within the zonal
(by 16%) and intrazonal (by 22%) landscapes of the
southern forest-steppe subzone. In the other subzones,
the increase is somewhat smaller: by as small as
6% on the ouvals and even smaller in the intrazonal
landscapes. The increase in the contribution from this
type of LC in the southern forest-steppe may well be
caused not only by the transition of the cropland to the
fallow land but also by disafforestation.
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Table 2. Matrices of land cover change of the Kasmala-Barnaulka key territory for groups of landscapes

L [1976-2001] W | AS | F |GSW|2001 —>2015| W | AS | F |Gsw| S 770 | S 2001 | S 201,
W |47.06]17.65| 0 [3529] W |59.76] 3.66 |10.98(25.61| 0.11 | 052 | 3.52
AS  |001|92.19| 0.16 | 764 | AS | 0.10 |89.36| 1.49 | 9.05 | 1650.29 | 1612.56 | 1520.6
A F 0 |35.14|10.02|54.84 F 0.16 [2849|61.64| 971 | 308 | 804 | 52.04
GSW | 0.15 [49.70| 147 |48.67| GSW | 0.70 [34.81|1035|54.14| 161.47 | 221.56 | 267.27
W |70.71]22.49] 3.40 | 3.40 W |83.05 036|859 |800| 433 | 534 | 1457
. AS | 018 |66.54| 049 [32.79]  AS 1.98 |54.12| 429 [39.62| 242.14 | 26538 | 177.84
F 0.04 [21.21/19.90]58.85 F 19.98] 1.00 [70.77| 824 | 15.18 | 767 | 5181
GSW | 0.76 [41.30| 1.36 |56.58| GSW | 1.47 [15.02|1527|68.24| 2423 | 225.56 | 260.58
W |97.44] 134 | 029 | 0.93 W |97.71] 0.04 | 1.67 | 0.58 | 128.68 | 14823 | 18521
AS  [17.75(11.91]26.28(44.05|  AS  |19.43| 491 |39.21(36.44| 6205 | 3668 | 3.5
¢ F 0.36 | 1.10 [91.87| 6.67 F 0.85 | 0.02 (9599 3.15 | 78634 | 837.99 | 933.52
GSW | 417 | 879 [4591|41.14| GSW  |15.24] 0.89 |65.40|18.47| 21541 | 16957 | 72.1
W |7581] 484 [ 806 [1120] W |57.71] 457 | 629 [31.43] 04 112 | 493
AS 0029068022908 | AS | 020 89.84| 137 | 8.59 | 1100.08 | 1082.28 | 10453
A F 0.03 [23.75|18.73 | 57.49 F 0.58 | 6.35 |6136(31.71| 88.08 | 262 | 6235
GSW | 0.32 [35.49| 404 |60.15| GSW | 0.76 [27.61|12.03|59.60| 179.59 | 258.54 | 256.28
W |9644] 228 056 | 0.72 W |98.13] 038 022|127 | 2496 | 561 | 9024
AS | 546 |61.80| 1.70 [31.04]  AS | 5.53 |5539| 2.42 |36.66| 23637 | 22659 | 1823
b F 0.58 |14.46| 6.91 |78.05 F 26.00| 428 |30.16/39.56| 41.12 | 21.13 | 35.36
GSW | 559 |21.89| 4.18 [6834| GSW | 5.03 |16.41| 691 |71.66| 338.02 | 336.67 | 334.37
W [95.82] 1.60 [ 0.89 | 1.69 W |98.01]0.06 | 049 | 1.44 | 14881 | 15824 | 187.05
AS  |114919.12]45.90(2348|  AS  |18.60|13.73]1233|5535| 43.82 | 3464 | 10.12
e F 0.77 | 1.88 [87.47| 9.88 F 409 | 0.14 |71.98(23.79| 27494 | 3126 | 25836
GSW | 6.19 |13.61[36.85(4335| GSW  |12.57| 481 |27.81|54.80| 1375 | 99.58 | 150.82
W [5734 (2695 442 [1130] W [7287]830 [0.92 1790 855 | 1521 | 33.13
AS  |0.13 [8481(138 [13.69] AS | 044 [83.67]0.17 |15.73 | 2877.97 | 2701.99 | 2467.62
Hi-A F 0.83 [28.48 |17.00 |53.70 F 270 1423|742 |75.65| 2242 | 12824 | 209
GSW 099 |40.03 1029 [48.69 | GSW  |0.89 |24.62|0.88 [73.60 | 487.35 | 752.65 | 1082
W [74.79]17.06 | 2.92 |5.23 W [86.17]1.24 |2.66 [9.93 | 1688 | 2206 | 37.56
AS  |039 |7334|231 [2396|  AS 1.55 |66.11 | 0.63 [31.71 | 528.88 | 515.01 | 407.81
Hi-B F 127 {20.72 [22.10 [55.91 F 6.51 |5.56 |24.55 6339 | 149.44 | 8586 | 34.57
GSW | 1.76 [30.01 12915533 | GSW | 1.26 |15.98 | 2.49 [80.27| 310.89 | 383.17 | 5293
W [87.35]3.26 | 6.06 [3.33 W [9557]0.12 [1.89 [2.42 | 5248 | 5883 | 100.77
AS  [271 [30.09 |4458 2262 AS  |9.70 |4537(8.70 [36.22] 10401 | 53.63 | 3825
H-c F 021 |0.61 |94.78 | 439 F 2.10 [0.36 |82.52 |15.02 | 1069.19 | 123439 | 1048.84
GSW  [3.00 [5.36 (65392625 GSW  |934 |6.62 |15.87 [68.18 | 26223 | 141.06 | 303.27

Note. Here and in Tables 3—5, variations are expressed as a percentage of the total area of the type of land covers, L — index of the group
of landscapes, and S — total area of the type of land covers for the respective time slice.

GEOGRAPHY AND NATURAL RESOURCES ~ Vol.39 No.3 2018



234

CHERNYKH et al.

Table 3. Matrices of land cover change within the Bol’shaya Rechka river basin for groups of landscapes

L |1975—2001| W | AS F |GSW|2001 — 2016 W | AS F |GSW S 1975, | § 2001, | § 2016,
km? km? km?
W 57.41|14.81|15,43]12,35 W 44.22113.18120.49(22,11| 0.58 7.24 6.02
VAR AS 0.21 [82.55] 2,15 [15,09 AS 0.08 [81.41| 3.31 |15,20| 1142.13 | 1117.55 | 1060.86
F 0.47 |114.10 (59,90 | 25,53 F 0.45 112.87|60.11 |26,58 | 274.95 | 248.8 | 256.34
GSW 0.96 140.32|17,66 (41,06 GSW 0.23 [31.69(18.03|50,05| 336.9 | 380.98 | 427.62
AW 3098 0 |48,35|20,67 \W 6.09 | 0.18 [86.90| 6,83 8.52 37.5 2.94
AS 1.83 163.54 (21,79 (12,84 AS 0.03 |78.67|14.39| 6,91 | 14.72 11.81 9.82
Ve F 2.28 | 0.14 |86,73|10,85 F 0.04 | 0.04 [95.83| 4,10 | 1024.04 | 1055.71 | 1151.9
GSW 5.09 | 0.47 72,76 (21,67 GSW 0.16 | 0.02 [66.18|33,63| 220.25 | 162.51 | 101.05
Table 4. Matrices of land cover change within the Maima river basin for groups of landscapes
L [1976 -2001| W | AS F |GSW 2001 — 2015 W | AS F |GSW 8111911726’ Siggl’ Sigllf’
w 29.82122.02| 9.17 |38.99 W 26.00|46.00|24.00| 4.00 0.79 0.34 0.18
e AS 0.43 |53.08| 1.77 |44.72 AS 0.12 |56.41| 5.78 |37.69| 12.5 15.27 13.23
F 0.10 [14.51{26.44|58.95 F 0.10 | 0.97 |86.36|12.56| 29.51 10.38 13.81
GSW 0.09 | 14.92] 8.15 |76.84 GSW 0.14 | 9.23 | 8.55 |82.09| 28.05 44.84 4433
W 14.17128.35(10.24 |47.24 W 5.00 [36.67(20.00|38.33| 0.46 0.22 0.1
e AS 0.38 |47.36| 7.97 |44.28 AS 0 [42.73]10.87(46.41| 11.33 15.94 17.4
F 0.02 | 1.83 [77.18]20.97 F 0.01 | 0.13 |88.71 | 11.15| 355.11 | 292.81 | 277.33
GSW 0.04 | 3.75 | 16.83|79.38 GSW 0.04 | 6.16 | 9.24 |84.56| 105.63 | 163.56 | 179.02
W 0 0 |100.00; 0 W 100.00 0 0 0 0 0.03 0.03
rd AS 0 133.98]20.46|45.56 AS 0 |[21.18]51.09(27.73| 0.93 1.14 1.43
F 0 ]0.33 {92.85] 6.81 F 0 |0.03 94.72| 526 | 206.93 | 201.47 | 195.04
GSW 0.09 | 0.63 [43.28(56.00 GSW 0 |429|11.76|83.96| 21.14 26.36 33.22
Table 5. Matrices of land cover change within the Belaya river basin for groups of landscapes
L [1975—2002| W | AS F |GSW |2002 —2014] W | AS F |GSW 8111911725’ 813332, Sﬁg};"
W 64.70| 0.07 | 6.04 |29.20 W 9181 0 | 1.46] 6.73 543 3.69 3.79
AS 0 |68.88| 0.57 [30.55 AS 0.04 |189.44| 0.02 |10.50| 46.4 39,68 47.02
b F 0.05 | 0.99 |57.18 |41.78 F 0.13 ] 0.07 |57.35|42.44| 100.82 | 73.32 47.46
GSW 0.05 | 2.61 | 5.85 [91.49 GSW 0.10 | 3.81 | 1.80 |94.29| 257.57 | 293.53 | 312.84
W 45.66| — [27.74|26.60 W 86.23| — [10.14] 3.62 3.82 1.99 1.99
2-b F 0.02 | — 193.43| 6.55 F 0.02 | — [90.31|9.68| 871.91 | 838.66 | 767.68
GSW 0.06 | — [21.33(78.60 GSW 0.10 | — | 6.95(92.95| 107.52 142.6 | 213.84
b F - - 162.59|37.41 F - - 179.77120.23| 17.92 11.76 12.82
GSW - — | 1.68 [98.32 GSW - - | 880 |91.20| 32.59 38.74 37.8
Note. Dash — no data for the type of land covers.
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Fig. 3. Matrices of land cover change for the key drainage basins, % of the total area of the basin.

Key drainage basins: ¢ — Kasmala-Barnaulka, b — Bol’shaya Rechka, c — Maima, d — Belaya. 1 — water surface of lakes and ponds;

2 — agricultural lands and settlements; 3 — forests; 4 — natural grass communities.
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Across the entire area of Kasmala—Barnaulka the
forests changed little their areas (by a mere 4%). For
separate groups of landscapes, however, this process
differed greatly. Within the groups of landscapes I-A,
I-B and [I-A, 11-B, the largest decrease in the proportion
of forests was observed in 2001. Changes occurred
within 2-9%, and in 2015 the contribution from forests
in the dry-steppe subzone increased relative to 1975 but
decreased in the moderately dry steppe. Furthermore,
the dry steppe subzone shows a consistent increase in
the contribution from forests (by 12% for the entire
period) within the extrazonal © group of landscapes.

The situation is highly contrasting with forests
within all groups of landscapes of the southern forest-
steppe subzone. As regards the kinds of landscapes
A and B, there is taking place a substantial decrease
in the proportion of forests making up 6 and 11%,
respectively. Within landscapes of kind A, the area of
separated forest stand and balka forests decreased by
more than a factor of 10, and the transitions occurred
mostly to natural grass communities. A decrease after
2001 (the year in which the largest area of forests was
recorded) in the proportion of forests also took place
for kind C, making up 13%. Considering that this type
includes all forests (including different anthropogenic
modifications), the decrease in the area of pure pine
forests was likely to be even larger.

Within the Bol’shaya Rechka basin the proportion
of all types of LC in the overall structure changes
little and does not exceed 1-3%. The area of AS
remains virtually the same for the entire time period
(within 3%). However, there occur direct and reverse
transitions between this type of LC and GSW which are
likely caused by the reciprocal spatial transposition (for
instance, abandoned cropland — fallow, and fallow
or secondary steppe — cropland). Unlike Kasmala—
Barnaulka, the contribution from GSW is insignificant
in this case, although it is decreasing. This is due to a
decrease in the area of this type (by 9%) in IV-C where
it actively changes to forests (see Table 2). Within V-
AB, on the contrary, the contribution from natural grass
communities increases (by 5% for the entire period).

The contribution from forests does not increase
substantially across the entire basin (up to 3%). This
occurs in spite of an increase in their area within IV-C
(by 10%) where they were gradually occupying the areas
of GSW. This process is driven by two factors: in the
first place, regeneration of the areas of final cutting and,
second, formation of swamp-subors on waterlogged
territories. However, there also occur GSW in place of
the forest, which was most likely caused by new felling
or fires mostly in the vicinities to large settlements.
Within IV-AB there occurs a slight decrease in the
contribution from (as small as 1%) caused by felling,
fires, etc. (an identical transformation in AS and GSW).

GEOGRAPHY AND NATURAL RESOURCES
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Noteworthy is the dynamics of the areas of the water
bodies within the lowland basins under consideration.
Unlike the Bol’shaya Rechka basin, there also exist
large natural lakes, in addition to the ponds, on the
Kasmala—Barnaulka territory. The investigations
within the Kasmala basin showed that the area of the
ponds was gradually decreasing after their maximal
development in the mid-1980s [29]. According to
the three time slices considered in this study, there is
an increase in the proportion of the areas of W from
3.08% in 1976 to 5.40% in 2015 r. within the basins
of the Kasmala—Barnaulka territory. Nevertheless,
most likely these changes are not unidirectional but
are associated with the hydrothermal conditions of a
particular year.

The Bol’shaya Rechka basin showed in 2001
an increase in the area of W, largely due to the
construction of hydropower structures (by a factor of
12 in the group of landscapes IV-AB). During 2001—
2016, in the IV-AC group this type of LC remained
relatively stable, decreasing slightly its area because
of the disappearance of a number of ponds. At the
same period the group of landscapes IV-C showed a
significant reduction in the area of the water bodies
caused by vegetation infill of the lakes.

The LC structure underwent the largest transformation
across time. While W and AS change weakly their
contributions in the LC structure, F and GSW are the
most dynamical. Actually, the transitions occur mainly
between these two types of LC. Currently the two basins
show the main tendency for a dramatic decrease of the
contribution of forests in the LC structure (by 11-14%).
In the Belaya basin, the largest decrease (actually more
than half the area) occurred in the most developed forest-
steppe portion of the basin (1-c) where forests grew in
expositionally favorable areas. In the vastest portion
of the basin belonging to forested low mountains (2-
b), the areas of forests also decreased (by 11%), which
occurred even in spite of the establishment of the Tigirek
nature reserve in the upriver basin. In the Maima basin,
the largest reduction in forests occurred within the
subtaiga and mountain-taiga portion (2-c) (by 17%).
These territories are also relatively well developed and,
considering the fact that the slope surfaces are dominant,
a reduction in forested areas creates serious risks of
hazardous hydrological processes [30].

For comparing the key basins, we constructed the
matrix of Pearson correlation coefficients (Table 6)
reflecting the degree of correlation between basins
according to the proportion of the area of each type
of LC for three time slices (12 pairs of data). The
closest correlations at the significance level p < 0.05
are observed between the Maima and Belaya basins.
As pointed out above, the changes in LC in these basins
show very similar tendencies. The correlations between
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Table 6. Matrix of Pearson correlation coefficients for the LC structure of drainage basins (1975-2015).

Kasmala-Barnaulka Belaya Bol’shaya Rechka Maima
Kasmala-Barnaulka 1.00
Belaya —0.12 1.00
Bol’shaya Rechka 0.66 0.52 1.00
Maima -0.11 0.96 0.62 1.00

Note. Values of a significant correlation are printed in bold.

the Kasmala—Barnaulka and Bol’shaya Rechka basins
are also significant. The correlation between them is
not as close, perhaps because of a substantial difference
in the course of development of the water bodies.
Furthermore, there is a reliable correlation between
the Maima and Bol’shaya Rechka basins. The fact that
forests are dominant in the LC structure makes the
Bol’shaya Rechka basin similar to mountain basins.

CONCLUSIONS

For the territory of the Altai region the algorithm
of quantitative analysis of the land cover dynamics
(land use/land cover change) for 1975-2016 has been
tested on the basis of multi-temporal Landsat images.
As the model sites, four representative drainage basins
(Kasmala—Barnaulka, Bol’shaya Rechka, Maima and
Belaya) were used, which illustrate the landscape
diversity and different moralities of nature management
in the region. A specific feature of this research that
distinguishes it from foreign efforts is the fact that the
spatiotemporal dynamics of land covers within the
basins is assessed for the main groups of landscapes.

The findings have shown that the dynamics of
landscapes for the period under consideration has
a specific character in different natural zones and
subzones as well as within plain and mountain
territories. The following peculiarities and regularities
have been revealed:

— the lowland basins of the steppe and forest-steppe
zones are characterized by a smaller amplitude of land
cover change (as small as 8%) when compared with the
mountain zones (up to 14%);

— most characteristic for the steppe and southern
forest-steppe subzone (the left bank of the Ob) is a
decrease in the proportion of arable (dominant in the
area) lands, and a high natural dynamics of water bodies;

— the forest-steppe zone (the right bank of the Ob)
shows the smallest dynamics of all types of land covers
(as small as 4), with a significant dynamics of artificial
water bodies (group of landscapes IV-AB within the
Bol’shaya Rechka basin: 0.58 km?, 7.24 and B 1976 1.,
7.24 km? B 2001 . 1 6.02 km? B 2016 1. in 1976, 2001
and 2016, respectively) and

— the mountain basins dominated by forested areas
(the Maima and Belaya rivers) are characterized by a

GEOGRAPHY AND NATURAL RESOURCES  Vol. 39

considerable decline in their proportion (down to 14%),
largely in favor of the natural grass communities, as a
result of th economic activities.

The algorithm used in this study can be employed
in carrying out a comparative analysis of the
transformations at the regional level, identifying the
general evolutionary patterns of natural systems and
modeling their state, and establishing the system of
regional and global monitoring.

This work was done with the financial support
from the Russian Foundation for Basic Research
(18-05-00007).
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