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Preface

This volume contains the Proceedings of the 6" conference *'Debris Flows: Disasters,
Risk, Forecast, Protection' (Dushanbe-Khorog, Tajikistan).

Debris flows in mountainous regions cause significant damage to the economy, and often
lead to casualties among the population. To solve the debris flow problem, the cooperation of
experts from different countries is required. One of the forms of such cooperation is the holding
of conferences on "Debris Flows: Disasters, Risk, Forecast, Protection”. The conference in
Tajikistan is the sixth and continues the series of conferences under the indicated name, held in
Pyatigorsk (2008), Moscow (2012), Yuzhno-Sakhalinsk (2014), Irkutsk and Arshan (2016),
Thilisi (2018).

The initiator of the conferences is the Debris Flow Association, founded in 2005 in
Pyatigorsk. The Debris Flow Association continues the traditions established by the
Commissions for the study of the Kazbek blockages in the 19" century and the Debris Flow
Commission of the USSR Academy of Sciences, which worked from 1948 to the end of the
1980s. At present, the Debris Flow Association is the world's largest association of specialists
in debris flows and debris flow protection, which includes more than 170 experts from
23 countries. The Debris Flow Association has professional awards — the Fleischman medals,
which are awarded to outstanding scientists in the field of debris flow management. By the
decision of the Debris Flow Association, since 2018, an annual professional holiday has been
established - Selevik Day (Day of the Debris Flow Specialist), which is celebrated on July 19.

The conference in Tajikistan was organized by the Debris Flow Association, the National
Academy of Sciences of Tajikistan and the Branch of the Aga Khan Agency for Habitat in the
Republic of Tajikistan, with the participation of government departments of Tajikistan
(Committee on Emergency Situations and Civil Defense under the Government of the Republic
of Tajikistan, Committee on Environmental Protection under the Government of the Republic
of Tajikistan, Main Department of Geology under the Government of the Republic of
Tajikistan, Agency for Hydrometeorology of the Republic of Tajikistan), UNESCO, the Faculty
of Geography of Lomonosov Moscow State University, the Aga Khan Development Network,
the University of Central Asia, the High-Mountain Geophysical Institute of Roshydromet, the
Scientific Research Center for Ecology and Environment of Central Asia (Dushanbe), the
Chongging Institute of Green and Intelligent Technologies and the Institute of Mountain
Hazards and Environment of the Chinese Academy of Sciences, the Laboratory of Physical
Geography of the CNRS (France), and the Swiss Agency for Development and Cooperation.

The conference is dedicated to the discussion of such issues as global and regional
analysis of debris flows, debris flow disasters of recent years, debris flow risk and forecast,
modeling, debris flow hazard of glacial lakes, the role of glacier movements in the formation
of debris flows, debris flow protection measures, regulatory documents on forecasting debris
flows and mitigation measures.

The conference was scheduled for September 2020, however, due to the epidemiological
situation in the world, the Organizing Committee decided to postpone the conference until
September 20-26, 2021.The conference venue is the National Library of Tajikistan (Dushanbe)
and the University of Central Asia (Khorog). An important element of the international event
is a field workshop with a visit to debris flow basins in Tajikistan.

Conference website: www.debrisflow.ru/en/df20.

Here we publish the Volume 1 of the Proceedings of the conference. It includes
56 articles, the authors of which are experts from Australia, Austria, Azerbaijan, Brazil,
Georgia, Italy, Kazakhstan, Kyrgyzstan, Pakistan, Russia, Tajikistan, Switzerland, and United
Kingdom.

Titles of articles, surnames of authors, abstracts and key words are given in Russian and
English, the main text is written in one of the indicated languages. The main information partner
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of the conference is Geomarketing LLC, which publishes part of the articles selected by the
Organizing Committee in the Georisk World journal (No. 2 and 3 for 2020).

The publications of the conference participants provide a state of the art in the theory and
methods for debris flow studies. The publications are intended for decision-makers on debris
flow mitigation, researchers, and practitioners. Also, the published materials can be used by
university lecturers and students in the study of debris flow phenomena.

Sergey Chernomorets
Karina Viskhadzhieva
Debris Flow Association

and
Lomonosov Moscow State University, Moscow, Russia
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Ipeauciaosue

B Hacrosmem cOopHrKe MyOnuKyoTcst Tpyasl 6-i kKoH(pepeHuun «CelieBble MOTOKH:
KaTacTpodbl, pUCK, MPOrHo3, 3amuTa» (ymande-Xopor, Taxxukucran).

CeneBble MOTOKM B TOPHBIX PETMOHAX HAHOCHAT 3HAUYMTENBHBIN yIIepO XO3SWCTBY U
HEPEAKO MIPUBOIAT K )KEPTBAM Cpear HaceleHus. [1Jis peleHus ceneBoi mpodieMsl TpedyeTcs
COTPYJIHHYECTBO DKCIIEPTOB W3 Pa3IUIHBIX cTpadH. OmgHOW m3 ¢GopM Takoil KOOIeparuH
SIBISIETCST  TIpoBenieHne KoHdepeHmuit «CelleBbleé MOTOKH: KaTacTpo(dbl, PUCK, IMPOTHO3,
3ammray. KoHgepeHuus B TamKukucTaHe SBISETCS WIECTOM M MPOAODKAET CEPHUIO
KOH(epeHLni Mo yKa3aHHBIM Ha3BaHHEM, mpoBoauBiuuxcs B Ilsturopcke (2008), Mockse
(2012), FOxnHO0-Caxamuacke (2014), Upkyrcke u Apmane (2016), Towmmcu (2018).

HNuannmaropom koHbepeHuii spisercs Cenepas accoruausi, ocHoBanHas B 2005 1. B
[Taturopcke. CeneBasg acconmanus NpOJODKAET TPaIUIMM, 3aJ0keHHble Komuccusamu mo
myueHnto Kaszbekckoro 3aBama B XIX Beke n CeneBoit komuccun Axagemun Hayk CCCP,
paborasureit ¢ 1948 1. g0 konma 1980-x romoB. B Hacrosmiee Bpemst CeneBasi accomuarys
SIBIIIETCS] CAMBIM KPYITHBIM B MUpE 00bEJMHEHUEM CIELIUAINCTOB 110 CEJISIM U 3alllUTe OT HUX,
B KoTOopoM coctoAaT Oosee 170 skcnepToB mu3 23 crpan. CeneBas accouuanys HNPUCYKIAeT
npodeccHOHaNbHbIE Harpampl — Megaid uMeHH @nedmMaHa, KOTOPBIE BpyYaroTcs
BBIJIAIOIIMMCST Y4eHbIM B oOmactu ceneBeneHus. Ilo pemenuto CeneBoil acconuanuu, c
2018 roga yupeskaeH eXeroAHblii npoecCoHaNbHBIN Mpa3IHUK — J[eHb ceneBrKa, KOTOPHIH
oTMedaercs 19 urors.

Kondepennus B Tamkukucrane oprann3oada CeneBoil acconnanue, HannonanpHON
Axanemueit Hayk TamkukucraHa u @Ounmanom AreHtcTBa Ara XaHa mo Xa0urtar B
Pecnnybnuke TakKMKUCTaH NpU YYacTHMH TOCYNApCTBEHHBIX BEIOMCTB TaJUKMKHUCTaHA
(KomuTeT 1o Upe3BBIYAHHBIM CHUTyaIMsIM M TpakIaHCKoW obopone mpu IlpaButenbcTBe
Pecniyomuku Tamxuxuctan, Komuter o oxpaHe okpyskatouieit cpezas! npu llpaBurenscrse
Pecnybnuku Tamkukuctan, ['naBHoe ynpasnenue reonoruu npu [IpaButenscre PecryOnuku
TamxukncTad, ATeHTCTBO 1o ruapoMereopoiorun Pecnyomuku Tamkukucran), KOHECKO,
reorpaduueckoro Qakynbrera MOCKOBCKOTO TOCYAapCTBEHHOTO YHHBEPCHTETa WMEHH
M.B. JlomoHocoBa, Oprannszauun Ara XaHa 1O pa3BUTHIO, YHuBepcurera LleHTpanpHON
Asnm,  BrlcokoropHoro  reodusuyeckoro  uHCTUTYTa  Pocrmmpomera,  Hayuno-
WCCIIEIOBATENBCKOTO IIEHTpa OJKOJOTHH W OKpyXxaromed cpenbl llenTpanpHoil Azun
(Hdyman6e), YyHIMHCKOTO WHCTHUTYTa 3€JIEHBIX M WHTEIJIEKTYaJbHBIX TEXHOJOTHH U
HNHctuTyTa TOpHBIX OMACHOCTEHM W OKpysKaromed cpeabl Kuraiickol axageMuu Hayk,
Jlabopatopun dhmsmdeckoit reorpadhun HanimoHaIbHOTO HAYIHO-HCCIEA0BATEILCKOTO IMIEHTPa
®pannuy, IIBeiapcKoro areHTCTBA M0 Pa3BUTHIO U COTPYHUYECTBY.

Kondepenuuss mnocesimena oOCYXIEHHIO TaKHX BOIPOCOB, KakK TIJIOOAIBHBIA U
PETHOHANIBHBIN aHAIM3 CEJIEBbIX IOTOKOB, CEJEBble KaTacTpodbl MOCICAHUX JIET, PUCK U
MPOTHO3 CeJiel, MOJETMpPOBAHME, CelieBas OMAacHOCTh JIEAHWKOBBIX O3€p, POJIb TOIBIKEK
JIETHUKOB B (JOPMHUPOBAHHUH CEJICH, CeJie3alUTHRIE MEPONPHUSTHS, HOPMaTHBHbIE TOKYMEHTEI
10 IPOrHO3UPOBAHUIO CEJIEBBIX MIOTOKOB M MPOEKTUPOBAHUIO IPOTUBOCEIEBBIX KOHCTPYKIMH
U COOPY’KEHUM.

Kondepenuuss Obuta 3amnanupoBaHa Ha ceHTsOppr 2020 roma, oaHaKo u3-3a
SMHUIEMUOJIOTHYECKON CcUTyalud B Mupe OprkoMHUTET MNPHUHSII pEIlIeHHe O MepeHoce
koH(pepeHuu Ha 20-26 centsOps 2021 r. Mecro mpoBeaeHns 3acefaHnuii KOH(epeHInn —
Hammmonanpaas 6ubmmoteka Tamxkukucrana ([yman6e) u Yausepcutet LlenTpansHoit Azun
(Xopor). BaxHBIM 311eMEHTOM MEXIYHAPOIHOTO MEPOIIPUSATHS SABJISETCS TOJIEBOM CEMHUHAD C
MOCEIIEHHEM CeJIeBbIX OacceiiHoB TamKUKUCTaHA.

Caiit kordepenrun: Www.debrisflow.ru/df20.
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[pennaraeM BHUMAaHUIO YMTATelNsl MepPBbIii TOM cOOpHHKA TPYIOB KoH(epeHIHU. B
HEro BOIILIM 56 cTaTeid, aBTOpaMu KOTOPBIX SBIISIOTCS CIICIUAIMCTHI U3 ABCTpanuu, ABCTPHH,
Azepbaiimkana, bpasunuu, BenmukoOpuranuu, ['py3uun, Uranuu, Kasaxcrana, Keipreizcrana,
ITakucrana, Poccun, Tamkukucrana u llIBeitnapun.

HasBanus crareii, ¢haMuUIMu aBTOPOB, PE3IOME M KIIOYECBBIC CIIOBAa IPHUBEICHBI Ha
PYCCKOM U aHTJIUICKOM S3BIKaX, OCHOBHOM TEKCT — HAa OHOM M3 YKa3aHHBIX SI3bIKOB. [ TaBHBIM
nHpOpMaAITMOHHEIM TMapTHepOoM KoHbepeHmun sBaseTcss OO0 «l'eoMapKeTHHT», KOTOpPOe
nyOJIMKyeT 9acTh cratei, oToOpaHHbIXx OprkoMuTeToM, B )KypHaie «['eoPuck» (Ne2 u 3 3a
2020 rop).

[TyOnukammy y9acTHUKOB KOH(PEPEHINH Jaf0T CPe3 COBPEMEHHOT'O COCTOSIHUS TEOPUU
U METOJIOB, WCIIOJIE3YEMBIX B CEJIECBEJICHHM — HAyKe O CElIeBBIX MOTOKax. [lyOmmkarmu
NpEAHA3HAYCHBl IS JIUI, NPUHUMAIONIMX PEUICHUS IO 3allluTe OT Celed, Hay4IHBIX
COTPYIHHKOB, CIICI[UAIIMCTOB-TIPAKTHKOB. TakKe OIMyOIUKOBaHHBIE MaTepUAIIBI MOTYT OBITh
HCIIOJIB30BaHbl MPENOJABATEISIMU U CTYJEHTAMU YHHUBEPCUTETOB IPH HM3YYEHUU CEJIEBBIX
SIBJICHHM.

Cepeeti Yepromopey
Kapuna Bucxadoicuesa

Cenesas accoyuayus
u
Mocxkosckuti cocyoapcmeennwiil yHueepcumem umenu M.B. Jlomonocosa
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Puck u nocjieICTBUA NPOPBLIBOB BHICOKOTOPHBIX 03¢p
TaxKNKHCTaHA

V.P. Iupmamanos!, P.A. Bo6os?, F0.X. Pauméexos!, ®.0. Mapoaaceiinos?,
N.WU. 3uxknnaodexos’, C.C. Yepnomopen®, E.A. Capepniok’, B.M. Knasiepa®,
HN.B. Kpbuienko®, U.H. Kpbuienko®, K.C. Bucxampxuena®

YDuauan Azenmemea Aea Xana no Xabumam e Pecnybnuxe Tadacukucman, Jywanbe,
Taoxcuxucman, ubaidullo.pirmamadov@akdn.org

20peanuzayus Aea Xana no pazsumuio, Jywante, Taoxcuxkucmarn,
ruslan.bobov@akdn.org

2Mockoeckuii 2ocyoapcmeennbiil ynueepcumem umenu M.B. Jlomonocoea, Mockea,
Poccus, sc@geogr.msu.ru

AHHoTanus. PaccmaTpuBaeTcst OnbIT COBMECTHBIX paboT ¢rmnana AreHTcTBa Ara Xana
mo Xabutar (AKAH) B Pecrrybnmke TamKUKHUCTaH M CIICITHATUCTOB T'eOTPaIecKoro
¢daxymprera MI'Y nmenn M.B. JlomonocoBa (Poccust) o oIeHKe COCTOSHHS U CTETICHH
pHCKa TIPOPBIBOB BBICOKOTOPHBIX 03Ep, MPOBOJMBIIMXCS B paMKax IPOEKTa
«batumerpuyeckas CbEMKa U MOJAEIUPOBAHUE BO3MOXKHBIX IPOPBIBOB BBICOKOIOPHBIX
03&p Ha Teppuropun 3amagHoro Ilamumpa, Tamxukuctan». I[lokazaHbl pe3yNbTaThI
HCCIIeIOBaHUH, KOTOpBIE IO3BOJIMJIM HM3YYUTH JICHHUKOBBIE M BBICOKOTOpHBIE 03Epa
GacceiinoB pek ['yur, Illaxnapa, bapranr, a Taxke BepxHeil yactu Oacceiina p. [IaHmK u
pa3paboTaTh NepedeHb Mep MO CHI)KEHHMIO PUCKa MPOPBIBOB 3THUX 03EP M CMSTYEHHIO
TIOCIIEZICTBUM TAaKUX MTPOPBIBOB.

Knrouesvie cnosa: svlcokozophbie o3epa, uzMeHeHue KiumMamd, npopule0OnaCcHOCHb,
cenb, nasodok, Tadacuxucman, I opro-bBadaxwanckas asmonomuas obaacmo,
bamumempuyeckas CbeMKa, MOOEIUPOBAHUE, CHUICEHUE PUCKA

Ccbiika g uutupoBanus: [lupmamanoB VY.P., Bo6o P.A., Paumbexo l0.X., Mapogaceitnor @.0O.,
SuxkmtodexoB U.U., Yepnomopen C.C., Casepurok E.A., Kunsesa B.M., Kpsurenko U.B., Kpesmenxko WU.H.,
Bucxamkuesa K.C. Puck u mocnecTBus MpopbIBOB BEICOKOTOPHBIX 03&p Tamkukuctana. B ¢0.: CeneBble MOTOKH:
KatacTpodbl, PHUCK, TPOTHO3, 3ammra. Tpyabl 6-if MexayHapoaHoit koHgpepenuuu (dymande—Xopor,
Tamxukuctan). Tom 1. — OtB. pen. C.C. Uepnomoper, K.C. Bucxamkuepa. — lymanoe: OOO «I[Ipomoyniny, 2020,
c. 1-24.

Risk and consequences of high-mountain lake outbursts in Tajikistan

U.R. Pirmamadov?, R.A. Bobov?, Yu.Kh. Raimbekov?, F.O. Marodaseinov?,
I.1. Zikillobekov?, S.S. Chernomorets®, E.A. Savernyuk®, V.M. Kidyaeva®,
1.V. Krylenko®, I.N. Krylenko?, K.S. Viskhadzhieva®

1Branch of the Aga Khan Agency for Habitat in the Republic of Tajikistan, Dushanbe,
Tajikistan, ubaidullo.pirmamadov@akdn.org

2Aga Khan Development Network, Dushanbe, Tajikistan, ruslan.bobov@akdn.org
3Lomonosov Moscow State University, Moscow, Russia, sc@geogr.msu.ru

Abstract. The experience of joint work of the Aga Khan Agency for Habitat (AKAH) in
Tajikistan and specialists of the Faculty of Geography, Lomonosov Moscow State
University, Russia on assessment of the current state and the risk level of high-mountain
lakes conducted within the framework of the project “Bathymetric survey and modelling
of possible high-mountain lake outbursts in the territory of the Western Pamir, Tajikistan”
is considered. In the article, it’s shown the results of these researches that allowed studying
glacial and high-mountain lakes in the Gunt, Shakhdara, and Bartang river basins, as well
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as the upper part of the Panj River basin and developing a list of measures to reduce the
risk of these lake outbursts and mitigate its consequences.

Key words: high mountain glacial lakes, climate change, outburst-prone lakes, debris
flows, floods, Tajikistan, Gorno-Badakhshan Autonomous Region, bathymetric survey,
modelling, risk reduction

Cite this article: Pirmamadov U.R., Bobov R.A., Raimbekov Yu.Kh., Marodaseinov F.O., Zikillobekov I.1.,
Chernomorets S.S., Savernyuk E.A., Kidyaeva V.M., Krylenko 1.V., Krylenko I.N., Viskhadzhieva K.S. Risk and
consequences of high-mountain lake outbursts in Tajikistan. In: Chernomorets S.S., Viskhadzhieva K.S. (eds.) Debris
Flows: Disasters, Risk, Forecast, Protection. Proceedings of the 6th International Conference (Dushanbe—Khorog,
Tajikistan). Volume 1. Dushanbe: “Promotion” LLC, 2020, p. 1-24.

BBenenne

B Tamxwukucrane HacuuthiBaercs 1449 o03ép oOmedl mmiomaneio 716 KM? (0,5%
TeppuTOpHH CTpaHsI). ITTomans 6oIBIIMHCTBA U3 HUX He TIpeBbImaeT 1 kv, BakHO OTMETHTS,
yro 78% 03Ep pacrmonokeHo B TOPHBIX o0iacTsaXx Ha abcomoTHBIX BhicoTax 3500-5000 M
[Myxa66amos, 2016].

Ha tepputopun tamkukckoro Ilamupa, B ['opHO-bBamaxmanckoil aBTOHOMHON 00J1acTh
(I'BAO), no 6acceiinam ocHOBHBIX NpuTOKOB peku [Isamx — I'yut, llaxnapa, bapranr — u
Oacceitny camoro [Lsaamka HacuuTeiBaeTcs 6omee 300 03€p, OONBIINX U MAJIEHEKHX 110 00BEMY .
Cawmpble kpynHble — 03€pa Kapakynb, Panrkyns, 3o0pkyis, Capes, SmuibKyb.

I[lo pesynpraram gemmpupoBaHHA JAHHBIX JAWCTAHIIMOHHOTO 30HIUPOBAHMS,
nony4eHHbIM B 2018 1., Tonbpko B Oacceiine peku ['yHT ObUIO BBISIBIEHO 644 TOpHBIX 03€pa
mwiomaneo o6onee 500 MZ, YTO 3HAUUTEIBHO MPEBBIMIACT MPEeAbLAYILIUE OLEHKHU [Pecypcwi
nogepxnocmuvix 600 CCCP, 1971]. B coorBercTBuH ¢ KiaccuuKamuei 03€p Mupa 1o
BEJIMYMHAM TUTomaneil ux Boanoi nmosepxuoctu I1.B. MBanosa [Makuwesa, 2009], BomoéMer
B Oacceiine ['yHTa pacmpenensioTcss MO KiaccaMm clenylomuM oOpazom: 602 — ozepku
(nmnomaze menee 0,1 xkm?), 31 — ouens mansie (0,1-1 km?), 10 — mansre (1-10 km?), 1 — cpennee
(10,1-100 xm?).

B Teuenue mpenplaynux AECATHWIETUN MPOPBIBBI JETHUKOBBIX 03€P B BBICOKOIOPBSIX
I'BAO HeogHOKpaTHO MPUBOIWINA K KaTaCTPOPUIESCKAM IOCIEACTBHAM. [Ipumepamu Takmx
COOBITHH SBIISIOTCS TPOPHIBBI JIEAHUKOBBIX 03€p B BEPXOBBIX pek Xumopxkeraapa B 1991 r.,
Hamrtnapa B 2002 r. (Pomrtkanuuckuit paiion), Kodapennapa (MmkammMckuil paiione) B
2008 r. xoTopsie MpHUBEIH K (POPMHPOBAHHIO CEJIEBBIX MOTOKOB, HAHECIIMX 3HAYUTEIHLHBIN
yIep0 HaceIeHUI0, XO3sHCTBYIO 1 MH(pACTpyKType HIKe 1o poiuHe. CeneBoit motok 2002 T.
mo Jlamtmape TmpuBEN W K yeioBedeckuM xepTBaM [[lInaiioep, 2005; Ab6nokos, 2009,
Iupmamaoos, 2013; Llagues, 2013, 2014, [Joxyxun u op., 2020].

B nienoM, ceneBble HOTOKM M TABOJKH, 00pa3yroIuecs B pe3yabTaTe MPOPHIBOB TOPHBIX
03€ep, OTHOCSITCS K OJTHAM U3 CAMbIX Pa3pyIINTEIbHBIX CPEIN ONACHBIX IPUPOIHBIX MTPOIIECCOB.
B 30He ux mopaxenus (B JHHUIIAX W HU30BBAX JIOJMH) 3a4acTyl0 HaXOJATCS HACEJICHHBIE
MIYHKTBI, HHQPACTPYKTYpHBIE U connanbHble 00beKThl. [logo0Has cuTyanus xapakrepHa is
MHOTHX TOPHBIX 00nacteit mupa, B ToMm gucie u st [ BAO.

Nwmenno nostomy cniennanucramu AKAH coBmecTHO ¢ opranu3anusiMu-napTHépamu (B
ToM uucie reorpadpuueckum ¢axynsreroM MI'Y umenn M.B. JloMmoHOCOBa) Ha MPOTSHKEHUH
YK€ HECKOJIbKUX JIET IPOBOASATCSI UCCIEIOBAHUS BBHICOKOTOpHBIX 03&p 3amanHoro [lammupa,
Lenb KOTOPBIX — OOpaTUTh BHUMAaHHME TOCYAAPCTBEHHBIX CTPYKTYp M HaceJIeHHs,
MPO’KUBAIOIIETO B JOJIMHAX PEK STOrO PEerHoHa, Ha CYLIECTBYIOLIME MPOOIEMBI, CBSI3aHHBIE C
MIPOPBIBOOIIACHOCTBIO  03€p, pa3paboTaTh MeEphl MO0 CHIXECHUIO PHUCKOB, BBI3BaHHBIX
HETIOCPEACTBEHHO NPOPHIBAMHU, @ TaKXKe APYIMMHU ONACHBIMHM IPUPOAHBIMHU IPOLECCAMH H
SIBIIEHUSIMH, KOTOPBIE 3TH MPOPHIBBI HHUITUUPYIOT.
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MaTepna.m)I H ME€TObI I/ICCJ'[elIOBaHPIﬁ

[Tockonpky u3yuaemble 03€pa pacroIoKeHbl B TPYAHOAOCTYITHOW BHICOKOTOPHOM 30HE,
npsMbele u3MepeHust (Oatmmerpuyeckas chEMKa caMuX 03Ep, Tomorpaduyeckas ChbEMKa
HIDKENIEKAIIMX JOJIMH U T.J.) 3lIeCh 3aTPYAHEHBl. B CBS3M C 9TMM OCHOBHBIMH METOAMHU
pabOTHI CTAHOBATCSA PEKOTHOCIIMPOBOYHBIE 0OCIICOBAHNS, aHATN3 JAHHBIX JHUCTAHIIMOHHOTO
30HAMPOBAHHWA U  CLEHapHOE THAPOJUHAMHYECKOE MOJEIHPOBaHUE. AKTYyalbHOCTb
HCCIIeI0OBAHNUS IPOPBIBOOIACHBIX BEICOKOTOPHBIX 03€pP B MOCIEIHNE TOIbI BO3PACTAET B CBA3U
¢ OBICTPBIMH KIMMAaTHYECKHMMHU W3MECHEHHMSAMH, HauOojee CHIBHO MPOSBISIONINMUCS B
001acTsIX COBPEMEHHOTO TOPHOTO OJIACHEHHs, K KOTOPHIM OTHOCHUTCS B TOM YHCIE
Tepputopus 3anaasHoro Ilamupa.

B pamkax mpoekra «barumerpuueckas cbEMKa M MOJEIUPOBAHHUE BO3MOXKHBIX
MIPOPBIBOB BBICOKOTOPHBIX 03€p Ha Tepputopun 3amagHoro Ilammpa, Tamxuxucran»
crnermamuctamu AKAH (TakMKHCTaH) COBMECTHO CO CIEHUAIMCTAMU Treorpaduueckoro
¢axynprera MI'Y umenn M.B. JlomonocoBa (Poccust) Obliv mpoBeaeHbI GaTHMETpUYECKast
créMka (puc. 1) u MomenupoBaHue (C HCIIOB30BAHUEM CIEIUATH3UPOBAHHBIX IIPOTPAMM)
21 npopsiBoomnacHoro o3epa (tabmumna 1, puc. 2,) ¢ MOCIeAyIOLIeH OLEHKOH OTIaIEHHBIX YTPO3
B mpexaenax nonuH pek Torysoymnok, ['yar, [llaxmapa, bapranr, IlsHmK 1 uX BogocOOpHBIX
OacceiinoB. Kpome TOro, mpuMEHSUIMCh METOJbI TOJIEBBIX MAapPIIPYTHBIX OOCIIEIOBaHUI
(puc. 3-5) u ananmM3a KOCMOCHHMMKOB, mpoBoamnach cbémka ¢ BIUIA. Ilocnemyromas
00paboTka coOpaHHBIX AaHHBIX M (opMHpoBaHHE 0a3 AaHHBIX ocymecTBisuuch B [UC-
nporpammax: Reef Master Sonar Viewer, GPS Utility, Global Mapper, ArcGIS, Google Earth.

Pesynbrarel OaTuMeTprYeCcKHX CHEMOK 03Ep MPHUBEACHBI B Ta0IUIE 1.

Puc. 1. TIpomece mpoBeeHus OaTHMETPHUIECKON ChEMKH 03epa B BepxoBbsx p. lllasymmapa (6acceiin
p- I'yur), 2019 1.

Fig. 1. Bathymetric survey of the lake in the Shazuddara River upper reaches (Gunt River basin), 2019
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Puc. 2. Cxema pacrojoKeHUst BEICOKOTOPHBIX 038p [lamupa, I1st KOTOpPBIX OBUIM MPOBEAEHBI MM B
OyZmylieM IUIaHUPYIOTCSl OaTUMETPUYECKHE ChEMKH C IOCIEAYIOIMM MOAEIHPOBAHUEM IPOPBIBHBIX
CEJIEBBIX ¥ BOIHBIX TIOTOKOB

Fig. 2. Location scheme of high-mountain Pamir lakes, for which bathymetric surveys have been carried
out or are planned in the future, with subsequent modeling of outburst-triggered debris flows and floods

Puc. 3. TpancnioptupoBka rpy3oB uepe3 pexy lllasyanapa st mpoBeneHns: 6aTHMETpUIECKONH ChEMKH

Fig. 3. Transportation of cargoes across Shazuddara River for bathymetric survey
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Puc. 4. [ToneBoii narepp 3KCIEAUIIAN K BRICOKOTOPHOMY IIPOPBIBOOIIACHOMY 03€pY

Fig. 4. Field camp of expedition to the high-mountain outburst-prone lake

Puc. 5. Comecrhas axcnenunus crerpanuctoB MI'Y u AKAH k o3epy Bapiueskyns, 25.07.2018
Fig. 5. Joint expedition of MSU and AKAH specialists to Varshedzkul Lake, 25 July 2018

Pe3yabTarhl Hccaeq0BaHUT

B xoze 6aTumerprdeckux cbEMOK (prc. 1) u MOeIupOBaHusl MPOPHIBHBIX MABOJKOB U
celedl MpOBOAWIACH TAaKKE MHBEHTAPU3ALMS BBICOKOTOPHBIX 03Ep, OLICHKA MX COCTOSIHMS,
CTENEHH YCTOWYMBOCTH IUIOTHH M XapaKTEPUCTHUKA JIOJIMH PEK HUXKE MO TEYEHHUIO 0
HAaCEeJICHHBIX MyHKTOB, HAXOSIIIMXCS B MOTEHIIMAILHO OMAacHOU 30He. BbII0 ycTaHOBIEHO, 4TO
B IIpenenax AETPagupyIoNInX MOPEHHO-JIIEAHUKOBBIX KOMIUIEKCOB PAcCIIONIOKEHbI HanOosee
OTIACHBIC TPYIIBI 03&P, ISl KOTOPHIX XapaKTEePHbI OONbIINE 00BbEMBI COJCpKAIEHCS B HUX
BOJIbI, KACKATHOE PACIIOJIOKEHHE, HEYCTONYHBBIC TUIOTHHBI, & TAKIKE HECTAOMIBHOE COCTOSTHUE
OeperoB u Joxka. Kpome Toro, HaOMOJAIOTCS. COKpallleHHWe IUIomafel JIeTHUKOB,
COTIPOBOJXKJIAIONIEECS TOSBICHHEM HOBBIX 03€p y WX KpaeBBIX dYacTeH; (opmmpoBaHme
3PO3MOHHBIX BPE30B B MECTAX BNAJEHUA IPUTOKOB U CTOKA BOABI U3 03€PA; MPOCAIKU IO KpasiMm
03EPHBIX 3alpy/]] Ha y9acTKaX CTOKa M B HIDKHeM Obede. JlaHHbie (haKTOphI CBHIETENECTBYIOT
0 BO3MO>KHOCTH TIOCTETICHHOTO WJIH OBICTPOTO ITEPEX0/1a HCCIEeTyeMbIX 03P OT 0€30IacHOTO K
MIPOPBIBOOIIACHOMY COCTOSHUIO. JlaHHas TEHACHIIUSA, OYCBUIHO, OYJICT YCHIUBATHCS B CBSI3U C
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HaGHIO)IaIOHII/IMI/ICSI B JaHHOM pPCEruoHE HU3SMCHCHUAMHU KiMMaTta. HpI/IBeJIeM HEKOTOPKIC
PE3YIbTATHI UCCIICIOBAHUA 03ép, PACIIONIOKCHHBIX B JOJIMHAX PCK 3anaz[Hor (8} HaMMpa.

Besvivsannoe 03epo 6 sepxoswsx p. Lllopunoapa (neswiii npumox p. I'yum)

Pexka lopunpapa sBisercss JeBbIM NOpuTokoM ['yHTa. B ee mnpuycTtbeBoil 30HE
HaxoauTcs cenmo  Komxo3000ma, pacrmosioxeHHbI Ha Oepery o3epa bapceMkyiib,
cthopmupoBasmierocst B urone 2015 r. BcrieAacTBre cxofa ceis 1o aosiuHe peku bapcemmapa
[Uepromopey u op., 2015]. Bacceitn Ilopunmapsl COCTOMT 3 OacceiHOB IByX ee
COCTABJISIFOIINX, CIMBAIONTUXCS TIPUMEPHO B 2 KM BBIIIE BITaJieHUs peku B ['yHT. DTO Oacceitn
mpaBod cocTaBistonieit — pekun Komnxo3o0o0n (3u3mapa) — U cOOCTBEHHO OacceiiH peku
[Hopunaapa (1eBoii COCTaBIAIOMICH ).

Bacceiin pexu Koix030601 10BONBHO KOMIAKTHEIA (TUTomams — 54,4 kwm?), amuHa
OCHOBHOTO pyclia peKd cocTaBisieT 15 kM. B BepXoBbsSX pa3BUTO OJEICHEHHE, a Y KpaeB
HauboJee KPYITHBIX KapOBO-OJIUHHBIX JIETHUKOB HAXOATCS 3 MpUIIeTHUKOBBIX o3epa (19, 20
u 21, puc. 6).

bacceliH p. lWopungapa - S . : ™ YcnoBHble 0603Ha4YeHNs
: -~ - v v -
T : B 7 W L : % = |[_1panuup Gaccenna

Puc. 6. Kocmocunmok (Google Earth) Bogoc6oproro Oacceiina p. [llopunaapa ¢ OTMEUEHHBIMU HA HEM
BBICOKOTOPHBIMH TIPIJICAHUKOBBIMHU 03EpaMu (Bcero — 21 03epo)

Fig. 6. Satellite image (Google Earth) of the Shoripdara River catchment with marked high-mountain
glacial lakes (21 lakes)

ITnomane Gacceitna pexu [llopunmapa Ha ydyactke a0 ciusiaus ¢ pekorr Komxozaban
3HAYUTENHFHO OONbIIE - OHA cocTaBiseT 133 KM% JUIMHA OCHOBHOTO pycna (OT MCTOKA 0
BrmageHus B I'yHT) - 23 kM. Y lllopunmapsl pednas ceTs 0oyiee pa3BuTa, IMEETCS HECKOIBKO
OOKOBBIX MPUTOKOB, KaK I10 JIECBOMY, TaK U MO NpaBoMy OopTy. B BepXxoBbsiX Kak OCHOBHOM
PEKH, TaK M €€ IPUTOKOB UMEIOTCS JISTHUKH, HIDKE KOTOPBIX PACIONIOKEHbI 4 0onbmux u 14
OoJice MEJIKHX JISHUKOBBIX 03epa (puc. 6-8).
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Puc. 7. KameHHbIe ri1eTYepsl ¥ MPHICIHUKOBBIC 03epa B BepxoBbsix peku llopunaapa, uccieaoBaHHbIe
cneuunanicramu AKAH B xoze aspoBu3yalibHbIX HaOroIeHHH B ceHTsI0pe 2014 1.

Fig. 7. Rock glaciers and glacial lakes in the upper reaches of the Shoripdara River, studied by AKAH
specialists during aerial observations in September 2014

Puc. 8. OnHo 13 puIe THUKOBBIX 03EP B BepXoBbsX peku Lllopunaapa

Fig. 8. One of the glacial lakes in the Shoripdara River upper reaches

[lo pycny Iopumnmapsl yke OTMEYaHUCh CXOJBI CEJIEBBIX IMOTOKOB M ITaBOJKOB,
CBSI3aHHBIX C IPOPHIBAMU OTAEIBHBIX HEOONBIIMX 03Ep B BEPXOBBIAX PEKH, KOTODHIC
NpUBOJAWIN K MpPUOCTAaHOBKE JBWKeHHS 1o IlamupckomMy TpakTy, COEOUHSIOIIEMY
Tamxuxuctan, Keipreizcran u Kuraid.

B sToM Oacceiine HaOMIOIAI0TCS yBEIMUEHHE 00BEMOB | IUTOIIACH 03Ep, OTCTyaHKe
JIETHUKOB, CHWKEHHE YCTONYMBOCTH TUIOTHH, yAEP/KHUBAIONINX 03Epa, NCUE3HOBEHHE pPaHHEe
CYIIECTBOBABIINX MENKHWX O3EpHBIX oOpa3oBaHWi. Hamwmuwme B NpHUycTHEBON HYacTH peKH
[Mopunnapa noanpyaHoro o3epa bapcemMkyinb yBeIUYMBAaEeT YPOBEHb PUCKa B 3TOM pailoHe.
Tak, BEpOATHBIM TPOPBIB KACKAJHO PACIOJOXKEHHBIX B BepXxoBbsix Illopungapsl
BBICOKOTOPHBIX 03€p MOXET YCHJINTh HEYyCTONYMBOCTH 03epa bapceMKkyib, MOCKOJIBKY B
pe3yJbTaTe TAKOro MPOpPhIBa BEIUKAa BEPOSTHOCTH (POPMUPOBAHUS KaTacTpOPUIECKOro cens,
aHAJIOTMYHOTO Mo 00bEMaM BapceMcKoMy cermo (T.e. 0KoIo 4 MITH M°).

Bpems moGeraHus mrka TaKoro CENEBOrO MOTOKA C MaKCHMABHBIM PacXxoaoM Oolee
600 M%/c 1o cena Koix030601 COCTAaBUT 0,8 uy. MakcuManbpHBIM pacxoll MOTOKA y cena
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Komxo030601 coctaut 515 M%/c, pu 3TOM caMo cello 3aToruIeHo He 6yer. CeneBoii MaTepHa
MOJKET YaCTHYHO 3aHEeCTH 03epo bapceMkynpb B paiioHe, YTO MpHUBEAET K JONOIHUTEIEHOMY
MOAMNOPY 3TOr0 BOAOEMa M MOXKET CTaTh HNPUYMHOH ero mpopbiBa. OO0BEM HPOPBIBHOTO
CENeBOTO TIOTOKAa M3 03epa BapceMKymh B dTOM ciydae OIEHHMBAaeTcs B 2,2 MJIH M° ¢

MaKCHMaJIbHBIM pacxonom 250 m*/c [Kuosesa u op., 2018].

Puc. 9. IpuocranoBka nBmxkeHHs MO0 [laMHpPCKOMY TpakTy Ha Y4YacTKe €ro IepecedeHHUs peKoit
[opumnmapa B maBoakoBeIii mepuox 17.08.2016

Fig. 9. Temporary stop of traffic on the Pamir Highway at the site of its intersection by the Shoripdara
River during the flood period on 17 August 2016

O3épa 6 eepxoswsx p. [lamxyp-Uanoapa (npaswiti npumox p. I'yrm)

Peka Ilatxyp siBsercs npaBeIM NpuTOKOM I'yHTa M BafaeT B HEro B 89 KM BBILIE yCThA
nocnenHero Ha abcomotHoi otMerke 3000 M. Ha koHyce BhIHOCa o obomM Oeperam peku
pacrionoxken KpynHbld kunmiak Ilarxyp. JdommHa pexu Ilatxyp BblpaboTaHa KpyIHBIM
JPEBHUM JOJTMHHBIM JIEAHUKOM U AHUIIE €€ HaXOAUTCS MOYTH HA OJJHOM BBICOTHOM YPOBHE C
auumeM jgoiauHbl p. ['yHT (B OoTiMume OT OOJBLIMHCTBA JPYIUX MPUTOKOB, HMMEIOIIHX
HPHYCThEBYIO CTyIEHb). B BepxoBbsix IlaTxypa u B HacTosiliee BpeMs COXPAHWIICS OAUH U3
KpyNHeHMX JiegHuKoB Pymranckoro xpedra — gonuHHbIM nennuk Lltexnozap. B nmpeaenax
MOPEH U MaJONOJBIKHBIX MAaCCHUBOB JIbJIa B BEPXOBbBSIX JTOJUHBI UMEIOTCS 2—3 NOTCHIUAIBEHO
IIPOPBIBOOIIACHBIX 03€pPa, OJHAKO OHM OTHOCHTENIBHO HeGombinue (muromans — 15—17 Tic. M%)
W PACHOJOXKEHBl Cpedu OOIIMPHBIX BBITONOKEHHBIX MOPEHHO-JICIOBBIX MAacCHUBOB.
BenenctBue 3TOrOo mpM NMOTEHUMAIbHOM MPOPBIBE 3HAYMTENbHAS 4YacTh BOABI Oyzaer
MOTJIOIIECHA PBIXJION TOJNIIEH, a caM MaBOJOK — criaxeH. OopMUPOBaHUIO CENIEBOIO MOTOKA
NPENSTCTBYIOT TaKke HeOoJbIIMe YKIOHBI THa JoiuHbBl (20-30%0) W Hamuume ABYX
MPOTSKEHHBIX BHYTPUIOJINHHBIX paciiupeHuid B 12 u 13 kM BbIIe YCThsI.

Opno u3 Hambosnee mnpopeiBoonacHbIX 03€p (Yamkynp) OacceiiHa peku Ilatxyp
HaxOJINTCS B BEPXOBBSAX JIEBOW cocraBisromeit (pexu Yamamapa Pasnomuas) e€ jeBoro
nputoka (pexu Yammapa). IlepBbie paboThl MO OICHKE COCTOSHHS MPHICTHUKOBOTO 03epa
Yanpgapa 6611 poBeneHs! emte B 2010 1. 1 oTpaskeHbl B 0TuéTe «OTHANCHHBIE T€0IOTHUECKIE
yrpo3bl B BBICOKOTOPHBIX pernonax Tamkukucranay [[Inaiioep, Mepeunu, 2010].
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OOm1as xapakTepUCTHKA COCTOSHHS TPHIEAHUKOBEIX 03ep Oacceiina p. Yangapa Oblia
BemonHeHa B 2018 r. [Yepromopey u Op., 2018]. B aBrycre 2019 r. ObulO mpOBEaCHO
noobcnenoBanue noauHe p. Yangapa Pasnomuas. Llensio paboT ctano yrouHeHUe MapaMeTpoB
KPYITHOT'O IIPOPBIBOOIIACHOTO 03€pa B €€ BEPXOBBSIX (B MEPBYIO 0UEPEb, U3MEPCHUE TIIyOUH U
ornpezaeneHne 00bEMOB BOJBI), COCTOSIHUS IUIOTHHBI U OCOOCHHOCTEH CTPOCHUS JOJIHMHBI 110
NyTH JBIDKEHHS BO3MOXKHOI'O IPOPBIBHOTO maBoaka/cens. (OOcnenoBaHue HUMeENO
HEOXKMJIaHHBIN Pe3yNnbTaT: BBISICHUIOCH, YTO B EepHo ¢ KoHua jeta 2018 r. mo Hayaso jeta
2019 r. mpown3zoIen cnyck 00bIIel YacT Boas! U3 o3epa (puc. 10) u e€ ypoBeHb K MOMEHTY
obcnenoBanus 6 aBrycra 2019 r. moHm3mics Ha 6,6 M OTHOCHTENBHO MakcuManbHOro. [Ipu
3TOM IUIOTHMHA O3epa HE MMella HUKAaKUX NMPHU3HAKOB Pa3pyLICHHUs, a HIDKE IO JOJIMHE HE
OTMEYalOoCh CJIEIOB IIPOXOXKAEHUs CKOJIbKO-HMOYIb 3aMeTHOro masoaxa. Hapsany c
BO3HHKAOIINM BOMPOCOM: KakK OBUIO CHYIIEHO 03€p0, — HAIllpallMBaeTcs BBHIBOJ O TOM, YTO
yrpo3a ero NpophiBa M BO3MOXHOTO BBIIAIOIIETOCs MTABOJKA/CENs 10 TOJIMHE MUHOBAJIA.

Mopdomerpuaeckre XapaKTEpUCTHKH o03epa YamKkynb, COTJIacHO NPOBEICHHOW B
2019 r. batumeTpuUecKOi ChEMKE, IPUBEACHBI B TabuIie 1.

0 300  600m
[— |
Puc. 10. Ozepo Yanxyms 20.08.2008 (a) u 15.08.2019 (b). Cuumku ¢ cepsuca Google Earth
Fig. 10. Chapkul Lake on 20 August 2008 (a) and 15 August 2019 (b). Images from Google Earth service

O3épa 6 sepxosbsx pyuws [luwoapa

Honuna pyuss [Inmnapa BerxonuT k gonune p. ['yHT ¢ tora (cieBa) B 96 KM BBIIIE YCTBS
nocjaeqHero. Jrta JONMHA NPUMedYaTebHO TeM, YTO M3 Hee B AONMHY ['yHTa BBIIBHHYTa
BHYIINUTENbHAs,, ¢ HECKOJbKUMHM SIpycaMu, OyrpHCTO-3allaIuHHOI IIOBEPXHOCTBIO JIONACTh
CTaporo, BO3MOXHO, MyJIbCUPYIOIIETo JeAHHKa. OHa MOJIHOCTHIO TepeKphlia JHUIIE TOJUHBI
I'yata m omxana ero k mpaBomy Oopty. lllupuHa crecHeHHOTO, Bpe3aHHOTo pycna ['yHTa
MectaMd He mpeBbmaer 25 M. O3epo [IMmKyms pacmosioKeHO Y FOKHOH OKOHEYHOCTH
yraanckoro xpedta B 100 kM oT . Xopora, B 15 kM oT nieHTpa mKxamoara Bankana, u 6ojee
yeM B 10 kM oT kunuiaka [Tum.

IlepBbie pabOTHI IO OLIEHKE COCTOSHUS MPUIETHUKOBOro o3epa [IniKkys npuBeieHs! B
oruére JK.®. [Muaiinepa u M. Meprumu [2010]. Tlepoe HazemHoe 06CieqOBaHKE OBLIO
BoinosiHeHo 14 urons 2014 r. cnenmanucramu AKAH B pamkax npoekra COSE | (Creating
Opportunities in a Safe Environment. Phase I). OcHoBHOE BHUMaHHUE YAEISIOCH PUIIETAIOIIHM
K 03€py CKJIOHaM, KOTOpbIE MOTYT CO3J4aTh MNPEIIOCHUIKH JUIS aKTUBU3ALMU ONACHBIX
MIPOLIECCOB.

[Nocnennue nemme MapmpyTHEIE 00CIEIOBaHUS JOJIHHBI PYUbs U 03€pa IPOBOAMINCE B
agrycte 2019 r. cmemmamncramu AKAH. Dtm  pe3ynpTarhl TpWUBEICHBI B OTYETE
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«barumerpuyeckas cpémka 03€p Kodapennapa, [Tum, Yapcemaapa, [lurxaps u Yangapa u
MOJICIIMPOBaHUE BO3MOYKHBIX MPOPBIBOBY [ Yepromopey u dp., 2019].

B mocnemnue roxmel oTMmeuaercss OBICTPBIM poOCT OnmKaWIero K Kpaw aKTHBHOTO
nenHUKa o3epa (ycioBHOe HazBaHue — [Iumkyns BepxHee) u uMeroTcsi IpeAroChIKY K €ro
CIIYCKY, B TOM YHCJIe ¢ 00pa3oBaHHeM IPOPBIBHOTO MaBojaka (puc. 11).

Puc. 11. Kocmocuumok ¢ cepsuca Google Earth, Ha koTopoM moka3aHo MeCTOIOI0KEHHE JICTHUKOBOTO
o3epa [Inmkyns Bepxnee (kénras mMerka) B BepxHed wactu OacceifHa pyusst Ilumnapa (rpaHuis!
OacceifHa IMOKa3aHbl KPaCHON JIMHHIEH)

Fig. 11. Google Earth satellite image, which shows the location of Pishkul Upper glacial lake (yellow
mark) in the upper reaches of the Pishdara Stream (catchment boundaries are shown with red line)

ITocne 2008 r. poct pasmepoB o3epa [lumkyns Bepxnee mpomomxuics. B mepuon
peKorHocurpoBoyHoro obcnenoanusi 8 asrycra 2014 r. corpymuukamu AKAH 6buto
YCTaHOBJIEHO, 9TO 000COOIEHHBIE TUIECH 03epa YIKE COSTUHIITUCH MEXTy COOOH, a OTCTyTIaHue
BBICOKHX OOpBIBICTHIX JIEOBBIX CTEHOK JIEBOTO Oepera 03epa MpoA0IKUIOCE.

K aBrycty 2019 r., B meprno HAaMBBICIINX JICTHUX YPOBHEH BOJIBI, TUIOMIAIh aKBATOPUHU
o3epa ITmmkyne BepxHee yBennmumiack BiBoe 1o cpaBHeHHio ¢ 2008 r. — 10 84500 M2
MakcumanbHas jumHa o3epa BeIipocna 10 530 M (¢ 440 m B 2008 r.), mupwHA CEBEPHOTO
miéca — 1o 240 M (co 170 m B 2008 1.), rosxHOTO — 110 170 M (co 130 M B 2008 1.). Kpomka
aKTHBHOTO JIbJla MPAKTUYECKH OTCTYyNMJa OT O3epa — IO S3BIKOM JIEAHWKA 00pa3oBajiach
oTMenNb mupuHONH 2540 M, mpuTariMBaeMasi Py MaKCHMAaJIbHOM HANOJHEHWH BOMOEMa M
oOcwIXarolias Mpy MajicHul ypoBHeid. Yarra BogoéMa yBeTMUMIACH 33 CUET IPOTAHKH MEPTBBIX
JIBJIOB JIEBOTO Oepera u 00pa3oBaHUs 34€Ch OKPYTJIBIX 3aJIMBOB C JICAOBBIMU CTEHKaMH. Takxke
OBUTH 3aTOIUICHBI MEJIKOBO/IbSI HA MECTE KAMEHHBIX BBICBINIOK, Pa3A€ISIBILINX OTACIbHBIC TUIECH
o3epa B 2008 ., 1 OTMENH Y I0r0-BOCTOYHOTO Kpas o3epa [Iumkyns Bepxuee.
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[MuTanue o3epa MPOUCXOIUT 3a cUeT TassHUs JieaHuKa. COpoc BOIBI C BEPXHETO 03epa
(puc. 12), ocyriecTBiasieTcs MO BBIPA0OOTAHHOMY TalbBEr'y B BOCTOUHOM HAIPABICHUH, TIIE
pacmookeHo HIbKHee, 0oJiee MeITKoe 03epo, Haxoasiieecs B craann pa3BuTis. O0pa3oBaHue
BEPXHETO 03epa CBS3aHO C OTCTYIUICHHEM SI3BIKOBOM YacTH JICHHHKA M COKpaIleHHEM
¢upHOBBIX nojIei. Jlo 2014 r. 3a TaHHBIM 03€pOM HAOJIIOICHHSI HE BEJIHCh.

Puc. 12. BepxHee JeJHUKOBOE 03€p0O B BEPXOBbsX pyubs [luigapa

Fig. 12. Upper glacial lake in the upper reaches of the Pishdara Stream

9-10 aBrycra 2019 r. B Xoze mpoBeaeHHs] OATUMETPHUECKON CHEMKH 03€p JTOJHHBI
p. 'yHT OBITa Opranu3oBaHa pa3Be0YHAs HKCIICANIHS C [ETbI0 00CIeIOBAHUS JOCTYITHOCTH
BBIOYHOM TPOTIBI U MECTa AJIs ITOJICBOTO Jiarepsi Ipy MPOBEACHUH 0aTUMETPHUYECKON CHEMKH
JIETHUKOBBIX 03€p B BEPXOBbsIX pyubd [Iumapa.

B pesynprare momeBoro mapmpyra crenuanuctamu AKAH Obio BBISBIEHO, UTO
JoNMHA pydbst [luimaapa siBisieTcss O4eHb TPYAHOIOCTYITHOMH, U 3a0pocka 000pyAOBaHHS IS
OaTuMeTpriyeckuX paboT Ha BEIOYHOM TPAHCIIOPTE SBISIETCS HEBO3MOXKHOM.

I'pynna nposena BU3yalbHYIO OLIEHKY COCTOSIHUS O3€pa B BEPXOBBAX pydbs Ilumimapa
Ha MoMeHT 10 aBrycra 2019 1. 1 BBIsIBAJIA 5 KaCKa HO PACIIONOKEHHBIX JICTHHKOBBIX 03€].

Haunbonee omacHpIM 1O pe3yibTaraM BHU3YalbHBIX HAOJIOJCHHH CUUTAETCS 03€po
[Mumkyne Bepxnee (puc. 12). B xome wMapmpyTHOro ooOcienoBaHus HaOI0IaI0Ch
WHTEHCUBHOE TasiHMA JIEJHHKA, Ha KOTOPOM DAaCIOJI0XKEHO 03€po, OCOOEHHO B paiioHE
wioTuHbl. [Ipu HEOIArONPHUATHOM ClieHapuH 1o noiuHe [Innigapel MOKeT MPONTH KPyTHBIN
ceneBoii MOTOK ¢ 00Bb&MaMu BeIHOCA 10 500 Thic. M°. Ha BeIxozie B nomuny p. I'yHT ecTh yrposa
3HAYUTENIFHOIO yImiepOa: NMpH OTKIOHEHWH CEJIEBOr0 IOTOKAa BJIEBO IOCTPANaeT KHIUIAK
Bankana, mpH IpOXOKIEHUM €r0 IO LEHTPY CENEBOr0 pycila BO3MOXKHO IEPEKpPBITHE HA
HEKoTopoe Bpemsi ['yHTa, 4TO BBI3OBET HPUOCTAHOBKY aBTOMOOMJIBHOTO COOOIIEHUS IO
[Tamupckomy Tpakry.

O3épa 6 sepxoswsx pyy. Yapcemoapa

O3épa YapcemKkynb pacnojoKeHbl B OacceifHe peku ['yHT, B BEpPXOBBSIX PYUbs
UYapcemaapa, B 18 kM k toro-3amnaay ot cena Yapcem. 12—14 arycra 2019 r. 3T0T Oacceiin ObL1
oOceoBaH B XOJ¢ TELIET0 MapIIpyTa B paMKax mpoekra «barnmerpuueckas cbEMKa U
MOJEIIUPOBAHNE BEICOKOTOPHBIX 03&p 3ananHoro [lamupay crnenuaauctaMu reorpaduueckoro
daxymnpreta MI'Y umenn M.B. JlomonocoBa (Poccusi) 1 AKAH (Tamkukucran) (puc. 13).
[TpomomkHUTENEHOCTh MapIIpyTa cocTaBuia 3 qHs. M3yyanace gonvHa pydbs U MPUIETarOIIIe
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CKJIOHBI, AaKTHBHU3allld TIIPOLECCOB Ha KOTOPLIX MOXKET IIPHUBECTU HGGJI&FOHPI/ISITHI)IM
IIOCJICACTBUAM.

Puc. 13. O3epo UapceMmKyib HIDKHEE, PACHIOIOKEHHOE B BEPXOBBSIX pyubst HapceMapa (JIeBbIi MPUTOK
p. L'ynT). YuacTHUKH OaTHMETpHUYECKON cheMkH o3epa. ABryct 2019 r.

Fig. 13. Charsemkul Lower Lake, located in the upper reaches of Charsemdara Stream (left tributary of
Gunt River). Participants of bathymetric survey of the lake. August 2019

KomnuectBo 03¢p B BepxoBbsix pyubs Yapcemmapa — 4. I'pynmoil ObuiM U3y4yeHBI
2 03epa— HID)KHEe U cCpelHee, a 2 o03epa HE O0CIeOBAlIHCh, TaK KaK PACIOJIOKEHBI
HETIOCPEICTBEHHO B JICAHWKOBOM Kape. baTmmerpryeckas chEéMKa MPOBOIWIACH HA OJHOM
o3epe (YapceMKynb HIDKHEeE), SBISIONIEMCS CaMbIM OONBIIMM IO OOBEMY M TUIOIIAAH
(tabmuma 1).

O3épa Kogapenkyno 6 éepxoswsix oonunsl p. I'apmuawma (npaseiti npumox p. Ilanooxc)

o nonmuue pyu. Kodapenaapa (1eBbiii nputok Yypska — uctoka ['apmyarniMer) B aBrycre
2008 r. comren ceneBod moTok (puc. 14), cpopmmpoBaBmImiics B pe3yibTare MPOpHIBA
JIEIIHUKOBOI'O 03€pa, PAaCHOJ0KEHHOIO B BEPXOBbAX 3TOr0 BOAOTOKAa. B xozme mnemero
MapLIpyTHOTO oOcCienoBaHusi, npoBeaeHHoro crnenuanucramu AKHA, Obuto ycTaHOBIEHO,
YTO MPOPBIB 03€pa MPOUCXOIWI Yepe3 IPOT, PACIIONONKECHHBIH B THUIOBOH 4acTH BOZOEMA
(puc. 15). Pa3BuTHIO TaKOTO CLICHAPHS CIIOCOOCTBOBAJIO MOBBILICHHE TEMIIEPATYPHOTO PeXKHUMa
U OTKOJI JEeJHHMKa B yamry o3epa. CeleBble OTIOXEHHs NEPErOPOAUIA OCHOBHYIO JOJIUHY
INapmuammsl 06pa3oBas noanpyaHoe 03epo. Ciyck BOJbI U3 HETO CIIPOBOLUPOBAJ IPOPBIBHON
CeJlb, YHECILIUI 4acTh IACHIErocsl B JOJIMHE CKOTA, CMBIBIIMN MOCTBI, aBTOJJOPOT'Y, TOJIOBHBIE
4acTH OpOCHUTENbHBIX ceTeil. CylecTBoBaia TakKe yrposa Ui >KHJIBIX 30H M HaceJIeHHs,
MPOXKUBAOIIETO HIDKE MO JoJIMHE ["apMyaIimel.

B Hacrosee Bpemsi B BepxoBbsX pyubst Kodapennapa, a Takxke B coceqHuX OacceitHax
MPUTOKOB ['apMyamiMbl CymIecTBYeT psAld JEeAHUKOBBIX o3ep. OHM  pacroyioKeHBI
MPEUMYIIECTBEHHO Ha s3bIKax JIEIHUKOB WIM B Tpeleiax JbAOCOAEpXKaIUX MOpPEH.
Hexoroprle u3 03ep HMMEIOT CTaOWIBHBIA TIOBEPXHOCTHBIA CTOK, a JPYyTHe — CHUCTEMY
MO/I36MHBIX KaHAJOB CTOKA, MPOXOAALINX IO TEJIOM JEIHUKOB HMIM MOPEHHBIX MAacCHBOB.
BusyansHO mpopbIBoOmacHbIX (OpPM JIEAHMKOBBIX 03€p B JoiduHE [apMmuamiMbel He
oOHapyxkuBaercs. TeM He MeHee, 00beM CBEJCHUN O COCTOSHUM JICIHUKOB U MOTPeOCHHBIX
JBAOB, Ha KOTOPBIX pAacCHOJIOKEHBI 03€pa, a TaKKe O HAJUYUM BHYTPUIECTHUKOBBIX U
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BHYTPHMOPEHHBIX BOJOEMOB KpaiiHe orpannyeH. Kpome Toro, Oyaymas AuHAMHKa MOPEHHO-
JICJTHUKOBBIX KOMIUIEKCOB M OCOOCHHOCTU PAa3BHUTHUS JPYTHX T'€OJOTHUYSCKUX MPOIIECCOB B
BEPXHUX YaCTAX JOJIUH MOTYT CIIOCOOCTBOBATH YBEIMUYCHHIO CTEIICHH MPOPHIBOOMACHOCTH.
[Toatomy, cpaBHHTETHHO OOJBIIIOE 03€pO B BepXOBbAX pyubsi Kodapennapa u apyrue o3épa,
BBISIBJICHHBIE B BEPXOBBIX | apMyamimel, TpeOyIOT MOBBIIIEHHOTO BHUMAHUS 1 MOHUTOPHHTA.

Puc. 14. Otnoxenue ceneBoro moroka, courenmero B aprycte 2008 r. mo OOKOBOMY MPHTOKY
p. Fapmuarima. CHuMOK ¢ cepBrca Google Earth

Fig. 14. Deposit of debris flow descended in August 2008 along side tributary of Garmchashma River.
Images from Google Earth service

Puc. 15. I'pot, 0Opa3oBaBImiics B TeJe JETHUKA B pe3yibTaTe MpopbeiBa o3epa KodapeHkyns B aBrycre
2008 r.

Fig. 15. Grotto formed in the body of the glacier as a result of the Kofarenkul Lake outburst in August
2008
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B cBs3u ¢ stum B aprycre 2019 r. cmnemumanuctamu AKAH Obuta mpoBeneHa
OaruMmeTpudeckas chéMka o3epa Kodapenkyns (puc. 16) ¢ mocieayromumM MoIeIHPOBAHHEM
MaBOJIKOB U Cellel B Cilydae ero MpophiBa (MOJEIMPOBAHNE OCYIIECTBISLIOCH COBMECTHO CO
crieranucTamMu reorpaduueckoro pakynsrera MI'Y umenn M.B. JlomonocoBa). CocrosiHue
IUIOTHHBI 3TOT0 BOJOEMA OIIEHHWBAETCS KAaK KpaifHe HEyCTOMYMBOE B CBSI3M C WHTEHCHBHBIM
TassHUEM JISJIHUKA U, KaK CIIeICTBUE, e€ pa3pyiieHueM. Habmonaercs oOpa3oBaHre IpoOBaloB,
00BaJOB, TPEIIMH 3aKOJia W TMPOTEKaHHE TEPMOKAapPCTOBBIX MPOIIECCOB Ha TeJe JIeAHHKA.
MopdomeTprueckre XapaKTepUCTHKH 03epa MpUBEIeHbI B TabnuIe 1.

Puc. 16. IIpouecc npoBeneHns 6atumerprueckor cbéMkn o3epa Kodaperkyis B aBrycre 2019 .

Fig. 16. Bathymetric survey of Kofarenkul Lake in August 2019

O3épa 6 eepxoswax p. Jawmoapa (nesotit npumox p. [laxoapa)

IMnomans Gacceiitna pexu Jamraapa cocrapuseT 31,5 kv (63 yuéTa ceneBoro konyca
BBIHOCA), JUTMHA OCHOBHOTO pycna — 10,2 kM, cymMMapHasi IIIomas JICAHUKOB B BEPXOBBIX
peku ~1 kv
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JHuIe INeIHUKOBOTO IMpKa B BEPXOBBSAX JONMHBI p. JlamTmapa 3amoiHeHO
JBI0OCOIEPIKAILCH MOPEHHOH Maccoif, KOTopas MpeICTaBIeHa IByMsl KPYITHBIMH KaMEHHBIMH
retuepamu. Ha stux rmerdepax mo 2002 r. pacmonaranoch 2 CpaBHUTENBHO KpPYIHBIX
TePMOKapCTOBBIX o03epa. 7 aBrycta 2002 1. mpowm3omén MpopslB OAHOTO W3 HHX,
pacIonokeHHOoTo MpaBee. B pesynbrare chopMupoBacss KaTacTpOoYUIECKUX CEIEBON MOTOK,
npUBeAIMiA K rulenn 24 yeloBeK M 3HAYUTENFHBIM Pa3pyIIEHUsIM HUKE MO JOJIHMHE caMon
Hamrtaapsr u gaiee mo gosnune [laxmapsr [Mergili, Schneider, 2011].

[popeiB 03epa, BeposiTHEE BCEro, ObUT CBS3aH C aKTHBH3allMEH KaMEHHOTO TieTdepa,
MpUBEALIel CHavajga K OJOKUPOBKE KaHAJOB IOA3EMHOTO CTOKA, KOTOpas B CBOIO Ouyepeib
[IpYBeIa K HaIlOJHEHUIO KOTIOBHUHBI 03€pa IO MAaKCUMaJIbHOTo ypoBHsl. [locnenoBasimias 3aTeM
pa30IIOKHPOBKA KaHAJIOB CTalla MPUYMHOM MPOPhIBA 03epa MOA3EMHBIM yTéM [JokyKkuH u Op.,
2020].

B nacrosimee BpemMs KaMEHHBIEC TJIETUYEPHl COXPAHSIOT CBOIO aKTUBHOCTb. OO0 3TOM
CBHJIETETHCTBYIOT MHOTOUUCIICHHBIE, TPEIIHHBI, TEPMOKAPCTOBbIC BOPOHKH U 3aMaHHbI HA KX
MOBEPXHOCTH, AKTHMBHOE OCHIIIAHWE Ha WX Yycrynax. JIeOHHWK, pachojOXEeHHBIH BBIIIC
[JIETYEPOB, CBEPXY MOKPHIT YETBEPTHYHBIM YEXJIOM (00OBAIEHO-OCHIITHBIMU U AETIOBHAILHBIMH
OTJIOKEHUSAMH).

OOmas Tomagh KaMeHHOTJIETYePHOTro Tena cocraBiser 1216 702 M%, 00BEM —
~97 336 160 M. Best Macca Taoif BOIBI B3 PacIONOKEHHOTO BBIIIE JIETHHKA MPOXOIUT depe3
TEJO KaMEHHOTO TiieTuepa. Takke HabIogaeTcs MpoIBHKEHHE JIEBOTO KAMEHHOTO TJeTdepa
BHU3 10 ponuHe peku. CTok u3 o3epa Jlamr, CyIIECTBYIOIIErO B HACTOSIIEE BpEeMsl Ha Teje
3TOTr0 KAMEHHOTO TIIeTYepa, OCYNIECTRISCTCS MPEUMYIIIECTBEHHO MOA3EMHBIM My TEM (puc. 17).
TeutoBasi 4acTh TJIETYCPHOTO Tella CHIILHO TMPOCENa, TaM TMPOUCXOIUT (HOPMHPOBAHHE
TEPMOKAPCTOBBIX BOPOHOK U 3alaJiuH, 4YTO B OyayIlieM OyaeT criocoOCTBOBAaThL 0Opa30BaHUIO

03ép 1 HAKOIIVICHHUIO B HUX BOJbBI.

Puc. 17. CoBmecTHas sxcriequnus corpyaankoB AKAH u mpencraBureneit Xykymara Pomrkaamackoro
paiiona Ha o3epo JlamT B BEpX0oBbsX peku Jlamraapa

Fig. 17. Joint expedition of AKAH specialists and representatives of Roshtkala District Khukumat to
Dasht Lake in the Dashtdara River upper reaches

YBennueHue JIETHUX TEMIICPATYp U 3aKOHOMEPHOC IMOBBINICHUE YBJIIA)KHCHHOCTH TEJj1a
KaMEHHOTO TJeTdepa TaJbIMH CHETOBHIMH W JICTHUKOBBIMH BOJaMHU OYyJEeT YCHJIMBATh €TO
mynecanun. Takue cirydan IpeACcTaBIsIoT pealbHyIo yrpo3y noBropenus coobrtuit 2002 1., TO
€CTh POpBIBa COXpaHMBIIETocs o3epa JamT ¢ nocnenyoriei Tpanchopmameii mpopeIBHOTO
MOTOKa B ceieBoi. [Ipu 3TO BHOBb BO3HUKHET yrpo3a Juis Kuiniaka Jlamr, a KpoMme Toro, Juist
HACEIIEHHBIX NYHKTOB W OOBEKTOB HWH(PPACTPYKTYPHI, PACIIONIOKEHHBIX B JOJHHE PEKU
[laxnapa mpu ee mepeKpbITUN U GOPMUPOBAHUH TIOANPYIHOTO 03epa. K coxkanenuro, mocie
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karacTpods 2002 r. BHOBb Ha4ajI0Ch OCBOCHUE U CTPOUTEILCTBO JKUIIBIX TOMOB U COLIMATBLHBIX
00BEKTOB Ha CEJICBOM KOHYCE BbIHOCA P. JlamiT, 4To, 6€3yCI0OBHO, SBJISETCS HEIOMYCTUMBIM B
YCIIOBUSIX HaBUCAOIIEH HAJl KUIIIJIAKOM YTPO3bl. B 11e5mom yrpo3a OyayIux mpopbeIBHEIX celeit
JUIs KUIUTaka Jamr oleHnBaeTcs Kak OYeHb BBICOKAL.

0606w énHbLEe XaPaAKMePUCMUKY UCCIe008AHHBIX 03ED

ITo pesynpraTam amammsa mpoena¢HHBIX B 2015-2019 rr. 6aTUMETPHYECKUX CHEMOK
03¢p 3anmamnoro Ilamupa (I'BAO, TamkukucrtaH) OBUIM COCTAaBICHBI JHUATPAMMBbI
pacrpeaeneHus uX TUIomia e, 00bEMOB U MaKCUMAITbHBIX TyOuHbI (prc. 18—20).

W3MmeHeHne KomM4YecTBa M pa3MepoB BBICOKOTOPHBIX 03Ep, COCTOSHHUS WX IUIOTHH, a
Tak)Ke TIOCTENeHHBII W OBICTPBINA ITEPEX0. OT 0€30TIACHOTO HEMPOPHIBOOIIACHOTO PEXXIMa K
MIPOPHIBOOIIACHOMY BO3MOXXHBI M B Jpyrux goiuHax ['BAO. Takue mpumepsl mpuBEIEHBI
HUXKE.

10000 9015
o
< 8000
=
(=
2 6000
0
=3
£ 4000 -
o
c 2000 7 r143
039D,320,286 2 0,572,6670,38 @042 0,809,023,0790,17 0,64 1.960,0531,870,06@,05D,01D,029,0310,110,027
0 Ve - - - - - - - _v - o e o o - _ - o - - o - -’
2 2T g & ¥eccdeceg e 8 e & s 25 3 8 e 8 & ¢
o o o > > > > > > > 1 > © x > -3 > - > >
] NN & o £ & 3 & & & e 2 X & e = % x > Q 5 ¥ & 3
- ; 2 € T £ 5 3% 2 I &8 5 53 38 88 2 3 23 5 85
g € 2 &g 2 g £ 8 3 3T c & E 28 2 a T g 7
S £ 25§ i FE LS8 223 £ 22 8 ¢ &
s 3 3 ® & 7 T g>Z 2 § X S 5 S =
® ©® © = > c < > = = 8 Z 3
o 9 Q =4 = a2 > 8 s 8 & % 3
& & & g S 8 3 3 3 3 g
8 & & ™ £ g a ©
g3 @ 7
T 8
Q.
°
HassaHnus 03ép
Puc. 18. [lnarpamma pacrpeeneHus iolaneil ucciaeJOBaHHbIX 03Ep
Fig. 18. Diagram of the area distribution of the investigated lakes
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Fig. 19. Diagram of the volume distribution of the investigated lakes
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Puc. 20. lnarpamma pacrpeneneHnsi MaKCUMabHBIX TTTyONH HCCIIeIOBaHHBIX 03&Ep

Fig. 20. Diagram of the maximum depth’s distribution of the investigated lakes

O3épa B 6acceiine p. IMaumk (MkamuMcKnii paioH)

K npopsiBooniacHbIM oTHOCATCS 03€pa Xo3ryHu Bepxnee n HuxxHee B BEpXOBbSIX JIEBOIO
nputoka peku ['apmuamma (mpasbiii npuTok p. IlsHIK), 03epo CUCT B BEPXOBBAX DPEKH
Hapaucuct (npaBeiii nputok p. ITanmx), Paunsnapa (nmpasbiif nmpurok p. [lamup — mpaBoi
cocrassromeit [lsaamxka).

3HaynTeNbHAs OMACHOCTh, CBSA3aHHAS C CEJIEBHIMH IIOTOKAMH IMPOPHIBHOTO T'€HE3HCA,
CYIIECTBYET TaK)Ke B ClIeAyIOINX OacceiiHax npaBbix nputokoB [Isaamka u [lamupa (y cnusaus
[Mamupa ¢ Baxannapsé€it): Humrap, Jpux, 3yrsana u Kumrnaxapo0. Bece onn HaunHarotes y
SI3BIKOB  OJHOMMEHHBIX JIEAHHKOB, XapaKTEPU3YIOIIUXCS MEPUOIUYECKHMHU ITyJIbCAlUsAMU
[Honeywun, 1993]. Ix ObICTpbIe MOABMKKH MOTYT HPUBECTH K (OPMHPOBAHUIO JICTHUKOBBIX
MOJNPY/ C NOCIEAYIOMNM 00pa30BaHUEM MTPOPHIBOOIIACHBIX 03EP.

O3épa B noauHe p. lllaxpapa (PomrkaauHcKuii paiion)

31eck K MPOPHIBOONIACHBIM OTHOCATCS 03€pa B BEPXOBBAX CIEMYIOMINX PEK U PYUbEB:
Xupopmxesaapa, Tycuénaapa, Humanmapa, bogomaapa, Yanaunnapa (o3épa Mypukyiab u
OUKKYb).

O3épa B noauue p. l'ynt (IlyrHanckuii paion)

K npopeiBoonacHeiM 03épam B jonuHe p. ['YHT, TOMHMO NEpPEYHCICHHBIX BBHIIIE,
oTHocaTcst Takke 03épa Kynenkynp (pacmonioxkeHo B BepxoBbsix p. [lyzaxnapa), ozépa B
BEPXOBbsX OCHOBHOro ucroka p. Ilarxyp (o3. PocroBmapa), B BEepXOBbSIX peK YHajablcon
(mpaBsrii iputok p. Tory30ymok, 03. HykypKyis), BepxoBss p. baudop (3opTamkyns) u T.4.

O3épa B noamHe p. Bapranr (Pymanckuii paiioH)

3neck X0Tenock Ob OTMETHUTH 03€pO B BepXOBhsX p. Jesnoxaapa (bacunnapa) — nesoro
npuroka bapranra.

Kpowme Toro, oTmeuaeTcs NosBICHIE HOBBIX IPOPBIBOOMACHBIX 03€P B SI3BIKOBBIX YaCTIX
Y Ha TeJle MPUYMCICHHBIX HIKE JICJIHUKOB B 0J1MHe p. Bany (Banuckwuii paiion):

e JeBelii OopT p. Bamu: Jlapam Por, I'ymask, I'mmxosact, PoBanm, Cywmran,
[Torano, Jactupoct, @equeHko;

e mpaBblii 60pT p. Banu: A6nykarop, PI'O, Mensesxwuii, Jlapau Masop, MypryTra,
IMuprosan, Cen, Apnasan, bynaii, Texapsaapa, Poxaps.

O3épa B noaune p. Xocrporu (lapsazckuii paiion)

B BepxoBBsIX peku XOCTPOTH PacIOIOKEHbI 2 MPOPHIBOOMACHBIX 03epa: XocTporu 1 u
XocTtporu 2.

BesycnoBHO, mpuBeneHHBIN BhIIIE CIIUCOK HE HcuepiibiBatonmii. Kak yxe 6bu10 ckazaHo,
CUTyaIllsl B BEPXOBBSAX peK KpailHE AMHAMUYHA U 03€pa 37eCh aKTUBHO (POPMUPYIOTCS U
HCYE3atoT.
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Pucku, ceasannvle ¢ npopwieamu 8biCOKO2OPHBIX 03EP U peKOMEHOYeMble UHIHCEHEPHbLE
3auumHble MeponPUaAmus

B xoz1e IpoOBOJMMBIX B TeUEHHE HECKOJBKHX JIET padOT JUIs PEYHBIX OJIHMH 3aIaJHOro
[Tamupa ObITa aganTHpOBaHa AByMEpHAast MOJICITb IBV)KCHNS BOJHBIX U CEJIEBBIX M0TOKoB FLO-
2D. C e€ mnoMOUIbI0 BHIMOJHSUIMCH CIEHAPHBIE PAcUYEThl XapaKTEPHCTUK 3aTOILICHHS,
MOTEHIHANBHONW OMACHOCTU M BPEMEHH JOOeraHus NPOPBIBHBIX CeJiel U MaBOAKOB B ciydae
npopbiBOB  03€p. CoOrnacHO NONYyYSHHBIM JaHHBIM, OBLT CHOPMYJIHPOBAH II€pedeHb
PEKOMEHIOBAHHBIX WH)KCHEPHBIE MEPONPHUSTHH C IENbI0 CHUKEHUS! PHCKOB MPHU MPOPHIBAX
BBICOKOTOPHBIX JIGTHUKOBBIX 03€p (Tabmumna 2).

3akioueHmne

C y4eroMm pe3ynbTaTOB MOJIETHUPOBAHUS CEJIEBHIX NMOTOKOB M MABOJKOB, CBA3AHHBIX C
MpOpPbIBaMU BBICOKOTOPHBIX 03€p, M OLEHKU OTHANEHHBIX Yrpo3 Ha TeppuTopuu I opHOI
Banmaxmanckoil aBTOHOMHOH oOnacTi TapKuKuCcTaHa PEKOMEH Ty eTCS:

— IlpoBoauTh perynspHbIi MOHUTOPHUHI BBICOKOTOPHBIX 03Ep, JICAHUKOB U B
IIeJIOM BOJOCOOPHBIX OacceifHOB, The OTH 03€pa PACIONOXKEHBI, C
HCIIOJIb30BaHMEM METOJOB AMCTAHIIMOHHOTO 30HAMPOBAHHS, a3POBU3YaTbHBIX
HaOIIOJICHHI C BEPTOJIETA U MENIUX MAPIIPYTHBIX 00CIIEI0BaHUIA.

— IlpoBectn OaTuMmeTpuveckyld ChEMKY W  MOJCIUPOBaHHE emE He
HCCIIE0OBAHHBIX MPOPHIBOOIIACHBIX 03€P.

— PaccmoTperh BapmaHT CTPOWTENHCTBA 3AIIUTHBIX CEIEOTOONHBIX CTEHOK IO
OeperaM CcelleONMacHBIX pycel, a TaKKe HX PACYUCTKH, BBIIPSAMICHUS U
yriryOJieHus: B paifoHe KOHYCOB BBIHOCA.

— VYCTaHOBUTH CHCTEMBI pPAaHHErO OIOBELICHMsI HAceJIeHHs B CeJleONacHbIX
JOJINHAX.

— IIpoBoauThk H3MepeHUs PACcXOJI0B PEK U COOUPATH B 0a3bl JaHHBIX HH(POPMALIHIO
0 TEKYIINX OMACHBIX MPHUPOTHBIX MPOIIECCaX U SBICHUSAX.

— Ilpomomkare paboTy 1O TOBBIIEHUI0O WH(GOPMHUPOBAHHOCTH W YPOBHA
MOJITOTOBKU HAaCENIEHUS! B KHUIIUIAKaX, PacIOJIOKEHHBIX HIDKE MO0 TEYEHHIO OT
popbIBOONIACHBIX 03€p. OOydaTh WX MPHHIUIIAM IOBEACHUS B CilydYae
BO3HUKHOBEHHS CTUXUHHBIX O€ICTBHIA.

— Ilo BO3BMOXHOCTH OCYLIECTBUTH NPOEKT KOHTPOIUPYEMOTO OIIOPOKHEHHUSI 03€D,
XapaKTepU3YIOIUXCA BEICOKMM PHCKOM IPOPHIBA.

—  IlpucTynuTh K U3YUCHUIO JIAHUKOB, MHOTOJICTHEH MEP3JIOTHI U IPYTHUX BOTHBIX
pecypcoB TeppuTopun TaaKUKUCTaHA.

B menoMm, mpaBuiIbHEIN BRIOOP W peau3aliisi MEPONPHUSATHIA MO MPEIOTBPAIICHUAI0 U
CMSTYCHHIO TIOCIICACTBUN CTUXHMHBIX OCIICTBUNA MOXET COKPATHTHh 10 MUHAMYyMa PHUCKH OT
CeJNIeBBIX MOTOKOB M IMAaBOJKOB, (POPMHUPYIOMIUXCS B PE3yJIbTaTe MPOPHIBOB BHICOKOTOPHBIX
03€p.

KimmaTtrueckne u3sMeHeHus1, akTHBHO TIposBIsitonuecs B LleHTpansHoil A3nu (B T.4. Ha
3amagHoM [lamupe), mpUBOAAT K 1ENOM cepur HEOMArOMpPUATHBIX U OMACHBIX MPOIECCOB U
SIBIICHUH (Ierpaianuu JIAHUKOB, ((POPMUPOBAHUIO U MCUYC3HOBCHUIO TOPHBIX 03€p), a KpoMe
TOTO OKa3bIBAIOT OTPHUIATENbHOE BIMSHUE HA pa3Hble CQepbl KHU3HHU: 3IPaBOOXPAHEHUE
(MEHAIOTCA yCNOBHSI OKpYXAaromiel Cpefpl), CeNbCKOe XO3IHCTBO (MPOMCXOIUT TOTEps
MacTOWII U BBIBOJ U3 OOpallleHHs MII0A0POAHBIX 3€MEeIlb), BOAHOE YIIpaBJIeHHE, TPAHCTIOPTHYIO
WH(PPACTPYKTYPY, SHEPreTUKy. [ yCHemHoro CymecTBOBaHNsI MECTHBIX COOOIIIECTB B TAKUX
OBICTPO ~ MEHSIONIMXCS ~ YCIIOBHSIX  KpailHe  HEoOXOIWMO  yBEIWYHMBAaTH  YPOBEHB
MH(OPMUPOBAHHOCTH HACENIEHUS U €r0 T'OTOBHOCTH K JEWCTBUSAM B Cllydae 4Ype3BBIYaMHBIX
CUTYALIUH.
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Tabnwma 2. Pucku, CBS3aHHBIC ¢ IPOPHIBAMHU BBICOKOTOPHBIX 03€p 3amamHoro [lamMupa, X MOCIeACTBHS
1 PEKOMEHIyeMbIe HH)KEHEPHBIE MEPOIIPUATHI

Table 2. Risks associated with high-mountain lake outbursts in the Western Pamir, their consequences
and recommended engineering measures
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Wmkammmckuii paiion, 6acceits p. [Isamx
Cappimutxaps | [utxapBkyinb kunuiak Hlurxaps | 0,5 | 3-5 | 3-4 | CrpourensctBo
CeJIe0TOOMHBIX
CTEHOK 10 Oeperam
CEJICONacHOT 0
pycna, ero
pacumcTKa,
BBINPSIMIIEHHE 1
yTIyOJicHHE B
paiioHe KoHyca
BBIHOCA
Tapmuanima Kodapenkyib KHIILTaKH 13 | 5-6 | 1-4 | MouuTOpHUHT 03epa
T'apmuamma, 1 YCTaHOBKA
Cuu0, Anapob CHCTEM PaHHEro
OITOBEIICHHS.
CTpOouTEensCTBO
ceneoTOOHHBIX
CTEHOK 10 Oeperam
CEJICONacHOro cas
B palioHe KHIILTaKa
l'apmyamima
Hlyraanckuii paiion, 6acceitn p. I'yHT
HOxHbII TypymTaiikyns | aBTOmOpOra, MOcCT, 4 15 1 MOHUTOPHHT 03epa
Tory30yioxk, KHIIIaK 1 YCTaHOBKa
Tory30ynox oxenonam CHCTEM PaHHETo
OITOBEIICHHS
VYnaneicoi, OKKyJb aBTO/I0pOra, MOCT, 4 15 1 MoHuTOpHHT 03€epa
Tory30ymnox KHIIIIaK 1 YCTaHOBKa
[xenonnu CUCTEM paHHETO
OITOBEIICHMS.
Ynansikyib aBTOJIOPOTa, MOCT, 4 1,5 1 MOoHHUTOPHHT 03epa

U YCTaHOBKa
CUCTEM PaHHETO
OIIOBELIEHHUS.
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[Mazynmapa Kackan 03ép knnurak Mazyn (8 | 1,4 8 5 CTpOouTensCTBO
a3y nkys CTPOCHUIN), CeNIe0TOOMHBIX
kunniak Capaem CTEHOK 10 Oeperam
CeIIe0IacHOro
pycna B paiione
KOHYyCa BBIHOCA.
MoHUTOPHHT 03Ep
U YCTaHOBKa
CHCTEM PaHHEro
OIIOBEIICHHSI
Bapmiesmapa Bapmeskyns kunuiak Bapmes, 01 | 57 4 CrpoutensCcTBo
Bepxuee u aBTOMOOMITbHAS CeNIe0TOOMHBIX
Hwxnee JIOpora Ha JIeBOM CTEHOK 10 Oeperam
6epery p. ['yar CEJICONIacHOTO
pycuna, ero
pacumcrka,
BBITIPAMIICHUEC U
yIayOJicHHE B
paiioHe KoHyca
BBIHOCA.
MoHuTopHHT 03€p
1 YCTaHOBKa
CHCTEM PaHHETo
OTIOBEIICHHSI
PuBaknapa PuBakkynp kunuiak PruBak, 18 | 14- 1 CTpouTensCTBO
YaCTUYHO KHUIILTAK 15 CeNIe0TOOHHBIX
Cwxa u CTEHOK 10 Oeperam
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JIOpoTa Ha JICBOMY pycia, ero
oepery p. ['yHT, pacuucTKa,

I'SC Mamup-1

BBINPSIMIICHHE U
yIayOJicHHE B
paiioHe KoHyca
BBIHOCA.
MoHuTOpHHT 03€p
1 YCTaHOBKa
CHCTEM PaHHETO
OIIOBEIICHHS
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Humarnnapa Humanxkys- knnuiaku Humarr 1 4-5, | 2-3 | CTpouTensCcTBO
u [Huram, bi(o) ceJIe0TOOMHBIX
ABTOMOOMIIbHAS 14 CTCHOK 110 Oeperam
Jlopora Ha JIEBOM CeIIe0IacHOro
6epery p. ['yHT 1 pycna, ero
HIKe 1o p. ['yHT pacuucTKa,
BEITIPSIMIICHUE U
yTIyOJlicHHE B
paiioHe KoHyca
BEIHOCA.
MoHUTOpHHT 03epa
U yCTaHOBKa
CHCTEM paHHEero
OIOBEIICHUS
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BBINPSIMIICHHE
yIayOJicHHE B
paiioHe KoHyca
BBIHOCA.
MoHUTOPHHT 03epa
1 YCTaHOBKa
CHCTEM paHHETo
OTIOBEIIECHU
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Yapcempaapa YapceMKyIb kunuiak Yapeewm, 1,5 7 3 CTpOouTensCTBO
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Jopora, Ha JIeBOM CTEHOK 10 Oeperam
6epery p. ['yHT CEJIE0NacHOro
HuXxe 1o p. I'yHT pycna, ero
(10 cTpoennit) pacumcrTKa,
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yTIyOJlicHHE B
paiioHe KoHyca
BEIHOCA.
MoHUTOpHHT 03€epa
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KHUIIIaKu 7 Y yCTaHOBKA
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Masnewm, OITOBEIICHHSL.
IMutonamT, Bores, CHuxeHue ypoBHs
Hamrak, Canros, o3epa IIpH ero
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OT/ETbHBIC HaIlOJIHEHUH!
CTPOCHHS B
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Xopora
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aBTOMOOMIBHBIN Opranuzanus
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BOJIBI B P.
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[Tax napa, ONOBEUICHUS
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3apauBnapa 3apAuBKyIb moc. Cexn 1o 1,1 | mo 3 MOoHHTOPHHT 03epa
r. Xopor BHH3 IO 2 U YCTaHOBKa
TEUEHHUIO PEKH CHCTEM PaHHEro
OIIOBEIICHHS
Yanauaaapa YaHIUHKY b aBTOJIOPOTa, 24 | no 2 MOHHUTOPHHT 03€ep
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Oepery p.
[Taxnapa u HKE
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XBOCTOXPAHMJINIIA — 00bEKTHI MOBBILIEHHOH CeJIeBOM OMACHOCTH

M.J1. Jokykun', J.B. 3anopoxuenxo?, J1.B. 3namenckmii®

' Buicokozopmwtii 2eogpusuveckuii uncmumym, Hanvuuk, Poccus, inrush@bk.ru
2Cenesas accoyuayus, Ilamuzopck, Poccus, ednad17@mail.ru

3Heszasucumviil xoucynomanm, CBDB — CT-11, Bpasunua, Bpazunus,
dvzname@gmail.com

AnHotanusi. [TpuBojsTcs NaHHBIE O TEXHOTCHHBIX KaracTpodax € 4YeJOBEUECKHMH
JKEpTBaMH, IPOU3OLIEAIIMMY Ha XBocToxpanuwaumax Oynnan u deiixao B bpazunbckom
mrare Munac-Xepaiic B 2015 u 2019 rr., ux ocHOBHbIE MapaMeTpsl U nociencTeus. Ha
9TOM  TpeaynpenuTeabHoM  (OHE  ONMCHIBAIOTCS ~ OCOOEHHOCTH  OOCTaHOBKH,
CKJIajpIBatolieiicss BOKpyr TrIpHBIay3ckoro xBocroxpaHwmmmia (Poccumst), He
¢ynkponupytomero ¢ 1997 r. m coaep)kamero TOHKOIUCIIEPCHBIE W TOKCHYHBIE
MIPOYKTHI 00OTameHNs BOIb()PAMO-MOINOICHOBBIX Py . XapaKTepU3yIOTCs BO3MOXHEIE,
paHee HE Y4YHUTBIBAEMBIE, PE3YJIbTAThl BO3NCHCTBHS CXOJa CENEBBIX M HAHOCOBOIHBIX
ITOTOKOB Ha OOBEKTH XBOCTOXPAHIIININA. AHATH3UPYIOTCS KpuTHdeckue cutyarwm 2002
1 2014 rr. OrieHnBaeTCs COCTOSHIE BOAOOTBOAAIINX THIPOTEXHIYECKUX COOPYKEHUIL, HE
aJaNTUPOBAHHBIX K  TEKyloleMy  MOJOXEHHI0. JlaloTca  peKOMEHTalMHu 110
NpPEeIOTBPALICHUIO  BEPOSITHOW  dKoJornueckod  karactpodel.  [loguepkuBaercs
BO3MOXKHOCTb 00Jiee 3HAUMTEIBHBIX MOCIEACTBHIA JJIsl HACEIeHHS U MHPPACTPYKTYPBI
MOJKOMAaHIHOM TeppuTopuu (HosnHa p. bakcan Hibke ycThbsa p. ['WKTHUT) B CpaBHEHUH C
Opasmbckumu coobrtusMu 2015 1 2019 rr. ComocTaBisfoTcsl aHAJIOTUYHBIE aBapHH B
Bosrapun B 1966 1., B Utamum B 1985 r., B Kabapauno-bankapckoit Pecny0mmke,
Marananckoit obmactn u KpacHosipckom kpae Poccum B 2017, 2009 u 2019 rr.
cooTBeTcTBeHHO, Hanm u Mesame B 2019 1.

Knrwouesvie cnosa: sxonocuieckuti puck, X60CmMoXpanuiuud, niOmuHbl, MOHHEeb,
cenesoli pexcum, 06800HOU KAHAT

Cceblika ans uurupoBanus: Jloxykun M.JL., 3amopoxuenko 3.B., 3namenckmii J.B. XBocroxpanwmnma —
00BEKTHI MOBBIICHHOH ceneBoil onacHocTH. B ¢6.: CeneBble MOTOKH: KaTtacTpodbl, pUCK, IIPOTHO3, 3aiuTa. Tpy sl
6-i1 Mexxmynaponsoit koHpepentun ([Jymanbe—Xopor, Tamkukncran). Tom 1. — OtB. pen. C.C. Uepromoper,
K.C. Bucxamkuera. — Jlyman6e: OO0 «IIpomoymrny, 2020, c. 25-38.

Tailings dams - facilities of increased debris-flow hazard

M.D. Dokukin?, E.V. Zaporozhchenko?, D.V. Znamensky?

IHigh-Mountain Geophysical Institute, Nalchik, Russia, inrush@bk.ru
2Debris Flow Association, Pyatigorsk, Russia, ednad17@mail.ru

SCBDB-CT 11 Head, and Independent Consulting Engineer, Brasilia, Brazil,
dvzname@gmail.com

Abstract. The article provides data on man-made disasters with human losses that
occurred at the Fundao and Corrego do Feijao tailings dams in the Brazilian state of Minas
Gerais in 2015 and 2019 and gives their main parameters and consequences. On this
background specific features are described of the situation developing around the
Tyrnyauz tailings dam (Russia), which has not been functioning since 1997 and contains
finely dispersed and toxic tungsten-molybdenum ore dressing products. The possible, but
not previously taken into account results of the impact of debris flow and flow with
suspended materials on the tailings dam facilities are characterized. Analysis of the critical
situations of 2002 and 2014 is conducted. The condition of hydraulic structures not adapted
to the current state is assessed. Recommendations on the prevention of a probable
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ecological catastrophe are given. The possibility of more significant consequences for the
population and infrastructure of the lower territory (the Baksan River valley, below the
Gizhgit River mouth) in comparison with the Brazilian events of 2015 and 2019 is
underlined. Similar accidents in Bulgaria in 1966, in Italy in 1985, in the Kabardino-
Balkarian Republic, the Magadan Region and the Krasnoyarsk Territory of Russia in 2017,
2009 and 2019, respectively, in India and Myanmar in 2019 are compared.

Key words: ecological risk, tailings dams, tunnel, debris flow regime, by-pass channel
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BBenenune

Bo Bcem Mupe B XpaHWIHWINA OTXOJOB YEPHBIX M I[BETHBIX METAIIOB €)KETOJHO
IIOCTyIaeT okoJo 3 Mipa M°. O6muil 06beM CKIIaIUpOBAHAEM MPOIYKTOB MEPEIeNa TOIbKO
’KeNe30pyIHbIX MpeanpusTuii Poccun cocraBmi k Hauamy XXI Beka okono 1 mapa. M. Jlo
MOCIIETHETO BPEMEHH OTHOIICHHWE K XBOCTOXPAHWIHINAM, KaK K CBOEOOPa3HBIM CBaJIKaM
TOPHOTO MPOU3BOACTBA, HE CITIOCOOCTBOBAIO MPOBEACHUIO MPEACTABUTENBHBIX HCCIEIOBAaHUN
ATUX CHEIU(PUUECKUX TEOTEXHUYECKUX CUCTEM. MeXIly TeM PYKOTBOPHBIC CBAJIKU OTHOCSTCS
K 00BEKTaM TOBBINIEHHONW 3KOJIOTUYECKOH OMacCHOCTH HE TOJNBKO H3-3a H3BECTHOTO HX
HEraTHBHOTO BO3/ICHCTBUS Ha BO3AYIIHbIE OAacCEeiHbI, TOYBEHHBIN TTOKPOB, IIOBEPXHOCTHBIE U
MMOJ3€MHBIC BOJbI, HO U KaK HCTOYHHK CTPEMHUTEILHOI'O Pa3BUTHS KaTacTPO(HUUIECKOro
Mpolecca, CBSA3aHHOTO C OCOOCHHOCTSIMH  COCTOSHHSL MAacC, CKJIaJUPOBAHHOTO B
XBOCTOXPAaHWIHINAX MaTepHaa, YIACPKHUBAIOIMIMX €ro AamM0 W IUIOTHH, KakK IPaBHIIO,
COOpY’KaeMbIX B JOJWHAX OOKOBBIX TIPUTOKOB TJIABHBIX PEYHBIX apTepuil OacceifHa.
EcTecTBeHHBIN CTOK IPU 3TOM MEPEBOAUTCS B 00XO0J CO3/IJaHHOW PYyKOTBOPHO# emkocTH. [1o
3aBEpIICHUI0 Pa3pabOTOK MECTOPOXKICHUN WM IO MCUEPIIAHUI0 OOBEMHBIX BO3MOXKHOCTEH
XBOCTOXPAHWJIHI TIOCIEIHNE OOBIYHO HE YAOCTAWBAIOTCSA JOJDKHOTO SKCIDTYyaTallHOHHOTO
BHUMAaHUS — MCKYCCTBCHHBIC OOBOJHBIC TPAKThl M JPCHAXKHBIC CHUCTEMbI IEPECTAIOT
HOPMaJIBHO (DYHKIIMOHUPOBaTh. [IpOpbIBEI 1aMO 0OBaNOBAaHWS WU MOJIIMOPHBIX IUIOTHH B
MaBOJIOYHBIE TEPHOJIBl TPHUBOIAT K TMOTOKAM pPa3pyIIMTENIEHOW JHEpreTHKH. Takue
kKartacTpopsl Ha (OHE TUIAHETAPHOTO KIMMATHYECKOTO TPEHAa IMPOMCXOIAT BCE dHallle:
MEHSIETCSI TPUPOJHBIA THAPOJOTHUSCKUN PEXHUM, YXYAIIAIOTCS MapaMeTpbl MPOYHOCTH
KOMIUIEKCA THIPOTEXHUYECKHX COOPYXKEHH, THUApOTeosornieckre ((puIbTpanrOHHEIE)
yCioBusl (MCTEUEHUIO PAa3KMKCHHBIX JHUCICPCHBIX IPOMYKTOB W3 XBOCTOXPAHWIIHMII IPH
HEJOCTaTOYHON  CEeHCMOYCTOWYMBOCTH  YAEPKHUBAIOIIMX  COCTABISAIOUIMX  IOJIOPHOIO
KOMIUIEKCA MOTYT CIIOCOOCTBOBaTh U 3EMIICTPACEHUs). B CBSI3M C BBIICH3JIOKEHHBIM,
MOKa3aTellbHA CHUTYallWsl, CKJIaJbIBaroIascs BOKpYr kpymaeimero Ha CeBepHoMm Kaskaze
XBOCTOXpaHWINIIA ObIBIIETO THIPHBIAY3CKOTO TOpHO-oOoraTuTenbHoro komounara (I'OKa).
[ToaTomy KpaiiHe BaKHBI YPOKH TParu4eCKUX COOBITHH, CBA3aHHBIX C XBOCTOXPAHHIIUIIIAMU
Bpazunmu nocnennanx ner (2015, 2019 rr.), ¢ ApyrumMu aHaIOTHYHBIMU O€ICTBUSIMH.

CpaBHI/ITeJILH])Iﬁ aHAJIN3 00CTOSATEILCTB H l'lOCJ'leZ[CTBl/[ﬁ aBapnﬁ Pe€aJTbHbIX 00bLEeKTOB
CKJIIAINPOBAHUA OTX0A0B INOPHLIX IMTPOU3BO/ICTB

Poccus — bpazunus: Teipnviays — Munac-’Kepaiic

[Moctymenue oTxo10B o0orameHns BoiIb(hpaMo-MOIHOAeHOBBIX Py B THIpHBIAy3CKOE
xBocToxpanuiuie (puc. 1) mpexpatmiocs B 1997 1. u 6osee He BO3OOHOBIISIIOCH.
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Puc. 1. Cxema pacmoniosxeHust THIpHBIAY3CKOT0 XBOCTOXpaHmwIHIa (Dnp0pycckuii pation KadapmuHo-
Bankapckoit PecryOnuku, Poccust): 1 — XBocTOXpaHUIIHIIE, KPACHBIH KOHTYP

Fig. 1. Layout of the Tyrnyauz tailings dam (Elbrus district of the Kabardino-Balkarian Republic,
Russia): 1 — tailings dam, red outline

K »aromy BpemMeHu OBUIO HaKOIUIEHO (IIyTeM TPAHCIOPTUPOBKH 1O 15 &M
mynbronposoaa) 118 MiiH. M® MeNKO- ¥ TOHKO3EPHHCTBIX MAcC, CONEPIKAIIMX COCIUHEHMUS
BBICOKOW CTENEHH OMAacHOCTH. BhICOTa HapalMBaeMoro MOJIOPHOTO COOPYKEHHUS IO CXeMe
«BBepX MO AonuHe» («upstreamy) gocturia 168 m. B 2002 u 2014 rr. kK y4acTKy Bojoema-
OTCTOWHUKA (pHC. 2) B HEOKUIAEMOM CEJICBOM PEXUME TTOONIIN BOJTHBI TOTOKOB, PACcX0.IbI
KOTOpBIX JI0 ABYX pa3 (140 M>/c) mpeBBIIamy NpONMyCKHyIO CHOCOGHOCTh OPHEHTHPOBAHHOTO
YMCTO HA BOJHYIO COCTAaBISAIONIYI0 OGBOJHOIO TOHHENLHOTro TpakTa (65 M%/c). Cucrema,
MpelycMaTpUBaBIas HEJOMYIEHHE PEYHBIX BOJ K IUIDKHON 30HE HaMBITHIX (1o 1998 r.)
XBOCTOB, OKa3ajlach K TakoMy IOBOPOTY COOBITHH He TOTOBOH. B pesynbrare 10 ypoBHs
npopeiBa (IepesnBa) HEBBICOKMX naMO oOBasoBaHusi B 2002 T. OCTaBaluCh CUHUTAHHBIC
caHTUMeTpsl [3anopoowcuenxo, [oxyxun, 2019a]. Ilocme 1997 1. y cyxoro muska
XBOCTOOTBANOB C()OPMHUPOBANOCH JBA BOAOEMA OOMHMM 0OBeMOM OKomo 1,5 muiH. M,
CHOCOOHBIE OBITh BOBJICUEHHBIMH B TOMOJIHEHHE TPUTTEPHOro (MO pa3BUTHE MPOPBIBHOTO
mpolecca) pacxojia 04epeHOro BOAHOTO HIIH CEJIeBOro maBojka (puc. 3).
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Puc. 2. KaGapamno-banmkapckast PecmyOmuka. Poccust. YdacToxk HIpKHero TedeHmst p. [wokrur.
Kocmocaumok (Google Earth): 1 — moc. beuteiM; 2 — ocHOBHas TuioTWHA TBIPHBIAY3CKOTO
XBOCTOXPAHIJININA; 3 — IUISDK HAMBIBHBIX Macc; 4 — BOJOEM-OTCTOHHUK; 5 — BXOJHOU IIOPTAI TOHHEJIS
2; 6 — cenesbie oTnoxenust 2002 u 2014 rr.; 7 — BXOIHO#M mopTan ToHHeNs 3; 8 — BBIXOJHOM mopTan
TOHHENS 2 — ycThe p. ['mxrut; 9 — p. bakcan; 10 — p. I'mkrut mexny TorHensmu 2 u 3; 11 — BxogHO#H
mopTai ToHHeNs 1 (3aromen); 12 — neBoOepeXHBIH BOIOEM

Fig. 2. Kabardino-Balkarian Republic. Russia. Section of the Gizhgit River downstream. Satellite image
(Google Earth): 1 — Bylym Village; 2 — the main dam of the Tyrnyauz tailings dam; 3 — beach of washed-
in masses; 4 — sedimentation reservoir; 5 — entrance portal of tunnel 2; 6 — debris flow deposits of 2002
and 2014; 7 — entrance portal of the tunnel 3; 8 — exit portal of the tunnel 2 — Gizhgit river mouth; 9 —
Baksan river; 10 — Gizhgit river between tunnels 2 and 3; 11 — entrance portal of tunnel 1 (flooded); 12 —
left bank reservoir

Puc. 3. Triprabiay3ckoe xBoctoxpanmnuiie. 10 urons 2018 r. Bun ¢ Bepronera: 1 — rpeOeHb MIOTHHEL,
2 — neBoOepexxHbIN BotoeM; 3 — BogoeMm-oTcTorHUK. @oto M.JI. JlokykuHa

Fig. 3. Tyrnyauz tailings dam. July 10, 2018. View from a helicopter: 1 — the crest of the dam; 2 — left-
bank reservoir; 3 — sedimentation reservoir. Photo by M.D. Dokukin

C Tex mop, 0c00EHHO TOCIIe TOBTOPEeHUs ceneBoro coobrtust B 2014 r. (puc. 4), curyanus
Ha 3a0pOIIEHHOM KOMILIEKCE MPOU3BOJICTBA MPOLLIBIX JIET COXPAHSETCS YTPOXKAIOLICH.
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Puc. 4. Otnoxenus ceneBbix Macc 2002 u 2014 rr. y ToHHenst 2 ThIpHBIAY3CKOT'O XBOCTOXPaHIIIUIIIA:
1 - momnopnast motuHa; 2 — BXOXHOM moprtanm; 3 — pycno p. ['mwkrur. BepronmerHsii cHUMOK
M.J. Joxykuna 15.07.2016 T.

Fig. 4. Deposits of 2002 and 2014 debris flow masses near tunnel 2 of the Tyrnyauz tailings dam: 1 —
retaining dam; 2 — entrance portal; 3 — bed of the Gizhgit River. Photo from helicopter by M.D. Dokukin
July 15, 2016

CueHapuii, MOJOOHBIH OXHJaeMOMY C TBhIPHBIAY3CKUM XBOCTOXPAHHJIHUILEM, OBLI
peanu3oBaH B ciydae ¢ xBocToxpaHuwnuimeM Oynpan (bpasunus) B maBOJOYHBIA MEpHOX
HOA6ps 2015 . Okono 43 muH. M® MaTepuana Kelne30pyIHOTO Tiepeela TPS3EBHIM BATOM
BeicoTOH B 10 M mocTymwio B OJHM3KO pacroyoxkeHHoe (K TPaH3UTHOMY PYCIIy)
BOJIOXPAHMIINIIE, ¥ BCEe 7 MIH. M° BOJHOH Macchl TOCIEIHEr0 BIMINCH B TIOOMIEIIHiL
CeNIeBOM MOTOK, PE3KO MOBBICHB €0 pa3pylIUTelIbHbIe BO3MOXHOCTH. [lornbio 19 yenosek.
OTI10’k€HUs TBEPIOTO MaTepHalia IO PyCIly OCHOBHON PEKU-TIPUEMHHKA PACIIPOCTPAHUIINCH Ha
120 kM, a B3BCIICHHBICE TOKCHYHBIC HAHOChI Ha paccrosHue Oonee 650 kM. IlinoTuna
XBOCTOXPaHWINIIA HA MOMEHT pa3pyleHus e€ rpedns umena Beicoty 110 M [3anopoorcuenko,
Hoxykun, 2019b].

B maBomounsrii neprox ssaBaps 2019 . B pesyabTaTe pocta (QHIETPaIlMOHHOTO TABJICHUS
Obula paspylieHa IUIOTHHA BBIBEIEHHOTO M3 JKCIUTyaTallid KOMIUIEKCA XBOCTOXPaHUIIUINA
Deiixao (bpasmius, pa3paboTUUK MECTOPOXKICHUS — Ta XKe Kelle30pyaHas komnanus Vale SA)
BBICOTO# 86 M (puc. 5).

Hcxon pazkmxeHHOT0 MaTepuaina XBoctoB — 11,7 Mo M, TATBHOCTH BBIHOCA TBEPAOH
COCTaBISIIOIIEH BO3HHUKIIErO CEJIeBOro moroka — 9,4 KM, YHCIO HOTHOIIMX - OKOJIO
270 yenoek. K cuacTpio (puc. 6), INIOTHHA PACIIONIOKEHHOTO HUYKE BOJOXPAHIIIUIIA (B YCThE
OOKOBOTO MPHUTOKA TPETHETO TIOPSIIKA), YCTOsIA [3anopoacuenko, JJoxykun, 2019c].
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Puc. 5. ®eciixao. bpaswnus. 25 suBaps 2019 r. Uepes 20 cek mocie mepBbix aedopMarivii MIOTHHBI
xBocroxpanwiniia. Kaap sumeoponuka https://www.youtube.com/watch?v=SZ8ma4XOgow

Fig. 5. Corrego do Feijao. Brazil. January 25, 2019. 20 seconds after the first deformations of the tailings
dam. Video frame https://www.youtube.com/watch?v=SZ8ma4XOgow

Puc. 6. ®eiixao. bpazmwmsa. 28 mapra 2019 r. BepromeTHplii CHUMOK ydYacTKa HIDKHETo Obeda
pa3pyLICHHOH INIOTHHBI XBOCTOXPAHMINIIA M COXPAHMBILETOCS IPaBOOCPEIKHOTO BojoeMa (CIyILEeH
mocite siaBapst 2019 1.). @oto Bamunrron Ansec (Reuters)

Fig. 6. Corrego do Feijao. Brazil. March 28, 2019. Helicopter image of the lower pool section of
destroyed tailings dam and the preserved right-bank reservoir (drained after January 2019). Photo by
Washington Alves (Reuters)

Kamacmpogui - ananozu
3abpomennoe ¢ 1994 r. xpanwnuiue 3010TOpyAHBIX 0TX0m0B Kapamkenckoro I'OKa
(Marananckast 0011., Pocenst), 6put0 wactuuno omycromieno B 2009 r. mpu HeMpeaBHICHHOM

MOCTYIVICHUN Ha MNOBEPXHOCTH CYXOI'o IUIAKa BOJA HOOKACBOTO IIaBOAKa py4. TyMaHHBIfI
(puc. 7), chopMHpOBaBIIETO PAa3PYIIUTEIBHBIH  CEJICBOW  IMOTOK, COIMPOBOXKIACMBIN
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YEJI0BEYECKUMH JKEPTBAMH, TOKCHYHBIM 3arps3HEHHEM OCHOBHOIO BOJOTOKA, T'MOEJBIO
ruApoOHoTEL. BbicoTa 1amMOBbl XBOCTOXpaHHWJIMINA OKOJO 27 M, oOmmii 00beM XBOCTOB
4,6 MutH M°, yuacTHe B THOTOKE NPHHAIO JMIIb MEHbIIAs MX 4YacTh - MeHee | MiuH M°
[Banoposicuenxo, 2019d].

XBOCTOX[] auwnw’m’e/

Puc. 7. Marananckas o6nactb. Poccust. [locénok Kapamken 29 aBrycra 2009 r.: a — mo Bojoemy-
OTCTOWHMKY MPOJEriIo pyciao pyd. TyMaHHOrO, KOTOPBIH TMPOAODKAET Pa3MbIBATH TOKCHYHBIC
OTJIOKEHHS POITYKTOB 0OOTAIICHHUS, CKIIaJUPOBAHHBIX B XBOCTOXpaHIHIIe ObiBiiero KapaMkeHCKOro
I'OKa https://primamedia.ru/news/132326/; 6 — xocmocuumku Google Earth mo u mocne mpopsiBa
nam6bl. KpacHblil KOHTYp — 30Ha BO3JICHCTBHS CEJIEBOTO OTOKA

Fig. 7. Magadan region. Russia. The Karamken settlement, August 29, 2009: a — the bed of the Tumanny
stream runs along the sedimentation water body, which continues to erode toxic deposits of enrichment
products stored in the tailings dam of the former Karamken GOK https://primamedia.ru/news/132326/;
6 — Google Earth satellite images before and after the dam break. Red outline — debris flow impact area

1 cenTs0ps 2017 r. ”HTEHCUBHEIEC JOXKIHN B BEpXOBBIX p. Anpli-Cyy (Cesepubrii KaBkas,
Poccust) BeI3BaM IPOPBIB MTEPEMBIYKH 03epa baikapa — ecTecCTBEHHOT0 BOJOEMa B KapMaHE
KOHEYHOH MOPEHBI OTCTYIAONIEro OJIHOUMEHHOro JenHuka [Yepromopey u op., 2018].
Cuenapvii BO3HHKIIETO TPHU 3TOM CEJIEBOTO ITIOTOKAa HE OTIMYAICA OT CBSI3aHHOTO C
paspylieHreM 1aM0 U IJIOTHH XBOCTOXPAHIIIUI (3HAYUTEIBHEIN TIepernaa OTMETOK BEPXHETO
u HmwkHero ObedoB). PasHuiia cocrosuia B mapamerpax TBepaoi (ha3bl OOpYUIMBIIHUXCS B
TPaH3UTHEIHN TPaKT celeBbIX Macc. B ciyuae ¢ banmkapuHckoit katacTpodoli 0Ha OIpeeNsiach
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COCTAaBOM HOBEHIIEH MOpEeHBI (3HAYUTEIBLHOE KOJIMYECTBO KPYIHOTO OOJOMOYHOTO
MaTepuaia) ¥ OKaTaHHBIM XapakTepoM (TajibKa, BAyHBI) (DIIOBUOTISIMATILHBIX OTIIOKEHUH,
MOCTYMABIINX B OCHOBHOW IIOTOK OT €r0 3pPO3HOHHOU NesTenbHOoCcTH. CoObITHs 1 CeHTAOps
2017 r. cOnpOBOKAATUCH 3HAYUTESITHHBIMH Pa3pYNICHUSIMH CYIISCTBYOMIECH HHPPACTPYKTYPHI
Y 9eIIOBEYECKUMH XKepTBaMu (puc. §).

Puc. 8. BepxoBbs p. Aapui-Cyy, Kabapauno-bankapckas Pecnyonuka, Poccus. [locne mpopeiBa o3epa
Bamkapa. Cenrs6pr 2017 1.0 a — ObBIMH XWIOH ONOK KOHTeWHEpHOro THma 0a3pl OTIbIXA
«/xantyran», 6 — aBTOMOOWIIb ¢ TeppUTOpHH 0a3bl B celeBBIX oOTiIOkeHMsX. Portorpadum O.B.
3armopoxx4eHKO

Fig. 8. Upper reaches of the Adyl-Suu River, Kabardino-Balkarian Republic, Russia. After the Bashkara
Lake breakthrough. September 2017: a — former container-type residential unit of the Dzhantugan
recreation center, 6 — a car from recreation center territory in debris flow deposits. Photos by E.V.
Zaporozhchenko

19 okrsa0pss 2019 1. mpophiBEI Kackaga jAaM0 O0OBajioBaHUS W3 BCKPBIIIHBIX
KPYITHOOOJIOMOYHBIX MTOPO/] pa3padbaThIBAEMOTO 30JI0TOPYTHOTO PACCHITHOTO MECTOPOXKICHUS
B poiuHe p. Manas Ceitba (KpacHosipckuii xpaii, Poccus) oGpa3oBan ceneBoil MOTOK MO
CKJIaZIIPYEMbIM TIPOAYKTaM THIPOMOHHTOPHOTO IEPEeMbIBa, YHECHIMH >KU3HU 17 denoBeK
PacCMoNI0KEHHOTO 1o/ AaMOo0ii pabouero mocenka [Muavman, 2019] (puc. 9). BeicoTa ceneBbix
BaJIOB JocTurana 4-5 m.
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13.10.2019 AT 23.10.2019

ey B

Puc. 9. P. Manas Ceiiba. KpacHosipckuit Kpaii, Poccus. IlpopsiB kackaga nam0 30JI0TOPYAHOTIO
MectopoxaeHus 19 oktsiops 2019 r: a — 25 oxra6ps 2019 r. pa3MbiBaeTcs BepxHAS JaM0Oa Kackazaa
HCKYCCTBEHHBIX 3anpyn https://imag.one/news/rosprirodnadzor-razrabotku-mestorozhdeniya-
z/1351115., 6 — kocmocHuMKH Sentinel 2A 10 u mocie mpopsiBa 3amnpyd. KpacHblid KOHTYp — 30Ha
TIOPaYKEHUS! CEJIEBBIM ITIOTOKOM

Fig. 9. Malaya Seiba River. Krasnoyarsk Territory, Russia. Breakthrough of a cascade of gold ore deposit
dams October 19, 2019: a — October 25, 2019, the upper dam of cascade of artificial barrages erodes
https://imag.one/news/rosprirodnadzor-razrabotku-mestorozhdeniya-z/1351115., 6 - Sentinel 2A
satellite images before and after breakthrough of barrages. Red outline — area affected by debris flow

1 mast 1966 r. B bonrapuu B 1. 3ropurpan B nosimHe JleBa nmoru6sio 488 yenosek (B TOM
gyucie 12 gereit), okono 2000 nonyunnu panenus, a 6onee 150 1oMoB ObLTH pa3pyLICHH OT
oOpymeHuss namMObl XBOCTOXPAaHWIMINA CBHHLOBO-IIMHKOBOIO pyIHHMKa «Mup» u cxozaa
CEJEeBOr0 MOTOKA C 00BEMOM OTIOKeHHH 0ko10 0,5 MitH M° (puc. 10).
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Puc. 10. bonrapus. 3ropurpaza. 1 mag 1966 r. OTioxxeHust OT NpopsIBa XBOCTOXPAaHMWIINIIIA CBUHIIOBO-
LMHKOBOTO pyAHHKa «Mupy». ®oto http://blog.arhivatora.com

Fig. 10. Bulgaria. Zgorigrad. May 1, 1966. Sediments from the breakthrough of the of the «Mir» lead-
zinc mine tailings dam. Photo http://blog.arhivatora.com

19 wrons 1985 r. B Utamum (Tpento) mpowmsomnuia karactpoda Ha JABYXKACKATHOM
xBocToxpanuinume Bame-mu-Crae. Oxomo 180 Teic. M® (Bcero immib!) OTXOMOB
¢moopuTOoBOro OOOranIeHus ObUIO BBIHECEHO Ha 4,2 KM BHHU3 [0 TEYCHHUIO, HO NMPH BBICOKOH
ypOaHn3anuy NOAKOMaHIHON TEPPUTOPUH 3TO MPUBENO K rudenu 268 uyenosek B r. CraBa u
r. Tecepo, motepu 62-x 3manuii [Genevois R., Tecca P.R., 2018]. Paspymienne MmIOTHHBI
BEpPXHEW CTYNEHU CHUCTEMbI XBOCTOXPAHWIIWII BBI3BAJIO TEPETOJHEHHE W MPOPHIB HIDKHEH.
OOpa3zoBaBiIascs BOJIHA Tps3eNOJOOHBIX Macc («Iuiama») co ckopocTeio g0 100 km/4
JIOCTHUTJIa TJIaBHOM BOJIHOM apTepuu p. ABusmo (puc. 11).

9 ampens 2019 r. B ropone Mypu B uHAmiickoM mtate [[KapkxaH] KpacHOIIBETHBIMN
nutam pa3pabotku (komnanus Hindalco Industries Limitid) MmectoposxaeHust OOKCUTOB XJIBIHY T
Ha TMPUIIETAIOIIYIO K OMOJI3IIeH qamMbe 00BaIOBaHUS TEPPUTOPHIO (TUIOMIA H 30HEI TOPaKESHHS
146 Thic. M%) ¢ mpoxoseii o Heif xkese3Hoit joporoii (puc. 12). B pesynbrare 1 uenopex
noru0 1 ObUIO MHOTO PaHEHBIX.
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Puc. 11. Utamus. . CraBa. 19 urons 1985 r. dparmeHTH a3p0oOTOCHIMKOB IO U TTOCTE OOPYIICHUS
nam0 xBocToXpaHWIHIN (a, 0), pparmMeHT kocMuueckoro cuuMka WorldView?2 ot 07.10.2017 (B); doto
r. Tecepo n nonuHs! p. ABH3MO 110 ¥ 11ocie karactpodsl, ¢poro I1. Tperrens, oopadorka M./1. [lokykuna

(r, ;)

Fig. 11. Italy. Stava. July 19, 1985. Fragments of satellite images before and after the collapse of the
tailings dams (a, 6), a fragment of the WorldView2 satellite image dated 07.10.2017 (8); photo of Tesero
and the Avisio River valley before and after the disaster, photo by P. Trettel, photo manipulation by
M.D. Dokukin (r, x)
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04.04.2018| 13.04.2019

Puc. 12. Mypu. Ulrar Ixapkxaun, Wumus. 9 anpens 2019 r. Onon3eHb Ha XBOCTOXPaHMIIHIIE
MecTopoxaeHuss 0okcuToB. Kocmuueckue cumMku: a — Google Earth, 6 — Sentinel 2A, B — ¢oto
Bhaskar.com

Fig. 12. Muri. Jharkhand State, India. April 9, 2019 Landslide on the tailings dam of the bauxite deposit.
Sattelite images: a — Google Earth, 6 — Sentinel 2A, 8 — photo by Bhaskar.com

22 anpens 2019 r. npousorieaIIni pa3MbIB 1aMObl XpaHWIUINA OTXO0J0B 00OTaIIeHUs
He()pUTOBOTO MeCTOpOXKAeHHs B mTare KaunH Ha ceBepe MBSIHMBI CTal MPUYHHON CMEPTH
57 paboTHuKOB TOpHOMOOKRIBatomel kKommanwnu (puc. 12). [TomoOHas karactpoda B TOM xKe
mrate 21 HosOpst 2015 1. yHecna 113 xuzHeid. Tam e, U 1o TOH ke npu4uHe, 14 nekadps
2015 r. moru6no eme 21 4enoBek.
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Puc. 13. Kaunn. Mesiuma. 23 anpenst 2019 r. CeneBbie OTIOKEHHS B HIYKHEM Obed)e TPOPBaHHOM TaMOBbI
XBOCTOXPaHIJIMINA, HAKPBIBIIEH BRIpabOTKY HEe(ppHTOBOrO MecTopoxaeuust. Image from Zaw Moe Htat
via AP and Pressfrom.info.https://blogs.agu.org/landslideblog/2019/04/25 balakh-village-1/

Fig. 13. Kachin. Myanmar. April 23, 2019. Debris flow deposits in the lower pool of the broken tailings
dam, which covered the workings of the jade deposit. Image from Zaw Moe Htat via AP and
Pressfrom.info.https: //blogs.agu.org/landslideblog/2019/04/25 balakh-village-1/

B ThIpHBIAy3CKOM XBOCTOXPAHIJIHMIIE HAKOILIEHO OKONO 120 MIIH M® THKCOTPOITHOTO
Marepuaia IMpU BBICOTE YIEPKUBAIOIIETO 3TH MAacCChl COOpyXeHus okoio 170 wm.
DYHKIMOHUPYIOT JIBa BO0EMAa 00HEMOM OKOJIO 1,5 MITH M>, HeIOCpeICTBEHHO MPUMBIKAIOIIHX
K MacCHBY XBOCTOB M TOHHEJIBHBIN 0OBOJHON TpakT (Oe3peMOHTHBIN nepuoj okoio 30 Jer)
TIPOIYCKHO#T COCOGHOCTHIO < 65 M*/c Tpy yxke npoxoausmx B XXI BeKe celleBbIX MaBOIKOB
C PAacxXoJoM CyIIECTBEHHO OonmbmmM 65 M%c. CXOl HOBBIX CeJIEBBIX (HAHOCOBOJHBIX)
MaBOJIKOB B CJIOXHBILEHCS CUTYallMU IPO3UT MACIITa0HON KatacTpodoil pacioioKEHHOMY B
HIKHEM Obe(e MIIOTHHBI HaceJIeHHOMY YHKTY (c. beuteiM), nadpactpykrype [pusnsopyces,
BO3HWKHOBEHHEM pa3pyIIMTEIbHOTO TaBojaka mo rimaBHOH peke (bakcan). HeoOxomumo
0e30TiaraTesibHOE CTPOUTEILCTBO OOBOJHOTO OTKPHITOTO (ACHCTBYIOIIME HOPMATHUBBI
3alpelaT MPUEM CENICBBIX PAacXOJ0B B TOHHEIbHBIC BHIPAOOTKH) HMHKEHEPHOTO BOJHOTO
TpaKTa Ha PacXobl, CYIIECTBEHHO MPEBHIIIAOIINE CYIIECTBYIOIINE BO3SMOXKHOCTH. Y YHTHIBAs
KJIacC TpeOyIOIIero 3anuThl KOMIUIeKca coopykeHuit (I-if), xapakTep W BOJAOHACKHIIICHHOCTh
XBOCTOBBIX Macc, 3TH Pacxojbl OPUEHTHPOBOYHO OLEHUBAIOTCS Ludpamu: P19 =270 M¥/c u
P0,0l% =430 MS/C.

3akiaouenue

OueBuiHOE TUIAHETAPHOE MOTEIUICHHE KIMMaTa OTPaXKaeTCsl YBEIIMYCHHUEM YacTOThI U
SHEPreTHYECKOH MOIIHOCTH MaBOAOYHBIX PACXOJOB JIMBHEBOTO MPOUCXOKACHUS Ha peKax
ceBepHOro ckyioHa InmaBHoro KaBkasckoro xpeOTa, MOBBIIAS, B YacTHOCTH, PHCK
BO3HHKHOBEHHS JKOJIOTHYecKOW KatacTpodsl Ha THIpHBIAY3CKOM XBOCTOXPAaHWIIUIIE,
SBIISTFOILMMCS, BUIUMO, CaMBIM OTMIaCHBIM 00BEKTOM Takoro pona B Poccuu.

OTOMy 00CTOSITENLCTBY CIIOCOOCTBYIOT:
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e OompmIol 00BEM MaTEPHAIIOB 3aXOPOHEHHUS IUCTIEPCHBIX M TOKCHYHBIX OTXO/I0B
oboramieHus, HaXOISAIMIMXCSI B  BOJOHACHIINICHHOM  COCTOSHUU  TIpU
HepaboTarolIei IPeHaXHON CHCTEME;

® HECOOTBETCTBUC WJICOJIOTUM W TMApaMETPOB TOHHEIBHONH CXEMbI OOBOJHOTO
pEYHOro TpaKTa pEallbHO CKIAIBIBAIOIIMMCS  MPUPOJHO-TEXHOTEHHBIM
YCIIOBHSIM;

® KOMaHJOBaHHWE HaJx YpOAHW3UPOBAHHOW TEPPUTOPHEN, HEIOCPEICTBEHHO
MIPUMBIKAIONICH K HUKHEMY Obe(y IIOTUHBI XBOCTOX PAHUIIMIIA;

® OECKOHTPOJILHOCTh COOPYKEHHUI KOMIUIEKCA, YIKE MOJABEPIIIUXCS HETaTUBHOMY
BO3JICMCTBHIO  CENEBBIX IMOTOKOB W  KamuTambkHO (¢ 1998 r1.) He
PEMOHTHPOBABIIIHXCSI.

¢ TIOTEHIMATbHO BbICOKass (OHOBas ceificMHYecKas OIACHOCTh  ydYacTKa
pa3MeImieHrs IUIOTHHBI W Yallld XBOCTOXPAHWIHING, TPH 3EMIIETPSICEHIIX
pacyeTHOW 0aJUIBHOCTH IUIOTHHA, ¢ €€ KJIACCOM, BBICOTOHM U CYIIECTBYIOIIMMU
rmapamMeTpaMu, HeOOXOUMOH YCTOHIMBOCTRIO HE 00JIaaeT.

Kpome Toro, ruipoXuMHIecKue XapaKTePUCTHKN BBIXOI0B (PHIIBTPAITMOHHBIX BOJ U BOT
YCThEBOHM YaCTH UCKYCCTBEHHOTO PycClia pEKH HE OTBEYalOT HOpMaM Oe30MaCHOCTH.

[ocne 1960 r. B Mupe mpousonuio nopsiaka 120 Tparnyeckux cOOBITHI, CBSI3aHHBIX C
TakKUM{ CIENU()UIECKIMH TEOTEeXHHYECKUMH OOBEeKTaMH, KaK XpaHWIHIIAa OTXOJOB
pa3paboTOK IMOJe3HBIX HCKomaeMblX (B bpaswmuu, Aurmmu, Kutae, Ilepy, Ynnm, bonrapun,
CHLIA, Smonmu, Wcnanuu, FOxuolt Adpuke, ['epmanuu, FOrocmaBuu, 3umbadBe, Kanane,
Oununnunax, Utanuu, ABctpun, ['Buane, Hopoit 3enanauu, bonusun, Pymbinuu, [lIBenun,
Benrpun, ®unnsuaun, Apmennu, Mekcuke, Uanuu, M3pamne, Mesiame u Poccun). Okoio 65
karactpod mnpuxoautcs Ha 40 ner XX Beka, okosno 55 — Ha 20 mer XXI Beka, U3 Hux 8
ciayannuch B 2019 r., B T.4. 3 — B bpasunun. IIporso3 Bceraa ocCHOBaH Ha 3KCTPANOISALMH.
['maBHOE BHUIETH TEHACHINH, UMeEOIUe Oymymiee. UTHOpHpOBAaTh YPOKH MPOILIOTO TIPH 3TOM
HEJIOITYCTUMO.
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CucreMa npoTuBoce/ieBbIX MepONpUATHIA B 3aWJINICKOM AJlaTay

A.P. Meney?, B.IL. Baarosemenckuiil, C.Y. Panosal, H.E. Kacarkun', M.K. Kacenos?,
K.T. PaiimbexoBa®
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AnHoTanusa. CucteMa NpOTUBOCENEBBIX MEPONIPHUATHN B 3alINIICKOM AlaTay BKJIIOYAET
B cebs: oOmeHKa M KapTorpaupoBaHHE CEJEeBOM OMACHOCTH WU CEJEBOTO PHCKA,
MIPEBEHTUBHOE OIMOPOXKHEHHWE IPOPHIBOONACHBIX O03€p, MOHUTOPHMHI M paHHEe
NpEAYIPEKIEHUE O CEJIEBOM OIIACHOCTH, CTPOUTENILCTBO CEJIE3AILUTHBIX coopy keHuil. Ha
KapTax CeJIEBOM OINACHOCTH IIOKa3aHbl TIpaHMLBl PACIPOCTPAHEHMs CEJIEH pa3HOM
MOIITHOCTH M TOBTOpsieMOCTH. KapThl celIeBOro pHUCKa COCTaBIUIUCH OTAEIBHO IS
COLIMAJIBHOTO, ’KOHOMHYECKOT'0 M 3KOJIOTHYEeCKOro pucKkoB. Ha kapTax, MOCTPOEHHBIX 110
pesyibTaTaM pPacyeToB CPEAHEro rofoBOro yiepba OT cesield, MOKa3aHBl YYacTKH C
HU3KHMM, YMEPEHHBIM U BBICOKUM YPOBHSIMH pHUCKa. [IpeBeHTUBHOE ONOpPOXKHEHHE 03ep
npoBoauTcs ¢ 1964 r. 3a Bech nepros paboThl BBITOJIHEHHI OoJiee yeMm Ha 20 o3epax. B
MOCIIEIHUE TOABI MPOBOIUTCA PETryIsIpHOE OINOPOXKHEHHE CEMH MOPEHHBIX 03ep.
OmnoposkHEeHHE 03ep MPOBOIUTCS IPOKIIa KON TOBEPXHOCTHBIX KAHAJIOB CTOKA M OTKAYKOMH
BOJBI Hacocamu H cuoHamu. [Ipn paboTax HCHONB3YIOTCS MUHH-OYJIBI03€PHl 1 MUHH-
9KCKaBaTOpbHl. MOHNUTOPUHT M paHHEe MpenyNnpekIeHne O celsix BKIrodaeT B cebs: 30
ABTOMATHYECKUX CTAaHIWH MOHHUTOPHHTA (8 CTAaHIMI Ha MOPEHHBIX 03epax, 6 CTaHII B
CENeBBIX OdYarax, 9 CTaHIMH B CENEBBIX PYyCNaX, 5 CTAHIMM HA CEJIC3AIMUTHBIX Aambax),
IIBa AUCIIETUYEPCKUX IMyHKTa. Pa3BepTrIBaHME cCeTH MOHUTOPHHTA OyaeT 3aBepmieHo B 2020
rofy. JIJist 3aIIuThl OT CENIEBBIX MOTOKOB IIOCTPOCHBI ABE CeJICHAIPABIIAIOIINE 1aMObI 1 14
celne3aJiepKUBarOIMX AaM0. B JByX ceseBbIX pycllaX yCTaHOBIJIEHBI TPOCOBO-CETUATHIE
6apreprl. HameueHo cTpOUTENBCTBO ele IBYX CIUIOIIHBIX cee3alepKUBArOIUX JaM0.

Knrouegvie cnosa: monumopune u pannee npedynpexcoenue ceietl, OnopolICHeHue
MOPEHHbBIX 03ep, OYEHKA U Kapmozpapduposanue ceiesoll ONACHOCMU U Cele8020 PUCKA,
npomugocesnesvie MEPONPUAMUS, CeNe3AUUMHbBIE COOPYIHCEHUS

Ccepunka nus nutupoBanusi: Meney A.P., briarosemenckuii B.I1., Panosa C.Y., Kacarkun H.E., Kacenos M.K.,
PaiimGexoBa JK.T. Cucrema mpoTHBOCENEBEIX MepomnpusaThuii B 3amnmiickoM Anaray. B c6.: CeneBble MoTOKH:
KaTacTpoQbl, PHUCK, IPOTHO3, 3ammra. Ipymel 6-if MexmyHaponHoit koHpeperniyn ([lyman6e—Xopor,
Tamxukuctan). Tom 1. — OtB. pen. C.C. Uepnomoper, K.C. Bucxamxkuesa. — lyman6e: OOO «IIpomoyun», 2020,
c. 39-48.

System of the debris flow protection in the Zailiyskiy Alatau range

A.R. Medeu?, V.P. Blagovechshenskiy?, S.U. Ranova?, N.E. Kasatkin!, M.K. Kasenov?,
Zh.T. Raymbekova®

YSC “Institute of Geography and Water Safety” MES RK, Almaty, Kazakhstan,
ingeo_2009@mail.ru, victor.blagov@mail.ru, sandu2004@mail.ru, kasatkinne@mail.ru
2SI “Kazselesashchita” CES MI RK, Almaty, Kazakhstan, kasenov-1968@mail.ru

SAl-Faraby Kazakh National University, Almaty, Kazakhstan, t58ray@mail.ru

Abstract. The system of anti-mudflow measures in Zailiysky Alatau includes: assessment
and mapping of mudflow hazard and mudflow risk, preventive emptying of moraine lakes,
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monitoring and early warning of mudflow hazard, construction of mudflow protection
dams. The mudflow hazard maps show the borders of mudflows with different power and
frequency. Mudflow risk maps were compiled separately for social, economic and
environmental risks. Maps based on the results of the average annual damage from
mudflows show areas with low, moderate and high-risk levels. Preventive emptying of
lakes has been carried out since 1964. Over the entire period of work, empting has been
done on more than 20 lakes. In recent years, seven moraine lakes have been regularly
emptied. Lakes are emptied by laying surface runoff channels and pumping water with
pumps and siphons. During the work, mini-bulldozers and mini-excavators are used.
Monitoring and early warning of mudflows includes: 30 automatic monitoring stations (8
stations on moraine lakes, 6 stations in mudflow formation sites, 9 stations in mudflow
channels, 5 stations on mudflow dams), and two control centers. The deployment of the
monitoring network will be completed in 2020. To protect against mudflows 14 dams were
built. In two mudflow channels, cable-mesh barriers are installed. It is planned to build
two new dams.

Key words: monitoring and early warning of mudflows, emptying of moraine lakes,
assessment and mapping of mudflow hazard and mudflow risk, mudflow protection
measures, mudflow protection dams.

Cite this article: Medeu A.R., Blagovechshenskiy V.P., Ranova S.U., Kasatkin N.E., Kasenov M.K,
Raymbekova Zh.T. System of the debris flow protection in the Zailiyskiy Alatau range. In: Chernomorets S.S.,
Viskhadzhieva K.S. (eds.) Debris Flows: Disasters, Risk, Forecast, Protection. Proceedings of the 6th International
Conference (Dushanbe—Khorog, Tajikistan). Volume 1. Dushanbe: “Promotion” LLC, 2020, p. 39-48.

BBeagenne

Jaunuiickuil Anaray SBISE€TCA OOHUM U3 CaMbIX CEJICONACHBIX TOPHBIX pPAalOHOB
Kasaxcrana. OGbeMBI cesleil MOTyT JOCTHTaTh HECKOJIBKMX MHJUTHOHOB M°. B T0 ke Bpems 3ToT
palioH OTIWYAEeTCs] BHICOKUM COITMAIBHO-PKOHOMHYECKUM pa3BuTHeM. Ha ceneBbIX KOHycax
BBIHOCA CEBEPHOr0 CKIOHA 3amIuicKoro Asaray pacmojiokeHa KpymHas TopojcKas
arJioMepanus ¢ IEHTPOM B ropojie AnMaTsl ¢ HaceneHneM Oosee 2,5 miH genoBek. CeneBble
MOTOKU MPEJCTABJISIOT OOJIBIIYIO Yrpo3y JUlsl HAceJICHHS M SKOHOMHKH paiioHa. CelieBble
KaTtacTpoppl C MHOTOYUCICHHBIMH KEPTBAMH M OOJBIIMM MaTepHUaIbHBIM YIIEpOOM
npoucxoauian B 1921, 1963 u 1973 romax [Medeu et al., 2019]. [TosTomy 3aaua 3aIIuThl OT
cene ABIISIETCS OUEHb AKTYAJIbHOM.

CucreMaTnuecKue Hay9IHbIC UCCICIOBAHUS CeIei B 3anIuiickoM AJratay IpOBOISITCS C
1950-x romoB, KOrJa B THAPOMETEOPOIIOTHIECKON CITy)kOe OblIa co3/iaHa celleBasi mapTus U
HaygHO-uccienoBaTenbckuit nHCTHTYT (KasHUI'MU). UccnemoBanus ceieil MpOBOIUINCH
«Kazcenezammroii», a Takxke B UHcTUTYTE reorpaduu u MHCTHTYTE reojorndeckux Hayk AH
Ka3CCP. «Ka3zcenesamuray Obuta co3gana B 1973 r. crienuaibHO U 00ecIieYeHus 3alluThI
OT ceJiei.

Ha YemosiraHcKOM TIOJHMIOHE TPOBEJICHA CEPUs YHUKAIBHBIX ITOJIHOMACIITAOHBIX
SKCIIEPUMEHTOB MO  MOAETUpoBaHMIO  cened.  [Ipomumm  ycmeumrHele  WCIHBITAHUS
PaZMOOTIOBECTHTENEH celiell, KOTOphle MOXHO CUYHTATh MPOOOpPa3oM CHUCTEMBI pPaHHETO
OTIOBEIIEHUS. bpuTH pa3paboTaHbl METOABI MPOTHO3A JIMBHEBHIX M TUIAIMAIBHBIX CEJICH, a
TaK)KE OMOPOXKHEHMSI TPOPBIBOOMACHBIX MOPEHHBIX 03ep [Bezonacnocme..., 1998].
Marepuaibl HaOIIOJCHHN 32 CEJICBBIMHU SIBIICHUSIMH CHCTEMAaTHU3UPOBaHbI B padore [Medey u
op., 2016], B xoTopoil mpuBeneHBI cBeneHus Oonee yem o 2000 cenmeBbIX mposiBieHuit. Ha
CeJIeonacHbIe OaccelHbI CEBEPHOTO CKIIOHA 3aMIMICKOro Ajlatay COCTaBICHBI KapThl CEIEBOM
OImacHOCTH U ceneBoro pucka M 1: 350 000 u 1:100 000.

B cratee paccMaTpuBaeTcsi COBPEMEHHOE COCTOSHUE CHCTEMBI IPOTHBOCENEBBIX
MeponpuaThid. B Hacrosmiee BpeMms cHcTeMa 3aIllWTHl OT celeil B 3amuiickoM Alaray
BKJIIOYACT B Ce0sI CIACIYIOIINE MEPOTIPUSITHS:

—  OIICHKA U KapTorpadupoBaHUE CEICBON OMACHOCTH U CEICBOTO PUCKA,
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— IPEeBEHTHBHOE OMOPOYKHEHHE IIPOPHIBOONIACHBIX 03€D,
—  CTPOUTENBCTBO CENE3ANUTHBIX COOPYKEHHH.
— MOHHTOPHWHT U PaHHEE MPEAYNPEkKACHNE O CEIEBOI ONTaCHOCTH.

KapTsl cesieBoii onacnocTu

B 2018-2019 romax MHuctuTyToM Teorpadum mo 3amaHuto JlemaprameHta 1o
Ype3BLIYAHHBIM CUTYAIHSIM ropoia AMaThl ObIITM COCTABIICHBI KapThl CEJICBOI OMACHOCTH U
ceneBoro pucka M 1:25 000 na 6accelinsl pexk Kumm n Yiaken Anmarsl, Kapransl u Axcaid.
KapThl coctaBnenbl ¢ ucnois3oBaHueM [ MC-texHosoruili mo marepuaiaM MHOTOJETHUX
HaOJIFOICHU, TTOJIEBBIX UCCIICAOBAHUN 1 JCTIH(PPUPOBAHUST KOCMIUUECKIX CHUMKOB.

Ha kaprax ceneBoii oracHOCTH MOKa3aHbl ITyTH IBMXKEHHSI 1 TPAHUIIBI PACTIPOCTPAHEHHS
cenel pa3nuuHbIX 00beMOB 1 oBTOpsieMocTH. [1o oObeMam cenu pazaeneHsl Ha 4 KaTerOpHu:
OYeHb KpyTHBIE ¢ 00BbeMoM Gonee 1 mmH M3, kpynHEIe ¢ 06BeMoM ot 100 Thic. 10 1 MIH M,
cpenane ¢ oobemMoM ot 10 mo 100 Teic. M® menkue ¢ o6bemom menee 10 Teic. M. ITo
MOBTOPSIEMOCTH CEIM pa3zesieHbl Ha TPH rpajalliy: 4yacTas ¢ MOBTOPAEMOCTHIO yaie 1 pasza B
50 ner, penkas ¢ mopTopsemMoctbio oT 1 pa3a B 50 et no 1 paza B 100 net, oueHb peakas ¢
MOBTOPsieMOCThIO pexe 1 paza B 100 rer.

BykBamu 0003HaueHBI TeHETHUYSCKUH TUM (TJIAUAIBHBIA WM JTOXKICBOW) M COCTaB
cenei (rps3eKaMeHHBIHN, TPsA3eBBIN, HAHOCOBOIAHBIN).

Ha xapre 0603Ha4eHBI MPOPHIBOOIIACHBIE MOPEHHBIE 03epa ¢ 00beMoM Boabl oT 10 1o
100 u Gonmee 100 Thic. M°, KOTOpbIE MOTYT OBITH HCTOYHHKAMH (DOPMHUPOBAHMS KDPYIHBIX
MPOPBIBHBIX IIALUAIBHBIX CEIIEH.

Ha xaprax Takxe IOKa3aHbl KPYIIHBIE 3PO3MOHHBIE BpPE3bl B PBIXJIO00JIOMOYHBIX
OTJIOKEHUSIX, SIBISIIONIMECS oyaraMu (OPMHUPOBAHMS JOXKIEBBIX M TILSIIUAIBHBIX CeJel, U
CeNe3allUTHbIE COOPYKEHHUS (OCTaHABIMBAIOIIME W HANPABISIONINE JaMObI, CKBO3HBIC
pemrervarbie qaMObl U ceTYaThie Oaphepsl).

Jiis 00BEKTOB, PacHONIOKEHHBIX B CEJIEOMACHOW 30HE, MOKAa3aHO PAaCcYeTHOE BpEMS
no0OeraHusi cesist OT oyara OPMUPOBAHUS 10 OOBEKTA.

KapTsI cesieBoro pucka

CeneBoit pHUCK OIEHUBAJICSA TIOT PEM KATETOPHSAM: COIHMAIBHEIN, SKOHOMHUYCCKUN M
sKosiorndeckuii. KapTel ceneBoro prucka cocTaBisUINCh Ha OCHOBE KapT CEJIEBOW OMACHOCTU
U epeyHst 00BEKTOB, [TOJIBEPKEHHBIX CEJIEBBIM BO3/IeHCTBUSIM. B 3TOM nepeune ykasblBaiich
MECTOITOJIO)KEHHE O0BeKTa, €ro THUM (COUMANBHBIH, IKOHOMHYECKHH, OSKOJIOTHYECKUN),
CTOMMOCTh, YacTOTa BO3JEHCTBHS ceneld u ymepOd, HAHOCHMBIMA CEIMH TIpH TaKHX
BO3JICUCTBUSIX.

PacdeTsl 5KOHOMHYECKOTO PHCKA BBHITIONHEHBI JUIA KaXKI0TO 00BEKTa, TOABEPKEHHOTO
BoznelicTBHIO cenei. CpemHuit TOA0BOW yIIepOd pacCuuTaH C YUYETOM CTOMMOCTH OOBEKTa,
BEPOSITHOCTH BO3ACHCTBHS CEJIsl, €0 pa3pyIUTEIbHOM CIIOCOOHOCTH U yCTOWYMBOCTH 00BEKTA
K CeJIeBbIM BO3JieiicTBUSAM. PacueT ymiepOa u pucka BBIIONHEH U1 KaXXJ0ro o0bekTa. O0ummii
pUCK IO 6acceiiHy moTydaeTcss CyMMHPOBAaHHEM YIIepOoB M0 BceM 00BheKTaM OacceiHa.

30HBI BO3IEHCTBUSI Celieil, BbIICIIEHHBIE Ha KapTaX CelIeBOW OMAaCHOCTH, OBbUIM
TU(GQPEPEeHIMPOBAaHbl 10 TPEM YPOBHIM pHCKa (HU3KWH, yMEpEHHBIN, BBICOKUI), B
3aBUCUMOCTH OT TSKECTHU MOCIEACTBUI CEJIEBBIX BO3IEUCTBUNA U UX TOBTOPSEMOCTH. TSKECTh
MOCTIEICTBUN OIICHWBAJIACh IO BEIIMYMHE BO3MOXKHOTO ymiepOa W YpOBHIO Upe3BBIYAITHBIX
CUTYyaIui (JIOKaJabHBIN, 00bEKTOBBIN, MECTHBIN, PErMOHANIBHBIN, TJI00ANbHBIN) B 3aBUCUMOCTH
OT YHCIIa TOTUOMINX U TIOCTPAJABIINX JIFOJIEH U pa3Mepy MaTepUaibHOTO yIepOa, MPUHITHIM
B Komurere mo upe3BbrvaitHpiM curyarusMm Pecryomukn Kazaxcran. Ilostopsiemocts UC
OLIEHWBAJach MO TMOBTOPSIEMOCTH cenel. [ MoBTOpsieMOCTH OBIIM BBIACICHBI HYETHIPE
rpamanuu: odeHb peakas (pexe 1 pasa B 100 ser), peakas (1 pa3 B 20—100 met), gactas (1 pa3
B 20—50 yret) m oueHs vacrtas (dame 1 pasza B 20 meT)
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Huzkuif ypoBeHb puCKa TPHUHAT I TEPPUTOPHUNA, Ha KOTOPHIX 0O0BekToBble UC
noBTOpsitoTCs pexe 1 paza B 100 neT, a He3HAUUTENbHBIE IPOUCIIECTBUSA MOTYT IOBTOPATHCS
1 pa3 B 50 ner. Ha 3TuX TeppUTOpHAX 3aIUTHBIE MEPONIPUATHSI, KaK IPABHIIO, HE IPOBOIATCS.

YMepeHHBIH PUCK IPUCYTCTBYET HA TEPPUTOPHSX, e MecTHEIC UC TIOBTOPSIOTCS peke
1 pa3a B 50 7er, a o6pexTOBBIe UC MoryT moBTOpsiThCs 1 pa3 B 20 net. Ha aTux Tepputopusx
HEOOXOOUMO TPOBOAMTH 3AILUTHBIE MEPONPHUATHS, KOTOpPBIE OOBIYHO CBOAATCS K
PETYJIMPOBAHUIO 3E€MIIENIONB30BaHUA, MOHUTOPHHTY CEIIEBOM OMACHOCTH, NMPEBEHTUBHOMY
OTIOPO’KHEHHUIO IIPOPHIBOONIACHBIX 03€p, PAHHEMY MPEIYTIPEKICHHIIO O CXO/IE CElsl.

Bricokuii ceneBoi pucK ycTaHaBJIMBAeTCs A TEPPUTOPUN, Ha KOoTOopbix 1 pa3z B 50—
100 et MoryT BO3HHKATh pernoHanbHble U riaodansaeie UC, 1 pas B 20—50 et — mectHbie UC
n gamie 1 paza B 20 et — 00bpexToBbIe UC 1 MpOUCIIeCTBUS.

Onopomnelme IMPOPLIBOOIIACHBIX 03€P

bonpmmHCcTBO TOpHBIX 03¢p B 3aunuidcKoM Anatay HMMEIOT  I[ISIIHATbHOE
poucxoxaeHue. Beero Tpu o3epa sBISAIOTCS 3aBAIBHBIMU. | IALIMansHbIe 03epa 00pa30BaIiCh
MpH OTCTyHNaHWM JenHUKOB. llo BpemeHn oOpa3oBaHHMS OHH [ENATCA Ha JApPEBHHE H
coBpeMeHHble [Kanuya u op., 2018). [IpeBHHE 03epa BO3HUKIIH IIOCJIE 3aBEPLICHUS IOCICIHETO
BEPXHEUETBEPTUYHOIO OJICIECHEHUs, 3aKOHUYMBIIErocss mnpumepHo 10 Teic. ner Hazan.
CoBpeMeHHBIE JIETHUKOBBIE 03epa 00pa3yloTCs MPH OTCTYMAHUH JIEAHWKOB mocie Maioro
JIETHUKOBOTO Tepuoja, jumBirerocss ¢ 13 mo xomerr 19 BekoB [Severskiy et al., 2016].
Otcrynanue JIEAHUKOB CBS3aHO C TI00ANbHBIM MOTEIUIeHHEM kiaumara. OcoOeHHO ObIcTpo
JIeTHUKH HadaJlu coKpamarkcs ¢ cepeaunsl 20 cronerus. B HacTosee BpeMsi OHH OTCTYHArOT
co ckopocTbto 6onee 10 M B rox [Kokapes u op., 2011].

[IpopbiBOOIIaCHBIMU  SIBIISIIOTCSI TOJIBKO COBpPEMEHHBIE JIEAHHKOBBIE 03epa. IIpopsiB
IPEBHUX MOPEHHBIX U 3aBaJIbHBIX 03€P BO3MOKEH TOJIBKO IIPH MEPETIOTHEHNH UX B PE3YJIbTATe
CXO/Ja CeJsl WM BBITECHEHHUS BOXBI BCIIEACTBHE TOPHOTO 00Bajia WM TOJABIKKH JIEIHUKA
[Bolch et al., 2011; Hubbard et al., 2005]. TTpopsIBOOIaCHOCTH COBPEMEHHBIX JICAHUKOBBIX
03ep oOyCIOBIIEHA TE€M, YTO MX IUIOTHHBI CJIOKEHBI NMOTPeOCHHBIMU JibAaMH. TasHue 3THX
JTBA0B TMPUBOAUT K MOBEPXHOCTHOMY WM ITOJ3EMHOMY TPOPBIBY 03€p W (OPMHPOBAHHUIO
DIAIUANBHBIX ceseil. O0beM Celisi MOXKET MPEBHIIIAaTh 00beM MPOPBIBHOTO MaBojka B 10, a
uHorza B 20 pa3. Hanbonee yacto npopsIBbI 03ep HAOII0AANKCE BO BTOpoi mosioBuHe 20 Beka.
Jo 1950-x romoB crenuanucTaMu OTpHIIajJach caMa BO3MOXKHOCTH (DOpMHUpOBaHUS B
SannuiickoM Anaray TISIUAIBHEIX ceneil. [1epBrIil KpymHBIN MIANHUaNbHbIN Cellb OTMEYEH B
1956 r. C tex nop B nepuoa a0 1993 r. B 3amnmiickom Anaray NpoU30IIIO CEMb INISLUAIBHBIX
ceneit 06beMOM GoJiee MIJLTMOHA M°, KOTOpHIE COTPOBOYK/IAINCH YeTOBEYECKHMH JKEPTBAME
WA KPYITHBIM MaTepHaIbHBIM yiiepooM [Medey u dp., 2016, Medeu, et al., 2019].

KonmnuecTBo mpophIBOONACHBIX 03€p U UX Pa3Mephl MOCTOSIHHO MeHAIoTca. OT MOMeHTa
BO3HUKHOBEHMSI JIETHUKOBOTIO 03€pa 10 AOCTHIXKEHHUS UM OINACHOrO pa3Mepa MOXKET MpOUTH
Bcero 20 yer. HekoTophkle o3epa MCUYE3aIOT B PE3yIbTaTEe OIMOPOXHEHHUS IO ITOA3EMHBIM
KaHaJlaM cToka 0e3 popMupoBaHus cemneid. YacTh 03ep oCylIaloTcsi B 3MMHHIA MEPUO]] B CHOBA
HamoNHAOTCST  JieToM. [lo3ToMy HEOOXOOMM TOCTOSHHBIM ~MOHHUTOPUHT  COCTOSIHHS
JIEIHUKOBBIX 03ep. PaboThl MO COCTaBICHMIO KaJacTpa O03€p NPOBOAATCS COBMECTHO
Wucturytom reorpadmu m Kascemesamutoll. B HacTosee Bpems Ha CEBEPHOM CKIIOHE
3annuiickoro Anatay HaCUMTHIBAETCS 22 MPOPHIBOOMACHBIX JICAHUKOBBIX 03epa 00BEMOM OT
25 Teic. 10 1,1 mma M3, [Kanuya u op., 2018].

i mpetoTBpaIieHus MpOPBIBHBIX TIISAIMANBHBIX Celeld B MEPOBOHN MPAaKTHKE MIMPOKO
WCIOJIb3yeTCd MCKYCCTBEHHOE OINOPOKHEHHE MOPEHHBIX 03ep. DTOT METOJ HpPHMEHSEeTCsS B
Kazaxcrane ¢ 1964 rona [bezonacnocme..., 1998]. B 3aunuiickom Anaray Kascenezamura
npoBenia onopoxkHeHue okosno 30 mpopsiBoomacHbeIX 03€p. Takue paboTHl MPOBOISTCS HA
o3epax 06seMoM Goree 100 ThIC. M°, eciTH BX MPOPHIB MOKET IPUBECTH K (JOPMUPOBAHHIO CEJIS,
CIOCOOHOTO0 HAaHECTH 3HAYMTENbHBIA ymepd. CHmkeHue o0bema o3epa 10 0e30macHOro
pasMepa OCYLIECTBIISICTCS NMPOKIAAKOW MMOBEPXHOCTHOTO KaHaja, a TaKKe OTKAYKOH BOJIBI
Hacocamu u cudoHamu (puc. 1). OcobeHHO akKTHBHO 3TH padboThl BexyT ¢ 2016 1. B HacTosmee
BpeMsI MPOBOJUTCS OMOPOXKHEHHE BOCBMH 03Ep. Il OTKaykyd BOJBI MCIIOJIB3YIOT HACOCHI,
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CMOHTHPOBaHHBIE Ha TUIABYYHX IU1aTdopmax, U cudoHsl quametpoM 200 MM. [loBepXHOCTHBIC
KaHaJIbl MPOKJIAaAbIBAIOTCS C HCIOJNB30BAaHHEM MHHH-DKCKaBaTOPOB U MHUHH-OYIIBI03EPOB.
TexHuKa NOCTaBIAETCS HA MECTO PadOT BEPTOIETAMH.

B 2019 r. B pe3yipTaTe MPEeBEHTHBHOTO OMOPOKHEHHS yIATOCh MPEIOTBPATUTH TPOPHIB
MOpPEHHOro o3epa mnoj JyeaHukoMm Kapranel B ogHouMeHHOM OacceiiHe. DTO 03epo yxe
MPOPBIBAJIOCH O Mo3eMHOMY KaHaiy B 2015 1, yTo npuBeio kK (oOpMHPOBaHUIO cellsl 00bEMOM
150 teic. M. Cenb GBI OCTAHOBIIEH HA BBIXOJE M3 TOp 3alIMTHOM namGoii. B 2019 r. 03epo
BHOBb HA4ajlo HAINlOJHATHCSA. YPOBEHb BObI IIOJAHUMAJICS CO CKOPOCTBIO 0K0JI0 10 cM B J€Hb.
K cepenune uions o6bEM 03epa gocTur 77,2 ThIC. M, a ypoBeHb TIOHANCS 10 rpeGHs 03&pHOit
nepeMblukd. UToObl He JONMYyCTHTH NPOPBIBBL 03€pa, OBUIM NPEANpHUHATH pabOThl MO
CHIDKEHHUIO ero ypoBHs. OTKauKy BOJbI Yepe3 03EPHYIO IEePEMbIUKY BEJIU LIECThIO HACOCAMU
MPOU3BOAUTENBbHOCTRIO 360 11/C, yCTaHOBIEHHBIMU Ha TUIaBYy4YHX Iuiatgopmax (puc. 7), u
cuponom auamerpom 200 mm. Kpome Toro, skckaBaTopoMm OBII HPOPHIT 3BAKyallMOHHBIN
KaHaj TayOmHOU 2,5 M. 3a mepuwox ¢ 6 wmroHS To 13 aBrycrta u3 o3epa Obuto cOpoOIIEHO
1,6 Mt M° Boztbl. B pesynbTaTe ypoBeHb BOJIBI B 03epe ObLI IOHIKEH Ha 3,7 M. O6bEM 03epa
IpH STOM yMeHbIIWICS Ha 42 Thic. M°. 14 aBrycra 03epo Bce-TakH IIPOPBATOCh, HO H3-32
HEBBICOKOTO aBJICHUS BOJIBI B [I0A3EMHOM KaHaJIe PacX0 IPOPHIBHOIO IAaBOAKA HE ITPEBbILIAI
4 m®/c. TIpUMEpHO C TAKMM K€ PAcX00M HAHOCOBOJIHBIH MABOIOK MPUIIEN B CeNeXPaHIINIIE
nepes 3aluTHON 1aMOO, TJie OH U OCTaHOBHJICA.

B 2019 r. npeBeHTHBHOE OMNOPOXHEHHWE MPOBOAMIOCH €IE Ha MIECTH 03Epax
Bamnmiickoro Anaray. Bo BpeMs 9THX paboT 66110 cOpomeHo 4,6 MTH M° BOJIBL.

B r

Puc. 1. PaboThl O NPEBEHTHBHOMY OIIOPOXXHEHHIO MOPEHHBIX 03€p. a — OaTHMETpHUecKas CheMKa C
ucrionp3oBanueM oxosora W GPS-maBuratopa, 0 — TpoKIazka IOBEPXHOCTHOTO KaHala ¢
UCIIONIb30BAaHMEM DJKCKaBaTopa M Oynbro3epa, B — HAcoc JUIi OTKAaykKW BOJBI HAcOCaMH,
CMOHTHPOBAHHBIMH Ha IUIaBy4el miardopme, I — cOpoc Boabl CH(poHOM

Fig. 1. Moraine lakes preventive emptying. a — bathymetric survey using an echo sounder and a GPS

navigator, 6 — laying of a surface channel using an excavator and a bulldozer, 8 — a pump mounted on a
floating platform, r — discharge of water by a siphon
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Cene3aliuTHbIE COOPYKEHUS

[epBas cenezammrHas namba B 3annuiickom Anatay Oblia mocTpoeHa B Hauaie 1950-x
TOJIOB B CpelHEl 4JacTH MONWHBI peku YikeH Anmatbl (puc. 2a). OHa OTBOAWIA CENEBBIC
[IOTOKH, BBIXOAUBIINE W3 noiauHbl p. Kymbency, ot 3manuii ruaposnexrpocranuuu. lamba
yenermso 3amuTtiia I'DC 0T HecKoIbKHX KPYHHBIX cenieif, 06beMoM 6omee 1 mimH M°.

[Mocne xpynHoii ceneBoii karacTpodsl B 1963 1. Ha o3epe Ecuk ObII0 MPUHATO pelieHne
0 CTPOHTEILCTBE Celle3alep KuBaroniell 1aMObl B JojMHe peku Kumm AnMatsl B ypodure
Meney. [Ipoekt 6511 pa3zpadoran Kazaxckum ¢umuanom uHCTUTYTa «[ HaponpoexT. ABTOPHI
npoekrta — I'. llanosanos u }O. 3uneBny. Ilpu cTpouTensCTBE MIOTUHBI OBLIO CAETAHO JIBA
HampaBJIeHHBIX B3pbiBa. [lnoTuHa Obla cmaHa B Skciutyatanuio B 1972 1. Ee BeicoTa
coctansna 107 m, a 06beM cenexpaHmIina — 6,2 MIH M°. Vike uepes ToJ1 ITOTHHE PUIIIOCh
BBIIEPKATh Cephe3Hbli dk3ameH. OHa 3adepkana celb obbeMoM 5,3 mmH M°. Ilnotuna
BBICTOSAJIA, HO B CEJIEXPAHWIUIIE MMOYTH HE OCTAIOCh CBOOOAHOTO 00BeMa Ul 3alepKaHus
HOBBIX celied. [I09ToMy BBICOTY TJIOTUHBI TPUIILIOCH YBEIUUUTH 70 150 M. B HacTos111ee BpeMst
OHa CIIOCcO6HO 3aepxkath 12,6 MiIH M° ceneBoii Macchl.

B 1958-1966 rr. B Oacceiine p. Kumm AnMaTel HOCTPOEHBI 4YETHIPE CKBO3HBIX
METAJUIMYECKUX CENeyJOBUTENEH: TpH pereTdaTsiX B pycie Kummn AnMaTs! (OAMH BbILIE U ABA
HIKe ypouuina Meney) u OJUH TPOCOBO-CeTHaThIil B pyciie p. Capricaii, a TakKe CIUIONIHAS
rabMOHHAs IUIOTHHA B ypOoUHIe MBIHKBUIKBL.

lNanbuonnas mnotunHa B ypouniie MbIHXbUIKEL Ha BeicoTe 3000 M ObLTa paccunTaHa Ha
3ajiepKaHue censt 00beMoM 35 Teic. M°. OHa BBICTOSIA TOJIBKO 5 MUHYT H ObLIa Pa3MbITa [0
ocHoBanus. Ha aToMm ke Mecte k 1983 1. ObuIa mocTpoeHa HOBasl HACKHIITHAS IIOTHHA BBICOTON
17 M ¢ emKocThIo cenexpanuuima 230 teic. M°. B 2019 1. BBICOTa MIOTUHEI GbLIA yBeIHYEHA
HaJI0 26 M, a eMKOCTb CeJIeXPaHIIHIIA — 10 1 MitH M°.

Bcero B 3ammmiickom Ajartay moctpoeHO 14 cene3anuTHBIX IUIOTHH Pa3IudaHON
KOHCTPYKIIMH: CIUIOIIHBIE KAMEHHBIE H JKeJIe300€TOHHBIE, 8 TAK)Ke CKBO3HBIE KeJIe300€TOHHBIC
U ctanpHbIe (Tabmuna 1, puc. 2). Onu 3ammtuiy r. Anmatel B 1973 r., r. Tanrap — B 1993 1. u
nocenok. Kaparaitner — B 2015 1.

Tabmuna 1. Cene3anurHble IUIOTUHBI B 3aIMiickoM Alatay

Table 1. Debris flow protection dams in Zailiyskiy Alatau

Honuna pexn Tun nJIoTHHBI Beicota, M | EMKocTb
ceJleXpaHUJIUIIA,
MJIH M°
Ecux CKBO3Has Kelle300eTOHHAs 13 15
Ecux Crutonrgasi KaMeHHas 48 12,8
Kaiinazap Crutonnasi sxesie300eToHHast 8,6 0,267
Kaiinazap CKBO3HAs XKene300eTOHHAS 55 0,144
Paxar CKBO3Has Kele300eTOHHAs 55 0,107
Tanrap CrutoniHasi KaMeHHast 45 8,5
Kumm Anmatst Cruromnsas KaMeHHast 23 1,0
«MBIHKBIIKBDY
Kumm Anmatst CruronHas kejie300eToHHas 8 0,1
«Cappicaity
Kumm Anmatst Cruromnsas KaMeHHast 150 12,6
«Meney»
Kumn Anmatst CKBO3Has CTaJIbHAs 6 0,1
«JlecHnaecTBO»
VikeH AnMatsl CrutonHas xene300eToHHAs 40 14,5
Kaprasbt CrutoniHas kejae300eToHHas 28,8 1,2
Kackenen CKBO3HAs Kene300eTOHHAS 19,8 2,2
Y3bIHKapTasbl Crutonrgass KaMeHHas 34 1,46
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Puc. 2. CenezammtHeie cOOpYKEeHUS B 3aMINHCKOM AJaTay. a — CeJICHAIIPABIIIONIAs Kele300eToHHAas
mamba Ha p. YikeH AnmMatbl, 0 — ceJeocTaHaBIMBAaIONIas CIUIOIIHAS >Kee300eToHHas namba Ha .
Kapramel, B — ceneocTaHaBiIMBAaIoOlas CIUIOIIHAs KaMeHHas Jam0a Ha p. Tamrap, r —
celleocTaHaBIMBAIONIAs peleTyaTas xeae300eToHHas 1amba Ha p. Kackenen, 1 — ckBo3Has pererdaTas
CTaJIbHAs IUIOTHHA Aam0a Ha p. Kuim AnMarel, € — celne3a ep KUBaroLui CTalTbHOM TPOCOBO-CETYATHIN
Oapbep Ha p. benentaii

Fig. 2. Mudflow protection structures in Zailiysky Alatau. a — deflecting reinforced concrete dam on the
Ulken Almaty river, 6 — stopping reinforced concrete dam on the Kargaly river, B — stopping stone dam
on the Talgar river, r — stopping reinforced concrete grid dam on the Kaskelen river, 1 — steel grid dam
on the Kishi Almaty river, e — steel wire rope-mesh barrier on the Bedelbay river

Ha mpurokax p. Kumm Anmatel pexax benenbait m barapeiika Hike Mezey, mo
KOTOPBIM TIPONIIH A0XKAeBbie cend B 1999 1., B 2014 r. OCTPOCHBI KacKaabl M3 THOKUX
METAJTMYECKUX TPOCOBO-CeTUaThIX OapbepoB (6 OaphepoB B pycie p. benenbait u 3 Gapeepa B
pycne p. barapeiika) (cm. puc. 2e).
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B Hacrosiee Bpemsi TUIaHUPYETCS TOCTPOUTH €Ille JBE IUIOTHHBI: OJHY B JIOJHHE P.
Axcaii ¢ cenexpanumumeM o6beMoM 4,356 MiH M® M OfHY B J0JHHE . YIKeH AIMATHI C
celexpaHmImIeM 00seMoM 2,3 MITH Mo,

CrutomHble cene3aaepKUBarole INIOTHHBI — Hanbouiee Ha&KHOE CPEACTBO 3aIIUTHI OT
ceneir (cMm. puc. 20, B). OmHako B Tpolecce OKCIUTyaTaluy OBUT YCTAaHOBIICH OJHH
CYIIECTBEHHBIA UX HEIOCTATOK — OHH HE MPEIOTBPAIaioT (POPMUPOBAHNE BTOPUUHBIX CEJICH,
BO3HHKAIOLINX TPHU NMPOXOXKICHUHU MOCTCENIEBBIX MTABOJKOB HIDKE IUIOTHH. YTOOBI TaKOro HE
CIIy4ajioch, HEOOX0IMMO 000pPYA0BATh INIOTUHBI PETYIUPYEMBIMU IIIITI03aMHU.

CKBO3HBIE TUIOTHHBI HE BCET/a BBINOJHAIOT CBOIO 3alIMTHYIO poiib. J[Be HeOomblIne
XKeJe300eTOHHBIE CKBO3HBIE TNIOTHUHBI, YCTAaHOBJICHHBIE B pyciiax pek Kokmieka u Axxap, rae
YacTO MPOXOJAT MEJKHE Celld, ObUIM YK€ Yepe3 HECKOJNBKO JIET 3aHECEHbI CEeIeBhIMU
oTnoXkeHUsiIMH. HoBble cenu mpoxomwinm OecnpensTCTBEHHO TMOBEPX JTHUX IUIOTHH.
Mertannnueckasi CKBO3Hasl IJIOTHHA B pycie pekn Kumm Anmatel Oblla cMETE€Ha MOIIHBIM
ceneMm 1973 r. TpocoBo-ceTuathiit 6aprep B pyciie p. Cappicaii ObUI JISTKO pa3opBaH MEPBEIM
e, CPAaBHUTEIHHO HEOOJBIINM CEJIeM, poeaAmnm 1o pyciay Capsicas B 2013 r.

ABTOMATH3HPOBAHHBINi MOHMTOPHHI U PaHHee NMpeAyNpe:KIeHHe 0 ceJIeBOii OMacHOCTH

MOHHTOPHHT U paHHEE NPEAYNPEKACHNE MPUPOIHBIX OMMACHOCTEN SBISETCS OJHUM M3
Haubonee >()(PEeKTUBHBIX MEPONPHUATHH IO CHIDKEHHIO pPUCKAa CTHUXWMHHBIX OencTBuil. Ha
Cenpaiickoii koH(pepeniun OOH B 2015 r. 310 HampaBiieHue ObUIO 00O3HAYCHO B YHCIIE
[JIABHBIX IIPUOPUTETOB.

B Kazaxcrane eme B 1970-e roasl yCTaHaBIMBAIUCh PAJMOOINIOBECTUTENH CEJIEH,
[0/1aBaBIINe CUTHAJ MIPU IPOXOXKIEHUH cellsl Ha Tucneryepckuil myHKT Kascenesamutel. OHM
YCIIEIIHO CpaboTaIy IpH MPoXokaeHuu ceinst 1977 r. mo pexe YkeH AIMaThl, YTO MO3BOJIIIIO
paccuuTaTh CKOpPOCTH IIBHKEHHS CENl Ha HECKOJIBKHX OTpe3Kax IMyTH. OTH YCTpOMCTBa
WCIOJIb30BAIMCH TAKXKE JIS OIPENEeleHHs CKOPOCTH Celeld BO BpeMS 3KCIIEPUMEHTAIbHBIX
myckoB ceneit Ha YUemonranckoM nonurone. K coxanenuto, mocne 1990 r. paboTtsl o 3Tomy
HaIpPaBICHUIO IPEKPATUIHCE.

B 2016 r. B cBA3M ¢ pacHMpeHWEM TEPPUTOPUU T. AJNMaTel BCTaJl BOIPOC O
MOJIEpPHM3AIIMHM CUCTEMBI 3alUThl OT cenedl. Cpeau MpoYrX MEpONpPHUATHI 10 MHUIIMATHBE
WHctuTyTa reorpagun ObUIO pPEIICHO OpPraHM30BaTh ABTOMATH3MPOBAHHBIM MOHHTOPHHI H
paHHee npeaynpexaeHue o ceneBod onacHoctu. B 2017 r. mo 3amanuio JlemaprameHTa mno
Ype3BBIYAWHBIM CUTYanusaM T. AnMatel MHCTUTYT Teorpadun pazpadoTan KOHIEIIHUIO TaKOTO
MoHuTOpuHTa [Medey u Op., 2018]. B 2019 r. Obuta pa3paboraHa NPOEKTHO-CMETHAsS
JokyMeHTanud, a B 2019 r. Hayamoch pa3BEPTBIBAHUE CETH aBTOMAaTH3UPOBAHHOIO
MOHHTOpPHHTA CEJIEeBON OMacHOCTH Ha pekax Kwmm Anmater, Ynken Anmartsl, Kapramer u
AKcail, 10 KOTOPBIM CXOJIST CEJH, yTPOKaroIue T. AJIMaThl.

B 3Ty ceTh BXOOAT aBTOMAaTHYECKHE CTAHLUM MOHMTOPHHIA Ha BOCBMHU MOPEHHBIX
03&pax, MEeCTh CTAHIIUH — B odarax (pOpMUPOBAHUS JOKICBBIX Celied, MECATh CTaHIIUKA — B
CeJIeBBIX pycliax U IATh CTAaHIWHN — Ha CeJIe3allIMTHRIX 1ambax. Ha craHuusx, pacmonoskeHHbIX
Ha MOpPEHHBIX 03€pax, U3MEPSIIOTCS TEMIIEpPATypa BO3AyXa U OCaIKH, YPOBEHb U TEMIIEpaTypa
BOJBI B 03€pe, YPOBEHb BOJBI B KaHAIIE CTOKAa M3 03€pa, TEMIIEpaTypa U BIaKHOCTb IPyHTa B
03epHO TepeMbIuke Ha TIyOuHe 10 3 M. Ha 09aroBBIX CTaHIMSIX M3MEPSIOTCS TeMIIeparypa
BO3JyXa U OCaJK{, YPOBEHb BOJABI B CEJIEBOM pycle, TEMIEpaTypa M BIIAXHOCTh IPyHTa B
CeJIeBOM ouare Ha riyouHe 10 3 M. Ha ctaHnusx B cesieBbIX pycliax U3MEPSIIOTCS TeMIeparypa
BO3JyXa M OCAaJIKH W YPOBEHb BOJBI B CceleBOM pycie. Ha craHIusx, pacroyioKeHHBIX Ha
MPOTHBOCEJICBBIX AaM0ax, M3MEPSIOTCS TeMIlepaTypa BO3JlyXa M OCaJKH, YPOBEHb BOJBI B
ceNexpaHWINILE U B pyclie HWKe TNIOTHHBL. Bee craHmu cHaOKeHbI TaTYUKaMU CXO0J1a CEMIsl U
BUACOKaMEpaMu. DHEProcHaOXEeHHWE CTAaHIMHA OCYLIECTBISIETCS. OT COJIHCUHBIX TAHENeH.
JlaHHBIE CO CTaHLMI MOHUTOPUHIA IO COTOBOM MJIM CITyTHUKOBOU CBSA3M IEPEAAOTCS HA JIBa
JUCTIETYEPCKUX ITyHKTa, pacHojoXeHHbIE B JlemapTaMeHTe MO 4pe3BBIYalHBIM CHTYalUsAM
(YC) r. Ammatelr u B «Kascenesamure». PerneHne o BKIIOYEHWH CUCTEMBI pPaHHETO
NpenynpeKIeHUs. NpPUHUMAeTcd crnenuanucramu  «KascenesamuTs» W OCYIIECTBISETCA
oTepaTuBHBIM JiexXypHbIM JJUC.
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W3mepenne nmapamMeTpoB U Nepeaada JaHHBIX MOTYT OCYIIECTBIIATHCS B TPEX PEXKUMAX:
JEKYPHOM, TPEBOKHOM M aBapUMHOM. [IeXXypHBIM peXuM NpeayCMOTPEH MpPHU OTCYTCTBHH
yrpo3sl cxoza ceneil. B aToM pexume M3MepeHHsd NMPOUCXOAAT depe3 4 daca. TpeBOXKHBIN
PEKUM BKJIIOYACTCs, KOTAAa BO3HUKAIOT MPEANOCHUIKU Ui (popMupoBaHus ceneil (cuibHbIe
OocaZiKl HWJIM BbICOKas TeMIlepaTypa Bo3ayxa). B 3ToM pexuMe H3MEpeHUs IPOUCXOAAT
eXe4yacHo. ABapHUHBIH peXHMM BKJIIOYAeTCs NpPU Hadaje Ipouecca ceaehopMUpOBaHUSI
(mpopbIB 03epa, Pe3KHil IOABEM YPOBHS BOIBI B CEJIEBOM pycie). B aTom pexume nHTEepBan
U3MEPEHUN YMEHbIIIAETCS O OJJHOH MUHYTHI.

JaHHBIe ¢ aBTOMAaTHYECKMX CTaHLUMH OyAyT MOCTyHaTh Ha JUCIETYEPCKUE MYHKTHI
«Ka3cenesammre» n [lemapramenra mo 4pe3BbIYalHBIM CUTyalusM r. Anmatel (puc. 3).
Paboter OymyT 3aBepmiensl B 2020 r. B manpHeWmeM aBTOMAaTH3MPOBAHHBI MOHUTOPWUHT
CeNIeBOM OMacHOCTH OyJeT pa3BEPHYT BO BCEX CENICOMACHBIX TOJMMHAX 3auniickoro Anatay.

Puc. 3. Bumeoctena co CTaHIMSIMH aBTOMATH3MPOBAHHOTO MOHHTOPHHTA CEJIEBOM OIACHOCTH B
CHUTYaIlIOHHOM 3aJie JlemapTamMenTa 1o 4pe3BbIYaiiHbIM CHTYalnsAM I'. ATMaThbl

Fig. 3. Video wall with automated monitoring stations in the situation room of the Department of
Emergency Situations of Almaty

3akiaouenmne

Cosmanne B Kazaxcrame B 1973 1. KascenesammuTsl Kak CHEIHAIA3HUPOBAHHOMN
rOCYyJIapCTBEHHOM CTPYKTYpbl Ui OOpbOBI € CeIsIMH O0OECIEeUMIIO BBICOKHIA YPOBEHB
OpraHU3alMU 3alUTHBIX MEPOIPUITHH. BONbINe ycreXu MOCTUTHYTHI B M3yUCHUH TPUPOIBI
CEJIeBBIX IMOTOKOB, OIIEHKE M KapTOoTrpadUpOBaHHH CEJEBOW OMACHOCTH, MPOTHO3aX CeJei,
MPEBEHTHBHOM OIOPOXHEHUHU IMPOPHIBOONIACHBIX 03€p, MPOCKTHPOBAHUU M CTPOUTEIHCTBE
CeINe3aIUTHBIX COOPYKEHUH.
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B Hacrosmee BpeMsi MPOBOAUTCS MOACPHU3AIMS CUCTEMBI TPOTHBOCETIEBON 3aIUTHI B
3annmiickoMm Anaray, OCHOBBl KOTOPOil ObUTH chOpPMHUPOBaHBI BO BTOpOil momoBuHe 20
crosietrss. CocTaBnsioTcs LHM(POBBIE KapThl CENEBOM OMAaCHOCTH M CEJIEBOTO PHCKA,
COBEPIICHCTBYIOTCS ~ TEXHOJOTHMM  OIIOPOJKHEHHUS  03€p, YCTAaHABIMBAIOTCS  CHUCTEMBI
ABTOMAaTHU3MPOBAHHOTO MOHUTOPHHTA U PAHHETO OTIOBEIIECHHUS O CEJIEBOH OMACHOCTH, CTPOATCS
HOBBIE Celle3alluTHbIC JaMOBbI.

YcTaHOBIIEHO, YTO CKBO3HBIE CEJIE3aePKUBAIOIINE 1aMObl HE BCET 1A BBIIOIHAIOT CBOU
3amuTHBIE GyHKIMH. VX mpuMeHeHne Hao MTPOBOANTSE ¢ O0JIBINOH ocTOpoKHOCTRI0 Hanboee
HaJEKHBIM CPEJICTBOM 3alllUTBl OT CeJiell OCTaloTCs CIUIOIIHBIE CEeleOCTaHaBIMBAIOIINE
naMOBl, HO TIpM HUX MPOEKTUPOBAHUM HEOOXOOMMO MpPeoyCcMaTpuBaTh BO3MOXKHOCTD
peryaMpoBaHus pacXxo0B IIOCTCEJIEBOI0 IIaBO/IKA, YTOOBI UCKIIIOUUTH (POPMHUPOBAHUE Cellei] B
pycie peKu HIKe TIOTHHBI.

B cucteme aBTOMaTH3MPOBaHHOTO MOHUTOPUHTA U PAHHETO MPEAYIPEXKACHUS pEIIeHNE
00 OOBSBICHUH YpPE3BbIUANHON CHUTyallMM AOJDKHBI NPUHUMATh CHELUAIUCTHI Ha OCHOBE
CBOEBPEMEHHOHM IOJIHOM M JOCTOBEPHOW HH(OPMAINH, MOCTYHAIOMIEeH C aBTOMAaTHYECKHUX
CTaHLMH HaOJIIOICHUS.

BaaropapHoctu

Pa6ora BemmonHeHa npu noanepxke Komurera Haykun MuHHCTEpcTBa 00pa3oBaHus U
Hayku PecnyOnmuku Kazaxcran no npoekty «Cenebe3onacHocts Pecybnuku Kazaxcram» Ne
AP05132214.
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CeJsieBasi OIACHOCTD ISl TPAHCIIOPTHHIX KOMMYHHKALMH
Teppuropuu Bocrounoit Cudupu u JaasHero Bocroka

AJL apmapkos, A.C. Typuanunosa, T.U. Xucmaryniaus, C.A. CokpaTtoB

Mockosckuil cocyoapcmeennuiii ynueepcumem umenu M.B. Jlomonocosa, Mocksa,
Poccus, malyn2006@yandex.ru, alla_wave87@mail.ru, timkhism@gmail.com,
sokratov@geogr.msu.ru

AnHotanusi. OmeHKa OITaCHOCTH CEJEBBIX NOTOKOB Ha cepeamHy XXI| Beka s
TPAHCIIOPTHBIX KOMMYHHUKAIUH 110 MyHUIMIIAILHBIM 00pa3zoBaHisiM Boctounoit Cubupu
u [JanbHero BocToka BBINOJIHANACH C YUETOM U3MEHEHUS KIMMAaTHYECKUX ycIoBUM. [l
pacuéra M3MEHEHMHM KIMMAaTHYECKHUX NAapaMeTpPOB U CBS3aHHBIX C HUMU IOKa3aresnei
YCIIOBHI 00pa30BaHMs CENEBBIX MOTOKOB (TIPOAODKUTEIBHOCTD CENIEOMACHOTO MEPHO/a,
KOJIMYECTBO OCA/IKOB) MPUMEHEH aHcamOJib Mojielieil I00aIbHOT0 M3MEHEHHUs KIMMaTa
CMIP5 crenapus RCP 8.5 MIDUK (IPCC). Hcxoms u3 MONYyYEHHOTO H3MCHCHHS
CMOJICTUPOBAHHON TPOJOKUTEIBFHOCTH CEJIEONAacHOr0 Iepuoja M IMOBTOPSIEMOCTH
CeNeBBIX TOTOKOB CJeJlaH BBIBOJ OO0 YMEHBIICHWH CTEIIEHH CEeJEeBOW OINACHOCTH
MIPaKTHUECKH BO BCEX MYHHUIMITAIIBHBIX 00pa3oBaHusx Bocrounoit Cubupu n [lansHero
Boctoka k cepenune XXI Beka, B Cilyuae BBIIOJIHEHHUS TaKOTO CLIEHapus U3MEHEHUs
KIIMMaTa. AHaIM3 IOMyYEHHBIX Pe3yJbTaToOB IOKA3bIBaeT, 4To B cepenuHe XXI Beka
BBICOKAsl CTENCHb CEJIEBOM OMACHOCTH [UIi TPAHCHOPTHBIX KOMMYHHKanuii Oyzmer
OTMEYaTbCsi TONBKO B TpEX cyOwekrax: IIpumopckom, XabapoBCKOM Kpasx W
CaxamuHcKON oOnactu. PalfoHBI cO cpemHel CTENmeHBI0 CEIeBOM OMACHOCTH OyAyT
3aHMMAaTh TEPPUTOPUU Ha ceBepe XabapoBCKOTro Kpas, fore MaramgaHckoil obmactu, a
TaKXke B cpefHed M 1oHOW uacTsx CaxammHckoi oOmactu. OCTaibHBIE CeleolacHbIe
paiionsl Ha Tepputopun Bocrounoit Cubupu u lansHero Boctoka B cepennne XXI Beka
OyIyT XapaKTepH30BaThCSI HU3KOW CTETEHBIO CENEeBOM OMACHOCTH IS TPAaHCIOPTHBIX
KOMMYHUKaIUH.

Knroueswie cnosa: Bocmounas Cubupw u [anvuuti Bocmoxk, cenesas onachocme,
mparcnopmuvie KommyHukayuu, cepeourna XX| eexa

Ccbuika s nutupoBanus: [usmapkos A.JIL., Typuannaosa A.C., Xucmatymuma T.U., Cokparos C.A. CeneBast
ONACHOCTH ISl TPAHCHOPTHBIX KOMMYHHKanui Tepputopun Boctounoit Cnbupm u Jlamsaero Bocroka. B ¢6.:
CerneBble IOTOKH: KaTacTpodbl, pUCK, MPOTHO3, 3amura. Tpyasl 6-i MexayHaponHoi koHpepeHunn ([lymante—
Xopor, Tamxukucran). Tom 1. — OtB. pea. C.C. YepHomopen, K.C. Bucxamkuesa. — lynrante: OO0 «IIpomoysy,
2020, c. 49-59.

Debris flow hazard for the transportation network in the Eastern
Siberia and the Russian Far East

A.L. Shnyparkov, A.S. Turchaninova, T.I. Khismatullin, S.A. Sokratov

Lomonosov Moscow State University, Moscow, Russia, malyn2006@yandex.ru,
alla_wave87@mail.ru, timkhism@gmail.com, sokratov@geogr.msu.ru

Abstract. Assessment of the debris flow hazard in the middle of the XXI century for
transportation network in the municipalities of Eastern Siberia and the Russian Far East
was carried out taking into account changes in climatic conditions. The ensemble of global
climate change models CMIP5 of the IPCC RCP 8.5 scenario was used to calculate
changes in the climate parameters and related indicators of debris flows conditions (the
duration of debris flow hazard period, amount of precipitation). Based on the modeled
changes in duration of debris flow hazard period and return period of debris flows, it is
concluded that the degree of debris flow hazard will decrease in almost all the
municipalities in the Eastern Siberia and the Russian Far East by the middle of the XXI
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century, if such a scenario of climate change would be fulfilled. The analysis of the
obtained results shows that to the middle of the XXI century, high degree of debris flow
hazard for transportation network will be observed only in three subjects: Primorsky Krai,
Khabarovsk Krai and Sakhalin Oblast. Territories with average degree of debris flow
hazard correspond to the north of Khabarovsk Krai, south of the Magadan Oblast and the
central and southern parts of Sakhalin Oblast. The other territories with debris flow hazard
n in the Eastern Siberia and the Russian Far East to the middle of XXI century will be
characterized by low degree of hazard for transportation network.

Key words: Eastern Siberia and the Russian Far East, debris flow hazard, transportation
network, mid-XXI century

Cite this article: Shnyparkov A.L., Turchaninova A.S., Khismatullin T.I., Sokratov S.A. Debris flow hazard for the
transportation network in the Eastern Siberia and the Russian Far East. In: Chernomorets S.S., Viskhadzhieva K.S.
(eds.) Debris Flows: Disasters, Risk, Forecast, Protection. Proceedings of the 6th International Conference
(Dushanbe—Khorog, Tajikistan). Volume 1. Dushanbe: “Promotion” LLC, 2020, p. 49-59.

BBeaenune

B nacrosmiee BpeMs ceTh TPAHCIIOPTHBIX KOMMYHHKAIIMK TOBOJIFHO c1abo pa3BuTa Ha
teppuropur Bocrounoit Cubupu u [amsaero Boctoka (puc. 1). Tlpu cyiecTBOBaHHH
HECKOJIBKHUX (ellepalbHbIX M PErHOHAIBHBIX aBTOMOOMIBHBIX fopor, TpaHccnba m bAMa
OCHOBHOE 3HAUYE€HHE HMMEIOT aBTOMOOWJIBHBIE JOPOTM MECTHOro 3HaudeHws. llpu pazButuum
sKoHOMHKH Bocrounoit Cubupu u JJaneHero BocToka Bo3HMKaeT HEOOXOAUMOCTh Pa3BUTHS
TPaHCHOPTHBIX KOMMYHHMKaLMil Mexay cyOobextamu Poccuiickoit ®enepaunu. CnoxHble
oporpaguueckue, KIMMAaTHUYECKHe, TUAPOJIOTHYECKUE YCIOBUS, a TaKKe pa3BUTHE
MHOTOJIETHEMEP3JIBIX TIOPOJ MPHUBOASAT K 3HAYMUTEIBHOMY YAOPOXKAHHUIO CTPOUTEIHCTBA,
9KCIUTyaTalluy TPAHCIIOPTHBIX ceTeil Ha JaHHON TEPPUTOPUH, BOSHUKHOBEHUIO YPE3BhIUAIHBIX
cuTyauuii ¥ yuepOy ot HuX. YU€T BIUSHUS ONIACHBIX IPUPOAHBIX MIPOLIECCOB HA COBPEMEHHOM
stane u B Oyaymem (cepenuna XX| Beka) Ha TpaHCIIOPTHBIE KOMMYHHUKAIIMU TIPU pa3padoTKe
CTpaTeruyd pa3BUTHA TPAHCIOPTHBIX KOMMYHHUKAIIMK TO3BOJHMT ONpPEACTUTh Hauboyee
BBITOJJHBIE HAMPABJICHHUS U CHU3UTh U3JEPKKH U yIEpObl IPU CTPOUTENBCTBE U SKCIUTyaTalluy
TPAHCHOPTHBIX KOMMYHHKALIUH.

Uccnenyemas TeppUTOpHsS BKIIOYAET IIOJHOCTBIO TEPPUTOpHIO J[anbHEBOCTOYHOTO
¢denepanbHOro okpyra W Oojbmyto uactb Cubupckoro ¢denepanbHOro Ooxpyra 0e3
Kemeposckoii, Tomckoit 1 HoBocubupckoit oOmacreii, Anrtaiickoro Kpas W pecnyOJInKH
Topwbriii Anraii (puc. 2). ITo qanabiM B.®. TTeposa [2012] na repputopuun Boctounoit Cubupu
u JlaneHero BocToka cenmeBoii omacHocTH mozxeepraercst 1120,1 km? eé TeppuTopHH, UTO
coctaBisieT 73,9% ot Bceil ceneonacHou miuowmany B npenenax Poccuiickoit @enepauuu. [pu
3TOM Ha CeJIeONacHBIE PafOHBI C BRICOKOM CTETIEHBIO OMTACHOCTH IPUXOIUTCS OKOIIO 8,5% Beei
ceneonacHoit Teppuropun Boctounoit Cubupu u [ambHero BocToka, cpeiHell cTeneHbrO
celleBoil omacHOCTH — 25%, HM3KOM CTEIIEHBIO celeBOM omacHocTH — 54% u okoio 12,5%
OTHOCSTCS K TIOTEHLHAIBHO CEJICONacHbIM TEPPUTOPHSM (pHcC. 3).

Ha Teppuropun Boctounoit Cubupu u lansaero Bocroka HeogHOKpaTHO Habmromancs
CXOJIl CEJIEBBIX IOTOKOB, KOTOPBIE NPHUBOJAMIM K 3HAUYUTENBHOMY YIIepOy W KepTBam,
HE3HAYUTEIbHAs 4aCTh KOTOPBIX MpeacTaBieHa B Tadnuie 1.
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Puc. 1. T'yctora aBTOMOOWJIBHBIX M IKEJE3HBIX JOPOI O MYHHIHIAIGHBIM O0pa30BaHUSIM Ha
Tepputopun Bocrounoii Cubupu u J{ansuero Boctoka

Fig. 1. The auto- and railroads density per municipal divisions of the territory of the Eastern Siberia and

the Russian Far East

1 - LeHTpanbHbiil heaepanbHbin OKpyr

2 - Cesepo-3anagHbin heaepanbHbivi OKpyr
3 - MpuBonxckuin heaepanbHbIA OKpyr

4 - OxHbI (heaepanbHbIv OKpYr

5 - CeBepo-Kaekasckuin hefepanbHbiii OKpyr
6 - Ypanbckuii henepanbHblil OKpyr

7 - Cubunpckuin hepepanbHbli OKPYr

8 - [lanbHeBOCTOMHbIN heepanbHbI OKpYr

il [

Puc. 2. ®enepansusie okpyra Poccuiickoit @enepanym. KpacHas muaus — 3amaaHas TpaHHULA paifioHa

HUCCIICaOBaHUA

Fig. 2. Federal Districts of the Russian Federation. The red line — the western border of the regions of

investigation
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CENEBBIE ABNEHUS HA TEPPUTOPUN POCCUICKON ®EAEPALIUU

Feorpady i MrY um. M.B.
AsTop ArH. B.®. Nepos

Bbicokas CTeneHb Cenesoi akTBHOCTH

CpegHsa CTeneHb Cenesoi akTMBHOCTH

Huakan cTeneHb Cenesoi akTMBHOCTH

PaiioHs! # cenesoit Macwrtab 1:20 000 000

200 O 200 400 600 800
O — ) KunomeTpsi

]

HeceneonacHbie paioHbi

Puc. 3. Crenenn ceneBoii akruBHoctH [CIT 115.13330.2016]. KpacHast TuHHS — 3alajHas TPaHUIA
paiioHa uccie10BaHus

Fig. 3. The degree of debris flow activity [SP 115.13330.2016]. The red line — the western border of the
regions of investigation

Tabnuna 1. Kpynaeiinie upe3BbidaliHble CUTYalMH, BbI3BaHHBIC CEJIEBBIMH ITOTOKAMHU HAa TEPPUTOPHU
Bocrounoit Cubupu u lansnero Bocroka

Table 1. Major emergencies caused by debris flows in Eastern Siberia and the Far East

Ne | ®ene- CyobekT PO MyHUIMTIATBHBIH Jara XapakTrepucTuka
PaJibHbII paiion nocJeAcTBUM
OKpYyr

1 | Cubup- Hpxyrckas 06- CrtoastHCKHNA 27— PaswmeITO Mt 3aBa-
CKHH JacThb 29.06.1934 | yieHO ceneBBIMH OTJIO-

KEHUSIMH JKEJe3HO-
JIOPO>KHOE TOJIOTHO.
IlepepbIB B ABM>KEHUU
Ha TpaHccubupckon
MarucTpam JJIWICs

22 yaca.
2 | JlanbHe- Caxanunckast Hesenbckoit, Xomm- | 18— Pa3pyuienue aBTo-
BOCTOY- obJacTpb ckuif, Makaposcknii | 19.09.1957 | MOOWIBHBIX U JKene3-
HBIN HBIX JIOpOT, MOCTOB.
3 | Cubup- Hpxyrckas 06- CrroITHCKU 24— [ToBpexaeHsbl
CKUH nacte, bypsarus 25.07.1971 | yyacTku JIOpOT.
4 | anbHe- CaxanuHckas MaxkapoBckuit 1996 cen- Pa3meIB xene3Ho-
BOCTOY- o0macTh TAOpB JTIOPOYKHOTO TIOJIOTHA.
HBIH JIBm>keHue moe3 0B
OCTaHOBIICHO.
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Ne | @ene- CyobexT PO MyHunmMnajabHbIH Hara XapakTepucruka
paJIbHBbIH paiion nocJiecTBHii
OKpyr
5 | Cubup- 3abaiikanbckuii | Kamapckuii 27.07.2001 | YacruuHoe pa3py-
CKHIA Kpai IIICHHUE JK/1] TOJIOTHA B

palioHe 03. bosbuioe
Jlenpunpo. IIpuocra-
HOBKA JIBUKEHUS 110~

e3q0B o BAMy.
6 | Jambue- Kamuarckuit VYere-Kamuarckuit 04.09.2006 | Comemmuii ¢ ByJiKaHa
BOCTOY- Kpait [IuBenyu cenb paz-
HBIN MBLUI IOPOTY, IIPEPBaB

TPaHCIIOPTHOE CO00-
IIeHHUe C HaceNEeH-
HBIMM ITYHKTaMU
Vcerp-Kamuarck n

KpyTtoGeperoso.
7 | HanbHe- CaxanuHckas MaxkapoBckuit 22— N3-3a ceneBbIX OTO-
BOCTOY- obnactb 24.06.2009 | xoB pa3mebiTo 320 M
HBII JKEJIE3HOLOPOKHOTO

II0JIOTHA. 3aKpI)ITO
JABHXKCHHEC ITOC310B.

8 | Cubup- Bypsitus TyHKUHCKUN 28.06.2014 | Pa3MBITHI OPOTH B
CKHI noc. Apiias, pa3py-
IICHBI MOCTBI.
9 | JanpHe- Pecnybimka TeIHAMHCKUT 24.07.2016 | Yuacrok 3aBaia ITy-
BOCTOY- Caxa—SxyTus teit Ha 2 107 xuio-
HBI METp IeperoHa

Uwipun—YHKyYp co-
craBun 18-20 meTpoB.
JBmxenue mo bBAM
OBLIO OCTAHOBJICHO.

MarepuaJjibl 1 METOAUKA

CeneBas nestenbHOCT Ha TeppuTopun Boctounoit Cubupu u [lansnero Bocroka otme-
gaeTcs BO BCEX CyOBeKTax, KpoMme EBpelickolf aBTOHOMHOW 00JIACTH W HE3HAYHUTEIHHBIX IO
IoIaM paiionax Amypckoit oonactu [[lepos, 1989].

Io ycnoBusiM popMHUpOBaHUs CENEBBIX IOTOKOB Bes TeppuTopust Boctounoit Cubupu u
JanpHero BocToka MeauTCst Ha XOJIOMHYIO U TEIUTyto 30HbI [[1epos, 2012]. K xomomHoi#t 30He
oTHocsTcs BepxosiHckuii xpebdet, Haropbe Yepckoro, Cynrap-Xasra, ropsl 6accetina Konbimbl
n Yykotku, [Tyropana, Kopskckuit xpebet, brippanra u Apkruueckue octposa. K Temoii 3one
oTHOcsTCA Tepputopun Boctounoro Casna, Xamap-/laban, roper 3abaiikanps (for) u
[Ipuamypes, CuxoTs-Anuab, ropsl 0-Ba Caxanus, JDxyrmkyp n Kamdarka. OOmmas miomanb
CeJeonacHpIX paiioHOB Ha 3TOH TeppHTOpuM cocTapiser 1275,8 km%. 3zech mpeobaaaaior
palioHBI cO cpefHel M HHU3KOHM CTENeHbIO CeNeBOW omacHOCTH W jumb B [lpubaiikanbe, u
3abaiikaigpe OTMEYAIOTCSI PaiOHBI C BBICOKOH CTENEeHbIO ceneBoi omacHOCTH (moutu 21%
miomanan). He3HauyuTenpHBIE YYaCTKM C BBICOKOM CTENEHBIO CEJIIEBOM  OMACHOCTH
pacmonoxensl Ha Tepputopun Kamuartku, miaro Ilyropana, BepxosinckoM xpe0te, a Takxke Ha
TeppuTopun MaragaHckoi 061actu 1 UyKOTCKOTO aBTOHOMHOTO OKpPYTa.

Ha dopmupoBanue ceneBbix nmoTokoB B Bocrtounoit Cubupu u JansHero Bocrtoka
MOMUMO OpOrpa)uiIecKux, reoMOP(OIOTHIECKUX, JUTOJOTHYECKHX W TI'e000TaHUYECKHX
(akTOpOB  CYILECTBEHHBIC BIIMSHHE OKa3bIBaeT ceiicMuueckuil  Qakrop, Hamudue
MHOTOJIETHEMEP3JTIBIX IOPOJ, & TAKXKE Ha BOCTOKE TEPPUTOPHUH BYJIKAHWYECKAS NEATEIBHOCTD.
Jpyroii 0coOEHHOCTHIO 00pa30BaHUsI CENIEBBIX IOTOKOB SIBIsieTCss MX (OpMHUpOBaHUE Ha
CKJIOHAaX MOPCKHUX Teppac B mpeaenax CaxanuHckoi obnactu [Peibarvuenko, 2013].
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[IpeobnagaromMu THIIAMH CEJIEBBIX TTOTOKOB IO BOJHOW COCTABIISIONICH SBISIOTCS
CHEroBble  cenu (B CEBEPHOW  4YacTH  peruoHa) [Boiumrkoeckuil,  Kopoavkos, 1998;
Bunoepaoos, 1980] u noxnesbie (B 10KHOW YacTH peruona) [A6pamenxo 1980; byo3, 1968;
Makxkapos, 2012]. B ceBepHOli 30He, KaK IMPaBUIO, B Mae-HIOHE (OPMUPYIOTCS BOJOCHEKHBIE
MOTOKH, a B JIETHHE MECAIbl MPH MPOJOIDKUTENBHBIX JOXKIAX JoXkAeBble cenn. Cpean
JNOXKIEBBIX Cellel Npeo0NafaloT BOJOKAMEHHBIE IIOTOKH, HO MOTYT BCTpeYaThCs U
rpsizekaMeHHble TOTOKU. Ha cxiioHax ByJKaHOB ()OPMHUPYIOTCS Jaxaphl.

CerneornacHblil Iepro/I HAYMHACTCS B Mae W 3aKAaHYMBAETCS B aBTyCTE, HO B BOCTOYHBIX
gactax (Kamuarckas, CaxamumHckas [Kazaxos, JKykosa, 1988], Amypckas obGnacty,
[Tpumopckwuii 1 XabapoBCKUi Kpast) celIeonacHbIi MEepUo MPOJIEBACTCS 10 CEHTAOPS U AaxKe
OKTSIOpSI.

[ToBTOpsieMOCTD CX0/1a CENEBBIX MOTOKOB HE BHICOKA M0 CPABHEHUIO C IOBTOPSIEMOCTHIO
Ha Cesepnom Kaskaze. Hambomee xapakTepHBIM IOKa3aTelleM YacTOTBI CXOAa CEJIEBBIX
MOTOKOB siBisieTcsl BenmmuuHa | pas B 15-30 mer. Menkue CKIIOHOBBIC CEJIEBBIC ITOTOKH
obpasyrores uarne — 1 pa3 B 3-6 ner [Jlanepoun, Tpoxrcyunckui, 1977].

OO6BEMBI CeJleBBIX TIOTOKOB MOTYT A0CTHraTh 500 ThIC. M°, XOTS Yalle BCETr0 OHH HE
TIPEBHIIAIOT MEPBBIX THICAT M-,

CeneBble MOTOKH HEOJHOKPATHO HAHOCHIIH yIIepO HHPPACTPyKType paciooKeHHON Ha
teppuropun Bocrounoit Cubupu u Jansuero Bocroka. B Hanbobieli crenieHn BO3AEHCTBHIO
CeNeBBIX MOTOKOB HOABEP)KEHBI aBTOMOOMJIbHBIE U JKelle3HbIe 10pord. OCOOEHHO 4acTo 3TH
cIydJau oTMedaiauch Ha KpyroOaiikambckol skene3Hoit nmopore, BAMe, a Takke Ha OCTpPOBe
CaxanuH (cM. Tabm. 1). Tak, B utone 2001 r. okosno o3epo Boinbinoe JlenpuHao B pe3ysbrare
MPOJOJDKUTENBHBIX A0XKIACH COLIO HECKOJBKO CEJEBBIX MOTOKOB, KOTOPBIE MEPEeKpbUIN
XKeJIE3HOMOPOKHOE TONOTHO [JIykawos, Toxapeesa, 2013]. B Teuenne 2-X CyTOK IBHKEHHE IT0
BAMy Hna »ToM ywactke ObulO mpekpamieHo. Kpome TpaHCHOPTHBIX KOMMYHHKAIIHI
BO3/ICHCTBHIO CEJIEBBIX IIOTOKOB MOABEPKEHBI pa3InYHbIC HACEJICHHBIC MYHKTHI, OCOOCHHO Ha
I0KHOM oOepeskbe o3epa baiikai, a Takke Ha 3aaJHOM U BOCTOYHOM IOOEPEXKbSIX OCTPOBA
Caxanun. Tak, 28 utons 2014 roga copMupoBaicsi MOIIHBIA CEIEBOH IOTOK B paloHE
noc. Apiiad, KOTOPBIH pa3pylIdi MECTHBIE TOPOTH M caHaTopuilt «Apman» [Jlanepoun
u op., 2014].

B Cesepo-Kypuibckom, Kypunbckom u  FOxHO-KypunbckoM MyHULUNATBHBIX
obpazoBanusix CaxaqHMHCKOW 00JIACTH M B MyHHUIIMIIAILHBIX 00pa3oBanusx Kamuarckoro kpas
BO3MOXHO (OpPMHpPOBAaHHE CENEBBIX IOTOKOB (JaxapoB) Ha CKJIOHAX JACHCTBYIOIIMX
ByJIKaHOB (pHc. 4). B Ka)K10M M3 3THX MyHHIUNAIbHBIX 00pPA30BaHUSX CEIEBOI IeITEIbHOCTH
noBepkeHo 10 40% TeppuTOpHH, a TOBTOPSIEMOCTh CX0/JIa CEJIEBBIX MMOTOKOB 1 pa3 B 20 meT.
O6pazoBaHue celeBbIX MOTOKOB CBSA3aHO KaK ¢ WHTEHCHUBHOM BYJIKaHHYECKOH JESTENbHOCTH,
TaK W OOJIBIIUM KOJMYECTBOM OCAIKOB B JIETHHH nepuon [Aydapuna, Ilepos, 1981;
Kpaesas 1969; Kyxcuna, Mypasves, 2018; UYepnomopey, Ceiinosa, 2010; Xucmamynium,
lnvinapros, 2019].

OrneHka CTENEHH CEJeBOM OMacHOCTH Ui TpaHcmopTHOH cetn Cubupu u ansHero
Bocroka mo MyHMIMIAIBHBIM OOpa30BaHUSIM NPOU3BOAWIACH IO YETBIPEM IpajallisIM:
HETO/IBEPIKEHHOE CEJICBOM ONACHOCTH; HU3Kas, CPEJHSS ¥ BBICOKAas CTENEHb CEJICBON
OIIACHOCTH.

CreneHp  celieBOH  OMACHOCTH  ONpEAEssUIach  3HAYCHHSAMH,  IOJyYEHHBIMU
MEPEMHOKEHUEM CIIETYIONINX TPEX XapaKTEPUCTUK: YA3BUMOCTh TEPPUTOPUH B IPOCTPAHCTBE,
BO BPEMEHH U TIOBTOPSIEMOCTh CEJICH.

Kak npaBuiio, orieHKa CTENEHU CENeBOM OMACHOCTH B MEIKOM MacliTabe OCHOBaHA Ha
WCTIOJIb30BaHUN MHTErPAJIbHOIO MOKAa3aTelis, BKIIOYAIOIIEr0 NPOLEHT IUIOLIAgH, 3aHATOH
CeNeBbIMH OaccefiHaMu, W MaKCHMaNbHBIH 00BEM. [IpuMeHeHue Takoro WHTErpalbHOTO
nokaszarens yaoOHO [UId TJIOMIAHOM OLEHKH CeJIeBOM OmacHOCTH. TpaHCIOPTHBIC
KOMMYHHKAaLIUH NIPEACTABIISIIOT COO0M TMHEHHBIE COOPYKEHUS, TOITOMY AJISl OLICHKU CEJIEBOH
ONIACHOCTH MOMHUMO JOJM IUIOIIAJU CEJICONACHBIX TEPPUTOPUH B MYHHIUIAIBHOM
00pa30BaHMU MCIIOIH30BAIH JOTIOIHUTEIBHO MOKA3aTeNh — JOJISI CyMMBI JJTHH CEJICOMACHBIX
y4acTKoB B pacuére Ha | kM OHa noimHbl. s Kakmoil ceneBoil obiacTé B mpenenax
Bocrounoit Cubupu n JJansHero Bocroka ObutH paccumTaHbl 3TH 3HadeHU. [Ipu sTOM Takue
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pacy€Thl MPOU3BOAMINCH JJIsl PAlOHOB € Pa3IMYHOM CTENEHBIO CENEBOM OMAcCHOCTHU. Takum
obOpa3om, Ha Tepputropun Bocrounoit Cubupu u JlanpHero Bocroka ObLTH MPOW3BEICHBI
pacy€Thl MOPAKEHHOCTH CEIEBBIMU MOTOKAMU 11O THY AOAUHBI Ha 30 KIIFOYEBbIX yyacTKax. Jis
KaKIOH CeNeBOi 00J1acTH M CTETIEHH OMACHOCTH OblLiIa OIpe/iesieHa TOPaKEHHOCTh THA JOHH
CEJIEBBIMU IMOTOKAMU.

Puc. 4. KpynmHOOOIIOMOYHBIE OTIIOKEHHS B 30HE 3aposkaeHus taxapa «Kios 2». OctpoB Martya. ®oto
T.W. XucmaryiHa

Fig. 4. Large-block deposits in zone of formation of lahar “Klyuv 27, Isl. Matua. Photo T.I. Khismatullin

VYSI3BUMOCTH ~ TEPPUTOPUH  MYHHILMUIAILHOTO  00pa3oBaHUsl  ONpeaessuiach
MEPEMHOKEHHEM JIOJIM CEJICONACHBIX TEPPUTOPHIL B TIpeesiax MyHUIIMIAIbHBIX 00pa30BaHHI
Ha JIOJIIO CEJIEOMACHBIX YYACTKOB B Mpe/ieiaX JHa TOJTHHEL.

VS3BUMOCTH ~ TEPPUTOPUM  BO  BPEMEHH  OIpEJeNsUlach  Kak  OTHOIICHHE
MPOJOJDKUTEIIBHOCTH CEJICONACHOTO Mepuojia K 4YHCIy JHEed B roay. I[IpofoinKUTensHOCTH
CEJICONACHOTO TMMEepUoJa JUIl KAXKJIOro MYHHIMIATLHOTO 00pa30BaHMs OINpEesuiach ¢
HCIIONb30BaHMeM MeToaukn, mpemtoxkennoi T.JI. Cumoposoit [1997], u  yrounéHHOM
H.JI. Benoii [2005].

[ToBTOpsieMOCTh ceneid onpeaensiach Ui KaXI0r0 MyHUIMIIAIBHOTO 00pa3oBaHus Ha
OCHOBE CYIECTBYIOIIMX HAYYHBIX IMyOJIHKAIWi, & IPU OTCYTCTBUU TAKOBBIX IO OT/ACIBHBIM
MYHUIUNATBHBIM O0pa30BaHUSIM HCIOJNB30BAIMCH CBEACHUS IO paiioHaM aHaioram, B
KOTOPBIX TAKUE CBEJICHUS 110 IOBTOPSEMOCTH CEJIei UMEIHUCh.

OrieHKa U3MEHEHUS CTEIICHU CEJICBOM OMACHOCTH JJISi TPAHCIIOPTHBIX KOMMYHHUKAIMH
110 MyHHITUTIIAIIEHBEIM 00pa3oBaHusM TeppuTopuu Bocrounoit Cubupu u Jlanmeaero BocToka
BBINTOJIHAJIACh C YUYC€TOM H3MCHCHUA KIIUMATUYCCKUX YCHOBHﬁ. I[HSI pacueTa H3MEHEHHUH
KITMMATHYECKUX MapaMeTpOB M CBS3aHHBIX C HHUMH IOKa3aTelel celeBOil aKkTHMBHOCTH W3
ancam6ist CMIPS cuenapus RCP8.5 MI'OUK (IPCC) 6bu1a BeiOpana mozaens MRI-CGCM3
skcepument rlilpl (Meteorological Research Institute, Tsukuba, Japan). Kwuraiickumu
uccienoBarensivu [Li, Gao, 2015; Miao et. al., 2014] Obul0 yCTaHOBJIEHO, YTO MOJCIb
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oTiMyYaeT Haubosiee BBIPAKEHHAs MOJOXKHUTEIbHas KOppenduus 3HaueHHH aTtmochepHoro
naBieHus B mpenenax CHOMpPCKOro aHTHULIMKIIOHA, TMOJYYEHHBIX B pe3yJbTaTe peaHajusa, a
Tak)Ke OHa JaeT HanOoJjee OJM3KKE K pealbHBIM 3HAYCHHUS TeMITepaTyp Bo3ayxa. Kpome atoro,
MOJI€JIh IMEET JOCTATOYHO TYCTYIO CEeTh PaCYETHBIX 3HAYCHNU — pa3Mep SUeHKH B Tpesenax
tepputopun Poccuiickoii deneparuu usmensiercs ot 1,122x1,125 no 1,118x1,125 rpanycos,
YTO, B YCJOBUSIX OTCYTCTBHSI PETMOHAIBHBIX MOJEIeH W3MEHeHus kimMara aias Poccuw,
MTO3BOJISIET OI[EHUBATHh U3MEHEHHS Ha OTHOCHUTENHHO HEOOJNBINNX IO IJIOMIANN TEPPUTOPHUSIX.
[Mocneanuii mepuo, Mo KoTopoMy BeinoHsuics peanann3 — 1991-2000 r. On onpenenén kak
«COBPEMEHHBII» U 10 OTHOUIEHHWIO K HEMY BBINOJHSUINCH pacueThl U3MEHEHHH HCKOMBIX
napaMeTpoB B OynymieM. Pacu€rel BeimonHeHsl Ha cepenuny (2041-2050 rr.) XXI Beka. Ha
YKa3aHHBIE MEPUOABI JUIA y3JIOB CETKH OBLIM PACcCUMTAHBI CpPEelHUE 3HAUYEHHS MapaMeTpoB:
CpeIHMEe 3HaYeHHs TeMIIepaTyphl BO3AyXa, CYMMBI OCaIKOB 3a Ka)KJbli MecsIl. 3aTeM 10 3TUM
JAHHBIM OBLTH PacCYMTaHbI MPOAOKUTENbHOCTE TEMIOro (T 6omee 0°C) meproaa U CyMMBI
0CaJIKoOB 3a TEMIBIN nepuo. [1o pa3HOCTH 3HAYCHHI ITapaMeTPOB 3a pa3HbIe TIEPHOIBI (HAYaI0
n cepenuna XXI| Beka) ¢ mcnoib3oBanueM ArcGIS 10.3 Obutn mMocTpoeHBI MOBEPXHOCTH,
XapakTepu3ylolue WX H3MEHeHus. Jlanee mnpu HANOKEHWHM Ha KapTy MYyHHIIAIATBHBIX
o0Opa3oBaHWi, OBUIM ONpeAeNeHbl CpPEJAHHE 3HAYEHUS IapaMeTpoB MPOJIOIDKUTEIFHOCTH
TEIUIOTO TMEepPHoJa M KOJMYECTBA OCAIKOB M MX M3MEHEHHS I KaKI0TO MYHHIIMIAIBHOTO
obpasoBanus Bocrounoit Cubupu u Jlansaero BocTtoka.

[IpogomkuTenbHOCTH ceeonacHoro nepuojaa k cepenune XXI| Beka omnpepensiack 1o
metonuke H.JI. Bemoit [2005] mo mporHo3mpyeMbsIM 3HAYEHHSAM TEMIIEPATyphl BO3IyXa,
0CaJIKOB.

Jus  ompeneneHuss W3MEHEHHS ITOBTOPSEMOCTH CEIEBBIX IIOTOKOB OIEHUBAIUCH
U3MEHEHMS KOJIMYECTBA OCAJIKOB 3a TEIJIBIN nepuoa Ha cepeanHy U koHel XXI Beka. OneHka
W3MEHEHUS 3TOT0 MapaMeTpa CEeNeBOi JEATEIbHOCTH HauMEeHee TOYHA, T.K. B COBPEMEHHBIX
YCIOBUSX HE HalJileHa TecHas CBA3b MEXAYy IIOBTOPSEMOCTBIO CEJEBBIX IOTOKOB H
KOJIMYECTBOM OCAJKOB 32 TEIUIBIN MEepHoJ. B CcBsI3u ¢ 3TUM OBUIO MPHHATO JOMYIIEHUE, YTO
MIpY U3MEHEHUH KOJIMYECTBA 0CaAKOB B npenenax +10% MoBTOpSIEMOCTb CEIEBBIX TOTOKOB HE
M3MEHUThC. [Ipu M3MeHeHMM KojuuyecTBa OcajkoB B mpexaenax +10-30% mnoBTOpsieMOCTb
CEJIEBBIX TIOTOKOB U3MEHUTCS COOTBETCTBEHHO HA +10%. IIpn n3aMeHeHnu Kon4yecTBa 0caikoB
3a T€IIEIA epuox 6omnee +30% MOBTOPSIEMOCTH CEJIEBBIX MMOTOKOB M3MeHHUTCs Ha £20%.

Ilopaxx€HHOCTb TEPPUTOPUNA  CEJIEBBIMU TMOTOKAMHW MYHUIMIAIbHBIX pPaliOHOB
Bocrounoii Cubupn wu JansHero BocToka mnpuHATa HEU3MEHHOHM, T.K. H3MEHEHHE
KIIMMaTHYECKUX YCIIOBUI Ha 3TOH TEPPUTOPUHU HE CKAXKETCS Ha IUIOIIAIV PacIpOCTPaHEHUS
CEJIeBBIX TTOTOKOB (OporpaduyuecKre yCIOBUS HEM3MEHHBI, a KIMMaTHIeCKUe OIarompusTHBI
JUIsl 00pa30BaHUsl CEIEBBIX MIOTOKOB), MIPH 3TOM aHTPOINOTEHHBIH (PaKTOP HE aHATN3UPOBAJICS.

Takum o0pa3oM, ObUIM TMONyYEHBI W3MEHEHHUS MPOAOJLKUTENFHOCTH CEJICONacHOrO
Meproa U MOBTOPSIEMOCTH cenieil Ha cepennuy XXI| Beka uIss MyHUIUITAIBHBIX 00pa3oBaHMiA
Ha Tepputopun Boctounoit Cubupu m JlaapHero BocToka ¥ BHOBH PacCUMTAHBI 3HAUCHUS
CTETIEHHU CEJIEBOM OMACHOCTH.

Pe3yabTathl

CrerneHb ceneBOd OMAacCHOCTH ISl TPAHCIIOPTHBIX KOMMYHHKAIUH IO MYHHUIIUIIATEHBIM
obpazoBanusmM Boctounoii Cubupu u Jansaero Boctoka nHa cepennny XX| Beka nokasana Ha
puc. 5. B cepeanne XXI| Beka BBICOKAasi CTENEHb CEJICBOIl OMACHOCTH AJSl TPAHCIOPTHBIX
KOMMYHHKaUid OyJeT XapakTepHa TOJNBKO B TpEX cyObekrax: IIpmMopckom, XabapoBckoM
kpasx u CaxanuHckoll obOnactu. PalloHBI cO cpellHel CTENEeHBIO CEeleBOW OMAacHOCTH OYIyT
oTMeuaTbcs Ha ceBepe XabdapoBCKOro kpas, rore MaragaHckol o0JacTd M B HEKOTOPBIX
MYHULMINANTBHBIX 00pa30BaHUSAX B CpeJHEH W I0KHOM yacTsax CaxaquHCKOH o0iacTu U 1ora
Kamuatckoro kpas. OcTanpHbIe ceneonacHble pailoHbI Ha Tepputopun Boctounoit Cubupu u
Hansaero Boctoka B cepenmne XXI| Beka OynyT XapaKTepHU30BaThCs HHU3KOW CTENECHBIO
CeNIeBOM OMACHOCTH VIS TPAHCTIOPTHBIX KOMMYHHUKAIHH.
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OnacHoCTb cenem

ANA TPaHCNOPTHOU ceTn Cubupu 1 flanbHero BocToka
(8 cepeauHe XXI Beka)
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Puc. 5. CreneHb OMaCHOCTH CEJIEBBIX TIOTOKOB TS TPAHCIIOPTHBHIX KOMMYHHKAIIHH IT0 MYHHUITUITATHHBIM
oOpaszoBanusM Tepputopun Bocrounoit Cubupu u JJaneaero Boctoka B cepenmae XX Beka

Fig. 5. Degree of debris flow hazard for transportation network of the Eastern Siberia and Russian Far
East in the middle of the XXI century

K cepemnne XXI| Bexa Ha Teppurtopmu Bocrtounoit Cubmpm m [lampnero Bocrtoka
CTETICHb CEJICBOW OMACHOCTH YMEHBIIUTCS MPAKTHYECKH BO BCEX CYOBEKTaX.

B YykotckoM aBTOoHOMHOM OKpyTe, KpacHosipckom kpae, Pecrrybnuikax Xakacus, Tysa,
Bypsitua, 3abaiikanbckom Kpae, VpKyTckoW o0O0JacTH CTENEHb CEJIeBOW OMACHOCTH
YMEHBIIUTCS 10 HU3KOH BO BCEX MYHHIIUTAILHBIX 00pa30BaHUSIX.

B Marananckoir o0nactTu B OOJBLUIMHCTBE MYHHMUMIAJIbHBIX OOpa30BaHUN CTENEHb
ceneBoi onacHOCTH K cepenune XXI| Beka ocTaHeTcst MpeKHEH, U OylleT XapaKTepu30BaThCs
HHU3KOH cTenenbio. B OIbruHCKOM paifoHe CTeTeHb CeIeBOM OaCHOCTH He U3MEHUTCS U OyIeT
XapaKTepHU30BaThCS CpeHEl cTeneHblo. CHUKEHUE CTEIIEHH CEJIEBOM ONAacHOCTH CO CpeaHen
70 HU3KOM AJISl TPAaHCIIOPTHBIX KOMMYHHKalMi K cepenuHe XXI| Beka Oyzer oTMedarsCsi B
XacsiHCKOM, TeHpknHCKOM, CyCyMaHCKOM H SITOMHWHCKOM paioHax.

B KamuarckoMm Kkpae CTENEeHb CEJIeBOW OMAacHOCTH CHHU3UTCS JO HHU3KOH BO BCEX
MYHULHINATBHBIX 00pa3oBaHuAxX, Kpome Ycrb-bonbiepernkoro, Exnzosckoro, MuinbkoBckoro
U BeICTpUHCKOTO MyHHUIIMTIANBHBIX pailoHoB. B EnuzoBckoM M MuiibKOBCKOM pailoHax
CTeTIeHb cesleBOi onmacHoCTH K cepeaune XXI| Beka ¢ BBICOKOW CHU3UTCS 10 CpeAHed, B Y CTh-
Bonbuepenikom u beICTpUHCKOM pailoHax OHa yBEJIUYHUTCA 0 CPEIHEN CTETIEHH.

B Pecnybmuke Caxa—SIKkyTus cTeneHb CEIeBOH OMacHOCTH I TPaHCIIOPTHBIX
KOMMyHUKanmmii K cepemuHe XX| Beka CHU3HTCS C BBICOKOH W CpelIHEH 10 HU3KOW B
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CIICYIONMX MYHHUIIMIIAIbHBIX 00pa3oBanusx: BepxosHckoMm, Kobsiickom, MoMckoM,
OiimsikoHckoM, ToMmoHckoM, Y cTb-MaiickoM, Y cTh-AHCKOM 1 DBeHO-BbrITaTaHTalCKOM.

B Xa0apoBckoM Kkpae B OONBIIMHCTBE MYHHLIMIAIBHBIX OOpa30BaHUN K CEpeOUHE
XXI Beka OymeT oTMEdaThCs IMOBBHIMICHUE CTEIICHU CEJICBOM OMACHOCTH IS TPAHCIIOPTHBIX
KOMMYHHKaIM{, 3a WCKIodeHneM OXOTCKOro paioHa, TNie CTENeHb CEJIeBOH OIAacCHOCTH
CHM3HTCS C BBICOKOH 10 cpenHeil. B Tyrypo-UymukanckoM, MyHHIWOATEHOM 00pa30BaHUH U
paiioHax, paclOJIOKEHHBIX IOKHEE II0 TEPPUTOPHM Kpasi, CTEIEHb CEJIEBOW OIACHOCTH
BO3pAacCTET JO0 BBICOKOH, 3a MCKIIOYEHHEM XabapoBckoro, KoMcOMOIBCKOTO paiioHOB, e
CTETeHb CEeJICBOM ONMAcHOCTH BO3pacTeT N0 cpenHeil crenenn. B BepxHeOypemHckoM u
HuxonaeBckoM MyHHIMNAIBHBIX 00pa30BaHUSIX CTENEHb CENEBON OMACHOCTH OCTaHETCA Ha
MIPEeKHEM YPOBHE U OyJIET XapaKTepHU30BaThCA HU3KOH CTEMIEHBIO CEIEBOI OMAaCHOCTH.

B IIpumopckom kpae k cepeaune XXI| Beka creneHb ceneBod OMACHOCTH yBETUUHUTCS
MIPAKTUYECKH BO BCEX MYHHUIHUNAIBHBIX palioHaX ¢ HU3KOW 10 CpelHEH M Ha ceBepe Kpas 10
BBICOKO.

B CaxanunHckoil o61acTu B IIETIOM CTETIEeHb CeNeBOoi omacHOCcTH K cepennHe XXI| Beka
BO3pacTeT B OOJBIIMHCTBE MyHUIMIIAIBEHBIX 00pa3oBaHuil. PocT cTeneHu ceneBoi omacHOCTH
Oymet ormeuathcs B Hemennckom, XommckoM, KopcakoBckoM, AHHBCKOM, MakapOBCKOM,
CMUPHBIXOBCKOM M YTJIETOPCKOM MYHHUIIMITAJIBHBIX 00pa30BaHMIX C HU3KOH 10 BBICOKOM, a B
HomunackoM, IOxHo-CaxanuackoM u  AnekcaHapoB-CaxalMHCKOM — MyHHUIMIIAIbHBIX
00pa3oBaHUi MMOBBICUTCS C HU3KOW 10 CpelHel cTeneHu ceneBoit onacHoct. Ha Kypunbckux
OCTpOBaX MOBBIIMIEHUE CTENIEHU CEJIEBOM omacHOCTH K cepennHae XXI| Beka OymeT oTMedaThCs
Ha IOKHBIX U IIEHTPaJbHBIX OCTPOBax Irpsjbl, Ha o. [lapamymup OyneT cHHXKEHHE CeleBOU
OIaCHOCTH.

B Awmypckoit obmactm OyIeT CHIDKCHHE CTEICHH CEJIeBOW OIMacHOCTH B
CeneMDKHHCKOM paioHe CO CPeaHEH J0 HU3KOHM CTENeH! CeNeBOi OmacHOCTH. B ocTambHBIX
paiioHax AMypcKoii 00JIacTH CTEIIEHb CEIeBOM OMACHOCTH [Tl TPAHCHOPTHBIX KOMMYHHUKAIUHA
OCTAHETCSI HU3KOH.

3akjoueHmne

B nenom k cepenmne XXI Beka Ha Teppuropun Bocrounoit Cubupu u [lanbnero
Bocroka Oyner oTMedaThCsl CHM)KEHHE CTEIEHH CEJNEeBOM OMAacHOCTH Ui TPaHCIOPTHBIX
KOMMYHHKaLUi Ha OOJIbIIEH YacTH ee TEPPUTOPUH 0 HU3KOH crernieHu. [loBblenne crenenn
CEeJIeBOMl OMAacCHOCTH OXBaTUT IEHTPaJbHBIE W FOKHBIE paloHBI XabapoBCKOTO Kpasd,
MyHULMMNaNbHbIe oOpa3oBanus [Ipumopckoro kpasi, CaxaauMHCKOM OOJIACTM W IOKHBIE H
LEHTpalbHbIE 0cTpoBa KypmibCcKOM Ipspl, TA€ CTENEHb CEIEBOM OMAaCHOCTH BO3PACTET 0
BBICOKUX 3HAUCHUM.

Baaromapuoctu

Paborta BeImonHeHa mnpu ¢uHaHCOBOW moanepxkke rpanta PIO-PODU, morosop
Ne15/2019/ PTO-POON.

Cnmcok JuTepaTypsl

Abpamenko H.A. HekoTopsle cBeJIeHUS O CeNeBhIX SBIEHUX Ha fore KpacHosipckoro kpas n TyBHHCKOM
ACCP. B Cenessie notoku. C6. 5. JI.: T'mapomereounsaart, 1980. c. 49-54.

benas H.JI. MonenupoBaHue BHYTPUTOJOBOIO PaCHpPEENICHUs TOKIEBbIX CEJIEN B TOPHBIX pPErMOHaxX
mupa. Jluccepranus Ha COMCKaHUE Y. CTENIEHH KaHA. Teorp. Hayk. M.: 2005. 142 c.

Bynapuna O.11., Ilepos B.®. K ormenke ceneBoit omacHOCTH ropHBIX paifoHoB Kamuatku. B [Tpobiaemst
MIPOTHUBOCEJIEBBIX MeponpusTuil. Anma-Ata: M3n-Bo «Kazaxcrany», 1981, c. 201-212.

Byns M.JI. YcnoBust ceneoOpasoBanuss B Ilpubaiikanbe. CeneBble MOTOKM M TOPHBIC PYCIOBBIC
nporieccel. Epean: U3n-so AH ApmCCP, 1968. ¢. 291-296.

Bunorpanos 10.b. Cenesble sBICHUS Ha TEPPUTOPUU ceBepHOI yacTh XabapoBckoro kpasi. CeneBbie
motoku. CO. 4. M.: T'mnpomereomsaart, 1980. c¢. 82-90.

58



Debris Flows: Disasters, Risk, Forecast, Protection. Cenesble NOTOKM: kaTacTpodhbl, PUCK, MPOrHO3, 3aLyuTa.
Proceedings of the 6t conference (Tajikistan) Tpyabl 6-1 koHdbepeHumn (TamkukucTaH)

BoiitkoBckuii K.®@., KoponpkoB B.I'. Bomocuexnsle motokum Ha tmiato Ilyropana. Marepuansl
TISLAOJIOTMYECKUX HccaenoBanuii, 1998. 84, ¢. 92-94.

KazaxoB H.A., XyxoBa 3.11. PaiionupoBanue o.CaxanuH 10 CTENEHU TMPOSBICHHUA CEJIEBOM
JesTenbHOCTH. Tpyasl ruapometiieHTpa CaxalWHCKOrO TEPPUTOPHATIBHOIO YIpPAaBICHUS IIO
ruapomeTeoposioruu. Bein. 1. Pernonansieie uccnenoBanus. FOxno-Caxanmunck: 1988. c. 131-137.

Kpaesas T.C. Kpatkas xapakTepucTuka ceneonacHslx pailoHoB Kamuarku. Tpynst KasHUT'MU, 1969.
Beim. 33, ¢. 144-151.

Kykcuna JI.B., MypasseB f.JI. Pexu Bynkanuueckux Tepputopuil KaMyaTku u MX 1axapoonacHOCTb.
CeneBble TIOTOKM: KaTtacTpo(bl, PHUCK, MPOTHO3, 3amuTa. Tpyael 5-i1 MexayHapoaHoH
koHpepenmmu. Towmmcn, I'pysust, 1-5 okrsadps 2018 r. Yepromoper C.C., I'aBapmamsumm I'.B.
(pen.). Tounucu: Yuusepcan, 2018. c. 400-410.

Jlanepmuu B.K., Jleu K.I'., JlexarunoB A.M., Kaznerosa A.B., Ilemmnen B.A., Pribuenko A.A.
[IprauHBl 1 TOCIEACTBUS KaTacTPOPHUECKUX CEeNeBBIX MOTOKOB 28 mioHS 2014 T. B OKpEeCTHOCTSIX
moc. Apman, Pecriyonuka Bypsitus. ['eognnamuka u tektonodusuka, 2014, 5(3), c¢. 799-816. doi:
10.5800/GT-2014-5-3-0156.

Jlanepaun B.K., Tpxxuunckuit FO.b. Dx30reHHsle reoorudeckue mporeccsl u cenu Bocrounoro CasHa.
HoBocubupck, 1977. 103 c.

Jlykamos A.A., TokapeBa E.A. Cenu BocTouHoro ¢uanra baiikansckoil pudToBoii 30HBI. ['eopuck,
2013. Ne 2, c. 14-19.

MaxkapoB C.A. Cemu Ipub6aiikanss. Upkyrck: U3garensctBo MHCTHTYTA Teorpaduu nm. B.b. Couassl
CO PAH, 2012. 111 c.

[Tepos B.®. CeneBenenne. M.: I'eorpaduuecknii pakymsrer MI'Y, 2012. 274 c.

[TepoB B.®. Cenessie siBinenus Ha Teppuropunt CCCP. M.: M3x-Bo MI'Y, 1989. 149 c.

Pribanpuenko C.B. CeneBast ormacHOCTh JJIsl HAaCENEHHBIX IMyHKTOB CaxanmuHCKoi obmactu. I'eopuck,
2013. Ne 3, ¢. 40-44.

Cunoposa T.JI. OneHka cesneBoii AesSTEIbHOCTH M0 KJIMMAaTHYeCKUM napameTpaM. ABroped. KaH[. Juc.
M.: MI'Y, 1997. 20 c.

CIT 115.13330.2016. «CHul1 22-01-95 I'eo¢usrka omacHbIX MPUPOIHBIX BO3IEHCTBHI». M.: MUHCTpO#H
Poccun, 2016. v+40 c.

Xucmarymwud T.U., Iusmapkos A.JI. Cenesbie mOoTOKH Ha octpoBe Marya. // Su Problemlori: EIm vo
Texnologiyalar, 2019. 1(13), pp. 7-18.

Yepuomopen C.C., Ceiinosa I1.b. CeneBbie noToku Ha BynkaHax. M.: Mzn-so YHII 10, 2010. 72 c.

Li F., Gao Y.-Q. The Project Siberian High in CMIP5 models. Atmospheric and Oceanic Science Letters,
2015. 8(4), pp. 179-184. doi: 10.3878/A0SL20140101.

Miao Ch.y., Duan Q.g., Sun Q.h.,, HuangY., KongD.x, Yang T.t, Ye A.zh., Di zZh.h.,, Gong W.
Assessment of CMIP5 climate models and projected temperature changes over Northern Eurasia.
Environmental Research Letters. 2014. 9(5), 055007. doi: 10.1088/1748-9326/9/5/055007.

59



CeneBble NOTOKM: KAaTacTpodbl, PUCK, MPOTHO3, 3aLuMTa
Tpyap! 6- koHdepeHumm (TagkuknucTaH)

Debris Flows: Disasters, Risk, Forecast, Protection
Proceedings of the 6t conference (Tajikistan)

CeJieBoil pyCK U1 TPAHCHOPTHBIX KOMMYHHMKALUI TEPPUTOPUH
Boctounoii Cuoupu u laasHero Bocroka B cepequne XXI| Bexa

AJL apmapkos, A.C. Typuanunosa, T.U. Xucmaryniaus, C.A. CokpaTtoB

Mockosckuil cocyoapcmeennuiii ynueepcumem umenu M.B. Jlomonocosa, Mocksa,
Poccus, malyn2006@yandex.ru, alla_wave87@mail.ru, timkhism@gmail.com,
sokratov@geogr.msu.ru

Annotanus. OmeHKa prcKa celeBbIX IOTOKOB Ha cepenuy XX Beka A7t TpaHCIIOPTHBIX
KOMMYHUKAITUA 10 MyHHIIUIAIBHBIM 00pa3zoBaHusM Bocrounoit Cubupu u JlanpHero
Boctroka BbIMONHANACE C YYETOM MPOTHOZUPYEMOTO HW3MEHEHHS KIMMaTHYECKUX
ycimoBuid. s 9TOro OBUI HMCIIOJAB30BaH aHcamMOab kKiumathuyeckux mogeneii CMIPS,
cuenapuii RCP 8.5 MI'DUK (IPCC). C y4éroM pacCUUTaHHOIO HM3MEHEHHS CTEIIEHH
ceneBoii onacHocTH K cepenune XX| Beka ObLT OLIEHEH CeNeBOW PUCK ISl TPAHCIIOPTHBIX
KOMMYHHKAIMH B IIpeiesiaX BCeX MyHHUIMIIANbHBIX 00pa30BaHui Tepputopuu Boctounoit
Cubupu u JJansnero Bocroka. Pacuér ceneBoro prcka OblJI OCHOBaH Ha YUETE ySI3BUMOCTH
TPaHCIIOPTHOW MH(PACTPYKTYPHI B IPOCTPAHCTBE U BO BPEMEHH, TIOBTOPSIEMOCTH CEJIeH,
a TaK)Ke CYIECTBYIOIIMX CTOMMOCTHBIX TIOKa3aTeeH.

K cepemune XXI Beka Ha Teppuropun Boctounoit Cubupu u Jlansaero Boctoka puck
cenei AJIsl TPAaHCTIOPTHBIX KOMMYHHKAIMHA OyIeT cOCTaBIsITh HEMHOTHM Ooiee 6,9 mip.
pyOueit, uTo mo cpaBHeHuIo ¢ HayanoM XXI| Beka Ha 26,3% MeHbIIe.

[Ipaktiueckn Ha Beeil Teppuropun Boctounoit Cubupu u lansHero Bocroka ceneBoit
PHCK 17l TPAHCIOPTHBIX KOMMYHHKAIMd yMeHbIIHTCS K cepeamHe XXI| Beka, 3a
nckmodenneM CaxannmHcKkod obmacté (yBenudeHwe pucka Oonee yemM Ha 60% 1o
cpaBHeHuto ¢ HaugamomM XXI| Beka), Amypckoil oGmactu (yBemmueHue Ha 25%),
XabapoBckoro kpas (yBenuuenue Ha 16%) u [Ipumopckoro kpast (yBenudenue Ha 13%).
HauMenbliiee CHUKEHHE CENEBOI0 PUCKA /ISl TPAHCIIOPTHBIX KOMMYHHKAILIUH K CepeIHE
XXI Beka Oyner ormeuatscs B Kamyarckom kpae (46%) u B UyKOTCKOM aBTOHOMHOM
okpyre (77%). MakcuMyM CHUXKCHUS CEJICBOTO PUCKA ISl TPAHCIIOPTHBIX KOMMYHHKAIIUH
k cepeanHe XXI| Beka OyneT oTMeuaThesl M B OCTANBHBIX cyObekTax Bocrounoit Cubupu
u [ampHero BocToka, T1ie 3HAUEHUS CENEBOro pucka OynayT Hibke Ha 90% u Oomee mo
cpaBHenuro ¢ HayatoMm XX| Beka.

Knroueewie cnoea: Bocmounas Cubups u [lanvruti Bocmok, cenegoii puck,
mpancnopmuvle KommyHuxayuu, cepeourna XX| eexa

Cecplaka uis nutupoBanus: Lasmapkos A.JL., Typuanunosa A.C., Xucmatymaus T.U., Cokparos C.A. CeneBoit
PHCK JUIS TPAHCIIOPTHBIX KOMMYHHKaIi Tepputopuu Bocrounoit Cubupu u JJanmsaero Bocroka B cepenune XXI
Beka. B ¢0.: CeneBble MOTOKH: KaTacTpoQbl, PUCK, MPOTHO3, 3ammTa. Tpyas! 6-if MexayHapoxHO# KOH(pepeHInn
(Ayman6e—Xopor, Tamxukucran). Tom 1. — OtB. pex. C.C. Uepnomopen, K.C. Bucxamxunesa. — lyman6e: OOO
«IIpomoymrny, 2020, c. 60-73.

Debris flow risk for transportation network in the Eastern Siberia
and the Russian Far East in the middle of the XXI century

A.L. Shnyparkov, A.S. Turchaninova, T.l. Khismatullin, S.A. Sokratov

Lomonosov Moscow State University, Moscow, Russia, malyn2006@yandex.ru,
alla_wave87@mail.ru, timkhism@gmail.com, sokratov@geogr.msu.ru

Abstract. The assessment of debris flow risk in the middle of the XXI century for transport
network in municipalities of Eastern Siberia and the Far East was carried out taking into
account the predicted changes in climate conditions. The CMIP5 climate model ensembles,
the IPCC RCP 8.5 scenario, were used for this purpose. Taking into account the calculated
change in the degree of debris flow hazard by the middle of the XXI century, the debris
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flow risk for transportation network within all municipalities of the territory of Eastern
Siberia and the Russian Far East was estimated. The calculation of debris flow risk was
based on the assessment of the vulnerability of transport infrastructure in space and time
and the frequency of debris flows, as well as existing cost indicators.

By the middle of the XXI century in Eastern Siberia and the Far East, the debris flow risk
for transportation network will be slightly more than 6.9 billion rubles, which is 26.3%
less than at the beginning of the XXI century.

In almost all of Eastern Siberia and the Russian Far East, the debris flow risk for
transportation network will decrease by the middle of the XXIst century, with the
exception of the Sakhalin Oblast (increase on more than 60% compared to the beginning
of the XXIst century), the Amur Oblast (increase on 25%), the Khabarovsk Krai (increase
on 16%) and the Primorsky Krai (increase on 13%).

The smallest reduction in debris flow risk for transport network by the middle of the XXI
century will be observed in the Kamchatka Krai (46%) and in the Chukotka Autonomous
Okrug (77%). The maximum reduction of debris flow risk for transport network by the
middle of the XXI century will be observed in the other regions of Eastern Siberia and the
Russian Far East, where the values of debris flow risk will be lower by 90% or more in
comparison to the beginning of the XXI century.

Key words: Eastern Siberia and the Russian Far East, debris flow risk, transportation
network, mid-XXI century

Cite this article: Shnyparkov A.L., Turchaninova A.S., Khismatullin T.l., Sokratov S.A. Debris flow risk for
transportation network in the Eastern Siberia and the Russian Far East in the middle of the XXI century. In:
Chernomorets S.S., Viskhadzhieva K.S. (eds.) Debris Flows: Disasters, Risk, Forecast, Protection. Proceedings of
the 6th International Conference (Dushanbe—Khorog, Tajikistan). Volume 1. Dushanbe: “Promotion” LLC, 2020,
p. 60-73.

BBeagenne

Hccnenyemast TeppuTOpUsl BKIIOYAET IOJIHOCTHIO TEPPUTOPHIO J[albHEBOCTOYHOTO
dbenepamsHOTO OKpyra W Oompmryio bacth Cubupckoro deaepansHOTO OKpyra 0e3
Kemeposcko#i, Tomckoit 1 HoBocubupckoit obnacreii, Anraiickoro Kpas W peciyOnuku
Topwbriii Anraii (puc. 1).

- LleHTpanbHbii hefepanbHbii OKpyr

- CeBepo-3anaaHbii heaepansHblil OKpyr
- MpuBomxckui eaepanbHbIi OKpYr

- KOxHbIN hepepanbHbI OKpyr

- Cesepo-Kaska3ckuit heiepanbHblit OKpyr
- Ypanbckuii hepepanbHbiin Okpyr

- Cubupckuin hefepanbHblil OKpyr

- AanbHeBOCTOuHbLIN (heaepanbHbIi OKpYr

i

Puc. 1. ®enepansusie okpyra Poccuiickoit @enepanym. Kpacuas muaus — 3amaaHas TpaHHULA paiioHa
HCCIIEIOBAaHUS

Fig. 1. Federal Districts of the Russian Federation. The red line — the western border of the regions of
investigation
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B HacTosmee BpeMs OLIEHKHM PHCKAa OMACHBIX MPUPOIHBIX MPOIECCOB U SIBICHUH
BBITIOJIHSIOTCS pa3iMuHbIMU MeTofaMmu. K mepBoii rpymie MEeTOJO0B OIEHKH PUCKAa MOXHO
OTHECTH T€, KOTOpBIE NMPAKTUYECKH HOIAMEHSIOT IMOHATHE PHCKa IOHATHEM OINACHOCTb U
OLIEHMBAIOT PUCK B 0aJlIax, YTO B KOpHE He BepHO. K Apyroii rpymnme MeToa0B OLIEHKH pUCKa
OTHOCSTCA T€ W3 HHUX, KOTOPbIE OLIEHUBAIOT BEPOSATHOCTH MociencTBuii. OHH, KaK MPaBHIIO,
OCHOBaHbl Ha TEOPETUYECKMX WU CTaTHCTUYECKHX HCCIEAO0BaHUAX. B ocHOBe mnexur
YTBEP)KICHUE, YTO PUCK €CTh (YHKLUS MOABEPKEHHOCTH, YSA3BHMOCTH M 3alMIIEHHOCTH
00BEKTa OT OMAcHOTO MPHUPOTHOTO BO3IEHCTBHA. PHUCK €CTh BEPOSITHOCTH HEXKeNaTeNbHBIX
nocienctsuit [Msexos, Illnvinaprxos, 2004]. Tlpu oreHKax pHUCKa MPHUPOIHBIX MPOIECCOB
UCTIONB3YIOTCS CIEAYIOINE TIOKA3aTeNN: BEPOATHOCTD COOBITHSI (IOBTOPSIEMOCTD IPOLIECCOB),
YSA3BHMOCTH OIEHUBA€MBIX 00BEKTOB (YSA3BHUMOCTH B IIPOCTPAHCTBE, YSI3BUMOCTH BO BPEMEHH,
¢usnueckas ysI3BUMOCTH OOBEKTa), COIMATBHO-dKOHOMHYECKHE MoKasareu [Baburin
et. al., 2014].

OrneHKH pHCKa CENEeBBIX MOTOKOB Ha Hadajgo XXI Beka Ha Teppuropuio Bocrodnoit
Cubupu u Jansuero Bocroka 6pin BermonHeHs! B 2019 rogy Ha BTOpOM 3Tare UcCiIeqoBaHus
o rpanty PI'O-PO®®U, 1 oTaenbHBIX pallOHOB HCCIIEAYEMOM TEPPUTOPUH B paMKax APYTUX
paloT ObLIN cIENaHbl OLIEHKU CEIEBOr0 PHCKa A Beell HHPPACTPYKTyphl MyHUIUIIAIBHBIX
obpasosanuii [Fabypun u op., 2019].

B nenom ucciieqoBaHus U OLEHKH CEJIEBOT0 PUCKA KpailHE CKYIHBI.

U3meHeHne kimMaTnieckux yciaoBuil k cepenuae XX| Beka, MpOrHo3upyeMoe o BCeM
r7100aNbHBIM MOZEJSIM TPOTHO3a KIKMMAaTa, AOJDKHO CKa3aTbCsl Ha WM3MEHEHHH CeJIeBOH
AKTHUBHOCTH M CEJIEBOrO pHcKa Ha Tepputopuu Bocrounoit Cubupu u [lansHero Bocroka.
HecoMHeHHO, 3TO 0Tpa3uTCs Ha CENEBOM PUCKE JUISl TPAHCIOPTHBIX KOMMYHHUKAIMI Ha 3TOH
TEPPUTOPHUH.

K magamy XXI Beka ceneBoil puck Al TPaHCIIOPTHBIX KOMMYHHUKAIMI Ha TEPPUTOPUN
Boctounoii Cubupu u dansuero Boctoka cocrasisut 9,4 mipy. pyoneii. Ero pacnpenencHue
o cyorekram Bocrounoit Cubupn u Jlanpaero BocToka mokazano Ha puc. 2.

HpkyTckas Pecny6ika Pecniy6mika
06Jacth; 703 TeiBa; 4 BypsaTus; 579 YyKOTCKHH
Pecnybnuka aBTOHOMHBIH
Xakaccus; 11 oKpyT; 162

\KamanCKHﬁ

Kpal; 1851

KpacHospckuit
Kpapn; 31

3abaiKanbCKHi _~"
kpai; 196
Maragasckaa
obacThb; 538
EBpeiickas
aBTOHOMHas
obJracth; 0
Amypckas

XabapoBckui
obsacte; 120

Kpa#n; 1841

CaxanuHcKas
obsacTh; 1484

Pecny6nrka
[IpuMOpCKHIH Caxa-fAkyTus;
Kpaii; 1419 475

Puc. 2. PacnipeneneHue ceeBoro prcka Juisi TpaHCIOPTHBIX KOMMYHHKAIIUH 110 cyObekTaM BocTouHoit
Cubupu u amsaero Bocroka B Hawane XXI| Beka, MitH. pyOueii/ron

Fig. 2. Distribution of the debris flow risk for transportation network over the Federal subjects of the
Eastern Siberia and the Russian Far East in the beginning of the XXI century, mil. rubles/year
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Haunbonbimme 3Hauenusi ceneBoro pricka B Hawane XXI|Beka mnpuxomsarcs Ha
Kamuarcknii, Xabaposckuii, [Ipumopckuii kpast u CaxanuHckyio obnacte. Ha Teppurtopun
3TuX cyOnekToB Bocrounoit Cubupu u [ameHero Boctoka mpuxomutca 70% 3HaueHHi
CeJICBOr0 PHCKa OT 00mel cyMMbl. Bo BTOpyro IpyIily [0 BEIMYMHE CEIEBOTO PUCKA (OKOJIO
500 mutH. pyOneit B ron) Bxonasat tepputopun Pecnyonuk Caxa-Sxyrus, Bypsarus, Upkytckas
n Marananckas obnactd. HauMeHbIIMMH 3HAYCHHSMH CENIEBOIO PHCKA XapaKTepU3yIOTCS
tepputopun Pecrryonmuk TriBa, Xakacus, KpacHosipckoro kpas nu AmMypckoil obmactu. Ha
TeppuTopuu EBpelickoif aBTOHOMHOU 00JIACTH CEJIEBON PUCK OTCYTCTBYET. TeppUTOPHATHEHOE
pacnpeziefieHHe CeleBOro pHUcKa A TPAHCIOPTHBIX KOMMYHHUKALMH 1O MYHHMIMIAIBHBIM
oOpa3zoBanusM Teppuropun Bocrounoit Cubupu u Jlanpaero BocToka mokazaHo Ha puc. 3.

Puck ceneu

ANA TPAHCNOPTHOM ceTu Cnbupu mn [lanbHero BocToka ' e

=

&,

leTponasnosck-
KamuaTckui

N

o '
\  [OxHo-
\} CaxanuHck f
N\ {.
3

PUCK, MAIH. py6.
1<10
| 10-50
I s0- 100
Bl > 100

HenopgsepkeHHble MO

BnaaueocTok o

Puc. 3. PacmpeneneHue ceneBOro pucka UIsi TPAHCIOPTHBIX KOMMYHHKAIIMKA IO MYHHUITUIATBHBIM
oOpazoBanusaM tepputopun Bocrounoit Cubupu u Janmsraero Boctoka B Hagame XX Beka

Fig. 3. Distribution of debris flow risk for transportation network over municipal divisions of the territory
of the Eastern Siberia and the Russian Far East in the beginning of the XXI century

CobpanHble CBEACHHS O YPE3BBIYAMHBIX CUTYallHsAX, BBI3BAHHBIX CEJIEBBIMU ITOTOKAMH,
Ha aBTOMOOMJIBHBIX U JKEJIE3HBIX A0pOrax MoKa3ajiu, 4To HanboJee YacTo OHM BO3HUKAIOT Ha
teppuropusix CaxanumHckol obmactu u Kamuartckoro kpas. OTCYyTCTBYIOT Kakue-Iu0o
CBECHNUS O UPE3BBIYAMHBIX CUTYallHAX, BEI3BAHHBIX CEJIEBBIMH MOTOKaMH, Ha TPAHCIOPTHBIX
KOMMYHHKalusXx B mpenenax KpacHospckoro kpas, pecnyOomuk TeiBa u  Xakaccwus,
Marananckoli 1 Amypckoii oOnacted, XaOapoBckoro kpas. Upes3BblYaiiHble CHTyalluH,
BBI3BaHHBIE CEJIEBBIMU MOTOKAaMH, Ha TPAHCIOPTHBIX KOMMYHHKALUSAX CO 3HAYUTEIBHBIMU
TTOCIIENICTBUSAME Ha Tepputopuu Bocrounoit Cubupu u JlamsHero BocToka mpencraBieHbl B
Tabmmue 1.
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Tabmnuna 1. Kpynaeiinie upe3BbidaiiHble CUTYaIMH, BbI3BaHHBIC CEJIEBBIMH TIOTOKAMHU HAa TEPPUTOPHU
Bocrounoit Cubupu u J{lansaero Bocroka

Table 1. Major emergencies caused by debris flows in Eastern Siberia and the Far East

z

CyobekT PO

MyHununaabHbIA
parion

Jara

XapakTepucTuka
NocJaeCTBHIi

Upkytckas ob1acTb

CaroaaHCKIH

27-29.06.1934

Pa3mbITO MM 3aBasIeHO
CEJICBBIMH OTJIOXKECHHAMH
JKEIIe3HOTOPOKHOE IO~
notHo. [lepepbIB B IBIKE-
Hun Ha Tparccubupckoin
MarucTpajy JTHICS

22 gaca.

CaxanuHckas 001acTh

Hesenbckoii,
X0oJIMCKHH,
MakapoBckuii

18-19.09.1957

Pa3pymienne aBToMOOMITB-
HBIX U KEJIC3HBIX JOPOT,
MOCTOB.

HpkyTckas 001acTh,
Pecny6uinka bypsTust

CaroaaHCKIH

24-25.07.1971

IToBpexeHbl yU4acTKU J0-
por.

CaxanuHckas 001acTh

MakapoBckuii

1996,
CEeHTSI0Pb

Pa3zmbIiB
YKEJIE3HOJOPOKHOTO
noyioTHa. JIBm>xeHue mnoes-
JIOB OCTaHOBJICHO.

3abaiikanbCKui Kpan

Kanapckuit

27.07.2001

YacTtuuHoe pa3pylieHue
K/J TIOJIOTHA B paiioHe
03. bonbmoe Jlenpunmao.
[IproctanoBKa TBMKEHUS
noe3z1oB 1o bAMy.

Kamuarckuii kpait

Yerp-Kamuarckui

04.09.2006

Comremuii ¢ BykaHa
[IuBenyu cenb pa3MbLl
JIOpOTY, TIpepBaB
TPaHCTIOPTHOE COOOIIEHUE
C HaceNEHHBIMUA ITYHKTaMHU
VYerp-Kamuatck u
KpyTobeperogo.

CaxanuHcKasi 0051acTh

MakapoBckuit

22-24.06.2009

N3-3a ceneBbIX TOTOKOB
pasmbiTo 320 M Kene3Ho-
JIOPO’KHOT0 MOJIOTHA. 3a-
KPBITO JBIDKCHHC
MTOE3/I0B.

Pecnybnmka Bypsrust

TyHKHHCKUIT

28.06.2014

Pa3mbITHI TOpOTH B
mmoc. ApIiraH, pa3pymeHsI
MOCTBL

Pecny6mmka Caxa-
SkyTus

TeIHAMHCKUH

24.07.2016

YyacTok 3aBana nmyTei Ha
2 107 xunometpe
neperona Ymipuu—YHKYp
coctaBmi 18-20 meTpos.
JIBmxenue mo bAM 65110
OCTaHOBJICHO.

MarepuaJibl 1 MEeTOANKA

OreHKa CeneBoro pucka JUisl TPAHCIIOPTHBIX KOMMYHHKaIii Boctounoit Cubupu u
JansHero BocToka mpou3BOAMIaCH C YYETOM UX YA3BHUMOCTH B IPOCTPAHCTBE M BO BPEMCHH,
MOBTOPSIEMOCTH CeJIeH, IITMHBI TPAHCIIOPTHBIX KOMMYHHUKAIMHA B TIPEe/iaX MYHHIIUITIATBHBIX
o0pa3oBaHUi ¥ UX HOPMATHBHON CTOMMOCTH.

[oBTOpsieMOCTh cenell onpeaensiach Ui KaKI0ro MyHHUIMIIATEHOTO 00pa3oBaHus Ha
OCHOBE CYINECTBYIOIIMX HAydHBIX myOmukarwmii [Amaac..., 2010;  A6pamenxo, 1980;
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byoapuna, Ilepos, 1981; byos3, 1968; Boumxosckuii, Koponvkos, 1998; Kpaesas, 1969;
Kasaxos, XKykoea, 1988, Jlexamunos, 1968, Maxapos, 2012;  Ilepos, 1989, 2012;
Yeprnomopey, Cetinosa, 2010; u o0p.], a Tpu OTCYTCTBHHM TAaKOBBIX IO OTACIBHBIM
MYHHIIATIATBHBIM  00pa30BaHMSIM HCIIONB30BANNCH CBEACHHS IO paifoHaM aHajoram, B
KOTOPBIX TaKHe CBEJICHNUS 110 TIOBTOPSIEMOCTH CeJIei HMEIHCh.

Y A3BUMOCTH TPaHCHOPTHBIX KOMMYHUKAIIMIA MYHUITUITATEHOTO 00pa30BaHUs K CEJICBBIM
MTOTOKaM OIpeIeNsIach MyTEM pacuéTa JOJH TUIOIIA U CeJIeONacHbIX TEPPUTOPHIA B TIpeAeax
MYHHIHUITATBHOTO o0pasoBanus [Amaac..., 2010]. TIpumeHeHHe TaKOro Mmokasatesst yIo0HO
JUIS TIJIOUIQJHOM OIEHKH CEJeBOM ONMAacHOCTH BCEH WHQPACTPYKTYpPhl MYHUIIUITAIHLHOTO
o0pazoBanus. TpaHCIOPTHBIE KOMMYHHKALIMU TPEACTABISIOT COO0i IMHEHHBIE COOPY KEeHN,
MOATOMY /ISl OIIGHKM HX VYSI3BUMOCTH B TPOCTPAHCTBE B IMpejeiiaX MyHHIUIATbHBIX
00pa3oBaHMi IMMOMHUMO JONIU IUIOIIAAN CEJIEOMaCHBIX TEPPUTOPUH B MYHHUIMIIAIEHOM
00pa30BaHMUHU MCHOJIB30BANN JOMOJIHUTEIBHO [IOKA3aTeNb - OJS CyMMBI JJIMH CEJICONacHbIX
YJacTKOB B pacuére Ha | kM mgHa AOMWHBL [ Kakmoi celreBOd 00JacTH B Tpenernax
Boctounoit Cubupu u [Jansraero Boctoka Obimn paccuntansl 3TH 3HaYeHud. [Ipu aTom Takue
pacdeTsl MPOU3BOMIINCH I PAOHOB C Pa3IMYHON CTENEHBIO CeeBOil omacHocTu. Takum
obpaszoMm, Ha Tepputopun Boctounoit Cubupm m [lampHero BocToka OBLIM MPOHM3BEICHBI
pacy€Thl MOpa)XEHHOCTH CEIEBBIMU ITOTOKAMH IO JTHY JOJIHHBI Ha 30 KITFOUEeBBIX ydacTKax. J{ist
KaXI0H ceneBoi 00JIaCTH M CTETIeHH OIIaCHOCTH ObLiIa OIlpe/esieHa MOPaKeHHOCTh THA TOJMH
CEJIEBBIMH MOTOKaMH, a B TOCIEICTBUE ITH OCPEAHECHHBIC AaHHBIC OBUIM ONpEACTCHBI NI
KaKII0TO MYHHIIMITAIEHOTO oOpa3oBanus Bocrounoit Cubupu u Jlaneaero Boctoka.

VYS3BUMOCTh TpPaHCIIOPTHBIX KOMMYHHUKAIMid K CEJIEBBIM IOTOKaM BO BPEMEHH
OIIpeneNsuIach Kak OTHOILIECHHE MPOAOJDKUTEIEHOCTH CEJIE0NacHOro MEePHo/a K YUCIy THEH B
rony. IIpogomKHTENPHOCTh CENeoNmacHOTo Tepuoja Uil KaKIOrO0 MYHHUIUITAIbHOTO
o0pa3oBaHMsl  OMNpeneNsuiach  C  HCIOJb30BaHHMEM  METOJMKH, NPEANIOKCHHON
T.JI. Cunopogoii [1997] u yrounéunoii H.JI. Beroit [2005], a Takxke ¢ HCIOIL30BAHUEM TS
MIpOBepKH cBeaeHuil u3 [[lepos, 2012].

[nst onpeneneHuss 3KOHOMHYECKOM COCTaBISIIOIIEH IPU OLIEHKE CEJIEBOI0 pPHCKa
TPAHCIOPTHBIX KOMMYHHUKAI[Mi HCIOJBb30BAJIHCh CBEIACHUS O JJIMHE TPAaHCIOPTHBIX
KOMMYHHKaLUi B Tpeeax KaXXJI0ro MyHUIMIIAIEHOTO o0pa3oBanus ¢ caiita DenepanbHon
cyx6b1 roccraructuku PD [www.gks.ru/free_doc/new_site/bd_munst/munst.htm], a taxxe
CTOMMOCTbH aBTOMOOMJIBHBIX H JKEJIE3HBIX JIOPOT Pa3HOro kiacca. CBEJCHUS O CTOUMOCTH aBTO
M OKEJE3HBIX JIOPOT pa3HOro Kiacca B3SAThI C pa3nuuHbIX caiitoB [Conocmasnenue
cmoumocmu..., Munmpanc Poccuu nocuuman..., https://nerud-teh.ru/skolko-stoit-kilometr-
dorogi/]. Wcxoms W3 O3THUX JaHHBIX, CTOMMOCTH CTPOHUTEIBCTBA 1 KM JKEJIE3HBIX M
aBTOMOOWJIBHBIX JOpOr Ha TeppuTopuu Poccuiickoit demepanuy MOXKET BapbHUPOBATH OT
HEePBBIX MIWITHOHOB J10 230 MutH. pyOueit (puc. 4).

OrieHKa celeBOro pucka Juisi TPAHCHOPTHBIX KOMMYHUKAIMH B CPEJHEM M MEITKOM
MacmTabax B Poccuiickoit @enepanuu cnabo pazsButa. B Hacrosimee Bpems pa3paboTaHbl
METOAMKHU OLEHKH CEJICBOI0 PUCKA AJISl TPAHCIIOPTHBIX KOMMYHHKALIMI B KPYITHOM MaciiTaoe.
K Ttakum paboram MoxxHO oTHectn pabory A.H. Boxuuckoro m FO.B. Anapeesa [1996],
10.B. Anzpeesa ¢ coasropamu [1997]. B maHHBIX paboTax OIEHUBAETCS COIMAIBHBIN PUCK OT
CeNIeBBIX MOTOKOB B KPYIHOM MaciuTa0e ¢ y4eTOM IOBTOPSEMOCTH Celiei, MOPaKeHHOCTH
aBTOJIOPOT CEJIEBBIMH MTOTOKAMH, CKOPOCTH JIBHKEHHS aBTOTpaHcropTa. CXOIHBIN MOIX 0 IS
OLICHKH JIABUHHOTO ¥  CEJCBOr0 pHUCKAa B KPYIMHOM MacmTabe Tpeaaraercs
H.A. KazakoBbiM [2015], HO ©M [ONOJHHUTENBHO BBOAUTCS TapaMeTp HHTCHCHBHOCTH
BO3ACHCTBHS, YUET TeHETHUECKOIO THUIA CHEXXKHOW JIABUHBI U CTPYKTYPHO—PEOIOTHUECKOTO
Ttumna censd. g pacdera ceneBoro puicka s TPAHCHOPTHBIX KOMMYHHUKAIMA B KPYITHOM
MacmTade HUCTONB3YIOTCS —CIEAYIOIIME IapaMeTpbl: IMOBTOPSIEMOCTh Celied, JJMHA
CeNeONacHOro0 y4acTka, MPOAOJDKUTEIFHOCTh CENICONacHOT0 MepHoJa, CpPEeIHECYTOUHAs
WHTEHCHBHOCTb JIBIDKEHUS TPAHCIIOPTA, IUTMHA TOPMO3HOTO IMYTH TPAaHCIOPTA, IBHXKYIIETOCS
C ompene’néHHON CKOPOCTBIO, CPEOHSS CKOPOCTb NBWKEHHS TpaHcmopta. lIpemmaraercs
pacCUuTHIBATh IOJHBIA CEJIIEBOM PHUCK Il TPAHCIOPTHOM MAarucTpald, BKIIOYArOLIUI
MpsIMOH (pa3pyllleHHe TPAHCIIOPTHOTO CPEACTBa, pa3pylIeHHE IIOJIOTHA AaBTOAOPOTH) H
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KOCBECHHBIN (pacyrcTKka aBTOJOPOTH, YIIepObl B  pe3yjbTaTe OXHIAHHUS PACUYUCTKH
ABTOJIOPOTH).

ConocrasneHue CTOMMOCTU aBTOMO BUABHbIX U 3eNe3HbIX Aopor, MJ'IH.p.[‘KM

OpHononocHas 5 Kar.

[eyxnonocHasa 4 KaT.
[eyxnonocHaa 3 KaT.

[eyxnonocHaa 2 KaT.

OpHoNYTHaA 3 KaT. C aBTOHOMHOM TATOM
OpHONYTHaA 2 KaT. C aBTOHOMHOM TATOM
YeTblpexnonocHaa 2 KaT.

YeToipexnonocHaa 1 kaT.
OpHonyTHaA 2 KaT. C 31eKTPUYECKO TAron

lectunonocHaa 1 kaT.

LBeyxnyTHaa 2 KaT. C aBTOHOMHOMW TATOM
[eyxnyTHaa 1 KaT. c aBTOHOMHOMW TATOM
BocbmunonocHas 1 kar.

LByxnyTHaA 2 KaT. C 3/1eKTPUYEcKoin TAToH

LpyxnyTHaa 1 KaT. C 3/1eKTPUYECcKon TATOH
T I I I I

100 150 200 250
CobcTeeHHble pacyeTsl B cooTeeTcTeuM ¢ HLC 81-02-2014 ana 6azosoro paioHa B ueHax 2014 r.

Puc. 4. CpaBHEeHHE CTOMMOCTH KEJIC3HBIX H aBTOMOOMIIBHBIX TOPOT Pa3HOW KaTeropu Ha TePPUTOPHU
Poccuiickoii ®eaeparuu [hitps://aftershock.news/?qg=node/501956 &full]

Fig 4. Comparison of the prices of the rail and the auto roads of different categories at the territory of
Russian Federation [https://aftershock.news/?q=node/501956&full]

3a pyOexoM OLEHKH CEJIeBOr0 pHCKa TMPOU3BOAATCS Kak B perHoHanbHOM [Liu
et.al., 2002; Liu, Lei, 2003; Fuchs et. al., 2008; Quan Luna et. al., 2014], Tak u KpymnHOM
macmrabax [Liang et.al., 2012; Shu et. al, 2019; Lin et. al., 2012; Lee, Lee, 2015; Chui
et. al., 2013]. Tlpu omEeHKE CEIEBOTO0 pPUCKA B PETHOHATBHOM MACIITabe HCIOIb3YIOTCS
CTaTHCTUYECKUE JaHHble, oOmereorpaduueckie ycioBus (penbed, pacTUTEIBHOCTD,
KJIMMaTUYeCKHEe M METEOPOJIOTHYECKUE YCIIOBHS, HACEIEHHOCTh TEPPUTOPHH, BAJIOBBIN
npoaykt) [Quan Luna etal. 2014]. Tlpu omeHKe CEIeBOr0 puUCKa B KPYITHOM MaciTabe
UCTIOJIB3YIOT JMHAMHYECKUE XapaKTePUCTHKU Celieil (IaBjeHHe Ha MPEMSTCTBUE, CKOPOCTb,
BBICOTA CEJICBOTO IMOTOKA), XapaKTEPUCTUKU YSI3BUMOCTH OOBEKTa MU IOBTOPSIEMOCTb
ceneii [Jakob, Holm, 2012].

B nanHO#l paboTe HCMOIb30BAH METOJ OLCHKH CEJICBOTO PUCKA, YYHMTBHIBAOIIHIA
yS3BUMOCTb TEPPUTOPHM B TIPOCTPAHCTBE M BO BPEMEHH, IOBTOPSEMOCTh CeJed M
HKOHOMHYECKAsI COCTABJISAIONIAs, OMyONUKOBaHHBIA B [babypun u Op., 2019]. Jlns oueHKH
CEJIeBOr0 PHCKa TPAHCIOPTHBIX KOMMYHHKAIIMHA BMECTO YCJIOBHOTO BAaJIOBOTO IMPOIYKTa
MYHHIMIIATBHOTO 00pa3oBaHus, HCMOaB3yeMoro B [babypun u op., 2019], mpumensiach
CTOMMOCTb CTPOHMTEIILCTBA JJOPOT.

B KOHEYHOM HTOre pacuéT CEeIeBOrO PHCKa Ui TPAHCHOPTHBIX KoMMyHuKanui (Rp)
MIPOU3BOMJICS 110 (hopMyJie:

Rp=PXYtXYsXxS§, (1)

rae P — moBTOpsieMOCTh ceneBhIX NMOTOKOB, pa3 B rox; Yt — ysS3BUMOCTh BO BpEMEHH,
Oe3pa3MepHas BeMUMHA; YS — YA3BHMOCTh B IIPOCTPAHCTBE, Oe3pa3MepHasi BENUIMHA; S —
CTOMMOCTb aBTO- U JKEJIE3HOM JOPOTH B IIpefesiax MyHHIUIAIbHBIX 00pa30BaHul, pyo.

VYA3BUMOCTb TEPPUTOPUN B IPOCTPAHCTBE 3aBUCUT OT IMOPAKEHHOCTH TEPPUTOPUI
CEJIEBBIMH [TIOTOKaMU, KOTOPasi ONPEHEIIACTC:
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Ys = Fdf + Ftot XK, 2

rae Fdf — miomane ceneonacHoi TeppuTOpHH B MpeesiaX MyHHIUIAILHOTO 00pa30BaHus,
kM2, Ftot — ruToma s MyHAIMTIATBHOTO 00pa3oBanus, kM2, K — JI0JIs CeTeonacHbIX Y4acTKOB
10 THY JIOJMHBI, Oe3pa3MepHas BEINIHHA.

Y SA3BUMOCTH TEPPUTOPHUIL BO BPEMEHU OIPEIEISIETCS:

Yt = Tdf + 365, 3

rae Tdf — mpoomKHUTENEHOCTh CEIEONACHOT0 MEPUoIa, IHU; 365 — 4ucio aHel B roay.
CTOMMOCTh aBTO- M KEJIe3HBIX IOPOT ONpPEIeIsIach U3 CyMMBI CTOMMOCTEH aBTO- M
JKEJIE3HBIX JOPOT Pa3HOTro Kiacca B MpeJieNiax MyHHUIUITAILHOTO 00pa30BaHus:

S =3(Li x Si), (4)

rne S — COBOKyNmHas CTOMMOCTh aBTOMOOWJIBHBIX W JKEJE3HBIX AOpOr B Iperenax
MYHHUIMNATBHOTO 00pa3oBanus; Li — cymmapHas JJTMHA aBTOA0POT/KENE3HBIX TOPOT OJHOTO
KJacca; Si — CTOMMOCTh CTPOUTENLCTBA | KM JOPOTH OIMPEICIEHHOTO Kiacca.

Pacuérsl ceneBoro pucka ObUTH MPOU3BEACHBI IJIs1 BCEX MYHHUIUNAIBHBIX 00pa30BaHuiA
teppuropun Bocrounoit Cubupu u Hansaero Boctoka — 145, rae pacipocTpaHeHsl celeBble
MTOTOKH.

Omenka ceneBoro puca Ha cepeauHy XXI| Beka BBITIONHSIACH C YIETOM HW3MEHEHHS
KJIIMMAaTUYECKUX YCIOBUH. J{1s pacu€Ta N3MEHEHUI KIIMMAaTHYECKUX TaPAMETPOB U CBSA3aHHBIX
C HHMH TIOKa3aTeleil  CceleBOH JIeATeNbHOCTH (paclpoCTpaHEHHe, MOBTOPSIEMOCTb,
TIPOJTOJDKUTEIHHOCTE  ceJieonnacHoro mepuona) w3 ancambimss CMIPS5 cnenapus RCP8.5
MI'DQUK (IPCC) 65i1a BeiOpana moaens MRI-CGCM3 skcnepument rlilpl (Meteorological
Research Institute, Tsukuba, Japan). Kuraiickumu uccremosarenxsmu [Li, Gao, 2015; Miao
et. al.,, 2014] 6BUIO  yCTAHOBIEHO, 4YTO MOIENL OTIMYAaeT Haubojee BhIpaKEHHAS
MOJIOXKHTENIbHAS KOPpeIsiys 3HA4YeHHI aTMocepHoro namieHus B npeaeiax CuOupckoro
AHTULMKIIOHA, IOJIYYECHHBIX B pe3yJibTaTe peaHalli3a, a TAakXKe OHa JaeT Hauboiee OIM3KUE K
peallbHBIM 3HAYEHUS TEMITepaTyphl Bo3ayxa. KpoMe 3Toro, Mofens nMeeT JOCTaTOYHO TYCTYIO
CeThb pPAcUETHBIX 3HAYCHHWH TEMIIEpaTypbl W OCaAKOB — pa3Mep SUelkd B Tpeaerax
tepputopuu Poccuiickoii deneparuu usmensiercs ot 1,122x1,125 no 1,118x1,125 rpanycos,
YTO B YCJIOBHSIX OTCYTCTBUSI PETMOHAJbHBIX MOJeNei HM3MeHeHus KiumaTta i Poccum,
MTO3BOJISIET OI[EHUBATh U3MEHEHHS Ha OTHOCHTENHHO HEOOJBINNX IO IJIOMIAIN TEPPUTOPHUSIX.
[Mocneanuii mepuo, Mo KoTopoMy BeinoHsuics peanann3 — 1991-2000 r. On onpeneneH kak
«COBPEMEHHBIH» M MO OTHOLICHHWIO K HEMY BBHIMOJHSUIMCH PACUYEThl M3MEHEHMH HMCKOMBIX
mapaMeTpoB B OyaymieM. Pacuérsl BoimonneHsl Ha cepeauny (2041-2050 rr.) XXI| Beka. Ha
YKa3aHHBIE TEPUOJBI IS Y3JIOB CETKH OBUIM PAacCUMTAHBI CPEIHUE 3HAYCHHS TEMITEPaTyphI
BO3AyXa U CYMMBI OCaJIKOB 32 KaXIbId Mecsi. 3aTeM MO 3THM JaHHBIM OBbUIM pacCUUTaHBI
npopokurensHocTh TEmIoro (T Gonee 0°C) m xomomuoro mepuozma (T menee 0°C). s
KaKAOTO Meproaa ObLTO MOACYMUTAHO KOJIHYECTBO MPOTHO3UPYEMBIX ocankoB. Ilo pasnoctn
3HaYeHWH OJTHX TMapaMeTpoB 3a pasHble Nepuojsl (Hauano u cepeauHa XXI| Beka) c
ucnonb3zoBanreM ArcGIS 10.3 ObTM TOCTPOEHBI TOBEPXHOCTH, XapaKTEPHU3YIOUIHE WX
n3MeHeHus. Jlanee TpUM HAJOKEHHM HA KapTy MYHHIMNAIBHBIX 00pa3oBaHUil, ObLIH
OTIpesieieHbl CpPEeHME 3HAYEHHUS MapaMeTpOB MPOJODKUTEIBHOCTH TEMIOT0 M XOJOJHOTO
NEPUOJOB W KOJHMYECTBA OCAAKOB 32 3TH MEPHOABl M HMX H3MEHEHHH Uil Ka)XIOoro
MYHHIIATIATBHOTO 00pa3oBanus Bocrounoit Cubupu u Jlansaero BocTtoka.

Jna ompeneneHus W3MEHEHHS ITOBTOPSIEMOCTH CEJIEBBIX TIOTOKOB OIEHUBAINCH
M3MEHEHUS KOJIMYECTBA OCAJKOB 3a TEIIBINA MMeprol Ha cepenuny u konerl X XI Beka. Omenka
M3MEHEHUS 3TOTO MapaMeTpa CEeNeBOH JeATeIbHOCTH HauMEHee TOYHA, T.K. B COBPEMEHHBIX
YCIOBUSIX HE HaiijleHa TecHas CBs3b MEXIYy IOBTOPSIEMOCTBIO CEJEeBBIX IOTOKOB U
KOJINYECTBOM OCAJIKOB 32 TEIUIBIN MepHoA. B cBs3H ¢ 3TUM OBUIO MPHHATO AOMYIIEHHUE, YTO
MIPY U3MEHEHUU KOJIMYECTBA OCAAKOB B npenenax £10% MoBTOPSIEMOCTh CEJICBBIX MOTOKOB HE
m3meHutcs. [lpu m3MeHeHun kommuectBa ocankoB B mpeaenax +£10-30% moBTopsieMOCTh
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CEJIEBBIX ITOTOKOB U3MEHUTCS COOTBETCTBEHHO Ha +10%. [Ipn n3aMeHeHnH KOTMYIECTBA OCATKOB
3a TEMmIbI nepuop 6omnee £30% MOBTOPSEMOCTH CEJIEBBIX MOTOKOB U3MeHUTCs Ha +20%.

[lopaxEHHOCTh TEPPUTOPHI CENEBBIMH MOTOKAMH MYHUIMIAIBHBIX PaliOHOB
Bocrounoit Cubupm u JlampHero BocToka mnpuWHATa HEW3MEHHOW, T.K. HM3MCHCHHUE
KJIMMAaTUYECKUX YCIIOBUM Ha €€ TEPPUTOPUU HE CKAXKETCS Ha IUIOLIAJU paclpOoCTpaHEHUS
CEJIeBBIX TIOTOKOB (Ooporpaduyeckue yCIOBHUs HEU3MEHHBI, a KIMMATHYECKUE OJaronpusITHBI
Jutst 00pa30BaHUS CEEBBIX MTOTOKOB), TP ATOM aHTPOIIOTEHHBIN (haKTOp HE aHAIH3HPOBAJICS.

[IpooIKHUTENLHOCTh ~ CETIEONAacHOrO  MEpUojia  ONpejesuilach 10  METOAHKE
H.JI. Benoii [2005] ¢ yuéToM HM3MEHEHHUS TPOIODKHUTEIBHOCTH TEIUIONO MeprHoaa B KakKI0M
MYHHIIATIATHEHOM 00pa30BaHUH.

Hcnonb3oBaHue 3THX JAHHBIX IMO3BOJHIO NMPOWU3BECTH PACU€T CENeBOr0 pHCKa IS
TPAHCIOPTHBIX KOMMYHHUKAIlMH B TIpeieiaX MyHHLUNAJIbHBIX OOpa3oBaHWN Ha CEpeluHy
XXI Beka, a cpaBHEHHE ITOJTyYEHHBIX TIOKA3aTelei CeIeBOro PUCKA C PACUETHRIMHI Ha HAYAIIO
XXI Beka TO3BOIMIIO ONPENSTUTh pailoHBl HamboJiee CYMECTBEHHOTO M3MEHEHHUsS CEIEBOTO
pHcKa.

PesyabTathl

CymMmapHOE 3HadeHHE CelleBOTO pHCKa [UIsl TPAHCIOPTHBIX KOMMYHHMKAIMA Ha
tepputopun Bocrounoit Cubupu u JampHero Boctoka B mHawame XXI Beka cocTaBisiio
HeMHOTO Oosee 9,4 mupa. pyOneit B rog (tabnuua 2). HanGonpmvie 3HaueHUsI CEelneBOro pucka
B Havane XXIBeka ormedannce B Kamuarckom, XabapoBckom, [IpuMopckom kpasx u
CaxaIuHCKOM 00J1acTH, T/Ie OHM MPEBHIMAOT 1 Mipa. pyosei B roa. Ha atu detbipe cyObekTa
Boctounoii Cubupu u JlansHero Bocroka npuxoaurtcs 70,8% ceneBoro pucka. Haumennsime
3HAYEHHS CEJICBOTO PUCKA JUIS TPAHCIIOPTHRIX KOMMYHUKanui B Hayane XX| Beka XxapakTepHBI
U1t YyKOTCKOT'O0 aBTOHOMHOT'O OKpyTa, AMypckoi obnacti, KpacHospckoro kpas, Pecryonmk
TriBa u Xakaccus.

Tabmuma 2. Pacrpenenenne ceneBoro pucka JUIs TPAHCIIOPTHBIX KOMMYHHUKAalMH Ha TEPPUTOPHA
Bocrounoit Cubupn u lansnero Bocroka B cepennne XXI Beka

Table 2. Distribution of debris flow risk for transport communications on the territory of Eastern Siberia
and the Far East in the middle of XXI century

Cyo0bekt P® Hauano XXI Beka Cepenuna XXI| Beka
ceJieBoit J10JI51 OT ceJieBoit J10JI51 OT 001Iero
pucCK, o01mero puCK, 3HaYeHus, %
ThIC. py0Jieii | 3HaueHns1, % ThIC. py0Jieii
UykoTckuii 162 216 1,7 37 835 0,5
ABTOHOMHBIN OKPYT
Kamuarckuii kpait 1851 256 19,7 996 631 13,2
XabapoBckuii Kpaii 1841128 19,6 2130 396 28,3
Pecrry6nuka Caxa- 474 643 5,0 20 668 0,3
SkyTus
IIpumopckuii kpai 1418 598 15,1 1607 628 21,4
CaxanuHckas 00J1aCTh 1484 225 15,8 2406 771 32,0
AwMypckas 00J1acTh 120 018 1,3 149 728 2,0
Espeiickas 0 0,0 0 0,0
aBTOHOMHasl 00J1aCTh
Maragasckas 001acTh 537 508 5,7 49 187 0,7
3abaiikanbCKkuil Kpan 196 120 2,1 10 760 0,1
KpacHosipckwii kpai 30 659 0,3 3219 0,0
Pecny6iinka Xakaccus 10 782 0,1 653 0,0
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CyobekT P® Hayano XXI Beka Cepenuna XXI| Beka
ceJieBOM J0Js1 0T ceJieBOM J10J151 OT 001 ero
pucCK, o01mero pucCK, 3HaYeHusd, %
ThIC. py0Jieii | 3HaueHns1, % ThIC. py0JIeii
HpxyTtckas 00nacTb 702 817 75 78 633 1,0
Pecny0suka TriBa 3996 0,0 298 0,0
PecniyOnuka Bypsitus 579276 6,2 37 463 0,5
CymmMma 9413 242 100,0 7529 870 100,0

Pacnipenenenne  cemeBoro  pucka Juid  TPAHCHOPTHBIX ~ KOMMYHHMKAalUd 1O
MYHULMINANBHBIM 00pa30BaHMsM IIOKAa3aHO Ha pHC. 5. 3HAa4YeHHs CEIEBOrO0 pUCKa Oosee
50 miH. pyOneli B cepenune XXI Beka OyayT oTMeYaThCs Ha TEPPUTOPHSIX MYHHIIUIATHHBIX
oOpazoBanuii [IpuMopckoro kpas, B IOKHBIX U IIEHTPANBHBIX YacTAX XabapoBCKOTO Kpasd,
THIHANHCKOM MyHHLIMIAIFHOM 00pa3oBaHuM AMYpckoi obnactu, HeBenbckoM, X0omMcKoOM,
VYraeropckoMm, MaxkapoBckom, KopcakoBckom, Kypunsckom u  HOxHO-Kypumsckom
MYHUIUNATBHBIX 00pa3oBanusax CaxanuHCKOW o6yiacTh u EIM30BCKOM MYHHUIMIIATEHOM
obpazoBannu Kamuarckoro kpas. CeneBoil puCK, XapakTepu3yIOLMics 3HaueHusaMu ot 10 1o
50 muH. pyOnieit B rox, OyneT xapaktepeH s YayHckoro paiioHa UyKoTCKOro aBTOHOMHOTO
okpyra, Onmbckoro paiioma Maraganckoit oOmactd, YcTh-KamMmuaTckoro, MHMIBEKOBCKOTO H
VYcrp-bonbmiepenkoro paiioHoB KamuyaTckoro Kpas, MyHHUUNAJIbHBIX 0Opa3oBaHHSAX,
PaCIIOJIOKEHHBIX ceBepHee MakapoBCKOro U YTIIeEropcKkoro paiioHoB CaxamuHCKON 00JIacTH,
a Ttakke B Cesepo-KypmibckoM MyHHMIMnanbHOM oOpa3oBaHuu. Ha Teppuropun
XabapoBCcKOTo Kpast 3HaYeHUs ceneBoro pucka ot 10 1o 50 mun. pyoneii B cepennne XXI Beka
OyayT otmeuathesi B OxoTckoM, AsiHo-MaiickoM, Tyrypo-Uymukanckom, BepxueOypunHckoM
n KoMCOMONBECKOM MYHHUITMTIANBHBIX O0pa3oBaHUAX, B AMypcKoil oOmactm — B
CeneMKMHCKOM M 3€HCKOM MyHHIMNAIBHBIX 00pa3oBaHusX W B MpkyTckoii obmactn —
B bonaiibuHckom paiioHe.

K cepenune XXI Beka 3HaueHME CEJIEBOTO PUCKA I TPAHCIOPTHBIX KOMMYHHMKALIUI Ha
tepputopun  Bocrounoit Cubupm u JlampHero Bocroka coctaBUT HEMHOTHM Oojee
7,5 mupa. pyOuneit, uro Ha 20,2% menbine, yem B Hayasie XX| Beka. HanGospiine 3naveHus
CEJICBOI0 PHUCKA Ul TPAHCHOPTHBIX KOMMYHMKALMI OyIyT OTMEUaThCs B TEX )K€ CyObeKTax,
4T0 1 B Hadasie XX| Beke, HO WX 0N OT 00IIeT0 3HAYSHHUS CETIEBOTO PHUCKA YBEITMYUTCS TIOUTH
10 95%. Poct ceneBoro pucka k cepeanne XXI| Beka OyzneT orMeuarbesi B XaOapoBCKOM U
[Tpumopckom kpasix, CaxanuHckoil 1 AMypckoil obnactax. Ha ocrtambHOl TeppuTopun
Bocrounoit Cubupu u Jlansaero BocTtoka ceneBoil puCK U TPAHCTIOPTHBIX KOMMYHHKAIHN
YMEHBIIUTCS.
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Puck ceneu
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Puc. 5. CeneBoil puCK JUI1 TPAHCIOPTHBIX KOMMYHHKALMH N0 MYHUIUIATGHBIM OOpa3oBaHUSIM
tepputopun Bocrounoit Cubupu u JJaneraero Boctoka B cepennae XXI Bexa

Fig. 5. Debris flow risk for transportation network per municipal division at the territory of the Eastern
Siberia and the Russian Far East in the middle of the XXI century

OcranbHple MYyHULIMIANbHBIE 0O0pa3zoBaHusi Tepputopun Bocrounoit Cubupu u
Hansaero BocToka OyayT XxapakTepu30BaThCsl 3HAUCHUSIMH CEJIEBOT0 PHCK TSl TPAHCIIOPTHBIX
KOMMyHUKanwii Mmenee 10 MirH. py6reit B To1.

Haubonee cymecTBeHHbIE W3MEHEHHUS CEIEBOTO pHCKAa Ui  TPAaHCIOPTHBIX
KOMMYHHKauuii Ha Tepputopun Bocrounoii Cubupu m [HanpHero Boctoka k cepenune
XXI Bexa OymyTt ormeuarbesi B CaxanmHckoW oOnactu, [Ipumopckom, XabapoBckoM Kpasix,
I7ie MPOU30MAET CYIIECTBEHHOE €r0o YBETWYEHHE, TAaK)Ke IOBBIIICHHE CEJIeBOTO0 pUCKa K
cepenue XXI| Beka Oyner ormeuatbcst B AMypckoil oOmactu. B ocranbHBIX cyObekTax
tepputopun Boctouno#t Cubupu m Jlanpaero Boctoka OymeT oTMedaThCs 3HAUMTEIBHOE
CHI)KCHHE 3HAYCHHWM CEJICBOTO pHCKa I TPAHCIOPTHBIX KOMMYHHUKamwii (puc. 6). Ha
Oonbiedt yactu Teppuropuu Boctounoit Cubupu u JlansHero Bocroka ceneBol puck s
TPAHCTIOPTHBIX KOMMYHHKaIwii B ceperune XXI| Beka mo otHomennto k Hawamy XXI Beka
yMeHbImuTcst 6071ee ueM Ha 50%. PocT ceneBoro prucka Ha 10% u 6onee k cepenune XXI| Beka
Oyzmer oTMedarbcsi B AMYypCKoil 001acTH, OTAEIBHBIX MYHHIUIAIbHBIX 0Opa30oBaHUIX
Xabaposckoro u IIpumopckoro kpaeB. MakcuManbHBIH pOCT ceneBoro pucka (bonee 50%)
cepenuae XXI| Beka Oymer oTMedaThCs B MYHHIIMNAIBHBIX 0Opa3oBaHmsx CaXaaHmHCKON
obnactu, XabapoBckoro kpas (Yipuckuit, uM. [Tomunel Ocunenko u Coercko-I"aBaHCKHIA).
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Puc. 6. I3meHeHue ceneBoro pucka Ui TPAaHCHOPTHBIX KOMMYHHKAIMH Ha TeppuTOopnu BocTouHoi
Cubupu u lansrero Bocroka B cepeanne XX| Beka 0 OTHOIICHHMIO K HAYaIly BEeKa

Fig. 6. The change in the debris flow risk for transportation network at the territory of the Eastern Siberia
and the Russian Far East in the middle of the XXI century relative to the beginning of the century

3akiaiouenue

B nemom k cepeamne XXI Beka Ha Teppuropun Boctounoit Cubupum m JlaneHero
Boctoka Oyzer oTMe4aThCsl CHUXKEHUE CEJIEBOTO PUCKA AJISI TPAHCIIOPTHBIX KOMMYHUKALMK Ha
Oompmieit wactm ee Teppuropun. CyIIECTBEHHOE CHIDKGHHE CEJICBOTO pHUCKA  JUIs
TPAHCIIOPTHBIX KOMMYyHuKanui (Obosee yem Ha 90%) Oyzaer ormedarhcsi B PecmyOnukax
Caxa (SIxkytus), PecnyOmukax Xaxkaccus, bypstusa, TriBa, 3alaiikaibckoM Kpae H
Marananckoii obnactu. [loBbIlieHre ceneBoro prcka Jjisl TPAHCTIOPTHBIX KOMMYHHKAIUN K
cepenude XXI| Beka OXBaTUT IIGHTpPaJbHBICE W HOKHBIC pPalioHBl Xa0apoOBCKOIro Kpasd,
MyHULMINAaNbHEIE oOpa3oBanus [Ipumopckoro kpasi, CaxanuHCKOW 007acTH M IOXKHBIE U
LEHTpajibHbIe ocTpoBa Kypuibckoil rpsaasl, rae ceneBoil puck noBsicutes Oonee yem Ha 30%.
MaxkcuMyM IOBBILIEHHUS! CEJIEBOIO PHCKA sl TPAHCIOPTHBIX KOMMYHHKAaLUMH K CepeluHe
XXl Beka oxunaercs B Hesenbckom (94%), AnubckoM (67%), Xoamckom (65%) u
MakapoBckoM (64%) MyHUIHMNANBbHBIX oOpasoBaHusax CaxammHckoil obmactu u CoBeTcko-
I"aBarckom (70%) 1 YapuckoMm (69%) MyHHIIUTIANBHBIX 00pa30BaHUAX Xa0apOBCKOTO Kpasi.

CamxeHnue ceneBoro pucka k cepeamne XXI| Beka MONTOXKUTEIBHO CKaXKETCS Ha
MPOEKTHPOBAHUHM M CTPOUTENHCTBE TPAHCIOPTHBHIX KOMMYHHUKAlMH Ha OOJbIIEH YacTu
teppuropun Bocrounoii Cubupu u Hansaero Boctoka.
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Abstract. Debris flows are considered among the most dangerous and destructive
processes that affect mountainous areas all over the world. In Italy debris flows are very
common in all the Alps, and in particular in the Dolomites (North-Eastern Italy). This
paper concerns the study of debris flows distribution, triggering and evolution in the
Cortina d’Ampezzo area, located in the Eastern Dolomites, sample study area over about
30 years in the context of National and European research projects. The morphology of the
area is characterised by sub-vertical dolomitic cliffs and a thick talus developing from their
base to the valley bottom. Through the analysis of aerial photographs, 325 debris flows,
both channelized and hillslope type, have been detected. They all originate at the rock cliff
base and develop towards the valley floor. The morphometric and hydrologic parameters
of the rock headwater catchment and of the transport and deposition zones have been
measured for each debris flow, as well as the recording of the rainfall responsible for the
triggering process. The debris flows have been divided according to their type (hill-slope
or channelized) and rock headwater catchments which do not give rise to debris flow have
been considered separately. All the collected data have been statistically analysed getting
some general conclusions especially regarding the headwaters that do not originate debris
flows. The mean channel lengths increase over the years, and this would seem in
connection with an increasing trend of total annual rainfall and frequency of maximum
intensity since the late 1980s.
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AnHoranus. CejeBble IIOTOKH CYHATAIOTCI OJHMMH W3 CaMbIX ONACHBIX U
Ppa3pyLIMTEIbHBIX IPOLIECCOB, 3aTPArMBaOIIMX TOPHBIE pailoHbl BO BceM mupe. B Utanuu
ceJieBble TIOTOKU OYeHb PACIPOCTPAaHEHBI BO BCEM AJIBITMIICKOM PETHOHE, U, B YaCTHOCTH,
B JlomomuroBbix Aunbrnax (CeBepo-Bocrounas Urtanus). Hacrosias padota mocssiieHa
HM3YYCHUIO MacIITa00B PaCcIpOCTPAHEHUS, BOSHUKHOBCHHS M SBOJIIOLIUH CEIIEBBIX TOTOKOB
B pailone Koptuna n'Amreniio, pacroyio)keHHOM B BOCTOYHOM 4acTu J[OJOMHUTOBBIX
Anpn, TO€ B paMKax HalMOHAJIBHBIX U €BPOINEHCKUX HCCIEAOBATEIbCKUX MPOEKTOB B
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TeyeHne npuMmepHo 30 JleT NPOBOIWIKMCH HccienoBaHus. Mopdoorus paiioHa
XapaKTepUu3yercs: HAIMYMEM CYOBEPTHUKAIbHBIX, CIOKEHHBIX JOJOMHTAMH, CKAJIbHBIX
YCTYIIOB 1 MOIIHBIMU OCBIIIAMUA, Pa3BUBAIOIIUMHUCA OT UX MOJHOXKUA 10 AHUIIA JOJIUHBI.
B pesynbTare ananusa a3poh0TOCHUMKOB ObLIO 00HAPYKEHO 325 CeleBhIX IOTOKOB, KaK
PYCIIOBBIX, TaK U CKJIOHOBBIX. Bce oHM OepyT Hauano y OCHOBaHHMSI CKIBHBIX YCTYIIOB U
Pa3BHUBAIOTCS B HATPABJICHUH JHUINA JTOJIWHEL. [ KaXKIOrO CEEBOro MOTOKa OBLIH
U3MEpPEeHb MOp(OMETpPHYECKHEe W THAPOJIOTMYCCKHE TapaMeTpbhl BCEX yacTel
BOZ0COOpHOTO OacceliHa: 30HBI 3aPOXKICHUS, TPAH3UTA U AKKYMYIISAIIUH, a TAKIKE COOpaHBI
JIAHHBIE 0 KOJINUECTBE aTMOC(HEPHBIX OCAIKOB, BBITIAJICHUE KOTOPBIX CTAIO TPUITEPOM LIS
cxona ceneil. CeneBbie MOTOKU ObUTH Pa3/IelieHbI B COOTBETCTBUH C X THIIOM (CKJIIOHOBBIC
WK PYCIIOBBIE), & BOJAOCOOPHBIE OacCEiHbI, CJI0KEHHbBIE B BEPXHHUX YACTSIX KOPEHHBIMHU
MOpPOAaMH M TIOTOMY HE IIOJIBEP)KECHHBIE CXOJY CElIeBBIX MOTOKOB, PAacCMATPHBAIKCH
otaenbHO. Bce coOpaHHble NaHHBbIE OBUIM CTAaTUCTUYECKH IPOAHAIU3UPOBAHbBI, YTO
TTO3BOJIMIIO C/IETAaTh HEKOTOPHIE OOIIHE BEIBOIBI, OCOOCHHO B OTHOIIEHHUH BOIOCOOPOB, HE
MOJIBEP)KCHHBIX CXOMy CeleBbIX MOTOKOB. CpemHsss [UiMHA pyceln ¢ ToJaMu
YBEIMUMBAETCS, U 9TO, MO-BHIUMOMY, CBS3aHO C TEHJICHIMEW K YBEIMUEHHUIO OOIIero
TOJIOBOTO KOJIMYECTBA OCAJIKOB M YaCTOTHI Celleii MAaKCUMAIIbHOW HHTEHCHBHOCTH C KOHIIA
1980-x rr.

Knrwouesvie cnosa: cenegvle nomoxu, Mophomempus, mpuseepHvle MexXaHu3Mbl,
Honomumogvie Anvnet (Mmanus)

Ccebuika aus uutupoBanusi: Texka I[1.P., XKemeBya P., Ckapco Jx. OueHka MacmraOoB pacrnpOoCTpaHEHHS,
MEXaHNU3MOB BO3HUKHOBEHHS M HBOJIIOIIMH CEJIEBBIX NMOTOKOB B paiioHe JlomomurtoBeix Anbl (CeBepo-Bocrounas
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Introduction

In the last years, increasing concern has been expressed about the state of the Alpine
Environment and its safety, since European Alps play an important role in the economy and in
the culture of the European countries. However, the means of defining, describing, monitoring
and forecasting of the existing natural hazards should be considered not yet entirely adequate
[Armento,2007; Genevois et al., 2018].

Debris flow hazards constitute one of the major threats to permanent settlements, tourist
infrastructures as well as to transit routes. They occur, in facts, as sporadic, short, but severe
events, mostly as a consequence of extreme hydro-meteorological conditions, conditioning the
geomorphic evolution of the alpine torrent basins. Models of propagation and deposition of
transported sediments and reliable mathematical and physical modelling have been developed
[e.g. Phillips and Davies, 1991; Coussot et al., 1998], but they need to be fed by field or
experimental parameters for an effective hazard mapping and a correct design of active
defensive measures.

Apart from the use of numerical simulation models, hazard assessment is generally based
on detailed classifications and mapping systems in order to identify factors contributing to the
hazard and to assess dangerous processes. Everywhere is thus arising the need to control and to
forecast debris flow hazards in order to mitigate related risk through a better understanding of
the mechanics and dynamics of these processes [e.g. Iverson, 1997; Berti et al., 2000; Tecca et
al., 2003; Genevois and Tecca, 2016]. These phenomena have, then, to be first described, their
occurrence must be analysed and, finally, they have to be related to their consequences, that is
defining three fundamental mapping stages: “danger, hazard and risk”.

In this paper only the initial level of mapping has been considered, excluding the
assessment of risk and the management of the consequences. With the aim to detect the relevant
characteristics of debris flows in the Cortina d’Ampezzo municipality (North-Eastern Italian
Alps), characterized by numerous and frequent debris flows, morphometric parameters of
existing debris flows have been measured through the examination of aerial photographs and
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adequate field check points. All the existing catchments have been analysed, setting the closure
of headwater catchments at the base of the rock cliffs, where the scree slope can originate debris
flows. Moreover, differentiation has been made between catchments originating or non-
originating debris flows and between channelized and hill-slope debris flows.

For this purpose, basic information on geology, geomorphology, hydrology and
hydrogeology of the area and the location of debris flows have been studied. Afterwards, the
main geometrical and morphological characteristics have been statistically analysed and results
correlated to rainfall intensity, as it is the only triggering factor in this study area.

Geological, geomorphological and climatic settings

The Cortina d’Ampezzo area is located in the Upper River Boite Valley (Eastern
Dolomites, North-Eastern Alps). The stratigraphical sequence of sedimentary rocks
outcropping in the whole dolomitic area includes lithologies from Upper Triassic to Lower
Jurassic age (Fig. 1).
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Fig. 1. Lithological sketch map of the Cortina d’Ampezzo area; 1: Alternation of sandstone and marl; 2)
Mudstone and chalk; 3) Clayey limestone; 4) Limestone and dolomite; 5) Alluvial deposits; 6) Gravels;
7) Morainic deposits; 8) Vulcanites

Peak elevations vary between 2500 and 3200 m a.s.l., and valley floor has elevations
ranging from 1100 and 1300 m a.s.l.. The morphology of the area is strongly influenced by the
geological structure, mostly characterized by the presence of rigid over plastic formations.
Rigid carbonate rocks (Dolomia Principale Fm.) built up high cliffs, whereas the pelitic
formations (Raible Fm.) form gentler lower slopes. The dip of the stratigraphical units,
generally upslope on the left River Boite side and downslope on the right one, imparted some
asymmetry to the form of the main valley. On the left River Boite side, sub-vertical cliffs are
present and the intense weathering has developed a thick talus. Slopes are widely covered by
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landslide deposits and scree of varying thickness, and the valley floor is blanketed by
postglacial sediments and recent alluvial deposits [APAT, 2009].

The climatic conditions are typical of an Alpine environment. Annual precipitation
roughly ranges from 900 to 1500 mm; precipitation mostly occurs as snowfall from November -
December to April - May and as rainfall in late spring and summer, with a maximum between
June and August (Fig. 2). To take into account the existing large differences in elevation,
general rainfall distribution and rainy days have been considered for two of the four weather
stations: the first one (Cortina, 1275 m a.s.l.) at the valley bottom, and the second one (Faloria,
2235 m a.s.l.) on a mountain top [ARPAV, 2020].
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Fig. 2. Mean monthly precipitation and rainy days from 1982 — 2012 at Cortina d’Ampezzo
(1275 m a.s.l.) and Faloria (2235 m a.s.l.) weather stations

Considering the mean monthly precipitation over the 1994-2019 period (Fig. 2), the
differences between the two weather stations are limited, although the Faloria weather station,
which is located at a higher elevation, displays higher values.

Due to the relevance of the rainfall intensity in the trigger mechanism, the rains of
maximum intensity in time intervals of 5, 10 and 15 min were also considered. Cortina weather
station shows a certain increasing trend of intensity precipitation, especially for the 10 min and
15 min time intervals (Fig. 3). For longer time intervals (30 min and 45 min), the increase of
this trend is less pronounced.
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Fig. 3. Cortina weather station: precipitation intensity trend for the time intervals 5, 10 and 15 min
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Debris flows distribution and characteristics

The most hazardous debris flows in the Cortina d’Ampezzo area are channelized debris
flows, but many hillslope debris flows can be observed. The main characteristics of debris flows
in the area were identified mainly from aerial photographs, implemented by field investigation.
191 hillslope and 133 channelized debris flows were identified out of a total of 324, and mapped

(Fig. 4).

B
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o

Fig. 4. Debris flow distribution in the Cortina d’ Ampezzo area

Debris flows can be considered as the flow of a one-phase non-Newtonian fluid [Pierson
and Costa, 1987; Major and Pierson, 1990; Wang et al., 2014]. Properties of transported
material can be measured mostly in static condition, whereas only a few can be accurately
measured in flowing debris. Many Authors report physical characteristics of these materials in
the studied area [e.g., Berti et al., 2000; Tecca et al., 2003; Berti and Simoni, 2005; Armento
et al., 2008].

The transported sediment is poorly sorted, containing up to 30% in weight of finer
fraction (silts and clays). Typical mean values of main physical and mechanical parameters,
determined on samples with particle diameter less than 20 mm, are: i) effective internal friction
angle: 37°-44°; ii) void ratio: 0.31-0.36; iii) saturated density:1940-2200 kg/m®. The
comparison of the inferred field conditions with the "scaled" critical lines indicates a contractive
behaviour of the in-situ material, then a high susceptibility of the material to liquefy at failure.

The basins were first discriminated in producing (DF) and not producing debris flows
(NON-DF). Each DF, was then classified as hill slope (HS DF) or channelized (C DF), and the
following morphometric parameters were assessed, by aerial photos analysis implemented by
direct field surveys: 1) slope exposition; 2) basin: area, length and width, maximum and
minimum elevation, form factor and time of concentration; 3) length of the flow channel for
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NON-DF, calculated as the distance between the source area and the end of the deposition zone
for DF; 4) mean slope of the transport, deposition and source area zones.

The form factor As, a dimensionless ratio of the basin area to the square of its length is
always less than 0.79: the smaller its value the more the basin is elongated, that produces a low
peak flow of longer duration. Basins with higher As values are characterized by high peak flow
of shorter duration [Farhan, 2017]. The concentration time (t), the response of the watershed to
a rainfall event, has been calculated with the Kerby-Kirpich method, applicable to watersheds
ranging from about 0.65 to 388.km? [Roussel et al., 2005]. The total concentration time is
obtained by adding the overland flow time (tov) to the channel flow time (tcn):

ZL{: - rm-‘ + rch

Values of morphometric parameters of the catchments (area A and form factor As) and
flow channels (length L, transport Tr. and deposition Dep. slopes) together with the hydrologic
parameter (tc) were statistically analysed, obtaining the density histograms of each parameter
value and the best distribution. An example for the lengths is shown in Fig. 5.
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Fig. 5. Length histograms and best-fit log-normal distribution of the four types of basins

The statistical values of considered parameters for the four basin groups are shown in

Table 1.
The log-normal distribution, generally significant in the description of natural

phenomena, is almost always the best-fit distribution.
Assuming that the four basin groups can be considered statistical populations and the

corresponding parameters are samples of these populations, a multiple comparison procedure
has been performed using the Kruskal-Wallis test.
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Table 1. Distribution parameters of morphological and hydrological characteristics of the basin groups

DF TYPE | No. Distribution A As tc L Tr. Dep.
parameters (m?) ) (min) (m) ©) ©
normal
n 67696 0.190 6.24 524 29.2 | 235
c 106292 0.096 2.66 371 6.5 9.2

ALL DF 325 log-normal
u 10.212 -1.777 1.747 6.070 | 3.345 | 3.077
c 1.375 0.492 0.410 0.608 | 0.260 | 0.018
normal
u 53444 0.184 5.77 770 28.9 | 25.0

HS DE 182 O 93635 0.089 2.29 651 7.4 9.4
log-normal
u 10.013 -1.806 1.681 6.378 | 3.325 | 3.150
o 1.307 0.485 0.377 0.725 ] 0.303 | 0.391
normal
u 85183 0.210 6.64 509 29.7 | 20.7

C DE 143 L 118119 0.139 2.75 316 5.0 7.2
log-normal
u 10.448 -1.714 1.807 6.072 | 3.375 | 2.965
o 1.427 0.030 0.419 0.558 | 0.185 | 0.379
normal
u 143206 0.182 11.15 730 - -

NONDF | 42 o 221842 0.049 5.37 468 - -
log-normal
u 11.133 -1.737 2.316 6.435 - -
o 1.188 0.249 0.430 0.549 - -

No.: number of observations; A: basin area; As. basin form factor; t.: concentration time; L:
flow channel length; Tr: transport area slope; Dep: deposition area slope.

The Kruskal-Wallis is a non-parametric test to compare outcomes among three or more
independent groups when the assumption of normality cannot be accepted. In this test, if even
one of the samples is different from another, the approximated probability value (p-value) will
be lower than the considered significance level (5%) and the null hypothesis Ho (the samples
come from the same population) has to be rejected.

The analysis of the four basin groups shows that the null hypothesis Ho has to be always
rejected, but no significant differences between distributions result if form factor (As), transport
slope (Tr) and, partially, deposition slope (Dep) are considered (Table 2).

Table 2. Results of the Kruskal-Wallis test

ALL DF |HSDF CDF NON DF

ALL DF No No Yes

HS DF No Yes Yes
A CDF No Yes Yes

NDF Yes Yes Yes

ALL DF No No No

HS DF No No No
A C DF No No No

NDF No No No
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ALL DF |HS DF CDF NON DF
ALL DF No No Yes
HS DF No Yes Yes
e CDF No Yes Yes
NDF Yes Yes Yes
ALL DF Yes No yes
HS DF Yes Yes No
- C DF No Yes Yes
NDF yes No Yes
ALL DF No No
Tr. HS DF No No
C DF No No
ALL DF No Yes
Dep. HS DF No Yes
C DF Yes Yes

The most responsible parameters for the differences obtained have been identified
through the Kolmogorov—Smirnov test, sensitive to differences in both location and shape of
the empirical cumulative distribution functions. The test quantifies the maximum difference
(D) between two cumulative distributions: the closer is D to 0, the more likely the two samples
are drawn from the same distribution. The results, presented in Table 3, show that the D values
are almost always equal or very close to 1 (> 0.9), suggesting that samples were not drawn from
the same distribution. However, it should be noted that for the samples of transport slope (Tr)
and deposition slope (Dep), the D value is considerably lower and therefore, the possibility that
they come from the same distribution may not be completely excluded.

The correlations between geomorphological evolution of the slopes and the debris flow
events have been explored analysing ten series of aerial photos, covering a time interval of 61
years. The data relating to the delimitation of the headwater catchments and the debris flow
channels not reaching the valley bottom, have been entered, scaled and georeferenced so that
they could be superimposed. Lengths were assessed in order to obtain an average elongation
rate of the channels during the years.

Table 3. D values resulting from the Kolmogorov-Smirnov tests

A At tc L Tr Dep
A 1 0.985 1 1
Af 1 1 1 1 1
tc 1 1 1 0.972 0.912
" L 0.985 1 1 1 0.994
3 Tr 1 1 0.972 1 0.415
3 Dep 1 1 0.912 0.994 0.415
A 1 1 0.967 1 1
Af 1 1 1 1 1
L tc 1 1 1 0.972 0.952
@ L 0.967 1 1 1 1
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A At [ L Tr Dep
Tr 1 1 0.972 1 0.269
Dep 1 1 0.952 1 0.269
A 1 1 0.993 1 1
Af 1 1 1 1 1
tc 1 1 1 0.993 0.91
L 0.993 1 1 1 1
w Tr 1 1 0.993 1 0.647
S [Dep 1 1 0913 |1 0.647
A 1 1 1 ---- ----
"D" Af 1 1 1 ---- ----
> tc 1 1 1 - ----
Q L 1 1 1 — -

The results show a non-uniform annual increase in the average length of the channels,
characterized by increasing velocity and acceleration. The best-fit line to experimental data
(Fig. 6) is a third degree polynomial curve (R?=0.9935) whose first derivative, that is the
velocity of the annual channel elongation, shows an increase slightly exponential (R?=0.9991),
that can be really approximated to a linear regression (R=0.9988). Also the second derivative
with respect to time, that is the instantaneous acceleration of the annual channel elongation,
shows an exponential behaviour (R?=0.8830), corresponding to an exact linear behaviour of the
best-fit curve (R°=1). The experimental data indicate a constant increase of the acceleration of
channel elongation.
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Fig. 6. Flow channels elongation evaluated by air photo interpretation.
Rainfall analysis

Rainfall in the study area have been analysed considering the annual precipitations
registered at the four exiting weather stations in the period 1994-2019. Mean (p) and standard
deviation (o) values of rainfall and rainy days are quoted in Table 4.

We analysed rainfall intensity data of the weather stations located in the Cortina
d’Ampezzo area at different elevations (Faloria, 2235 m a.s.l.; Misurina, 1743 m as.l,;
Podestagno, 1316 m a.s.l.; Cortina, 1271 m a.s.l.).

Table 4. Rainfall data in the study area
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Weather Elevation Rainfall (mm) Rainy days (mm)
station (m as.l) mean (u) st. dev. () | mean (p) st. dev. (o)
Cortina 1271 1128.1 244.6 110 13.8
Podestagno 1316 1286.4 250.8 116 13.1
Misurina 1743 1180.9 181.1 117 10.6
Faloria 2235 1132.6 2375 108 15.1

The maximum rainfall depths in short periods, registered in the period 1985-2019, have
been preliminarily considered as a whole. Almost 200 events have been found with rainfall
intensity ranging from 41 mm/30 min to 22 mm/6 min, but very intense precipitations were not
common. Rainfall depths have then been analysed considering the elevation of the weather
station, the chosen storm duration or time base T (5, 10 and 15 min) and the return period R (2,
5, 10 and 20 years).

As storm rainfall has been recognized since long time to be variable in space, the annual
maxima of each chosen storm duration have been preliminarily compared with the Krustall-
Wallis test. No significant statistical differences have been found, so the data of all stations
have been taken into consideration for the definition of the critical rainfall with respect to debris
flows initiation. A general very slight and irregular decrease of the rainfall depth (H) can be
observed with the increase of the elevation for all the given storm duration (Fig. 7). Considering
the weather stations with the higher elevation difference (Cortina, 1271 m a.s.l. and Faloria,
2235 ma.s.l.), the H annual maxima for the most significant return periods (R =5, 10, 15 min),
exhibit a power law behaviour (Fig. 8), confirming that rainfall depth, beside the considered
storm duration, depends enough on the elevation of the weather station.

In order to have a better understanding of the effect of elevation on maximum intensity
rainfall in the area, three rain gauges were located along a debris flow channel, 1.6 km long at
the base of the rock cliff (1720 m a.s.l.), in an intermediate position (1494 m a.s.l.) and at the
end of the channel, before the deposition area (1214 m a.s.l.); data were collected throughout
2016.

Increasing the time base used for the analysis from 1 min to 5 days, a general but not
uniform decrease of the rainfall intensities can be observed: up to about 30 min time base
rainfall intensities increase from the downslope to the upslope rain gauge showing differences
that tend correspondingly to decrease. When time base is longer than 30 min (Fig. 9), significant
differences do not exist.
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Fig. 7. Variation of mean annual maximum rainfall and corresponding standard deviation (sd, mm) with
the elevation for different storm duration (T, mm)
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Fig. 8. Rainfall depth (H) vs storm duration (T) for 2, 5, 10 and 20 years return periods (weather station
Faloria (F) and Cortina (C)
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Fig. 9. Maximum rainfall intensities, at the downslope, intermediate and upslope rain gauges obtained
with different time bases from April 22 to October 9, 2016

Discussion and conclusions

In order to find possible relationships between main geomorphic and hydrologic
parameters of debris flows, we chose the sample area of Cortina d’Ampezzo (North-eastern
Italy), having a large number of sediment source areas, lithologically homogeneous, producing
both channelized and hill-slope debris flows. Geomorphic (length, transport and deposition
gradients, headwater area and form factor) and hydrologic (rainfall and concentration time)
parameters, evaluated by field investigation, air photo interpretation, and topographical maps,
were then statistically evaluated and compared.

Ultimately, the comparison of the four considered statistical population (ALL DF, HS
DF, C DF and NON-DF) shows that all distributions result statistically different. For a better
understanding of the relationships between the given parameters, all possible pairs were then
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subsequently compared, using the Kolmogorov—-Smirnov test. The results indicate that the
distributions of the samples pairs are always different but, if mean values of parameters were
also considered, some general conclusions can be drawn in particular as regards watershed that
produce (ALL DF) or do not produce (NON-DF) debris flows. Indeed, mean values of basin
area, concentration time and channel flow length of NON-DF watersheds are always greater
than those obtained for ALL DF watersheds. However, while the flow channel length is directly
connected to the morphological characteristics of the valley (depth and width), watershed area
and concentration time seem to indicate different hydraulic triggering conditions.

Since debris flows occur in gullies eroded into very thick unconsolidated Quaternary
deposits and, then, sediments availability can be considered unlimited, it can be said that their
occurrence probability is a function mainly of the hydro-meteorological threshold exceeding.
For a debris flow to occur, are needed both large quantities of water and high-intensity
hydrodynamic forces in order to initially saturate sediments in the higher and steeper part of
the gully. The consequent increase of pore water pressure lead to failure and the transformation
of the solid mass of sediments into a debris flow. This condition depends on the relation
between the rate of the entering water flow into sediments and the effective soil flow rate, that
is in turn function of the hydraulic conductivity (k). Since involved sediments are characterized
by very high k values (in the order of 10™ - 10 m/s), and the source areas are rather steep
(u=37.1°and 6=8.1°), the amount of entering water flow should be very significant.

The water inflow depends mainly on: (a) basin size; (b) basin shape; (c) the rainfall
intensity; (d) the time of concentration (t;). Taking into account these facts, the triggering and
the mobilization of debris flows can only occur during very heavy short periods rainfall.

Because debris flows in the Cortina d’Ampezzo area appear to be initiated largely by
overland flow processes and, in particular, by the “firehose effect”, the increase of pore water
pressure derives mainly from the sudden impact of a water flow, a condition that can only occur
during short-lasting heavy rainfall in small catchments with short concentration times.
Consequently, in NON-DF watersheds, showing concentration times higher than ALL DF
basins, it is presumable that the hydrodynamic forces necessary for the failure and the
mobilization of the sediments cannot be developed [Iverson, 1997; Marchi and D’Agostino,
2004].

Since sufficient kinetic energy and excess pore pressures are required to maintain the
flow condition, any decrease in the slope angle will decrease the debris flow mobility until the
start of the deposition process. However, excess pore pressure dissipates mainly in the post-
depositional consolidation phase [Major and Iverson, 1999] and, consequently, the deposition
process would originate only from friction inside and at the edge of the flowing mass, where
high pore pressure cannot completely develop. The same granular temperature, generated and
maintained by the incessant conversion of bulk kinetic energy to grain fluctuation energy, may
be considered function of the slope angle. The deposition process, then, is rather complicated
but, simplifying, it will exist only one slope angle for which a cohesionless mass, with a
particular friction angle and density, might mobilize in accordance with the Mohr- Coulomb
failure criterion. Considering the range of both slope angles and present soil friction angle, the
above considerations could explain the small differences observed between cumulative
distributions of transport and deposition slope angles.

However, while mean values of transport slope gradient for HS DF and C DF are very
similar (respectively 28.9° and 29.6°), mean values of deposition slope angle result greater for
HS DF than for C DF (respectively 25.0° and 20.6°). Actually, it should be considered that the
slope angle of the transport area depends greatly, in addition to the glacial morphology of the
valley, on the frictional resistance of the detrital cover in the absence of a shallow groundwater.
On the other hand, deposition slope angle depends, above all, on the rheological characteristics
of the debris flow. Flume investigations on debris flow mixtures demonstrated that their
behaviour changes also for small variations in concentration, kinetic energy content and grain
size distribution, especially the clay content. Deposition will mainly occur when kinetic energy
degrades and granular temperature falls to zero [Major and. Pierson, 1992; Iverson, 1997].

The dependence between the rheological parameters and the solid concentration has been
investigated by many authors [e.g., Phillips and Davies, 1991; Coussot et al, 1998; Martino,
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2003; GDR MiDi, 2004]: they basically found that higher solid volumetric concentrations
tend to decrease the bulk flow velocity (mobility) of the debris flow and that even relatively
small variations of the water content strongly influence the viscosity and, then, the flow
velocity to which deposition area shape, especially its length, are related.

The basins that originate or do not originate debris flows differ only for the value of the
concentration times, while the physical and mechanical characteristics of the potentially
mobilizable sediment can be considered fairly uniform. These observations suggest that the
rheological properties of the debris flows depend substantially only on the amount of water that
impulsively arrives in the sediments of the source area. Due to the lack of homogeneity in
space and time of rainfall intensity and distribution, the correct evaluation of the precipitation
that really fall in the catchment by means of a rain gauge is necessary. The opportunity to install
a wider network of meteorological stations, together with the monitoring of sites affected by
debris-flows, will enable a more and more detailed definition of the triggering conditions of
these phenomena.

Finally, it should be emphasized the constant increase of channels progressive elongation
detected in the period 1954-2015 that could be due to: i) a higher frequency of debris flow
phenomena, such as a consequence of a higher frequency of precipitation of maximum
intensity, especially those of less than 15 minutes; ii) greater volumes mobilized, as a
consequence of the presence of a greater quantity of debris, available after long periods of low
rainfall.

In any case, the sharp increase in the rate of elongation of the channels is easily
interpretable only in relation to general climatic conditions, as the local variation shows only a
slight increase of rainfall in recent decades. In conclusion, the research highlights the extreme
complexity of debris flow phenomena and the necessity to understand mechanisms and factors
controlling the likelihood of debris flows, as they represent the fundamental basis for both
hazard evaluation and proper planning of structural and non-structural measures.
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Abstract. The Elastic Debris Flow-Regulating Barrage is a longitudinal structure placed
across the bed of a debris flow channel. As the heights of the prisms are increasing, the
structure has a springboard shape directed opposite the current, while damping of the
debris flow energy is attained by means of pockets formed with elastic ropes between the
upper faces of the prisms. With the purpose of designing an elastic debris flow -regulating
barrage, computational models were developed and a laboratory model was made based
on them (with sizes: length — 0,60 m, width — 0,36 m and height — 0,25 m; the gradient of
a springboard-type model is 0.25) to test it at the hydraulic laboratory. The methodology
for calculating the design of Elastic Debris Flow-Regulating Barrage is presented.
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Annotanusi. [IpoTrnBoceneBoi smacTHUHBIN Oappak IpeAcTaBisieT coOoi yHpyryro
KOHCTPYKIIMIO, YCTAaHABIMBAEMYIO B CEJIEHOCHOM PYyCIIE MOIMEPEK HAIPaBJICHHUS MOTOKA.
Ilo mepe yBemmueHHsA BBICOTBHI MPU3M KOHCTPYKIHS HMeeT (opMy TpaMmIUIHHA,
HaNpaBJICHHOTO TIPOTHB TEUYCHHUS, a JeMN(UPOBAHHE OHHEPIHH CEIEBOTO IOTOKA
JIOCTHUTAeTCs C IOMOIIBI0 KapMaHOB, OOpPa30BaHHBIX DJIACTUYHBIMH KaHATAMH MEXIY
BEPXHUMHU TpaHAMH Hpu3M. C Lenbi0 MPOEKTUPOBAHUS 3IACTUYHOTO MPOTHUBOCEIEBOTO
Oappaka ObUIM pa3pabOTaHbl pacueTHbIE MOJEIM M Ha WX OCHOBE H3rOTOBJICHA
nabopaTtopHas Moaenb (pasMepsl: mHa - 0,60 M, mpuHa - 0,36 M u BbicoTa - 0,25 M;
YKJIOH TpamiuinHa - 0,25) 71 ucrblTaHWM B THIpaBIIMUEcKOi aboparopun. B cratbe
MpeJICTaBleHa METOAOJIOTUS pacueTa MpU TMPOEKTUPOBAHHUM IPOTHUBOCETIEBOrO
3JIaCTUYHOTO Oappaxa.

Knrouesvie cnosa: cenegvle nomoxu, s1acmuynsiil 0appasic, Mpamniul, pecyiuposanue

Cepuika s nurupoBanus: [aBapgamsumm ['.B., Kyxanamsumm 3.1., Kynpenmsumu HL.T., 'aBapaamsumm H.I'.
Ceneperynupyromuii 31acTUIHBIH 6appask 1 METOR0I0THs ero pacdera. B ¢6.: CeneBble MOTOKH: KaTacTpOdEbI, PHCK,
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MpOTHO3, 3amuTa. Tpyas! 6-if MexnyHaponHoi konpepenuuu (dymande—Xopor, Tamkukucran). Tom 1. — OTB.
pex. C.C. Uepnomopern, K.C. Bucxamxuesa. — dyman6e: OO0 «IIpomoymray», 2020, c. 88-96.

Introduction

The fund of the major fertile soils on the Earth, settled areas, agricultural and industrial
facilities and a certain proportion of motor roads and railway lines are located in the riverbank
zones or on the alluvial fans of solid sediment and are subject to an impact of such natural
disasters as mudflow processes.

Due to an unexpected nature and great destruction force, these currents drastically change
the existing environment and inflict great damage to the people’s economy. Due to the
activation of mudflow processes, the scientists were forced to study the physics of their
formation and develop engineering measures on its basis to combat them [Assessment of hazard
mapping system in Georgia and recommended actions (Road Map), 2018].

At present, in order to protect the buildings, premises and territories from mudflows,
mudflow-arresters, mudflow-guide, and stabilizing, mudflow-avoiding and organized
technical-engineering measures are used. They are as follows:

e Mudflow-arresting concrete, reinforced concrete rip-rap and ground dams: the
mudflow currents are retained by forming mudflow-reserves in the surfaces;

e Mudflow-conducting channels, mudflow-diversion structures: they conduct
mudflows across or by bypassing the object;

¢ Mudflow-guide and guard dams and heels: a current is directed to a mudflow-
conducting bed;

e A cascade of dikes, retaining walls, slope terraces, agrotechnical melioration: the
movement of mudflow currents are stopped or the dynamic properties of
mudflow currents are diminished,

¢ Mudflow-avoiding structures, mudflow regulation dams, mudflow-diverters:
mudflows are prevented;

e Organizing organizational-technical supervisory and reporting services: the
occurrence of mudflow currents is predicted.

It should be noted that the first works to regulate mountain currents were accomplished
in 323 c. BC in Japan. Since then, till the end of the XX century, the scientists had to study the
essence of mudflow origination and make conclusions in order to select the right measures to
combat mudflows and to use them as a basis to classify the combating measures into the
following groups:

e European: the European approach is based on the French school and prioritizes
forest melioration as a measure to combat mudflows and recommends the
construction of hydraulic structures, barrages, mass flood beds and weirs to
regulate the tributaries of the second and third ranges of a hydrographic network.
As per the recommendations of the European approach of recent year, open-end
filtering barrages are expedient to use.

e African: the measures of the African approach, aiming at protecting the soil
from erosion, use slope terracing and growing forest reserves and recently, have
been using barrages as transverse hydraulic structures to regulate the
watercourses.

e American: the American approach means regulating the mudflows by using the
complexes of large hydraulic structures and mudflow-retaining dikes. Recently,
the given measures have been actively using forest melioration, barraging, weirs,
etc.

e Asian: the Asian approach uses a combination of European and African methods
to combat mudflows. Recently, it has been widely using different kinds of
transverse open-end structures.

Due to the abnormality, the peculiarity of impact of the mudflows on the structures is
directly associated with structural solutions. The work proposes the copyrighted engineering
solutions, which are totally different from the existing ones.
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Georgia, as a mountainous country, with its territory of 69 700 km? and with 25 074
small and big rivers with the total length of 54 768 km, has over 3000 water catch basins with
active erosive-denudation processes developed in them [Gavardashvili, 2011].

In the South Caucasus (see Fig. 1), the major scientific-classical studies of erosive-
mudflow processes started in 1776 when in Georgia, a strong glacial mudflow was formed as a
result of the movement of the icy mass in the process of formation of Devdorak Glacier in the
Tergi River basin, which blocked the Tergi River bed and inflicted a great damage to the
territory of Russia, after accumulated water mass outburst through the temporary dam.
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Fig. 1. Map of South Caucasus

Thus, the scientific studies of the erosive-mudflow processes in South Caucasus has an
over 200-year-long history in the history of studies with Tsotne Mirtskhulava Water
Management Institute of Georgian Technical University (GTU) (former Scientific-Research
Institute of Hydraulic Engineering and Reclamation of Georgia (I'pysHUMUI'uM)) actively
participating in it since 1929.

It should also be noted that in the 1950-1990s, in the former Soviet Union, the Scientific-
Research Institute of Hydraulic Engineering and Reclamation of Georgia was a coordinator of
scientific forecasts of mudflow processes and fight against them.

Fig. 2 shows the risk of mudflow hazard in different Municipalities of Georgia. The blue
line denotes a mudflow watercourse. Each Municipality is given in a different color by showing
hazard risk coefficients, which are calculated by dividing the total length of the mudflow-
forming watercourses to the total length of the network of rivers in the basin [Natural Hazards
in Georgia. SENN, Thilisi, 2011].

By using this methodology, the map shows the least damaged municipalities in a grey
color (Ninotsminda, Akhalkalaki, Dmanisi and the cities of Poti, Batumi and Kutaisi); the blue
color denotes more damaged Municipalities (Adigeni, Kharagauli, Khashuri, Kareli, etc.) and
the brown color denotes the Municipalities with the highest risk of hazard of the development
of mudflow processes (Kazbegi, Dusheti, Telavi, Kvareli, Gurjaani, Oni, Mestia, Lentekhi,
Tianeti etc.) [Guide for adaptation to the climate change. Thilisi, 2016].
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Fig. 2. Map of risks of mudflow hazard in Georgia
Study Obiject

On February 19, 2020, at the session of Technical Council of the Patriarchate of Georgia
headed by episcope David, Mr. Givi Gavardashvili delivered a speech. The topic of his report
was the presentation of Grant Project #AR-18-1244: “Elastic mudflow-regulating barrage” of
Shota Rustaveli National Science Foundation and selection of the territory to build the facility.
The Technical Council of the Patriarchate of Georgia made a decision to develop an elastic
mudflow-regulating barrage project and provide the facility in the Samonastro Khevi River to
protect the Shio-Mgvime Monastic Complex, a monument of the VI century, from mudflows
[Gavardashvili et al., 2013].

The object of the study is the Shio-Mgvime Monastery located on the left bank of the
Mtkvari River (see Fig. 3a), on the southern slope of Sarkine (Akhaltba) Ridge. The Monastery
was founded by monk Shio, who came to Georgia from Syria. He spent the last two years of
his life in a dark cave dug into the ground in the central part of the Monastery and was buried
there. The ancient building of the Monastic Complex is the John the Baptist Church built in
560-570s, in the life of Shio, with its lower part built out of the rock cut on purpose. The Church
is of a “Free Cross” type and is built with crushed stone (see Fig. 3b).

Geology of the area: the territory of the Shio-Mgvime Monastery is located at 600-
650 m above sea level and the descending plane of the mountain slope is at the altitude of 750-
760 m. In a geological respect, the territory is located in the central part of a big avalanche-type
landslide, which is it main block.

Horizontally located thick strata of the Miopliocene conglomerates are clearly seen all
along the height of a tear-off wall of the said landslide. The role of the cohesive ground of the
conglomerates is played by clays, loamy soils and sometimes, sandy loams, resulting in weak
cementing ability of the given rocks. Following the above-mentioned, under the impact of the
surface waters, virtually loose non-cohesive ground has been converted into easily erodible
material, with its strength, as per the visual assessment, exceeding several tens of meters.
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Fig. 3. a) Geographical location of the Shio-Mgvime Monastery. b) General view of the Shio-Mgvime
Monastery

Soils and landscape: There are mainly alluvial, meadow alluvial and brown meadow
soils spread on the territory adjacent to the Shio-Mgvime Monastery. These soils are gullied at
some locations. At some locations, there are averagely or intensely washed-down dark, humus-
sulphate (gazh) and dark brown soils subject to wind and water erosion and dissected with
watercourses and active gullies, where the cases of freshets and mudflow passages have already
been registered to date. Mostly, cliff xerophytes and light forests are identified on the territory
of the Shio-Mgvime Monastery. As for the landscape, mostly forest plantations grow on
meadow alluvial carbonate or brown soils in the environs of the Shio-Mgvime Monastery.

Climate: The territory of the Shio-Mgvime Monastery has a moderately humid climate,
with moderately cold winter and hot summer, with two precipitation minimums a year: average
500-550 mm during the warm season of the year and 150 mm in the cold season of the year.
An average value of absolute annual minimums of air temperature is 14° and an average value
of absolute annual maximums is +38°; annual amplitude of air temperature is 24°. The number
of days with a snow cover in winter is 30 a year, with an instable snow cover; the date of snow
cover melting is 1-11 March. The duration of a stable snow cover does not exceed 50 days.
Average annual evaporation on the territory of the Shio-Mgvime Monastery does not exceed
900 mm.

Goal of the study: The goal of the scientific study is to provide a structural design of an
innovative mudflow-regulating barrage to protect the Shio-Mgvime Monastery against erosive-
mudflow processes, to test it at the laboratory, develop the methodology to design the facility
and build it in the River Samonastro Khevi to protect the Shio-Mgvime Monastery from
mudflows. The given works are accomplished under the financial support of Grant Project
#AR-18-1244 of Shota Rustaveli National Science Foundation.

Elastic mudflow-regulating barrage

With the aim to protect the Shio-Mgvime Monastery against mudflows, by considering
the topographic, geological, hydrological and hydraulic properties of the River Samonastro
Khevi, an innovative design of a mudflow-regulating barrage was developed at Tsotne
Mirtskhulava Water Management Institute of Georgian Technical University (GTU), whose
scientific and technical priority was approved in 2020 by Georgian Patent License
[Gavardashvili et al., 2019].

The mudflow-regulating facility is made up of a surface of bank trusses (3), supports (4),
trusses (5) and beams giving it additional stability (7), which are located in a manner as to form
triangular prisms, with their bases with the holes to hold the ropes (8) are a support of the
pockets of a semi-cylindrical shape formed with the ropes to be fixed (hung) in the body of the
triangle bass along the current (1) and laterally (2).

Sizes of the mudflow-regulating facility: by considering the expected mudflow and site
topography, the main impact force of a current passage strikes the mudflow-retaining pocket
provided on the initial steps of the facility, while the subsequent quenching of energy is attained
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gradually on the springboard surface at the expense of an elastic cylindrical surface. The sizes
of the through force are directly associated with the diameter of the micro-transported stones
of the expected mudflow. Owing to its elasticity, the designed facility is capable of receiving
multiple impacts of the mudflow. The technical-economic advantage of the facility is that it is
possible to use it for many times by untying the ropes and cleaning the facility. In addition, the
construction elements with less complex shapes are used in the facility design that reduces the
cost of construction [Kukhalashvili et al., 2019].

The innovative aspects of the elastic mudflow-regulating barrage are that the barrage is
reliable and has long service life; it is stable and elastic to the impact force of the current and
comes with better elasticity and reduced rigidity.

The design of the elastic mudflow-regulating barrage (Fig. 4) uses the construction
structures of simple shapes and secondary resources reducing the construction costs drastically,
while the multiple use of the barrage results in its high technical-economic value.

Hydrological and hydraulic calculation of the Samonastro Khevi River to regulate

The natural factors contributing to the erosive-mudflow processes on the Samonastro
Khevi River and its tributaries are: 1) the geology of the territory: great thicknesses of loose
non-cohesive rocks playing a role of hearths of solid mudflow material, 2) the type of
precipitations: short, but intense downpours are typical to the given Region (Mtskheta Region),
3) peculiarities of the relief: a big water catch basin, well-developed erosive network with dense
branches and symmetrical location and steep slopes of the gorge and slopes, and 4) poor
vegetation cover on the vertical tear-off wall (virtually, without grass cover).

The 1% liquid flow in the Samonastro Khevi River was calculated with the dependence
of Prof. G. Rostomov [Gavardashvili et al., 2013], which is as follows:

. 066 135, 038 0125
Qumax

where: R is the regional coefficient and is 1,15 for the water catch basin of the Mtkvari River;
F is the area of the water catch basin of the Samonastro Khevi River (F = =0,0156 (km?)), K is
the climatic coefficient (K = 5,5); 7 is the reoccurrence in years (z = 100 years); | is the
average gradient of the watercourse (I = 0,181); L is the length of the watercourse (L = 0,375
km); S is the soil index (S = 0,82 ); o is the shape coefficient of the water catch basin (o
=1,14), A is the basin forestation coefficient (4= 0,893). By inserting the data of the
Samonastro Khevi River in dependence (1), we will gain:

0,064-9,988-5,754-0,807
2,80

Qmax = 1,15{ } -0,835=1,33 (m?/sec). ()

The density of turbulent mudflow ( o) is calculated with the following dependence:

p:7m_7W, 3)
Vs = Vw

where: yn is the volume weight of the turbulent mudflow (ym = 1,8), yw is the water volumetric
weight (yw = 1,0), s is the volumetric weight of a stone (ys = 2,65). By considering the given
values, by using dependence (3), we calculate the mudflow density, which is p = 0,48.
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Fig. 4. Elastic mudflow-regulating barrage

By using the given values, we calculate peak discharge of the turbulent mudflow with
the following formula [Hamuweunu, F'asapoaweunu, 2018]:

7w Qut7e-pQ, 10-133+2,65-0,48-1,0
Ym 18

Qn =1,45. (@)

As a result of the expedition studies accomplished in the Samonastro Khevi River in
2000-2019, it was determined that the mudflow passage mainly occurs from May to July, with
the depth of H=1,0 m; the average diameter of solid fractions transported by the mudflow is 10-
15 cm and their maximum diameter is 20-30 cm. However, in some cases, stone admixtures
with the diameter of 40-50 cm were fixed in the bed of the Samonastro Khevi River.
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In case of a peak discharge of the turbulent mudflow formed in the Samonastro Khevi
River, the relevant velocity is calculated with the following dependence [Hamuweunu,
Tasapoawesunu, 2018]:

066 10,25 10066 0,25
_65-H ™™ _65-10-019™" _ 229 (5)

Valys —1 Il,8i2,65—1i

Vs —Vm 2,65-18

Thus, by knowing the main hydrological and hydraulic characteristics of the turbulent
mudflow, at the next stage, we may consider the design engineering plans of an elastic

mudflow-regulating barrage to protect the Shio-Mgvime Monastic Complex against the natural
calamities.

\

Laboratory modeling of the elastic mudflow-regulating barrage

In order to provide a laboratory model of the elastic mudflow-regulating barrage, a
hydraulic channel was selected at the hydraulic laboratory of Tsotne Mirtskhulava Water
Management Institute with the following sizes: width — 0,36 m, height — 0,29 m, channel
gradient variation — 0,01-0,06.

As for the model of the elastic mudflow-regulating barrage itself, its sizes are as follows
by considering the parameters of the hydraulic channel: length of the model barrage — 0,60 m,
width — 0,36 m, maximum height of the barrage is 0,15 m, number of steps is 3, length of the
step base is 0,20 m, the sizes of the through network holes to provide in the elastic pockets are
5-7 mm in the first case, 4-5 mm in the second case and 203 mm in the third case (see Fig. 5).

b

Fig. 5. Elastic mudflow-regulating barrage: a) laboratory model of the barrage; b) barrage in experiment

The test experiments on the laboratory model of the elastic mudflow-regulating barrage
will be provided in terms of movement of the currents loaded with sediment through the
hydraulic channel, where the following parameters of modeling similarity will be observed: the
laboratory experiments will be done in terms of movement of the currents loaded with sediment
through the hydraulic channel when dynamic similarity (Fr = ident), geometrical similarity
(bed gradient i = ident), sediment movement (Vwater/ Vsediments = ident), bed resistance coefficient
(Chezy’s coefficient C = ident). At present, the experiment planning methodology is being
specified with the aim to continue the works at the laboratory.
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Conclusion

With the aim to efficiently regulate the mudflows, an innovative design of the elastic
mudflow-regulating barrage was developed at Tsotne Mirtskhulava Water Management
Institute of Georgian Technical University (GTU) and the priority of its scientific-technical
novelty was approved by Georgian Patent License (GE P 2020 7068);

Based on the available scientific literature and field and experimental studies, the
geographical, climatic and geological conditions of the Samonastro Khevi River were evaluated
and the principal hydrological and hydraulic parameters of the turbulent mudflow formed in
the given River were calculated.

Aiming at developing the model of the elastic mudflow-regulating barrage, the design
plans of the facility were developed, a laboratory model was prepared by using it and relevant
scientific studies were accomplished at the hydraulic laboratory of Tsotne Mirtskhulava Water
Management Institute of Georgian Technical University (GTU).

The results of the primary scientific studies are satisfactory what allows continuing the
laboratory studies in the future.
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AHHoTanusi. B crathe myOnmMKyroTCs MaTepHanbl KOMIUIEKCHOTO (TIOJIEBOTO U
KaMepallbHOTO) HWCCIIEHOBaHMA cele, comeammx 4 ceHTsOps 2017 1. mo pyciam p.
IOpreBa u neBsATH OE3BIMSHHBIX PYYbEB OXOTOMOPCKOTO mobepexbs o. ITapamymmup.
[Nemnii Typu3m odeHb noIyJisipeH Ha ocTpose. Pexa FOpbeBa siBisieTcst mpUBIIEKaTEIbHBIM
npupogHeiM  o0bekToM CeBepHbix Kypunm u obmamaer OONBIINM peKpeariOHHBIM
moteHIagoM Omaromaps Bepxne-lOppeBckuM ropsamMm  mctouHuKaMm.  OgHaKo
MNEPUOANYCCKHU AaKTUBU3HUPYIOHMIUECA CCJICBBIC IMPOLECCHI MPAKTUYECKU HE HU3YUCHBI U
MOATOMY MPEACTABISIOT Yrpo3y mJuisi OyAymlero pa3BUTHS Typu3Ma. ABTOpamMH
OIIpeJIeTICHbl OCHOBHBIE XapaKTEPHCTHKH ceneil, MOp(hOJOrnyeckue M IeoJorn4ecKue
(axTopsI ceneobpazoBanus. Peannzaius ceneBoro npouecca crajia BO3MOXKHa OJ1aroaapst
reoJIoro-reoMopdosornieckuM 0COOSHHOCTSIM PEYHBIX OacceHHOB: OOJIBIINE YKIIOHBI
pycel W TOpWIETalomUMX CKIOHOB; WHTEHCHBHOE (HM3MYECKOE M XHUMHUYECKOe
BBIBETPUBAHNE TOPHBIX IOPOJI, & TaKKe CcelicMUUYecKas aKTUBHOCTb, CIOCOOCTBYIOIINE
HaKOIUIEHWIO  PBIXJIOOOJIOMOYHOrO Marepuana (B T.4. IHPOKIACTHYECKOTO) B
CeIMMEHTAIIMOHHBIX JIOBYIIKaX. Kpome Toro, memen TEeKyIIEro M3BEpP)KEHHS BYJIKaHA
D06eKxo, aKTUBHO TIIOCTYIABIIMII B PYCJIO, CIIOCOOCTBOBAJ MOBBIIICHUIO MYTHOCTH
BOJOTOKOB, YCHJIMBAash MX OHPO3HUOHHYI0 crocoOHocTs. Hambornee MomurHbIil ceneBoi
nporiecc Habmogancs B nonuae p. FOpseBa: obmas miomaas o9aro cocrasuia 16% ot
Tolaau peuHoro Oacceitna. B xone uccienoanust s 6acceiina p. FOpreBa ObuIn TakKe
BBISIBJICHBl OCOOCHHOCTHM MeXaHHM3Ma pa3BUTHsSl CelleBOro mpoiecca. Ha mnpurokax
OCHOBHOH pekH (OPMHUPOBAIHCH IPEUMYILIECTBEHHO BOJOKaMEHHBbIE MOTOKUA. OHH
BBIHOCHJIM ~ MaTepual B TJIABHOE pyClo, TJEC BOJOKAMEHHBIA CElb  yXKe
TpaHc(opMHUpOBaIICS B Ips3eKaMEHHbINH, CHOPMUPOBAB B UTOTE OOIINPHBIN KOHYC BEIHOCA
1 JIOCTUTHYB MOpCKOTro nodepexbs. Ceneobpasyrolas CcyMMa 0CaIkOB COCTaBHIIa OKOJIO
100 MM Ha BbIcoTe 24 M. IlomyueHHsle Marepuainbl B JaJbHEHIIEM MOTYT OBITH
WCIIOJIB30BAHBI U YTOYHEHHS KapT celeBol onacHocTH 0. [Tapamymmp.

Knrouegvie cnoga: 0odicoesoti cenb; omaodxcenuss;, ocmpos Ilapamywup,; KOHyc 8blHOCA,
cenesvie ouazu; 1axap, 3po3us, eyaKan I06exo

Ccpbrika pisa nutupoanusi: Korenko T.A., Kotenko JI.B. Cenu 4 centsiops 2017 r. Ha OX0TOMOPCKOM mo0epesxbe
o. [Tapamymmp, Kypunsckue octpoBa. B ¢06.: CeneBble MOTOKH: KaTacTpO(bl, PUCK, IPOTHO3, 3ammTa. Tpyasl 6-i
MexnayHaponHoii koH(epennun (dymanbe—Xopor, Tamkukucran). Tom 1. — OtB. pen. C.C. Yepromoper,
K.C. Bucxamxkuesa. — [Ilyman6e: OOO «IIpomoymnmy, 2020, c. 97-110.

Debris flows on September 4, 2017 on the Okhotsk coast of
Paramushir Island, Kuril Islands

T.A. Kotenko, L.V. Kotenko

Institute of Volcanology and Seismology, Far Eastern Branch, Russian Academy of
Sciences, Petropavlovsk-Kamchatsky, Russia, sinarka2017@mail.ru

Abstract. In the article the materials of the complex (field and cameral) study of debris
flows that have occurred along the Yuryeva River bed and the beds of nine unnamed
streams on the Okhotsk coast of Paramushir Island on 4 September 2017 are published.
Hiking is a popular type of tourism on the Islands. Yurieva River is an attractive natural
site and has a great recreational potential due to the presence of Upper Yuriev hot springs.
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However, debris flow processes periodically occurring in this valley are poor studied and
therefore pose a threat to the future development of tourism. The authors define its basic
characteristics, morphological and geological factors of debris flow formation.
“Favorable” geological and geomorphological features of the river catchments have also
played an important role. They are: steep slopes of the river bed; intensive physical and
chemical weathering of rocks, as well as seismic activity, contributing to the accumulation
of loose material (including pyroclastic) in sedimentation traps. In addition, the ash of
Ebeko current volcanic eruption, which actively entered the channels, contributed to the
turbidity of water, increasing their erosion capacity. The most powerful debris flow process
was observed in the Yuriev river catchment. Mainly water-rock flows were formed on the
tributaries of the main river. They carried the material into the main channel, where the
water-rock flow transformed into debris flow. The last one formed a vast fan and reached
the sea coast. The debris flow forming precipitation was about 100 mm at an altitude of 24
m. In the future the obtained materials can be used to check up the maps of Paramushir
Island debris flow hazard.

Key words: rain debris flow; Paramushir Island; sediments; fan; debris flow original
sites, lahar; erosion, Ebeko volcano

Cite this article: Kotenko T.A., Kotenko L.V. Debris flows on September 4, 2017 on the Okhotsk coast of
Paramushir Island, Kuril Islands. In: Chernomorets S.S., Viskhadzhieva K.S. (eds.) Debris Flows: Disasters, Risk,
Forecast, Protection. Proceedings of the 6th International Conference (Dushanbe—Khorog, Tajikistan). Volume 1.
Dushanbe: “Promotion” LLC, 2020, p. 97-110.

BBeagenne

Paiion uccnenoBaHus pacnosiokeH B ceBepHOi dactu o. Ilapamymmp, Kypunsckue
OCTPOBa HAa OXOTOMOPCKOM CKJIOHE Xpebra BepHanckoro B mmpoTHOM auanazoHe 50°41° —
50°46" c.m. IlporskeHHOCTH ydacTka 1o OeperoBodl nmHHMU coctaBiser 9,2 kM. llpum
npoxoknennu TaiidyHa «CaaBy» 4 centsopst 2017 r. B 6acceiine p. FOpbeBa u nmpuieraommx
Oacceitnax pyubeB 0Oe3 HazBanusi (PO1-9) (puc. 1) chopmupoBanuch ceneBbieé MOTOKH,
CTaBLIME YaCThIO MPOLIECCa MAaCCOBOI'O CXOZa CeJiel JOXKIEBOI0 reHe3Hca B CEBEPHOM YacTh
o. ITapamytup [Komenko, 2018].

CrienmasibHBIX HCCIIEI0OBAaHHUM CEJIEONMAaCHOCTH JaHHBIX PEYHBIX 0acCeHOB 10 CUX MOp
HE MPOBOAMJIOCH, TaK KaK 3Ta TEPPUTOPUS HE OCBAMBACTCS B JKMJIOM WM MPOMBIIIJICHHOM
acriekte. OHAaKo, B CBSI3U C MHTEHCHBHBIM pa3BUTHEM Typu3Ma Ha KypHiIbCKHX ocTpoBax,
nobepexxbe ocTpoBa M, ocobeHHO peka FOpweBa, craHOBATCS Bce Ooliee TOCENaeMbIMU
TyPUCTUYECKUMHU TPYIIIIAMH B JICTHUN IIEPHO/I, TOCKOJIBKY 10 OOpTaM U B JIOKE PEKH HMEIOTCS
MHOT'OYHCIICHHBIE BBIXOJbl BBICOKOMHHEPAJIM30BAaHHBIX YJIbTpakucIbX Bepxne-HOpbeBckux
ropsiuux UCTOYHUKOB [Kanauesea, Komenxo, 2013)]. BbIX0abl HCTOYHUKOB JIOKATH30BaHbI HA
ydacTke a0CoMTHBIX BBICOT 370 - 600 M H.y.M. IPOTSHKEHHOCTHIO 0KoJi0 1 kM. U3-3a y30CcTH
JOJIMHBI MECTa 715l HOUEBKH YacTO BRIOMPAIOTCS HA OTHOCHUTENFHO POBHBIX TEppacax, KOTOphIC
chopMUpPOBaHBI CETIEBBIMHU OTIIOKEHUSIME. B TO ke Bpemst Mopdororniyeckue, reoIoTHIecKue,
METEOpOJIOTHUECKHE, THAPOJOTHYECKHEe  YCIOBHS  JAaHHOH  TEppUTOPHH, OIM30CThH
JEeCTBYIOLIETO ByJikaHa D0eK0, CeiCMOaKTHBHOCTh PErHOHA CO3JAI0OT YCJIOBHS [Tl BEICOKOH
ceneBoit onacHocTH [Amaac, 2009; Manvnesa u Op., 2014, Menexecyes, 2006, Pvibanvuenko,
2012].

[IpencraBnenHsle B paboTe pe3ynbTaThbl HCCICAOBAHUK 0a3UPYIOTCS Ha CIEAYIOLINX
MaTepHaax:

— JaHHBIC TI0JEBOTO OOCIEIOBAHUS CEJIEBBIX OTJIOXKEHHH M  PYyCIOBBIX
nedopmanmii B 0acceiinax p. FOpneBa u pydnes;

— naHHbBIC (DOTOCHEMKH, BBINOJIHEHHON A0 CEJISI U IOCIIE HETO;

— CIIyTHHKOBBIE CHHMKH, IOCTyIHBEIE Ha cepBuce Google Earth (mo cemst) u
CHUMKH co cnyTHuka WorldView-2 3a 6 wu 13 cents6ps 2017 1. ¢
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MPOCTPAHCTBEHHBIM pa3penieHueM 0,46 M/TIUKCEIb (MCTOYHUK:
http://catalog.sovzond.ru);

— METeopOJOTHYeCKHe JaHHble OMKaiIero TmMyHKTa MeTeOHaOMI0JeHnI
(asposoruueckoii cranuu «CeBepo-Kypuibek»).

4081

p4

Puc. 1. Kapra paitona. Obosnauenus: 1 - pacaetHsle cTBOPHI B pycie p. FOpbeBa; 2 - riiaBHbIE BRICOTHBIC
OTMETKH (M H.y.M.); 3 - pyubH; 4 - TpaHHIBI BOJOCOOPHBIX OacceiiHoB. B kauecTBe kaprorpaduiaeckon
OCHOBBI HCIIOJIb30BaH KOcMUYecKuil cHUMOK criytauka WorldView-2 3a 6 cenrsiopst 2017 r.

Fig. 1. Map of the area. Designations: 1- control stations; 2 - main elevation marks (m a.s.l.); 3 - streams;
4 - borders of the catchment. The WorldView-2 satellite image was used as a mapping basis

DakTopsbl cesiehopMHUPOBAHUSA

Ha n3yueHHOM yuacTke HaxOAMTCsl OJMH KPYIHBII BOIOTOK — peka OpreBa, koTopas
¥MeeT JUIMHY 5,5 KM, Iomas Bogoc6opa — 9,3 kM2, HepUCThIil THI pedHoii ceT. VIcToK peku
PacrojIokKeH Ha 3amaJHOM CKJIOHe xpebOra BepHajackoro Ha abcosoTHON BbicoTe 840 M C
BBICITICH oTMeTKOU BomocOopa — 1081 m. OOrmee nagenne pycia peku okojo 840 M, cpeaHmit
ykioH — 16 %. Jlonuna pexu KOpbeBa mMeeT KopeiTooOpa3Hyto (GopMy ¢ OYeHb KPyThIMH
ckionamu (30—75°), mupunoii mo auuiry — 9—12 M, Beicotoi ckiioroB — 400—600 m. Pacxosl
BOJBI B YCThE, IO aBTOPCKUM AaHHBIM 3a mepuon ¢ 2001 mo 2019 rr., ¢ utonsg mo oKTIOph
BapbupyIoT ot 0,6 10 5 M*/c, B CyTOYHOM X0/ie BOJXHOCTH BEUEPHHUIA PACXO/ MOKET IIPEBHIIIATH
YTpeHHUH B 2-2,5 pa3za 3a cyeT JHEBHOTO TasiHUS CHEXKHHKOB. BepmmHa OacceifHa Ha
npoTsbkeHuu 1,5 KM mpencTaBisieT co0ol pa3BETBICHHYIO CHUCTEMY IIIyOOKHMX BpE30B B
KpPYIHYIO 3PO3HOHHYIO KOTIOBHHY auameTpoMm 2 kM (puc. 2). 'myOmHa Bpe3oB B cpemaHeM
cocrasisiet 250-300 m.

IlepBoHavyanbHble 00JIACTM HAKOIUICHHMS MaTepuajia Uil  CEJIEBBIX IIOTOKOB
pAacIoNioeHbl Ha JBYX y4acTKax B BepxoBbe. [IepBbIil y4acTOK HAXOIUTCS B MPHUIPEOHEBOM
YacTH 3PO3MOHHOHN KOTJIOBWHBI, TJl€¢ MHTEHCHBHBIMU areHTaMM pa3pylleHHs TOPHBIX IMOPOJ
SBISIIOTCA  (DU3MYECKOE BBIBETPUBAHUE M CEHCMUYECKas aKTHBHOCTb. KpyIHBIE OCHIIHBIC
nuieidsr GopMUpPyIOTCSA Ha CKIIOHAX MOJ JIMHUAMHU KOHTAKTa C TOJILIAMU JIABOBBIX IIOTOKOB, C
nmavikamu u Hekkamu (puc. 3a). Konmentpanus o0JOMOYHOTO MarepHaia MPOUCXOAWT B
CEeIMMCHTAIIMOHHBIX JIOBYIIKaX (puc. 3@, D) (pbITBUHBIL, Bpe3sl, yriayOneHus, pycia
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MOCTOAHHBIX U BPEMCHHBIX BO)IOTOKOB) 3a CYCT MHTCHCUBHBIX CKJIIOHOBLIX I'PAaBUTAIIMOHHBIX
MpouecCCoB.

Puc. 2. Bepxnsis yacth Oacceitna p. FOpbeBa ¢ 9p03HOHHBIMHU Bpe3aMH ITOCTOSTHHBIX BOJOTOKOB B aBI'yCTe
2017 r. ®oto T.A. KoTeHnko

Fig. 2. Upper reaches of Yurieva River and catchment erosion cuts of a permanent watercourse in August
2017. Photo by T.A. Kotenko
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Puc. 3. IloTeHnuanpHbIe ceneBble MaccuBHI B aBrycre 2017 r.: @ - ocpImHbIe nuIe (el mox r. 3eneHas,
3aIIOJHSAOIINE YPO3HOHHBIC BPe3bl; D - KpyITHOOGIOMOYHBINM MaTepHal OCHINel B yeThe pyd. [opsumii.
®oro Korenko JI.B.

Fig. 3. Potential debris flow massifs in August 2017: a - scree fans under mount Zelenaya fill the erosion
cuts; b - large-block scree material at Goryachy Stream mouth. Photo by Kotenko L.V.

BTopoif y4acTok pacmosokeH Ha CEBEPHOM CKJIOHE IEHCTBYIOIIETO ByJKaHa DOEKO,
MOKPBITOM HEKOHCOJIUAWPOBAHHBIM MUPOKIACTHUECKUM uexjoMm (puc. 4), rae Oeper cBoe
HAYaJo JEeBBIH NPUTOK peku (cM. p4 Ha puc. 1).

Puc. 4. Tlputok pexu HOpbeBa, ApEHHUPYIONIMA KOHYC BYJIKaHA D0EKO W HEKOHCOIUAWPOBAHHBIC
MMUPOKIACTUYCCKUE OTJIOXKEHUS. MyTHass BoZa pydbsi COIEPKHUT TOHKOIWCIIEPCHBIE Ieruibl. Doto
T.A. Korenko

Fig. 4. Tributary of Yurieva River drains the Ebeko volcano cone and unconsolidated pyroclastic
deposits. The muddy water of the stream contains fine ash. Photo by T.A. Kotenko
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CoBpeMeHHasi CcTaausl pa3BUTUS ByJdkaHa J0eko 1o [Menexecyes, 20006]
XapakTepu3yeTcs OTCYTCTBHEM 3(QQy3UBHOH AEATENBHOCTH W 3HAYUTEIBHOM NeHyAaluen
noctpoiiku. IIpu 3ToM HaOMIONAIOTCA YacThle U MPOAOJDKHUTENIBHBIE MEPUOIBI (IO 4-X JIeT)
9KCIUIO3UBHOM aKTUBHOCTH BYJIKaHa D0€KO ¢ IPOIYKTaMH U3BEPKEHUH OT TOHKOAUCIEPCHBIX
rrerioB (MeHee 0,063 MM) mo BynkaHmdeckux 6oM0 maccoit 6onee 10 T. B 2017 r. Bynkan
HAXOJUIICS B CTaJUHM MU3BEPIKEHHS, HayaBierocs B oktsaope 2016 r. [Komenxo u op., 2018].
[ToBcemecTHO HaAOMIONAINCH OTJIIONKEHUS CBEXKETO0 TOHKOAMCIEPCHOro memaa. VX ToimuHa
YMEHBIIAIACh NIPH yIAIEHUU OT KOHyCa ByJIKaHa K YCTbIO peku oT 1,5 M 10 1-2 MM. B HIkHIX
gacTsaX CKIOHOB (BBICOTHI 370-600 M H.y.M.) Ha IpPOTSHKCHHM 1 KM HaOfomaeTcs TakKe
AKTUBHOE XMMHYECKOE BBIBETPMBAHHME B MECTaX BBIXOJOB MHOTOUYUCIEHHBIX KHCIBIX
TEpPMaJIbHBIX UCTOYHHUKOB (Temmeparypa Boabsl Ao 87°C, BomopoaHslii nokasartens (pH) no
1,27) [Kanauesa, Komenxko, 2013].

CKJIOHBI B TpeJienax 3pO3MOHHON KOTIOBHMHBI 3a/I€PHOBAHBI (hparMeHTapHO, HUXKE I10
TEYEHHIO PEKH — MOYTH CIUIOIIHBIM TOKPOBOM 32 UCKIIFOUEHHEM 3PO3UOHHBIX BPE30B, PHITBHUH,
YYacCTKOB CKaJIbHBIX OOHa)KEHUH M OCTAaHIOB. PacTUTENbHBIN NOKPOB MPEICTABIEH ONbXOBBIM
CTJIAaHUKOM C aJbIIMACKUMHU JTyTOBHHAMH, BEepeIlaTHUKAMH W MXaMH. B THUIE TOTUHBI Ha
OTJENIbHBIX YYacTKaX COXPaHWIUChH CTaphle CeJeBble Teppachl MOITHOCTHIO 10 5 M, KOTOpBIE
3apOCIIi Pa3HOTPAaBbEM M KyCTapHUKAMHU: OJIbXOH U PIOMHOM, IIMPOKO pa3BUTHI MXH. 1104BHI,
chopMUpOBaHHbIE Ha 3aJCpHOBAHHBIX CKJIOHAaX MIOJNMHBI, HMEIOT MOP(QOIOrHIECcKHe
0COOEHHOCTH, XapaKTepHBIE JUISI BCEX CHHJIMTOTEHHBIX BYJIKaHWYECKUX MoYB 0. [lapamymmp
[ puwun, Llnsaxos, 2008)]. HabmopaeTcss nepecianBaHue CYTIIMHKOB U CyIEeced CO CIOSIMHU
NETUIOB ByJKaHa OO0EKO M TPAH3UTHBIX MEIMJIOB, MPEUMYIIECTBEHHO MEJIKOJUCIIEPCHON
(bpaxum.

bimxe k ycrpio p. FOpbeBa npopesaer Mmopckue Teppachkl 25—30 M BBICOTHI, KOTOPBIE
CIIy’KaT TMPOMEKYTOUYHBIM 0a3ucoM 3po3ur. B BepXxHEM TeyeHHHU pyciio MpsiMoiiMHeliHoe. B
CpeAHEM U HIKHEM TEUCHUH PYCIIO M3BHIIMCTOE C BHIPAKEHHOM OOKOBOH 3posueil. Bee qHO
pycia, KpoMe IOPOroB U MEPEKaTOB, BEICTIIAHO NEPIIOBUEM MOHOTOHHOTO Ipy0000I0MO4YHOTO
TIIBI00BO-TaNIeyHOT0 cocTaBa. Ha m3rmbax pycia chopMHUpOBaHBl 3a4aTOYHBIE TPHUPYCIOBbIC
OTMEITH, CII0KEHHBIE 00JIee METKOOOIOMOYHBIM aJLTIOBUEM.

Teepayro cocraBisifolylo ceseli  cHOCOOHBI  oOecreuMBaTh — pa3pyLIarOLIUecs
9PO3MOHHBIMH ¥  CKJIOHOBBIMH  TIPOIIECCAMH  aHJIE3UTOBBIE W  aH/e3n0a3albTOBBIC
BYJIKAHOTCHHBIE 00pa30BaHUs, HEKOHCONMAMPOBAHHAS MMUPOKIACTHKA BYJIKaHUYECKOTO
KoHyca O0eko. Menko3eM TaKKe IMOCTaBIIsieTCd CYIIIMHKAaMH M TEIUIaMd  [OYBEHHO-
MUPOKJIACTUYIECKOTO YeXJIa M OTIOKECHUSIMHU MEIJIOB TEKYIIUX H3BEP)KEHUN BYJIKAHOB.

Py4bpn 0XxoTOMOpPCKOTO TIOOEpEXbsl HA pacCMaTPUBAEMOM YYaCTKE CTEKAIOT C KPYTHIX
CKJIOHOB CEBEpO-3aNafHON OpHeHTauuu. VX nnuHa Bapeupyer oT 1 m0 3 KM, IUIOmanu
BOJI0COOPOB He TIPEBBIIIAIOT 2 KM%, YKJIOHBI TaJIbBEIOB COCTABIISIOT B cpeHeM 30—65%. UacTh
PYUBbEB pa3rpy’KaeTcsl HEMOCPEACTBEHHO B MOPE, YaCTh UMEET BUCSIYUE YCThs C BOJIOMAJaMH.
CKJIOHBI 33/ICPHOBAHbI CIUIOIIHBIM ITOKPOBOM, PACTUTEIBHBIH IOKPOB M IOYBBI CXOXKH C
6acceiinoM p. FOpbeBa. Pacxoisl pyuseB B JIeTHE-OCEHHIO MeXeHb Malbl (MeHee 2x 107 m%/c),
YyacTh U3 HUX, Hanpumep POS5-9 (cMm. puc. 1) k cepeanHe aBrycra nepecbixaior. CoriacHo
00IIIel THITOJIOTHH BOIOCOOPOB C TPOSIBIIEHHEM cesieBoro mpoiiecca [Ilepos, 2003] nanubie
BOZOCOOPHI OTHOCATCA K KiaccaM AONMMHHBIX mpoctoro tuma (PO1-4) u  CKIOHOBBIX
anemenTapHoro tuna (PO5-9). CeneBble OTJIOKEHHUS BO BCEX CIIy4asX KOHLEHTPUPYIOTCS Ha
KOHYycCax BBIHOCA, KOTOpbIE ()parMEHTAPHO COXPAHMINCH B YCThSIX BCEX 3TUX pyubeB. TBepaas
COCTaBJISIONIAsI Celel oOecreunBaeTcsl TJIABHBIM 00pa3oM TPaBUTAIMOHHBIMH TPOIIECCaMHU
(ocbIty, 0OBaJIBI, CILIBIBBI) U HAKOTUIEHHMEM TIPOIYKTOB OOPYIICHUH B AHUIIAX JOJIHH.

Pe3ynbpTaThl HCc/Ief0OBaHUI M UX 00CyKIeHHE
MHorouyuciieHHbIE CeJeBble OYaru Ha CKJIOHaX IonuHB p. KOpreBa mepBoHAYaIbHO
OBLITH YCTaHOBIEHHI [T0 JAaHHBIM Aenu(pupoBanust kocMudeckux caumikos WorldView-2 3a 6

u 13 cenrabps 2017 r. ¢ mpocrpaHcTBeHHBIM paspeuieHuem 0,46 M (MHTepHET-pecypc:
http://catalog.sovzond.ru) (cm. puc. 1).
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Jlis 3aBepku JAeUIMPPUPOBAHUS KCIIOJIB30BAaHbI JAHHBIC IIOJIEBBIX ONUCAHUA U
M3MEepeHH MOP(OIOTHYECKUX MapaMeTpoB U ¢poTocheMku. Habmrogamuch clieayoniie TUIbI
odaroB (puc. 5): 3pO3HOHHBIE PBITBUHBI B PBHIXJIOOOJIOMOYHBIX OTIIOKEHUSX; 3PO3UOHHBIC
BPE3bI IIOCTOSIHHBIX BOJAOTOKOB; O€PETOBBIC HUIIIK CPBIBA; OILIBIBUHBL. O0ILas IJI0IIa1b 04aroB
cocTaBmIIa 0KoJo 1,5 kM2, To ecTh 16% OT IIomanu peuHoro Oacceitna.
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Puc. 5. Tunsl ceneBbix oyaroB B Oacceitne p. KOpbeBa: a - 9p03HOHHBIC PHITBHHBI B PHIXJI000JIOMOYHBIX
OTJIOKCHUSX, D - I)PO3HOHHBIN Bpe3 MOCTOSIHHOTO BOJOTOKA, C - Oeperosast HUIIA CPbIBa (CILUIOLIHAS
JIMHHS ), YACTHYHO 3aII0JHEHHAS CeJIeBOM Maccoi (myHKTHP), d - ombiBuabl. Poto T.A. Kotenko

Fig. 5. Types of debris flow origination sites in the Yurieva River catchment: a - erosion gullies in loose
sediments; b - erosion cut of a permanent watercourse; ¢ - bank failure niche (solid line) partially filled
with debris flow deposits (dotted line); d - earthflows. Photo by T.A. Kotenko

B ycTbe OonbIIMHCTBAa MPUTOKOB CENIEBHIX OTIIOKEHWH He OOHapyskeHo. [IpuTokm p.
IOpreBa 3amokeHBI Ha KPYTHIX CKJIOHAX JOJMHBI 0€3 MPOMEXYTOYHBIX 0a3HMCOB 3PO3WH,
MOATOMY CEJIEBOM MaTepuaj pasrpyXkajics TMpsSMO B TJaBHOE pyclIo | JaJblIe
TPAHCIIOPTUPOBAICS OCHOBHBIM  TOTOKOM. VICKIIFOUGHHE COCTaBISIOT TPU  PY4Ybs,
ob6o3HaveHHbIe Kak pl, p2 u p3 Ha puc. 1, HA ceBepHOM CKJIOHE JIOJNHMHBI, KOTOPHIE CHadaia
pasrpykKarTcs B pachajke, OTACICHHOM OT TJIABHOTO PYCJia HEBBICOKHUM BBITSHYTHIM BJIOJb
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pyciia XoJIMOM, a TOCJie STUHBIM MTOTOKOM BIQJIAl0T B OCHOBHYIO peKy. PydbH 3aj0KeHBI B
SPO3MOHHBIX Bpe3ax MUPHHOHN oT 8 M 10 140 M, riryOuHa Bpe3oB MeHseTrcs oT 1 M 10 15 m.
Jnuna pydseB coctaBiser 0,66—1 kM, cpeaHuil ykiaoH tanbBera — 33,7-35,7%. 16 aBrycra
2019 r. pacxoasl Bombl B ycThe pyubeB coctaBisuin 0,05-0,2 j/c, momydeHHBIE CelieBbIC
pacxozsl ganel B Tabnune 1. Hanbonee kpymHbie GOpMBI OTIOXKEHUH CeNeBOr0 MaTepHuaia
3a()UKCUPOBAHBI HA P2 B BUJE CENIEBOU TPsIIIBI C TPaBOro OopTa (pHc. 6) M LEHTPAILHOTO MOJIS
AKKYMYJISITUH.

Puc. 6. Ceneas rpsaga ¢ npaBoro 6opra pyussa. @orto JI.B. Korenko
Fig. 6. Debris flow levee on the right side of the stream. Photo by L.V. Kotenko

MakcumainbHast BRICOTa CeIeBOM Ipabl cocTaBmia 1,9 m, muaa 10 M. JIHo pacnaaka 1o
cxoja cenell ObLTO POBHO BHIMOIIEGHO TaJICYHHKOM, a TOCIIE CXOJla CeJlel ocTaics Bpe3 J0
KOpPEHHBIX TopoJl TiyOmHOW 10 1,5 M u mupuHO#M no 4 M. B Ooprax pydbeB XOpormio
COXPaHUJIMICh METKH BBICIITUX CEJICBBIX YpOBHEW. B coBMecTHOM ycThe pyubeB pl—3 mmpuHa
YBEITUIIIIACH ¢ 2 M 710 7,6 M.

[Ipoxoxnenue ceneit 3adMKCUPOBAHO Ha BCeX 0€3 UCKITIOYCHUS IPUTOKAX O JJOHHOW U
O0okoBOIl 3po3uu pycen (puc. 7), OCOOCHHO B MPHUYCTHEBOW YAaCTH, JII PYYbEB C
3aJIEPHOBAaHHBIMU JOJMHAMH — TI0 CPBIBY IIOYBEHHOTO TIIOKPOBA M YHHUYTOXXEHHUIO
pacturenpHOCTH. Ha pydne ['opsuem, 3aJ0KeHHOM B MarMaTHYecKHX MOPOJaX, MPOU3O0IIIa
TOJIHAS 3a4KCTKA JHUIIA JTOJUHBI OT HAKOIUICHHOTO TaM MaTepraia CKIIOHOBBIX OCHINEH.

Puc. 7. Yuactok neoro 6opra p. FOpbeBa 10 (a) u ocie (b) censi. CTpenky MoKa3biBarOT 00IIHE TOUKH
ckiona. ®oro T.A. Korenko

Fig. 7. Section of the left slope of the Yurieva River before (a) and after (b) the debris flow. Arrows show
the same points of the slope. Photo by T.A. Kotenko
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ABTOpBI CUUTAIOT BAXKHBIM yKa3aTh Ha TO, YTO CEJIEBOH MOTOK, cCHOPMHUPOBABIIMIICS HA
pyuse p4 (cMm. puc. 1) cmemyer cuumrarh jiaxapom [Vallance, 2005], a Gonee TouHOo (B
COOTBETCTBHH C OTCUECTBEHHOM KiTacCU(pUKALIUEH ) — XOJIOJHBIM JIaxapoM [ Burozpados, 1980],
IIOCKOJIBKY pydell ApPEHHpYeT KOHYC NEHCTBYIOIErO ByJKaHa D0EKO, MOKPHITOTO JIErKO
pa3MBIBa€MOM TOJIIEH PBHIXJIO0OJOMOYHOTO MaTepuaia, B TOM YHCIIE CBEKHX IEIUIOB
TEKyILEero U3BepxKeHus. JlonoMHUTENBHBIM (PaKTOPOM CEIEHOCHOCTH JaHHOTO PYUbsl SIBIISETCS
IIOCTOSIHHASL BBICOKAs! MyTHOCTbH BOJ (IIOBBILIAOLIAS €T0 3PO3UOHHBIE CLIOCOOHOCTH), KOTOPas
o0ecreynBaeTCs CMBIBOM MEJKOAUCIIEPCHOM (pakiuy NHPOKIACTHYECKOTO deXjia M
MOCTYIUIGHUEM CBEXKEro BYJIKAaHMYECKOTO IeIia BO BpeMs OJKCIUIo3uil BynkaHa. Crens
IBIDKCHHUS PBIXJIO00JOMOYHOTO Marepuana 3a(UKCHpPOBaHbBI B BHIAE MHOTOYHCIIEHHBIX
9PO3UOHHBIX PBITBUH, OPHUEHTUPOBAHHBIX BHU3 II0 CKIOHY. Pycino pydss nperepresno
3HAYUTENBHYIO Ae(hopMalrIo 3a cYET JOHHON U OOKOBOM DPO3HH.

B pycie p. FOpbeBa npu3Haku NpoxoxKAeHHs cellsl Ha0JII0JaroTCs ¢ BEICOTHI 0K0Io 790 M
H.y.M. CHauana chopMupoOBaicS BOJOKaMEHHBIH ITOTOK, MOP(OIOTHYECKHE CIEIbI Cells
BBIPKEHBI TJIAaBHBIM 00pa30M B JOHHOH M O00KOBO spo3uu. [ryOmHa Bpe3a pyciia MecTaMu
nocturaet 2,5 M. IlepBas ceneBas Teppaca 0e3 MPU3HAKOB COPTUPOBKHU (CHOPMHPOBaHHAS
pasrpy3Koil B IJIaBHOE PYCJO IPA3EKAMEHHBIX CEled, COLIENIINX II0 HECKOJIbKUM JIEBBIM
MIPUTOKaM) HaxoauTcs Ha BbicoTe 400 M H.y.M. 10 JieBoMy 0opTy. Ee MakcuMmanbHas BhICOTA
coctapnser 1,9 M, mmHa — 60 M, mmpuHa — 2-3 M. Jlanee CHOBa CIEAyeT y4acTOK C
[IPU3HAKaMK ABMXXEHUS BOJOKAMEHHOI'O CeJls BIUIOTh 10 BBICOTHI 340 M H.y.M.: 34€Ch IIpH
CIIMSHUM OCHOBHOTO PYyCJIa C IPaBbIM CEJICHOCHBIM NPHUTOKOM OCTANHCh CIEABI 3aIulecka
IPA3EKaMEHHOI0 IIOTOKa Ha IIPOTUBOIIOJOXHOM CKJOHe. Hmke 1o TeueHHIO peku
HaOJII01a0TCs CIIebl IPA3EKAaMEHHOI0 I0TOKA, IPU3HAKAMHU KOTOPOTI'O SBIISIIOTCA: OTCYTCTBUE
JOHHOM 5po3uM; MoIIHas OOKOBas 3po3usi C OeperoBbIMH HHIIAMU CpBIBA YYaCTKOB,
CJIO’KEHHBIX PBIXJIBIMH OTJIOKEHUSIMH; CeJIeBast 3aMa3Ka CTBOJIOB U BETOK OJIbXOBOI'O CTIIaHUKA
B HIDKHHX YacTSAX CKIOHOB. B 30He akkyMymsiun 3a)MKCHPOBAHBI CEJICBBIE OTIOKEHHS B BH/IE
MHOTOSIPYCHBIX OOKOBBIX Teppac 0e3 BBIPaXCHHOW COPTHPOBKH (OT ABYX 1O YETHIpeX) U
IIMPOKUH CelIeBON KOHYC BbIHOCA (puC. 8).

Puc. 8. 3ona akxymysiun, 3.07.2018 1. @oto JI.B. Korenko JI.B.
Fig. 8. Accumulation zone, 3 July 2018. Photo by L.V. Kotenko

CeneBoil NOTOK 3aHUMaJl BCE [HUILE [OJHMHBL, IIO3TOMY PpacTUTEIBHOCTH 37€Ch
YHUYTOXKEHA. 30Ha aKKyMYJISIIIUHU, B KOTOPOH COCPEIOTOYEH MaKCHUMAIbHBIA 00BEM CEIeBOTO
MaTepHuaia, HaxOOWTCS HUXKe BBICOTHI 62 M H.y.M. (0,5 kM 1o OeperoBoii smHuM). [lpn
COXpaHEHHH BeNWYMHBI yKJIOHa pycma (B cpemneM 13,5%) Hike 3TOH BBICOTHI JIOJIMHA
pacmupsiercs (10 CpaBHEHHWIO C BBIIMIEIEKAIIUM TMPSMOIMHEHHBIM Y4YacTKOM B JIaBOBOM
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3aKUME TPOTHKEHHOCThIO okojo 300 M) W cTaHoBUTCS Oosiee M3BMUIIMCTOM. 31ech
c(OPMUPOBATUCH B HECKOJIBKO TAIOB TEPPAChl MOIIHOCTHIO 10 6 M. Ha BeICOTHOM y4acTke OT
9 1o 18 M H.y.M. OTMETKa BBICIIIETO CEJIEBOTO TOPU30HTA HAXOIUTCS Ha BBICOTE 8 M HAJl PyCIIOM.
MaxkcumainbHasi BRICOTa MPOXO0XKACHUS cens 3aduKcupoBaHa Ha BbicoTax 60—90 M H.y.M. Ha
Y3KOM CKaJlbHOM y4YacTKe pycia, TIe OHa cocTaBiisuia 9 M. HaGmronmancs mepeHOC MOTOKOM
BaJIyHOB JI0 2 M B ITOTIEPEYHHUKE.

Ha oTkpbITOM y4acTke MOpCKOTO Oepera ceneBble OTI0KEHUS UMEI0 (JOpMY HIHPOKOTO
KOHYca BBIHOCA: MIMPUHA HAABOAHOMN YacTu coctapisuia 270 M, ammHa — 110 M, MakcuMabpHas
MOIIHOCTh OTJIOKeHUH — 6 M. CeneBble OTI0XKEHH KOHYCa BEIHOCA YBETUYHIIN pa3Mep CYIIH
B Geperosoii uepre Ha 0,02 xm?. Ho cileayeT OTMETHTb, UYTO BHICOKAas HHTEHCHBHOCTD
MPWIUBHBIX U IMITOPMOBBIX MPOIIECCOB CIIOCOOCTBYET OBICTPOMY Pa3MBIBY €ro (hpOHTAIBHON
gacTH. Tak, B aBrycte 2019 1. 3adUKCHpOBaHO OTCTYIUICHHE OPOBKH TIOJIS CEJICBBIX OTIOKCHHUI
Ha 30—40 m.

B xone moneBhIX mccienoBaHWM OBUTH TOJMYYEHBI CIEAyIONHe MOp(GOMETpHYECKUe
XapaKTEepUCTUKHU CEJIeBOT0 MOoToKa B pycie p. KOpresa:

- MaKcMMaibHas BeicoTa ceneBoro oyara — 1070 M H.y.M.;

- JJIMHA MYTH censd — 5,5 KM;

- 00BEeM CeJIeBBIX OTIOKEHHH B 30HE AKKyMYJISIIMK — 297 ThIC. M,

- 00BbEeM CeJIeBBIX OTIIOKEHHH B 30HE TPAH3UTA — 3 THIC. M°;

- MaKCHUMaJbHas TOJIINHA CEJIEBbIX OTIOXKEHUN — 8 M;

- IJIOIIAb 30HBI aKKyMyJIAIuu — 463 ThIC. M2

- CyMMapHBIii 06beM TBep/I0ii cocTapsomeii cens — 300 Thic. M°.

Ornenka o0beMa CelleBhIX OTJIOXEHHH Ha KOHYCE BBIHOCA BEPOSTHEE BCEro 3aHMKEHA,
TaK KaK CeJIeBOW MOTOK YaCTHIHO Pa3rpy3wiIcs B MOPE.

B tabnuie npuBeaeHbI MOMyYeHHBIC JUHAMHUUECKIE XapaKTEPUCTUKHU CENIEBBIX IIOTOKOB,
COILIEAIINX MO TJaBHOMY pyciy p. HOpeseBa u Tpem ee mputokam. Pacuer xapakTepuUCTUK
MPOBOAMJICSI TI0 WM3BECTHBIM METOJUKAaM, IMPHUBEACHHBIM B «PyKOBOICTBE CEIECTOKOBBIM
CTaHIUAM | THAporpadudeckuM maptusMm. Bem. 1. Oprann3zanus u mpoBefeHne padoT 1Mo
u3ydeHuto ceneit» [l uopomemeouszoam, Mockea, 1990].

Tabnmma. lnHaMIgecKue XapaKTepuCTHKA celleBBIX TOTOKOB 4.09.2017 1. PacueTHBIe CTBOPHI TOKA3aHEI
Ha pwuc. 1

Table. Dynamic characteristics of debris flows, occurred on 4 September 2017. Control stations are
shown in Fig. 1
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CesepHnee p. FOpbeBa, ceneBble OTIIOKEHUS U IeGOpMaLUK Pycell yCTaHOBIICHBI TOJIBKO
s pyuseB OP1-9 (puc. 1).

Puc. 10. Pyusu PO3 u PO4: oruibiBuHBI (CIUIONIHAS JIMHKS) | JiBa CEJIEBBIX KOHYCa BbIHOCA (ITYHKTHD).
®oro T.A. Korenko T.A.

Fig. 10. Streams PO3 and PO4: earthflows (solid line) and two fans (dotted line). Photo by T.A. Kotenko

CeneBble o4aru ObUTM MPEICTABIEHBI IBYMS THUIIAMH: 3PO3HOHHBIMH PBHITBUHAMH B
PBIXJIOO0JIOMOYHBIX OTJIOXKEHUSIX W OIUIbIBUHAMU. OTIOXKEHUS BOJOKAMEHHBIX IIOTOKOB
COCPEIOTOYCHBI B YCThAX B BHJIE KOHYCOB BBIHOCA C BHIPaXKEHHON COPTHPOBKON MaTepHaia o
kpynHoct (PO1-4) (puc. 10) u 6e3 copTupoBkH B cityyae Bucsiuero yctbst (PO5-9). Takxke
HaOII0JaNIach 3HAYUTENbHAS dpo3usi pycen (moHHas u OoxoBast). lllupuHa dpoHTa KOHYCOB
BbIHOCA Ha jary ooOciemoBanus (30.06.2018 r.) ne Oosnee 120 M, 0O0BEMbI CelEBBIX
oTI0KeHuH — 0T ~ 100 M° 10 ~ 4000 M°. Bo3MOXHO, 06bEM CEIEBBIX OTIIOKCHHI B 30HE
akkymyJsiun pydbeB PO1-4 3aHmKeH, Tak Kak ceJeBble MOTOKH YaCTUYHO Pa3TPYy3HWIIUCH B
MOpe, a BIIOCJIEICTBUH UX (PPOHTANBHBIC YACTH OBUTM Pa3MBITHI.

Meteoposaorunieckue cejaeodpasyomiue pakTopsl

Jis  aHanmM3a MeTeopOJIOTHYeCKUX (PaKTOpOB, BBI3BABINUX CXOJA  celed, ObUTH
MPHUBIICYCHBI JIAHHBIC OJIMKAWIIETO MyHKTa METEOHAOMIOACHUN: adpPOJOTHUECKOM CTaHIUU
«CeBepo-Kypunbck» (8 KM OT BepLIMHBI pedHOro OacceiiHa, aOcoyltoTHas BbICOTa 24 M).
VHTEeHCHMBHOCTP W HAaKOIUICHHE CYMM OCaJKOB AaHATN3WPOBAINCH 10 HW3MEPEHHAM
aBTOMAaTH4eCKOro  mereoposormuyeckoro  kommiekca AMK.  CyMMBl  0cagkoB
KOPPEKTUPOBAIKCH 10 JaHHBIM OcajikoMepa TpeThsiKoBa, Tak KakK JaTYUK KUJKHUX OCAJIKOB
AMK =e peructpupyer cinadeie ocanku (Meree 0,3 mm). [IpuamHON MaccoBOTo cxoaa cefeil B
ceBepHOl yactu o. [lapamyiiup, B TOM YHCJIC U HAa pacCMaTPUBAEMOU TEPPHUTOPUH, CTAJIU
O4YCHb CWJIBHBIC OCAJIKW, BBI3BaHHBIC MPOXOXAcHUEM TahidyHa «CaHBy». [loxap Hadaics 3
ceHTs6ps B 19:15 mectroro Bpemenu (UTC+114ac), men ¢ nmepeMeHHOW MHTEHCHBHOCTHIO
(MakcumanbHOe 3HaueHue 2,8 MM/10 Mun) 10 15:46 4 cenrsnops (puc. 11). C 15:47 mo 16:20
HMHTEHCUBHOCTH OCAJKOB PE3K0 BO3pOCa, TOCTUTHYB B 5-TH MUHYTHBIN IPOMEXYTOK BpEMEHH,
HaunHas ¢ 16:06, makcumyMma 3a noxap — 7,2 Mm/10 MHH, HakoIJIeHHAass CyMMa OCaJKOB
coctaBmia K 3ToMy dacy okono 100 mm. B OacceiiHax pex BOCTOYHOTO MOOEPEXBS O.
[Mapamymmp (p. Ky3pmunka u p. Marpocckas) okojio 16 4 maBoky TpaHc(hOpMHUPOBAIUCH B
ceneBbie oToku [Komenxo, 2018]. BeposiTHee Bcero, BRICOKasi MHTEHCUBHOCTD OIS cTaja
CITyCKOBBIM MEXaHWU3MOM JIsl 3apOKIeHus celieil u B Oacceitne p. FOpreBa. CHITBHBIN T0XKIb
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npomoipkaics g0 18 u, mocie dero eme 8 dacoB HaOmomanuch ciabbie ocamku. Ocaaku
MPOIOIBKATUCH 32 4 35 MUH, CyMMa 0CaaKOB cocTaBmia 148,9 mm.

1000 - —
——WHTEHCMBHOCTb 0CaAKOB MM/10 MUH

——HakKonsieHne Cymmbl 0CaiKOB, MM

100 - e —

w1 \ﬂ *

3.09.2017 22:00 4.09.2017 05:00 11:00 15:47 [ata v sBpema

10

Ocagku, Mm

Puc. 11. [lanusie 00 ocagkax Ha adposnormdeckoii crannumu «Ceepo-Kypuiabck» (24 M H.y.M.)
MTOKa3bIBAIOT HAKOIUIEHHE CYMMBI OCaJIKOB M UX UHTEHCUBHOCTH 3a 4 ceHTs10ps 2017 r.

Fig. 11. Precipitation data from aerological station “Severo-Kurilsk” showing accumulation of
precipitation and their intensity for 4 September 2017

3akjoueHue

BrepBeie moONydeHBI IaHHBIE O MAacCOBOM CElIe000pa30BaHWM Ha OXOTOMOPCKOM
no0Oepexbe ceBepHoit uactu 0. [Tapamymp 4 cenrsiops 2017 r. BojgokaMeHHbIE MOTOKU COILTH
10 pycilaM JIEBSTU PYUbEB, B YCThE KOTOPHIX CEJIEBBIE OTIOKEHHS AKKYMYJIMPOBAIUCH B BUAE
KOHYCOB BEIHOCA C 06beMOM MaTepHaia He Gonee 4000 m>.

Haunbonee 3HaumTenbHBIN ceneBoll mpoiecc Habmonancss B Oacceitne p. HOpnepa
(0. Napamymmp). Crenbl TpOXOXIEHHUS CeJiel YCTaHOBICHBI Ha BCEX €€ MPHUTOKax, OTKyAa
CeNy PasrpyXKajluCh B IVIABHOE PYCJO (32 MCKIIOYEHHEM TpeX PydYbeB IO IIpaBoMy OOpTY,
CelleBOMl MaTepran KOTOPBIX YaCTHYHO OTJIOXKIICS B MapajuleIbHOM TJIaBHOMY PYCITY
pacnazake). WpeHTuduuupoBaHbl MHOTOYUCICHHBIE CEJIEBBIC OYard CIEAYIOIINX THIIOB:
9PO3UOHHBIE PHITBUHBI B PHIXJIO00JOMOUYHBIX OTJIOXKEHUIX, SPO3UOHHBIC BPE3bl IOCTOSHHBIX
BOJIOTOKOB, O€peroBble HUIIN CPHIBA, OTJIBIBUHBEL. CelleBOi MOTOK Ha MPUTOKE, CTEKAIOIIEM C
KOHyca BylikaHa J0€Ko, cielyeT WACHTH(QUIMPOBATh KaK jaxap (XOJIOIHBIN), TaK KakK ero
TBepJasl COCTABIAIOIIAs ObUIa MPECTABICHA OTIOKEHUSIMH IEIUIOB TEKYLIETO M3BEPIKECHHS
Bynkana. OOmIas MIomaab CelleBbIX 04aroB COCTaBMIIA OKOJIO 1,5 kM2 win 16% oT mroma gy
pedHoro OacceitHa. Tum 3apoXkICHUS CEIeH OTpeeNieH KaK SPO3NOHHO-CABUTOBBINA. B pycie
p- IOpreBa mnpu3HakM ABMKEHHS BOJOKAMEHHOIO IIOTOKa 3a()MKCHPOBAHBI C BBICOTEHI
790 M H.y.M., HIKE 110 TEUEHHIO, C BBICOTH 340 M H.y.M., IPOU30LLIA €ro TpaHchopMarus B
TpsA3EKaMEeHHBIN MOTOK. Pacxon cens B ycThe MPEBBICHI CPeHUI OBITOBOM pacxo]l B JIETHE-
OCeHHIOI MexeHb Ooiee 4yeM B 1 300 pa3. B ycThe peku ceneBble OTIOXKEHHSI HIMEIOT GopMy
LIMPOKOT0 KOHYC BBIHOCA, OJjarojapsi KOTOpOMY H3MeHHJach KoH(purypanus OeperoBoi
JTMHEH, a TpupocT ey coctapm 0,02 km?. CyMMapHBIii 06beM TBEpIOi COCTABIISIONIEH Cels,
10 MHHHMMANBHOH OlleHKe, cocTaBiser okono 300 Teic. M°. Takum o6pa3oM, TIPOBEICHHOE
HCCIIEIOBAaHUE TIO3BOJIMIIO JIETaJbHO OXapaKTepPH30BaThb OCOOCHHOCTH Pa3BUTHS CEJIEBOTO
mporiecca B Oacceline p. FOpbeBa.

AKTHBH3aLKs CENEBBIX MIPOLECCOB OblIa BbI3BaHA aTMOC(HEPHBIMH OCAJAKAMU BBICOKOH
WHTEHCUBHOCTHU NpH NpoxoxaeHun Taidyna «CanByy». CenedopMmupyronias cymMma 0CaaKoB
Ha BeIcoTe 24 M cocraBmia okono 100 mMm. Cenu 3amagHoro Oepera o. I[lapamymmp cramm
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YJacThI0 MAcCOBOTO cene()OpMUpPOBaHMs Ha ceBepe 0. [lapamymiup, 4TO CBHICTEILCTBYET O
THIMYHOCTH JaHHOTO OMACHOTO MpoIlecca T UCCIIeAyeMO TepPUTOPHH.

[Mony4yeHHble MaTepHanbl B AajbHEHIIEM MOTYT OBITh HUCIOJNB30BAHbI ISl YTOYHCHHUS
KapT celeBoi onacHocTH 0. [lapamyIup W MPHHSATHA Mep MO 00eCHeueHHI0 0e30MacHOCTH
OTABIXAIOMIUX 30€CHh TYPHUCTOB.
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3aBajibHbIe IVIOTUHBI U KaTacTpo(puueckne NPOpPbIBHbIE NABOIKHU B
noanHax pek Ilamupa

AJL Ctpom

00O «l{enmp 2eoounamuueckux ucciedosanuily, Mockea, Poccus,
strom.alexandr@yandex.ru

AnHoTanusi. KpynHble cKkanbHBIE ONON3HM M KaMEHHBIC JIABUHBI LIMPOKO Pa3BHTHI B
riryboknx pomuHax [lammpckmx pek. MHOrme w3 3THX OIOI3HEH 00pa3oBBIBAIN
3aBaJbHBIC IJIOTHHBI, OOJBIIMHCTBO M3 KOTOPBIX OBUIO 3aT€M IPOPBAHO M IIPOMBITO Ha
3HAYUTEIbHYIO NTyOnHY. Ciepl KOJIOCCANIBHBIX JOMCTOPHIECKUX MPOPBIBHBIX MABOAKOB
MOTYT OBITH YCTAHOBJIEHBI II0 XapaKTEPHbIM COYETAHUSIM TEONOTHUECKHX U
reoMop(OTOTHUECKHX TPU3HAKOB. TaKOBBIMH SBISIOTCSA: 1) OOWIMPHBIC IUIOMIAIN
Ppa3BUTHA CCJIICBBIX OTJIOKEHUM HIKE IO TEUEHUIO OT IMPOpPBAaHHBIX 3aBaJIbHBIX ITJIOTHUH,
4YTO HaOJIONAeTCs, B YaCTHOCTH, B BepXOBbiIX Oacceiina p. Kokua B AdraHckom
Banmaxinane; 2) BBIMyKJIbIC TOMEpeYHble MPOGHIN KOHYCOB BBIHOCA KPYITHBIX PEK Ha
BBIXOJI€ M3 TOPHBIX XpeOTOB. Takue Mpo Ik XapaKTepHbI U CPABHUTEIEHO HEOOIBIINX
KOHYCOB BBIHOCA, 00pa30BaHHBIX CENIEBHIMH MOTOKAMH, HO SIBJISIOTCSI aHOMAJIbHBIMH JIJIST
OoJIBIINX PEeK C MOCTOSHHBIM BoJOTOKOM. HambGouee sipkuit nmpumep — peka [IsHK Ha
BeIX0ze M3 JlapaBasckoro xpe0Ta; 3) aHOMaIbHO KPYThIe MPOJONBHBIC TPOMHIH PEIHBIX
JOJIMH Ha yYacTKaxX MeXTy ABYMs NPOPBAHHBIMH 3aBAJIbHBIMU IDIOTHHAMH, BEPXHSS U3
KOTOPBIX cO3/aBajia MMOJIPYJHOE 03€pO, a €€ OCHOBaHME OBUIO 3aIIWIIEHO OT Pa3MbIBa
MaTepHaIoM, BEIHECEHHBIM U3 TeNa IJIOTHHBI U OTJIOXKEHHOM Ha y4acTKe MEXIY OBYMs
3aBajaMH. Takue MpOAONBbHBIE MPOQMIN OmMHCaHbl B gonuHax pek Ilsamk u [yHT.
W3yueHne nomgoOHBIX SABICHUH MOMOTAET OLEHUTh, YTO MOXKET IIPOU3OUTH NIPH MIPOPHIBE
CYIIECTBYIOIIUX MOAIPYIHBIX 03€p WK 03€p, KOTOPhIE MOTYT 00pa30oBaThCs B OyAyILIEM.

Krouesvie cnosa: cxanvhulil ONON3eHb, 3A6a1bHAS NIOMUHA, HOONPYOHOE 03epo,
NPOPLIBHOU NABOOOK, KOHYC 8bIHOCA, NPOOOTbHBLI NPOPULL, Cellb, HAHOCOBOOHDBLIL
nasoooK

Ccepuika st mutupoBanusi: Ctpom AJl. 3aBanbHbIE INIOTHHBI M KaTacTpOQUYECKHe IPOpPHIBHBIE MAaBOIKH B
nonmHax pek [Tamupa. B ¢6.: CeneBble moToku: KaTacTpodbl, PUCK, TIPOTHO3, 3amuTa. Tpyasl 6-if MexyHapomHoit
koHpepenmu (dymande—Xopor, Tamkukuctan). Tom 1. — OtB. pen. C.C. Uepnomopen, K.C. Bucxamxuesa. —
Hyman6e: OO0 «IIpomoyuiny, 2020, c. 111-121.

Rockslide dams and catastrophic outburst floods in the river valleys
of the Pamir mountains

A.L. Strom

“Geodynamics Research Center “ LLC, Moscow, Russia, strom.alexandr@yandex.ru

Abstract. Deep river valleys in Pamir are rich of large-scale rockslides and rock
avalanches. Many of them form natural blockages though most of such natural dams have
been breached and deeply eroded. Evidence of the outstanding prehistoric outburst floods
can be revealed based on several sets of the geomorphic and geological data: 1) vast area
covered by debris flow deposits downstream from the breached landslide dams, such as in
the upper reaches of the Kokcha River basin in Afghan Badakhshan; 2) convex profiles of
the alluvial fans of large rivers where they leave mountain ranges. Such profiles are typical
of relatively small fans formed by debris flows, but are abnormal of large rivers with
permanent flow. The most impressive one is that of the Pyanj River where it comes out
from the Darvaz Range; 3) the anomalously steep longitudinal profiles of river valleys at
their sections between two breached natural dams. The upstream one had formed large
lake and its lower part had been protected from incision by the material eroded from this
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dam and stored in the trap between two dams. Such phenomena were found in the Pyanj
and Gunt River valleys. Study of these events helps to estimate what could happen after
breach of the existing or future rockslide dammed lakes.

Key words: rockslide, landslide dam, dammed lake, outburst flood, alluvial fan,
longitudinal profile, debris flow, debris flood
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BBeagenne

IMamup — onHa U3 HamboJee BBICOKUX TOPHBIX cucTeM B Asuu. [IpoTekaroriue 37ech
peku BbIpabOTaH TIIyOOKHE MOJIHMHBI C KPYTHIMH CKJIOHAMH, YTO CO3AJI0 TPEIIOCHUTKH IS
(OpMHPOBaHKsST MHOTOYHMCIEHHBIX KPYMHBIX CKAJbHBIX OMOJM3HEH. MHOTME W3 HHX
MePeropakuBaiyd PeYHbIC MOJHHBI, CO3/1aBasi MOANPYIAHBIC 03epa, HEKOTOPhIC M3 KOTOPBIX
CYIIECTBYIOT BIUIOTH JO Hacrosmiero Bpemenu. Kpynueiimme u3 Hux — Capesckoe,
Slumnekyns, IlIuBa, comepkar KyOWYecKHe KHJIOMETPbI BOABI M HX THIIOTETHYECKH
BO3MOXHBIH TPOPBIB YPEBAT UYPE3BBIUANHO TSHKENBIMH TMOCICACTBUSAMHU. BOJBITUHCTBO Ke
3aBaJIbHBIX TUIOTHH, BHISIBICHHBIX Ha [TaMupe, B TOM YHCIIe HAa KPYITHBIX peKax, ObLIO MPOPBAHO
U MPOMBITO Ha 3HAYMTENILHYIO INIyOHHY, IPUYEM B PSJe CIy4aeB yAalIoCh HAHTH MPHU3HAKH,
YKa3bpIBAIOIIME HA TO, YTO 3TH MPOPHIBBI HUMEIW KartacTpoduueckuii xapakrep (puc. 1).
W3yueHue crefioB TAKUX JOUCTOPUICCKUX KATACTPOd MaeT AOMONHUTEIbHYIO HHOOPMAIIHIO O
TOM, YTO MOYKET POU30UTH B CITydae IMPOPhIBA KAKOT0-THO0 U3 CYIIECTBYIOIINX TTOMNPY/IHBIX
03ep WK 03ep, KOTOPbIE MOT'YT 00pa30BaThCsl MPU OOPYIICHUH MOTCHIIUATBHO HEYCTOWYHBBIX
CKIIOHOB B OyayIIeM.

Puc. 1. [Nonoxenue yyactkoB Ha Ilamupe, rie oOHapy>KeHbBI NPU3HAKHU, YKa3bIBAIOIIUE HA TO, YTO B
MIPOIIUIOM 3JIeCh MTPOMCXOIMIIN KaTacTpOo(UUECKHe MPOPBIBHBIC MAaBOJIKU. 1 — B BepXoBbAX OacceiiHa
p- Kokua (A ¢dranckuii banaxnran); 2 — B cpegHed yacTu JOUHBI p. [ISHDK; 3 — B CpeTHEH 9acTH TOTUHBI
p. I'yur; 4 — Ha Bexone p. [lsnmxk u3 Jlapasckoro xpeOra

Fig. 1. Position of sites in Pamir with evidence of the past catastrophic outburst floods. 1 — in the upper
reaches of the Kokcha River basin (Afghan Badakhshan); 2 — in the middle reaches of the Pyanj River
valley; 3 — in the middle reaches of the Gunt River valley; 4 — where the Pyanj River leaves the Darvaz
Range
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B HpeﬂnaraeMoﬁ CTaTbC paCCMOTPEHO HECKOJIBKO IMPUMEPOB, KOIr'Jla aHaJIM3 Ir¢oJIoro-
FGOMOpq)OHOFI/I‘ICCKI/IX ocobeHHoCTEH Y4aCTKOB PEYHBLIX JOJIMH Ha HaMHpe IIO3BOJIWI BBISIBUTH
CJICIbI KaTaCTpO(bI/I‘IeCKI/IX MNPOPLIBHBIX MaBOAKOB. I[eTaJ'ILHOC HU3YUCHHUC HCKOTOPLIX U3
Y4acCTKOB, 0003HAYCHHBIX Ha puc. 1, TIO3BOJIMJIO TAKXKC CIACJIaTh BBIBO/ 00 OOIHOBPEMEHHOCTHU
06pa3013aH1/m HECKOJIBKUX 3aBAJIBHBIX ITJIOTHUH, YTO ABJISACTCA AJOIMOJIHUTECIbHBIM apryMEHTOM B
MOJIb3y MPCAIOJIOKCHUA 00 O6pyIHCHI/II/I BBICOKHNX CKAJIbHBIX CKJIOHOB IIpU CHJIBHBIX
AOUCTOPHUYCCKUX 3EMIIETPSCCHUAX.

I[OI/ICTOPI/[‘ICCKI/IC NMPOPLIBHBIC MABOJAKH

[epBbIii yyacTok, rae ciensl paHee MPOU30MICANINX TPOPHIBHBIX MAaBOJAKOB Hanbosee
OYEeBHIOHBI M ONHO3HAYHBI, pacronaraercs B Adranckom bapaxmane, B BepxHeill uacTu
Oacceiina p. Kokua (1 ma puc. 1), y cmusams pex Jlakxamszap u I[ymsBamap [Strom,
Abdrakhmatov, 2018]. Ha kocmuyeckoM CHUMKE (pUC. 2) XOPOIIO BHIHBI CIIEIbI MOILIHBIX
CeNeBBIX MOTOKOB, MPOM3OLIEIINX, TO-BUJUMOMY, CPaBHUTEIBHO HEAABHO, MOCKOJBKY HX
MOBEPXHOCTh MPAKTHYECKH MOJHOCTHIO JIMIICHA PACTHTENBHOCTH. IIOTOKM OTIMYAINCH
OO0JIBIIION MOIIHOCTBIO, TAK KaK UX OTIIOKEHHUS 3aMOJHIIIHN THO JOJIMHBI Ha IPOTSHKEHUH OKOJIO
7 KM Ha BCIO €T0 IIUPUHY, IPEBBIIAIONIYIO, MECTaMH, | KM, U Jayke MOAUPY I HEOONbLIYIO
JONMMHY TPUTOKA, OTMEYEeHHYI0 Ha puc. 2 kak 'P'. Ilpm oOme#l miomamm 3TUX OTIOKEHUHA
npuMepHO 5.5 KM, 00BEM BBIHECEHHOTO MAaTepHana COCTABIAN HECKONBKO JECSATKOB
MWUTHOHOB KyOOMETPOB, YTO HAMHOTO IPEBOCXOJUT OOBEM OTIOXKEHUH OOJIBIIMHCTBA
CeNEBBIX MMOTOKOB, BBI3BAHHBIX aTMOC(HEPHBIMHU OCaIKaMH H, Aa)Ke, MPOPHIBOM JIEIHUKOBBIX
o3ep. Bce 310 mo3BomsieT 1ocTaTOuHO 000CHOBAHHO MPEIIONIaraTh, 9TO 3TH CEJIEBBIE TIOTOKH,
3apOAMBLINECS B IBYX CMEXXHBIX J0JIMHAX, K¥KAasl U3 KOTOPBIX ObLIa MePEKPhITa HECKOIBKIMHU
KPYITHBIMH, HBIHE TPOPBaHHBIMH, 3aBaJIbHBIMU IIJIOTHHAMH, IPOU30LUIA KMEHHO TP MIPOPHIBE
03ep, 00pa30BaHHBIX TUMH IIIOTHHAMH (pHC. 3).

Puc. 2. Kocmuueckuit caumok (Google Earth) mommubr mmke crmusuus pek [akxausap (Da) u
lyneBagap (Sh). P — moanpyskeHHas I0JMHA, HAyLIAs ¢ epeBana Mexay OacceitHamu pek IIaHIK 1
Kokua. Ha yBenuueHHoM (parMeHTe BHJHBI B3aUMOOTHOIICHUS MEKIY CEJIEBBIMH IOTOKAMH,
Beie My u3 gomuasl p. Hlymeeanap (1) u Jdakxanzap (2). U3 paborsr [Strom, Abdrakhmatov, 2018]
¢ paspelieHns u3aartenabcTna Elsevier

Fig. 2. Google Earth image of the valley downstream from the confluence of the Dakhanzar (Da) and the
Shulvadar (Sh) Rivers. P — dammed river flowing from the pass between the Pyanj and Kokcha River
basins. Zoomed image of the outlined area shown in the inset demonstrates temporal relationships
between outburst floods from the Shulvadar River (1) and the Dakhanzar River (2). After [Strom,
Abdrakhmatov, 2018] with permission from Elsevier

Ceunb, Boiteanuii u3 peku llynsBagap, npou3oliesa HECKOJIbKO paHbiie (CM. Bpe3Ky Ha
puc. 2). TeMm He MeHee, MOXKHO IpeIoiiaraTh, YTO 3aBaJibHbIC IUIOTHHBI, NPU MPOPHIBE
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KOTOPBIX MOTJIH IPOU30MTH 3TH CEJEBbIE MOTOKH, MOTIIM 00pa30BaThCsi OTHOBPEMEHHO, CKOpee
BCETO TP CHIIBHOM 3eMileTpsicennu. KpynHeiias 3aBajibpHas IVIOTHHA B JouHE p. JakxaH3ap
(36.726° c.m., 71.389° B.1.) ob6beMoM okomo 180 MMIIHOHOB M°, B HECKONBKO pa3
MIPEBOCXOAMIIa KPYITHEHIITYIO IIOTHHY B qonmHe p. LllymsBamap (36.705° c.mr., 71.422° B.11.),
06BEM KOTOPOI COCTABIISLI IpUMepHO 50 MumtnoHoB M. K ToMy e oHa Obu1a Bbie (~200 M
npotuB ~150 M). YuuTbiBas, 4T0 pazMepsl BOJOCOOPHBIX OACCEHHOB 000MX PEK MPHUMEPHO
OJIMHAKOBHI, IOJIPYAHOE 03€pO B JonuHE p. JJakxaH3ap MOTIO MPOCYIIECTBOBATH HECKOIBKO
JoJIblIe, 4eM o3epo B noiuHe p. LllynsBagap, mpopBaHHOE MIEPBBIM.

BesycnoBHO, AN ONHO3HAYHOTO JOKA3aTENbCTBA OJHOBPEMEHHOCTH 00pa30BaHUA
3aBaJIbHBIX IUIOTHH B 3THX JOJIMHAX HEOOXOAMMO AaTUPOBATh UX; TEM HE MEHEE, BEICKa3aHHOE
MPEIITOJIOKEHHE JIOTHYHO U HE TIPOTUBOPEUYHT HAOIIOaCMbIM (haKTaM.

50km

Puc. 3. CkaibHbIE OTOI3HH, TIEpEKphIBaBIIHe J0IUHBI pek Jakxanszap (Da) u lymssanap (Sh) Beime mo
TEYEHHIO OT YIACTKA, TIOKPBITOTO CENIEBBIMH OTIIOKEHUAMHE (JTUIOBAs IITPHXOBKA)

Fig. 3. River-damming rockslides in the Dakhanzar (Da) and the Shulvadar (Sh) River valleys upstream
from floodplain covered by the outburst flood deposits (violet cross-hatched area)

Crensl kpymnHeiiniero He Tonbko Ha Ilamupe, HO U Bo BceM LleHTpanbHO-A3MaTckoM
peruoHe NpOpBIBHOTO MaBOJKA ObUIM OOHAPYKEHBI B CPETHEM M HIKHEM TeueHHH p. IIsHmK
(yuactku 2 uw 4 wa puc. 1) [Strom, Abdrakhmatov, 2018]. Ou mnpowusomen mpu
MOCJIEI0BATENIEHOM MPOPBIBE JIBYX TMTAHTCKUX 3aBaJbHBIX MJIOTHH, NEPEKPBIBABIIUX JIOTUHY
p- Ik B 31 1 43 KM HUOKE TIO TEUEHUIO OT yCThs p. bapranr, y cenennii uas (37.93° ..,
71.31° B.o.) u Bosmaex (37.97° c.mr., 71.27° B.n.). Omoi3HeBble MUPKHM pacIojiarainch Ha
npaBoM, TaJKMKCKOM, OOpPTY JOJHMHBI, & OCTATKH OTOJI3HEBBIX TEJl COXPAaHHWJINCh TaKXe Ha
neBoM — Adranckom 6opry. OOpyleHHs NPOM30LLIM Ha ckiIoHax BbicOTOH 1400-1500 M,
CJIO’KCHHBIX 'PAHUTaMHU U MUTMaTUTaMH, U IOJHOCTBIO IIEPEKPHIBATIH JOJIHHY.

IInacKuit onomeHs 005eMoM IpEMepHO 700 MUIITHOHOB M* (YUHTHIBAS HIKHIOKO YacTh
€ro Teja, HbIHE MOrpeOCHHYIO MOJA OTJIOKEHMSMH AOonuHBL [IsHmka) oOpa3oBan IJIOTUHY
BeIcoTOI He MeHee 450 M. Ee wacTh, coxpaHuBImIasicsi OT pa3MbIBa, 00pa3yeT HBIHE Clerka
BBIYKITYIO TEPPACOBUAHYIO MOBEPXHOCTH BBICOTON 300-400 M Ham ypoBHEM PEKH, JIEKAIIYIO
y TIOAHOXUS KOJIOCCAILHOTO [IUPKA IIHUPUHOM OKOJIO 2 KM M Ti1yOmnHOM (B ckioH) 10 800 M ¢
o4eHb KpyToii (~50°) ThIIIOBOM CTEHKOH OoTpbiBa BbicoTol 10 1 kM (puc. 4). CoxpaHuBIIasics
(poHTaNbHas YacTh OMOJI3BHEBOrO Tejla BUAHA HA A(raHCKOH CTOpPOHE JOJUHBI HA OTMETKax
2090-2250 M Hag ypoBHEM MOpsi (HIIKHSISI Bpe3Ka Ha TOM PUCYHKE).
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Puc. 4. Kocmuueckuii camMok omon3Hsa IlIum3. Ha Bpeskax mokas3aHBI TIIBIOOBBIC pa3Baibl Ha
COXpaHHMBIIIEICSA OT pa3MbiBa MOBEPXHOCTH 3aBajibHOM MIOTHHBL. W3 pabotsl [Strom, Abdrakhmatov,
2018] ¢ pasperenus usnarenbctra Elsevier

Fig. 4. Google Earth view of the Shidz rockslide. Coarse angular boulders forming rockslide carapace at
the remaining parts of the blockage surface are shown in the insets. After [Strom, Abdrakhmatov, 2018]
with permission from Elsevier

Omnon3eHp Bce e€lle YaCTUYHO MOANpYKMUBaeT [oiauHy p. IlsHmx u, cyns mo
HPOJOIEHOMY MPO(HITIO pekH (puc. 5), HUKHSS 4aCTh €ro Teja MOIHOCTHIO 710 150 M He OblIa
pasMbITa 1 HeIHE orpedeHa o] 03epHBIMH OTIOKEHHUSIMU C BEPXOBOH CTOPOHBI (Tomma 'A' Ha
puc. 5) ¥ HOA OTJIOKEHUSMH, BRIHECEHHBIMU W3 TEla 3aBajla IPU €ro MpophIBE ¢ HU30BOU
croponsl (toiina 'B' Ha puc. 5). [Tocneanue npeaoTBpaTUii JaIbHSHIIINIA pa3MbIB TeJia 3aBaja.

DB TN = oo ,,,‘”,2%@0, e ,,,,,,,,,“:2,2'00

2000 - ---rm oo e - S .
1875 - oo m e

0 50 60 70 80km

Puc. 5. IlpononeHslii npoduns mo gonuHe p. [IHIK Ha ydyacTke MeXIy yCThsMU pek bapranr n
SI3rynem. A — OTJIOXXEHHS], HAKOMHMBIIKECS B MOANpPYAHOM o3epe Beiie lluackoro 3asana (S); B —
OTJIOKEHMS, BBIHECEHHBIE W3 Tesla 3aBAIGHON IUIOTHMHBI, C — OTJIOXKEHHS, HAKONMBIIHECS HIKE
Bosnasxckoii 3aBanbHo# mwiotuubl (V). W3 paborer [Strom, Abdrakhmatov, 2018] ¢ paspemenus
usnarenbcrBa Elsevier

Fig. 5. Thalweg profile of the Pyanj River between the Bartang and Yazgulem River mouths. A —
sediments accumulated in the dammed lake formed by Shidz rockslide dam (S); B — deposits eroded
from the Shidz blockage; C: deposits accumulated downstream of the VVoznavd rockslide dam (V). After
[Strom, Abdrakhmatov, 2018] with permission from Elsevier

B ormmune or Capesckoro o3epa, KOTOpOE COXPaHWIOCH OJyiarojaps yJadHOMY
COYETaHUIO CPAaBHUTEIBHO HEOONBLIOr0 CPEeIHEroJOBOTO pacxoia p. Myprad (mpumepHO
50 m%/cek), GepyIeii HAYATO HA 3aCYIIIMBOM BBICOKOrOPHOM Iiato Boctounoro ITamupa, n
KOJIOCCAJILHOTO pa3Mepa BepxHe, HanboJiee BOAOMPOHUIIAEMOM YacTH 3aBajlbHOMN IUIOTHUHBI,
Onmaromapss d4eMmy CYIIGCTBYET TNPHUMEPHBIM OamaHC MeXAy NPUTOKOM B 03€pO0 U
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GUIBTpaMOHHBIM pacxonoM 4epe3 miotuny [Ischuk, 2011], IIuackuii 3aBan nepekpbiBa
HamMHOro OoJsiee BOHOOOWIbHBIN [IHIK CO cpemHErogoBEIM pacxojoM mopsaka 800 M/cek
[['ocyoapcmesennwiii 60ouwiti kadacmp, 1990 ]. Takoli MPUTOK HE MOT OBITH CKOMIICHCHPOBAH
(uIpTpanme, 9To MPUBEIIO K TOCTATOYHO OBICTPOMY 3aITOTHEHHUIO 03epa U K TIEPENHBY depe3
wioTuHy. [lpuHuMas, 4TO HuU3MIAs TOYKa rpeOHs 3aBaja HAXOIWIach Ha OTMETKaX IJIE-TO
okoJ0 2200 M, 3aBaJIEHOE 03€PO TOIHKHO OBLIIO MMETH MPOTshKEHHOCTH Oonee 100 kM B monmHe
[Tsaamxka (T.e. M0 Xopora W, BO3MOXKHO, Hake BhIe) U Ooiree 40 kM mo monwmHe bapranra
(puc. 6), a ero o6bem Mor gocturath 31 km®. VumTwiBas cpenHeromoBoii pacxon ITsnmka,
3aI0JIHEHUE 03epa BOJOH /10 YPOBHS rpeOHs 3aBaJIbHOM INIOTUHBI MOTJIO TIPOU30MTH IPUMEPHO
3a 2 roJla, CYUTAS, YTO YaCTh MPUTOKA (DMIIBTPOBAIACH Yepe3 IUIOTHHY.

Puc. 6. Cxemarnyeckas kapra o3epa, obpasoBanHoro Imackum 3aBanmom (S). V — BosnaBickas
3aBaybHas II0THHA; Bar — pexa baptanr; Gunt — peka ['yar; Shakh — pexa [llaxmapa; Sh — ozepo 1llusa,
Kh: the Khorog town. TemHO-CHHSsS 3aJuBKa — 3aWjICHHAas 4YacTh O3epa; roiydas 3aluBKa —
mpe/noaaracMoe 03epo mpu otueTke ero yposHs 2200 m. Background: shaded SRTM DEM visualized
by the Global Mapper software. 13 pa6otst [Strom, Abdrakhmatov, 2018] ¢ pa3spemuienus u3naTeabCcTBa
Elsevier

Fig. 6. The schematic map of the lake dammed by the Shidz rockslide (S). V — the VVoznadj rockslide
dam; Bar — the Bartang River; Gunt — the Gunt River; Shakh — the Shakhdara River; Sh — the Shiva Lake;
Kh — the Khorog town. Dark blue: silted part of the lake; light blue: the assumed lake at 2200 m a.s.l.
Background: shaded SRTM DEM visualized by the Global Mapper software. After [Strom,
Abdrakhmatov, 2018] with permission from Elsevier

Kak ormeueHo BBIIE, HIKHSS 9acTh O3CPHON BaHHBI ObLIa 3aMJICHA W CETOMHS JTHO
nonuubl [IstHIKA HA TPOTSHKEHUH 0KOJIO 43 KM, BIUIOTH J0 YCThs p. bapkyBnapa, a Takxke JTHO
JNONWHBI bapTraHra Ha TPOTSHKEHWH OKOJI0 10 KM TPEACTaBISAOT COOOW BBIPOBHEHHYIO
MTOBEPXHOCTH, CIIOKEHHYIO O3€PHBIMH OTJIOXEHHSMH, TIe MEAHIPUPYIOT 3TH TOPHBIC PEKH.
OOmuii 00beM OTJIOKEHUH, HAKOMHMBIIUXCS B 03€pe, MaKCUMajbHas MOIIHOCTh KOTOPBIX
HEIOCPEICTBEHHO BhIIIE 3aBaia jocTuraer 150 M, onennBaercs B 2.5-3.0 km°. OxHako, npu
CPEIHEroJIOBOM TBepAOM cToke IlgHmxka mopsaka 5-10x10° w° (k  coalleHHIo,
HETIOCPE/ICTBCHHBIE HM3MEPEHHS 53TOH BEIMYMHBI 10 MOTPAHUYHOW pPEKE OTCYTCTBYIOT
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[[ocyoapcmesennwiii Boownwiii Kadacmp, 1990]), HakorieHne Takoro 06beMa 0CaaKkoB JT0JIKHO
obuto 3aHsaTh npuMepHo 300-600 ner. BoszHukaer Bompoc, Kak HIKHSAS YacTbh OMOJI3HEBOU
TUIOTHHBI, CIIOKEHHAS CUIIBHO Pa3apo0ICHHBIM MaTePHAIOM, MOTJIA COMTPOTUBIISITECS Pa3MbIBY
IIpU TIEPENTUBE CTONb JIuTenbHOe BpeMs? C OONBIOION BEPOATHOCTHIO ATO TIPOU3OIIIO
Osaromapsi ToMy, 4To B 12 KM HIDKE MO TEUSHHIO AONHMHA P. [ISHIK ObLTa MEepeKphITa eI
OJIHOH 3aBallbHOW TUIOTUHOW, 00pa3oBaHHOW Bo3HaBACKMM omon3HeM 00BeMOM Okoio 250
MHJITHOHOB M° ¥ 5()(EKTHBHOH BBICOTOMH, MO-BHIMMOMY, okoixo 300 M (puc. 6, 7),

00pa3oBaBIIMMCSI, CKOpPEE BCETO, OTHOBpeMeHHO ¢ IInackum.

Puc. 7. IlepcriektuBHOE M300paxkeHre BO3HABICKOTO OMOM3HS HA KOCMHYECKOM CHHUMKe u3 Google
Earth. Ha Bpe3ke BHIHBI [IBIOBI HA TOBEPXHOCTH OMOJI3HEBOTO Teia Ha AQraHCKO# CTOpOHE JOTUHBI P.
[k, W3 pabotsr [Strom, Abdrakhmatov, 2018] ¢ paspemenus usnarenscta Elsevier

Fig. 7. 3D Google Earth view of the VVoznavd rockslide. Bouldery carapace of the distal part of rockslide
body is shown in the inset. After [Strom, Abdrakhmatov, 2018] with permission from Elsevier

Omnomnzens Bo3nasn npousomen Ha npaBoM 0opTy noiuHbl p. IIsHIuK BbicoTOll Gonee
1500 M, u ero ThUTOBAs CTEHKA OTPBIBA BBICOTOM 0K0J10 1000 M MeeT yKII0H 10 56°, T.€. Kpyue,
yeM y lunackoro onon3us. B ommune ot Luackoro onosnsHs, MOBEPXHOCTh TeJla KOTOPOTO,
BUAMMO, IIOCTEIEHHO IOHIKAJIACh K JIEBOMY OOpTy [I0JMHBI, Bo3HaBACKHMI OMNON3EHb
JABUTAJICS, KaK TUIINYHAS IEPBUYHAS JIaBHHA B YCIOBHAX ()POHTAILHOIO OrpaHUueHus [Strom,
2010; Strom, Abdrakhmatov, 2018] u ero ¢poHTanbHas 4acTh COXpPAHWIIACh Ha JICBOM,
Adranckom Oopty nmonuabl B 450 M Hax ypoBHeM peku (puc. 7). bnmaromaps takomy
MPOJOIHHOMY MPOGWIIO OTOI3HEBOTO Tella, 00pa3oBaHHAs UM IUIOTHHA ObLIa MpOpBaHA U
pasmbITa y HOAHOXHKS IUpKa. IlockoiabKy Ha j1€eBOM OOpPTY OIIOJI3BHEBOE TEJIO BOLLIO B
HEKOTOpOE TOHW)XEHHE, TMOCJIeJHee CBITpaio poJb JIOBYIIKH, HPENsITCTBOBABLICH
CYIIECTBEHHOMY PACIIMPEHHUIO OTOJI3HEBOTO Tejla BBEPX M BHU3 10 joiuue [Strom, 2010].

IIpu mpopsise BepxHero (I1Iuackoro) 3aBaia u3 ero teya ObUTO BeiHeceHO mopsiaka 200-
250 MHWILTMOHOB M® OGJOMOYHOrO MaTepuana, KOTOpBIH, HECMOTpS Ha OYEBHIHYIO
KOJIOCCAIbHYI0O MOIIHOCTH NMPOPBABIIETOCS BOJHOIO MOTOKA, HE MOT TPaHCHOPTUPOBATHCS
cBOOOHO, TTOKAa HE OBLIa TpopBaHAa W NpPOMBITa HIKHAA (Bo3HaBackas) IUTOTHHA. DTOT
Marepual OTJIOKUIICA Ha THC JOJIMHBI Ha YH4aCTKC MEXKAY 3aBaJIbHBIMU IIJIOTUHAMMU, o6pasoBaB
CBOETO poja ocaaouHblil "kiuH" (Tomma B Ha puc. 5) KOTOpsIi U chirpan poib KoHTpdopca,
NPEIOTBPAaTHBIIETO0 TONHBIH pa3smbiB  Lluackoil 3aBasibHOW MJIOTHHBI IIOCHE POPHIBA
Boznasackoro 3aBana. iMeHHO 6maromaps 5ToMy 3aniieHue coxpanuBieiics gactu Llnackoro
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03epa MOTJIO TPOJODKATBCS B TEUCHHE CTONb JJUTEIBHOTO BPEMEHH. DTO OOBSCHSET
MPOTHBOpEYHE MEXKIY 3HAUYUTEIBHBIM OOBEMOM HAKOIMBIIMXCS O3EPHBIX OCAIKOB H
MIPEIoIaraéMbIM KOPOTKHM BPEMEHEM CYILIECTBOBAHMUS MOAIIPYAHOTO 03€pa A0 €ro MpOphIBa.

ITocne mnpopsiBa Bo3HaBackod 3aBallbHOW IUIOTHHBI, HMYTO HE MPEMSTCTBOBAJIO
TPAHCIOPTUPOBKE MaTepHaja, BHIHOCUMOIO U3 Tel yK€ OOOMX IUIOTMH BHH3 IO JIOJHMHE
[IsamKa, ¥ HAa TPOAOJIEHOM MpoGHIIe MBI BUIUM JIMIIb HE3HAYNTENbHBIN 0CaA0uHbIN "KINH"
HIDKE 10 TeueHuto oT BosHasackoro omomsus (tomima C Ha puc. 5).

HeicTBuTenbHble BpeMEHHbIE cOOoTHoIIeHus Mexay [luackum u Bo3HaBackum
OIIOJI3HSIMH HEU3BECTHBI, OTHAKO C OOJIBIION 10JIei BEpOATHOCTH MOKHO YTBEPKIATh, YTO OHU
00pazoBajiCh OJHOBPEMEHHO, CKOpee BCEro MpH CHIBHOM 3eMJeTpsiceHuH. Takoe
IPEANONIOKCHNE OCHOBBIBACTCS HA aHANW3€ NPOAOJIBHOTO mpoduis p. [IaHmK Ha 3TOM
y4acTKe, TOKa3aHHOTO Ha PUC. 5.

Ecnu 651 Bo3naBackuii onoisens oopazoaics 1o [lnackoro 3aBajia uiaH yxe mocie ero
IIPOPBIBA, JOJIMHA BBIIIE HErO CKopee Bcero Oblga Obl YAaCTHYHO 3aWjIeHA IO AHAJIOTMH C
nonuHoW Bbimie IIIMackoro omossHs U, COOTBETCTBEHHO, AHO AOJUHBL [IgHmka Ha 3TOM
Y4acTKe JOJKHO ObLIO OBl OBITH MOYTH FOPU3OHTAIBHBIM, YETO HE HAOMI0AaeTCsl.

AHanornyHas cUTyaIus uMena MecTto B nonvHe ['yHTa (yaacTok 3 Ha puc. 1), kotopas
ObLIa TmeperopokeHa Ha MpoTsHkeHHH 20 KM TpKIasl — Oosee qpeBHUMEU 3yBOpCKoi 1 Bup-
TaHTrUBCKO# 3aBaJbHBIMH IUIOTHHAMH H Oosiee MoiobiM YapTeiMcKkuM 3aBaioM (cM. puc. 8).
VkinoH pycaa p. I'yHT Mexay npopBaHHBIMH 3yBOpcKoil M Bup-TaHrmsckoil 3aBalbHBIMU
wiotuHamu (~15 M/kM) cyiiecTBeHHO Kpyde, 4eM B 1esioM B gonune ['yara (~8 M/km), a BbIie
Bup-TaHruBcKOro OIMOJI3HSA YKIOH KpaliHe He3HaYuTeJeH (Bcero okoyo 2.2 M/kMm) (puc. 9).
YapThIMCKUH 3aBaJl BEICOTOM OKOJI0 60 M COXpaHMWJICS MPaKTHUYECKH B HEU3MEHHOM BHUJE, a
CO3[JaHHOE MM 03€pO IOJHOCThIO 3amieHo. O3epo, co3naHHoe Bup-TaHrusckum omnosisHeMm
(KaMeHHOi1 JTaBHHOM ), TI0-BUUMOMY, JOCTUTAIO YPOBHS mpuMepHO 3160 M, Tak Kak BBIIIE TI0
TEUYEHHUIO Ha MPaBOM OOPTY JOJIHHBI B JEMOBHALHO-KOJUTIOBUANBHBIX OTJIOKEHUSIX Ha 3TOM
YpOBHE Ha MPOTSHKEHUH MPUMEPHO 3 KM COXPaHIIIUCH ciiebl pa3MbiBa (cM. puc. 8). O0bem
TAKOTO MOATPYIHOTO 03epa COCTABIISIT MPUMEPHO 5.6 KM°,

Puc. 8. Kocmuueckuii CHUIMOK y4acTKa JOJIUHEL p. ['YHT B ero cpeiHeM TeueHuH. Zu — 3yBOpCKHUI 3aBal;
V-T — Bup-Tanrusckuii 3aBan; Ch — YapreiMckuii 3aBan; 3160 — ypoBeHb, Ha KOTOPOM HAOIIOAAIOTCS
Tpe/oaaracMele CIebl OeperoBoi 3po3un

Fig. 8. Space image of the middle reaches of the Gunt River valley. Zu — the Zuvor blockage; V-T — the

Vir-Tangiv blockage; Ch — the Chartym blockage; 3160 — level at which assumed traces of the bank
erosion are observed
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Puc. 9. IIpononbHsiil mpo¢uns 1oauHE p. ['yHT Ha yJacTke, I/ie OHa MepeKpbhIBajack 3yBOpcKuM (Zu),
Bup-Tanaruscknm (V-T) u Yapteivckum (Ch) 3aBanamu. L TpuxoBkoil 0003Ha4YeHBI IIPenoIaraeMbIe
BEepPXHHUE YaCTH 3aBANBHBIX IUTOTHH. CITONTHASA YepHas TUHUA — IIpeAIojiaraeMoe " oomoI3HeBoe" THO
nomuusl. U3 paboter [Strom, Abdrakhmatov, 2018] ¢ pasperrenns nznatenscrsa Elsevier

Fig. 9. Longitudinal profile of the Gunt River valley where it had been blocked by the Zuvor (Zu), Vir-
Tangiv (V-T) and Chartym (Ch) rockslide dams. Hatched parts of the dams — their assumed upper parts.
Bold black line — assumed "pre-slide" bottom of the valley. After [Strom, Abdrakhmatov, 2018] with
permission from Elsevier

MOXXHO TPEeNNONIOKHTh, YTO, KaK U B CiIydae JBOHHOTO MEPEKPBITHSA peku [IaHIK,
JpEeBHUE 3aBajbl B CpeIHEM TeueHWH [ 'pyHTa, ckopee Bcero oOpa3oBajMCh OJHOBPEMEHHO.
VuuteiBas, uTo JA0JMHY ['yHTa Ha 3TOM ydacTKe MepeceKaeT ro-3amnaaHas 4acTh akTHBHOTO
[Marxyp-Hemocckoro paznoma [Strom, Abdrakhmatov, 2018], ogHoBpemeHHOE OOpyIICHUE
BBICOKUX CKAQJIbHBIX CKJIOHOB C OOJNBIIOH BEPOSTHOCTBIO MPOU3OUUIO TIPH CHIBHOM
3emieTpsiceHHH. [10CKOIBbKY Ha 3TOM ydJacTKe eCTbh Kak 0ojiee IpeBHHE, Tak U 0ojee MOJIoIbIe
OMOJ3HM B CKAaJbHBIX MAacCHBax, OMNPEACIMB HX BO3paCT MOXHO OyJIeT OLCHUBATh
MOBTOPSIEMOCTh CHJIBHBIX 3eMJICTPSICEHHI Ha 9TOM y4acTKe. DTHU JIaHHbIE HEOOXOIUMO TaKKe
COTIOCTABJISAITH C BO3PACTAMH TTO/IBIDKEK 110 aKTHBHOMY Pa3JIOMYy.

ITpopbIB CTOJB KPYIHBIX TOANPY/IHBIX 03€p JA0JDKEH ObLIT CHOPMHUPOBATH KOJIOCCATBHBIC
NpOpbIBHbIC MaBOAKU. [IpyM TPOpBIBE HAMHOIO MEHBIIETO MO O00BEMY 3aBAILHOTO 03epa
Baiipaman B Ilammya HoBoii ['BuHee 00peMOM 0Kk010 50 MUIIITOHOB M° B 1985 1. oueBuIIIAMH
HEMOCPECTBEHHO HIKE MPOPHIBAEMON MJIOTHHBI HAOJIIOMANICS CEJICBOM Bajl BBICOTOW OKOJIO
100 m [King et al., 1989]. ITukoBsiii pacxon mpu npopbiBe MroHckoro 3aBana B Tubere B
2000 r., cO37aBIIEro 03epo 06BEMOM OKOIO 2 KM®, M3MEpPEHHbI B HECKONBKMX KHJIOMETPAxX
HIDKE 110 TedenHuto, coctasuma 120 000 m*/c [Shang et al., 2003; Evans, Delaney, 2011].

Eme Oosee 3HAYMTENbHBIA MHKOBBI pacxoj, MO-BUAUMOMY, HMEI MECTO IpH
JOMCTOPUYECKOM TpopbiBe Ha p. Capblmkas, rlie OHa BBIXOAMT Ha Tepputopuio Kuras. Io
caMbIM TPyOBIM OIEHKAM TTMKOBBIA PAcXOJ TPH MPOPHIBE 03epa 00HEMOM OKOJIO 2.5 KM,
06pa30BAHHOTO 3aBAJIBHON TIOTHHOH BhIcOTOH 300-350 M, cocTaBmsut mopsiaka 400000 m%/c
[Strom, Abdrakhmatov, 2018], a mo pacueram, BbinosHeHHBIM Tpo¢). CteBeHOM Bapaom
(ycTHOE cOOBIIEHHE), MOT JOCTHTaTh | MuIIHOHA M/C.

YuuthiBasi, 9TO B 000MX PaCCMOTPEHHBIX B 3TOM CTaThe CIydasx 00beM HAKOTICHHON
BOJIbI CYIIECCTBEHHO TPEBBIIIAJ BBIILICTIPUBEACHHBIC MPUMEPDI, MPOPHIBHBIC MABOIKU MOTJIH
UMeTH elie 0osiee BIeYaTIISIONINE XapaKTePUCTUKH U JTOJDKHBI OBUTH OCTaBUTh KAKUE-TO CIICbI
HIDKE 10 TeueHMio. [lo MHEHMIO aBTOpa, TakHWe CIlebl yIaloch OOHApYXHUTh B HU30BBSX
p- IIsnmk, y moc. MOCKOBCKMI, I'le peKa BBIXOAMT W3 Y3KOrO YIIEbs, IMPOPE3aHHOIO B
JlapBa3zckoM xpeOTe, Ha PEIropHyIo paBHUHY (Y4acTok 4 Ha puc. 1), 00pa3ys KoJI0oCcCaIbHbIH
KOoHycC BbIHOca (puc. 10), MOBEPXHOCTh KOTOPOTO, KaK OTYETIMBO BUIHO Ha npodwmie A-B
(puc. 11) umeer BbImyKII0€ MoNepedHoe ceueHne. OceBasi 4acTh KOHYycCa, Ijie, COOCTBEHHO, U
NpPOTEKAaeT peKa, HAXOJHUTCs mpuMepHo B 20 MeTpax BbIIE €ro KpaeBbIX dYacTel. Yke
MPUMEPHO B 25 KM HIDKE 10 TEYCHHIO TTOTIEPEYHOE CEUCHHE TOJTHHBI CTAHOBHUTCS COBEPIICHHO
UHBIM — C IUIOCKUM, JIOCTaTOYHO POBHBIM JHOM, 3aHSTHIM MOHMOH M KOMIUIEKCOM HU3KHX
Teppac, 4TO XapaKTepHO Ul JOJHH KPyNHBIX LIeHTpaibHO-A3HATCKUX PEK, BBIXOAAIIMX HA
paBHUHHBIC y4acTKu. ONMUCAaHHBIN K€ BBIIIC BBITYKIbIA TPO(UIb XapakTepeH Il KOHYCOB
BBIHOCA, C()OPMUPOBAHHBIX CEJIEBBIMHU IIOTOKAMH, a HE PEKOH C IIOCTOSHHBIM BOJOTOKOM M
CpeaHeroaoBbIM pacxonoM 845 m¥lc [[ocyoapcmesennviii 6oonuiii kadacmp, 1990].
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Puc. 10. Kocmuueckuii cHuMok jgonussl p. IIaHmk Huxe ymensd, rae oH nepecekaer JlapBasckuil
xpebert. Jluanu A-B u C-D — mpodumu, mokazannsie Ha puc. 11. U3 pabotsr [Strom, Abdrakhmatov,
2018] ¢ pasperenus usnarenbctra Elsevier, ¢ usmenenusmu

Fig. 10. Google Earth space image of the Pyanj River valley downstream from the gorge where it crosses

the Darvaz Range. Lines A-B and C-D mark position of the profiles shown on Fig. 11. Modified after
[Strom, Abdrakhmatov, 2018] with permission from Elsevier

2-3m (?)

0 25 5.0 7.5 10.0 12.5 15.0 17.5 km

Puc. 11. Tonorpaduueckue npoduin (B MCKAXEHHOM MaciiTade) TOJIOBHOW YacTH KOHyca BBIHOCA P.
[Istamx (A-B) u ero gomuHsl puMepHO B 25 kM Hmke no tedenuto (C-D). IMomoxenue mpodueii
nokaszano Ha puc. 10. 13 pabotsr (Strom, Abdrakhmatov, 2018) ¢ paspemrenus usnarenscrsa Elsevier

Fig. 11. Topographic profiles (scale is distorted) of the Pyanj River alluvial fan (A-B) and of its valley
about 25 km downstream. See their position on Fig. 10. After [Strom, Abdrakhmatov, 2018] with
permission from Elsevier

OnucaHHBI KOHYC BBIHOCA BIIOJHE MOT' OBITh OOpa3oBaH mpu mpopsiBe lllummckoro
3aBasbHOTO 03¢epa. [Ipu popmMupoBaHUN «OOBITHBIX) CEIEBHIX TOTOKOB, Ja)Ke CTOJIb MOITHBIX,
kak Mcceikckmii 1964 r. wim AnMaatuHckuid 1973 1., Takke CBA3aHHBIX C POPEIBOM 03€p, HO
Ha HECKOJIBKO TOPSIIKOB MEHBIIEr0 00beMa, KOJIMYECTBO OOJOMOYHOTO MaTepuana,
BOBJICUEHHOTO B Celle00pa3oBaHMe, CYMIECTBEHHO MPEBOCXOIWIO TEPBOHAYANBHBIN pacxoj
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MOPOJMBIINX MX BOJHBIX MOTOKOB [Cmenarnos, Cmenanosa, 1991; Cmenanos, Apszosa,
2014]. B paccmarpuBaeMbIX K€ CiIydasX, KOTJa 0ObeM MPOPHIBHOTO MABOAKA MCUHCISICS
KyOW4YeCKUMH KHJIOMETPAaMH, CKOpee BCero (hOpMHPOBANUCH KOJIOCCANbHBIE HAaHOCOBOAHBIC
[IaBOJIKH, IEPEHOCUBIINE KaK MaTepHall, BRIHECEHHbIH 13 IPOPBaHHBIX 3aBAJIbHBIX INIOTHH, TaK
Y 3aXBa4Y€HHBIN ¢ OOPTOB PEUHBIX JIOJTUHEI.

Bosnee Toro, BHUMaTenbHBIN aHAIN3 MTOTIEpeyHOro mpoduis A-B mokasan, 4to ceBepHast
4acTh [IOBEPXHOCTH KOHYyca BbiHOCA [[s1HKa BO3MOXKHO OoJiee ApeBHsIs U ee orudaromas Ha 2-
3 MeTpa BhIIIe, 4eM y OoJjblIei, [0KHOW, dacTu KoHyca (cM. puc. 11). Takoil mpusHax
IBYKpaTHOTO (POPMHUPOBAHMS KOHYca BbIHOCA . [IsIHIK XOpOLIO cormacyeTcs ¢ TeM, 4TO B €T0
OacceiiHe TPOPBHIB KPYMHBIX MNOANPYOHBIX O3€p C COIUHOBPEMEHHBIM BBICBOOOXKICHHEM
HECKOJBKHMX KyOHMUECKHX KHIIOMETPOB BOJIbI TPOUCXOHI, KAK MUHHMYM, JIBaYKIBI.

[pennoxxennoe oObicHeHHe MOpP(GOJOTHMH KOHyca BbIHOCa p. [IaHmK Oe3ycioBHO
SABISIETCS JIMIIb TUIOTE30H, Ul TOATBEPXKICHUS KOTOPOH mMOTpeOyeTcsi MpoBeACHHE
CIeLMaNbHBIX MTOJICBBIX UCCIIENOBaHUN. TeM He MeHee, OHO XOPOIIO COMIACYeTCs ¢ JaHHBIMU
0 HaJM4uu B BOJOCOOpHOM OacceifHe CJelIOB HECKOJIBKMX TPOPBAHHBIX OIMOJI3HEBBIX
NEPEKPHITHH KPYMHEHIINX PEK PErHOHA.

BriBoabI

[IpuBenenHbIe TPUMEPHI KaTaCTPO(YUIECKUX MTPOPHIBHBIX MABOJKOB, MIPOU3OIIEAIINX B
AOUCTOPHUYCCKUEC BPEMEHA B JOJMHAX HaMI/IpCKI/IX PCK, IOKa3bIBAIOT MacIuTaobl HOCJICILCTBI/II\/'I,
KOTOPBIE MOTYT COIPOBOXKAATh THIIOTETHYECKUI MPOPHIB KPYIMHBIX MOANPYIHBIX 03€p B 3TOM
peruoHe, Kak cymectByromux (Cape3ckoe 03epo), Tak U T€X, KOTOPhIe MOTYT 00pa30BaThCs B
Oyaymem. CrenyeT 3aMeTUTh, YTO, YUUTHIBAS MAIYIO IPOAOIKUTENILHOCTD IEPHOa BPEMEHH,
Ui KoToporo Ha [lammpe WMEIOTCS JaHHBIE O TPHPOTHBIX KatacTpodax, (aKTUYeCKHid
BO3pacCT "MOUCTOPUIECCKUX" COOBITHI MOMXET COCTABIIATh IIEPBBIC THICIYH U, JaKe, COTHH JET.

Ot JaHHBIC MOT'YT MCIIOJIB30BATLCA IJIA IPOBEPKU U KaJII/I6pOBKI/I PaCUYCTHBIX Moaeneﬁ
MMpopbIBa KPYIHBIX 3aBaJIbHBIX IIJIOTUH W TIMPOXOXACHUSA BO3HHUKAIOINUX IIPU 3TOM
HAaHOCOBOJHBIX TABOJKOB M CeJIeH, HWCIOJb3yeMBIX TPU OIICHKE OITACHOCTH IPOPHIBOB
CYIIIECTBYIONTNX 3aBaJIbHBIX TUIOTHH.
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Abstract. The northern part of Pakistan has faced severe climate change impacts during
the last few decades. During these years there were huge debris flow and flash floods
events which caused huge number of casualties and million dollars’ economic losses.
Debris flow (DF) and floods represent one of the major natural hazards that impact
infrastructure, transport, economic losses, human lives, and regional economy. With
continuous advancement in Remote Sensing (RS) field particularly in spatial and temporal
resolution of image, its application in geosciences has become more widespread.
Therefore, in this study, the potential of Advanced Spaceborne Thermal Emission and
Reflection Radiometer Global Digital Elevation Model (ASTER GDEM) and Sentinel-2
image collection was explored to perform analysis of characteristics of 5,535 DF fans over
5 districts of Gilgit-Baltistan and Chitral (GBC). The DF fans data was prepared by Aga
Khan Agency for Habitat, Pakistan (AKAH, P) and retrieved from their database with
approximate area of 309.2 km? Climate Hazards Group InfraRed Precipitation with
Station data (CHIRPS) from 2000-2019 was evaluated to find connection between
environmental parameters and debris flow activity. Different GIS platforms were used to
analyze different topographic and morphometric parameters viz slope, aspect, elevation,
Topographic Roughness Index (TRI), Plan curvature, Profile curvature, Total curvature,
Topographic Wetness Index (TWI), Terrain Ruggedness Index, Texture and Topographic
Position Index (TPI). Additionally, four environmental parameters, mean annual
precipitation, land cover and Normalized Difference Vegetation Index (NDVI) were also
analyzed. Moreover, all the parameters were evaluated against the debris flow hazard
intensity classes (High, Medium, Low).

Key words: debris flow fans, remote sensing, geomorphological characteristics, Gilgit-
Baltistan and Chitral
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KommuiekcHblil aHa U3 reoMop(oI0rn4ecKuX XapaKTepuCcTHK
ceJieBbIX KOHYCOB BbIHOCAa B ['uarur-baarucrane u UurpaJe
(ITakucTaH) ¢ KCMOJb30BAHMEM JAHHBIX JUCTAHIMOHHOTO
30HAMPOBAHUS
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AnHoTanusa. B mnocnegnue necaruneruss ceBepHod yactu Ilakucrana mnpumnuiock
CTOJIKHYTBCSI C CEPHbE3HBIMH IIOCIEACTBHAMH COBPEMEHHBIX OBICTPBIX HM3MEHEHUH
KJIMMaTa. 3a 3TOT MEPHOA MPOU3OLIIH KaTaCTPO(UUECKHUE CENIEBbIE MOTOKU U JIMBHEBBIC
MaBOAKH, KOTOpHIE IIPUBENM K OOJBIIOMY 4YHCIy JKEPTB CPEAM HACEICHUS |
3HAYUTEIBHBIM 9KOHOMHUYECKHM ITOTEPSIM, KOTOPbIE OLIEHUBAIOTCSI B MHJUTHOHBI JI0JIITAPOB

122



Debris Flows: Disasters, Risk, Forecast, Protection. Cenesble NOTOKM: kaTacTpodhbl, PUCK, MPOrHO3, 3aLyuTa.
Proceedings of the 6t conference (Tajikistan) Tpyabl 6-1 koHdbepeHumn (TamkukucTaH)

CIIIA. CeneBble OTOKH U JUBHEBBIC MTABOJKU MPEACTABISIOT COOOH OJHHM M3 OCHOBHBIX
OTACHBIX TPHPOAHBIX TMPOIECCOB, KOTOPbIE YrpOXKarT WH(PPACTPYKType, TPAHCIOPTY,
HaCeJICHUIO U pernoHalbHOM s3koHOMUKe [lakucrana. B cBs3U ¢ NOCTOSHHBIM IPOrPECCOM
B 00JIaCTH JIMCTAHIIMOHHOTO 30HAMPOBaHMs, OCOOCHHO B cdepe, Kacarouencs
MIPOCTPAHCTBEHHO-BPEMEHHOIO PpAa3pEelIEHNUs] CHUMKOB, INPHUMEHEHUE €ro JIaHHBIX B
reoHayKkax IOJlydaeT Bce OoJyiee MIMpPOKoe pachpoctpaHenue. [losTomy B JaHHOM
HCCIIeIOBaHUN OBUT PacCMOTpEH MOTEeHIHan ucrnosib3oBaHus naHHeIXx ASTER GDEM
(Advanced Spaceborne Thermal Emission and Reflection Radiometer Global Digital
Elevation Model) u xocmuueckux cHUMKOB co cmyTHuka Sentinel-2 mnst ananmsa
XapakTepucTuk 5535 ceneBbIX KOHYCOB BbIHOCa B 5 pailoHax ['mnrur-bantucrana u
Uwurpana. JlaHHBIE O celeBBIX KOHycaX BBIHOCA OBUIM paHee MOATOTOBJICHBHI (PIITHATIOM
ArenrctBa Ara Xana o Xaburar B [lakucrane u coOpaHbI B equHyI0 6a3y maHHBIX. s
MPEICTaBICHHOTO HCCIEJOBaHUS W3 Hee ObUTM B3ATHl JAaHHBIE HAa YYacTOK oOrmiei
niowanpo mpumepHo 309,2 kM2 Taxke ucnonb3oBaiuch MereojanHsle CHIRPS
(Climate Hazards Group InfraRed Precipitation with Station data) za 2000-2019 rr. ¢
LCJIbIO BBIABJIICHUA CBA3W MEXKIY NapaMETpaMu Opr)KaIOH.[eﬁ Cpe€abl 1 aKTUBHOCTBIO
CeleBBIX MOTOKOB. [Iis1 aHanmM3a MOP(POMETPUIECKUX MMapaMeTPOB, TAKHX KaK KPyTH3HA
CKJIIOHOB, WX OKCIO3WIMS, BBICOTA, HHAEKC IIEPOXOBAaTOCTH, IUIAHOBAas KPHBH3HA,
KpHMBH3HA NMpOQUisl, 0o0masi KpUBU3HA, UHIEKC TONOTrpaduiecKod BIaKHOCTH, WHJIEKC
paCWICHEHHOCTH penbeda, TEKCTypa © HWHIEKC TOMOrpaduiIecKoro ITOJIOKEHHUS,
HCTIIOJTH30BAIICH pPa3NNYHBIe TeOMH(pOPMANMOHHEIE TporpaMMmbl. Kpome Toro, Obum
MIPOAHATM3UPOBAHEI TPH MapaMeTpa OKPYXKAMOIIEH cpeabl (CpeIHErooBOe KOJIMUECTBO
0CaJIKOB, IOYBEHHO-pacTUTENHHBIN TokpoB 1 NDVI (HopMann30BaHHEII BereTalmOHHBII
nHAeKc). Bee mapameTps! OBUIH OIICHEHBI IO KJlaccaM CENIeBOW aKTHBHOCTHU (BBICOKHIA,
CPeIHHN, HU3KHIA).

Kniouesvie cnosa: cenegvie KoHycol 6b1HOCA, OUCMAHYUOHHOE 30HOUPOBAHUE,
2eomopghonozuneckue xapakmepucmuku, I uneum-bBarmucman u Yumpan

Ccepuika ps nurupoBanusi: Amud ., bano [I., Bamu 1., Illax C. KoMmekcHbli aHaan3 reoMopdoaornieckux
XapaKTEePUCTHK CeJIeBbIX KOHYCOB BhIHOCA B I miirut-bantucrane u Yurpane (Ilakuctan) ¢ HCHONB30BaHUEM JaHHBIX
JUCTAaHIMOHHOTO 30HAUpoBaHUSA. B c0.: CerneBble MOTOKW: KaTtacTpoQbl, PHCK, MPOTHO3, 3amuTa. Tpyasl 6-i
Mexaynapoanoit koHgpeperuun ([ymande—Xopor, Tamxuxucran). Tom 1. — OtB. pen. C.C. YepHomoper,
K.C. Bucxamxkuesa. — [lyman6e: OOO «IIpomoymnray, 2020, c. 122-133.

Introduction

The mountain landscape with steep slopes and fragile geology experiences mass-wasting
phenomena termed as Debris Flow. Debris Flow (DF) refers to debris allied flows and floods
under gravity. This process is usually initiated at uninhabited and elevated altitudes and gets
deposited in lower urbanized zones. Extreme velocity, longer runout distances and shear force
places DF amongst the most hazardous mass movements [Hiirlimann et al., 2019]. Tremendous
force is applied on the obstacles in the path and depositional area by DF having great velocity
and mass. The land in the lower mountainous regions is usually habitable or it supports
development works [Khan et al., 2013].

Debris flow have always been of prime concern in the mountainous areas because of its
ability to disrupt lives and damage infra-structure and environment at large. The cryosphere is
prominently impacted by climatic warming which directly influences multiple phenomena in
terms of frequency and magnitude of DF, glacial lake outburst floods (GLOFS), show
avalanches and landslides /Silhdn & Tichavsky, 2017; Tomczyk & Ewertowski, 2017; Zaginaev
et al., 2019]. Also, the geomorphological processes have been impacted by melting glaciers
thus resulting in increased debris falls, slides and flows, down wasting and back wasting of
melting of dead ice. However, based on formation, fans or landforms are classified into two
categories alluvial and colluvial [Tomczyk & Ewertowski, 2017]. As complex network of
tributaries drains the valley slopes, the tributary junctions are sites of alluvial fans, debris cones
and debris fans due to deposition of sediments. Moreover, the terraces of the valley flanks
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formed by deposits of glaciofluvial, morainic, fluvial and lacustrine origin can be seen with
present-day fans rest upon relict of these [Kamp Jr et al., 2004].

The northern Pakistan straddles the Hindukush—Karakoram-Himalaya (HKH) Range
neighboring with China towards east and northeast, India to its south & southeast and
Afghanistan towards north. Chitral district (~14751 km?) in the province of Khyber
Pakhtunkhwa, and four districts from Gilgit-Baltistan viz Ghizer (~12043 km?), Gilgit
(~4009 km?), Hunza (~11343 km?) and Nagar (~2993 km?) were selected as study area (Fig. 1).
The study area is drained by famous Indus and Chitral river (also called Kabul River in
Afghanistan). The flank of these rivers and other small tributaries provide livelihood
opportunities and support human settlement, croplands, and small orchards. These areas are
famous for large glacier bodies which are associated with various natural hazards. Valley facing
slopes are most common geomorphic feature of northern areas, mostly are associated with flat
floodplains formed relatively by merged high relief mountains. The modification of surface and
formation of these landforms is frequent in the region due to meteorological, anthropogenic,
geological structures and hydrological conditions [Khan et al., 2013]. This increased frequency
has led to the formation of numerous distinct DF fans earlier and in recent times. Thus, it is of
prime importance to conduct extensive research on DF fans for providing basic information of
the process, which will assist in understanding and classification of hazards associated with it.
The dominant wet season in the Gilgit-Baltistan and Chitral (GBC) extends from December to
May, wettest being March and April. From December to mid-March, precipitation falls in the
form of snow and afterwards rainfall dominates, although some spells of snowfall are recorded
until early May usually up to 3,000 m asl elevation. Precipitation trend (annual mean) of study
area from year 2000-2019 based on CHIRPS gridded data is presented in Fig. 2.
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Fig. 1. Relief map of study area with spatial distribution of DF fans

DF fans hazard assessment is vital to manage danger and minimize damages it can cause,
for which understanding of the surface morphology is of prime importance. The DF associated
risk can be identified and assessed employing remote sensing technology on regional and local
level [Kritikos & Davies, 2015; Shrestha et al., 2016; N. Zhang & Matsushima, 2018; Ali et
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al., 2019; Jamil et al., 2019]. On regional level preliminary analysis regarding the
characteristics of debris flow can be done. To achieve the objectives, different morphometric
parameters viz Slope, Aspect, Elevation, Topographic roughness index (TRI), Plan curvature,
Profile curvature, Total curvature, Topographic Wetness Index (TWI), Terrain Ruggedness
Index, Texture and Topographic Position Index (TPI) were investigated against the DF hazard
intensity. Moreover, environmental parameters such as mean annual precipitation, land cover
and Normalized Difference Vegetation Index (NDVI) over the area of interest were evaluated
against the DF hazard intensity (High, Medium and Low).
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Fig. 2. Mean annual precipitation over selected districts

This study aims in 1) providing surface morphology of DF fans in northern Pakistan;
2) identification of various parameters influencing the DF fans on regional level; 3) assessment
of environmental and morphological parameters in accordance with DF hazard intensity.

Brief review of the problem

In past few and limited geohazards studies were performed in norther areas of Pakistan
due to limited resources and tough conditions. Majority of these studies were related to hazards
associated with glaciers and outburst floods [Jamil et al., 2019; Shah et al., 2019]. Various
researchers have found explanations of Quaternary sediments in the region [Haserodt, 1968;
Buchroithner, 1980]. In the Eastern Hindu Kush region DF deposits were described by
[Wasson, 1978] including an eye-witness account of a DF event on August 14, 1975 at Reshun,
Chitral. A recent study was performed on landslide inventory and susceptibility mapping in
Hunza-Nagar districts of Gilgit-Baltistan (GB) [Bacha et al., 2018] and has discussed major
causative factors triggering landslides including debris flows in mountainous areas. Another
study along the International Karakoram Highway was performed by Yang, Zhu, Zou, & Liao
(2011) using fuzzy evaluation method to investigate glacier induced debris flows. The debris
flows in the region are triggered due to unique geology, geomorphology and landform
conditions characterized by steep mountain slopes, as mentioned in various studies [Bacha et
al., 2018; Ali et al., 2019; Y. Zhang et al., 2019].

After brief literature review of the study area, it was noticed that majority of research
was centered around susceptibility mapping of landslides using various models as discussed
above. Moreover, no previous study described debris flow fans on large regional scale making
the current study first ever in the region describing the characteristics of debris flow fans,
various geophysical factors and its exposure.
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Method and data

We derived topographic and geomorphological metrics from Advanced Spaceborne
Thermal Emission and Reflection Radiometer Global Digital Elevation Model (ASTER
GDEM) with 30m resolution. The environmental parameters were derived from cloud free
Sentinel-2 satellite image composite (May 1 — September 30, 2019) having resolution of 10 m,
and Climate Hazards Group InfraRed Precipitation with Station data (CHIRPS) rainfall dataset
which incorporates 0.05° resolution satellite derived rainfall with in-situ station data to create
gridded rainfall time series for trend analysis and environmental monitoring [Funk, 2015]. The
DF fans were retrieved from Hazard Vulnerabilities and Risk Assessment (HVRA) database
maintained by AKAH Pakistan. HVRA starts with development of community level hazard
inventory and historic profile of hazards and their impact, development of baseline data on most
hazardous sites for further investigation. After field investigations by AKAHSs technical teams,
the data is digitally presented using GIS platforms. Using the collected data, the DF fans were
categorized into hazard class based on DF hazard return period and intensity data collected
from communities using questionnaire. Here the return period is the frequency of DF with
reference to time i.e. < 10 years, > 30 years and 10 - 30 years, while intensity corresponds to
high, medium and low. Finally, based on return period and intensity all the DF fans were
categorized into three hazard classes which are High, Medium and Low.

Environmental Parameters

Sentinel-2 Surface reflectance product (Band: B2-B8, B11 and B12) was retrieved from
Google Earth Engine (GEE) for image classification in the study area for year 2019 (1% May-
30" September). The image classification over the study region was used to extract the surface
condition of DF fans. NDVI was calculated using band B4 and B8 to distinguish the surface of
DF fans into barren land and vegetation using the historical satellite data of S-2 from 2014-
2019 in GEE platform. The reason to calculate this parameter was to recognize any active DF
fan and to investigate the intensity and return period. The greater the NDVI value the lower risk
of DF, and vice versa [Y. Zhang et al., 2019]. Additionally, annual mean precipitation from
CHIRPS (2000-2019) was used to analyze the precipitation trend and amount of rain DF fans
received.

Geomorphic Parameters

The different morphometric including topographic parameters were measured such as
slope, aspect and elevation in ArcGIS 10.7. While, the surface curvature (plan curvature, profile
curvature and total curvature) were derived too using DEM in ArcGIS. It should be noted that
slope and curvature are the first and second-order local derivatives of the topographic surface,
respectively [Deng et al., 2008].

In addition, the topographic wetness index, terrain ruggedness index, texture and
topographic position index (TPI) were derived using SAGA platform. Here the topographic
roughness index (TRI), terrain ruggedness Index which is defined as the mean difference
between a central pixel and its surrounding cells indicates soil saturation and water content it
can retain [Lindsay et al., 2019; Nicu, 2018]. Moreover, the topography of mountainous area
can vary from smooth to irregular texture. Roughness metrics that characterize surface
complexity can be analyzed using the topographic roughness index and texture [Lindsay et al.,
2019].Therefore, terrain roughness index parameter was used to differentiate the local land
features on the scale of the microrelief. The TPI quantifies terrain roughness by subtracting the
mean elevation of a defined neighborhood from each cell [Deng et al., 2008; Elkadiri et al.,
2014; Walk et al., 2019]. Depending on the scale of the neighborhood, the TPl enables
discrimination of local differences in elevation within a landform [Walk et al., 2019]. The TRI
has been calculated in ArcGIS using a smoothed DEM of 10 x 10 pixel based on relative
topographic position index which reflect terrain ruggedness matrix and local elevation index
[Lindsay et al., 2019; Sahani, 2019].
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Fig. 3. Flowchart of the methodology for analysis of characteristics of DF fans in GBC

I

A total of 5,535 DF fans of various size were acquired from AKAHs HVRA database
prepared after extensive field investigation. A detailed description of various parameters used
in this research are presented in Table 1.

Table 1. Features, types & units, source and processing platform of calculated geomorphic properties of
DF fans.

Features Type and unit Data source Processing
Slope Continuous (°) DEM Arc GIS
Aspect Continuous (°) DEM Arc GIS
Elevation Continuous (m) DEM Arc GIS
Plan curvature Quantitative DEM ARC GIS
Profile curvature Quantitative DEM ARC GIS
Total curvature Quantitative DEM ARC GIS
Topographic Roughness Index Quantitative DEM Arc GIS
Topographic Wetness Index Quantitative DEM SAGA
Terrain Ruggedness Index Quantitative DEM SAGA
Topographic Position Index Quantitative DEM SAGA
Texture Quantitative DEM SAGA
NDVI Quantitative Sentinel-2 GEE
Land cover Nominal Sentinel-2 GEE
Mean annual precipitation mm/year CHIRPS GEE
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Analysis

A total of 5,535 DF fans over 5 districts of GBC from AKAH database were retrieved
database which covers an approximate area of 309.2 km?, where the spatial distribution is
shown in Fig. 1.
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Fig. 4. Map panel showing different parameters calculated in study area for DF fan analysis
Characteristics of debris flow fans

Based on the comprehensive RS interpretation of the DF fans in the study area, different
morphological and environmental characteristics of the DF fan are calculated and analyzed
(Fig. 4 & Table 2). The results showed that DF fans in the study area are mostly located at mean
elevation of 2278m with mean slope of 15.5°. The relatively high slope angle (51.4° maximum)
indicates that deposition of sediments from the upper streams dominate the constructing
processes of the DF fans and other landforms.

Curvature of slope is responsible for controlling the flow of water during rainfall.
Curvature was measured based on planar profiles. Concave slopes with high negative values
tend to retain water for a longer period after rainfall and this causes loosening of top layer soil
[Negi et al., 2020]. The mean NDVI in the region indicated that the DF fans comprised of
intermediate green vegetation which include grasses and wastelands [Zeng et al., 2020], which
is in good agreement with field observations.

Characteristics of debris flow hazard intensity
The analysis of DF hazard in GBC identified 1581 DF fans with high intensity and high
frequency making them a potential hazard in the region. However, the most predominant class

is medium intensity with generational return period with total of 1984 counts. Also, the results
showed that DF are recursive geohazards in the study area (Table 3).
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Table 2. Statistics of different parameters extracted over DF fans

Parameters Mean StDev Minimum | Maximum | Median
Slope 15.447 8.1 1.288 51.467 13.689
Aspect 180.41 79.82 3.15 357.63 177.92
Elevation 2278 542.5 1068 3733.7 2301.5
Plan curvature -0.07287 0.24146 | -2.4157 1.88244 -0.03605
Profile curvature 0.13195 0.3012 -4.58525 5.2989 0.08347
Total curvature -0.20498 0.46557 | -6.21894 6.46769 -0.12957
Topographic Roughness Index | 0.18539 0.08104 | 0.00453 0.40124 0.18854
Topographic Wetness Index 5.2138 0.6203 3.4761 7.5399 5.2087
Terrain Ruggedness Index 6.0094 3.4284 | 0.7431 25.8225 5.1652
Topographic Position Index -0.2734 0.33655 | -3.25954 1.43234 -0.20623
Texture 9.6009 4.3993 | 0.8469 27.2214 8.9882
NDVI 0.40019 0.2095 -0.05383 0.90239 0.40075
Mean annual precipitation 304.93 116.64 98.83 868.61 304.82

Table 3. Characteristics & frequency matrix of DF fans in the study area

Return Period
Frequent (< 10 years) | Generational | Rare Grand Total
(10-30 years) | (> 30 years)
. High 1581 93 0 1674
£ | Low 0 79 1716 1795
S | Medium 39 1984 43 2066
£ | Grand Total 1620 2156 1759 5535

Fig. 5 shows the visual impression of selected geomorphological and environmental
parameters evaluated against the DF hazard intensity. The histogram of profile curvature
indicates that hazard intensity classes have linear slope. The mean value of high DF intensity
class indicates less planner surface as compare to other hazard intensity classes (Fig. 5a). The
results show that all three DF hazard classes have negative value for total curvature. While, the
high hazard class has lower values indicating the presence of DF fans in channels and valleys
(Fig. 5b). As the plan curvature illustrates the curvature in the horizontal plane, the positive
value indicates concave contour while negative value indicates convex contour across the
surface. The results show that the DF fans in our study area have negative plan curvature, which
make it clear that DF fans are found across the valleys not along the ridges (Fig. 5¢). Moreover,
the profile of high hazard class shows that high hazard class is least concave as compare to
other hazard classes (Fig. 5a). The slope angle of DF fans show that high DF intensity class has
larger value of slope as compare to others which slope over 18° are potentially susceptible to
DF hazards (Fig. 5d). While the mean aspect angle for the DF fans shows that they have south
facing angle (174°-180°), which indicates that south facing slopes are more prone to DF
(Fig. 5e). The TPI values for DF fans depict very low value indicating the position of DF fans
in valleys with lower slope angle (Fig. 5f).
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Fig. 5. Histogram (normal curve) of selected geomorphological and environmental parameters evaluated
against the DF Hazard Intensity. where, (a) Profile curvature, (b) Total curvature, (c) plan curvature, (d)
Slope, (e) Aspect, (f) TPI, (g)Topographic roughness index, (h) Terrain ruggedness Index, (i) TWI, (j)
Texture (k) NDVI and (1) Elevation.

Topographic roughness index and terrain ruggedness index both describes the texture of
area (Fig. 5g). Our analysis shows that the high hazard class has higher values for both
roughness and ruggedness indexes which validate our results that high DF intensity class has
coarse surface as compare to other (Fig. 5g and h). The high values of TWI represent wet areas
and low values dry areas. The results showed that DF fans with high intensity are dry as
compare to their mean TWI values (Fig. 5i). While the texture of DF fans indicates high DF
hazard class has higher value of texture as compared to other making it clear that high DF
intensity fans have coarse surface, indicating the presence of larger boulders and rocks (Fig. 5j).
The observed NDVI value for DF fans depicts that the high intensity hazard class has lower
value (0.29) compared with the other DF intensity classes (Fig. 5k). This indicates that there is
sparse vegetation on high DF intensity fans. The reason behind this is the surface of DF fans is
barren, rocky, coarse and with irregular gullies making it difficult for vegetation to grow or also
indicating that the return period is high. The elevation for hazard intensity classes remains
between 2272 to 2241 (Fig. 51). The histogram for elevation depicts that high hazard class DF
fans are located at higher elevations, while low hazard class DF fans at lower elevation as
compare to other. The medium class DF fans are placed in between the high and low elevation.

To understand the impact of precipitation over DF fans it was observed that the annual
mean precipitation was approximately 304.9 mm/year (Fig. 6). Variations in precipitation
pattern can damage vegetation in climatic conditions of study area [Rasul et al., 2012].
However, the observed rain is enough for sustaining vegetation and making the barren land
greener. In general, it is said that, places which gain more rainfall have high vegetation index
and vice versa. However, it is very eminent that in most of the cases the DF can be triggered
due to excessive rainfall [Wu et al., 2020; Y. Zhang et al., 2019], ultimately damaging the
vegetation and other resources.
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Fig. 6. Mean Annual Precipitation over DF fans with normal curve.
Land cover of debris flow fans

The development of debris flow in the study area has a long history [Khan et al., 2013;
Wasson, 1978]. The number and scale of debris flow outbreaks in each debris flow gully are
different, and the geographic environment in the vicinity of DF fan varies and is influenced due
to human activities, making the shapes of DF fans different. The DF fans were evaluated for
landcover classes (Table 4). The landcover results (Fig. 4) indicated that larger number of DF
fans accounted in barren land and comparable number are on area with vegetation. As the NDVI
analysis (Table 2) showed DF fans don’t have dense vegetation but sparse green cover,
validating our landcover results. Presence of glacier debris class indicates the presence of
glacier debris fans in the region, while the presence of DF fans in urban area is concern.

Table 4. Landcover classes evaluated against DF fans.

Landcover Class
Vegetation | River | Glacier Clean | Barren Urban | Grand
Debris Ice land Total
DF Fans count 2458 27 449 4 2473 124 5535
Percent DF 44.41 0.49 8.11 0.07 44.68 2.24 100
Fans
Conclusions

This research documented the surface morphology of DF fans (5535 in number) in
Chitral and selected districts of Gilgit-Baltistan using various geomorphological and
environmental parameters, majority of which were never envaulted in the region before. Based
on DF hazard intensity and return period, all the fans were categorized into three classes viz
Medium (37.33%), Low (32.43%) and High (30.24%) having total area of 309.2 km?. It shows
that the debris flow fan in the study area are dominated by the medium intensity fans.
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Satellite based image classification proved very vital to assess the surface cover of DFs.
Our analysis shows that among different landcover classes barren land and vegetation have
highest count of DF fans with 44.41% and 44.68%, respectively. The analysis of
geomorphological parameters suggests that the surface of DF fans to be coarse, rocky, having
ability to retain a minimal amount of water content, with mean slope angle of 18 degree and
present along the valleys/tributaries.

The urban areas located in the high DF hazard zones are limited in number but is a big
concern due to threat to human lives. The NDVI values over DF fans can be taken as good sign,
as the increased vegetation reduces the sediments movement through these gullies and small
streams as they keep soil intact over DF fan surface. This it is concluded that the method
implemented is robust and easy for calculating surface characteristics of DF fans in
mountainous areas.
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AnHoTanusi. JIyi1 WCCIICZOBaHMS OIOJ3HEH, SBISIONIMMUCS OTHHM W3 (HaKTOPOB
(hopMHPOBaHUS CENEBBIX TIOTOKOB B YCIOBHSX IKCTPEMAJIbHBIX, KPUTHYECKUX TTOPOTOBBIX
3HAYEHUH KOJIMYECTBA JKUAKHX OCAIKOB, a TaKXKe aHajh3a yCTOWYHBOCTH CKJIOHOB,
HOCHUTEJIEM KII04eBOW MH(OpMaluK SBIAIOTCS reojiormdeckrue KapTbl. CyliecTBEHHOE
3HA4E€HHE M1 OCMBICIEHHS MOJOOHBIX pPHCKOB CTHXMHHBIX OencTBUil nMmeer
JUTOJIOTUYECKast U CTPYKTypHasi HH(popManus, coepikamasi CBEJCHUS O THIIE TIOPOJIBI U
reomop¢orornyeckux yciuoBusx. Mccneayemast Tepputopus - paiion Jlapsas siBisiercs
OJTHOW W3 YS3BUMBIX 30H, ITOIBEPTAIOMICHCS PICKaM CTUXUWHBIX OCICTBHIA H, B TOM YHCIIE
YacThIM cenemnposiBieHueM. B wactHocTH, 9 mions 2017 roma cenmb, COMEANIHNA C TOp
neBoOepekHOTo adraHckoro JlapBasa w CIpPOBOIMPOBABIINI OITOJI3EHB, MEPEKPHIBIIHI
pyciio peku [IsSHIK, MPUBEN K YEIOBEYECKUM KEepTBaM Ha araHCKOW TEPPUTOPUH U K
pa3pyIICHHIO KHUJIBIX 00OBEKTOB Ha TeppuTopuu Ta/pkukucraHa. JlaHHOe uccienoBaHue
JJIA JIMTOJIOTMYECKOro U CTPYKTYPHOI'O KapTUPOBaHUA C TIOMOIIBIO METOAOB YIYUIICHUA
n300paxeHus OCYIIECTBICHO C IPHUMEHEHHEM Habopa CIyTHUKOBBIX CHUMKOB Sentinel,
BKJIIOYasl pajapbl ¢ CUHTEe3UpoBaHHOU anepTypoil (SAR)-S1A u ontuueckuit S2A. Ilpu
9TOM paclo3HaBaHWE W pa3TPaHUUYCHUE JIMTOJOTMYECKUX CJUHHUI] Ha ONTHYECKHX
n300pakeHUsIX B HCCIEIyeMOi 00JacTH AOCTUTHYTO MyTEM ONpeAesieHHs Hauboiee
MOJXOIICH IIBETOBOW KOMIIO3WIIMM W HE3aBHCHMBIX KOMIIOHEHTOB H3 aHaIN3a
He3aBUCUMBIX KOMITIOHEHTOB (ICA). AHanmm3 TUHEaMEHTOB Ha PaJapHBIX CHUMKAX IS
CTPYKTYPHOTO KapTHUPOBAaHUS B HCCIECAYEMOHW OONAacTH OCYIIECTBIEH IOCPEICTBOM
COOTHOIICHUS KOMIOHEHTOB W OMNPEACICHHEM ONTHUMAIBHBIX MapaMeTpoB IS
ABTOMAaTHYCCKOI'O MX BBIABJIICHHUS C ITOMOIIBIO KOM6I/IHaL[I/II/I AJITOPUTMOB 06Hapy)KeHI/I$I
KOHTYPOB H CBA3bIBAHUA JIMHUH. OTpa)KeHI)I PE3YIbTaTbl CPABHCHUA TMOJYYCHHBIX
U300paKeHHi C CYIIECTBYIOIUMHU T€OJOTHYECKUMHU KapTaMU U 3aTEHEHHBIM pelibedoM
paiiona uccnenoBanus — Jlapsasa.

Knouesvie cnosa: Jlapsas, cenv, ononszens, oucmanyuonnoe 3onouposanue, Sentinel 14,
Sentinel 24, ynyuwenue uzobpasicenus, 2eonozuueckoe kapmuposanue, Yeemuvle
KOMNO3UNbl
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Abstract. The landslides are one of the factors, which trigger formation of debris flows
under extreme, critical threshold values of the amount of liquid precipitation. For
investigation of landslides, as well as analysis of the stability of the slopes, the key sources
of information are geological maps. The lithological and structural information has
significant value for understanding these disaster risks containing the information about
the type of rock and geomorphological conditions. The study area - Darvaz region is one
of the vulnerable areas at risk of natural disasters and, in particular, frequent debris flows.
In particular, on July 9, 2017, the debris flow that came down from the mountains of the
left-bank of the Panj River - Afghan Darvaz and instigated a landslide, thus blocking the
channel of the Panj River and leading to human casualties on Afghan territory and to the
destruction of residential facilities on the territory of Tajikistan. The study for lithological
and structural mapping through image enhancement techniques is carried out using the
Sentinel satellite dataset, including Synthetic Aperture Radar (SAR) -S1A and optical
S2A. Wherein, the recognition and discrimination of lithological units from optical images
in the study area achieved by determining the most suitable color composition and
independent components from the independent component analysis (ICA). The analysis of
lineaments on radar images for structural mapping in the study area are implemented
through the component ratioing and determination of the optimal parameters for automatic
extraction of lineaments with a combination of edge detection and line-linking algorithms.
The obtained results are compared with the existing geological and shaded relief thematic
maps of the study area.

Key words: Darvaz, debris flow, landslide, remote sensing, Sentinel 1A, Sentinel 2A,
image enhancement, geological mapping, color composites
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BBenenune

JucTaHIIMOHHOE 30HAMPOBAHWE W €T0 Pe3yJbTaThl YpPe3BhIYAifHO BOCTPEOOBAHBI AJIS
MIPOBEICHUSI TCOIOTUYECKUX UCCIIEIOBAHU.

leonornueckue KapThl SIBIAIOTCA HOCHUTENIEM KIIOYEBOW WHPOpMAIMH s
WCCIIEIOBAHUS OIIOJ3HEH, SBISIOMIMMHUCA OMHUM H3 (GakTOpoB (POpPMHUPOBAHHWS CEIIEBBIX
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MMOTOKOB B YCIIOBHMSX JKCTPEMAIBHBIX W KPUTHYECKMX ITOPOTOBBIX 3HAYCHHH KOJMYECTBA
KHUIKHAX 0CAJKOB, & TAK)KE aHAIN3a YCTOWIUBOCTH CKIIOHOB.

Haubonee pacmpocTpaHEHHBIM METOJOM COCTABICHUS TE€OJIOTHMUYECKHX KapT ObLIO
WCTIOJIb30BaHUE JAHHBIX, TOJYYCHHBIX HA3€MHBIMH HCCIICJIOBAHUSAMHU TPU OpraHU3alNd
MTOJIEBBIX HAOIIOAEHUH.

B ropHbIx paiioHax, rji¢ MHOTHE MECTHOCTH TPYIHOAOCTYITHBI, KAYECTBO U TOYHOCTh
TPAJUIIMOHHOTO KapTHPOBAHUS HEIOCTATOYHO BhICOKHE. B HacTosmee Bpems, pa3paboTaHHbIC
METOABI JTUCTAHIIMOHHOTO 30HAMPOBAHHMS OTKPBUIM HOBYIO 3Dy B JIMTOJIOTHYECKOM
kaptupoBanuu. Jlucranimonnoe 3ouaupoBanne U I MC-MeTo 61 MOTYT OBITH HHTETPHPOBAHBI
JUTS pAacTO3HABAHMS TUIIOB TOPHBIX MOPOJI U TIHHEaMeHTOB. Hapsay ¢ aTuM st KapTUpOBaHUS
30H MUHEPAJIM3allMi U MCCICIOBAHUS MOYBEHHOTO CII0sl BeChbMa 3()(EKTUBHO HCTIOIb3YIOTCS
METOMBI CHEKTPATLHOTO M MPOCTPAHCTBEHHOTO YIIYUIIEHHS CHHMKOB W HX IHU(PpOBas
00paboTka, BKIIOYas MNpeoOpa3oBaHHOE MPOCTPAHCTBO MPU3HAKOB [JAHHBIX - aHAIN3
He3aBUCUMBIX KOMIOHEHTOB (ICA) m anamu3 rmaBHBIX KoMImoHeHTOB (PCA), cooTHomeHne
MOJIOC, [IBETOBbIE KOMIIO3WIMK (HATYpajdbHbIE WM HCKYCCTBEHHBIE), DPACTSKEHHE
JEKOppeNsAIuK U criekTpanbHbiid uHAeke [eg. Ali et al., 2013; Asadzadeh et al., 2016].

KaptupoBanue IHHEHHBIX CTPYKTYpHBIX CETMEHTOB, KOTOPBIE  Ha3bIBAIOTCS
«IMHEaMEHTaMMU» Ha MOBEPXHOCTH 3eMJIH, BCer/ia ObIIO BaXKHON YaCThIO JIOOOT0 CTPYKTYPHO-
T€0JIOTHUECKOTO HCClIeIoBaHusA. JIMHEaMEHThI PACKPHIBAIOT APXUTEKTYPY IMOACTHIAIOIINX
MopoJi, OOpa30BaBIIMXCS B pe3yabTaTe pa3IMYHBIX TEKTOHHUYECKHX (IehOpMalnOHHBIX)
IIPOIIECCOB Ha MIPOTSLKEHUH BCel TeoIornueckoi ncropuu perunona [Ramli et al., 2010]. Beuxy
TOTO, YTO TPAAMIIMOHHBIE METOABl HA3EMHOTO KAPTUPOBAHHS CIIOKHBI U TPYIAOEMKH, WX
3G HEKTUBHOCTD TS CTPYKTYPHO-TEOJIOTHUECKUX HUCCIETOBAHNN MHOTHX TOPHBIX paifoHOB, B
TOM YHCIIC JUIsI NaHHOTO paioHa WCCIeNOBaHWM, HU3Kas. TakuM 00pa3oM, BO3HHKIIA
HEOOXOMMMOCTh B pPa3pabOTKe aBTOMATHYECKHX, MEHEe TPYAOSMKUX MOJXOI0B s
T€0JIOTHYECKOTO KapTHPOBAHHS TOAOOHBIX PETHOHOB, MCIONB3YS MPU OTOM CIYTHHKOBBIC
CHHMKH, a TAKKE BHIYUACIUTENFHOE MPOrPAMMHOE 00ECIIeUeHHE U aJITOPUTMBI.

JIuHeaMeHTHI OOBIYHO BCTPEYAIOTCSA B BHE TPAHWI[ ¢ TOHAIBHBIMH pasndYusIMH Ha
CIYTHUKOBBIX H300paKEHUSIX U OOJIBITHHCTBO MOAX0I0B 00HAPYKEHHST OCHOBAHbBI HA METO1aX
yayuiieHue kpaeB u gpuibtpaumu [eg. Pour et al., 2014; Fagbohun et al., 2017].

B cyriecTByIONMX HCCIENIOBAHUAK OBUTM MPEJIOKEHBI J[BA OCHOBHBIX METOJA
HAeHTH(GHUKAIIAN JTMHEHHBIX 3JEMEHTOB WM HW3BJIEYEHHS WX M3 IaHHBIX JHUCTAHIIHOHHOTO
30HIUPOBAHUS.

[epBbIii METO MOAPA3yMEBACT YIIYUIICHHE U BU3YATbHYI0 HHTEPIPETAIUIO THHEHHBIX
CTPYKTYPHBEIX CETMEHTOB C HCIIOJIb30BAHMEM METOMIOB YIIYUIIEHHS CHUMKOB, a MMEHHO:
COOTHOIIICHHE  CIEKTPAIBHBIX IMOJOC CHUMKOB, CIHSHHE W300pakeHu#, (QUIBTPHI
HAMPABJICHHOTO JBWKCHUS 1 OOHAPYKEHUE KPAEB, MO3BOJISIFOT CO3/IaTh THHEHHYIO BEKTOPHYIO
KapTy ¢ HCHOJIb30BaHHEM METO10B pyuHoii ordposku [Eldosouky et al., 2017]. Hecmotps Ha
3G PEKTHBHOCTB, 3TOT METOA JIOBOJILHO TPYAOEMKHIA U TpeOyeT OT MoJib30BaTeis olu(poBKH
JTHHEAMECHTOB BPYYHYIO.

C npyroii CTOpPOHBI, BTOpas METOAMKA IMO3BOJSIET OOHAPYKHBATH U ABTOMATUYCCKU
BBISIBIIITh  JIMHEHHBIE CETMEHTHI C HCIIOJNB30BAaHMEM KOMITBIOTEPHOTO IPOrPAaMMHOTO
obecreueHus ¥ alrOPUTMOB, B KOHEUHOM MTOTE CO3/1aBasi KapTy JimHeameHToB [eg. Kim et al.,
2004]. ABToMaTHUYECKHH ITOAXOM BBIABICHUS JIMHCHHBIX OOBEKTOB BKJIIOYACT B ceOs Kak
PYYHYIO BH3yaqHM3al[Mi0, TaK W aBTOMATHYECKOC HW3BJICUYCHHUE JIMHCHHBIX DJIEMEHTOB C
WCTIOJIb30BaHUEM Takoro nporpamMmmHoro ooecneuenus, kak PCI GeoAnalyst, Geomatica u
anroputM Canny [Marghany et al., 2010] u Matlab [Rahnama et al., 2014]. Haubonee mupoko
HCTONIb3YEMbIM ~ TPOTPAMMHBIM ~ OOCCTIICYCHHUEM  JIIsl  aBTOMATHUYECKOTO  M3BIICUCHHS
nuHeaMeHTOoB sBysiercst Moayiib LINE B cocrae PCI Geomatica [Hung et al., 2005b].

PyuHble W aBTOMATU3WPOBAHHBIC METOJBI H3BJCUCHHS JIMHEAMEHTOB MOTYT JaTh
HaJIC)KHBIC PEe3yNbTaThl. PydHON METOM MIMPOKO MCHONB3YETCS I BATUAAIUY THHEAMECHTOB,
M3BJIEYEHHBIX ABTOMATH3UPOBAHHBEIM MeTomoM [€g. Aminov et al., 2019]. Omnako pydHas
HHTEPIIPETAINS VIIYUIIEHHBIX HW300paKeHUH TS W3BICUEHHS CTPYKTYPHOW HWH(pOpMAIu
MOJeET OBITh CJIOKHOW 3ajaueif, KoTopas TpeOyeT MHOTO BPEMEHH WU CHJIBHO 3aBHCHUT OT
KadecTBa aHajIm3a u omsita skcrepros [Masoud et al, 2006]. CiiemoBarenbHO, aBTOMATHYECKHE
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METO/Bl W3BJCYCHUS JIMHEAMEHTOB CTaiH OoJiee TOJE3HBIMA B TIOCIEIAHHUE HECKOJIBKO
JECATUIETHH.

B nactosimee BpeMs pasBuTre u nporpecc B reonrpopmanuonnsix cucremax (I'MC) u
METO/OB IUCTAHIIMOHHOTO 30HANPOBAHMS MO3BOJIAIOT UCIOIB30BATh PA3IMYHbIC UCTOYHUKH
JAHHBIX U METOJIbI AJIsl XapaKTePUCTUKYU JINHEAMEHTOB.

CoytHukn Sentinel SBIAIOTCS YacTbl0O KOCMHYecKoid mporpammel  Copernicus,
neiictBytomieit B EBponeiickom kocmuaeckom arerrctse (ESA). [IporpamMma HampasieHa Ha
TO, 9TOOBI 3aMEHUThH IPOIUIbIE MUCCUU TI0 AUCTAHIMOHHOMY 30HIUPOBAHUIO U 00ECIEUUTH
HETPEPHIBHOCTh NAHHBIX JJIsI UCCIeOoBaHUs aTtMoc(epbl, a TaKKe MOHUTOPUHTA OKeaHa U
cymu. it 5TOro UCHONb3YIOTCS IECTh PA3IMYHBIX CITy THUKOBBIX MUCCHIA, COCPEIOTOUCHHBIX
Ha pasHBIX acrnekrax HaOmoxenwms 3emum. Cpenu 3tux mectd muccuid Sentinel-1 (S1) u
Sentinel-2 (S2) mnpenocTaBusAOT OOBIYHBIE CHUMKH JWUCTAaHIMOHHOTO 30HAWPOBAHMS,
nony4deHHble SAR U onTHUecKUMHE IaTYMKaMH, COOTBeTcTBeHHO [Berger et al., 2012].

Ilamup 1 €ro OKpecTHOCTH — 3TO OAWH M3 FOPHBIX PETHMOHOB, TPYIHOAOCTYIHBIX JUIS
Ha3eMHBIX HCCel0oBaHUll. OTOT pailoH sBiseTCs 3anaJHbIM IPOIOJDKEHUEM THOETCKO-
TMMaaliCKOTO0 PETHOHA M OCTAeTCA TeO0JIOTMYECKM HauMeHee H3YyYeHHOH TeppUTOpHUEi.
OTyacTu 3TO CBSI3aHO CO CIOXHBIM peIbe(oM M KIMMAaTOM OaHHOTO PErHOHa, KOTOPHIE
3aTPyAHAIOT JOCTYI BO BpEMs Ha3eMHBIX CbheMOK. ClleyeT OTMETUTh, YTO I'€0JOrMYecKHe
KapThbl, COCTaBJICHHBIE B XOJ€ HA3eMHBIX W3bICKaHUH B 20-M BeKe, SIBISIOTCA MPEAMETOM
CIIOPOB U TPeOYIOT MEPecMOoTpa.

OCHOBHOIl 1I€TIBI0  JQHHOTO MCCJIENOBAaHMS SIBISETCA IPUMEHEHHE METOJOB
JVCTAaHIIMOHHOTO 30HIMUPOBAHUS B JIUTOJOTMYECKOM M CTPYKTYPHOM KapTorpadupoBaHHU B
30HaX C OMACHBIM U KaTacTPO(PUIECKUM CXOXKIEHHEM CEJIEBBIX OTOKOB (pHC. 1).

a)w

Y36ekucTtaH

///

OngeHocTs cxopa kpynHbix nasuk 38
OfiacHocTb HaBopHenui u ceneit
Onon3Hesas ONacHoCTL
BacceitH uccneoBanms Q
[ipeHaxHan cuctema

Peka MAHAK —

1007
Mogens penbecba e — 11 (SWIR1), 12 (SWIR2) u 8a (NIR) 8 RGB A

Puc. 1. Kapra pacnonoxeHusi MCCIEAyeMOH TEppUTOPUHM W TIPOSBICHHS CTHXMHHBIX OCACTBUH B
Tamxukucrane [ucrounuk: KOOCIIPT] (a). U3obpakeHne HaTypadbHON LBETOBOH KOMIIO3HIINU
ucciegyemoit oomactu (0). M300paxkerne n0kHOM 1BeToBOM Kommo3urmu (B). Kapra Mmoxenn penseda
M IPEHAXHOM crcTeMBl (T)

Fig. 2. The location map of the study area and the manifestation of natural disasters in Tajikistan [source:
CEPGRT] (a). The true color composite image of the study area (6). False color composite Image ().
Drainage and elevation model map ()
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Peanuzaiiusi mocTaBiIeHHOHN €M OCYIISCTBICHA C MCIOIBb30BaHUEM JaHHBIX Sentinel-
1A u Sentinel-2A, AOCTYNHBIX COBPEMEHHBIX METOJOB M HMPOTPAMMHOTO OOECTICUEeHUS st
MIPOCTPAHCTBEHHOTO U CHEKTPAJILHOTO aHaIu3a. Takold KOMIIEKCHBIM MOIX0 UCCIEeIOBAaHUN
MO3BOJIIET PeaM30BaTh KApTUPOBAaHHE Pa3HOOOPA3HBIX THUIIOB T'OPHBIX IOPOJ, IPU 3TOM
pasimyasi ux APYyT OT ApYyTa, a TAKKe 04epunBas JIMHEHHBIE OCOOCHHOCTH B JAHHOW 00JIacTH
HCCJIEJOBAHNUS C MCIIOJIb30BAHUEM JJAHHBIX TUCTAHLIIMOHHOTO 30HIUPOBaHMS.

I'eosiornyeckoe cTpoeHue paiioHa UcCae0BAHUA

Paiion wmccrnenoBanus pacrofiokeH Ha Tpanumne Adranuctana ¢ TamKuKHCTaHOM,
OTHOCHUTEJIbHO pycCia TpaHCTpaHWYHOW peku IISHIK M oXBaThIBaeT OacceiHBI YeTBIPEX o€
MPUTOKOB, KOTOPBIE BIAAAIOT B He€ ¢ 00enx cTopoH (puc. 1).

AJMUHHCTPATHBHO 3TOT YYaCTOK BXOJIUT B cocTaB JlapBa3ckoro paiioHa TamxukucTana
n lukanckoro paiiona Adranucrana. B reolornueckoM OTHOILIEHUH UCCIEeyeMbIi Oacceitn
MIPUTOKOB pekH [IHAK BXOAUT B COCTaB CEBEPO-NTaMUPCKOI TEKTOHNYECKON 30HBI M C BOCTOKA
MpUMBIKAaeT K JlapBa3cKOMy CIBUTY, KOTOPBIN SBJISETCS IOTO-3alaJHBIM IPOJOIDKEHHEM
OCHOBHOTO NTaMUPCKOTo HaaBHura. Haxomsace B 30He TiTyOMHHOTO pa3jioMa, pacCMaTpUBAEMBIN
YUYaCTOK XapaKTEepPHU3yeTCss MHTEHCHUBHOM JeopMaleil TOPHBIX MOPOA, BEIPAKAIOIIASNCS B UX
CKJIA9aTOCTH W HapyIICHHEeM MHOTOYHCICHHBIMH pa3ioMaMu (puc. 26). Ctpaturpadudaecku
paiioH mccie0BaHuA COCTOUT W3 OTJIOKEHWH HIKHETO M BEPXHEro Mmaneo3os (OpJIoBUK —
MEPMB ), KOTOPBIE MTPOPHIBAIOTCS] HUXKHE - KApOOHOBBIMU IPAaHUTOMIAMHU U BEPXHETIEPMBbCKUMHU
rabopoauoputaMu M auoputaMu. OpPIOBUKCKME OTJIOKEHHS MPEACTaBICHBl MOPCKHUMHU
TEPPUTCHHBIMU OTJIOKEHUSMH (TIIMHUCTBIE CIAHIIbI, IECUaHUKH). Pa3pe3 HIKHE-KapOOHOBBIX
OTJIO)KEHHH COCTOUT B OCHOBHOM U3 3((y3uBHBIX U Ty(OreHHBIX 00pa3oBaHHI, OIHAKO B
HIDKHEH vacTu paspe3a OCHOBHBIE 3(Qy3uBBI MEPEKPHIBAIOTCA MOPCKUMH TEPPHUICHHO-
KapOOHAaTHBIMM OTJIOKCHMAMHM (M3BECTHSKHM, IJMHUCTBIE CIAHLbI, Mec4YaHUKH). BepxHe-
KaOpOHOBBIE OTJIOKEHHSI B OCHOBHOM COCTOAT W3 TEPPUIC€HHO-KapOOHATHBIX OTIIOKEHHIM
(U3BECTHSIKM, CNAHIBI, IECYaHWKH, KOHIJIOMepaTsl). HmkHAs nepMp mpejcTaBieHa
IepeciiaiBaHUEM H3BECTHSKOB C IE€CUYaHHMKaMH W KoHriomeparamu. CrparurpaduyecKuit
paspe3 3aBepmraeTcss HeOOJIBIIUM OOHAKEHHEM IaJeOr€HOBBIX MECYaHUKOB, AJIEBPOIUTOB H
KOHTJIOMepaToB (puc. 20).

Onucanne TaHHBLIX

Habop criyTHUKOBBIX JaHHBIX, OXBATHIBAIOLINN palloH HCCIIEAOBAHMS, BKIIOYAET B CEOS
caumkn  Sentinel-1A (S1A) u Sentinel-2A (S2A). B ganHOM uccieA0BaHUH OBLIO
ucnonb3oBaHo n3odpaxenne S2A ¢ T42SXH nomepom, cusateiM 09 centadps 2018 ropa,
obyiafaroniee  BCEMH  IPOCTPAHCTBEHHBIMH M CIEKTPAIbHBIMH  XapaKTEPUCTHKAMHU,
cootBeTcTByIommMMH TpoaykTy ypoBai 1C (L1C) S2A MymbTHCHIEKTpaIbHBIA HHCTPYMEHT.
CrnexTpasibHble KaHajbl BKIIOYAIOT B ce0s YETHIpe IOJIOCHI C TPOCTPaHCTBEHHBIM
paspemenuem 10 m (2, 3, 4 u 8a), mectb nosioc ¢ pasperienuem 20 m (5, 6, 7, 8b, 11 u 12) u
Tpu mosiocel o 60 M (1, 9 m 10). B umccremoBannm TakkKe HCIIOJNB30BANIOCH pagapHOE
M300paKeHUEe C CHHTE3UpOBaHHOW amepTypoil (SAR) S1A, moiydeHHOE ¢ MOMOIIBIO
HHTEPPEPOMETPHUECKOTO pekuMa Mmupokoro auvanasoHa (IW) nHa Bocxonsmedt opbute u
JBOMHOM NONApU3aLuy (BEpTHKaIbHAS Iiepeada, BepTUKaIbHbIN npuéM VV U BepTHKaIbHAS
repenada, rTopu3oHTanbHEI npueM VH) 16 aBrycra 2019 roma. Mcnonb3oanasiii S2A MSI B
kagectBe nponykra L1C u n3o6pakenus S1A SAR C-auanazona (5,405 I'T') 6butn nosydeHs
OecriatHo ¢ BeO-carita Copernicus - 1eHTp oTKpeiToro nmoctymna [ESA]. Kpome Toro, mis
OPTOpEeKTU(HUKAIIMK  PaJapHOTO H300paXeHHWd W aHanmm3a 3aTeHEHHOTO  penbeda
ucrnonb3oBatach SRTM monens penseda.

IIpenBapuTenbHast 00padoTKa M yJydlIeHHe H300paKeHU I

Otan npeaBapuTeIbHON 00pad0TKH H300paskeHUH SIBIAETCS BaXKHBIM U1 YMEHBILICHUS
arMocdepHoro 3¢ dekra, CylmecTBYIOMEro Ha ONTHYECKUX HU300paKEHUSIX AUCTAHIIMOHHOTO
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soumupoanus [Tempfli et al., 2009]. [anmas o6paboTka Oblia BBIIONHEHA IS
MYJBTUCHEKTPAIBHBIX JAaHHBIX S2A, ¢ [elblo yIydlleHHs KadecTBa HeoOpabOTaHHBIX
n300paXeHNH, UCIOIB3YEMBIX B 3TOM HCClieioBaHMHU. PamapHoe m3o0paxeHue Takxke ObLIo
MIpeABapUTEIHLHO 00paboTaHo GuIbTpanuell u KOppeKIueld MECTHOCTH (OpTOopeKTH(UKAITHS),
C [eNbl0 yMEHBIIEHHWS CYNIECTBYIONIETO IIyMa W TeOMETPHYECKOTO HCIPaBICHUS
n300paxeHusl.

ITonyuennsrii Habop maHHBEIX S2A L1C Obu1 arMocepHO CKOPPEKTHPOBAH C
ucnoab3oBanueM mpoieccopa Sen2Cor Bepcun 2.5.5 [European Space Agency, 2017].
[poueccop Sen2Cor BBIMONHSET NPEeABAPUTENBHYIO 00paboTKy mpoaykTa qanHeix TOA L1C
U IPUMEHSET Kiaccu(pUKaImio n300pakxeHni ¢ Koppekuueil armocgepsl, penbeda MECTHOCTH
7 TIEPUCTHIX OOJAKOB C TOCIEAYIONUM IpPeoO0pa3oBaHUEM B OPTO-H300paKCHHS] BTOPOTO
ypoBHsi (L2A), co 3HaueHUsIMH OTpakeHHs oT moBepxHocTH (reflectance) HIDKHeH dacTh
armocdepsl (BOA). [Tonyuyennsiit Habop nanubix BOA oxBaTsiBaet mojiocwl 2 - 7, 8, 8a, 11 n
12. TIpubpesxHas a3po30i1b - mostoca 1 (60 M), BoasHBIE TIapsl - mojioca 9 (60 M) 1 mepucThIe
o0Oaka - mostoca 10 (60 M) OBLTH UCKITIOUEHBI TTPOIIECCOPOM aTMOc(epHoii Koppekiuu. Kpome
TOro, HabOp JaHHBIX N300paKeHUs ObLT IPOCTPAHCTBEHHO M3MEHEH /17151 YMEHBILIEHHUS pa3Mepa
M300paKeHHUs, C IIENTbI0 OXBaTa 3aJaHHOM 00JIaCTH UCCIICIOBaHNS.

Panapusenii canmox SAR S1A 6pln Tarke mpenBapuTedbHO 00paboTaH € MOMOIIBIO
Moxyas obpabotku Sentinel-1 mporpammer SNAP Bepcum 7.0.0 [Sentinel-1 Toolbox],
paspabotannbsiii ESA. Ha stom »Tame B mepBylo ouepenb Oblla MpUMEHEHa (GUIbTpaLus
MOJABJICHHS CIIEK/I-IIIyMa, YTO [IO3BOJIUIIO COXPAHUTh CTPYKTYPY AaHHBIX H300paKeHUS Iy TEM
(GUIBTpalMK OJHOPOJHBIX MOBEPXHOCTEH M COXpaHEHHUsI KpaEB, YTO BAXKHO B MCCIEJOBAaHMIX
B 00J1acTU CTPYKTYpHOH reonoruu. s 3Toii nenu Obul npuMeHEH yTOUYHEHHBIH GuibTp JIn
[Lee, 1981], KOTOpBIii IIUPOKO WCIIONB3YETCA M YMEHBIIEHHS CIeKI-3GQpekTa Ha
n3o6paxkeHnsax SAR. Cnexn-mymbl Ha u3oOpakeHusX SAR reHepupyloTcss KOT€peHTHOH
UHTEepEpEeHLIUeH BOJIH, O0PaTHO PACCESIHHBIX OT IMIEPOXOBATOM MOBEPXHOCTH 3E€MIIH, YTO
YCIIOXKHSIET TIpobIIeMy HHTEpIIpeTaMy n3o0paxenuii [Lee et al., 1999].

BMmecte ¢ Tem, aisl JOCTHXKEHHS M300pa)KeHHS, TEOMETPUYECKHU IPEJICTABIISIONIETO
peanbHyI0 MOBEPXHOCTh 3€MJIM, BBIMOJHEHA KOPPEKIHS MECTHOCTH (T€OKOAMPOBAHHE U
OpTOpEeKTU(HKAIMS CHAMKA), UCTIONB3Ys pu 3ToM MeToa Range-Doppler Terrain Correction.

Taxoii moxo1 ObLT peann30BaH UCTIONB30BaHUEM P POBOi Monenn penbeda (SRTM)
C TIPOCTPAHCTBEHHBIM pa3pemeHrneM 3 YTIIOBBIX ceKyHAbl (90 M), pexoMeHAyeMou s
panapHbIX JaHHBIX.

B pesynabraTe mnpenBapuTenbHON 00paOOTKM JaHHBIX OBUIM IIOJyYeHbI CHUMKH,
cofepkamye Ba ciosi: aMmuTyabl (A) n uaTeHcHBHOCTH (I) B momspuzanumsax VV u VH
coorBercTBeHHO. Kommonentsl (A u |) comepxar mHdopmanumio o6 amrumutyae u (ase
O0OHapYXEHHOTO CHTHajla W XpaHATCS B pas3HbIX ciosx. Cioit (A) o0o3Ha4YaeT MOJIOKEHHE
MOMEHTA BPEMEHH B IHKJIIE (DOPMBI BOJIHBI IEPEJAHHOTO MHKPOBOJIHOBOTO CHTHAJIA JIATYAKOM,
Toraa kak cjoi (I) 0003HavaeT U3MEPEHHYI0 MHTCHCUBHOCTh OOPATHOI'O PAaCCesTHUS CUTHAJIA
natyukoM. OObeguHEeHHEe KOMIOHEHTOB (A M |) OCyLIECTBICHO C HCIOJIL30BAaHHUEM TaK
Ha3bIBa€MON METOJMKH ONpPeIeJICHHS] COOTHOILICHHUS.

MeToauka uccjaea0BaHus

O6paboTka M300pakeHUH, peann3oBaHHAs B 3TOM HCCIIEIOBaHUH, BKIIOYaeT B cebs
MIOCTPOCHUE H300paXKEHUSI C HCIIOIb30BAHUEM JIOXKHOM 1iBeToBOM komno3uiyn (FCC), anannza
He3zaBucUMBIX KoMmoHeHTOB (ICA) m aBTomMarmueckoro BeisBieHHs juHeameHToB. Ha FCC
n3o0pakeHusx, mosockl 8, 8a, 11 wm 12 okasamucek Oonee HHOOPMATUBHBIMU IS
JIUTOJIOTHYECKOTO pa3rpaHUYCHUs, YeM ToJIock 2, 3, 4, 5, 6 u 7 Habopa nanHbix S2A. ICA
SBIISIETCS. METOAOM M3BJICUCHHUS] NPU3HAKOB, LENbI0O KOTOPOTO SBISETCS IOHCK Habopa
HEKOPPEIMPOBAHHBIX KOMIIOHEHTOB, MAKCHMAJIbHO HE3aBUCHMBIX APYT OT Apyra [Jutten et al.,
1991; Yang et al., 2014a]. Kaxxiasi KOMIIOHEHTa COICPKUT CHEKTPAIbHYI0 HH(OPMAIHIO,
COOTBETCTBYIOILYIO ONPENEJICHHOMY IPU3HAKY B HCXOAHOM H300paKeHUH.
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Ycranosneno, uro meton ICA, mo cpaBaenuto ¢ PCA, okazancst 6oiee mMpUMEHUMBIM
JUTS XapaKTePUCTHKH, a TakKe i Kiaccu(UKaIMK JTUTOJOTHUECKUX eauuuI] [Yang et al.,
2014b].

ABTOMAaTHYECKOE BBISBIICHHE JINHEAMEHTOB OCYIIIECTBISIETCS B IBYX dTarax 00padOTKH.
[TepBbIM dTanom sBIsIETCST OOHApYKEeHHE KpaéB, Maromux nHbopManuio 00 00IacTsIX pe3KuX
W3MEHEHUI 3HA4YCeHUI COCEIHMX MHUKCENeH, TOr/la Kak BTOPOW ATall MMO3BOJIIET 00OHAPYKUTh
muann [Adiri et al., 2017]. Peanmsamus AByX 5TamoB 00pabOTKH OCYIIECTBIEHA C
ucrionp3oBanueM wmoxyis LINE  mporpammer PCI Geomatica, HCIONB3yeMOro st
aBTOMAaTH4eCKOro u3BieueHus auHeamentoB [Abdullah et al., 2010; Qari, 2011]. B stom
MOJyJIe TPUMEHSIOTCS METOIbl (UIbTPAIMM W CBEPTKUM HM300PKEHUS IS yBEIWYCHHUS
PE3KOCTH U BBISIBIICHUS JIMHEHHBIX CTPYKTYp, TOTJAa Kak W3BjIeYeHHE (KapTHUPOBaHUE)
BBISIBJICHHBIX TNHEAMEHTOB MPOBOIUTCS IIYTEM MIPOCIICKUBAHHSI CMEKHBIX MTUKCENICH MTOX0XKEH
SIPKOCTHON HWHTEHCUBHOCTU. IIpW STOM, BaXXHBIM SBISIETCS ONpEACICHHE ONTHMAIbHBIX
mapaMeTpoB Ul BBISIBICHUS W W3BJICUCHHS JIMHEaMeHTOB. [lapaMeTpbl i maHHOTO
HCCIICIOBAHUS  NOAOMpaNuCh  IyTEM  aHajaW3a  CIEKTPAJIbHOM  XapaKTePUCTUKH
WCIONB30BAaHHOTO CHUMKA W CYIIECTBYIOMIEH JmTepaTypsl (Tabmuia). bomee mompoOGHO
METOJUKa W aIrOpuTM OOpabOTKH paJapHBIX CHHUMKOB JUIA BBISBICHHS WM W3BIICUCHHS
JIMHEaMEeHTOB OIMcaHbl B padore [Aminov et al., 2019].

[oarorosnennoe uzobpaxenne S1A-VH uccnemyemoil 00yacTH HCIONIB30BAJIOCh B
KauecTBe BXOMHBIX NaHHBIX MoAyist LINE s cocraBieHus KapThl JIMHEAMEHTOB (puc. 4a).

Tabnuma. [Ipumenennsie 3HaueHU apameTpoB Moyt LINE

Table. Applied values of LINE module parameters

IMoporoseie mapamMeTpbl U eTHHHIBI 3uaueHust
[0 YMOITYAHUIO | MPEII0KEHbI | PUMEHEHbI

1 | RADI (B nuxcesix) 10 3-8 8
2 | GTHR (B muanasonax, 0-255) 100 10-70 60
3 | LTHR (B nukcemsix) 30 10-50 20
4 | FTHR (B mukcessix) 3 2-5 3
5 | ATHR (B rpamycax) 30 3-20 15
6 | DTHR (B nukcensix) 20 10-50 20

[Mpennonaraercss WUTIOMHHANUS PAcTPOBOM IMOBEPXHOCTH, 33JlaHHAst C Pa3HBIM
A3UMYTOM M BBICOTOH coutHIa. [ paHuIIbl MEeX Ty 3aTeHEHHBIMU M HE 3aTCHEHHBIMH yYaCTKAMHU
MOTYT yKa3blBaTh Ha Hanawuue nuHeamenToB [Masoud et al., 2006; Saadi et al., 2011].
[TosTomy, aHanu3 kapthl 3aTeHeHus penbeda (shaded relief), m3BneuenHoit u3 ungposoit
mozenn penseda (DEM), criocoOcTBYeT BBISBICHHIO JITHEAMEHTOB. [1oaToMy TemaTtnyeckast
KapTa ¢ 3aTeHEHHBIM pelbedoMm OblIa MoJydeHa M3 MOJAENH peibeda M yiydlieHa ImyTéM
MPUMEHEHUS] MUHHUMaJIbHO-MaKCUMAaJIbHOTO PACTSDKEHHS BJOJNb LBETOBOW IIKANbl. A3UMYT,
KOTOPBIIl YKa3bIBaeT Ha OTHOCUTEIbHOE MojiokeHHe COJTHIA BJIOJIb TOPH30HTA, M BBICOTHBIN
YroJl, YKa3blBaloluii Ha yroyl Bo3BbilIeHUs] CONHIA HAJ] TOPHU3OHTOM, ObLIM BHIOpaHBI MO
yMoidaHuio. 3ajgada Oblla BBIMOJHEHA € Hcloib3oBaHueM HHcTpyMeHnTta «Hillshade» B
porpaMMHOM oOecriedeHnu ArcMap.

PesyabTarhl
MeTo/p! IpeABapUTEIIbHOM 00pa0OTKH U300paKEHU - paluOMETPUYICCKast KaTuOpOBKa
n atMmocdepHas Koppekuus ans cHUMKOB Sentinel-2A (S2A) u cnexi-QuiasTpauus H

KOPPEKIIMs MECTHOCTH s uzoOpaxenuit Sentinel-1A (S1A), mo3Bonmiu MpeaBapUTEILHO
YIIy4IINTh U IOATOTOBUTH UX JUIA AaJbHEHINET0 aHaIN3a.
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B cooTBeTCTBHH CO CHIEKTPATLHBIME XapaKTEPUCTUKAME UCTIOIB3YEMOTO H300pasKeHUS
S2A, HaUTyYIIWi JTUTONOTHYECKH KOHTPACT O0TOOpaskaeTcsi IIBETOBOM KOMIIO3UIMEN MOJI0C
11, 12 u 8 wm 8a B RGB coorBerctBenHo. [logo0HBIE clieKTpanbHBIE KaHAIBl OBLIH
ompezeseHbl Kak 0ojee nHGOPMATUBHbIE, UCIONb3YEMbIE B T€OJOIMYECKUX HCCIEIOBAHUIX
JUISL BBIJICJICHUS JIMTOJIOTHUECKUX €AUHUIL IIOCPEACTBOM COCTABHOI'O U300paKEHUs B JIOXKHOM
usere [Aminov et al., 2018]. Kak nokaszano Ha puc. 1B, mpeacraBieHHas KOMOUHAIUS TTOJIOC
MIO3BOJISIET Pa3rPaHUYUTh CJIOM KOHITIOMEPATOB U AMOPHUTOBBIC TEJA MO UX SPKUM LIBETaM; a
Ty(OreHHBIE MOPOABI MMEIOIINE TAKKe SIPKUH I[BET, MO3BOJIAIOT XOPONIO OTJIMYAaTh MX OT
W3BECTHAKOBBIX ITOPO/I.

PesynpTathl HE3aBHCUMBIX KOMIIOHEHTOB, IIOJYYCHHBIE C TIOMOLIBIO aHaJIH3a
HE3aBUCHMBIX KOMIIOHEHTOB, M MHTEPIPETHPOBAHHAS MH(POPMAIUSA OT 3TUX KOMIIOHEHTOB,
OTHOCAIIASACS K CHEKTPAIbHBIM KaHajaM, COICpXKaIlldM JIUTOJIOTUYECKYI0 HH(OpMAIHIO
(puc. 2a), mOKa3bBIBAIOT, uTO He3aBUcHMble KommnoHentel IC1l, 1C4 wu IC5 wmoryr
HMHTEPIPETUPOBATHCS KAK CBSI3aHHBIE C ONPEAETICHHBIMHU JIMTOJOTMYECKHMH EAMHHUIIAMHU B
npezenax 06JacTu UCCIIEI0BaHUS.
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Puc. 3. Pesynbrarel, nomyuenHsle ¢ nomoinpio Merona ICA, NpUMEHEHHOIO K MpeIBapUTENILHO
obOpaboTanHbiM JaHHbIM: a) 100% cocraBHas auarpaMma, MOKa3bIBaloOIas 3HAYEHHE DJIEMEHTOB Ha
HE3aBUCHUMBIX KOMIOHEHTax; ©) ['eomormueckas Kkapra paiioHa WCCIICOBAaHUS; B)—1) KapThl,
nokassiBaronue 3Hauenus Ha IC 1, 4, 5 cOOTBETCTBEHHO

Fig. 4. The obtained results using the ICA method applied to preprocessed data: a) 100% stacked diagram

showing the loadings of elements on independent components; b) Geological map of the study area; v) -
d) maps showing values on IC 1, 4, 5, respectively
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Hanpumep, HeKOTOpBIE U3 U3BECTHAKOB OTaM4aroTcs Ha IC1 cBOMMH NOJI0KUTETEHBIMH
3HAYEHUSIMH, TOTa KaK Ty(QoreHHbIe TOPOAbI, OCHOBHBIC U KHCIIbIE BYJIKAHUTHI OTIMYAIOTCS
OTpHLATENbHBIME 3HaueHUAMHU (puc. 2B). AmnanmormuyHo, [C4 pasnuyaer OUOPHUTOBEIE,
Ty(OreHHbIE IOPO/Ibl, OCHOBHBIEC U KHCIIbIE BYJIKAHUTHI IO UX MOJIOXKUTEIbHBIM 3HAYEHHUSM, a
[IECUAaHUKHU ¥ KOHIVIOMEPATHl 110 UX OTpULATEIbHBIM 3HaueHusM (puc. 2r). Konrimomepars
Jy4Ille BCETO0 MOYKHO OTJIMYUTH OT M3BECTHSKOB, Ty(QOTrE€HHBIX MOPOJ, OCHOBHBIX M KHCIBIX
ByJIKaHMUYECKHX mopo] Ha ICS5 1o ux COOTBETCTBEHHO IOJIOKUTEIBHBIM M OTPULATENbHBIM
sHaueHusM (puc. 21). FCC u3zo0pakeHue u3 3TUX HE3aBUCHMbIX KOMIIOHEHTOB OBLJIO CAEIaHO
myreM HasHaueHuss IC5 nmns kpacHoro usera, IC4 nmns 3enenoro u IC1 gna cunero
komrnoHeHToB RGB (puc. 3). D10 FCC wu3o0paxkeHHe XOpOIIO MOKAa3bIBA€T OTJIMYHMS
Pa3IMYHBIX TOPHBIX MTOPOJ, TOCKOJIBKY OHO COAEPKUT OOJIBIIYIO YaCTh JAHHBIX, OTPAKAIOIIIX
JUTOJIOTHUECKUE W3MEHEHHs. DTO HM300pakeHHe OKa3ajloCh 3HAYMMBIM JUIS Pa3IHuCHHS
MOPOJ, TII€ Ka>KAbIH THII HOPOABI UMEET CBOW ONPEAEICHHBIN 1IBET.
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Puc. 5. LIBeToBast KOMITO3UIIHSA, MTOTYYCHHAS OT HE3aBUCHMBIX KOMIIOHEHTOB U3 aHanmu3a IC Ha cCHUMKe
Sentinel-2A (IC5, C4, IC1 B R, G, B) uccnenyemoit o6mactu. Cltl -OCHOBHBIC W KHCIIBIE BYJIKAHHUTHI,
necuanuku; Plsbl —M3Bectrsiku; P2m? -Ilecuanuku, aneBpOSUTHI, KOHTIOMepartsl; dP2 -JIHopuThl,
nopdupossie auoputhl; Cldz -Tydorennsie nopoasl, nopouputel, Tyds;; Pgl -Konrmomeparsi,
necyaHuky, aneBposuThl; gC1 -J{MOpUTHI, IPAaHOANOPHTHI, INTATHOTPAHHUTHI

Fig. 6. Color composite of independent components from the IC analysis on Sentinel-2A image (IC5,
C4,1C1 B8R, G, B) of the study area. C1t1 - Basic and felsic volcanics, sandstones; P1sb1 — Limestones;
P2m? -Sandstones, siltstones, conglomerates; 5P2 -Diorites, porphyry diorites; C1dz - Tuffaceous rocks,
porphyrites, tuff; Pgl - Conglomerates, sandstones, siltstones; gCl -Diorites, granodiorites,
plagiogranites

B mpomecce wccnemoBaHWl TpOaHATM3WPOBAaHA TaKXKe KOPPEISALNUS  MEXKAY
BBIJICTICHHBIMH JIHHEaMEHTAMH M 3aTEHEHHEM OCBEUICHHS IMyTEM HaJOXEHHS aBTOMAaTHIECKH
M3BJICYCHHBIX JTUHEAMEHTOB (pHC. 40) Ha TEMaTHUECKYIO KapTy ¢ 3aTCHEHHBIM penbedom. Ha
OCHOBE MOJYUYEHHBIX PE3yJIbTATOB aHAIN3a C BU3YaJIbHOM UHTEPIPETALIMEH YCTAHOBICHO, YTO
JTUHEaMEHTHI, W3BJICYEHHBIE C TIOMOIINBI0O aBTOMATHYECKOW TPOUETypHl M3 M300pakeHUs B
nossipusanyy VH S1A, TOATOTOBICHHOTO ¢ TIOMOIIIBIO COOTHOIICHUSI KOMIIOHEHTOB (pHC. 4a,
0), PacIoIOKEHBI MEX/Ty 3aTCHEHHBIMH M HE 3aTCHEHHBIMHU YYacTKaMH, HAKJIOHAMU U JIaxe B

142



Debris Flows: Disasters, Risk, Forecast, Protection. Cenesble NOTOKM: kaTacTpodhbl, PUCK, MPOrHO3, 3aLyuTa.
Proceedings of the 6t conference (Tajikistan) Tpyab! 6-71 koHepeHLnm (TamKukucTaH)

00nacTsIX, He MMEIONIMX 3HAYCHHS, KIACCHPHUIMPYEMbIX KaK 00JacTh 3aTCHEHHUS, UMEIOIIast
OTKOCHI U CTPYKTYpHBIE 0COOEHHOCTH (pHC. 4B).

CrenoBaTenbHO, MOATBEPKIACTCS BBICOKAs YyYBCTBUTEIBHOCTh PAJapHbIX JaHHBIX S1A
K TeOMOP(]OIIOTHYECKUM CTPYKTYpaM.

B wuccnenoBaHmsX, TOCBSIICHHBIX aHAIM3y ©M KAPTUPOBAHHIO JIMHEAMEHTOB,
KiIaccu(pHUKAIMOHHAS KapTa MO TUIOTHOCTH JIMHEAMEHTOB IHPOKO WCMONB3YeTCs IS
KOPPEISIIMOHHOTO aHAN3a C BBISBICHHBIX CTPYKTYp C T€OJIOTHUECKOW WHQOpMaIued U ux
MHTEPIPETAIMH B KOHTEKCTE Te0JIOTHYECKOTO CTPOCHHS M HCTOPUU Pa3BUTHUS UCCIIEIYeMOTO
paiiona [eg. Hung et al., 2005b; Fagbohun et al., 2017]. Knaccudukarnuonnas kapta
MPEIOCTaBIsCT HH(POPMAIIMIO O KOHIICHTPAIMH JIMHEAMEHTOB Ha eIMHUIY miomiaau [Mostafa
et al., 1995]. KaprTel IUIOTHOCTH JIMHEAMEHTOB B O3TOM HCCIIEJIOBAHUN MOJIYYEHBI C
M3BJICYCHHBIX JTMHEAMEHTOB JIJIsl aHAJIM3a TUCTICPCHOHHON KapTHUHBI IMHEAMEHTOB (pHC. 4T).
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Puc. 7. a) [ToarorosieHHoe n3obpaxenue B nomsipusaiuu S1A-VH mytém cooTHotenus (ratioing) asyx
KOMIOHEHTOB. 0) Kapra aBTOMaTrMueckd H3BJICUYEHHBIX JIMHEAMCHTOB paifOHa HCCICAOBAaHHA. B)
Cyneprno3unys H3BICYEHHBIX IMHEAMEHTOB Ha 3aTCHEHHBIH pesibed. r) Kapra mioTHOCTH n3BIeu&HHBIX
JIMHEaMEHTOB

Puc. 8. a) Prepared image in S1A-VH polarization by ratioing of two components. b) Map of
automatically extracted lineaments of the study area. v) Superposition of the extracted lineaments on the
shaded relief. g) Density map of the extracted lineaments

Bonee BbicokMe 3HaU€HUS IJIOTHOCTH Ha KapTe NMPEACTaBICHbI KPacHBIM I[BETOM, a
OoJiee HU3KKE 3HAYCHHUS - CHHUM. BONBIINHCTBO 3HaYeHU I BEICOKOW MIIOTHOCTH JIMHEAMEHTOB
(puc. 4r) HaxomATCsi B CEBEPHOH uacTH W300paXKeHUs, A€ B OCHOBHOM OOHa)XalOTCs
Ty(OTeHHBIE TTOPOABI, KOHTJIOMEpAThl M Tela AMOPHUTOB. 30HBI 00Jiee BBHICOKOW IUIOTHOCTH
JIMHEAMEHTOB MOTYT OTpaXkaTh Yrojl HaKJIOHA TOPHBIX CKJIOHOB, KOTOpPbIE KOHTPOJIHPYIOTCS
JUTOJIOTHYECKUM CTPOCHHEM pailoHa wuccinenoBaHusi. CrenoBaresibHO, Oojiee BBICOKAS
IUIOTHOCTh JINHEAMEHTOB B CEBEPHOH YacTH HCCIELyeMOro ydacTKa MOKET O3HaudaThb Oojee
BBICOKHI ypOBEHbB JIe(hOpPMALIIK TOPHBIX ITOPOJI B 3TON YaCTH pailOHa HCCIICIOBAHHS.
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BoiBoabI

B pesynbraTte JaHHOTO WCCICNOBAaHUS JOCTHTHYTA OCHOBHAs IIelb — TOJYYCHHE
HauboJee JOCTOBEPHOH JIMTOJIOTHYECKOM U CTPYKTYPHOH MHPOPMAIIUHU O CEIIEOIMacHOM 30HE C
HCITOJIb30BaHUEM HA0OPOB ONTHYCCKIX M paTapHBIX CHUMKOB Sentinel u udpoBoit 06padoTKu
MOJYYEHHBIX N300paKeHUH.

B mpomnecce nccrnenoBanus BHEIpEeHAa TEXHHKA ITU(PPOBO OOpaOOTKH CITyTHUKOBBIX
CHHMKOB JUIS JTATOJIOTHYECKOTO ¥ IMHEAMEHTHOTO KaPTHUPOBAHUS CEJIEOTTaCHONW TEPPUTOPUH B
MPUTPAHUIHOM MeXAy TamkukncTtanoM W Adranuctanom paione (3amax I[lamumpckoro
J1aTO).

Pesynbrarel 00pabOTKM JaHHBIX OBUIH COIIOCTABIIEHBI C MMEIOMICHCS Te€0JIOTHYECKON
KapToH rccnenxyemoro paitona B Macirade 1: 200 000 [Baacos, 1963 Taoxcuxkucman] u 1: 500
000 [USGS, Agpeanucman]. I3o06pakenre kommo3urta joxkuoro msera (11, 12 u 8) u3 cunmka
S2A u 1BETHOE KOMIO3UTHOE M300pakeHHe He3aBUCHUMBIX KommoHeHTOoB (ICS, IC4 u IC1)
o0ecreuynBalOT OTJIIMYHOTO KadecTBa pa3Inyve MeXIy pa3HbIMH JIHTOJOTHYECKAMHU
€JIMHUIIAMH B UCCIIEyEMOM paiioHe.

[TomydeHHble pe3ynbTaThl MO3BOJIMIM BBISBUTH OOJiee MEIKHE Tella W OOHaKEHUS
JUTOJOTHYECKUX ENHUI, paHee He HaHEeCEHHBIE Ha KapTaxX BO BPeMsI IMPEIbITYINX Ha3eMHBIX
KapTorpa)UyecKMX HCCIICIOBAHNMN, BBIMOIHEHHBIX B OCHOBHOM B JBAJLIATOM CTOJICTHH, H
CIOCOOCTBOBAJIH MOBHIIICHHIO TOYHOCTH CYIIECTBYIOIINX KapT AJISl HCCIIEOBAaHHOTO palioOHa.

Crnemyer oTMETUTh, YTO U300pakeHue S1A TO3BOJMIO JOBOJIHHO TOYHO BBISBHTH U
W3BIIeYh JIMHEAMEHTHI U3 nossipu3anuu VH. OT1o moareepkaaer 3pQeKTHBHOCTh paapHBIX
M300paKCHUH MTPU aBTOMATHYECKOM U3BJICUCHUY JIMHEAMEHTOB, YTO B PABHOUW MepE OTHOCUTCS
takke kK VH monsipuzaruu S1A v TOMy, 9TO KOMIIOHEHTHI aMILUTATY IbI 1 MHTEHCUBHOCTH 3TOTO
m3o0pakeHns oOBeaUHEHBI BMecTe. JIMHeaMeHTBI, W3BIICUeHHBIC M3 S1A, TOKa3BIBAIOT
BBICOKYIO KOPPEJISIIUIO C PE3KUMU U3MEHEHUSIMH B 00JIACTSX CKIIOHA M 3aTCHEHUSI.

[MonydeHHbIe pe3yabTaThl MOTYT ObITh HCITOJIb30BaHbBI PU aHAJIN3E U OI[EHKE OMTACHOCTH
CXOXKIIEHHSI OTOJI3HEH M Pa3BUTHU CENIETPOSBICHUN WCCIEAYEMBIX TEPPUTOPUH, TOPHO-
HPEArOPHOM 30HBI.

Baaromapuoctu

ABTtopel  Omaromapubl  EBpomeiickomy kocmuueckomy areHTctBy (ESA) 3a
npenocTaBieHne JaHHbIX Sentinel-1 u Sentinel-2.
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Abstract. The Glacial Lake Outburst Flood (GLOF) associated with melting of glaciers
and sudden breach of moraine is a common threat in the high mountain landscape. Some
of these events are associated with inclement weather, when prolonged precipitation along
with warmer than usual atmospheric temperature plays a role in triggering the event. The
events like the Badswat GLOF from Badswat glacier in the upper reaches of Ghizer district
in Gilgit Baltistan gave no pre indication of any development prior to massive GLOF on
17 July 2018. The event was preceded by persistent precipitation for a week. The deluge
of debris from the event blocked the Ishkoman river and resulted in impoundment of water
creating 1140 meters long and 750 meters wide artificial lake in just a matter of hour.
Unlike similar event that occurred from Karumber glacier a few kilometers upstream in
the past in the region, debris surge from Badswat GLOF event continued for 12 days at
infrequent intervals between event. This subsequently submerged 30 households, a school,
and more than 65 acres of productive land. This paper presents the findings of assessment,
response of AKAH and the response of the community following the event, which has lot
of learnings going ahead.
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IIpopsIB JiefHNKOBOrO 03epa baacBar u chopMHUpPOBAHHOTO
B pe3yJbTaTe NOANPYAHOI0 03epa

B. AnBap!, JI. Kapum?®, ¥. Baxa6!, K. Jlun', JI.P. Typynr?
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Annortauus. IIpopsBel negankoBbIX 03ep (GLOF), cBs3aHHBIE C TasHUEM JCTHUKOB U
BHE3AIHBIMU Pa3pyLUECHUSIMH MODPEHHBIX IIEPEMBIUEK, SBISIOTCS PacHpOCTPaHEHHOU
yrpo3oil B BBICOKOTOPHBIX JaHmmadTax. Tpurrepamu HEKOTOPBIX M3 ITHUX MPOPHIBOB
SABJIAOTCA He6naronpm{THme TMOTrOAHBIC YCJIIOBUA, KOT'JIa JJIUTCIBHOC BbINIaJICHUE OCAAKOB
HakJIaabIBaeTcs Ha Oojiee BBICOKHE, 10 CPaBHEHHIO C HOPMAJIbHBIMH, TEMIEPaTypbl
arMoc(epHoro Bo3ayxa. Hanpumep, Takoe coObITHE, Kak MaclITaOHBIN MPOPBIB 17 Hi0JIs
2018 r. negHukoBoro osepa bazacear, pacmonoxeHHOro y JeAHWKa baacBar B
BBICOKOTOpHOH 30He Okpyra ['xum3ep B ['mirur-bantucrane, He HMeNO HHUKaKHX
WH/IMKaTOPOB, MO3BOJISBILMX €TO CIIPOrHO3MPOBATh. DTOMY COOBITHIO MPEAIIECTBOBAIN
MIPOIOJDKUTEIBHBIE OCaJIKH, BBINaAaBIINe B TeueHHe Henesn. Celb, BRI3BAHHBIN JaHHBIM
MIPOPBIBOM, OATIPY AW peKy Mmkoman. B pe3ynbTare B ee JOIMHE B TEUSHHE HECKOIBKIX
4acoB ¢(hOpMHUPOBATIOCH TOAIPYAHOE 03epo AuHOH 1140 M u mupuHOH 750 M. B oTnmdne
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OT IIPOLIJIOTO aHAJOTWYHOTO COOBITHS, NPOU30IIEIIIETO B TOM PETHOHE B HECKOJIBKHX
KWJIOMETpax BbIIIEe IO TEYEHHIO Yy JienHuka KapymOep, cXoIbl CelIeBBIX IMOTOKOB C
nennuka bancsat npoucxoauiay B TedeHue 12 nHei ¢ HeperynsspHbIMU HHTEpBaJIaMu. JTO
COOBITHE MMENIO pa3pyIIUTENIbHbIE MOCIEACTBUSL: ObUIO 3aToluleHO 30 NOMOBIIAJCHU,
mKosa u Oosiee 65 akpoB IUIOJOPOJAHBIX 3eMenb. B maHHO# paboTe IpeacTaBiieHBI
pe3yiIbTaThl HPOBEACHHOH OLEHKH, Mephl, NpeANnpHHSATHIE AreHTCTBOM Ara XaHa
XabuTar, W peakuusi MECTHOTO HAceNeHWsi Ha IIpou3ollesumee coObITHE, KOTOpOoe
IIPETIOHECIIO MHOTO YPOKOB.

Knroueewvie cnosa: npopuvlebl JeOHUKOBBIX o3ep; 03epo, nodnpyafceHHoe cenesbimu
ONVIOACEHUAMU, USMEHEHUS KIuMama, onacHsvle npoyeccol 6 copax

Ccepuika aaa uutupoBanus: Arsap B., Kapum /1., Baxa6 V., lun K., I'ypysar J.P. [IpopsIB n1eqHIKOBOTO 03¢pa
Bancar u copMHpoBaHHOTO B pe3yiabTaTe IMOANpyAHOTo o3epa. B cO.: CeneBble MOTOKH: KaTtacTpo(dbl, pHCK,
IIPOTHO3, 3ammTa. Tpyasl 6-if Mexaynaponaoil koHpepeHunu ([dymanbe—Xopor, Tamkukucran). Tom 1. — OTB.
pen. C.C. Uepnomoper, K.C. Bucxamkuesa. — lymante: OO0 «IIpomoymray», 2020, c. 146-156.

Introduction

Climate change has significantly changed the landscape of High Asia region, particularly
the areas where glaciers are abundantly found [lturrizaga, 2005]. Gilgit-Baltistan (GB), a
region in the northern Pakistan is unique in a way that it is located at lap of three mighty
mountain ranges, the Karakorum, Hindukush, and the Himalayas. There are more than 5000
glaciers feeding the Indus from 10 sub-basins through different tributaries ranging from few
tens of meters to more than 70 km long [Rasul, 2011]. These alpine glaciers are renewable
natural freshwater storehouse that benefits hundreds of millions of people downstream [Shah
and Kanth, 2013]. These glaciers and glacial lakes are source of life support system as well as
potential threat in terms of sudden release of accumulated glacier melt, also called glacial lake
outburst flood (GLOF). The GLOF, a phenomenon characterized by release of huge volume of
water as a result of an outburst of a glacial lake, is one of the catastrophic natural hazards in
high mountain landscape [Ives, 1986]. According to glacier inventory developed by ICIMOD
in 2005 based on RS/GIS studies over this glaciated domain, there are over 2500 glacial lakes
formed and 52 of them were identified as potentially dangerous from the point of GLOF. Even
the small glacial lake associated with hanging glaciers poses a high potential for breaching
resulting in a GLOF [Ashraf et al., 2012]. Devastating glacier lake outbursts in the last two
centuries are especially well known from the Karakoram- Hindukush Mountains. They are one
of the most important types of current geomorphological processes below an altitude of 4500
m. In historical times, about 22 tributary glaciers formed ice-dammed lakes in the upper Indus
catchment area, from which 12 dams were responsible for outburst floods [Hewitt, 1998].

Owing to global warming glaciers in the area experienced enhanced retreating since the
second half of the 20th century [Das and Meher, 2019]. This phenomenon has accounted for
the formation of many disastrous glacial lakes confined by unstable moraine dams. The loss of
significant glaciers in Afghanistan and Pakistan may become more serious progressively unless
warming generates greater marine evaporation that augments precipitation [Schroder et al.,
2004]. The effects of global warming in mountain areas are visibly manifested by shrinking of
mountain glaciers and reduced snow cover duration [Barry, 2002]. The GLOFs are just not
associated with high retreat rate of the glaciers [Harrison et al., 2018; Khan et al., 2019] as
change in pattern of rainfall also plays key role. Monsoon downpour triggered outburst flood
in July 2010 from Booni Gole Glacier located in Hindukush caused extensive erosive damage
to agricultural land and human settlements along the flow channel. It used to store water under
the terminus of the glacier and produce surge either by accelerated melting of snow/ice or by
intense rainfall [Rasul, 2011].

This study follows the timeline of how an unforeseen GLOF event unfolded in a remote
village of Gilgit-Baltistan region of Pakistan, its subsequent implications and response by the
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Aga Khan Agency for Habitat (AKAH) and community to respond to such an unprecedented
hazardous episode.

Study Area

Badswat village is in Ghizer District of Gilgit-Baltistan region geographically defined
by longitude 36°32'23.70"N and latitude 74°2'8.87"E. The Badswat glacier is located 1.1
kilometers in northeast of the Badswat village. The main glacier trunk with south west to north
east orientation has length of 6.8 kilometers and average gradient of 16.12° and is fed by four
tributary glaciers. The glacier came got highlighted after it triggered a GLOF in 2015. The
intensity and the implications were substantially low as compared to the event occurred in 2018.
The stream from the glacier flows into Ishkoman river which eventually joins Gupis river to
form Gilgit river.

Weather in the region is cold and moist with warm summers. The annual temperature
ranges from -15 °C to 20 °C. The monthly average rainfall is between 4 to 26 mm and high
rainfall period is recorded in June and July as per Pakistan Meteorological Department (PMD).
High rainfall coupled with high temperature induced snow and glacier melt increasing the
stream flow in the Ishkoman and Badswat Rivers.

LOCATION MAP OF STUDY AREA Legend

(O o
\i@? 0054 5 5 District Boundary L..] Stydy Area
Aga Khan Agency for Habitat - — m— Kilometers C] Tehsil Boundary B pammed Lake

Scale at : 1:30,000 -
= A Weather Monitoring Post

Fig. 7. Location map of Badswat village with district boundaries
Brief Review of the Problem

According to the statistics of global vulnerability index, Pakistan is ranked among 10
countries hard-hit by climate change where large segments of its population are extremely poor
and are highly vulnerable to the negative impacts of climate change. The GB region particularly
has been bearing the ever-increasing effects of global climate change, it is the hotspot of climate
change in true sense. Glaciers and snow are the most sensitive indicators of global warming
with immediate response time influencing glacier health and subsequent contribution of melt
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water to sea level rise [Rasul, 2011]. As the glacier retreat a depression is created between
retreating snout and moraine dam which is filled up by melt water from glacier and snow. Thus,
these lakes are formed on the glacier terminus due to retreating processes of glaciers [Meyer et
al., 1993]. Supra glacial lake can be seen through satellite imagery and aerial surveys but not
englacial lakes or water lodged in subglacial conduits which do not show sign of threat has been
source of flooding.

In addition, GB has extreme arid environment and slopes are poorly vegetated, thus
intense precipitation on the slopes and gorges results in run off. As the slopes have plenty of
exposed debris because of weathering, slope degradation, glacier and eolian processes, there is
likely to occur debris flows. The events range in nature and size from mere run offs in the creek,
to catastrophic events by flash flooding or sudden release of glacier melt [Hughes, 1986]. For
instance, debris of Shishkat in Hunza in 1976 [Goudie et al., 1984], Debris flow in Gupis 1980
[Hughes, 1986]. One thing is common in these events i.e. all of them dammed the river
consequently creating a lake. These events have destroyed roads, houses, lands, livestock, thus
negative implications were countless as these events affected already economical fragile
communities, depriving them from livelihood.

On 17 July 2018 a GLOF from Badswat glacier occurred with no early sign of threat. It
was revealed on the following day through satellite images that the actual origin of the event
was tributary glacier of the Badswat glacier which fed the glacier approximately 2.3 kilometers
up the main trunk from the snout. The debris transported by the GLOF blocked the Ishkoman
river which created an artificial lake. Successive GLOF events continued to occur till 29" of
July. Each event strengthened the blockade at the nullah. The lake continued to grow inundating
houses, school, orchards, agriculture land and road in upstream. The village is connected
through one access road which was also damaged disconnecting village for 3 months. As lake
started to grow chance of dam outburst was also anticipated, which led to evacuation of people
from low lying areas of 3 downstream villages.
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Fig. 2. Map showing the potential blockade sites in Ghizer district of Gilgit Baltistan. Source: AKAH,
Pakistan
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Method and Data
Post Disaster Assessment

To collect primary data on the scale and genesis of the event, helicopter surveys on 26"
and 27" July were carried out by senior geologists, engineers, and disaster first responders. The
aerial photographs gave required perspective on origin of the event. A team comprising of
geologist and engineers was deployed in the field after 10 days to collect data on blockade
nature, properties of debris, growth of lake upstream and assess glacier situation. Since the
event did not occur from the main glacier but from a tributary, and access to the location was a
big challenge and UAV really came handy. Big part of the assessment involves focus group
discussions with elders and notables and interviews of eyewitnesses in the village.

Temperature and Precipitation Data

To simulate the breach mechanism, the local meteorological data from weather
monitoring post (WMP) has been used which is located in Matramdan village located 8
kilometers upstream of the study area (Fig. 1). The WMPs were installed as part of a project
led by AKAH, Pakistan principally to forecast the snow avalanches in winters by keeping track
of local weather conditons. The weather data that comprised of solid and liquid precipetation,
wind speed and direction and maximum minimum temperature, have been used to disseminate
early warning against snow avalanches for community to keep them from harm’s way. In
summer, these data are analysed to monitor riverine and flash floods in the area. The graph
below shows (Fig. 3) maximum and minimum temperature and rainfall precceding to the event
that occurred on 17" July 2018.

Temperature and rainfall trend of Matramdan village

Fig. 3. Graph showing the temperature and rain fall trend WMP data from Matramdan village. Red
trendline shows the maximum temperature whereas green line is for minimum temperature and blue line
depicts rainfall. Data Source: AKAH Pakistan

Analysis and Results

It was indicated after initial HVRA in 2013 that presence of colossal glaciers with very
high sediment load along the lateral moraine in the catchment area could trigger remote geo-
hazards such as GLOF, which could not only erode the banks (margins) but also result
secondary hazard such as formation of artificial lake by blocking the Ishkoman River. In 2015,
it happened exactly what was anticipated causing moderate flood event which choked the river
path. As a result, 6 houses and a pedestrian bridge were affected. This event is unmatched with
the GLOF of July 2018, which deposited massive debris at the mouth of the nullah which led
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to creation of a massive lake by blocking Ishkoman river and resulted in impoundment of water
creating 1140 meters long and 750 meters wide artificial lake in just a matter of an hour.
Apparently 34 houses were submerged, and the effects were far reaching. It has been found out
that local climate played a key role in triggering the GLOF, intermittent rainfall and raised
temperature preceding the event was primary trigger. From graph shown in Fig. 3 it can be
observed that there have been recurrent rainfall days from start of the first week which
continued up to the day of the event. During the rainfall days on 7" and 13" July the temperature
plummeted from the general trend. Then temperature started to rise from 8" July which
indicating clearer weather.

The intermittent rainfall prior to the event followed by increase in temperature may have
raised the level of water in crevasses and sub glacier conduit. Rasul et al., 2014 also studied the
effects of rainfall and subsequent rise in temperature in increasing in melt water.

Lake Formation Process, Rate of Growth, Chronology

Fig. 4. Repeat photograph of lower Badswat village: top (pre event, March 2016) and bottom (post event,
July 2018). Photo credit: AKAH, Pakistan

At 6:45 pm local time a GLOF event occurred on 17" July 2018 from the Badswat glacier
and resultant debris was of such massive volume that it blocked the Ishkoman River. It instantly
swept 4 houses down the valley and blocked the river forming a lake in upstream. After almost
an hour at 7:55 pm overflow of river started but not for long, as second wave of debris flow
came and strengthened the blockade followed by third wave of debris flow at 12 pm. The
blockage remained for almost 2 hrs. and 15min and overtopped the barrier. As a result, 30
households in upstream of the blockage in Badswat Payeen were submerged under the lake
along with 1 government school, 1 Religious Education Centre (REC) and 500 kanals of
cultivable land and 235 kanals of orchards with both fruit and non-fruit trees. While on the
downstream of the blockage 11 houses were buried under the debris. Moreover, 3 houses were
damaged due to erosion and collapse of the banks along the Badswat stream by the GLOF. The
3.2 kilometers section of the road and 1 bridge connecting Badswat was also swept by the flood
and as a result the whole valley remained disconnected from rest of the district for three months.
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Fig. 5. Repeat photograph of Badswat village left taken in March 2016 and right taken in July 2018.
(Photo credit: AKAH Pakistan)

R . ] SO IS
Fig. 6. (a) satellite image of village taken on 13 July 2018; (b) image of 20 July 2018 after the event, lake
can be seen. (Source: Planet Lab)

Situational analysis

The blockage has a length of 500m and a width of 1500m out of which around 1000m of
debris is spread downstream and around 500m upstream.

The weather was quite hot for several days and in the morning of 18" July rainfall was
recorded as displayed in Fig. 3. Sunny conditions for almost a week increased the rate of
melting of the glacier and the rain on glacier further amplified melting. The higher discharge
of water stored at snout ultimately increased the hydrostatic pressure which is one of the reasons
for trigger of the GLOF. When the internal conduit was filled with water, hydro-static pressure
it built up releasing the water in the form of flood after glacier break. When flood hit the main
trunk of Badswat glacier it teared through the ice mass and eroding it and the lateral marines.
The debris surges from the GLOF arrived at the partially blocked Karumbar River and
completely blocked resulting in an artificial lake. The flood persisted for around 12 days with
surging, chocking, and blocking the river, heightened the barrier.

Causes of GLOF

In times when intensive weather elements persist for long, they trigger massive outbursts
even from glacier that does not have pre-existing lakes.
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5th July 2017 26 July 2018

Fig. 7. (@) Photograph of tributary glacier in July 2017, (b) taken in July 2018. Sediment erosion can
clearly be seen after the GLOF marked by yellow lines. Photo credit AKAH, Pakistan

Fig. 8. (a) satellite image of GLOF trigger location in 13 July 2018; (b) image of 20 July 2018 after the
GLOF had occurred. (Source: PlanetLabs)

Badswat glacier, being very unstable showed its notorious behavior previously. This
glacier is being fed by more than four tributary glaciers in its catchment. Glacial melt from each
tributary is then dispensed into main trunk of Badswat glacier. One of the inlets (tributary
glacier) on south eastern ridge, which is sun facing had responded more abruptly to the weather
elements lately than any other glacier in this valley. Features show us that, a GLOF has occurred
initially from this tributary, a sudden outbreak of large volume of water has cut the left lateral
moraine and ice of the main trunk of Badswat glacier creating a gully (Fig. 9b).

Fig. 9. (a) The main glacier trunk of Badswat and newly formed gully by GLOF from Tributary glacier
(b) aerial photo shows direction of flow of GLOF and adjacent ice and Debris banks. Photo Credit AKAH
Pakistan
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This sudden outbreak of glacier melt took shape of a GLOF when it reached the mouth
of Badswat nullah and blocked the Ishkoman River that runs perpendicular to it. This event is
however not nascent as similar event has occurred in the same month three years ago, what is
surprising is the magnitude and the continuity of debris flows followed by the GLOF of 17
July’s. The series of debris flows continued for twelve days with infrequent intervals between
each event. These series of debris flow episodes are most probably due to temporary blocking
and subsequent outburst events. Temporary blockage was due to collapse of steep moraine wall
that was destabilized due to undercutting by the flood. When blocking debris and ice could not
retain the pressure of impounded water it burst, which could be observed for next twelve days.

AKAH’s Response
Construction of Shelters

The AKAH relief operation started very next day of the event, the event was sudden and
intense, the community had no option other then run for their life leaving everything behind.
The lake started to form just after the GLOF had occurred and immediately engulfed most of
the houses in the impact zone. Although community of Badswat supported the affected people
by providing accommodation, however 8 families were shifted to makeshift tents which were
provisioned from nearby AKAH emergency stockpile. The technical team was deployed to
assess the glacier and find land to construct shelters for the families whose houses were
submerged. The target was to shift each of the family into winterized shelters before the brutal
winters. It took roughly about three months to complete 50 shelters for the families who were
affected and for those whose houses were in high risk zone.

Fig. 10. Shelters under construction. Photographs credit: AKAH Pakistan
Restoration of the Drinking and Agriculture Water

Soon after the GLOF event AKAH deployed its Disaster Assessment Response Team
(DART). The team highlighted the problems community faced following the event. Since most
of the dwellers rely solely on agriculture as a source of livelihood. The only irrigation channel
which supplied the irrigation water to roughly 264 Kanals of arable land was damaged severely.
Another team was also sent to look for the options to restore the irrigation channel or find some
other ways to provide irrigation water to the community. The team immediately installed 3
inches pipeline to provide essential water supply for drinking and irrigation purposes.
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Conclusion

This work documents the event of Badswat glacier outburst and subsequent events which
unfolded making bad situation even worst. It is an attempt to correlate the effect of local weather
on glaciers which apparently show no sign of threat. The supra glacial lakes can be assessed
and monitored in situ or remotely but englacial lakes are hard to identify. Only way to gauge
the complexity of such glacial lake is to have keen eye for the events like Badswat.

The Badswat GLOF is just a tip of an iceberg, as the Ishkoman valley houses more than
dozens of glaciers larger than the Badswat glacier which need just a little push to trigger GLOF.
Ongoing climate change and unprecedented weather conditions could prove the last nail in the
coffin. It is to understand that primary hazard as in case of Badswat GLOF can activate
secondary hazards by blocking and creating artificial lake, which abruptly increases the
exposure of community to disaster provided with incapability to cope with the hazard. Thus, a
development of inventory of glaciers in the region and detail assessment of glaciers which have
shown unusual behavior both land based and airborne is need of the time, so that effective
disaster management/planning could be done way ahead of the disaster.
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Abstract. Central Asian countries such as the Kyrgyz Republic and Tajikistan are exposed
to high-intensity landslides triggered by seismic and hydro-meteorological events. For
example, the earthquake-triggered Khait rock avalanche in 1949 caused between 5000—
28 000 casualties in Tajikistan. Similar notorious cases have occurred in the Kyrgyz
Republic: The Kainama loess flow in 2004 damaged road infrastructures and buried
11 houses with 33 people. To manage disaster risk efficiently, up-to-date landslide
inventory data is required to support national-scale risk assessments. Research on landslide
processes is often carried out on regional scales, with monitoring done at site-scale.
Bringing this multi-scale data together into one central, national database would improve
efficiency and provide a stable digital repository for existing and future data. It is also
useful to inform engineering projects and building and testing landslide susceptibility
models. The British Geological Survey (BGS) has been collaborating with the State
Committee for Industry, Energy and Subsoil Use of the Kyrgyz Republic (SCIECU) to
develop a Geoscience Data Index (GDI) including a centralized national database for the
country that enables data visualization and integration with other key datasets. The data
model is generic, and can be tailored to the needs of other countries like Tajikistan, and
provides support such as analysis in open source GIS environments and assessing impacts
on infrastructure and populations more efficiently.

Key words: landslides, Kyrgyz Republic, database, PostgreSQL
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Co3paHne HEeHTPAJIN30BAHHOI HAIIMOHAIBHOI 0a3bl JaHHBIX
no onoJi3HAM Kpipreizckoii Pecnny0yinku: nepsbie maru

P. Apuxapar?, /I. Byn!, C. Epoxun?, B. 3arunaes’, H. Cmut!, A. Cumucrep’, K. Jlopu®,
M. Kpa66enaam®

YBpumancras 2eonozuueckasn cnyscoa, Iounbype, Benuxobpumanus

2[ocydapcmeennbiii KoMUmem npoMbIULIEHHOCHIU, IHEP2EMUKU U HEOPONONb306A S,
Buwxkex, Keipevizcman, erochin@list.ru

Annotanusi. Crpansl LlentpansHoit Asmm, Takne kak KoIpreickas PecryOnmka u
Pecnybnmka TajxukucTaH, MOJABEP>KEHBI BEICOKOMHTCHCUBHBIM OTIOJI3HSIM, BBI3BAHHBIM
CEMCMUYECKNMH 1 THIPOMETEOPOIOTHUECKIMHU sIBIeHUsAIME. Harpumep, 3emierpsicenne,
CIPOBOIIMPOBABIIee XaWTCKYyI0 KaMEHHYIO JIaBUHY B 1949 r., mpuBemo K XepTBaMm B
komnuectBe or 5000 mo 28000 uenoBek B TamkukucTaHe. AHAIOTUYHBIE IEYAIHHO
W3BECTHBIE ciy4yaw mpou3onumd M B KeIpreckoir PecmyOmmke: 51€CCOBBI MOTOK
(onomsenn) B cene Kaitnama 2004 1. mOBpenus JOPOXHYIO HHPPACTPYKTYypy, a €ro
OTJIOXKEHHSI TONHOCTBI0 paspymmmu 11 gomoB ¢ 33 xwuremsmu. s sddexTuBHOTO
yIpaBJeHUs] PUCKAMU CTHXMHWHBIX OEICTBUH HEOOXOAMMBI OOHOBJICHHBIE JaHHBIE
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KaJacTpa OMOJ3HEH, KOTOpeleé OyIyT HCIOIB30BaThCS Ul OLIEHKH pPHCKOB B
HalMOHAJIBHOM Macmrabe. VccienoBaHus OMOI3HEBBIX MPOLECCOB YAacTO MPOBOIATCA B
peruoHanbHOM Maciutabe, a MOHHMTOPHUHI OCYIIECTBISIETCS B Macmirade ydacTka.
OObenrHeHne STHX Pa3HOMACHITAOHBIX JI@aHHBIX B OJIHY LIEHTPAJIbHYIO HALMOHAJIBHYIO
0a3y noBbICUT 3P PEKTUBHOCT U MO3BOJIUT CO3JaTh CTAOMIILHOE LU(PPOBOE XPAHMIHIIE
UL y)ke uMeommxcs M Oyaymumx jgaHHeIX. [lome3Ho Takke HMHGOPMHUPOBATH
pa3paboTYNKOB HMHXEHEPHBIX IPOEKTOB, a TAaKXKE CTPOUTh U TECTHPOBATb MOJEIH
BOCIIPHMMYHMBOCTH K ONOJI3HSAM. bpuraHckas reomormyeckass ciyxba (BGS)
COTpyIHHYAaeT ¢ [OCyZapcTBEHHBIM KOMHTETOM MPOMBIIUICHHOCTH, SHEPTETHKH |
Henponouss3oBanust Keiprerzckoit Pecrryoimkn (I'KITOH) B ob6mactu pazpadoTtku MHAekca
naHHbIX reoHayk (GDI), Bkirowaromero IEHTPAIN30BaHHYIO HAIMOHAIBHYIO 0asy
JaHHBIX 10 CTPaHe, KOTOpas M03BOJISIET BU3YaIU3UPOBATh JaHHBIE 1 HHTETPUPOBATH UX C
JPYTHMH KIIFOUEBBIMH Ha0OpaMH AaHHBIX. MO/eNb TaHHBIX SBJISETCS YHHBEPCAIBHON U
MOJKET OBITh aJanTHPOBaHA K MOTPEOHOCTSIM APYTHMX CTpaH, Takux Kak PecrmyOnmka
Tamxukucran, U 00ecreYnBaTh MOJACPIKKY B PA3IMYHBIX OTPACINX, TAKUX KaK aHaJH3 B
cpene 'MC ¢ OTKPBITHIM HCXOIHBIM KOAOM H Ooee 3 (HeKTHBHYIO OLIEHKY BO3JIEHCTBHS
Ha HHPPACTPYKTYpy U HaCEJICHUE.

Knroueswie cnoea: ononsnu, Kvipevizckas Pecnyonuxa, 6aza oannwlx, PostgreSQL

Cebuika s uutupoBanusi: Apuxapar P., byn /1., Epoxun C., 3arunaes B., Cmut H., Cumucrep A., Jlopu K.,
Kpab6ennam M. Co3naHue NEHTPaIN30BAHHOW HAINMOHAIBHON 0a3bl JaHHBIX MO OMON3HAM KbIpre3ckoi
Pecriy6onuku: nepBble maru. B c6.: CeneBble HOTOKH: KaTacTPOQbl, PHCK, MPOTHO3, 3amuTa. Tpynsl 6-if
MexnayHaponHoit koHdepenuun (dymanbe—Xopor, Tamkukucran). Tom 1. — OtB. pen. C.C. UepHomoper,
K.C. Bucxamkuesa. — [yman6e: OO0 «IIpomoymurn», 2020, c. 157-160.

Introduction

The State Committee for Industry, Energy and Subsoil use of the Kyrgyz Republic
(SCIECU) and the British Geological Survey (BGS) working towards to develop a Geoscience
Data Index (GDI), geographical information system (GIS) that acts as a portal to geospatial
datasets and digital data indexes.

The vision is to hold open geospatial data on a central server and allows SCIESU staff
to access the digital data holdings. This approach will facilitate data query, analysis and
reporting. Due to the high landslide risk in the country, one of the components of the project is
to develop a national landslide database that enables visualize and analyze data in GIS
environments, web map tools and data portals.

Landslides in the Kyrgyz Republic

The high-frequency and often high-intensity of landslides in the Kyrgyz Republic,
mostly located on the southern part of the country, shown in Fig. 1, poses a significant risk to
people, the environment and infrastructure.

SCIESU has been given the remit to study these natural disasters by means of different
techniques such as drones. A landslide catalogue exists which records more than 1000 events
mainly held as Excel spreadsheets. Previous research efforts have resulted in development of
the Tian Shan geohazards database by Havenith et al, 2015. Also, [Strom & Abrakhmatov,
2018] compiled a bedrock landslide database for the country. Unification of such important
inventories in a central data store by using a robust database management system will enable
improved geo-hazard and risk assessment, reducing investor risk to the benefit of society.

Using PostgreSQL instead of Excel spreadsheets
Although utilizing spreadsheets is convenient for making a first inventory, this approach

it is not suitable for slope management purposes, such as recording monitoring data, storing
information about accomplished remediation works, or impact data for developing building
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fragility curves. Within the project, it is intended to use PostgreSQL — a robust and open source
software, PostgreSQL database has several advantages over Microsoft Excel for building
landslide inventories, as presented in Table.

70°00°E 75°00°E
Yor

43700 N

Fig. 1. Geographical location of landslides (Ministry of Emergency Situations in the Kyrgyz Republic,
2017)

Table. Comparison of the MS Excel and PostgreSQL

Feature/Benefit MS Excel PostgreSQL
CAPACITY No Yes

store unlimited data

SECURITY No Yes

stored in servers with backup

protocols

VERSIONING No Yes

Used by multiple users
simultaneously

CONSTRAINTS No Yes
Controlled for data quality

IMPORT and EXPORT Yes partly/No Yes
Easy, can be imported from other

sources

USER INTERFACE No Yes

Forms and reports can be created
and integration with GIS
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The current state of the Landslide Database

The requirements of a future national database are reviewed and a new data model
proposed that honours existing inventories. Fig. 2 shows a generic model of the database which
is being developed collaboratively between the two institutes.

LANDSLIDE INDEX

Landslide Reference
Landslide Identifier
Region / Location
(morphological aspect)

Landslide Detail

Landslide Co-ordinates (XYZ)
Slope (Aspect/Angle)

Dates (Initiation/Activation)
Data Sources

Images

Damage / Impacts

Survey Reference of Landslide
Surveyor/Geologist Name
Survey Date

Landslide Geology Lithology
Lithology of (Slope/Underlying
Mass)

Chronostrat (Age)

|

LANDSLIDE SURVEY

Reference of Landslide Surveys
Surveyor/Geologist Name
Survey Date

Details of Landslide Surveys
Landslide Types

Landslide Form

Landslide Movement Rate
Risk Category

Level of Risk

Threat Description

Height of Main Scarp

Analysis of Landslide Surveys
Stage of Development

Main Causes

Tension Cracks Description
Slip Surfaces

Groundwater
Comments
Fig. 2. Generic model of the landslide database
Conclusion

The southern part of Kyrgyz Republic is prone to large-scale landslides which cause
threat to population and infrastructure. To try to tackle the issue, BGS and SCIESU working
collaboratively to develop a national landslide database which will allow to integrate with other
datasets and visualize data in GIS. Due to this reason, an open-source database management
system PostgreSQL was selected. As an initial step, a generic data model was created
considering existing landslide inventories from various sources. In a current stage, a final
version of the landslide data model is being completed and will be implemented into
PostgreSQL. Future considerations are front-end development and carry out testing procedures
in the country.
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cy0-BogocoopHoro dacceiina Cypxaapa v nNpuJjierawumx
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Annorauusi. B 2017 rogy mo nOpoekTy KOMIUIEKCHOTO YIIY4YIIEHUS 300pOBbS U
mectoobutanuit (IHHI) B Wnsikckoit monmmae TamKukucTaHa, KOTOPHIA (YUHAHCHPOBAICS
[IBefimapckum arenrctBoM U PoHnom Ara XaHa mpoBoAWIACh WHXKEHEPHO-
reoJIoTHYecKasl OIeHKa cesieBoro OacceiiHa Cypxaapa M HPWIETAIOIIUX TEPPUTOPHHU.
Hcnosnp30Bancs KOMIIEKCHBIH HOAXOJ IPU M3yYEHUH BCeX (aKTOPOB celleoOpa3oBaHusA
U UX B3aMMOJICHCTBHS C 11eJ1F0 000CHOBAHHOTO IPOTHO3a CEJIEBBIX SBJICHUM U Pa3padOTKH
MeponpusTiid 1o Ooprde ¢ HuM. [IpM HMH)XEHEPHO-TEONIOTHYECKOH OLEHKH IIeJI0TO
OacceliHa OBUIM KCIIOJB30BaHbl JaHHBIC a’dPOBH3YAJIBHOTO OOCIIETOBAHUS, MOJIEBBIX
MapHIpyTHBIX paboT, JETaJbHOTO KapTHPOBAaHMS TEPPUTOPUM M pa3paboTaHbI
WH)XEHEPHBIE MEPOTIPHUSTHS 110 CHHYKEHHUIO PUCKA CEJIEBBIX IOTOKOB.

Knroueenie cnosa: so0ocoophulii baccelit, ceiegvle NOMOKU, ONOJI3He8ble NPOYECChl,
ceneobpazyouue hpakmopol, 2uoposocutecKkue YCio8us, zeonozuteckue HPOYECCol

Cceblika aasa uuTHpoBaHusi: Asumimoes M.M., Bo6os P.A., JlanGekos E.C., Banmues III.®., Amunonos B.A.
Pe3ynpTaThl MHKEHEPHO-TEOJIOTHYECKOH OIICHKH CENIeBBIX IMOTOKOB cy0-BojocOopHoro Oacceitna Cypxnapa u
MpHWIeTaonnXx TeppuTopuil (mommHa pekn Wk, Tamkukucran). B ¢6.: CeneBple TOTOKH: KaTacTpodbl, PHCK,
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Outcomes of engineering-geological assessment of the debris flow
hazard of Surkhdara sub-catchment and adjacent area (llyak River
valley, Tajikistan)
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2Aga Khan Development Network, Dushanbe, Tajikistan, ruslan.bobov@akdn.org

3Tajik National University, Dushanbe, Tajikistan, VALIEV_SH@mail.ru, aliba-
14@mail.ru

Abstract. In 2017 under the project of IHHI which was financed by SDC and AKDN was
done geological survey in llyak valley. During this assessment was done integrated
assessment of debris flow with all elements in Surkhdara watershed. This includes
complex assessment approaches all facts of debris flow impact and predictions and
mitigations projects for them. For assessment was used satellite images, field data
collections mapping and development of mitigation projects for debris flows.

Key words: watershed, debris-flows, landslide processes, mudflow forming factors,
hydrological conditions, geological processes
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BBenenune

U3zBectHO, uTo Oonee 93% tepputopun TamkukucTaHa 3aHUMAIOT TOPHI, B Mpeenax
KOTOPBIX LIMPOKO Pa3BUTHI 3PO3HOHHBIE INpoLECChl. B CBs3M ¢ 3THM B TOpHBIX paifoHax
BEJICHHE U Pa3BUTHE CEILCKOTO XO35SHCTBA UMEIOT CBOU OTPAHWYEHUS U YACTO TOJBEPIKEHBI
MPUPOIHBIM pHUCKaM. KimmMaTnueckne OCOOCHHOCTH TOPHBIX pallOHOB pacrmojiaraloT K
WHTEHCHBHOMY (QH3MYECKOMY M HWHCOJISIIHOHHOMY BBIBETPHBAHUIO, WHTCHCUBHOH SpPO3WH,
3HAYUTEILHOMY MTOBEPXHOCTHOMY CTOKY IIPH JIMBHEBBIX JOXKISIX U B KOHEYHOM HTOTE K 4YaCTOM
MTOBTOPSIEMOCTH CelNleBhIX sBieHui. [laBoaku, cemu, spo3ust mouB B TaKUKHUCTaHE HOCST
BceoOmuit xapaxrep [[llapabaes, Awypos, 1972].

Cenesbie noToku OacceiiHa Cypxaapa v NpUIaralnX TEPPUTOPHNA OTHOCSTCS K YHCTY
HauboJiee TPO3HBIX CTUXUHHBIX siBNeHui Wiskckoii gonunbl B Tamkukuctane. OHHA €XKeroTHO
HAHOCAT OTPOMHBIH yIiep0 HaApOJHOMY XO3AUCTBY M HACEJIEHHUIO paifoHa. DTO CTAJI0 OCHOBHOM
MPUYMHON TPOBEJEHMsI OLEHKH pHCcKa ceilell B 3Tod TeppuTopuu. OTIMYUTETHHOU
0COOCHHOCTBIO TIPOBEIEHHBIX WCCIICIOBAHUH, SBISIETCS KOMILUICKCHBIN MOAXOJ K MU3yYEHHUIO
BcexX (aKTOPOB CeIeoO0pa3oBaHUS M WX B3aUMOICHUCTBHS C IICI0 OOOCHOBAaHMS IPOTHO3A
CEJIEBBIX SIBJICHUHA U pa3paOb0TKu MEpOTpHUATHi 110 60phbe ¢ HUMHU. PabOThI IO OIIEHKE CeNeBO
OIAaCHOCTH BoJocOopHoro bacceiiHa Cypxaapa BKIIOYaIu B ceOsl:

a) TIPOM3BOCTBO MHKEHEPHO-TEOJIOTHIECKOTO 00CIIE0OBAHUS CENIEOMAaCHBIX YYaCTKOB;

6) coCTaBIIGHHE I'e0JIOrHYECKOil KapThl yrpo3 Ha IUIomamm B 29,5 kM? ¢ 0ToOpakeHneM
BO3MOKHOTO ~ CLIEHApHsl COBPEMEHHBIX TEOJOTMYECKHX TIPOLIECCOB UM  pa3paboTka
PEKOMEHIyEeMBIX HHXEHEPHBIX MEPONPHITUH JII yMEHBILICHHUS PUCKA.

MeToauKa BBITIONHEHHS TMOJIEBBIX pabOT BKIIOYANa B ceOs MPOBEICHHE HHKEHEPHO-
T'COJIOTHUECKUX MAapIIPyTOB C LEJbI0 BBISICHEHHS MPUPOAHBIX (PAKTOPOB CHOCOOCTBYIOIINX
aKTHBM3ALUHU CEIeHd M T'eO0NOr0-CTPYKTYPHBIX OCOOCHHOCTEH COBPEMEHHBIX T'€0JIOTHUECKUX
MpOoIecCOB (JINTOJIOTHYECKUN COCTaB TOPOJ], THUIBI T€OJIOTHYECKUX 00pa3oBaHUH, CHCTEMBI
TPEIIMHBl Ha OIOJ3HE-OMACHBIX CKJIOHAaX, TPOTHO3HPOBAHHWE CEJIEBBIX SIBICHUH U
¢dotorpadupoBanue.

WnxeHepHO-T€OJIOrHYECKHE MapIIpyThl NPOXOJWINCH KaK B KpPECT NPOCTHPAHHS
OCHOBHBIX CTPYKTYp, TaK M N0 WX NpocTHpaHuio. lIpm MpomM3BOACTBE TeOJOTHIECKHUX
MapHIpyTOB 0c000€ BHUMaHHE OBIJIO YAEIEHO CENIEBBIM OUaraM, pa3BUTHIO TPEIIMHOBATOCTH B
MOpoJax, MOCKOIBbKY TPELUIMHOBATOCTh SIBJISIETCS BECbMa BaXKHBIM (PaKTOPOM, 00pa3yIommumM
30HBI OCNAONEHHs U PAa3BUTHS T'€OJOTMYECKUX MPOIECCOB. MapuipyThl COIPOBOXKIAINCH
ONHCAaHUEM THUIIOB TOPOJ C OMNpPENCICHHEM HX B3aUMOOTHOIICHHUS, TEKCTYPhI, CTPYKTYPHI
XapakTEePHBIX JJIsl HCCIIEAyEeMOU TUIOIIA/IH.

Wzyduenne Bcex (hakTopoB ceneoOpa3oBaHUS W WX B3aWMOCWCTBUS C  IEJIO
00OCHOBaHMS MPOTHO3a CEJIEBBIX SBJICHUHA M Pa3padOTKH MEpONpHATHI 10 00pbde ¢ HUMHU
MIPOBOAMIIOCH TIO CTPYKTYPHO TEXHOJIOTHYECKOH cxeme (puc. 1).

Ceneo0pasylomue pakTopsl HeceyeMOi TeppUTOPHH

OK30reHHbIE TEOJIOTUYECKHE IPOIECChl, MIUPOKO PACHpPOCTPaHEHHBIE B TOPHBIX
paiioHax, daile BCEro MNPUYPOYCHBI K 30HAM BBICOKOTOPbs M CpeaHeropbs. Hepemko
9K30T'CHHBIC T€OJIOTMYECKUE MTPOIIECCHI (OTON3HH, 00BANIBI, OCHIIH U T.][.) IPUHUMAIOT yIacTHE
B Tporiecce ceneoOpazoBaHusa. [103TOMy MpHU HHKCHEPHO-TEOJOTHYECKUX HCCICTOBAHUSIX
OYCHBb BKHO OIEHUTH ceeodpa3yromue GakTopsl (puc. 2).
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MpeagaputenbHOe KamepanbHoe
AewndprposBaHe KOCMOCHUMKOB

CocTaB/ieH1e npesBapuUTe/bHbIX KapT

MpOeKTUPOBaHME OMOPHbBIX MAPLLPYTOB
1 BbIGOP KJ/IHOYEBbIX YHACTKOB

PeKorHocuMpoBKa u HabnoaeHns Eee——)

Monesble nccneposaHusA

OnopHble MapLupyTbl Pabota Ha K/lo4eBbIX YHacTKax

WN3yyeHne onopHbIx Monesoe gewndpuposaHmne Monesoe n nabopatopHoe
0bHaxeHuUi KOCMOCHMMKOB M3y4YeHue CBOWCTB rPyHTOB

06paboTKa, OLeHKa U aHau3
VIHd)OpMaLI,VIVI Ha3eMHbIX MCCﬂe,D,OBaHMﬁ

CocTraB/ieHne OKOHYaTeNbHbIX KapT CocrasneHue ot4éta

MH)KEHEPHO-I'EO/'IOI'MHECKVIE NPOrHo3bl

1 PEKOMEHAALMM MO NPOEKTUPOBAHMIO
MHXKEHEPHbIX MEPOMPUATUI

Puc. 1. CTpyKTypHO-TEXHOJIOIH4YECKasi CXeMa MHKEHEPHO-TEOIOTHUECKUX UCCIEOBAaHUMN Ul OLICHKU
9K30T€HHBIX I'€0JIOTHYECKUX IpolieccoB Gaccelina Cypxaapa

Fig. 1. Structural and technological scheme of engineering-geological research for the assessment of
exogenous geological processes in the Surkhdara watershed

1 T'eonoreseckae IponeccH
2 T'HAPONOTHIECKHH YCHOBHS

»  Ownomsss

3. AHTpOnoOreHHbie

> BbIpyGKa nec

OcuaoBHBIE paKTOPBI
CHOCOGCTEYIOIMEY aKTHBH3ANHEE
ceeii facceiin Cypxaapa B

OpPHEIeralomux TepPETOPHE

4. NMouseHHo-60 TaHKUecKkue

Puc. 2. Ceneobpasyromnue paxropsl 6acceiina p. Cypxaapa v IPUIETAIONMX K HEMY TEPPUTOPHI
Fig. 2. Mud-forming factors of the Surkhdara watershed and adjacent territories
PasnooOpa3Hble npupoaHble (AKTOPhI, BIUSIONIME HA (HOPMUPOBAHUE CEIIEBBIX

IIOTOKOB, MOXHO TOJpa3feiuTh Ha TEOJIOTMYECKHE, TUAPOTCOIOrHYECKUEe, ITOUYBEHHO-
pacTuTenbHbIe B 00YCIIOBIEHHbIE AEATEIbHOCTHIO uenoBeka [Cados, 1972].
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Teonocuueckue npoyeccol

CeneBbie moToku Oacceitna Cypxgapa W NPWIETAIOMINUX TEPPUTOPUH, HPOUCXOAAT
OOBIYHO Ha OIIOJI3HEBBIX CKJIOHAX B IMEPUOABI BBINAJACHUS AOKACH. PhIXiblid marepuan
HepeyBIaKHIETCS, TPUOOPETAeT CBOMCTBO TEKYUECTH 1 B BHJIE OTACIBHBIX IPSA3EBBIX OTUIBIBH,
OIOJI3HEW U OIOJI3HEN- TOTOKOB TMOMAJ/Iae€T B PyCJIO PEKU UM casl.

Bce omon3nm, pasButble B j€ccax M JIECCOBHAHBIX MOPOJAX, OTINYAIOTCS OOJBIION
HOABIKHOCTBIO. [103TOMY oOmon3mme Macchl MPOJIBUTAIOTCS TOPA3fo AajiblIe IT0JOIIBEI
CKJIOHA, a SI3BIKH OIIOJI3HEH YacTo MOJNPYKUBAIOT M MEPErOPAXHUBAIOT PycClla BPEMEHHBIX U
MOCTOSIHHBIX BOJOTOKOB [Cados, 1972]. Onon3HeBbie aedopMalMy Ha CKIOHaX OacceliHa
Cypxgapa ¥ NpWIETalOUIMX TEPPUTOPHH BBHI3BIBAIOT NEPEMELICHUE PBIXJI000JIOMOYHOTO
Marepuaia B pycio BOJIOTOKOB M IPUBOAAT K 00Pa30BaHUIO BPEMEHHBIX 3aIIpy/l, IPH IPOPHIBE
KOTOPBIX (OPMUPYIOTCS CeNeBbIe MOTOKH (puc. 3).

L2017

2019

Puc. 3. ®opmupoBanus ceneit B 6accefine Cypxaapa 3a c4éT ONoi3Hs: a) HadalbHast CTaIHs Pa3BUTHUSL
OIOJ3HSA, 0) CKOJNBXKEHHE JIECCOBUAHBIX CYIJIMHKOB IO TIOBEPXHOCTH IIECYAHHKOB M H3BECTHSKOB,
B) IPOM3OMICIINI cenb 3a cu€T onon3Hsa. @oro AznmmoeBa M. M.

Fig. 3. The formation of mudflows in the Surkhdar basin due to a landslide: a) the initial stage of the

development of a landslide, 6) sliding of loess-like loams over the surface of sandstones and
limestones, B) mudflows that occurred due to landslides. Photo by M.M. Azimshoev

164



Debris Flows: Disasters, Risk, Forecast, Protection. Cenesble NOTOKM: kaTacTpodhbl, PUCK, MPOrHO3, 3aLyuTa.
Proceedings of the 6t conference (Tajikistan) Tpyabl 6-1 koHdbepeHumn (TamkukucTaH)

T'udponoeuueckue yciosus

BropriM ycroBruem popmupoBanus ceneit apiseTcsi 00pa3oBaHe Ha TIOLIaIN KaXI0TO
ceneonacHoro ©OacceiiHa JOCTaTOYHOIO KOJIMYECTBA BOIBI Ul CMbIBa HIM CHOCAa U
HepEMEIIEHHUS 110 PYCITy PHIXJI000JI0OMOYHOTO MaTepraa B BUJIE PyCIIOBBIX IOTOKOB. be3 BobI
cesst OuTh He MOXeT [@Pretiwman, 1970]. OnHuM U3 HEOOXOIUMBIX YCIOBUIT (POPMUPOBAHHUS
CeNeBBbIX MOTOKOB SBJISETCS HaIWYMe WHTEHCHBHOIO ITOBEPXHOCTHOTO CTOKa B pycia
ITOCTOSIHHBIX U BPEMEHHBIX BOJOTOKOB, BO3HUKAIOIINE B pe3ynbraTe nuBHel [Cados, 1972].
I'unponoruyeckre yCIOBHsT B TOPHBIX paliOHAX, OKAa3blBAET CYIIECTBEHHOE BIMSHUE Ha
nporeccsl GOPMUPOBAHHS CEIeH.

Haunbonee nnTeHCHBHAs ceneBast AEATEIBLHOCTD B UCCIEIyEMOM paiioHe, HabJroaaeTcs
B MapT, ampenb M Mail, Korja BBIMafaeT OOJBIIOE KOJIHYECTBO aTMOC(EpPHBIX OCATKOB U
MPOUCXOUT HauOOJIbIIIee YBIAKHEHUE OYB (pHC. 4).
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Puc. 4. OcHoBHbIE THIPOMETEOpOIOrHuecKre nokasarenu Maiizabanckoro paiiona
Fig. 4. Main hydrometeorogical features for the Fayzabad District
Aumponoeennwiil hakmop

B nocnennue roapl pematoiee 3Ha4CHUE MIPU aKTUBU3ALUH CEJICi HMEeT YeoBeyecKast
nesTenbHOCTh (pHc. 5). B HacTosmee Bpems CKIIOHBI MCCIIEAYyEMOTO paiioHa OToNniIach OT
PacTUTEIHHOCTH U BRIpYOKH AepeBbeB. HempaBuibHas pacrnaiika CKJIOHa U HEPETryJIHpyeMbIil
BBINACTh CKOTA CO3JAIOT YCJIOBHS AJISl BOSHUKHOBEHHS HOBBIX IIPOMOMH M OBparax. B cBoio
odepensr OBpard CTAHOBATCS OuyaramMu 3apoXKIACHUs W TpaH3UTa TPA3EBBIX U
IPA3EKaMEHHBIX CEJIEBBIX IIOTOKOB, KOTOpPBIE pPa3rpyXkascb B YCTbEBOW YacCTH,
00pa3yloT OOIMpHBIE KOHYCHI BBIHOCOB, YTO HECET yrpo3y OOBEKTaM HApPOIHOTO
X0341CTBA. JIecHOI MaccHB Ha CKJIOHAX CEJIEBBIX 0ACCEHHOB SIBIISICTCS CAMUM JICHCTBEHHBIM
CPEACTBOM IIPEOTBPALLCHUS Celiel u obecrieueHns 0€30I1aCHOCTH KUTENEH KUIILIAKOB.

Tousenno-bomanuuecxue paxmopol

Ot (akTopsl MIPalOT B celeo0pa30BaHUU YpE3BbIUAHO OoJblIyi0 poisib. ['OpHBIE
BOZOCOOpHBIE OacceiHbl, CKIOHBI KOTOPBIX MOKPBITHI BBICOKOCTBOJBHBIM TI'YCTBIM JIECOM C
MOIIHOM KOPHEBOW CHCTEMOM, KaK MPaBUJIO, HUKOI/Ia He ObIBaeT ceneomnacHbIM. Jlaxe npu
OTCYTCTBUHU JIeCa, KYCTapHHUKOBBIM M MPOCTO TPaBAHUCTBIH IOKPOB XOPOIIO 3allUINacT
MOBEPXHOCTh TOPHBIX TMOPOJ OT BBHIBETPHBAHUSA W paspyuieHus [@uetiwman, 1970]. B
HCCIIelyeEMOM paioHe TJI0X0 Pa3BbITH MOYBBI. PaCTUTENTHOCTH B 3TOM pailoHe pa3BUTa OUYEHb
cnabo, B OCHOBHOM B BEPXHHUX YaCTHIX CKIOHOB (puc. 6).
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Puc. 5. AuTponorennsie pakTopsl (BEIpyOKa Jieca) B OBparax M Ha ckiioHax OacceliHa p. Cypxnapa. doro
E.C. Jlan6exoBa

Fig. 5. Anthropogenic factors (deforestation) in ravines and on the slopes of the Surkhdara watershed.
Photo by Y.S. Lalbekov

Puc. 6. Jlerpananus no4BeHHO-PACTUTENLHOTO CJI0S B BEpXHHiA uacTH cki1ona. ®oto E.C. JlanGekopa
Fig. 6. Degradation of the soil-vegetation layer in the upper part of the slope. Photo by Y.S. Lalbekov
Pe3ysbTaThl OLIEHKH cenei

Jlnss 0Opa3oBaHWs Cejis HYXKHBl JIMBHHM [IOCJIE 3aCyLUIMBOIO IEPHOJa, KOTOPbIE
CIIOCOOHBI Cpasy ke 3aXBATHTH OOJIBIIOE KOJMIECTBO PHIXJIOr0 MAaTepHaia, HAKOIMBIIIETOCS Ha
ckionax [Cepeees, 1978].

Ha uccnenmyemoM ydacTKe ceJieBble BBIHOCHI €KETOJHO Pa3pylIalOT M MOBPEXKIAIOT
JOPOTH U MOCTHI (pHc. 7).
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Puc. 7. PaspyiieHnble ceeM MOCThI U OeperoyKkpenuTenbabie coopyxerus. @oto M.M. Azumiinoesa
Fig. 7. Bridges and bank protection structures destroyed by mudflows. Photo by M.M. Azimshoev

B pesynbTaTe MHKEHEPHO-TEOJIOTMYCCKON OIIEHKH CEJICBBIX MOTOKOB OBUIM YTOUHEHBI
MOJIOKEHUST KJIFOYEBBIX YYaCTKOB W PEKOMEHIOBaHBI MPOTHUBOCEIEBBIC MEPOIPHSTUS IS
3alUThl HAPOTHOXO3SHCTBEHHBIX OOBEKTOB. B mporecce paboT BBIABICHBI Psii HOBBIX
JNEIU(PPOBOYHBIX TPU3HAKOB CeJiel, MO3BOJSIONIMX KApTHPOBATh IUIONIAJh MEXIY
MapIIpyTaMu Ha TPYIHOJOCTYIHBIX y4acTKax MECTHOCTH. OKOHYATENbHBIC KapThl YCIOBHUI
(bopMupoBaHHus ceseil, COCTAaBJICHHBIE C UCIOIb30BaHne KocMocHMKOB Google Earth Pro u
nporpamma ArcMap, oTinmdaroTcsi OOJBINON TOYHOCTHIO M 0oJiee IONHBIM OTOOpaKCHHEM
re0JIOrMYECKHX MPoIeccoB (puc. 8).
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Tabnuma. Ysa3BuMble kunutaku 6acceitna p. Cypxaapa v MpHUjIeTalomuX K HeMy TeppPUTOPHMA

DJieMEeHThI PHCKA YSI3BUMOCTH 6 KHIILIAKOB
Ne | Ha3Banus .
o X
KHILIAKOB ° o 2 ® a @ ° —
E g | EE | B, |zf |zf |%
g 5 g= | 2° | EE |2 | B
T oa = Faw| 24 = o = o =)
=S g SESE2| 82 |Se2alf2 | =
< ] =
£ | = SSE| S8 |z3¢| 8 | &
1 | Cypxnapa 87 604 14 16 77 13 celb
2 | Boru Mupn 263 1377 118 45 476 35 celb
3 daiizabdan 394 2428 41 10 257 11 cellb
4 Kenmxaobon 92 546 — — - — —
5 Kenrann 182 1449 — — — _ _
6 | Kyxcop 24 118 — — - - -
3akaouenue

CoBpeMeHHbIE Te0JOIHYECKHEe MPOLECChl UIPA0T BAXKHYIO POJIb B celeo0pa3oBaHUU
uccnemxyeMoro ygactka. OHH y4acTBYIOT B (POPMHPOBaHUH PHIXJIO00JIOMOYHOTO MaTepraia u
Macc TOPHBIX MOPOA Ha CKIOHAX, CHIOCOOCTBYIOT €T0 MEPEMEIICHHUIO B PyCila BOJOTOKOB U TEM
caMbIM HEIIOCPEACTBEHHO BIMAIOT Ha XapakTep celeBoro npouecca. Cenu mo TUILY SBISIOTCS
MPEUMYIIECTBEHHO IPSA3EBBIMU U IpsizeKaMeHHbIMU. [lopoel, cnaratomme 6acceitn Cypxaapa
W TIpUJIETAIONIHE TEPPUTOPHH, SBISIOTCS CIA0BIMHU K pa3pyIIeHHIO, C TOBEPXHOCTH BEIBETPHIIH,
TPELIMHOBATHIE W YacTO Pa3gpoOJIeHHBIE, YTO CHOCOOCTBYET OOPa30BaHMIO y ITOAHOKHUM
CKJIOHOB TILICH(OB OCBHIIEH W OOPYIIEHHBIX OOJOMKOB ITOPOI, SIBJISAIONIHECS MaTepHaIoM
ceneBbIX MOTOKOB. OCHOBHBIM (DaKTOPOM 00pa3oBaHUs cejel SBIACTCS KIUMAaTUUYECKUH —
YacThle TUBHEBBIC JOXKIH.

[Ipy wmHXEHEPHO-TEOJOrNYEeCKOM HCCIIEOBaHUU, B BOAOCOOpHOM OacceliHe OblIH
3adukcupoBaHbl 12 ceneBBIX MOTOKOB, 4 W3 KOTOPHIX MMEIOT BEPOSITHOCTh MOTEHIHATBLHON
YIPO3bI JKUIBIM 30HAM KUIIJIAKOB.

Tpéxnernue HaOIr0NEHNS 3a CENIEBBIMHM ITOTOKaMM IIOKa3ajlM, YTO 00pa3oBaHUE celer
Oacceitna CypxJiapa W NMPUIIETAIOIUX K HEMY TEPPUTOPUH TPOUCXOJUT B OJHUX H TEX Ke
pyciax BOAOTOKOB. [l yMEHBIIEHHsI PUCKAa CEJEBBIX MOTOKOB XHJIBIM 30HAM KHIILJIAKOB
Oacceiina Cypxaapa ObUIM pEKOMEH/I0BaHbI CIEAYIONINE HHKCHEPHBIE MEPOTIPUSTHSL:

—  3aIpeTHTh CTPOUTEIHCTBO KHJIBIX JOMOB U OOBEKTOB B CEJIEONACHOH! 30HE;

— TPOM3BECTH MOCAJAKY JCPEBLEB M KyCTAPHUKOB Ha CKJIOHAX, TAE 3apOKAAI0OTCS
ceny;

— PacuuCTKa U OTBOJ CEJEBBIX PYCEIN OT >KUJIOH 30HBI;

— CTPOUTENBCTBO CEJICOTBOASALIMX M CEJIE3aLIUTHBIX COOPY)KEHHH I10 casM
Cypxnapa, Tykyp, lllapudobon 1 Xyuax ceneBoro 6acceitna Cypxaapa.
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Mapping and modelling of glacial lake outburst flood (GLOF) of
Deran glacial lake, Ishkoman Valley, Ghizer District, Pakistan using
GIS and remote sensing

D. Bano, S. Wali, S. Shah, A. Hussain

Branch of the Aga Khan Agency for Habitat in Pakistan, Islamabad, Pakistan,
dilshad.bano@akdn.org.

Abstract. Northern part of Pakistan hosts world’s largest glaciers and peaks in HKH
region. These natural resources are not only a priceless source of livelihood for the local
people but also poses various threats due to different phenomena like avalanches and
glacier lake outburst floods (GLOF). Global warming, climate change and human activities
are major factors that causes the melting of these glaciers as a result glacier recedes and
develop lakes that raises water levels in downstream water ways. Such glacier lake outburst
floods are one of the major disasters in these mountain regions. In this study, GLOF
assessment and mapping was conducted using GIS and Remote Sensing techniques with
ground truthing. Change detection technique like NDWI was performed on Landsat
imagery for last two decades and flood modeling was executed using HEC-RAS based on
ground data and RS. Temporal change in lake volume was increased to 60% which was
calculated using surface volume tool in ArcGIS. Lake area has been extended to 31.18 %
whereas ice and Glacier cover has been receded from 42.62% to 21.91%. GLOF modelling
for two scenarios shows number of critical and priority infrastructure at risk like bridges,
transformers, community centre, school, houses and agriculture land. The outcomes of the
study will provide the base for the development of community preparedness plans and
safety strategies with risk reduction measures.

Key words: Deran, Gilgit Baltistan, GLOF, HKH, HEC-RAS, GIS, NDWI
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KaprorpadupoBanue u Mmoae1MmpoBaHue NpopbIiBa JeAHUKOBOIO
o3epa [depan (nosiuna Mmkoman, okpyr I'xusep, Ilakucran)
¢ ucnoab3opanueM I'MC u JaHHBIX JMCTAHIUOHHOTO 30HIUPOBAHUA

. Bano, C. Baau, C. lllax, A. Xyccaun

Qunuan Acenmemea Aea Xana no Xabumam ¢ Ilakucmane, Uciamabao, [lakucmarn,

dilshad.bano@akdn.org.

AnHoTanus. B ceBepHoil yactu Ilakucrana HaxoATCs KpyHHENIINE B MUPE JIEAHUKU U
BbICOYAWIINE BEepHIMHBI pernoHa [mHaykym-I'mmanan. OTH NPHUPOAHBIE PECYPCHI
SIBJISIFOTCS HE TOJIBKO OECLIEHHBIM MCTOYHUKOM 3apaboTKa JUIsi MECTHOTO HAaceJICHHsI, HO U
CO3/IAf0T PA3IMYHBIC YIPO3bI, CBSI3aHHBIC C TAKMMH ONACHBIMH IIPUPOTHBIMH SIBICHHUSIMH,
KaK JJaBUHBI U TIPOPBIBBI JIeAHUKOBEIX 03ep (GLOF). 'mobanbHoe noTensienne, U3MEHEHHE
KJIMMaTa U JEeSITeIbHOCTh YeJIOBEKA SIBIISTIOTCS OCHOBHBIMM (haKTOpaMH, BHI3BIBAFOLIMMH
TastHAE 3THX JEAHUKOB U, KaK CJIEICTBUE, MX OTCTYIaHUE, YTO B CBOIO OUYEpEb NPUBOINUT
K ()OPMHPOBAHHUIO 03€p, MPOPHIB KOTOPHIX HNPUBOANUT K PE3KOMY YBEIMYCHHIO yPOBHS
BOJIBI B pEKax HIDKE MO TedeHHIo. Takue maBoAKH, (opmupylommecs B pe3ysbTaTe
IPOPBIBA JIETHUKOBBIX 03€p, SBISIOTCS OJHUM U3 OCHOBHBIX OCACTBHI B JaHHBIX TOPHBIX
pernoHax. B HacrosimeMm HcclielOBaHWM OLEHKAa M KapTorpaupoBaHHE NPOPHIBOB
JIETHUKOBBIX 03€p ObLIM IPOBECHBI C UCTIONb30BaHHEeM MeTo10B I IC 1 ANCTaHIIMOHHOTO
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30HAMPOBAHUS C TOCIEIYIONIeH Bepr(HUKanyell NOoJIeBbIMI HaOmoIeHHIMA. MeTonnka
oOHapyxeHus1 n3MeHenuii, Hanpumep, NDWI, 6bita BeimosHena mo caumkam Landsat B
TE4YEeHHUE IMOCJIEIHUX JBYX NECATUIETHH, a MOJENUPOBAaHHE MaBOJKOB IPOBOJUIOCH C
ucnonb3oBanuem mnporpamMmbl HEC-RAS Ha oCHOBe Ha3eMHBIX JaHHBIX M JIaHHBIX
JUCTAaHIMOHHOTO 30HIMPOBaHMS 3eMiHM. BpemeHHble H3MEHeHHsT oObeMa o3epa
nocturain +60%, 4To ObUIO PacCcUMTaHO C IIOMOIIBI0 HHCTpYMeHTa «Surface Volume» B
ArcGIS. Tlnomans o3ep yBenmuuuBanach 10 31,18%, B TO Bpemsi Kak JeAsSHOH U
JICITHUKOBBIN MOKPOB yMeHbImiIcs ¢ 42,62% no 21,91%. Mognenupoanne GLOF mns
IBYX CIICHAPWEB TIOKA3hIBACT KOJIMYECTBO KPUTHYCCKH BaXKHBIX W TIPHOPHUTETHHIX
00BEKTOB HHPPACTPYKTYPEHI, IIOABEPIKEHHBIX PUCKY, TAKUX KaK MOCTHI, TPaHC()OPMATOPHI,
OOIIECTBEHHBI IIEHTp, IIKONA, JOMA M CEIbCKOXO3SHCTBEHHBIC Yronbs. Pe3ymbraThl
HCCIIEZIOBAaHUS TIOCITY>KaT OCHOBOH I pa3pabOTKH IUIAHOB IO HOATOTOBKE MECTHBIX
JKUTEJIEH U cTpaTeruit 06e30IacHOCTH 10 CHUKEHUIO PUCKA.

Knrouesvie cnosa: /lepan, I'uneum-banmucman, npopuis 1€OHUKOB8020 03€Pa, PESUOH
Tunoykyw-T'umanau, npoepamma HEC-RAS, I'HC, nopmanuzosannsiii paznocmuulil
unoexc 600vt (NDWI)

Ccebinka pasa nurupoBanusi: bano /1., Bamu C., Hlax C., Xyccaun A. KaprorpadupoBanue u MOJICINPOBaHUC
MpopbIBa JIeAHUKOBOTO o3epa Jepan (monmua Mmkoman, okpyr I'xuzep, Ilakucran) ¢ ucnonszoBanuem ['MIC u
JaHHBIX TUCTAHIIMOHHOTO 30HaUpoBaHus. B ¢6.: CeneBble MOTOKU: KaTtacTpoQbl, PUCK, IPOTHO3, 3amuTa. Tpyas! 6-
i Mexxaynapoanoii koHdpepenuun (dymande—Xopor, Tamkukucran). Tom 1. — OtB. pen. C.C. Yepnomoper, K.C.
Bucxamxkuesa. — ymran6e: OO0 «IIpomoyuray, 2020, c. 170-182.

Introduction

The northern areas of Pakistan are hosting some of the world’s largest and famous
mountain ranges including Himalayas, Karakoram and Hindukush (HKH). These ranges
contain over 5000 snow laden glaciers that supply huge volume of water through 10 sub basins
and other various tributaries that feed the mighty Indus. The ICIMOD’s glacier inventory
developed in 2005 using remote sensing and geographical information technologies identified
that the nature and health of the HKH glaciers are changing year by year due to change in
temperature and climate, these variations resulted in melting of centuries old glaciers and lead
to formation of lakes in glacier’s lap, there are over 2000 glacier lakes and among them
52 glacier lakes are considered to be dangerous enough to cause glacier lake outburst floods for
communities living in low lying areas in the HKH region [Rasul, 2015].

The GLOF events are catastrophic as huge loads of debris and mud flows in the
downstream sweeping the infrastructure, houses and croplands even in scores of life losses if
they happen without any alert signal. For mountain population, GLOF is a great hazard which
has been reinforced by climate change in terms of frequency and vulnerability in Gilgit-
Baltistan region. UNDP in 2007 reported that in Gilgit-Baltistan the frequency of glacier lake
outburst floods is higher as it has been recorded over 30 disaster events in last two centuries.
Such disasters include the GLOF events occurred in Gupis valley during 1994, when a GLOF
blocked the Ghizer river and river blockade formed a huge lake, this event took five lives and
damaged livelihoods and properties of population living in downstream. Another event in 1999
in the same extent lead to form a current famous lake i.e. Khalti lake. Similar events of various
intensity have occurred during 2007, 2008 and 2009 from Ghulkin glacier [PMD, 2016]. GLOF
events are also common in Shimshal valley, as it hosts few of the largest glaciers like Khurdopin
and Virjirab glaciers. One of GLOF events in 2017 has inundated the low-lying hamlets in
Shimshal Centre, Aminabad and Farmanabad and damaged road, bridges and crop land.
Analysis of lake through satellite images revealed that the flood was result of Khurdopin glacial
lake outburst, which is a frequent phenomenon in the valley. Similar events were occurred in
Passu during 1985 and 2009, Yarkhun Lusht in 2002, Brep in 2005, Sonoghore in 2007 and
Booni in 2010. Baibary Lake in Hinarchi glacier Bagrot valley generated a significant flood in
May 2014 and damaged the link bridge over Bagrot River near Sat village when it burst due to
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warm weather sustained more than seven days with clear sky conditions. Datochi Glacier and
Bilchar glacier located in Bagrot valley generated outburst floods in July-August 2015 triggered
by monsoon downpour with lighting/thunderstorm and caused huge erosive damage to
agricultural land, link roads, suspension bridges and human settlements along the channel.
GLOFs from Ghulkin glacier, Gojal valley in upper Hunza has also followed the similar
mechanism in the past with the frequency of 5 outbursts in year 2008 [FOCUS, 2013].

Table 1. Historical GLOF events in Gilgit Baltistan

Event Year GLOF Location River
1994 Sosot/Gupis Gilgit
1999 Khalti/Gupis Gilgit
2000 Shimshal Hunza
2000 Kand/Hushe Indus
2005 Sosot/Gupis Gilgit
2007 Ghulkin Hunza
2007 Passu Hunza
2008 Ghulkin Hunza
2008 Ghulkin Hunza
2008 Ghulkin Hunza
2008 Ghulkin Hunza
2009 Ghulkin Hunza
2012 Sosot/Gupis Gilgit
2017 Khurdopin Shimshal

Source: Archer 2001, UNDP 2007, NARC 2008, Pamir Times June 2008. FOCUS, 2012

The analysis of GLOF event has revealed that the events were linked with rise in
temperature and high intensity rainfall along with human activities which formed new surface
and sub-surface glacier lakes at ablation zone [Bajracharya et al., 2007].

Glacial lake and Glacial lake outburst flood (GLOF)

A glacial lake is a large reservoir of water in, on or near the glacier created by glacial
processes as glaciers melts at frontal zone, it creates the empty space which is filled by melt
water which eventually become a lake due to gradual accumulation of water. They may be
either ice dammed, or moraine dammed. Glacial lakes can be found almost all over the world
with glaciated regions. Most theories reveal that glacial lakes began to form with glacier retreat
all over the world near the end of last glacial period. Most of the glacial lakes in HKH region
are the result of glacier ice and snow melting and deposition of unstable lateral moraines due
to increasing temperatures that lead to more glacial lakes in times to come [Rasul et al., 2011].

Glacial Lake Outburst Flood (GLOF) is a sudden release of huge amount of debris mix
water from the glacial lake flows downstream [ICIMOD, 2011]. The GLOF process is
supported by the wreckage of glacier ice, the breakdown of moraines due to erosion and gradual
leakage of water reduces the strength of lake to contain water, therefore the pressure exerts by
the water force lead to the outburst and form a debris flow or flash flood. The intensity of
possible flood depends on the speed of outflowing water or the discharge rate and the volume
of the water which is usually high in cases of GLOF’s, so the higher the volume and discharge
rate, maximum would be the severity of flood downstream [Worni et al., 2012].

Glacial lake mapping and GLOF modelling using RS and GIS
There are number of approaches to assess various parameters to understand the nature of

glacial lake during field surveys which may include observations by visual records,
photography, understand local geology, physical settings of the site, physiography of the lake
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outlet, lake dimensions and stability of moraines and its composition. Bathymetric data is
another critical parameter to consider for GLOF as lake depth is used to estimate the volume of
the water released in case of GLOF which can be collected by using advance technology and
Boat and Sounder method [Khanal et al., 2015].

In general, most of the glacial lakes are found at high altitudes due to which it is difficult
to reach physically for detailed assessments, investigations, mapping and monitoring [Anand,
2014]. It also needs extensive time, resources in terms of human and financials therefore, the
remote sensing data and GIS techniques provide great help. Freely available satellite imagery
of Landsat and Sentinel are used to monitor the temporal change of glacial lakes. The normalise
water index (NDWI) and modified normalise water index (MNDWI) are frequently used
indices to extract lake using satellite data [Huggel et al., 2004].

The Geographical Information System (GIS) and remote sensing (RS) tools and
techniques supports the detailed study, analysis and monitoring of various features of glaciers
and glacier lakes as most of the glacier lakes are located at high altitudes that are difficult to
assess physically. The assessments of some critical characteristics of glaciers like snow line,
moraine type, lake area etc can be easily identify on remote data i.e. satellite images. The remote
sensing data of high spatial resolution i.e. Digital Terrain Model (DEM) and freely available
software’s i.e. HEC-RAS and HEC-GeoRAS can be used to model the possible GLOF and
identification of low-lying at-risk features. The results of the remote sensing data coupled with
ground truthing can be best approach for GLOF mapping and modelling [Banerjee, 2003].
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Fig. 1. Map of study area showing location of Deran Lake

The study is focused on the mapping and modelling of glacier lake outburst flood from
Deran glacier in Ishkoman valley in high mountain region of Gilgit Baltistan. Deran glacial
lake is in NE of Gutulti watershed at elevation of 3436m a.s.l in Tehsil Ishkoman District
Ghizer. The site is located at a ground distance of 148 km away from Gilgit city. Deran glacial
lake is accessible by foot from Gutulti village. The coordinate of study is lat. 36.593767°N and
long. 73.811659°E.
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Brief review of the problem

Gilgit-Baltistan is in the lap of the world’s highest mountain ranges, namely Karakorum,
Himalayas and Hindukush, having more than 5000 of glaciers and hazardous glacial lakes
[ICIMOD, 2005]. Deran glacial lake is developed at the terminus of Deran Glacier, located in
the Gutulti watershed Ishkoman valley in Hindukush mountain ranges in north of Pakistan.
Deran Glacier generated outburst floods in 2003 triggered by high melting of glacier with
increase the volume of glacial lake and caused huge erosive damage to forest land, agricultural
land, link roads, suspension bridges and water channel along the mainstream. Deran watershed
having four glaciers and three glacial lakes. Out of three, Deran glacial lake is one of the
potential lake due to temporal increase of size and volume of water.

Deran Nala hosting four parallel glaciers. Gradient of eastern glacier is relatively high,
and it looks like hanging position. This glacier is highly deformed without any debris covers
material. The glacier tongue is thinning, and glacier ice mass is moving upward. Potential could
not be physically assessed because of inaccessibility. On southern side along the right lateral
moraine a medium sized glacial lake exists. This lake has been developed by push moraine of
hanging glacial tributary moving from northward and the lateral moraine of another glacier
from its western side. The melt water at supra and en-glacial conduits pour down into the lake
and discharges from it in less amount. The lake is bounded by stable moraines and low
probability of its outburst, because both adjacent glaciers are retreating phase. Central glacier
is located between the two glaciers. The snout of glacier is covered by debris materials and is
susceptible for partially blockage of the glacier run off due to avalanches hazard which are
triggering from the northern avalanche run out zone. Small pounds observed along their lateral
moraine.

Downstream valley is narrow and highly exposed to GLOF, all infrastructures which are
located along the banks of the main perennial stream are under the great threat of this hazard.
Any potential GLOF/flash floods from the glacier can reach down the villages and may cause
heavy damages along the valley banks. Based on the situation, it was necessary to assess the
situation in detail to understand the expected damages to downstream and prepare mitigation
accordingly.

This study aims to 1) analyze temporal changes in the glacial lake using time series
(1991-2015) remote sensing data; 2) to develop Glacier Lake Outburst Flood (GLOF) scenarios
and to identify downstream inundation zones. The research also explains that the formation of
the moraine glacial lakes is the complex natural process which can modify the downstream land
topography and flood plain environment and pose a potential of financial losses. Therefore, it’s
very important to understand the whole mechanism of lake development, variations and
changes occurred due to climatic and anthropogenic activities, elements that may initiate an
outburst, route of the outflowing flood water. A model has the capability to predict all those
parameters to find approximate time and situations of GLOF onset to ensure the downstream
settlements are prepared enough to handle any disastrous conditions.

Method and data

The study is focused on the future possibilities of GLOFs from Deran glacier lake. The
process was carried out by conducting couple of extensive ground surveys during 2015 for the
collection of data needed for glacier lake mapping and GLOF modelling. The surveys included
the p