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«IddexTuBHAA, cHpaBeIuBAs U B3aMMOBBITOAHAS
BOJAHAs KOONepamus MOKeET CTATh KAaTaJU3aTOPOM
COpa3BUTHUS CTPaH, CBA3AaHHBIX O0IMMHM BOJAHBLIMU
O0acceliHaMM»

«Pernon LleHTpajbHOM A3MH, KOTOPOMY XapPaKTEPHO
HepaBHOMepHoe (GopMHpPOBAHHE BOAHBIX pPeCypcoB,
SIBJSAETCH HALISAHBIM NPUMEPOM KOHCTPYKTHUBHOIO
BOJHOT'0 COTPYIHHUY€CTBA»

... PallHOHAJ/IbHOE HCMOJIb30BAHUE YHHUKAJbHBIX
3amacoB TOJbKO BbICOKOTOpHOro osepa Cape3, kotopoe
COEP:KUT CEeMHAAUATh KYOMYEeCKHX KHJIOMETPOB BO/bI,
Aa¢éT BO3MOXKHOCTh JO0JIOCPOYHOI0 U YCTOMYHMBOIO
o0ecreyeHUs] Ka4YeCTBEHHON NMUTHLEBOW BOAOH HaceJieHMS
Halllero peruoHa»

Imomasun Paxmon

“Effective, equitable, and mutually beneficial water
cooperation can become a catalyst for the co-development of
countries connected by shared water basins”

“The Central Asian region, characterized by the uneven
distribution of water resources, is a clear example of
constructive water cooperation”

“...the rational use of the unique reserves of the high-
mountain Sarez Lake alone, which contains seventeen cubic
kilometers of water, provides an opportunity for the long-
term and sustainable supply of high-quality drinking water
to the population of our region”

Emomali Rahmon



BBenenue
Capesckoe o3epo o0pa3zoBasioch 18 ¢pespasist 1911 roaa, B pe3ysibrare CHIBLHOIO 3eMJIETPSICEHUS C MATHUTYA0H Mw =

7.4 - no mkaJie Puxrepa 1 HHTEHCHUBHOCTBIO COTPsiceHMs 9 0aJ1710B - 1o mkaJje MSK-64, cnpoBonupoBaBuinii 00pyeHust
00/1b1I0 MACChI TOPHBIX IOPOJ € I0KHOT0 CKJIOHA My3K0/1bCKOro XpedTa - mpaBoro 6opra peku Maprod oobémom 2.0-2.2
KM’, Ha MecTe paHee CyllleCTBOBABIIEro cejieHus Ycoii. O0pasoBapuieiicsi 03epo B 1914 roay noiHOCTBIO 3aTONKJIO CeJI0
Capes, pacnosiokeHHbId HA PacCcTOSIHMU 4 KM OT 3aBaJjia. 3aBajibHasl IJIOTHHA MO3IHee ObLIA HA3BaHA YCOMCKOIi, a
oOpa3oBaBuIcecs 03ep0 MOJYYHJIO Ha3BaHMe 3aTOIUVIeHHOro ceia Capes. Ilo cioBam o4eBHILECB COTPSACEHHMs 3eMHOM
MOBEPXHOCTH NMPOAO0J/IKAJIOCH B TeUCHUE HelleJId - B BU/JIe aQTepIIOKOB KAaK NPUHATO ceiiyac Ha3bIBaTh B CECMOJIOTHH.
Oo0pa3oBaBmmiicsi B neHTpe [lamupckux rop Ha riaszax 4yejgoBeka noanpyasoe ozepo Cape3s cymecrnyer yaxe 115 et u
npoodjeMa yCTOH4MBOCTH €ro IJIOTHHBI BCEr1a HAXOAUTCS B LIEHTPe BHUMAHHS y4eHbIX-Hcc/iefoBaTeeil. boabmmuHcTBO
IKCMEPTHI NPUAEPKUBAIOTCA MHEHHS 00 YCTOMYHBOCTH YCOHCKOI0 32aBaJ1a M CYUTAIOT, YTO NPOPBIB IVIOTHHBI Cape3cKkoro

03€pa MaJIOBEPOSITCH.

Introduction
Sarez Lake was formed on February 18, 1911, as a result of a strong earthquake with a magnitude of Mw = 7.4 on the

Richter scale and a shaking intensity of 9 on the MSK-64 scale. The earthquake triggered the collapse of a massive volume
of rock material (2.0-2.2 km?) from the southern slope of the Muzkol Range on the right bank of the Margob River, at the
site of the former village of Usoy. In 1914, the newly formed lake completely flooded the village of Sarez, located
approximately 4 km from the landslide dam. The natural dam was later named the Usoy dam, while the newly formed lake
received the name of the submerged village - Sarez. According to eyewitness accounts, ground shaking continued for about
a week in the form of aftershocks, as they are referred to in modern seismology. The naturally dammed Sarez Lake, which
formed in the central Pamir Mountains within human observation, has now existed for 115 years, and the issue of the
stability of its dam has remained at the center of scientific attention. Most experts support the view that the Usoy landslide
dam is stable and consider the probability of a catastrophic dam failure at Sarez Lake to be low.



Hao6aronenue 3a cocrossnueM Capesckoro ozepa Beaércs ¢ 1913 rona no nacrosiee Bpemsi. B mepuox 2000-2007 rr.
npu ¢punancoBoil nogaepxkke lIBeiinapun, @onga Araxana u BcemupHoro 6anka 0blj peajin3oBaH MeXIyHAPOAHbIH
MPOEKT MO YCTAHOBJEHHUI) CHCTEeMbl MOHMTOPHUHIA U PAaHHEr0 OINOBEHICHHWSI HA YCOMCKOHM IUIOTHHE M JOJHMHBbI PeKH
BapraHr ¢ ueJib10 npe1oTBpaliecHUs] OMACHBIX MOCJIeACTBHI VISl HACEJIEHHUS B CJIy4Yae BeposATHOro npopbsiBa Capesckoro
o3epa. Haunnas ¢ 2007 roma 3Ta cucreMa HaXOAUTCH MO ONEPATHBHBIM KOHTPOJIeM YIIPaBJeHUSI MO BONpPOcaM
Capesckoro o3epa Komurera mo ype3Bbl4aifHbIM CUTYALMSIM U FPa:kaaHcKoi 00opoHe npu [lpaBureabcTBe Pecnmy0anku
Tamxukucran. Ha Ycouckom 3aBajie-IVIOTHHE CHJIAMHU YIPABJECHUS OPraHM30BAaHO KPYIVIOCYTOYHOE JAEKYPCTBO IO
KOHTPOJIIO €€ cCOCTOSIHUA U HaOoneHus 3a Cape3ckum o3epoM. Bosnukmee 18 peBpaisi 1911 rona camoe riiydookoe o3epo B
LenTpanbHoil A3MH U caMoOe BbICOKOE B MHpe €ro IJIOTHHA 10 CUX MOP 0CTAéTCH 00beKTOM NPHCTAIBLHOT0 BHUMAHUS

Y4€HBIX H DKCIIEPTOB.

Monitoring of the condition of Sarez Lake has been carried out continuously from 1913 to the present day. During the
period 2000-2007, with financial support from Switzerland, the Aga Khan Foundation, and the World Bank, an
international project was implemented to establish a monitoring and early warning system on the Usoy dam and within the
Bartang River valley in order to prevent hazardous consequences for the population in the event of a possible outburst of
Sarez Lake. Since 2007, this system has been under the operational control of the Sarez Lake Department of the Committee
for Emergency Situations and Civil Defense under the Government of the Republic of Tajikistan. The Department has
organized round-the-clock monitoring of the condition of the Usoy dam and continuous observation of Sarez Lake.
Formed on February 18, 1911, the deepest lake in Central Asia and its exceptionally high natural dam remain subjects of
close attention for scientists and experts to this day.



HUcrTopus ucciaenoBanus ozepo Cape3s

Hab6mronenne 3a cocrostanem Capesckoro o3epa Benércs ¢ 1913 roma mo
Hacrtosee Bpems. MccnenoBanus [ A. [lInminbko cTamy mepBbIMA, MOAPOOHO
M3YYUBIINM HOBOOOpa3oBaHHOTO 03epo. [lomydeHHBIE WM pPE3yIbTaThI
HCTIOJIB3YIOTCS 10 cuX nop. Ha ocHoOBaHMM CBOMX MCCII€AOBaHUM OH IIPHUILIEN K
BBIBOJlY, YTO IUIOTMHA YCTOWYMBA W IIpU 3alOJHEHUM O3€pa HAYHETCS
¢buibTpanus Boabl U3 Hero: «bimkaliiuM ciaeCTBUEM pa3MbIBaHUS SIBUTCS
MOCTEINEHHOE MOHMKEHHWE BBICOTHI BOJOCIMBA U TECHO CBS3aHHOE C ATUM
YBEJIMYEHUE KOJIMYECTBA IPOTEKAIOIIEH CKBO3b 3aBaJl BoIbl. Koria koanuecTBo
MPOCAYMBAIOIIEHCS BOABI OyJET MPEBBINIATh MPUTOK - YPOBEHb 03€pa HAYHET
MOHIKATHCS». [lepBhIM reomorom, oOCIeIOBaBIIMM YCOWCKWN 3aBall, ObLI
npodeccop U.A. Tlpeobpaxkenckuit. B 1925 romy oH mpoBEn neTadbHBIC
HCCIIeIOBaHUSI YCOMCKOTO 3aBajia, OMKcajl €ro pa3Mepbl, MPUUYUHY U CIIOCO0
obOpazoBanusi. OH TMojAiepKal MHEHHUE, BhICKa3aHHOE IITabCc-KanmuTanom [LA.
[InuiibKo 00 yCTOMYMBOCTH YCONCKOM TUIOTHUHBI.

History of Sarez lake research

Monitoring of the condition of Sarez Lake has been carried out continuously from 1913 to the
present day. The studies conducted by G.A. Shpilko were the first detailed investigations of the
newly formed lake, and the results obtained by him are still used today. Based on his research, he
concluded that the dam was stable and that, as the lake filled, water filtration through the dam body
would begin: “The immediate consequence of erosion will be a gradual lowering of the spillway
level, closely associated with an increase in the amount of water passing through the dam. Once
the amount of seepage exceeds the inflow, the lake level will begin to decline.” The first geologist
to investigate the Usoy landslide dam was Professor I.A. Preobrazhensky. In 1925, he carried out
detailed studies of the Usoy dam, describing its dimensions, origin, and formation mechanism. He
supported the conclusions of Staff Captain G.A. Shpilko regarding the stability of the Usoy dam.

N.A. IIpeobpakeHCKHUiA
[.A. Preobrazhensky

I'A. Houneko
G.A. Shpilko
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[Tnan Ycoiickoro 3aBana u Capeskoro o3zepa, Oxtsi6pp 1913 1.

Plan of the Usoy Dam and Sarez Lake, October 1913.

T

Jlareps skcnienuiun mradc-karmurana [LA. llmuneko, 1913 1.
Expedition camp of staff captain G.A. Shpilko, 1913.

[TnanomepHble HayuHble uccienoBanns Cape3ckoro ozepa U YCONHCKOTo
3aBajia Benytcs ¢ 1925 rona. B uzyueHune reoyiornyeckux, THAPOTIOTHYECKUX,
reoMopQOJIOTUUECKUX M KIMMAaTH4YECKUX O0COOEHHOCTEH palioHa
3HAUUTEJIbHBIM BKJIaJ BHECJIHU TI€0JIOTH, TOmorpadbl, THAPOJOTH U
METEOPOJOoru, cpeau KoTopbix ciaeayetr ormetuTh O.K. Jlanre, B.C.
KonmecnukoBa, B.A. AdanacreBa, B.B. Akynosa, B.1. Paneka u O.0.
Bacunwesa u ap. Bonpocs! ycroitunBoctu Cape3ckoro ozepa U YCOHCKOTO
3aBaja MCCJIENOBAIUCH CHEUAIUCTaMu [J1aBHOrO ympaBi€HHUs! Ie€OJIOTHH
npu IIpaBurensctBe PecniyOnuku Tamkukucran, Beepoccuiickoro HayuyHo-
HCCIIEA0BATENBCKOT0 NHCTUTYTA MHXKEHEPHOM I'€0JOTMU U THIPOreOIOTUH
(BCEI'MHI'EO, Mocksa), reosorudeckoro ¢akynbrera MoCKOBCKUI
rocy1apcTBEHHbIA yHUBEpcuTeT nMeHu M.B. JlIomoHocoOBa, YripaBienus mno
BorpocaM Capesckoro o3epa Komurera mo upe3BblYaHBIM CUTYaLUSIM U
rpaxaaHckoit o6opone npu IlpaBurensctBe Pecnyonuku TamkukucTan, a
TaKke y4EHBIMH NPOPUIBHBIX MHCTUTYTOB HalmoHanbHOM akaieMun HayK
Tamxukucrana. C 2017 roma 3HAYUTEILHBIA BKJIAaJ B KOMIIJIEKCHOE
uccnenoanre Cape3ckoro o3epa M YCOWCKOro 3aBajia BHOCUT HayuHo-
HCCIIeIOBATENbCKUI LIEHTP AKOJIOTUU M OKpYsKarolen cpenbl LlenTpanbHoi
Azuu ([ymranGe).

Systematic scientific investigations of Sarez Lake and the Usoy dam have
been conducted since 1925. Significant contributions to the study of the
geological, hydrological, geomorphological, and climatic characteristics of the
region were made by geologists, topographers, hydrologists, and
meteorologists, among whom O.K. Lange, V.S. Kolesnikov, V.A. Afanasyev,
V.V. Akulov, V.I. Ratsek, and O.F. Vasilyev should be particularly noted. Issues
related to the stability of Sarez Lake and the Usoy dam were investigated by
specialists from the Main Geological Administration under the Government of
the Republic of Tajikistan, the All-Russian Research Institute of Engineering
Geology and Hydrogeology (VSEGINGEO, Moscow), the Faculty of
Geology of Lomonosov Moscow State University, the Sarez Lake Department
of the Committee for Emergency Situations and Civil Defense under the
Government of the Republic of Tajikistan, as well as scientists from specialized
institutes of the National Academy of Sciences of Tajikistan. Since 2017, the
Research Center for Ecology and Environment of Central Asia (Dushanbe) has
been making a significant contribution to the integrated study of Sarez Lake
and the Usoy dam.



HUcropus uccaenoBanus o3epo Capes / History of Sarez lake research
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EctectBenHas Ycoiickas IUIOTHHA, IEpeKpbIBIIas peky Myprad, Asryct 1915 OnvH U3 KaMEHHBIX 00BAJIOB, COMPOBOKIABIINXCS ABMKEHHEM JeqHuKa / One of
rona / The natural Usoy dam blocking the Murgab river, August 1915. the rockslides followed by ice flow.
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Okcnenuuyst [ A. [IInuabKo, BEIIOJHSIIOMAS ChEMOYHBIE U HCCIIEI0BATEIBCKUE
paboThl ¢ camonenbHOM JoaKor Ha o3epe Capes B 1913 roay / Shpilko’s expedition

Cobémounas nozka sxereauuuy [LA. Illnunbko Ha o3epe Capes 8 1913 roxy / conducting surveying and research operations from a homemade boat on Sarez
Shpilko’s surveying boat on Sarez Lake in 1913. Lake in 1913.



MopomeTpudeckue XxapakTepucTHKH 03epo Capes: abCoN0THAsS OTMETKA yPOBHS Bozbl 3265 M, BonocOopHas miomais cocrasiser 16506 kv’
nnrHa GeperoBoii IMHUH - 162 KM, TIOmas 3epKaia o3epa - 80 kM’, ITuHa - 60 KM, HauOObIIas IMUPUHA - 3.3 KM, CpeIHsAs IHUpHHA 03epa - 1.44 kM,
HanbonpIas ryouHa - 500M, cpeHss ryouna - 202 M, 001mii 00beM Bl cocTapseT nopsaaka 17 km'. Axkparopus Cape3ckoro o3epa 1o riyOouHe
JISJTUTCS Ha JIBE YaCTHU: 3aMaJHYI0 1 BOCTOUHYIO. 3amaHas 4acTh 03epa - IITy0OKOBOAHAs, CO cpeaHel rmyonHou 250 M, a BOCTOYHAS - MEJIKOBOHAS, CO
cpenneit rmy6uHoi 50 M. O6macTh TTy6uH cBbinte 400 M 3aHMMAaeT TIIONIAIb OKOJIO 4 KM’, Ha ITyOuHBI cBbImTe 300 M PUXOAUTCS OKOJIO 15 kM’ IITommau
osepa. [yOuHBI ¢ oTMeTKol 10 100 M 3aHMMAKOT GONBIIYIO IIOMAL 3epKago Boabl - 59 km’. Akparopus osepa Capes JemuTCs Ha TpH
MophOMETpUYECKIE 30HBI: Hanbojee TNITyOOKOBOIHYIO, 3alaHyl0, 3aHMMAIOUIYI0 OT YCOWCKOro 3aBayia 10 3aiuBa MpXT; m1yOOKOBOIHYIO —
HEHTPATBHYI0, BKIFOUAIOIYIO - OT IpXTCKOT0 3a51MBa 10 YCThs p. JlaBnaT - MaMaTaaiT U BOCTOYHYO - METKOBOJIHYIO.

The morphometric characteristics of Sarez Lake are as follows: water surface elevation - 3265 m above sea level; catchment area - 16506 km?;
shoreline length - 162 km; lake surface area - 80 km?; lake length - 60 km; maximum width - 3.3 km; average width - 1.44 km; maximum depth - 500 m;
average depth - 202 m; and total water volume - approximately 17 km?. According to depth distribution, the water area of Sarez Lake is divided into two
parts: western and eastern. The western part of the lake is deep-water, with an average depth of 250 m, while the eastern part is shallow-water, with an
average depth of 50 m. The area with depths exceeding 400 m occupies about 4 km?, while depths greater than 300 m account for approximately 15 km? of
the lake area. Depths of up to 100 m occupy the largest portion of the lake surface area - 59 km?. The water area of Sarez Lake is divided into three
morphometric zones: the deepest western zone, extending from the Usoy dam to Irkht Bay; the deep central zone, extending from Irkht Bay to the mouth
ofthe Davlat-Mamatdasht River; and the shallow eastern zone.



IIpupona, K1UMAT ¥ THAPOJIOTHSA

Ozepo Cape3 OKpyKeHO BBICOKOTOpHBIMEH Xpebramm [lammpa. C
ceBepa ero okaiimisieT My3konbekuii Xxpeodet ¢ BeprmHamu 10 5900 M, a ¢
3amajga u fora - orporu Pymanckoro u CeBepo-ANUYIYpPCKOrO XpeOTOB
BeIcoToi Oonee 5000 m. bepera o3zepa KpyThle, CKaIHCThIE U M3PE3aHbI
MHOTOYHCIIEHHBIMH 3aJIMBaMU M YCThSIMU TOPHBIX pek. B paiione o3zepa
npouspactaeT okosio 350 BUIOB IBETKOBBIX pacTeHUi. Boiaenstores nBa
npupoaHbix mnosca: Cpemneropusiii mosic (o 3700 M) - Gepé3oBbie U
TOTMOJIMHBIE POIIU, KyCTapHUKOBAs PAaCTUTENbHOCTb U TyraiiHble
coobmiectBa; Beicokoropusriii mosic (3700-4700 M) - MONBIHHBIE Ty CTHIHH,
HU3KOPOCIbIe KyCTapPHHUYKA W MHOTOJICTHHE TpaBbl. JKUBOTHBIA MU
OKpecTHOCTeH o3epa Capes MpeACTaBlIeH CypOBBIMH BBICOKOTOPHBIMU
Bugamu [lamupa, oOUTAIONIMMHU HA CKIIOHAX TOpP W BO3JIC JITHHUKOBBIX
py4beB. 31€Ch BCTPEUAIOTCS apXapbl, CHE)XHbIE 0apchl, BOJKH, CYpKH,
MUIIYXH, & TAK)KE TAaKUe NTHIIBI, KAaK POTaThli KABOPOHOK, CEPIIOKIIOB,

CHEXHBIU rpud u 6opoaad.

Nature, climate, and hydrology

Sarez Lake is surrounded by the high mountain ranges of the Pamirs.
The Muzkol Range borders the lake from the north, with peaks reaching up
to 5900 m, while the spurs of the Rushan and North Alichur ranges rise to
more than 5000 m in the western and southern parts. The lakeshores are
steep, rocky, and deeply indented by numerous bays and mountain river
mouths. Approximately 350 species of flowering plants grow in the Sarez
Lake region. Two main natural belts are distinguished: Mid-mountain belt
(up to 3700 m) - birch and poplar groves, shrub vegetation, and tugai
communities; High-mountain belt (3700-4700 m) - wormwood deserts,
dwarf shrubs, and perennial grasses. The fauna of the Sarez Lake region is
represented by characteristic high-mountain species of the Pamirs
inhabiting mountain slopes and glacial streams. The area is home to argali
sheep, snow leopards, wolves, marmots, and pikas, as well as birds such as
the horned lark, ibisbill, Himalayan griffon, and bearded vulture.



Ipupona, kaumar u ruaposorus / Nature, climate, and hydrology

Knumar Cape3a xoHTuHeHTalbHBIM. [l0 JaHHBIM MHOTOJIETHUX
HaOmoneHuit Ha ruapomeTeoposiornueckor cranuuu «Mpxm» (¢ 1938
rojia), CpeIHEToI0Basi TeMIeparypa Bo3ayxa B paiioHe Capesckoro o3epa
cocrasisier 1,0°C. B xonmoaHble Mecdlsl roaa (HosOpb—deBpaib)
TeMIiepatypa Bo3ayxa B cpeaHeM konebnercs or —4,3°C (HosiOpb) 10
—14...—15°C (sHBapb—(eBpasib), a B JIETHUN Mepuon (HUIOIb—aBryCT)
nocturaer +15...+20°C. CpenneronoBasi HOpMa OCaJIKOB COCTAaBIISIET
150-180 MM; HanOOJIbIIIEE X KOITUYECTBO BBINAIAET BECHOM.
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The climate of the Sarez Lake region is continental. According to long-
term observations at the Irkht hydrometeorological station (operating since
1938), the mean annual air temperature is approximately +1.0°C. During
the cold season (November—February), average temperatures range from
—4.3°C in November to —14...—15°C in January—February, while during
the summer period (July—August) temperatures reach +15...4+20°C. The
average annual precipitation is 150-180 mm, with the majority of
precipitation occurring in spring.
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I'mapometeoposiornueckas cranuus «Apxr»/ Irkht hydrometeorological station




Pexa Mapro6 - maBHast BofHas apTepus, nmuraromas ozepo Capes,
Oepét Hayaso n3 YakMaKTHHCKHX 03€p, PACMOI0KEHHBIX HA TEPPUTOPHUU
A¢dranucrana. Ilomumo pexu Mapro6, mpuTok BOJABI B 03€pO
o0ecrieynBa0T OTHOCUTENBHO KpymnHble peku JIsHrap m Mopmkoii, a
TaK)Xe JECITKUM BPEMEHHBIX U IOCTOSHHBIX MaJIbIX IPUTOKOB. IIuTanue
pek OacceitHa Cape3ckoro o3epa HpPEeHMYIIECTBEHHO JEIHUKOBO-
cHeroBoe. Pa3rpy3ka o3epa ocyIecTBiIseTCs] TOCPEICTBOM (PHIIBTPALIUN
yepes Teno YCOMCKOro 3aBajia W ucnapeHus. OuiabTpaliOHHBIE BOJIbI
BBIXOJST B BHJIE 56 MOIIHBIX MCTOUHUKOB. [locne mpoxoxaeHus udepes
Ycotickwii 3aBaJt BOJBI QOPMHUPYIOT CTOK peku Mapro0, KoTopasi, CIIHBasICh
¢ pexoit ['ynapa, o6pa3syet pexy bapranr - onuH U3 KpyImHEHIINX MPaBhIX
IIPUTOKOB peku I IsHK.

OunsTpanys BOJbI C 03€pO Yepe3 TeJI0 IIOTHHBI TOCPEICTBOM
uctounukoB / Filtration of lake water through the body of the Usoy dam
via powerful springs.
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The Margob River, the main water artery feeding Sarez Lake,
originates from the Chakmaktin Lakes located in Afghanistan. In addition
to the Margob River, water inflow into the lake is supplied by the relatively
large Langar and Morjoy rivers, as well as dozens of temporary and
permanent small tributaries. The rivers of the Sarez Lake basin are
predominantly fed by glacier and snowmelt runoff. Water discharge from
the lake occurs through filtration across the body of the Usoy dam and by
evaporation. Filtered waters emerge in the form of 56 powerful springs.
After passing through the Usoy dam, the waters form the flow of the
Margob River, which, joining the Ghudara River, forms the Bartang River -
one of the largest right tributaries of the Panj River.



CeiicmuuHoCTb paiiona Cape3ckoro ozepa

[Tamupckoe Haropbe, cHhOpMUPOBAHHOE B Pe3yiIbTaTe CTOIKHOBeHMs MHaniickon 1 EBpa3uiickoii MIuT, XapakTepU3yeTcsl BBICOKOW CEMCMUYHON
akTuBHOCTBIO. Paiion Capesckoro o3epa, Haxoxsuuiicss B ueHTpe Ilamupckux rop, coracHo KaprTel celicMU4eCKOro paiOHUPOBAHUS TEPPUTOPUU
Tamxuxuctana (1978), orHocurcs k 9 6ampHO#M 30He. OCOOEHHOCTH TEKTOHUYECKOTO CTpOeHUs paiioHa o3epa Capes onpeessitoTCsi €ro MoJ0KEHUEM
Ha CTBIKE JBYX TEKTOHMYECKHUX 30H - lleHTpanbHOoro m Pymancko-Ilmaprckoro Ilamupa, pasgeneHHbIx pervoHaibHbIM Pymrano-ITmaprekum
paznomoMm. Pymano-ITimaprckuii KpaeBoi pa3ioM MPOCIEKUBACTCS B IIMPOTHOM HalpaBlIEHUH 110 PABOMY OOpTY INIaBHOM TOJIMHBI 10 YCThS PEKU
JluctaryH u BoCTOYHEE - MO JIEBOMY, BIUIOTh 710 BepxoBuil Capesckoro o3epa. Pasznom BblpaykeH B BHJl€ BCOPOCO-HA/ABHUra C FOKHBIM IaJICHUEM
CMECTHUTEJIS, YIIIbl HAKJIOHAa KOTOPOU U3MEHSIOTCA OT MOJI0rou - 30° 10 KpyTOW, TOYTH BEPTUKAIBHOM - 85°.

Seismicity of the Sarez Lake Region

The Pamir Highlands, formed as a result of the collision between the Indian and Eurasian plates, are characterized by high seismic activity.
According to the Seismic Zoning Map of Tajikistan (1978), the Sarez Lake region, located in the central Pamir Mountains, belongs to the 9-intensity
seismic zone. The tectonic structure of the Sarez Lake area is determined by its location at the junction of two tectonic zones - the Central Pamir and the
Rushan-Pshart Pamir - separated by the regional Rushan-Pshart fault. The Rushan-Pshart marginal fault extends in a latitudinal direction along the right
side of the main valley to the mouth of the Distagun River and farther east along the left side up to the upper reaches of Sarez Lake. The fault is expressed
as a thrust-overthrust structure with a southward-dipping fault plane, whose inclination varies from gentle (30°) to steep, nearly vertical (85°).
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Map of the December 7, 2015, Earthquake



CeiicMuyHoCTh paiiona Capesckoro o3epa / Seismicity of the Sarez Lake Region

B paiione Cape3ckoro o3zepa pacroyioK€HHOro BIoJb 30HbI Pymiano-ITnraprckoro pasinoma, HaOMIOOAIOTCS MPOSBICHHS KaK KOPOBBIX, TaK U
mTyOOKHX 3eMiteTpsiceHui. 3a mporeammue 115 met 31ech Npon301LIn ABa CHIIBHBIX 3eMJIETPSICEHUS ¢ MArHUTY10 MW>7, TpaKTHUYECKH C OTHAM B TEM
e anuIeHTpoM. [1oaTomMy olieHKa CeliCMUYECKUX BO3ICUCTBUM 7151 TEppUTOpUH paiiona Cape3Cckoro o3epa ¢ UCIoJIb30BAHUEM COBPEMEHHBIX METOI0B
SIBJISICTCS] OYEHB BAKHOM 3a/1a4eil. YCTOMUMUBOCTh YCONCKOM TUIOTHHBI K CUIIBHBIM CEHCMUYECKUM BO3ICHCTBUSM MOATBEPAUIOCH 7 nekadbps 2015 roxa,
korja B paiioHe Capesckoro o3epa B 12 yac. 50 MUH. IO MECTHOMY BPEMEHHU, ITPOU3OIILIIO 3eMJIETPSICEHNE C MAarHUTYI0M MW = 7.2 1 UHTEHCHUBHOCTHIO
COTPSICEHUS B MUIICHTPAILHOM 30HE - § 0aIIIOB.

In the Sarez Lake region, located along the Rushan-Pshart fault zone, manifestations of both crustal and deep earthquakes are observed. Over the
past 115 years, two strong earthquakes with magnitudes Mw > 7 have occurred here, practically with the same epicenter. Therefore, the assessment of
seismic impacts for the Sarez Lake region using modern methods is a very important task. The stability of the Usoy dam under strong seismic impacts
was confirmed on December 7, 2015, when, at 12:50 local time, an earthquake with a magnitude of Mw = 7.2 and a shaking intensity of 8 in the epicentral
zone occurred in the Sarez Lake region.

OnuueHTtp 3emierpsicenns 7 nexadps 2015t / Epicenter of the December 7, 2015 [ToBpesxnensle xuibie foma B cenenusix Kynapa, [Tacop, Bonmacop, Pyx4 n oOpyienus
Earthquake nopon Ha ckiioHax rop / Damaged residential houses in the villages of Kudara, Pasor,
Bopasor, and Rukhch, as well as rockfalls on mountain slopes along the
Rushan—Kudara road. Bzoms aBrogoporu Pyman-Kynapa.



Braaag HayuHo-ucci1e10BaTe IbCKOT0 HEHTPA 3KOJIOTUM U OKpYy:kawiei cpeasl Llenrpansnont A3un (dymanoe)

HayuHno-uccnenoBarenbCKuii LHEHTP HKOJIOTUM M OKpYKarolei
cpens! Llentpanbhoii Azun ([yman6e) naunnas ¢ 2017 roxa npoBoaut
MJAHOMEPHBIE HAy4YHO-HCCIIEI0BATENbCKUE PAa0OTHl MO H3Yy4YEHUIO
Capesckoro o3epa u Ycolickoro 3aBajna. LleHTpoM mnpoBeneHBI psj
KOMILIEKCHBIX Hay4dHbIX skcnemaunuu (2017, 2019, 2022, 2023 u 2025
TOJIbI) C LIEJTBIO UCCIEAOBAHMS COBPEMEHHOTO COCTOSIHUS €CTECTBEHHOM
VYcolickoit miotunbl U Capesckoro o3epa B meiaoM. C npUMeHEHHEM
OeCTMIIOTHBIX JIETATEIbHBIX aNlapaToB MPOU3BEIEHBI a3PO(POTOCHEMKI
BBICOKOTO paspemenus (10 m 20 cm) muomazaeio 6omee 70 km’,
COCTaBJIEHBI OPTO(OTOMIAHBI YCOWCKOTO 3aBalia, OTACIBbHBIX €ro
y4acTKOB W Oosbmieid yactu 3amaga Capesckoro ozepa B 1enoM. Ha
OCHOBE TIOJYYCHHBIX a3pO(OTOCHUMKOB TEpBBIE COCTaBIIEH «ATiac
Capesckoro o3epa». B 2021-2022 r. IlenTpom B pamkax peanu3anuu
MIaHa HayYHO-UCCIEAOBATEIbCKHX PadboT «MOHHUTOPHUHT
ne(OpMaIMOHHBIX MPOIIECCOB HA YCOWCKOU TToTHHE 1 Cape3cKoM 03epe
Ha OCHOBE HCITOJIb30BaHUs TIO0ABHON HABUTAIlMOHHON CITYTHHKOBOM
cuctembl BeiDou» ¢ menbr HENMpephiBHOTO MOHUTOPHUHTA
ne(GopManOHHBIX MPOLECCOB, MPOUCXO/NIINX B 3eMHOM KOpe paiioHa
Capesckoro o3epa, B TECHOM COTPYIHUYECTBE C YIpPaBJIEHUEM IIO
BonpocaM Capesckoro ozepa KomuteTa o upe3BpiyaiiHbIM CUTYaILUSAM U
rpaxaaHckoii obopone npu [IpasurensctBe Pecnyonuku Tapkukucras,
ycTaHoBIeHb! 7 1eopMorpaduuecKuX CTaHIUH.

B nccjenoBanue ozepo Cape3

pntribution of the Research Center for Ecology and Environment of Central Asia (Dushanbe) to the
study of Sarez Lake

The Research Center for Ecology and Environment of Central Asia
(Dushanbe) has been carrying out systematic scientific research on Sarez
Lake and the Usoy dam since 2017. The Center has conducted a series of
complex scientific expeditions (2017,2019, 2022, 2023, and 2025) aimed
at investigating the current condition of the natural Usoy dam and Sarez
Lake as a whole. Using unmanned aerial vehicles (UAVs), high-
resolution aerial surveys (10 and 20 cm) covering an area of more than 70
km? were carried out, and orthophoto maps of the Usoy dam, its
individual sections, and most of the western part of Sarez Lake were
produced. Based on the obtained aerial photographs, the first “Atlas of
Sarez Lake” was compiled. In 2021-2022, within the framework of the
research program “Monitoring of Deformation Processes on the Usoy
Dam and Sarez Lake Based on the Use of the BeiDou Global Navigation
Satellite System,” and for the purpose of continuous monitoring of
deformation processes occurring in the earth’s crust of the Sarez Lake
region, the Center, in close cooperation with the Sarez Lake Department
of the Committee for Emergency Situations and Civil Defense under the
Government of the Republic of Tajikistan, installed 7 deformation
monitoring stations.




Bruaaa HayuHo-ucciie10BaTe/IbCKOT0 HEHTPA 3KOJIOTUM U OKpy:kawiuei cpeasl LlenrpanbHoit A3uu (dymanoe)
B HcciaenoBanue ozepo Capes

The contribution of the Research Center for Ecology and Environment of Central Asia (Dushanbe) to the
study of Sarez Lake

YcraHoBsieHHbBIE HA YCORCKOM 3aBajie U Mo 00enm Oeperam Cape3cKoro o3epa CTaHIMU B peXKUME PEalbHOTO BpEMEHU PEerUCTPUPYIOT IBHKEHUS
3eMHOH KOpBbI, Mpoucxoasduue B pailone Capesckoro ozepa. [annsle o aedopMalMoHHBIX Mpoleccax 3€MHOW KOpBI MOCPEICTBOM INIOOAIBHOMN
HaBHTallMOHHOM CITyTHHUKOBO# cuctembl BeiDou mepenatorcs Ha cepsep LlenTpa. [lomydeHHbIe ¢ 3THMX CTaHIWU JAaHHBIE UMEIOT MPAKTHUUECKOE
3Ha4YE€HUE JJIs IPUHATHS CBOEBPEMEHHBIX MEp M0 MPEAYyIPEKACHUIO ONTACHOCTH BOZHUKHOBEHUSI CTUXUIHBIX OecTBUiA B paifoHe Cape3ckoro o3epa.
[IporpamMmma HaBUTaMOHHON CHYTHUKOBOM cucTeMbl BeiDou momkiodeHa Takke K €JUHOM rocymapcTBeHHOM cucteMe lleHTpa ympaBieHus
KPHU3UCHBIM cuTyarmsiM KomMuTeTa 1o upe3BeIdaifHbIM CUTYaIHsIM U Tpax1aHckoi ooopone rpu [IpaBurtenscte PecrryOnnku TamkukucTaH.

The stations installed on the Usoy dam and along both shores of Sarez Lake record crustal movements occurring in the Sarez Lake region in real time.
Data on deformation processes of the earth’s crust are transmitted to the Center’s server via the BeiDou global navigation satellite system. The data
obtained from these stations have practical significance for taking timely measures to prevent the risk of natural disasters in the Sarez Lake region. The
BeiDou navigation satellite system program is also connected to the unified state system of the Crisis Management Center of the Committee for
Emergency Situations and Civil Defense under the Government of the Republic of Tajikistan.




Ipumenenue BIIJIA B ucciexosanue o3epo Capes

CucremMHOe MpUMEHEHHE OCCIMIIOTHBIX JieTaTelbHbIX ammapaToB (BILJIA)
JUIs MOHUTOpPUHTa cOCTOsiHUSL o3epa Cape3 HauaJoch BO BpeMs HPOBEACHUS
MepBOM MeEKIyHapoaHOU 3kcnenunuu jerom 2017 roga. Beuio BBINOJIHEHO
KOMIUIEKCHasi a’podoTochEMKa 3amajiHoi yactu o3epa Cape3 u paiioHa
Vcoiickoro 3aBajia IUIOIMAaasi0 Oosee 70 KM . [Tony4yeHHBIE BIIEPBBIE C
ucnonb3oBaHueM BITJIA a3podoTocHIMKH BRICOKOTO KaueCTBa C pa3peieHueM
10 m 20 cMm, mo3Bonmau oOcienoBarh Mopdonoruro Cape3ckoro osepa u
IJIOTHHBL YCOi#l, copmupoBaTh 0a30BbI T'€ONPOCTPAHCTBEHHBIH HaOOP
a’podororpaduvecKuX JaHHBIX JJIs TOCIIEYIOIIET0 MOHUTOPUHTA.

Application of UAVsin the study of Sarez Lake

The systematic use of unmanned aerial vehicles (UAVs) for monitoring the
condition of Sarez Lake began during the first international expedition in the
summer of 2017. A comprehensive aerial survey of the western part of Sarez
Lake and the Usoy dam area covering more than 70 km? was carried out. The
high-quality aerial photographs obtained for the first time using UAVs, with
resolutions of 10 and 20 cm, made it possible to investigate the morphology of
Sarez Lake and the Usoy dam and to form a basic geospatial aerial photographic
dataset for subsequent monitoring.




—_ IIpumenenne BIIJIA B uccienoBanue ozepo Capes B 201912022 rr. ¢ ucnionb3oBarueM BITJIA pa3HBIX THUIIOB IIPOBEIEHBI
Application of UAVs in the study of Sarez Lake MOBTOPHBIE a3pOPOTOCHEMKHI MO3BOJSIONIME CO3JAHHI0 HUPPOBBIX
) . . B Mmozeneil penseda u 3D-pexoHCTpykuuu paiiona Cape3ckoro osepa H
g i Ycolickoro 3aBajia. bbuin 1o/y4eHsl HOBBIE JAHHBIE 10 YCOMCKOMY 3aBaily
1 OeperoBsIM 30HaM 03epa.

In2019 and 2022, repeated aerial surveys using different types of UAV's
were carried out, enabling the creation of digital elevation models and 3D
reconstructions of the Sarez Lake region and the Usoy dam. New data were
obtained on the Usoy dam and the coastal zones of the lake.
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IIpumenenue BIIJIA B ucciaenoBanue o3epo
Capes / Application of UAVs in the study of
Sarez Lake

ComocTaBlieHUE BBICOKONETAJIU3UPOBAHHBIX
OopTOodOTOIIAHOB, MOTYUYeHHBIX ¢ romombio BITJTA B 2017 u
2022 TT., MO3BOJWIO BBISIBUTH W3MEHEHHS OCperoBOi JIMHUH,
COCTOSIHHSI pyCeJl BPEMEHHBIX BOJOTOKOB W JUHAMHKH
CKJIOHOBBIX MpoueccoB B pailoHe Capesckoro ozepa. Ha
pHUCYHKaX TpEICTaBJICHB OOIIMEe M3MEHEHHS OTIEIbHBIX
YYacCTKOB 3amaJHOW 4YacTu o3epa, TpaHchopMmaiusi pycemn
BPEMEHHBIX BOIIOTOKOB M Pa3BUTHUE 3PO3UOHHBIX MPOIECCOB, a
TaKXe M3MCHCHHS KOHYCOB BBIHOCA W AKKyMYJSIIUU
PBIXJIOO0IOMOYHOTO MaTepuaia B MPUOPEKHON 30HE o03epa.
PesynbraThl MOKa3bIBaIOT aKTUBHOE Pa3BUTHE DK30TCHHBIX
MPOIIECCOB - 3PO3UH, CEJIEBBIX BEHIHOCOB U MEPEPaACIIPEICIICHUS
0CaJ04YHOTO MaTepHalia, CBA3aHHBIX C CE30HHBIM
MOBEPXHOCTHBIM CTOKOM M CKJIOHOBOW JUHAaMHKOWM.
[TonydeHHBbIE NaHHbIE MMEIOT Ba)XHOE 3HAYCHUE IJIA
MOHUTOPUHTa YCTOWYHUBOCTU OEperoB W OMEHKH
MOTEHIIMAJIBHBIX TMPUPOAHBIX PUCKOB B paiioHe Cape3ckoro
o3epa

Comparison of high-resolution orthophoto maps obtained
using UAVs in 2017 and 2022 made it possible to identify
changes in the shoreline, the condition of temporary watercourse
channels, and the dynamics of slope processes in the Sarez Lake
region. The figures show general changes in individual sections
of the western part of the lake, transformations of temporary
watercourse channels and the development of erosion processes,
as well as changes in alluvial fans and the accumulation of loose
debris material in the coastal zone of the lake. The results show
the active development of exogenous processes - erosion,
debris-flow deposition, and redistribution of sediment material
associated with seasonal surface runoff and slope dynamics. The
obtained data are of great importance for monitoring shoreline
stability and assessing potential natural hazards in the Sarez
Lake region.

CpaBHuTenbHbIN aHanu3 aspodorochémku 2017 u 2022 rr.
Comparative analysis of UAV aerial surveys conducted in 2017 and 2022




MoHUTOPHHT Ae(pOPMALMOHHBIX NMPOLECcCOB pailoHa Cape3CcKoro o3epa Ha OCHOBE MCIOJIb30BAHUS
1002/ 1bHOM HABUTAIIMOHHOM CIIYTHHKOBOM cuctembl BeiDou
Monitoring of deformation processes in the Sarez Lake region based on the use of the BeiDou global
navigation satellite system

B pamkax coBmecTHO#M paboThl HayuHO-MCCIe0BaTEeIbCKOTO IIEHTPa
SKOJOTHUU U OKpyxkatomeun cpenasl llentpansnoit Aszum (dymanGe),
HaunonanpHoih akagemun Hayk Tamxukucrana, Komurera mno
Yype3BbIUaHBIM CUTYyallUsAM U FPaX/JaaHCKoi o0opoHne rpu [IpaBuTenbcTBe
PecnyOnuku Tamxukuctan, HalmoHanbHOTO HEHTpa CIyXObl BpEMEHU
Kuraiickoii akagemun Hayk (NTSC) u CHHBL3SIHCKOTO HHCTUTYTA
skonoruu U reorpadun Kutaiickoit akagemMun HayK Co3[aHa CHCTEMa
HEIMPEPHIBHOTO MOHUTOPHUHTA Je()OPMAIIMOHHBIX MPOIIECCOB 3€MHOMI
KOpBI YCONCKOTO 3aBajia v mpuiieraroimux 6eperos Cape3ckoro o3epa..

Within the framework of cooperation between the Research Center for
Ecology and Environment of Central Asia (Dushanbe), the National
Academy of Sciences of Tajikistan, the Committee for Emergency
Situations and Civil Defense under the Government of the Republic of
Tajikistan, the National Time Serviee Centercofithe Chinese Academy of
Sciences (NTSC), and the Xinjiang Institute of Ecology and Geography of
the Chinese Academy of Sciences, a continuous monitoring system for
deformation processes of the earth’s crust of the Usoy dam and the adjacent
shores of Sarez Lake has been established.




MoHuTOpuHT Je(opMaIUOHHBIX NMpoleccoB pailoHna Cape3ckoro o3epa Ha OCHOBE MCINOJb30BAHUS II00AJIbHOH HABUTAIIMOHHOM
CIIYTHUKOBOI1 cucteMsbl BeiDou
Monitoring of deformation processes in the Sarez Lake region based on the use of the BeiDou global navigation satellite system
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CucreMa COCTOUT U3 YETHIPEX OCHOBHBIX KOMIIOHEHTOB: The system consists of four main components:

1  moJjeBble MyHKThI HAOIIOICHUH, PACTIONIOKEHHBIC HA IUTIOTHHE H 1 field observation stations located on the dam and along the
OEperoBpIX y4acTKax, MPeHa3HAYECHHbIE IS IPUEMA CITYy THUKOBBIX lakeshore areas for satellite signal reception and data acquisition;
CUTHAJIOB U cOOpa JTaHHBIX; 2 alocal communication network for transmitting raw data from the

2 JoKanmbHAs CETh CBSI3U JULS [IEPEAAIN NCXOAHBIX TAHHBIX C monitoring stations to the central station located on the Usoy dam;
HaOIIIONaTE IHBIX CTAHIHIT Ha ICHTPANIbHYIO CTaHLIUIO, 3 asatellite communication platform that collects data from the
pa3MeNIEHHYI0 Ha YCOMCKOM TJIOTUHE; monitoring stations and transmits them to the processing center;

3 CHyTHHKOBAs KOMMYHHMKALMOHHAS MIAT(opma, obecrieqrBatonias 4  a data integration and processing center performing high-precision
cOOp TaHHBIX C HAOMIOAATEIBHBIX CTAHIIUN U UX TIepeaady B LEHTP

deformation analysis.
The observation accuracy achieved using this technology is better
$hantlcm.

00paboTKH;

4 [EeHTp MHTErpanuu U 00pabOTKN JaHHBIX, BBITTOIHSIIOIINI
BBICOKOTOYHBIE PACUETHI Ae()OPMAIIMOHHBIX MPOIECCOB.
To4yHOCTH HAOMIOACHUH TIPH UCIIOJIB30BaHUU JTAHHOU TEXHOJIOTUH

cocTaBisgeT MeHee 1 cMm



MonutopunraegopManuOHHbIX NpoueccoB paiioHa Cape3ckoro o3epa Ha OCHOBe
HCIO0Jb30BAHNS II00AJIbHOM HABUTAIIMOHHOM CIIYTHUKOBOI cucteMbl BeiDou

Monitoring of deformation processes in the Sarez Lake region based on the use of the
BeiDou global navigation satellite system

W3-3a TpyAHOAOCTYITHOCTH U CII0KHOTO BBICOKOTOPHOTO pefbeha paitona o3epo Cape3 qoctaBka
000pyIOBaHUS OCYIIECTBISNACH BPYUYHYIO M C HCIIOJB30BAaHWEM BBIOUHOTO TpaHcmopra. s
TPAHCTIOPTHPOBKH TPUOOPOB, CHCTEM CBSI3M, MCTOYHMKOB MUTAaHUS W TIOJEBBIX- MaTepPHUAIIOB K
BBICOKOTOPHBIM IIyHKTaM HaONIOJeHUN NpUMEHsUIach KOMOMHHMpOBaHHas cxeMa AOCTaBku. B
TPAHCIIOPTUPOBKE O0OPYHOBaHU yY4acTBOBAIHM YUYEHBIE WHCTUTYTOB HalMoHAThbHOW aKageMuu
Hayk TamkukucTaHa, COTpyOIHUKHM YmpaiieHus 1o BompocaM Capesckoro ozepa Komwurera mo
YpPe3BBIYAWHBIM CUTYAaIlUsIM W TpaxaaHcKoW oOopoHbl npu [IpaButensctBe PecmyOnmku
Tamxukucran. TpancnopTHas onepauus Mpoaokaiack okojio 10 AHel, YTO OTpa)kaeT CIOKHbIE
MIPUPOIHBIC YCIOBUS, OTCYTCTBUE JTOPOXKHOM HHPPACTPYKTYPBL M CYPOBBII KITUMAT BBICOKOTOPHOTO

Due to the remoteness and difficult high-mountain terrain of the Sarez Lake region, the
transportation of equipment was carried out manually and with the use of pack animals. A combined
transport scheme was used for delivering instruments, communication systems, power supplies, and
field materials to high-altitude observation sites. Scientists from the institutes of the National
Academy of Sciences of Tajikistan and staff members of the Sarez Lake Department of the
Committee for Emergency Situations and Civil Defense under the Government of the Republic of
Tajikistan participated in the transportation of the equipment. The transport operation lasted about 10
days, reflecting the difficult natural conditions, the absence of road infrastructure, and the harsh
climate of the high-mountain Pamir region in the Sarez Lake area.




Ipouecc ycranoBku cranuuu / Installation process of station




MoHuTopuHr 1eopMallHOHHBIX NpoLeccoB paiioHa Cape3cKoro 0o3epa Ha OCHOBE HCIMOJIb30BAHUA IV1002/1bHOH HABUTALIMOHHOM
CIIYTHUKOBOI cucteMsbl BeiDou
Monitoring of deformation processes in the Sarez Lake region based on the use of the BeiDou global navigation satellite system
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MoHuTopuHr 1eopMallHOHHBIX NpoLeccoB paiioHa Cape3cKoro 0o3epa Ha OCHOBE HCIMOJIb30BAHUA IV1002/1bHOH HABUTALIMOHHOM
CIIYTHUKOBOI cucteMsbl BeiDou
Monitoring of deformation processes in the Sarez Lake region based on the use of the BeiDou global navigation satellite system
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HccaenoBanmne 3k30reHHBIX MpoueccoB paiiona ozepo Capes
Study of exogenous processes in the Sarez Lake region

B Gacceiine o3epo Cape3 akTHBHO pPa3BUBAIOTCS COBPEMEHHbBIE Modern exogenous geological processes are actively developing
9K30TE€HHBIC TEOJIOTUYECKHUE TPOIlecChl: 00Basbl, OmoJ3HU, 3po3us within the Sarez Lake basin, including rockfalls, landslides, slope erosion,
CKJIOHOB U CEJICBBIC SIBJICHUS. DTH IIPOLIECCHl MOTYT BIHMATH Ha cocTosinne and debris-flow activity. These processes may affect the condition of the
Ycoiickoli TJIOTHHBI M TPeOyOT mocTosHHOTO Habmoaenus m Usoydam and therefore require continuous monitoring and investigation.
WCCIIC/TOBAHMS.
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Kapra nmpocTpaHCTBEHHOTO pacnpeeseHns IOTeHIMAIbHBIX ONOJI3HeH B paifoHe o3epo Capes /
Spatial Distribution Map of Potential Landslides in the Upstream Area of Sarez Lake



HccnenoBanue 3K30reHHbIX NMpoleccoB paiioHa o3epo Capes
Study of exogenous processes in the Sarez Lake region
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J1J151 OLIEHKH CKJIOHOBBIX MPOIECCOB MPUMEHEH COBPEMEHHBIN KOMIIEKCHBIH MOIX0/ Ha OCHOBE CITyTHUKOBBIX AaHHBIX Sentinel-1A (2017-2024
IT.), MeTo71oB SBAS-InSAR n mammunoro oOy4denus. AHaiau3 nokasal HEpaBHOMEPHOCTh Ae(popMaliii: Haubosee akTUBHBIE 30HBI PACIIOIOKEHBI B
3ara HoM YacTu, rjie CKOpocTh cMeleHni focturana 10 480 mM/rox (¢ ycunenuem B 20222023 rr).

Slope hazards were assessed using an integrated approach based on Sentinel-1A satellite data (2017-2024), SBAS-InSAR, and machine learning
techniques. The analysis revealed uneven deformation patterns, with the highest activity in the western sector, where displacement rates reached up to
480 mm/year, accelerating in 2022—-2023.



HccaenoBanne 3k30reHHbIX MpoueccoB paiiona o3epo Capes / Study of exogenous processes in the Sarez Lake region
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Brienennl 30HbI pa3IMyHON CTEIEHU OMACHOCTHU: YYaCTKH BBICOKOM
BOCIIPUMMYHUBOCTH COCPEOTOUEHBI MO (hIaHraM, TOr/a Kak [EeHTpalbHas
4acTh OTHOCHUTENIbHO cTabwibHa. [loyueHHble pe3ysiabTarhl 03BOJSIOT
BBIJICJIUTh MPUOPHUTETHBIC 30HBI MOHUTOPHUHTA (MTPUOPEIKHBIE CKIOHBI U
pa3yioMbl) B MOTYT OBITh UCIOJB30BAHBI NI CUCTEM pPaHHETO
MPEaYIPEKACHUSA.

Zones of varying susceptibility were identified: high-risk areas are
concentrated along the flanks, while the central part remains relatively
stable. These results highlight priority monitoring areas - coastal slopes
and fault zones - and can support early warning systems.



IIporuno3 nedpopmaunoHHbIX M 0noJ3HeBbIX AABJeHUN (INSAR + LSTM) / Deformation and Landslide Forecasting (InSAR + LSTM)
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Ha ocnoge BpemeHHBIX psioB INSAR 1 Monenn LSTM BBIOTHEHO IPOrHO3UPOBAHKE Ae(hOpMAIUii U BBISBICHHE OMOI3HEBBIX 30H B BEPXOBbsX Cape3cKoro
o3epa. BEIsIBICHA MPOCTPAaHCTBEHHAs] HEOMHOPOIHOCT: HamOOJIee aKTUBHBIN y9acTOK - MpaBbIil Oeper (mo 49 mMm/rom), TOrma Kak YCOMCKWN 3aBajl OCTa&TCs
OTHOCHUTEIFHO CTa0MIbHBIM. OOHapYXeHO 72 MOTeHINATBHBIX OTIOI3HS, 3 HHUX 4 - C BRBICOKOH aKTUBHOCTEIO (>30 MM/TO1T). MeTox obecriednBaeT TOYHbIH KPaTKO- H
CPEIHECPOUYHBIN IPOTHO3 U [TO3BOJISIET BELICTUTH TPUOPUTETHBIE 30HBI MOHUTOPUHTA U PAHHETO PEYTPEIKICHHUS.

Using InSAR time series and an LSTM model, deformation forecasting and landslide-prone areas were identified in the upper Sarez Lake region. Spatial
heterogeneity was observed: the most active zone is the right bank (up to 49 mm/year), while the Usoy dam remains relatively stable. A total of 72 potential landslides

were detected, including 4 highly active sites (>30 mm/year). The approach provides accurate short - and medium-term forecasts and supports prioritization of
monitoring and early warning zones.
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[TyGnukanus pe3ysibTaToB UCCIeq0BaHUS U MOHUTOpUHTA Cape3Koro 03epo  YCONWCKOMN IJIOTHHBI cCOTpyAHUKaMu HayuHo-
HCCJIEIOBATEIHCKOTO IIEHTPA SKOJIOTUH U OKpy:katoliei cpeasl LlenTpanpHoit A3uu (lymante) /
Publication of the Results of Research and Monitoring of Sarez Lake and the Usoy Dam by Researchers of the Research center
for ecology and environment of Central Asia (Dushanbe)
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Analysis of BDS/GPS Deformation
Monitoring for the Lake Sarez Dam
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Slope Hazards Susceptibility
Around Sarez Lake in the Pamir by
Integrating Small Basaline Subset
InSAR with an Improved SVM
Algarithm
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3akJIIoueHne

Capesckoe 03epo, chopmupoBaniieecs: 115 net Hazan B pe3yabrare
3eMJICTPSICEHHS, CTAJI0 HE TOJILKO YHUKAJIbHBIM HPUPOAHBIM O0OBEKTOM,
HO M Hay4HOH 5abopatopueill moj OTKpHITHIM HeOoM. PacnonoxeHue
o3epa B BbICOKOTopHOHM 30He Ilammpa, ero orpoMHblii 00bEM BOBI,
CIIO)KHOE€ CTPOCHHME OKPYKAIOIIUX TOPHBIX CKJIOHOB M BBICOKasd
CEHCMUYHOCTh TEPPUTOPUHU TPEOYIOT, YTOOBI 03€pO HAXOAMIOCH IO
MOCTOAHHBIM KOHTPOJEM KakK 4epe3 NEHCTBYIOIYI CUCTEMY
MOHUTOPHHIA, TaK M 4Yepe3 €€ yCHUJICHHE W MOIEPHHU3ALMI0 IyTEM
BHeApeHus 0ojee COBPEMEHHBIX TEXHOJOTHH - a’3pOKOCMHYECKOU
ChEMKHM BBICOKOTO pa3pellieHHs, aBTOMATU3UPOBAHHBIX CEHCOPOB
U3MEPEHHs1 YPOBHS BOJBI, F€OpaaMOJIOKALUSI U CEUCMHUYECKOIro
30HAMpoBaHusA. KommniaekcHble HCCIeJOBaHUS, NIPOBOJUMBIE C
HUCMOJb30BAHUEM HMHHOBALIMOHHBIX METOJOB AUCTAaHIMOHHOIO
3onnupoBanus (BIIJIA, kocMuyeckue CHUMKH, TiioOanbHas
HaBUTALMOHHAs CIYTHUKOBas CUCTEMa), MO3BOJIAIOT INIyOXe IMOHSATH
IIPOLIECCHI B TOPHBIX PETHOHAX U CBOEBPEMEHHO OLICHUBATH IPUPOIHBIC
pucku. BaxHo, 4yTOOBl B HampaBiICHUSIX HAy4HbIX HCCIEJOBAHUN U
MOHUTOPHHIA OBUIM YYTEHBI CIEYIOIIUE ACTIEKTHI:

* JeomexaHuka W (QUIBTPAMOHHAs JMHAMMKAa YCOMCKOro 3aBaja —
KOMIUIEKCHOE M3y4Y€HHE CTaOMJIBHOCTH W JWHAMHUKHU IUIOTUHBI C
IIPUMEHEHUEM T'€OPaJUOJIOKAUU U CEMCMUYECKOTO 30HINPOBAHUS
JUIsl IPOTHO3UPOBAHUS M3MEHEHMN M PHUCKOB; HCCIEIOBAaHHE
CE30HHBIX N3MEHEHUH (DMITBTPALIIH BOABI, MX CBSI3U C TPOMEP3aHUEM
1 OTTAMBaHUEM IUIOTHHBI, 4 TAKKE BO3MOKHOCTHU IIPOTHO3UPOBAHUS
9TUX W3MEHEHUH IO TeMIEpaTypHbIM JaHHBIM; aHAJINU3 BIUSHUSA
3eMJICTPSICeHUI Ha CKaYKOOOpa3HOe BO3pacTaHUe MPOHUIIAEMOCTH C
BBISIBIICHHEM TPeo0IalalonIuX MEXaHU3MOB (PacKpbITHE TPEIIUH,
BbILIEJAUMBaHUE, MEepeyNakoBKa OOJIOMKOB) M ONIpeAeICHUEM
HEOOXOAMMOCTH TMPOBEIEHUS CHELMAIbHBIX 3KCIEPUMEHTOB IS
nuddepeHInam ITUX MEXaHU3MOB.

Conclusion

Sarez Lake, formed 115 years ago as a result of an earthquake, has
become not only a unique natural object, but also an open-air scientific
laboratory. The location of the lake in the high-mountain Pamir region, its
enormous water volume, the complex structure of the surrounding
mountain slopes, and the high seismicity of the area require that the lake
remain under continuous observation through both the existing
monitoring system and its further strengthening and modernization by
introducing advanced technologies, including high-resolution aerospace
surveys, automated water-level sensors, ground-penetrating radar, and
seismic sounding. Comprehensive studies carried out using innovative
remote sensing methods (UAVs, satellite imagery, and global navigation
satellite systems) make it possible to better understand processes
occurring in mountainous regions and to assess natural hazards in a timely
manner. It is important that the following aspects be taken into account in
future scientific research and monitoring activities:

* Geomechanics and filtration dynamics of the Usoy dam -
comprehensive investigation of the stability and dynamics of the dam
using ground-penetrating radar and seismic sounding methods for
forecasting possible changes and risks; study of seasonal variations in
water filtration, their relationship with freezing and thawing processes
within the dam body, and the possibility of predicting these changes
using temperature data; analysis of the influence of earthquakes on
abrupt increases in permeability, including identification of the
dominant mechanisms (fracture opening, leaching, and debris
rearrangement), as well as determining the necessity of conducting
special experiments to differentiate these mechanisms.



L MOHI/ITOpI/IHF BOAHOTO Oaytanca u TUAPOKIUMATHUYCCKUX YCHOBI/Iﬁ =
BOCCTaHOBJEeHUE [IMapTCKOro TMApOIIOrMYECKOro MOCTa Ha pPEKe
Mapr06 - OCHOBHOI'o MCTOYHHKa HNHUTAHUA O3€pa I TOYHOIO
KOHTPOJIA 00BEMa IMpUTOKAa BOAbI; OpraHuU3alusd KOMIIJICKCHOT'O
HN3Yy4YCHHU TasgHUSA JICIHUKOB, W3MCHCHUIN KIIMMara M MCP3JIOTHBIX
IpoIEeCCOB B OacceiiHe peku Maprod ¢ OIeHKOW WX BIMSHUS Ha
BOJHBII Oasianc Cape3ckoro o3epa.

* [eopunamuka OEpEroBbIX CKIIOHOB U MOCTCEHCMHUYECKUE MPOLIECCHI -
CHCTEMaTUYeCKOe HaOII0NeHUE C HCIOJIb30BAHUEM TEXHOJIOTHI
BBICOKOTOYHOI'O IO3UIMOHUPOBAHUS 33 PA3BUTUEM CKIOHOBBIX
00BaJTbHO-OCBIMHBIX MPOIECCOB, AKTUBU3UPYIOLINXCS B pe3ylbTare
CEMCMUYECKUX BO3JIECUCTBUU B YCIIOBUSX BBICOKOW CEMCMHUYHOCTH
TEPPUTOPHH.

MexaUCIUIUIMHAPHOE COTPYAHUYECTBO - OOBEAMHEHUE YCHINN
CIEIMAIUCTOB B OOJACTH TEOJOTHH, CEHCMOJIOTHH, THAPOIOTHH,
KJIMMATOJIOTUM M JKOJIOTHM IS BBIPAOOTKH €IMHON KOHILIEHLHH
JIOJITOCPOYHOTO MOHUTOPHUHIA U OLIEHKH CEHCMHUYECKOW OIaCHOCTH,
U3y4YE€HUs DK3O0TCHHBIX T'E€OJIOTHYECKHUX IPOLECCOB, a TAKXKE
TMIPOJIOTUYECKHUX M SKOJIOIMYeCKUX HabmroeHni B paiione o3epo Capes.
Tosnbko myTéM pemeHus BbIIIE OTMEYEHHBIX HAy4YHO-NPAKTHYECKUX
3a/1a4, OPTaHM3alUN TEXHOJOTHYECKH OCHAIIEHHOTO HENPEPBIBHOTO
MOHUTOPHUHIa (reopajgmMolioKalnus, CEMCMUYECKHE CTaHIUU,
aBTOMAaTHU3UPOBAHHBIE CHUCTEMBl M3MEPEHUS YPOBHSA BOJBI,
JUCTAHIIMOHHOE 30HAMPOBAHUE) MOXKHO JOCTUYb CHUXKEHHUS pHCKa
IPUPOJHBIX OMACHOCTEN M yCTOWYMBOro paszpurusa I[lamupa.
CnenoBatenbHO, najibHelmee udydenue Capes3ckoro oszepa u
IIOCTOSHHBI MOHUTOPHUHI YCOMCKOM INIOTUHBI MMEIOT KIIOYEBOE
HAy4YHO-IIPaKTUYECKOE 3HAYCHUE.

* Monitoring of water balance and hydroclimatic conditions -
restoration of the Pshart hydrological station on the Margob River, the
main source feeding the lake, for accurate control of water inflow
volumes; organization of integrated studies of glacier melt, climate
change, and permafrost processes within the Margob River basin,
with assessment of their influence on the water balance of Sarez Lake.

* Geodynamics of coastal slopes and post-seismic processes -
systematic observation using high-precision positioning technologies
to monitor slope collapse and talus processes activated by seismic
impacts under conditions of high regional seismicity.

Interdisciplinary cooperation - integration of efforts by specialists in
geology, seismology, hydrology, climatology, and ecology to develop a
unified concept for long-term monitoring and seismic hazard assessment,
investigation of exogenous geological processes, and hydrological and
environmental observations in the Sarez Lake region. Only through
addressing the above-mentioned scientific and practical tasks and
organizing a technologically advanced continuous monitoring system
(ground-penetrating radar, seismic stations, automated water-level
monitoring systems, and remote sensing technologies) will be possible to
reduce natural hazard risks and ensure the sustainable development of the
Pamir region. Therefore, further investigation of Sarez Lake and
continuous monitoring of the Usoy dam are of key scientific and practical
importance.
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Paboune moMeHTHI dKcriequiny Ha o3epe Capes / Field activities of the expedition at Lake Sarez
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Paboune moMeHTHI dKcriequiny Ha o3epe Capes / Field activities of the expedition at Lake Sarez
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OOBabHBIA CKIOH, CPOPMHUPOBABIIMI YCONUCKUI 3aBall
Slope collapse zone that formed the Usoi Dam
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Aspodorocaumok 6a3st KUC u 'O Ha YcorickoM 3aBaiie - g ¢
Aerial photograph of the Emergency Committee base on the Usoy Dam & = &




basa reonoros
Geologists' base
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[Tanopamuslii Bua Ha o3epo Capes
Panoramic view of Lake Sarez
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VYyactok pexu Mapro6 Beiiie Cape3ckoro ozepa
Section of the Marghob River upstream of Lake Sarez




Peka Jlanrap
Langar River
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Pexa Mapro0 mike Ycoiickoro 3aBaina
Marghob River downstream of the Usoi Dam




O3epo Capes
Sarez Lake




O3EPO CAPE3

(115 ner co aHs 0Opa30oBaAHUA)

SAREZ LAKE

(115 years since its formation)
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