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MAIN CRITERIA DEFINING GLOF RISK ON THE TERRITORY OF ALMATY REGION,
KAZAKHSTAN

Abstract. The ongoing retreat of glaciers in the mountainous areas of the Almaty region due to climate
change has far-reaching consequences for the formation and expansion of moraine-glacial lakes. Subsequent
moraine lake outburst floods (GLOFs) pose a serious threat to life and livelihoods as they can cause
catastrophic damage up to hundreds of kilometres downstream. Previous studies have reported the rapid
dynamics of moraine lake formation and several notable destructive GLOF events in the Ile Alatau in the
past. The results of the distribution regularities study indicate the need for a timely and updated assessment of
GLOF susceptibility. In this paper, an updated inventory of high-mountain moraine lakes in the Ile, Kungey,
Terskey Alatau and Saryzhaz Ridge was developed based on the data of the Sentinel-2 satellite for 2021
and applying aerial surveys. In addition, the vulnerability of moraine lakes (>0.045 km2) is determined
using a multi-criteria assessment. Moraine lakes are classified into low, medium, high and very high GLOF
susceptibility. The result shows the existence of 333 moraine lakes (> 0.001 km?) with a total area of 3.5+ 0.8
km? over the study area in 2021. In addition, out of 64 dangerous moraine lakes (>0.045 km?) assessed, 15
were identified with very high GLOF susceptibility. We emphasize that a pronounced glacier-lake interaction
is likely to increase susceptibility to GLOF. Regular monitoring and more detailed field acquisition is required
for these highly outburst moraine lakes. This will contribute to early warning and disaster risk reduction in
downstream communities.

Key words: Moraine Lake, GLOF criteria, mudflow risk, Lake Inventory.

Introduction. The mountain ranges of the South-Eastern Kazakhstan are characterized by a dense
distribution of moraine-glacial lakes [1,2], and they are rapidly expanding due to degradation of glaciers in
light of an increase in the temperature background in the high-mountainous part [3,4]. Such lakes are located
on the surface of glaciers (supra-glacial lakes or ponds), behind terminal or lateral moraines (proglacial lakes)
and other lakes that do not have direct contact with the glacier, but lie on the periphery of the glacier and are
fed by melting snow and glaciers [5,6]. The reduction of the open part of the glaciers leads to an increase in
the area of modern moraines, which are a platform for the development of moraine lakes; small reservoirs
appear on the glaciers.

These glacial lakes show characteristic differences in terms of formation, dam structure, lifespan,
expansion, appearance, disappearance and outburst impact [7-9]. Moraine glacial lake outburst flood (GLOF)
occurs when a sudden release of large volumes of water from glacial lakes is caused either by the collapse
of a dam or by wave crawling due to external triggering or self-destruction, such as ice / rock avalanches
and heavy precipitation into the lake [10,11]. GLOFs are often associated with mudflows that can cause
catastrophic damage downstream [12,13].

Active thermokarst processes associated with an increase in the temperature background lead to an annual
increase in the number of lakes, an increase in lake basins. These processes also lead to the degradation of
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lakes by the appearance of intramorainic run-off channels. This type of emptying of lakes often leads to the
formation of mudflows, including crushing mudflows.

Depending on the state of the lake basins, outburst-hazardous lakes are divided into: stationary, non-
stationary, developing, degrading and temporarily empty basins [14].

Stationary lakes include basins constantly filled with melted glacial waters. The water filling level depends
on the season and the meteorological conditions. In winter, the surface of the lakes is covered with ice of
considerable thickness and the level and volume of water in the lake basins decrease due to its filtration into
the moraine sub soils. During the period of intensive ablation of glaciers in July-August months, lake basins
are filled with water to maximum levels, and the risk of a breakthrough hazard increases with the formation
of a mudflow.

Unstable lakes are filled with water periodically, perhaps once every several years, usually this is facilitated
by the collapse of thawed soils and plugging of channels, the formation of temporary ice and ice-snow plugs
in the tunnels, etc. In winter and early spring, there is no water in the lake basin or there is a minor water
volume. The water levels in lakes are influenced by the throughput capacity of intramorainic run-off channels.

The developing lake basins are characterized by an intensive increase in water volumes over a short
period (1-10 years). During this period, an increase in the area of the lakes cape and the lake basin as a
whole is observed. The intensive development of lake basins leads not only to the rapid accumulation of
large volumes of melt water in them, but also increases their breakthrough hazard [15]. The most dangerous
period of developing lakes is the first year or three years. After a period of 20 years or more, the lakes can go
into the stage of degradation (aging), the breakthrough hazard is reduced to a minimum, and the processes of
culmination of the surface of the lake basin occur.

Justification of the topic choice. Aims and objectives. Taking into account the geographical location,
natural conditions, the wide distribution of moraine lakes along the ridges, dense population and the presence
of a large number of economic facilities in mudflow-prone areas, reducing the threat of natural disasters
and their consequences is an important priority in the strategy of the Local Authority of the Almaty city and
Almaty region, Departments of the Ministry of Emergency Situations and the Government of the Republic
of Kazakhstan.

In order to determine the category of the breakthrough hazard of moraine lakes on the territory of the
Almaty region, the lakes of mountain ranges related to the spurs of the Northern Tien Shan in Kazakhstan
part: Ile, Kungei and Teriskei Alatau, the Saryzhaz ridge were studied (Figure 1). Also, materials of past
mudflows [16], research materials, and aero visual and ground surveys were studied.

= National Border _| A -43°300'N
©  Moraine Lake

Elevation, m
- High : 6857

S Low - 189

AW

Figure 1 — Study area: High Mountain areas in the North-eastern part of Kazakhstan. The background is
false-colour composite Landsat OLI image acquired from August 19, 2020.

Data and Lake Inventory. In the 70-80s of the last century, certification was carried out mainly only for
the most dangerous moraine lakes in the central part of the Ile Alatau ridge. Certification of all moraine lakes
in the study area began in 2015. Certification was carried out by specialists from State Agency “Kaz Mud

78



ISSN 2224-5278 Series of Geology and Technical Sciences 6. 2021

flow Protection” (KMP) using satellite data from Google Earth, SAS. Planet. Release and according to the
available data of reconnaissance, bathymetric works, ground and aerial surveys.

Dangerous moraine lakes were identified based on the results of aerovisual and ground surveys. According
to the latest data from the KMP services, there are 947 moraine lakes located on modern moraines, the lakes
located on ancient moraines were not taken into account (the only exceptions were those representing a
mudflow hazard). Annually, KMP takes preventive measures on 15-18 moraine lakes to reduce the risk of a
breakthrough hazard.

Methodology of scientific research. The main reasons for the breakthrough of alpine lakes are considered:
destruction of moraine dams (as a result of thawing of the soils of the run-off channel, collapse of the sides,
etc.), with the formation of a powerful water flow; breakthrough by intramorainic run-off channels through
funnels, grottoes with water flows coming to the surface on the lake dam, lower on the body of the modern
moraine, or at a considerable distance from the lake from under the modern moraine [17].

Breakthrough hazard criteria for all moraine lakes in terms of potential risk levels have not been previously
developed; an assessment was carried out for each lake separately based on the results of reconnaissance
work.

The lakes have remained and remain to this day in the position of poorly studied in terms of stationary and
systematic lake studies.

To assess the outburst hazard of moraine lakes, they were considered in the “glacier-moraine-lake”
complex on the basis of the available scientific literature, characteristics of mudflows in recent years.

Based on the research results, the following indicators were used as criteria for assessing lakes at this
stage:

- the state of the lake by type (stationary, non-stationary), volume of the lake, filling mode, lake basin,
drain, run-off channel.

- the condition of the lake bulkhead (composition (friable materials, thawed and frozen soils, ice lenses,
etc.), parameters of the bulkhead (height, width, length), general condition of the bulkhead)

- the state of the moraine (subsidence, cracks, thermokarst sinkholes, traces of micro mudflows and lake
outbursts, etc.)

- the state of the moraine ledge (parameters, general condition, location of the lake relative to the moraine
ledge, etc.).

- the state of the glacier (type, size, location of the lake relative to the glacier):

Additional criteria for a breakthrough hazard can be:

- location of the lake (elevation point, exposure, river basin area, number of glaciers, etc.);

- the possibility of collapse of the final part of the glacier tongue or the collapse of significant ice masses
from the glacier with the splash of lake water;

- the possibility of collapse of soil masses from nearby slopes into the lake basin, followed by splashing
water from the lake;

- abrupt re-filling of the lake bowl or abrupt filling of previously empty basins and significant depressions
on the glacier moraine;

- an abrupt change in the water level (stepwise) in the lake associated with the pulsation regime of the
submerged run-off during the period of intensive ablation of glaciers;

- increase in lake water run-off with mudflow-forming discharges;

-the presence of traces of micro mudflows and “backward” erosion in the run-off channel;

- steepness of the run-off channel;

- the steepness of the sides of the run-off channel;

- activation of thermokarst processes on the body of the lake dam and on the modern glacier moraine
(subsidence, movements, thermokarst funnels, soil slides, etc.)

- the emergence of new foci of water wedging out through the body of the lake dam, or an increase in
filtration with the removal of particles;

- also one of the factors canbeseismic and mudflow activity in the specifiedregion and many other factors

In the course of the research, the previously developed methods for determining the breakthrough hazard
criteria were studied by Keremkulov A.R., Medeu P.A. Plekhanov and KMP [18].

The authors of the paper consider the developed method of Kazselezashchita with the additions and changes
to be the most acceptable when carrying out certification of moraine-glacial lakes, reconnaissance work and
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when carrying out operational measures to reduce the breakthrough hazard of moraine lakes. Determination
of the potential danger of a lake breakthrough will provide real assistance in preventing the occurrence of
uncontrolled natural processes in the glacial-moraine complex.

It is proposed to introduce an additional category “very dangerous lake” for outburst-hazardous moraine
lakes in the presence of a settlement with a population of more than 500 people or a strategically important
object in the mudflow risk zone.

As a result of the studies carried out to develop the breakthrough hazard criterion, outburst-hazardous
lakes were identified, information was obtained on the morphometry and morphology of lake bowls and
the hydrological regime for individual lakes, and a list of dangerous mountain lakes was determined, where
measures should be taken to eliminate their possible breakthrough.

Research results and discussion. 333 lakes and temporarily empty lake basins were registered in the
studied mountainous areas of the Almaty region. Including along the Ile Alatau — 188, along the Kungei
Alatau — 86, Terskey Alatau - 14 and 45 lakes on the Saryzhaz ridge. In the course of the study, together
with specialists from KMP, and during the interpretation of space images, the development of cartographic
material, 17 new lakes were identified.

Dangerous volumes of lakes in the study area are 40 thousand m?, up to 6.4 million m®. The moraine lake
with the largest water volume of 6.4 million m?® is the Maximov lake located under the glacier of the same
name in the Shelek river basin.

According to the criteria compiled from 64 moraine dammed lakes, 15 lakes are classified as very
dangerous lakes; the breakdown by region is given in the table 1.

Table 1 - Distribution of moraine-glacial lakes with an indication of their outburst hazard

GLOF susceptibility
Mountain areas
Very high High Medium Low Developing Lake
Ile Alatau 11 25 38 21 93
Kungey Alatau 3 17 13 35 18
Terskey Alatau 6 8
Saryzhaz Ridge 1 7 11 9 17

As a result of the studies carried out on the development of the breakthrough hazard criterion, outburst-
hazardous lakes were identified, information was obtained on the morphometry and morphology of lake bowls
and the hydrological regime for individual lakes, and a list of dangerous mountain lakes was determined,
where it is necessary to take measures to eliminate their possible breakthrough.

I
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Figure 2 — Map showing the spatial distribution of moraine lakes assessed with their GLOF
susceptibility classes in the areas: a) lle Alatau, b) Kungey Alatau,; c) Terskey Alatau and Saryzhaz Ridge.

Conclusion. The development of new criteria for determining the outburst hazard of moraine lakes is
intended for use in carrying out an operational risk assessment of the potential mudfiow hazard of moraine
lakes in order to analyze the current situation, the situation in general, using risk mapping and taking
operational measures on this basis to mitigate the consequences of possible outburst of lakes, and also the use
of this material as a methodological guide and training of specialists from the monitoring services of moraine
lakes.

We recommend for improving the methodology in future studies in other regions as GLOF mechanism,
impacts and risk differs from one region to other.

To study and in more detail determine the outburst hazard of the moraine lake, it is necessary to carry
out a set of works, including research and survey work to determine the geological, engineering-geological,
cryological, geomorphological, glaciological, hydrometeorological factors of mudflow hazard of the glacial-
moraine complex. In the process of these works, geological sections must be clarified and the physical and
mechanical properties of rocks determined (open working-adits must be made directly on the cofferdam);
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using geophysical methods, it is necessary to perform detailed geological mapping, study permafrost with
the identification of the boundaries of the distribution and the thickness of permafrost; based on the study of
the anomalies of the geo-temperature field - to identify underground voids. The results of these works should
include the development of methods for the elimination of a high-mountain lake with scientific, technical and
economic justification.
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AJIMATBI OBJIBICBIHBIH, (KABAKCTAH) AMUMAFBIHJIAFbI KOJIEPIIH AKTAPBLTY
KAYIINTLIITTH AHBIKTAUTBIH HETI3I'l KPUTEPUIJIEP

AHHOTanus. Makanazna KIMMaTThIH e3repyiHe 0ainanbICThl AJIMaThl OOJIBICBIHBIH TayJbl ailMaKTapbIHAA
MY3IBIKTapIbIH IIETiHY1 MOPEHAIBIK-MY3/bIK KOJICpiH naiina 00mybIHa )KOHE KEHEIOHE ajKeH ocep eTei.
MopeHaJIbIK K61 aKTapbUTybIHaH TYBIHAAUTBIH cenik ¢y TacKblHbl (GLOF) emipre skoHe TipLIilikke eneyii
Kayirn TeHJipeni, cebebi omap TeMeH[e JKy3 JereH MIaKbIphIMFa JICHiH armaTThl 3aKbIM KENTipyl MYMKIiH.
AnneIaFBI 3eprTeynep line AnaraysiHaa MOpEHANBIK KeNAepAiH naiaa O0omybIHbIH KapKbIHIBI AHHAMHUKACHI
MeH GLOF-men OaiinaHbICTBI amaTThl OKHFaylap Typaibl xadapnaabl. Tapany 3aHIBUIBIKTapBIH 3€pPTTEY
notmwxenepi GLOF ce3iMTangpIifbIH yaKThUIBI KOHE JKaHAPTBUIFaH Oarajay KaKeTTIIriH kepcereni. by
xymbicTa lne, Kynreit xone Tepickelt Anaraysinarbl, Capbbka3 KOTAChIHAAFBI OMIK Tayibl MOPEHAJBIK
KeJIep/IiH )KaHAPThIIFaH HHBEHTapu3anuschl Sentinel-2 sxep cepiriniyg 202 1 )xblTFa apHaJIFaH MOJIMETTEPIHIH
HETi3iHAe o3ipIeH/I JKOHE JyeleH IOy TycipimiMaepi KommaHbuiabl. COHBIMEH Karap, MOPEHAIBIK
KeJIepAiH ocasapirbl (>0.045 km?) Korm KpuTepHiini Oaraiay KOMEriMeH aHbIKTala(6l. MOpEeHAIIBIK KOJIIep
GLOF cesimMTanablfsl TOMEH, OpTallla, )KOFapbl XKoHE ©Te Korapbl 0okl xikreseai. Hotmwke 2021 xpiiabt
3epTTey ajaHbIHAH KaIMbl ayaansl 3,5 + 0,8 km? KypaiTeiH 333 mMopenansik kemaepain (> 0,001 km?) 6ap
ekeniirin kepcereni. CoHbIMEH Karap, Oarananran 64 KayinTi MopeHanbIK Kosaepain (>0.045 km?) 15-i aca
GLOF ce3iMTanpifel ©T€ KOFaphl, KayilTi caHATKA JKaTKbI3BULIBL. bi3 My3IBIKTapMEH KeJIIEpIliH aiKbIH
e3apa apekerrecyl GLOF cesiMTanapIFbIH apTTHIPYbl MYMKIH €KEHIH aTan KepceTeMi3. AKTapbluly KayIi aca
YKOFapbl MOPEHAJIBIK KOJIJEP YLIIH XKYHeli TypJe MOHITOPHHT KYPTi3yilyi )KoHE JallalbIK 3ePTTEY KYMBICTaphl
YHBIMIACTBIPBITYBI KaxeT. by cen. TacKbIHBIHBIH TOMEHT1 O6JIriHAer1 MapyalblIblK HICAaHAapAbl aJlIbIH
asia eCKepTy MEH anarTap KayIliH TOMEHETYTe bIKIall eTeli.

Tyiiinai ce3nep: mopenansik kes, GLOF kpurepuiinepi, cein. Kayri, KeJlepAl HHBEHTAPU3aLUIIaY.
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OCHOBHBIE KPUTEPUMU ONIPEAEJEHUSA PUCKA TPOPBIBOOITACHOCTHU MOPEHHO-
JEJHUKOBBIX O3EP HA TEPPUTOPUU AJIMATUHCKOM OBJIACTH, KABAXCTAH

Annorauus. [Iponomxkaromieecss OTCTyIUICHHE JEJHUKOB B TOPHBIX palioHaX AJIMAaTHHCKOM 001acTH u3-
32 M3MEHEHUS KIMMaTa HMeeT JaJleKo WAYyIIUe MOCJIEACTBUS IJsi 00pa3oBaHMs M PACIIMPEHHUS MOPEHHO-
NeTHUKOBBIX o3ep. llocmexyromume HaBOXHEHMS, BbI3BaHHBIE NPOPHIBOM MopeHHBIX o03ep (GLOF),
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MPEACTABISAIOT CEPbE3HYIO Yrpo3y Ul JKU3HU U CPEACTB K CYLICCTBOBAHHUIO, MOCKOJIBKY MOTYT HAaHECTH
KaTacTpoduueckuil ymepd Ha pacCTOSHMM A0 COTEH KHJIOMETPOB BHHU3 1O TeueHHio. llpenpimymiue
HCCIIeIOBaHUsl COOOMIMIM O OBICTPOI AMHAMHMKE O00pa30BaHUs MOPEHHBIX 03€p U HECKOJIBKHX 3aMETHBIX
pa3pymHUTENbHBIX COOBITUsX, cBsi3aHHBIX ¢ GLOF B Mne Anaray B nponutoM. Pe3ynmbraTel uccieqoBaHus
3aKOHOMEPHOCTEH paclpoCTpaHeHUsl YKa3bIBalOT Ha HEOOXOAWMOCTh CBOEBPEMEHHOW M aKTyaJbHOU
ouenku BocnpuuMunBocTd K GLOF. B nannoii pabore oOHOBIECHHAs WHBEHTApU3alUsl BHICOKOTOPHBIX
MopeHHBIX 03ep B Mne, Kynreii u Tepckeit Anaray, xpedrax Capppka3 Obliia pazpaboTaHa Ha OCHOBE JJAHHBIX
CIYTHHUKOBOTO CHMMKa Sentinel-2 3a 2020 rox u ¢ npuMeHeHneM adpodoTocheMk. Kpome Toro, ya3BUMOCTh
MOpeHHBIX 03ep (>0,045 kM?) onpenenseTcs ¢ MOMOIIBI0 MHOTOKPUTEPHABLHON OleHKH. MOpeHHBIE 03epa
TIOIPA3ICIISTIOTCST Ha HU3KYIO, CPEIHIO0, BRICOKYIO i OUY€HB BBICOKYIO BOCTIPUUMYUBOCTE K [JIOD. Pesynprar
MOKa3bIBaeT cymiecTBoBanne 333 mopenusix ozep (> 0,001 km?) ¢ obmiei miomaaeio 3,5 = 0,8 kM2 Ha
uccnenyemoit reppuropun B 2021 roxy. Kpome Toro, u3 64 oneHeHHBIX ONacHBIX MOPEHHBIX 03ep (>0,045
kM%) 15 ObuH UICHTH(OHIUPOBAHBI C OYCHB BBICOKAsi BOCTpHUMYKMBOCTh K GLOF. MBI nioguepkiBaeM, 4To
BBIPA)KEHHOE B3aUMOJECHCTBUE JIENHUKA U 03€pa, BEPOSTHO, MOBBICUT BOCHPUUMYHUBOCTH K [JIO®. Jlns
3TUX BEChbMa IPOPBIBOOIIACHBIX MOPEHHBIX 03€p TPEOyeTCsl PEeryspHbIl MOHUTOPUHT U Oojee IMOoxpOOHbIE
TIOJICBBIC HCCIENOBAaHUSA. DTO OyAeT CIOCOOCTBOBATh PaHHEMY MPEIyNPEKICHUIO U CHIDKCHUIO PHCKa
OezacTBUil B coollIecTBaX, pacroiioKEHHBIX HIDKE 110 TEUSHHIO.

KuroueBbie c10Ba: MOpPEHHOE 03€pO, KPUTEPUU MPOPBIBOONIACHOCTH, CEJIEBOM PUCK, NHBEHTapU3aLUs
o3ep.
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