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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences 
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new 
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics to be 
accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and the Arts 
& Humanities Citation Index. The quality and depth of content Web of Science offers to researchers, 
authors, publishers, and institutions sets it apart from other research  databases.  The  inclusion  of 
News  of  NAS  RK.  Series  of  geology  and  technical sciences in the Emerging Sources Citation 
Index demonstrates our dedication to providing the most relevant and influential content of geology 
and engineering sciences to our community.

Қазақстан Республикасы Ұлттық ғылым академиясы «ҚР ҰҒА Хабарлары. Геология және 
техникалық ғылымдар сериясы» ғылыми журналының Web of Science-тің жаңаланған 
нұсқасы Emerging Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл 
индекстелу барысында Clarivate Analytics компаниясы журналды одан әрі the Science Citation 
Index Expanded, the Social Sciences Citation Index және the Arts & Humanities Citation Index-ке 
қабылдау мәселесін қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен 
мекемелерге контент тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Геология және 
техникалық ғылымдар сериясы Emerging Sources Citation Index-ке енуі біздің қоғамдастық 
үшін ең өзекті және беделді геология және техникалық ғылымдар бойынша контентке 
адалдығымызды білдіреді.

НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и технических 
наук» был принят для индексирования в Emerging Sources Citation Index, обновленной версии 
Web of Science. Содержание в этом индексировании находится в стадии рассмотрения 
компанией Clarivate Analytics для дальнейшего принятия журнала в the Science Citation Index 
Expanded, the Social Sciences Citation Index и the Arts & Humanities Citation Index. Web of 
Science предлагает качество   и  глубину   контента   для   исследователей,  авторов,  
издателей  и  учреждений. Включение Известия НАН РК. Серия геологии и технических 
наук в Emerging Sources Citation Index демонстрирует нашу приверженность к наиболее 
актуальному и влиятельному контенту по геологии и техническим наукам для нашего 
сообщества.
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Бас редактор
ЖҰРЫНОВ Мұрат Жұрынұлы, химия ғылымдарының докторы, профессор, ҚР 

ҰҒА академигі, Қазақстан Республикасы Ұлттық Ғылым академиясының президенті, АҚ 
«Д.В. Сокольский атындағы отын, катализ және электрохимия институтының»  бас директоры 
(Алматы, Қазақстан) H = 4

Редакциялық алқа:
ӘБСАМЕТОВ Мәліс Құдысұлы (бас редактордың орынбасары), геология-минералогия 

ғылымдарының докторы, профессор, ҚР ҰҒА академигі, «У.М. Ахмедсафина атындағы 
гидрогеология және геоэкология институтының» директоры (Алматы, Қазақстан) H = 2

ЖОЛТАЕВ Герой Жолтайұлы (бас редактордың орынбасары), геология-минералогия 
ғылымдарының докторы, профессор, Қ.И. Сатпаев атындағы геология ғылымдары институты-
ның директоры (Алматы, Қазақстан) Н=2

СНОУ Дэниел, Рһ.D, қауымдастырылған профессор, Небраска университетінің Су ғылымдары 
зертханасының директоры (Небраска штаты, АҚШ) H = 32

ЗЕЛЬТМАН Реймар, Рһ.D, табиғи тарих мұражайының Жер туралы ғылымдар 
бөлімінде петрология және пайдалы қазбалар кен орындары саласындағы зерттеулердің 
жетекшісі (Лондон, Англия) H = 37

ПАНФИЛОВ Михаил Борисович, техника ғылымдарының докторы, Нанси 
университетінің профессоры (Нанси, Франция) Н=15

ШЕН Пин, Рһ.D, Қытай геологиялық қоғамының тау геологиясы комитеті директорының 
орынбасары, Американдық экономикалық геологтар қауымдастығының мүшесі (Пекин, Қытай) 
H = 25

ФИШЕР Аксель, Ph.D, Дрезден техникалық университетінің қауымдастырылған 
профессоры (Дрезден, Берлин) Н = 6

КОНТОРОВИЧ Алексей Эмильевич, геология-минералогия ғылымдарының докторы, 
профессор, РҒА академигі, А.А. Трофимука атындағы мұнай-газ геологиясы және геофизика 
институты (Новосибирск, Ресей) H = 19

АБСАДЫКОВ Бахыт Нарикбайұлы, техника ғылымдарының докторы, профессор, 
ҚР ҰҒА корреспондент-мүшесі, А.Б. Бектұров атындағы химия ғылымдары институты 
(Алматы, Қазақстан) H = 5

АГАБЕКОВ Владимир Енокович, химия ғылымдарының докторы, Беларусь ҰҒА 
академигі, Жаңа материалдар химиясы институтының құрметті директоры (Минск, Беларусь) 
H = 13

КАТАЛИН Стефан, Рһ.D, Дрезден техникалық университетінің қауымдастырылған 
профессоры (Дрезден, Берлин) H = 20

СЕЙТМҰРАТОВА Элеонора Юсуповна, геология-минералогия ғылымдарының
докторы, профессор, ҚР ҰҒА корреспондент-мүшесі, Қ.И. Сатпаев атындағы Геология ғылымдары 
институты зертханасының меңгерушісі (Алматы, Қазақстан) Н=11

САҒЫНТАЕВ Жанай, Ph.D, қауымдастырылған профессор, Назарбаев университеті 
(Нұр-Сұлтан, Қазақстан) H = 11

ФРАТТИНИ Паоло, Рһ.D, Бикокк Милан университеті қауымдастырылған профессоры 
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Қазақстан  Республикасының  Ақпарат  және  қоғамдық  даму  министрлiгiнің  Ақпарат  комитетінде
29.07.2020 ж. берілген № KZ39VPY00025420 мерзімдік басылым тіркеуіне қойылу туралы куәлік.
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Редакцияның мекен-жайы:  050010, Алматы қ., Шевченко көш., 28, 219 бөл., тел.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© Қазақстан Республикасының Ұлттық ғылым академиясы, 2021

Типографияның мекен-жайы:  «Аруна» ЖК, Алматы қ., Мұратбаев көш., 75.
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(Лондон, Англия) H = 37
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(Дрезден, Берлин) H = 6
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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 km2) with a total area of 3.5± 0.8 
km2 over the study area in 2021. In addition, out of 64 dangerous moraine lakes (≥0.045 km2) 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.
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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 
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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 m³, up to 6.4 million m³. The moraine lake 
with the largest water volume of 6.4 million m³ 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

Mountain areas
GLOF susceptibility

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.

a)

81 
 

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 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 m³, up to 6.4 million m³. The moraine lake 
with the largest water volume of 6.4 million m³ 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 

Mountain 
areas 

GLOF susceptibility 

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. 

 
 

 
a) 

 



81

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

b)

82 
 

 
b) 

 
 

c) 

 
 

 
Figure 2 – Map showing the spatial distribution of moraine lakes assessed with their GLOF susceptibility 

classes in the areas: a) Ile 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 mudflow 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); 
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 
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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.

Acknowledgments
This work was supported by Committee of Science of Ministry Education and Science of the Republic of 

Kazakhstan project «Scientific and methodological substantiation of the criteria for the outburst hazard of 
moraine-glacial lakes and assessing the degree of potential risk from their outburst» №АР09563188.

Заппаров М.Р.1*, КасеновM.K.2, Раймбекова Ж.3, Ауелхан Е.1, Абишев Б.2,3

1Satbayev University, Алматы, Қазақстан;
2«Қазселденқорғау» мемлекеттік мекемесі, Алматы, Қазақстан;

3Әл-Фараби атындағы Қазақ ұлттық университеті, Алматы, Қазақстан. 
E-mail: t58ray@gmail.com

АЛМАТЫ ОБЛЫСЫНЫҢ (ҚАЗАҚСТАН) АЙМАҒЫНДАҒЫ КӨЛДЕРДІҢ АҚТАРЫЛУ 
ҚАУІПТІЛІГІН АНЫҚТАЙТЫН НЕГІЗГІ КРИТЕРИЙЛЕР

Аннотация. Мақалада климаттың өзгеруіне байланысты Алматы облысының таулы аймақтарында 
мұздықтардың шегінуі мореналық-мұздық көлдердің пайда болуына және кеңеюіне алкен әсер етеді. 
Мореналық көл ақтарылуынан туындайтын селдік су тасқыны (GLOF) өмірге және тіршілікке елеулі 
қауіп төндіреді, себебі олар төменде жүз деген шақырымға дейін апатты зақым келтіруі мүмкін. 
Алдыңғы зерттеулер Іле Алатауында мореналық көлдердің пайда болуының қарқынды динамикасы 
мен GLOF-пен байланысты апатты оқиғалар туралы хабарлады. Таралу заңдылықтарын зерттеу 
нәтижелері GLOF сезімталдығын уақтылы және жаңартылған бағалау қажеттілігін көрсетеді. Бұл 
жұмыста Іле, Күнгей және Теріскей Алатауындағы, Сарыжаз жотасындағы биік таулы мореналық 
көлдердің жаңартылған инвентаризациясы Sentinel-2 жер серігінің 2021 жылға арналған мәліметтерінің 
негізінде әзірленді және әуеден шолу түсірілімдері қолданылды. Сонымен қатар, мореналық 
көлдердің осалдығы (≥0.045 км2) көп критерийлі бағалау көмегімен анықталады. Мореналық көлдер 
GLOF сезімталдығы төмен, орташа, жоғары және өте жоғары болып жіктеледі. Нәтиже 2021 жылы 
зерттеу алаңынан жалпы ауданы 3,5 ± 0,8 км2 құрайтын 333 мореналық көлдердің (> 0,001 км2) бар 
екендігін көрсетеді. Сонымен қатар, бағаланған 64 қауіпті мореналық көлдердің (≥0.045 км2) 15-і аса 
GLOF сезімталдығы өте жоғары,  қауіпті санатқа жатқызылды. Біз мұздықтармен көлдердің айқын 
өзара әрекеттесуі GLOF сезімталдығын арттыруы мүмкін екенін атап көрсетеміз. Ақтарылу қаупі аса 
жоғары мореналық көлдер үшін жүйелі түрде моніторинг жүргізулуі және далалық зерттеу жұмыстары 
ұйымдастырылуы қажет. Бұл сел.  Тасқынының төменгі бөлігіндегі шаруашылық нысандарды алдын 
ала ескерту мен апаттар қаупін төмендетуге ықпал етеді.

Түйінді сөздер: мореналық көл, GLOF критерийлері, сел. қаупі, көлдерді инвентаризациялау.
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ОСНОВНЫЕ КРИТЕРИИ ОПРЕДЕЛЕНИЯ РИСКА ПРОРЫВООПАСНОСТИ МОРЕННО-
ЛЕДНИКОВЫХ ОЗЕР НА ТЕРРИТОРИИ АЛМАТИНСКОЙ ОБЛАСТИ, КАЗАХСТАН

Аннотация. Продолжающееся отступление ледников в горных районах Алматинской области из-
за изменения климата имеет далеко идущие последствия для образования и расширения моренно-
ледниковых озер. Последующие наводнения, вызванные прорывом моренных озер (GLOF), 
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представляют серьезную угрозу для жизни и средств к существованию, поскольку могут нанести 
катастрофический ущерб на расстоянии до сотен километров вниз по течению. Предыдущие 
исследования сообщили о быстрой динамике образования моренных озер и нескольких заметных 
разрушительных событиях, связанных с GLOF в Иле Алатау в прошлом. Результаты исследования 
закономерностей распространения указывают на необходимость своевременной и актуальной 
оценки восприимчивости к GLOF. В данной работе обновленная инвентаризация высокогорных 
моренных озер в Иле, Кунгей и Терскей Алатау, хребтах Сарыжаз была разработана на основе данных 
спутникового снимка Sentinel-2 за 2020 год и с применением аэрофотосъемки. Кроме того, уязвимость 
моренных озер (≥0,045 км2) определяется с помощью многокритериальной оценки. Моренные озера 
подразделяются на низкую, среднюю, высокую и очень высокую восприимчивость к ГЛОФ. Результат 
показывает существование 333 моренных озер (> 0,001 км2) с общей площадью 3,5 ± 0,8 км2 на 
исследуемой территории в 2021 году. Кроме того, из 64 оцененных опасных моренных озер (≥0,045 
км2) 15 были идентифицированы с очень высокая восприимчивость к GLOF. Мы подчеркиваем, что 
выраженное взаимодействие ледника и озера, вероятно, повысит восприимчивость к ГЛОФ. Для 
этих весьма прорывоопасных моренных озер требуется регулярный мониторинг и более подробные 
полевые исследования. Это будет способствовать раннему предупреждению и снижению риска 
бедствий в сообществах, расположенных ниже по течению.

Ключевые слова: моренное озеро, критерии прорывоопасности, селевой риск, инвентаризация 
озер.
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