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ASSESSMENT AND MAPPING OF LANDSLIDE RISK
IN THE TERRITORY OF ALMATY CITY

Abstract. The problem of assessing landslide risk is very urgent for the city of Almaty and its environs. Many
landslide areas are built up by residential buildings or are actively used in economic activities. The landslide hazard
and the territory development maps were used to assess landslide risk. The landslide hazard map was compiled based
on the results of surveys of landslides’ traces and the data on seismogenic landslides of 1887. In Almaty region,
landslide risk is largely due to a seismogenic factor. Three degrees of hazard were distinguished on the map of
landslide hazard: a significant one, a moderate one and a low one. The criteria for identifying a degree of hazard
were the data on volumes of landslides and the proportion of landslide arcas. The map of the territory dacha develop-
ment was divided into territories with urban development, with dacha development, territories adjacent to built-up
areas, uninhabited territories used for recreation, and uninhabited territories rarely visited by people. Assessment of
landslide risk, meaning a possibility of landslides causing damage of a certain severity, was done by combining the
maps of landslide hazard and the territory development. There were identified areas with a significant, a moderate
and a low risk on the landslide risk map. Territories with a significant risk include all landslide areas with a perma-
nent population and territories with a high degree of landslide hazard, adjacent to populated arcas. A significant
damage from landslides is quite possible in these territories. It is necessary to carry out engineering anti-landslide
measures here. Areas with a moderate and a low landslide hazards that adjoin to populated arcas or are used for
recreation are characterized by a moderate risk. Probability of damage from landslides is small here. In such terri-
tories, it is sufficient to create a warning system. A low risk is observed in areas rarely visited by people, and in areas
with a low landslide hazard, used for recreation. In such areas, anti-landslide measures are not applied.
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Introduction. The largest megalopolis of Kazakhstan, the city of Almaty, with a population of more
than 1.7 million people is located at the foot of the Ile Alatau Ridge. The southern part of the city occupics
a low-mountain zone where loess-like loams are widespread. The low-mountain zone, adjacent to the
city's territory, is used for dachas and as a recreation area. In recent years, cottages are being actively built
here.

The territories formed by loess-like loams are characterized by a significant degree of landslide
hazard. Typically, landslides are formed in spring and early summer, when an annual maximum of
precipitation is recorded in the Ile Alatau [1]. Recently, landslide activity has increased as a result of
human activities like cutting and overloading of slopes during construction of roads and houses, wetting of
slopes by domestic sewage and as a result of water pipe breaks.

The Ile Alatau Ridge is distinguished by its high seismic activity. Here earthquakes of up to 9-
10 points are possible. Such earthquakes occurred here in 1887 and 1911 [2]. There is a very high
probability of mass formation of seismogenic landslides, as it occurred on May 28, 1887.

Therefore, the task of assessing and mapping of landslide risk is very urgent for the city of Almaty
and its environs. As it is known, risk is a product of damage from any dangerous phenomenon by
probability of such a phenomenon [3]. In our case, we are considering the risk caused by landslides that is
landslide risk. In conditions of a great uncertainty of the components of landslide risk, when it is impos-

— 3 ——



ISSN 2224-5278 Cepus ceonoeuu u mexnudeckux Hayk. Ne 1. 2018

sible to accurately calculate a level of the risk in quantitative indicators, we must resort to risk assessment
by qualitative categories [4, 5]. In this paper, we used three grades of risk level: an unacceptable, accep-
table and negligible. A level of risk is considered unacceptable when a possibility of landslides is high and
they are likely to cause significant damage and human casualties. In this case, engineering protection
measures are necessary. An acceptable level of risk means that there is a significant possibility of lands-
lides, which can cause an insignificant damage. In such conditions it is enough to organize proper land use
and establish a warning system. The risk is considered negligible when both a probability of landslides
and damage from them are insignificant. In this case, no protective measures are taken.

To assess landslide risk in Almaty, the data on volume and distribution of landslides obtained in the
course of field surveys and on literary data were used. A potential damage was determined by presence of
a permanent or temporary population, facilitics and infrastructure in the given territory.

Seismogenic landslides in Almaty regions. A very valuable material on landslides and rock falls is
stated in a book by I. Mushketov, published in 1890 [6, 7]. An earthquake with a magnitude of 7.3 occur-
red early in the morning on May 28, 1887. The maximum force in the epicenter was more than 9-10 points
[2]. In total, 332 people became victims of the earthquake. 154 people of those died in the mountains
under rock falls and landslides.

Large and continuous destructions begin from the Belbulak and Koturbulak Valleys, stretching
almost an uninterrupted path to the west of the Kaskelen Valley. The length of the greatest damage path is
35 km. In the transverse direction it is 20 km. The lower boundary passes at the foot of the Ridge at an
altitude of 900-1 200 m above sea level, the upper boundary is at 2 400-2700 m above sea level. The lar-
gest and almost continuous damages can be traced to an altitude of 1 500-1800 m. The entire area of da-
mage occupies 2 000 km”, but the area of continuous damage is 175 km’. The total volume of displaced
rocks on the northern slope of the Ile Alatau is 440 million m’.

The eyewitnesses testify that all the landslides and rock falls occurred simultaneously, as they were
from one blow. At the same time, the earth "was exploding and throwing up large blocks", and "liquid
mud was flying out" from some cracks. Mud slides immediately flowed from all the ravines. At first, they
were flowing swiftly, but then very slowly, so that the largest ones passed not more than 300 m per a day.
Motion of some of the mud slides continued for several days.

In the course of their advancing from the slopes to the valley, the mud slides dammed stream chan-
nels and formed temporary lakes. Breakthrough of these lakes, which took place in 1-3 days, was rather
rough in some places. The largest landslides and rock falls occurred on the site from the Shirokaya Shchel
to the Aksai. At present, this territory is a part of Almaty.

In the Pryamaya Shchel the mud slides begin at an altitude of more than 1800 m, and stretch almost
continuously for 10 km. The main mud slide occupies almost the entire valley of the Pryamaya Shchel.
There are only 2 km left to reach the foot of the mountains. The main mud slide length is about 7 km, the
width is from 100 to 500 m, the thickness is from 30 to 60 m, in some places it is even 70 m, and the
volume is 84 million m’. The total volume of landslides in the Pryamaya Shchel Valley is 126 million m’.

In the Shirokaya Shchel, the total volume of landslides is 1.5 million m’. In the Kishi Almaty Valley,
the volume of displaced rocks is 12 million m’. The volume of all the displacements between the Ulken
and Kishi Almaty Gorges is 6 million m’.

Destructions in the Ulken Almaty Valley begin at an altitude of 850 m. Opposite to the Teresbutak
outfall on the left side of the Ulken Almaty, there is a granite rock fall in the side gorge of the Koksheka.
It differs from other rock falls with its white color. The length of the rock fall is 4 km, the width is 200 m,
the thickness is 30 m, and the volume is 24 million m’.

A huge rock fall that is above the Teresbutak amazes with its size. It emerged from the left inflow
that is the Prokhodnaya Shchel. This rock fall overwhelmed a house of a forester with his entire family, as
well as several yurts with 39 shepherds and many cattle. The thickness of the rock fall sediments is 60 m.
It filled the Ulken Almaty Valley with 300 m in width and 3 km in length. Its volume is 54 million m’.

Between the Ulken Almaty and Jamanbulak, mud slides are numerous, but they do not reach the
bottom of the mountains. Their volume is 6 million m’.

There is a mud slide in the Jamanbulak that filled not only the entire valley, but also went beyond the
mountains. The stream of thick mud was moving very slowly, and after leaving the mountains, continued
to crawl for 4 days. It spread widely along the foothill plain along the both banks of the outfall, filled the
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plain that separated the Jamanbulak from the neighboring Karagaily River, and spread over a wide area
between the Jamanbulak and Oijaylyau. The length of this huge mud slide is 4 km in the mountains, and
almost 2.5 km on the plain, the volume is 30 million m’.

The next western mud slide in Tastybulak Gorge is much smaller. Its length is 1500 m beyond the
Gorge, and 3 000 m in the Gorge. Its greatest width at the end is 250 m, the average one is 70 m, the
thickness is 20 m, and the volume is 6.5 million m’.

In the Aksai Valley, traces of destruction are numerous and reach the greatest development at an
altitude of 1 650 m. The first landslides appear on the left slope of the Aksai just 1 km from the beginning
of the Gorge. The first major landslide is on the right slope at 2 km from the beginning of the Gorge. Its
thickness is up to 20 m, and the volume is 200 thousand m’. Less than 0.5 km above there is a continuous
heap formed by several landslides that have filled the entire Aksai Valley. The thickness of the deposits is
40-50 m, in some places it is up to 70-80 m, and the volume is 25 mln m’.

At an altitude of 1 400 m, mud flows terminate and are replaced by a stone granite rock fall, that
differs sharply from dark-colored mud flows with its white color. The rock fall began at the top of Akzhar
and occupies the entire width of the Aksay Valley, and has the length of 500 m. The thickness of the
granite heap in the Akzhar Gorge is more than 100 m. The volume of the rock fall is 40 million m>. All the
landslides above Akzhar have a total volume of 6 million m’. Up to 60 people died in the Aksay Valley.

Landslides and rock falls dammed the Aksai Valley in several places and formed temporary lakes, so
that there was no water in Aksay until 11 pm on May 28. At night the dams were broken. The formed mud
flow passed more than 15 km along the foothill plain and blocked the road between Verny and Kaskelen at
the length of 8 km.

Landslide risk assessment and mapping. To assess landslide risk, two maps were compiled: the
landslide hazard map and the territory development map.

The landslide hazard map at a scale of 1:25 000 (figure 1) was compiled based on a survey of lands-
lide trails, most of which occurred during the Verny Earthquake of 1887 [16, 17]. The map is made for the
territory of the southern part of Almaty City and a low-mountain zone of the Ile Alatau, adjacent to the
city. The map shows landslide areas with a significant, moderate and low level of landslide hazard.
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Figure 1 — The map of landslide hazard of Almaty region.
The level of landslide hazard: 1 — significant, 2 — moderate, 3 — low, 4 — deposits of old landslides
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Territories with a significant degree of landslide hazard occupy the foothill zone that is the so-called
"benches". Loess-like soils with the sickness of up to 50 m are common here. A characteristic feature of
these soils is loss of strength when moistened. Therefore, it is very likely that landslides may be formed
here after strong and prolonged rains, as it occurred in 2003 and in 2016. In recent times, occurrence of
anthropogenic landslides has increased after water leakages from damaged water pipelines. If a strong
carthquake occurs in a rainy period, landslide formation will have a massive and catastrophic character, as
it occurred in 1887. Landslides volumes reach hundreds of thousands of cubic meters in these territories,
and more than 50% of the area is subject to landslide hazard.

In the southern part of Almaty, arcas with a significant degree of landslide hazard are stretched in
narrow lines along slopes of erosion cuts that fan out from the tops of debris cones of the Kishi Almaty,
Ulken Almaty and Kargaly Rivers.

Above benches, in a low-mountain zone of the Ile Alatau (at an altitude of 1000-2000 m above sea
level), bed-rock slopes are covered with a thick saddle cover of deluvial crushed loams. The northern
exposure slopes are distinguished by an increased thickness of the deluvial cover. The degree of landslide
hazard in these territories can be characterized as a moderate one. The cutting depth of the soil does not
exceed 2-3 meters. Volumes of landslides without seismic influences do not exceed 10 thousand m’.
However, more than 50 % of the slope area of the northern exposure is subject to landslide hazard. With
an unfavorable combination of circumstances (heavy rains and a strong earthquake), landslides may cover
large areas, and landslides volumes may exceed 100 thousand m’. Such landslides were observed in 1887
in the basins of the Pryamukha, Kamenka, Oijaylyau, and Tastybulak Rivers.

In a middle zone of the Ile Alatau, above 2 000 m, the thickness of a deluvial cover on the slopes is
1-2 m, which prevents formation of large landslides. This zone is characterized by small mud flows with a
volume of less than 1 thousand m3, which occurred after heavy rains. Landslide hazard affects less than
20 % of the slope arca. In this zone there is a hazard of rock falls. With strong earthquakes, sizes of rock
falls may reach catastrophic volumes of several tens of millions of m’, such as the rock fall in the
Prokhodnaya River Valley or Akzhar Rock Fall in the Aksay River Valley. However, such cases are very
rare. Therefore, in general, landslide hazard can be considered low in this zone.

On the territories development map, five types of development are identified (figure 2). The main
criterion of division is the population density and the nature of its location.
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Figure 2 — The map of the territory development.
The type of the territory development: 1 — urban development with a permanent population, 2 — dacha development with a
temporary population, 3 — territories adjacent to built-up areas, 4 — uninhabited territories used for recreation, 5 — uninhabited

territories rarely visited by people
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In territories with urban buildings, density of the population permanently staying on this territory
exceeds 10 thousand people/km?. Therefore, any landslide occurring here will inevitably lead to death of
people. In the areas with dachas, people stay not all the time, depending on the season and time of a day.
The average density of the population here is less than 1 thousand people/km®. Therefore, probability of
people falling under an action of landslides is several times less than in territories with urban buildings,
but still quite high.

Among built-up areas and in their neighborhood there are plots with no houses, but which are used
for various purposes by the population. In these territories there are no more than 100 people per 1 km? at
the same time.

In the immediate vicinity of the city, especially along the valleys of the Kishi Almaty, Ulken Almaty
and Aksay, there are territories used for recreation. In these territories, there may be a large gathering of
people on weekends. If a landslide occurs this period of time, human sacrifices will be inevitable.

In the upper reaches of mountain valleys in hard-to-reach areas visited by individual lovers of
extreme sports, possibility of falling under landslides for people is minimal and close to negligible.

Combination of the landslide hazard map and the territory development map made it possible to
assess a level of landslide risk in Almaty region (Figure 3). The whole territory was divided into three
zones: 1) a zone with a significant landslide risk, 2) a zone with a moderate landslide risk, 3) and a zone
with a low landslide risk (table, figure 3).

The Level of Landslide Risk, Depending on the Degree of Landslide Hazard and Type of the Territory Development

Degree of Landslide Hazard
Type of the Development ——

Significant Moderate Low
Urban Development Significant Significant Significant
Dacha Development Significant Significant Significant
Territories Adjacent to Built-up Areas Significant Moderate Moderate
Uninhabited Territories Frequently Visited by People Moderate Moderate Low
Uninhabited Territories Rarely Visited by People Low Low Low

Figure 3 — The map of seismogenic landslide risk.
Risk level: 1 — significant, 2 — moderate, 3 — low
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A zone of a significant landslide risk includes territories with a permanent population, where there is
a hazard of even small landslides. These are urban territories and dacha sites.

A zone with a moderate risk includes territories with a significant landslide hazard without a
permanent presence of people. They are a low mountain zone of the Ile Alatau, adjoining to Almaty from
the south.

Low risk zones include territories with a low landslide hazard, rarely visited by people.
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AJIMATBI KAJIACBI AYMAFBIHJA KBLIZKBIMA
KATEPIH BAFAJIAY )KOHE KAPTOI'PA®UAJTIAY

AnHoTanmA. ATMATBHI Kalackl MCH OHBIH MAHAMBIHIA SKBUDKBIMA KATCPiH OaFanay MOCEICSCi 6T¢ MaHBI3IBL
Kenreren xpUnKbIMa Kayimi 0ap aliMakTapra TYPFBIH YHICD CANBIHFAH HEMECE INAPYAIIBUIBIK OPEKETIHAC 6T
Oencenai KommanbicTa. JKBUDKBIMA KaTepiH Oaramay YIOiH ayMaKThIH MICPLIyl XKOHE 'KbUDKbIMA KAyili KapTajapsl
KOJIAaHBLIABL. JKBUDKBIMA Kayilli KapTacsl OYPHIH OOJFAH KBUDKBIMA OPBIHIAPBIH 3ePTTEY APKbLIHI skoHE 1887 KbLT-
FBI CEHCMOTCH/IIK KBUDKBIMANAP TYPAIbl MAIIMETTEP HETI3IHAC KYPACTHIPHUIALI. AJIMATHI MAHBI AWMAFBIH/IA JKbII-
JKpIMA KaTepiHiH 0omysI Oipmama ceicMoreH i (hakTopiapra HerizaeareH. JKpUDKpIMa Kayimi KapTacklHAA YOI Kayim
JICHTCHI KOPCETINTCH, JKOFaphl, OPTalia KOHE TOMCH. JKBIDKBIMA KOJICMi MCH JKBIDKBIMA Kayimi 0ap ydackerepaiH
ayJaHbl TypajJbl MAIIMETTEP Kayill ACHreiiH OeymiH Oenrici peTiHAe KOMNAaHBUIABL. AYMAKTHIH HIEplIyi Kapra-
CBIH/IA ayMAKTap Kajla KYPbUIBICHI 0ap »Kepiep, casmkall KyPBUIBICHI, KYPBLIBIC CAJIBIHFAH KESPre >KAKbIH dyMaKTap,
XaITBIK KOHBICTAHOAFAH ayMakrap, amamaap a3 OapatbH skepiep aen Oemivmi. bemrimi Oip AcHre#ae >KbUDKBIMA
dcepiHEH MYMKIH OOJIATBIH IIBIFBIH PETIHAC >KbUDKBIMA KaTCpiH Oaranay, >KbUDKBIMA KAyili MECH ayMaKTBIH HICPIIY
KapTachIH OipiKTiPy apKbIIbI KY3ETE ACHIPBHLIIBL.

KeumkpIMa KaTepi KapTachIHAA KOFAPBI, OPTAIIa KOHE TOMCH Karepii ayMmakrap Oeminmi. Koraper karepmi
SKBIJDKBIMATIBI ayMAKTapFa >KbIDKBIMA Kayili Oap TYpaKThI XalublK KOHBICTAHFAH KOHE CIII MEKEHIEPTE *KAKbIH Op-
HAJIACKAH >KBUDKBIMA KAyilli ©Te >KOFaphl ayMaKTap >KaTKb3bUIABL. Byn aymakrapia »KelKeIMa OOJFaH JKaFmaiima
MYMKiH OOJIaTHIH INBIFBIH KOIeMi oT¢ >koFaphl. OIapra >KbUDKBIMAFa KAPCHI HEDKCHEPIIK IMapamap >Kacay KaKeT.
Oprama Karepii aen el MCKCHACPTC KAKBIH OPHATACKAH HEMECC PCKPCALMAIBIK MAKCAaTTapAa KOJIAHBLIATHIH
oprania XK9HE 9JICI3 JKbIUDKBIMA Kayimi O0ap ayMakTap cumarTaiaibl. MyHIArsl KbUDKbIMAJAH OOJATHIH MIBIFRIH aca
Kem emec. byt aymakrapaa ecKepTy KYHCCIH Kypy KETKiTikTi. TeMeH ACHTCHI KaTep agaMaap a3 >KYPETiH KOHC
QJICI3 KBUDKBIMA Kayimi Oap pekpeamus MaKCaThIHAA KOJJAHBLUIATHIH ayMakrapaa Oaiikamamel. byn aymakrapaa
JKBIJDKBIMAFa KAPCHI MIapanap >kacaaMaiiibL.

TyiiiH ce3aep: KbUDKBIMAJAP, OMBIPELIMAIIAP, KBIDKBIMA KAaTCpi, Oaranay skoHE KapTorpadusiay.
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OLLEHKA U KAPTOTPA®HUPOBAHHUE OIIOJ3HEBOI'O PUCKA
HA TEPPUTOPHUHU I'OPOJA AJIMATDBI

Annoranmus. /g roposa AIMaTHL B €T0 OKPECTHOCTCH MpoOIeMa OIICHKH OTIOI3HECBOTO PHCKA SABILICTCA OUCHD
aKTyaJ'II)HOI\/’I. MHuorue OmoI3HCOIMACHBIC YUIAaCTKH 3aCTPOCHBI JKWJIBIMH AOMAMH HJIH AKTHBHO HMCIOJB3YKOTCA B
XO3SHCTBEHHOM ACATCIFHOCTH JIT OLCHKH OMOJ3HEBOTO PHCKA HMCIOIb30BAMICH KAPThl OMOI3HEBOW OMACHOCTH H
OCBOCHHOCTH TeppuTopuu. Kapra OmoI3HEBOH OMACHOCTH COCTABJBUIACH IO PE3yJbTaraM OOCICAOBAHWIT CICIOB
COLICINX OMON3HEH U JAHHBIM O CEMCMOTEHHBIX ONOM3HAX 1887 r. B [IpHaiMaTHHCKOM PErHOHE OMOI3HEBOM PUCK
B 3HAYATCIHHON MEpe OOYCIIOBICH CCHCMOTCHHBIM (PakTopoM. Ha kapre OMOI3HCBOHW OMACHOCTH BBIACILIHCH TPH
CTEIICHH OTIACHOCTH. CHJIbHAS, CPeaHss u ciadas. KpurepusMu A BBIACICHUS CTCIICHH OMACHOCTH CIIY KUJIH JaH-
HbIE 00 00BEMax OMOJI3HEH M J0JIC ONMOI3HEONMACHBIX YUacTKOB. Ha kKapTe OCBOCHHOCTH TEPPHTOPHH BBIICIIIIHCH
TEPPUTOPHH C TOPOACKOHN 3aCTPOMKOH, ¢ JAYHOU 3aCTPOHKOH, TEPPUTOPHH, MPUICTAIOIINE K 3aCTPOCHHBIM, HCHA-
CEJICHHBIC TEPPUTOPHH, UCITIOIb3YEMOH O PEKPEAIHIO, HCHACCICHHBIC TEPPUTOPHH, PEIKO MOCCIIACMBIC JFOIBMH.
OreHKa OMOI3HEBOTO PHCKA, KAK BEPOSITHOCTH HAHECCHHUS OMO3HAMH yIIepOa ONMPEACICHHON TSHKECTH, MPOU3BO-
JUIAch IyTEM COBMCIICHHS KApTHI OIOJI3HEBOH OIACHOCTH M OCBOCHHOCTH TeppuTopuu. Ha kapre omoa3HEeBOTro
pHCKa OBLIH BBIACICHBI TEPPHUTOPHH C BEICOKHM, YMEPEHHBIM U HU3KUM PHCKOM. K TEppHTOPHIM C BHICOKHM PHCKOM
OTHECEHBI BCE OIIOJI3HCOIACHBIC TCPPUTOPHUH C HMOCTOSHHBIM HACCICHHEM H TCPPUTOPHH C CHJIHOH CTCIICHBIO
OTIOJI3HEBOH OMACHOCTH, MPWJIETAIOINHIE K HACCICHHBIM TeppUTOPUAM. Ha 3THX TeppUTOPHAX OUCHD BHICOKA BEPOSIT-
HOCTb 3HAYMTEIBHOTO yImepda oT cxoia omomsHed. Ha HHX HE0OXOAWMO OCYINECTBILITH HMHXKCHEPHBIC IMTPOTHBO-
OTIOJI3HECBBIC MEPOIIPHATHSI. Y MEPEHHBIM PHCKOM XapaKTCPH3YIOTCS TEPPUTOPHHU CO CPEAHEH U C1aboi OMOI3HEBOH
OTIACHOCTH, KOTOPBIC MPHJICTAIOT K HACETICHHBIM TEPPHTOPHSM MO0 HUCIIOIB3YIOTCS IO PEKPEALHIO. 3/1ECh BEPOSIT-
HOCTb yuep0a OT onox3HeH HeOompImas. Ha Takux TeppUTOPHIX AOCTATOYHO CO3AATh CHCTEMY IPEIYTPEIKICHHUS.
Huszkuii prck 0TMEUAETCsI HA TEPPUTOPHX, PEAKO MOCEIAEMBIX JTFObMH, W HA TEPPUTOPHUIX CO CIA00H OMOI3HEBOH
OTIACHOCTIO,, HCIOIB3YEMbIX IOJ pekpeanuio. Ha TakWX TEPPUTOPHSIX IPOTHBOOIOJI3HEBBIC MEPONPHATHSI HE
TIPUMCHSOTCA.

KioueBnbie c/ioBa: O0I3HU, 0OBAIIBI, OTIOJI3HEBOH PHCK, OLICHKA W KAPTOTPahUpOBaHUC.
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