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MONITORING OF LANDSLIDE PROCESSES IN THE ZHETYSU REGION

Purpose. To analyze the development of landslide processes in the village areas, study the causes of the destruction
of the coastline of Lake Alakol, and develop recommendations for coastal protection measures. To assess the impact
of key geological, hydrological, and climatic factors on the intensity of abrasion processes and the dynamics of the
coastline.

Methodology. The methodology includes a comprehensive approach. Monitoring of the shoreline was conducted,
covering the measurement of erosion speed and direction, evaluation of sediment volumes, analysis of changes in the
coastline and geomorphological features. Computer modeling was used to predict destructive processes, considering
multiple factors such as hydrological conditions, lithological composition of rocks, and climatic conditions. Retrospec-
tive analysis of long-term observation data and photographs revealed patterns in the development of shoreline changes.

Findings. The changes in the shoreline of Lake Alakol are related to the complex interaction of natural and anthro-
pogenic factors. The main causes of shoreline destruction were identified, including active landslides, wave erosion,
and changes in the hydrological regime. Measures for shore strengthening were proposed: installation of breakwaters,
slope reinforcements, planting vegetation, creation of artificial beaches, and other engineering measures. A program
for predicting coastal destruction using mathematical models has been developed, which allows for effective planning
of measures to protect them.

Originality. The scientific novelty of this work lies in the integration of modern monitoring, analysis, and model-
ing methods to study the dynamics of coastal processes. This approach provides a deeper understanding of the causes
of shoreline destruction and contributes to the development of optimal engineering solutions.

Practical value. Recommendations are developed that can be used for strengthening the shores of Lake Alakol, as
well as preventing exogenous geological processes (shoreline abrasion, landslides, landslips, collapses, gully forma-

tion, etc.) at other water bodies.
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Introduction. The current length of the lake is
104 km, with a shoreline length of 384 km, a width of
52 km, a maximum depth of 22.1 m, and a catchment
area of 68.7 thousand km? [ 1]. Over the past 50—70 years,
this natural water body has been eroding the southeast-
ern coastline, annually “eating” away a strip of land
300 meters wide. The shores of Lake Alakol are flat and
composed of loose Quaternary deposits [2]. Only the
southern and, to some extent, the eastern shores, washed
by the lake, have terraces up to 9 meters above the water
level. Long and narrow spits detach from the shores.
Thanks to them, the lake was historically named Gunge-
Nor, as during lower water levels, some of these spits
formed natural “bridges” connecting one shore to an-
other. The formation of the lake’s shores is influenced
by rivers and winds. Rivers flowing into the northern
part of the lake carry sand and clay, while those entering
the southern and partly eastern parts also bring gravel.
Winds, causing strong disturbances, erode the shore-
lines in some areas while building them up in others,
forming spits and sandbanks. As a result of the rising
water level, the shoreline has retreated by several dozen
meters compared to previous years, and in some areas,
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even several kilometers (over a 12-year period, the water
level rose by 4.25 meters). Both intra-annual and multi-
annual fluctuations in the water level of Lake Alakol are
observed, as shown in Table [3].

The Alakol Depression is an important object of
study from the perspectives of geology, hydrogeology,
and hydrogeology, and hydrology (Fig. 1). The issues
related to the hydrogeological conditions of the region
and its location within the system of fold structures of
the Tien Shan have been extensively discussed in several
studies [4].

Stationary hydrological observations in the region
began in the mid-20" century, covering water levels,
temperature, and precipitation. In the 1960s, compre-
hensive studies on the water balance, runoff of major
rivers, and hydrochemical composition of the waters
were carried out [S5]. The most significant rivers feeding
the region’s lakes are Tentek, Urjar, Emel, and Karakol,
which are characterized by bicarbonate-calcium water
with low mineralization (up to 0.3 g/L).

Current work includes bathymetric surveys, the
study of the morphometry of lakes, bottom sediments,
and hydrofauna. The results of the research are summa-
rized in scientific publications, which address the long-
term fluctuations in water levels and hydrological fea-
tures of the Alakol system.
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Table

Changes in the Area and Volume of the Water Mass
of Lake Alakol with the Decrease in its Water Level

Lowering water Water surface ‘Water mass
levels, area, volume,

m km? thousand m?
0 2,650.0 58,560.000
5 2,190.48 46,400.000
10 1,790.52 36,400.000
15 1,437.88 28,400.000
20 1,232.54 21,780.000
25 1,053.23 16,020.000
30 888.27 11,120.000
35 719.71 7,140.000
40 564.94 3,920.000
45 334.06 1,720.000
50 193.6 420.000
54 0 0

The studies conducted allowed for a comprehensive
understanding of the main features of the hydrological
regime and water balance of the lakes.

The flora of the Alakol Depression has been the sub-
ject of study for many specialists throughout the
20™ century [6]. These studies laid the foundation for
the first comprehensive exploration of the geological-
structural framework and hydrogeological features of
this area.

Analysis of the research devoted to the Alakol De-
pression has revealed the variety of approaches, repre-
sentations, and methods, as well as the differing degrees
of study of both qualitative and quantitative aspects of
water resources, which are changing under the influence
of modern natural and anthropogenic factors and pro-
cesses [7, 8]. In the context of the intensive socio-eco-
nomic development of the region, there is a need to de-
velop a sustainable management strategy for the rational
use of natural resources. Geographically, this area lies in
the foothills of the northeastern slopes of the Dzungar-
ian Alatau and the southwestern part of the Alakol De-
pression.

In terms of orography, the region represents the
southwestern part of the Alakol Depression, bordered to
the south and southwest by the northeastern slopes of
the Dzungarian Alatau (Fig. 2). The geological struc-
ture of the aforementioned geomorphological units in-
cludes deposits of varying age and genesis [9]. Along the
Dzungarian Fault, the depression connects with the
northeastern spurs of the Dzungarian Alatau. The Ala-
kol Depression is composed of a thick cover of loose Ce-
nozoic deposits and is further divided within the studied
area into three structural zones of northwest orientation:
the central, northeastern, and southwestern zones [10].
The central zone extends as a strip 10—15 km wide from
Lake Sasykkol to Lake Kishi-Alakol. The thickness of
the loose sediments here ranges from 200 to 300 meters.
Their age spans from Miocene to present. Lithological-
ly, in the middle zone, clays and silty clays dominate,
with sand and gravel layers playing a subordinate role.

In hydrogeological terms, the described area belongs
to the artesian basin of the Balkhash-Alakol depression
and its mountain framework. Active erosion of the
shoreline has been observed in the last 50 years, while
winds have been blowing since the formation of the Ala-
kol depression. The depression began to form in the
Mesozoic era and represented a natural acrodynamical-
ly dynamic tube. Over such a long period (more than
200 million years), winds would have eroded not only
the lake shores but also the ridges surrounding the de-
pression. The engineering-geological conditions are de-
termined by the geological-structural features, geomor-
phological, and hydrogeological conditions. Engineer-
ing-geological properties of the rocks composing the
surface are of primary importance for various types of
construction. The characteristics of the parameters
(composition and properties) of these rocks according
to stratigraphic-genetic complexes are provided based
on the analysis and generalization of a large amount of
factual material obtained from engineering-geological
studies conducted in previous years [11].

Literature review. One of the scientific articles related
to the study of the Alakol depression suggests conduct-
ing bathymetric surveys to evaluate the thickness of un-
derwater beach deposits, determine their area, and ana-
lyze their composition [12]. It also recommends estab-
lishing the age of beach gravel and loess-like silts cover-
ing them. Furthermore, it is important to perform a pa-
leogeographical analysis of the formation and evolution

Fig. 2. Southwest part of Lake Alakol (Google Earth,
2019)
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of Lake Alakol and its depression to reconstruct the
changes in the shoreline over time. According to the re-
nowned Kazakh researcher T. Dzhurkashiev, “It is al-
ready necessary to begin replenishing the beaches on the
cliffed section of the shore, artificially and systemati-
cally increasing the width of the beach, as is done along
the southeastern shore of Crimea”.

When part of the beach, along with buildings, once
again sank into the waves of Alakol, it was decided to
take countermeasures against the natural forces in the
Urdjar district of East Kazakhstan. The first project in-
volved constructing artificial peninsulas from rocky ma-
terials. This approach proved to be the most effective.
Mentaschi, et al. [13] studied the issues of controlling
and monitoring hazardous processes in the coastal zone,
as well as counteracting and managing natural risks. En-
gineers and researchers such as Umar, et al. [14] explore
engineering solutions to the problem of abrasion and the
retreat of the coastline. Jonah, et al. [15] conducted a
large-scale assessment of the coastal zone in Ghana,
utilizing field studies with coastal geomorphology and
GIS methods over a 540 km stretch of coastline. The
results of the assessment showed significant and wide-
spread coastal erosion, leading to substantial losses.

In an article by Yueyao Zhou, information is pro-
vided about the collapse of the banks of the Middle
Yangtze River. The collapse of alluvial riverbanks is a
typical issue of soil-water interaction, which is linked to
various factors, including the direct impact of the flow,
changes in river levels, and human activities (e.g., coast-
al protection) [16].

To improve data accuracy, Telling, et al. proposed
an enhanced approach to using terrestrial laser scan-
ning in their work. This method, developed by Jennifer
Telling and her colleagues, integrates modern 3D scan-
ning and analysis technologies, providing detailed
monitoring of relief changes and improving the reli-
ability of the results [17].

This method is actively used in global coastal terrain
studies. In their article, Kuhn, et al. [18] used terrestrial
laser scanning data to create highly accurate digital ter-
rain models with geographic references, as well as 2D
and 3D visualizations of a marine cliff on the Yasmun
Peninsula, located on the southwestern coast of the Bal-
tic Sea. These models are applied to analyze spatial and
temporal changes, as well as to evaluate erosion and
soilwash processes.

Purpose. The goal of this study is to analyze the de-
velopment of landslide processes in rural settlements,
examine the causes of shoreline destruction at Lake Al-
akol, and develop recommendations for coastal protec-
tion measures. Special attention is given to the primary
geological, hydrological, and climatic factors affecting
abrasion processes and shoreline dynamics.

The study will involve monitoring and mapping ar-
eas of active destruction, analyzing shoreline changes
based on satellite images and historical data, as well as
assessing the impact of anthropogenic factors. Propos-
als will be developed for applying environmental and
engineering methods to stabilize the shoreline zone,
aimed at reducing the rate of erosion and preventing fur-
ther destruction of coastal areas.

Materials of the research. At present, there is a wide
range of landslide types. The most common classifica-

tions are those proposed by F.P.Savarensky and
A. P.Emelyanova [19]. The subsystem is designed to iden-
tify, assess, and forecast dangerous exogenous geological
processes. The primary goal of monitoring is to observe
exogenous geological processes and their spread across
territories. This includes analyzing both natural and tech-
nogenic factors to predict potential threats and develop
recommendations for minimizing damage in the event of
process activation. Monitoring of dangerous exogenous
geological processes is conducted both in natural condi-
tions and in areas affected by technogenic changes, focus-
ing on locations where these processes may impact settle-
ments, infrastructure, and the economy.

Landslides in the Zhetysu region vary significantly in
size, types, mechanisms, and movement speeds. There-
fore, the methodology and scope of landslide monitor-
ing can vary depending on the level of risk and slope
instability.

Regulating coastal processes is an important task
that requires a comprehensive approach. One key aspect
is monitoring the state of the shores, including regular
measurements of erosion speed and direction, assess-
ment of the volumes of displaced sediments, and analy-
sis of shoreline changes and geomorphological features.

Based on monitoring data, coastal protection pro-
grams are developed, which may include installation of
breakwaters, creation of slope reinforcements, planting
vegetation, constructing artificial beaches, and other
measures. It is important to consider the interrelation-
ship of various processes, such as hydrological, geologi-
cal, and biological ones, and their impact on the shores.

The foundational concept for monitoring landslide
processes is recommended to use the concept of spatial-
hierarchical interrelationship between natural (geologi-
cal) and technogenic objects in the studied territory. To
refine forecasts and monitor the actual state of the
coastal zone, regular monitoring is necessary. This in-
cludes geodetic and topographic surveys, measuring
erosion rates, analyzing vegetation conditions, and oth-
er observations. The results of monitoring allow for ad-
justments to models and forecasts, as well as planning
necessary coastal protection measures.

To forecast landslide processes, monitoring must be
conducted simultaneously at three different levels: re-
gional, local, and detailed ones. At the regional level,
monitoring is typically carried out within the Jetysu and
East Kazakhstan regions. The described monitoring
provides a general understanding of the area’s suscepti-
bility to landslide processes, as well as the dynamics of
changes in slope conditions over space and time. Addi-
tionally, it evaluates the potential damage that landslides
can cause to the environment, transportation infrastruc-
ture, industrial facilities, and residential buildings. The
area of regional landslide monitoring can cover a terri-
tory of over 100 km?.

The local monitoring within the region focuses on
landslide systems covering large river basins and com-
plex ravine-gully structures, with an area coverage of
10—100 km?.

The detailed monitoring is usually carried out for in-
dividual specific landslides. The information obtained
during detailed monitoring is used for forecasting and
timely warning about the risk of landslides. Current geo-
logical processes and phenomena in the region are
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mainly related to human engineering and economic ac-
tivities, particularly to reclamation construction. Until
the 1960s, the development of certain dangerous geo-
logical processes was episodic in nature. Erosion caused
by water flow occurred only during spring floods and
heavy rainfall, leading to undercutting and collapse of
the banks. Deflation manifested itself in the aeolian re-
working of alluvial-lake deposits, creating blowout ba-
sins, sand dunes, wind ripple marks, and other microre-
lief forms. Salinization and waterlogging occurred in the
form of widespread development of solonchaks, salts,
and pufly soils in areas with shallow groundwater levels.
Abrasion was particularly intense on the southern and
eastern shores of Lake Alakol. The southern shore of the
lake (the area around the settlement of Koktuma) has
retreated more than 200 meters over 20 years. As a result
of undercutting and collapse of the bank, part of the
settlement was destroyed. The shoreline of the lake ap-
proached the railway track. The intensification of abra-
sion processes is due to frequently repeated hurricane
winds and the expansion of the lake’s area. According to
measurements from 1862 and 1931, the lake’s size in-
creased by 5 km in both length and width. Even more
intense growth of the lake’s area was recorded in the
measurements from 1951. Over 20 years, the length of
the lake increased by 15 km, the width by 5 km, and the
depth also increased.

The methodology of the research. Current methods
and tools for monitoring landslide processes used in
landslide monitoring depend on their types and the
scale of their distribution. Methods for calculating
shoreline erosion are based on mathematical models de-
scribing the physical, chemical, and biological processes
of shoreline erosion. These allow for accurate calcula-
tion of shoreline retreat rates but require large amounts
of input data and complex computations. Integrated
methods combine elements of statistical, empirical, and
analytical approaches. They include both the analysis of
accumulated data and physical modeling of shoreline
processes. These methods provide high forecasting ac-
curacy with relatively simple calculations.

Research and activities within the framework of
landslide process monitoring are carried out using both
traditional (field) methods at landslide sites and poly-
gons, as well as those with Earth remote sensing data.

In one scientific paper related to the research on the
Alakol depression, it is suggested to conduct bathymet-
ric surveys, assess the thickness of underwater deposits
on the beach, determine their area and composition
[20]. It is also recommended to establish the age of the
beach gravels and the loess-like silty clays covering
them. In addition, it is important to perform a paleo-
geographic analysis of the formation and development
of Lake Alakol and its depression in order to reconstruct
changes in the shoreline in the past (Figs. 3—6).

The widespread distribution and active manifesta-
tion of landslide processes, caused by natural and an-
thropogenic factors, make it necessary to organize mon-
itoring. This is essential for preventing harmful conse-
quences for the ecosystem, ensuring the safety of resi-
dential areas, industrial facilities, transportation net-
works, and other objects [21].

Among the many dangerous natural processes and
phenomena characteristic of the Zhetysu region, special

Fig. 3. Results of shoreline erosion (photo by the author,
2020)

Fig. 4. Results of shoreline erosion at Akshi village (photo
by the author, 2019)

Fig. 6. Shoreline abrasion (photo by the author, 2019)

attention is recommended to be given to landslide pro-
cesses such as shoreline erosion and abrasion (Figs. 1, 2).
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During fieldwork, it was noted that at the observation
point, the abrasion coastline is arc-shaped, with active
dynamics of shoreline erosion. The recreation bases lo-
cated near the shoreline are at risk of collapse.

The Alakol Depression, surrounded by mountain
ranges on three sides, represents a semi-desert steppe
with vast salt depression areas and isolated sand dune
masses. To the southeast, it is connected to the Ebi-Nur
lake depression through a narrow intermountain pass,
while to the northwest, it gradually merges with the
Balkhash Depression [22].

Instrumental measurements were conducted at the
monitoring site located to the northwest of Akshi
(Fig. 7). The distance from 4 reference points (observa-
tion points) to the edge of the shoreline cliffs at Lake
Alakol was measured (Fig. 4).

1. The dynamics of the retreat of the shoreline cliff
edge at reference point I over 10 months (2018—2019)
amounted to 6.5 m, at reference point II — 6.3 m over
the same period, at reference point III — 6.4 m, and at
reference point IV — 6.7 m. The distance from reference
point I to the cliff edge is 19.5 m.

2. The width of the beach (from the waterline to the
base of the cliff) is 3—3.2 m. The beach is composed of
coarse-grained dark-colored sand (almost black) and a
gravelly-pebble mixture. Dry soil and fragments of col-
lapsed material from the cliff edge are also found in
some areas.

3. The height of the cliff at this monitoring site is
approximately 0.7—2 m.

4. Photo documentation of the monitoring site.

During the research, the following areas were identi-
fied as being susceptible to natural processes of shoreline
erosion due to natural geological and geomorphological
factors, as well as active destruction of the coastline re-
sulting from anthropogenic interference (Figs. 7, 8).

Results. In recent years, there has been intensive
erosion of the eastern and southeastern shores due to
northern winds blowing from the north, particularly af-
fecting the settlements of Akshi and Koktuma, which
raises significant concern.

Currently, the lake and its surroundings are used for
balneological purposes. A problem has arisen regarding
the causes of shoreline destruction. The most common
cause of shoreline erosion is associated with the impact
of strong northwest winds. The lake receives more than
15 tributaries, among which the main ones are six rivers:
the Emel (27.4 %) in the north and northeast, the Yr-
gayty and the Zhamanty (8.8 %), the Khatinsu (8.8 %),
the Zhamanutkol (5 %), and the Urzhar River (provid-
ing 50 % of the surface runoff into the lake) [22].

One of the projects is the idea of constructing break-
waters. Between 2007 and 2009, a contracting organiza-
tion installed a pier and constructed the underwater part
of a 168-meter-long reinforced concrete breakwater.
The project involved mounting the pier from metal
structures that were to be driven into the ground. Stone
revetments were planned to be placed on both sides of
the pier to reduce water pressure. Tetrapods — heavy
concrete forms — were to be placed along the revetment
slopes to compress the stone. The recreation centers
“Alakol”, “Aigerim”, “Zhagazhaj” and others were at
risk. The national program for the development of tour-
ism in the country, in which Lake Alakol in the Urzhar

Fig. 7. Changes in the shoreline of Alakol (created by the
author using the Planimeter Pro app)

Fig. 8. Results of shoreline erosion at Akshi village (photo
by the author, 2024)

district of the East Kazakhstan region was marked as the
most promising place for attracting tourists, was also
under strain.

The waters of Lake Alakol, gradually rising, have
submerged the gravel beaches, leading to the destruc-
tion of the shoreline. The underwater beach is shifting
along the coast in the southeast direction, creating an
accumulating spit. The absence of an underwater beach
has gradually led to a critical situation, and currently,
there is active abrasion of the southeastern and south-
western shores. The recreational zone of the settlements
Akshi and Koktuma is located in the southwestern area
of Lake Alakol. The modern landform consists of an
alluvial-proluvial sloping, weakly dissected plain, com-
plicated by abrasion cliffs, spits, washout niches, with
collapses and landslides. The main hazardous exo-geo-
dynamic processes in the area are abrasion, subsidence,
gully erosion, surface wash, swamp formation, and
flooding. The shore types are abrasion, abrasion-accu-
mulative, accumulative-phytogenic, and deltaic. The
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steep abrasion cliffs have heights ranging from 3 to 9 me-
ters. The shore type was determined based on the pre-
dominant engineering-geological process that extends
along the entire shoreline.

In conclusion, we have analyzed the scientific foun-
dations for providing ecological and geomorphological
assessments of abrasive processes, including methods of
evaluation and cartography. Additionally, proposals for
monitoring abrasive processes at Lake Alakol were dis-
cussed. The results showed the dynamics over a 25-year
period along the southeastern and southwestern shore-
lines, with the shoreline retreating by 60—100 meters.
Therefore, we propose reconsidering the issue of shore-
line protection.

Unlike our harsh conditions, underwater reefs
worldwide are primarily located along coastal marine
areas with warm climatic conditions. However, we be-
lieve that the proposed method for installing reefs will
help address the aforementioned problems at Lake Ala-
kol, as it aims to increase biological productivity by cre-
ating favorable ecosystems in the artificial reef, which
serves the function of self-purification of the marine wa-
ter. This will also have a positive impact on slowing
down the destruction of the shoreline at Lake Alakol
and will serve as the basis for further actions. Shoreline
destruction is becoming an increasingly important issue
in the context of the intensive settlement and develop-
ment of coastal areas.

To prevent shoreline destruction and ensure their
protection, the construction of specialized structures is
required. The main tasks include protecting coastal ar-
eas from flooding and inundation, safeguarding the
coastline and its buildings from the destructive impact
of waves, and improving the coastal zone.

Two types of methods are used in the fight against
shoreline destruction: active and passive methods. Pas-
sive methods involve the use of structures that absorb
wave energy, such as wave-breaking walls, embank-
ments, slopes, and stone revetments. In contrast, active
methods focus on using wave energy to strengthen the
coastline, including structures like jetties and breakwa-
ters. This division is conditional.

The article by Yueyao Zhou provides information on
the collapse of the banks of the Middle Yangtze River.
Bank collapses along alluvial rivers are a typical issue re-
lated to soil-water interaction, influenced by many fac-
tors, including the direct effect of flow, changes in river
level, and human activities (such as riverbank reinforce-
ment) [16].

To study the mechanisms of destruction of protected
riverbanks and the potential factors affecting their sta-
bility, we analyzed data obtained from a typical section
of the Middle Yangtze River. Additionally, numerical
modeling of seepage and changes in stress within the
riverbank was performed. Field observations and mod-
eling results showed that hydraulic erosion by the near-
shore flow remains the main factor influencing the ero-
sion of protected riverbanks. However, riverbank rein-
forcement works effectively limit lateral bank retreat but
increase the erosion of the nearby riverbed. The greatest
depth of erosion was 10.6 meters from August to No-
vember 2020.

The initial damage to protected riverbanks can be
caused by local concentrations of tensile stress during

the water level rise, under the combined influence of hy-
drostatic holding force, pore water pressure, and gravity.
This initial damage can evolve into more severe cases of
bank failure, especially during floods. After the “Three
Gorges” project, the increased rate of river level fluctua-
tions (~1.6—2.5 times) could potentially increase the
risk of damage to protected banks of the Middle Yangtze
River. Riverbank erosion is an important source of sedi-
ment in alluvial rivers but also poses serious challenges
in flood management and maintaining navigational
channels.

Numerous factors influence bank erosion, including
the water level in the riverbed, groundwater flow, ripar-
ian vegetation, and the properties of the bank deposits
[21]. Moreover, intensive human intervention, such as
engineering regulation of rivers, further complicates the
erosion processes. For example, riverbank lining works
have proven effective in significantly reducing nearshore
river erosion and are widely used to increase bank stabil-
ity. However, the specific mechanism of destruction of
protected riverbanks remained unclear. Investigating the
response of flow and groundwater stress to fluctuations
in river level, and understanding how these factors influ-
ence the erosion of protected riverbanks, is of para-
mount importance. Experimental methods are effective
ways of studying hydro-riverbank collapse conditions.
Several tests of a trough with built-in sensors were con-
ducted to detect changes in pressure, such as pore pres-
sure, soil load, and water content.

Conclusions. Landslide monitoring is a part of the
monitoring system for exogenous geological processes.
The study of coastal dynamics and methods of their pro-
tection has attracted the attention of many well-known
scientists for a long time. The main purpose of this is to
collect information on the development of landslides,
predict their dynamics and minimize harmful effects on
the environment, economic facilities, settlements and
road infrastructure.

Coasts are constantly exposed to the sea, with this
resulting in the formation of various geomorphological
features on the shorelines. The principles of coastal
morphostructure formation are of interest to many spe-
cialists, but the issue of coastline protection is especially
relevant, particularly for shores that are actively used or
planned for development, as the effects of the sea do not
always yield positive results for humans. The processes
of shoreline changes in reservoirs play a key role in
maintaining ecological balance and the sustainable use
of water resources. In this regard, technologies are being
developed, and coastal protection structures are being
established, although these are not always fully capable
of performing their functions. Various aspects of this is-
sue have been considered, ranging from their signifi-
cance and methods of processing to the problems and
prospects.

The coastal zones represent important ecosystems
that support biodiversity and provide a variety of func-
tions, including erosion protection and resource provi-
sion for various types of economic activities. However,
they also face various challenges such as anthropogenic
impact and climate change, which can significantly un-
dermine their stability and functionality.

In conclusion, addressing the issues of lake shoreline
management is an integral part of ensuring sustainable

18 ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2025, N° 3



development and the preservation of natural resources
for future generations. The systematic and purposeful
implementation of measures and policies aimed at pro-
tecting and restoring coastal zones is a necessary step
toward achieving this goal.

Based on the analysis of all possible factors, it can be
concluded that the key factor in the destruction of the
shores of Lake Alakol is the latest tectonic processes.
The impact of winds and surge waves, as well as delta
deposition, are less significant and secondary factors.
Currently, both the left and right shores of the village of
Akshi, located on a coastal ledge with a height of 5 to
7 meters, are also being actively eroded. Wave action
leads to the undercutting of the ground at the base of the
ledge, causing its erosion, loss of elasticity, and strength.
As a result, the upper part of the ledge collapses onto the
beach. The main factor contributing to wave action is
the transverse orientation of the coastal ledge relative to
the eastern wind. When wind speed reaches 2.5—3.0 m/s,
the resulting waves reach the base of the ledge, leading
to erosion and soil saturation (wetting). This wind speed
is sufficient to initiate active shoreline erosion, and as
the wind strength increases, the process may intensify.
Based on global practices, a number of recommenda-
tions can be made for conducting shoreline protection
and environmental conservation measures:

1. It is necessary to conduct a detailed study of the
shoreline of the lake.

2. To perform bathymetric measurements, deter-
mine the thickness of the sediments of the underwater
beach, the area of the underwater zone of the beach and
the material composition of the sediments.

3. To determine the age of loose deposits of beach
pebbles and loess-like loams overlapping them.

4. To carry out a paleogeographic analysis of the
history of the formation and development of the Alakol
depression and Lake Alakol in order to establish changes
in the position of the coastline in the past.
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Meta. AHalli3 pO3BUTKY OOBaJIbHMX MPOLECIB Ha
TEPUTOPIl CiJI, BABUEHHS IPUYMH PYyHHYBaHHS Oepero-
BOI JIiHii o3epa AJakosib i po3poOKa peKOMeHIallii
1oa0 OeperoykpirioBaabHUX 3axodiB. OUiHUTU
BIUIMB OCHOBHUX I'€OJIOTIYHUX, TiAPOJOTIYHUX i KJliMa-
TUYHUX DaKTOPiB Ha abpa3ito OeperoBoi JdiHii.

Metoauka. MeTonuka BKIIOYAE KOMIUIEKCHUMA
minxig. [TpoBOAMBCS MOHITOPUHTI cTaHy OeperiB, 110
OXOIUTIOE BUMIPIOBaHHS IIBUIKOCTI i HAIIPSIMKY PO3-
MUBY, OLIiIHKY OOCSTIiB HAHOCIB, aHaJli3 3MiH OeperoBoi
JIiHIT Ta TeoMOP@OTOTIYHUX 0COOIMBOCTEI. 3aCTOCO-
BYBAJIOCSI KOMIT I0TepHE MOJICTIOBAHHS JIJISI IIPOTHO3Y-
BaHHS pYIHHIBHUX ITPOIIECIB, III0 BpaXoBYye 6arato ax-
TOPiB, TAKUX SIK TiAPOJIOTIUHUIA PEXKUM, JITOJOTIYHUI
CKJIal MOPi i KIiMaTU4HI yMOBU. PeTpocnekTuBHUIA
aHali3 JaHUX OaraTOpiYHUX CIOCTEepPeXeHb i (HOTO-
3HiIMKIiB 103BOJIUB BUSIBUTU 3aKOHOMIPHOCTi PO3BUTKY
OEperoBUX 3MiH.

Pe3yabraTu. 3mMiHa GeperoBoi JiiHii 03epa AakoJib
MoB’si3aHa 3 KOMIUJIEKCHUM BIUIMBOM TIPUPOIHUX

i aHTpornoreHHUx dhakTopiB. BusiBjieHi OCHOBHI Npu-
YUHW PYWHYBaHHS, 30KpeMa aKTWBHiI OOBajW, XBU-
JIbOBa €po3is i 3MiHU TiAPOJOriYHOTO pexXuMy. 3a-
MMPOIOHOBAHI 3aXoAu 3 YKpillJIeHHsI OeperiB: BcTa-
HOBJICHHSI XBWJILOBMX BaJjliB, OOJIAIITYBaHHSI CXMJIO-
BUX YKpiIlUlIeHb, MOcaika POCIMHHOCTI, CTBOPEHHS
IITYYHUX TUISIXKIB U iHIII iHXeHepHi 3axoau. Po3po-
OJieHa mporpaMa IIPOrHO3yBaHHS pyiHYBaHHS Oepe-
riB i3 BUKOPUCTAHHSIM MaTeMaTUYHUX MOJEJEN, 1110
I03BOJIsI€ e(heKTUBHO IUIAHYBATH 3aXOMM IIOIO iX 3a-
XUCTY.

HaykoBa HoBu3na. [losisirae B iHTerpaiii cydyacHUX
METOMiB MOHITOPUHTY, aHaJli3y W MOMAENIOBaHHS [JIsI
BUBYEHHSI TMHAMiK1 OeperoBux mpoiieciB. Takuit mia-
Xim 3a0e3rneuye OiblI TAMOOKE PO3YMiHHS MPUYUH
pyiHYBaHHS OeperiB i crpusie po3poO1li ONTUMATIbLHUX
iHXXEHEPHUX PillleHb.

IIpakTuana 3HaunMicTh. [Tossarae B po3po0ili pexo-
MEHIalii, 110 MOXYTh OYTM BUKOPMCTaHI IJIsl YKpi-
IUIEHHST OeperiB o3epa AJIaKojb, a TAKOX JIJIsl 3a1100i-
TaHHS €K30TCHHMM TeOJIOTiYHUM TIporecaM (pyitHy-
BaHHsI OeperiB, 00Balu, OCUIIU, 3CYBU, SIPOYTBOPEHHS
Ta iH.) Ha iIHIIUX BOAHUX 00’ €KTaXx.

KmouoBi cioBa: abpaszis, obearu, posmué Oepeea,
MOHImMopuHe, O6epeeosa Ainis, 03epo Anakonw
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