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ABSTRACT

Problem statement. The increased human pressure on natural geo-complexes is causing the revival of undesirable processes that
create an extensive risk for the inhabitants of these regions. Alpine-type orogenic zones, which belong to the northeastern slope of the
Greater Caucasus, are distinguished from many geomorphological systems by excessive activity of endo- and exogenous processes.
Therefore, at this time, the task of diagnosing and assessing the ecological and geomorphological risk that the population faces in the
development of new territories of the region seems to be important.

Analysis of recent research and publications. After analyzing a number of techniques used to assess the landslide and mudflow
hazards, the conclusion was made that most of them had their flaws.

Research method. There are a large number of methods for assessing the risk of environmental management and predicting
hazardous exodynamic processes. However, in modern conditions, these techniques are not sufficiently reliable. This, in turn, deter-
mines the relevance and the need to develop new or modernised methods of strategies for the prevention, protection, and elimination
of the consequences of catastrophes and natural disasters.

The purpose of this work is to reveal the geomorphological features and dynamics of the development of the most dangerous
and often repeating landslide and mudflow processes based on field geomorphological studies, as well as fund literature, indicate the
reasons for their formation and propose measures to combat them.

Research results. The article discusses the results of ecological and geomorphological surveys on the northeastern slope of the
Greater Caucasus, dedicated to the assessment of landslide and mudflow risk for the period from 1990 to 2020. To assess them in order
to obtain morphometric characteristics (including the down gradient of slopes, the length and shape of slopes, areas of mudflow cen-
ters), large-scale (M 1:100000) topographic maps were used, as well as interpretation materials for different-scale and multi-temporal
ASP. Based on the interpretation of the ASP within the studied region, in order to clarify the general picture of the dissection of the
modern relief of the studied region, a map of morphometric tension was compiled, which includes the degree of vertical dissection of
the territory, the down gradient of slopes, etc., and also maps of the risk of landslides and mudflows were compiled according to the
degree of danger of landslide and mudflow processes, and the area of their distribution was calculated. Landslide and mudflow risk
analysis mainly used high-resolution aerospace imagery (ASI) from CNES / Airbus, Maxar Technologies (GeoEye-1), and medium
resolution Sentinel-2A and 2B. Thus visual and semi-automatic interpretation (classification with training) was performed in the
ArcGIS environment. As a result, taking into account the morphometric tension, as well as the mudflow and landslide hazards, a map
of the morphodynamic tension of the northeastern slope of the Greater Caucasus was compiled, which makes it possible to reveal the
modern nature of the manifestation of exodynamic processes, to predict and assess the risk coming from them.

Conclusion. The results of the research will make it possible to use the obtained data for the development of the Program for the
safe and sustainable functioning and development for the purpose of recreational and tourist development of the difficult of access
mountain geosystems of Azerbaijan.

Keywords: ecological and geomorphological tension, risk, landslide, mudflow, anthropogenic impact, GIS technologies, inter-
pretation, environmental safety.
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Problem statement. The development and im-
plementation of a regional policy in the field of guar-
anteeing environmental reliability are considered a
significant component in implementing a stable so-
cio-economic formation of the country and its re-
gions. The immediacy of the task of guaranteeing en-
vironmental reliability in Azerbaijan is due not only
to the natural specificity of high-mountain ecosys-
tems, which predetermines their increased vulnera-
bility under anthropogenic impact but also to a drastic
violation of the ecological situation in most regions
of the country. The study of natural geosystems and

the specifics of their modifications under the pressure
of natural and anthropogenic causes is biased by the
need for a scientifically reasoned attitude to resolving
regional environmental issues. The mountain geosys-
tems of the Greater Caucasus are characterised by
high-altitude zoning of landscapes, a variety of spa-
tial structures, and developmental activity. Mountain
ecosystems are extremely prone to climate fluctua-
tions and reckless anthropogenic activities. As a re-
sult, high-quality habitats are decreasing, and the
ecological situation is deteriorating. The lack of mod-
ern technologies for the rational use of natural
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resources in the mountains, the legislative base that
does not work on the ground, the still prevailing opin-
ion about the inexhaustibility of natural resources,
and the extremely low ecological culture of human
relations with nature have significantly affected the
natural complexes of the region. In the past years, the
growth of the anthropogenic factor on the natural
geo-complexes of the northeastern slope of the
Greater Caucasus leads to the activation of exody-
namic processes, which pose a huge risk for the in-
habitants of these regions. Therefore, by now, the vi-
tal task is to analyse and assess the ecological and ge-
omorphological risk, which people encounter when
settling these territories.

It is well known that the problem of engineering
and environmental geomorphology is the analysis
and assessment of the manifesting processes of relief
formation and the forms created by them to solve ac-
ceptable versions of the location of settlements, agri-
cultural arable lands, infrastructure and economic fa-
cilities, other engineering and construction struc-
tures, guaranteeing their effective and rational opera-
tion, and protection from destructive exodynamic
processes (Kononova & Malneva, 2007; Kuzmin,
2014; Corominas et al., 2014; Schlogel et al., 2015).

Analysis of recent research and publications.
After analyzing a number of techniques used to as-
sess the landslide hazards (Kononova & Malneva,
2007; Kuzmin, 2014; Corominas et al., 2014;
Schlogel et al., 2015), the conclusion was made that
most of them had their flaws. Techniques based on
probability and statistics methods (geodynamic po-
tential method, regression analysis method) (Lee et
al., 2006; Duong et al., 2013), the idea behind which
is the determination of the probability of landslide oc-
currence based on the probability of an impact of
landslide-formation factors, are very labor-intensive
and require complicated mathematical treatment. The
landslide rhythm analysis technique (Seversky et al.,
2010), which is based on the detection of the perio-
dicity of landslide occurrence and its relation to pre-
cipitation intensity and other meteorological parame-
ters, is complicated by a lack of representative obser-
vations and the complexity of treatment of raw data.

It is expedient to indicate the main factors that
cause the activation of said processes: geological
structure, slope, thickness of potentially landslide-
dangerous sediments, landscape, etc. The main crite-
rion that allows regarding this or that factor as a land-
slide hazard is the shape of distribution of discovered
landslides by the information classes of the factor un-
der consideration.

Mudflow phenomena have been investigated
from different perspectives: the regional peculiarities
of their occurrence or general territorial regularities
of their spread; mudflow-forming processes as a re-
sult of the impact of water flows with friable debris;

specific mudflow-forming factors or certain types of
mudflows, etc. (Seversky et al., 2010; Zerkal,2014).
Several studies (Budagov, 1993; Akizade, Tarikhazer,
2010; 2015) determined the mapping criteria, optimal
scale and legend of maps, depending on the hierar-
chic level of the investigation of the region and the
landscape conditions of the manifestation of the pro-
cesses.

Research method. There are a large number of
methods for assessing the risk of environmental man-
agement and predicting hazardous exodynamic pro-
cesses (Petrascheck, et al. 2003; Seversky, et al.,
2010; Zerkal, 2014; Makarov et al., 2014; Anakhaev,
2016; Marchenko, 2017, etc.). However, in modern
conditions, these techniques are not sufficiently reli-
able. This, in turn, determines the relevance and the
need to develop new or modernised methods of strat-
egies for the prevention, protection, and elimination
of the consequences of catastrophes and natural dis-
asters.

The purpose of this work is to reveal the geo-
morphological features and dynamics of the develop-
ment of the most dangerous and often repeating land-
slide and mudflow processes based on field geomor-
phological studies, as well as fund literature, indicate
the reasons for their formation and propose measures
to combat them.

Morphometric analysis was carried out using a
digital elevation model (DEM) using the ArcGIS
package. The initial data were the results of the Shut-
tle radar topographic mission (SRTM), calculated to
create a high-precision global DEM network. Its root-
mean-square error is estimated at a height of about 16
m, and the clarity of the position of the nodes of the
three-second grid is about 20 m, while these indica-
tors become higher in the conditions of mountainous
terrain. An SRTM image with a resolution of approx-
imately 60 m is useful for implementing morphomet-
ric analysis and generating proper GIS maps
(Tarikhazer, 2018; Tarikhazer, 2019). Image editing,
related to the identification and elimination of minor
errors, was performed using the tools of the ArcGIS
package and its Spatial Analyst module. The slope
map was compiled using the Special Analyst feature
and its Surface analysis option. Landslide and mud-
flow risk analysis mainly used high-resolution aero-
space imagery (ASI) from CNES/Airbus, Maxar
Technologies (GeoEye-1), and medium resolution
Sentinel-2A and 2B. In general, visual and semi-au-
tomatic decryption (classification with training) was
performed in the ArcGIS environment.

Research results. Within Azerbaijan, an exten-
sion of orographic topographical features is inherent
for the northeastern slope of the Greater Caucasus,
parallel to the Main Caucasian Ridge. Among them,
the most massive is the Lateral Ridge, which gives
rise to a colossal variety in the distribution of the
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intensity of water-erosion processes. Between the
Lateral and Main Caucasian ridges, there are intra-
montane basins - Khynalyg, Rustov, Shakhnabad,
Khaltan, Gilgilchay, and others. The next one is the
massive Gaytar-Goja Ridge dissected by the right
tributaries of the Gilgilchay River. The Gusar sloping
plain is a foothill part, passing in the east into the
Samur-Devechi lowland. Numerous rivers leaving
the mountains create alluvial cones, which unite with
each other, form a common plume.

A significant area of the northeastern slope of
the Greater Caucasus is represented by slopes, the
steepness of which exceeds 10-15°, which has set a
stamp upon the nature of exodynamic processes.
Steep slopes occupy significant sections of river ba-
sins (upper and middle). Within high mountains, in-
tensely dissected by erosion and denudation-nival
processes, they are characterised by the development
of mainly glacial and gravitational exodynamic pro-
cesses. In the study area, these slopes occupy up to
70% of the total area of the mountainous region, and
then, there is a noticeable decrease in the steepness
and energy of the relief from the northwest to the
southeast. The energy of the relief and the inclines of
the slopes are the determining conditions for the
speed, nature of the movement, and mass movement
of soils on the slopes. Geological-geomorphological
and hydrological-climatic conditions within the stud-
ied region contribute to the development of a whole
set of exodynamic processes. In addition, these con-
ditions are complicated by the fact that in recent dec-
ades, the relief of this region has been intensively ex-
posed to anthropogenic impact in order to develop the
tourism industry.

The northeastern slope of the Greater Caucasus
consists of sedimentary rocks of the Jurassic, Creta-
ceous, Tertiary, and Quaternary periods (Alizade and
Tarihazer, 2010). In the area of the Bazarduzu (4466
m) and Tufandagh (4191 m) mountains, the basins of
the Gudyalchay, Gusarchay, and other rivers are rep-
resented by limestones, dolomites, clays, clay shales,
sandstones, marls, and conglomerates. Tertiary rocks
are found in mid-mountain and partly low-mountain
belts and are represented by clays, sandstones, peb-
bles, and loams. In the upper reaches of the Gudyal-
chay, Gusarchay, Aghchay, Garachay, and
Valvalachay rivers, there are found Upper Quaternary
excretory material (Alizade, Tarihazer, 2015). The re-
lief of the northeastern slope of the Greater Caucasus
is distinguished by significant dissection and is expe-
riencing impressive denudation (Budagov, 1993).
Exodynamic processes play a significant role in the
formation of the relief. For example, the processes of
denudation and erosion are increasing manifold due
to the latest tectonic uplifts. The forms of river val-
leys, terraces, etc. testify to the active newest tectonic
uplifts.

Glaciation, physical weathering, erosion, land-
slides, placers, talus, landslides, mudflows, etc. are
among the modern exodynamic relief-forming pro-
cesses. However, among the dominant exodynamic
processes are landslide and mudflow processes,
which are one of the main parameters of the negative
ecological and geomorphological state of the region
under study:.

The role of relief energy and slopes in the devel-
opment of exodynamic processes. Composed mainly
of shales, sandstones, marls, and limestones, the
slopes of the mountains and ridges of the studied re-
gion are distinguished by the development of flat and
linear erosion, different drift rates, and accumulation
rates. Under other conditions (physical and mechani-
cal properties of soils and their consistency), debris
on the slopes of the Main and Side Ridges is in a state
of constant movement due to the steepness of the
slopes. In the upper reaches of the Gudyalchay,
Valvalachay, Gusarchay, and other rivers, the sur-
faces of watersheds are subject to intense destruction
due to significant differences in daily temperatures,
an almost absolute absence of vegetation cover, rock
fractures, steep slopes of river valleys of more than
45°, etc. The movement of debris here occurs at a
high speed, where the removal of weathered material
prevails over the rate of accumulation of debris. For
this reason, an impressive volume of coarse detrital
material is deposited on the slopes of river valleys in
the form of placers, talus, and landslides. With in-
tense snowmelt and heavy rainfall, this material is
washed off into river valleys, which causes the for-
mation of destructive mudflows. In the presence of
large slopes within the highlands, the slopes are
mainly covered with a thick cover of colluvium, lith-
ologically represented by shales and sandstones.
Frosty weathering on such slopes is so intense that
denudation does not always manage to remove all the
prepared loose material. The most powerful cover is
formed on the watershed, where the slopes are insig-
nificant (up to 5-10°). As it goes down the slope, the
thickness of the friable fragmental material increases,
which leads to an increase in adhesion between debris
and bedrocks and a slowdown in the speed of move-
ment of soil masses along the slope, regardless of the
increase in slopes.

The period of active weathering in the highlands
is 160-180 days a year, i.e. when the surface of the
slopes is bare and exposed to atmospheric processes
(Budagov, 1993). Even before the appearance and af-
ter the snow cover has disappeared from the slopes,
their surface (40-60 days a year) remains in a frozen
state for some time, and the soils are inactive. With
the onset of the warm period, the frozen soil thaws
and begins to move intensively down the slope. In
general, the period of active weathering and the pe-
riod of intensive rolling of the clastic mass down the
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slope within the high mountains with large slopes
take no more than 120-140 days a year. This leads to
a positive balance of clastic mass on the slopes of the
mountains, regardless of the high relief energy and
the prevalence of significant slopes.

The movement of soil masses proceeds on the
slopes of the Lateral Ridge in slightly different con-
ditions, which is composed mainly of chalk lime-
stones on a synclinal structure and abruptly drops to
the north and south. The steepest, almost sheer slopes
are characteristic of the river basins of Gusarchay,
Gudyalchay, Babachay, and Valvalachay, cutting
across the strike of the Lateral Ridge. Weathering
processes on steep slopes of these valleys spread
along the entire length of the slope, reaching 1000-
1200 m and more, and ensure the predominance of
removal over input, thereby creating a negative bal-
ance of clastic material. An impressive volume of de-
bris is carried off the slopes, falling directly into the

channel and being carried out by rivers. Sediment
runoff can serve as evidence of an increase in drift
from the slopes of these rivers, which varies along the
length of the river. For example, in the Khinalig
point, located before the cutting down of the Gudyal-
chay River in the Lateral Ridge, the total sediment
runoff, carried from the slopes of the Dividing Moun-
tain Range is 68 thousand tons, and in the area of the
Kupchal village, located after the river leaves the Lat-
eral Range, - 1023 thousand tons (Eyyubova, 1982).
In this case, large drifts of slopes play a significant
role in the formation of slopes and landforms - mainly
accumulative (fan cones, placers, and talus).

It should be noted that total land runoff and sink-
ing are the results of a complex of factors, contrib-
uting to weathering and denudation. Of this complex,
the degree of vertical dissection and the slopes should
be especially distinguished (Fig. 1, 2).

In the highlands, where the relief energy exceeds
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Fig. 1. The map of tilt angles

1000 m, and the slopes are more than 30-40°, the limit
of the washout intensity is more than 1 mm/year,
while it decreases to 0.10-0.5 mm/year in the low
mountains. The presence of a dense river network
within an intensely dissected and largely barren terri-
tory is the most effective factor in the process of gen-
eral washout and especially the removal of friable
material. It should also be noted that the greatest ero-
sion from the surface is observed in the middle moun-
tain zone, apparently associated with the denudation
features of bedrocks and the influence of climatic fac-
tors on their destruction.

With the rise in the Quaternary time (0.5 million
years) of the mountainous part by 400 m and a denu-
dation meter, covering a period of 1000 years, the rate
of uplift is on average 0.8 mm/year. In the high-
mountain and partly mid-mountain parts of this terri-
tory, the denudation rate is 1 mm/year, and for the
entire mountainous part - 0.5 mm/year (Budagov,
1993). The difference between uplift (0.8 mm/year)

Fig. 2. The map of vertical partition

and washout (0.5 mm/year) is 0.3 mm/year, i.e. the
washout layer is less than the amplitude of the intense
uplift of the entire mountainous part of the Greater
Caucasus and its predominance over the washout in
the Pliocene-Quaternary. This feature plays a signi-
ficant role in the intensity of the general dissection of
the relief, and the latter is due to the significant steep-
ness of the slopes and the energy of the relief. There-
fore, a map of morphometric intensity was compiled
to diagnose a single background of the dissection of
the modern topography of the region under study
(Fig. 3), which includes the degree of vertical frag-
mentation of the territory, the steepness of slopes, etc.

Thus, the analysis of various quantitative indica-
tors of the relief of the studied region and the com-
piled map of morphometric tension makes it possible
to reveal the dependence of the type, intensity, and
direction of development of modern exodynamic pro-
cesses also by the magnitudes and nature of the relief
dissection, the high indicator of which is morpho-
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metric measurements (Tarikhazer, 2020). The ob-
tained factual data of morphometric intensity also
make it possible to quantitatively characterise the ex-
odynamic processes within the studied mountainous
region.

Landslide processes. Landslides were formed in
almost all vertical belts of the studied region but they
are most often observed in the middle mountain belt
(Table 1).

They are mainly located on the slopes of lateral

Symbols
[

less ' 2 3 4 5 6

7 mor

Fig. 3. The map of morphometric tension

spurs, characterised by steepness and clay deposits,
where, in the context of excessive moisture, the fol-
lowing genetic type of landslides are formed - land-
slides-flows, landslides-landfalls, and block tectonic-
gravity landslides. In the formation of landslides,
their systematic confinement to the slopes of the ero-
sion-structural mountains of the Main Caucasian
ridge and the northern exposures of the Lateral ridge
is noted. This is determined by the layering of rocks
composing these slopes, mainly of limestone and clay
facies. Landslides are predominantly specific for the
river basins of Garachay, Aghchay, Valvalachay,
Gilgilchay, Atachay, and Jimichay. In the modern re-
lief, the most characteristic and most pronounced
landslides are the Erfin, Atuch (in the basin of the
Valvalachay River), Bakhishli, Khalaj (in the basin of
the Atachay River), Gunchal (in the basin of the
Gilgilchay River), and others. Landslides are wide-
spread on the Gizilgayin Plateau, which occupies a
part of the Lateral Ridge, located between the valleys
of the Gudyalchay and Gusarchay Rivers. The plat-
eau on the surface is formed by massive dolomitised
limestones, collected by Lower Cretaceous carbonate
and terrigenous deposits. On the western slope of the
Gizilgayin Plateau, the density of limestone strata
reaches 600—700 m, on the southern slope — 500-550
m, and the northern slope — 600-650 m.

The slopes of this plateau in the east and west
form the canyon boards of the river valley zones of
Gudyalchay and Gusarchay. The steepness of slopes
developed in limestones exceeds 40-45°. On all
slopes of the Gizilgayin Plateau, landslides and

avalanches are numerous. On the eastern and western
and eastern slopes, due to their steepness (50-60° and
more), their deposits collapse into the river channels
of Gudyalchay and Gusarchay, thereby to a large ex-
tent narrow them down. The material of landslides
and landfalls is perfectly preserved on the southeast-
ern, southern, and, slightly, northern sides of the
plateau.

In the course of the work, a comparative analysis
of landslide processes was carried out according to
the works of B.A. Budagov (1993), with the results
of our data based on the interpretation of colour ASI
of 1996, 2000-2020 scale 1: 60,000 and field re-
search. In the work of B.A. Budagov (1993), the area
of landslides on the territory of the northeastern slope
of the Greater Caucasus is 1972 km?; however, now
it reaches 8299 km?. It was found that today the area
of landslides in the Guba region is over 200 hectares,
in the Gusar region - over 100 hectares, etc. Consid-
ering that these exodynamic processes caused a huge
threat to the development of mountainous areas of the
studied region, zoning was carried out according to a
4-point system of this region in terms of the degree
of landslide risk. At the same time, the data on land-
slide formation were detailed, coming laden with the
morphometric specifics of the relief (horizontal and
vertical dissection, steepness of slopes, exposure of
slopes, and hypsometry), landscape-high-altitude
zones, seismic activity of the region, the lithological
composition of the constituent rocks, amount of at-
mospheric precipitation, and hydrological conditions

(Fig. 4).
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Table 1

Dates of beginnings of the most threatening landslide processes on the northeastern slope

of the Greater Caucasus for 2000-2020
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Table 1 continuation

PeoI 9y} JO sired WIOS UI POULIOY SHOBID puE

‘pokonsap sem peol parredal A[JUod01 Y} JO UONOS ISJOUI-XIS € ‘OPI[SPUE] B JO JNSAI B S /-1 e L L gl 0202 "y 2unf | "€y
SIUSWUA[IIAS § Y)IM UONEIIUNWIWOD pajdniidiu] 111 Aemysiy Sijeuryy-eqno ay) Jo wy 9¢ Iy 610C ‘11 11dv | t¥
pakonsop A[oyordwod s3urp[ing [enuopIsaI § /-] uor3ar ueiqeys ‘oSe[[ia A[eqeqzen L10Z ‘9 Tudy |14
— uorgar 1ziyyf oy Jo Aemysiy , 910C |.
il yzpeSeki|y oy Jo uny iy [ ay) uQ 0€ JOqUISAON
PAJBNOBAD QIOM SISNOY G| JO SIUIPISAY -1/ uorgar Jesno) 93e[[IA AIN | 910T ‘97 1090100 | '6€
9J s001)
09 INOQE ‘OpI[SPUER] O} JO }[NSAI B SY "IOALI ABYD[BIPNL) JO Paq 9y} 0) peaids uwzmwcw_ oYL -1/ uoi3a1 eqnp ‘aBe[|iA BuBEpzAID 910z "L aunf | '8¢
PI330[q dljjen) peoy i uo13a1 Iesno) ‘a3e[[ia unzny| 910T ‘1T AeIN | L€
sasnoy] g ur pareadde syoeIo snorownN surey uo13a1 uezeArs ‘o3e[[IA uewey)) 910z ‘81 11dy | 9¢
9Konsap 3uip[ing [eryuapisal | ade[ia
AJueypiury uj “paAonsop sem sage[ia bmnmnwmowcm b:mﬂi_.ﬁﬂ_/.\ M_a_a wuu\m.uoa hme ““ L urer AABOH UOIBa1 UBIGRYS “IBEIIA A[UTHILY 9102 ‘7 1MdV | "s¢
PaAonsap A19)owad [eIn oY} JO JIed -1/ uor3ar eqno) ‘aFe[[1a Inpng 1107 ‘9 aunf | ‘p¢
PaIENoBA? SJUAPISAY 'sasnoy ¢ | ul pareadde sxyoe1) “aredaisip ur sasnoy / -1/ uoi3a1 eqno ‘oFe[[ia ndey 110Z ‘9aung |¢¢
IredalsTp ur a1 sasnoy ¢ ‘PIAOISIP 1M SISNOY ()7 /-] uo13a1 eqno) ‘a3e[[iA elpinyy 1102 ‘0€ Ao | 'T€
QK01S9p peol [eIn
"POULIO SHOBID 19JoUW PUB SMO[[OH “IeddISIpP Ul 1B SISNOY 6T .vow%&% obw,ﬂomsws o,w -1/ BRI S 1102 °0¢ KB | 1€
IredaIsip ojur uap[ey sey AreIqry [eany i oyl Jo
youeiq ay Jo urpying ay, aredaisip ur Em moms%_ 0l .:msw_owosﬁ__ .E%Mﬂw“v oMM.MﬁM%m -1/ UAEA D SRAA T 110z ‘9z 14dv | ‘0¢
[OOYOS [BINI Y} UL SYOBIO
are a1y [, "paSes sjo[d pjoyesnoy 4 Jo sSurping AIerjrxne oy ‘oulAel W G| € ojur pasde[[oo uoIga1 Iesno) “9Je[[IA BAIN . 0102 62
pue asnoy oy} woij pajeredas saI[Iwe) 7 JO SWOOI [BIIAS "SISNOY G| Ul PUNOJ dIdM SYOBL) -1/ 0% daquimdag
11redaISIp Ul 9SNOY [ ‘SOSNOY ()€ Ul PUNOJ 2IM SHOBID) 11/ uorgar eqno) ‘a3eqia YIg 010T ‘ST Ao\ | 8T
el uor3ax eqnp 010 ‘81 AeN | LT
JO J1X0 O} pasned Jey) SHOLIO PI[BIAIY "paSewep d1om JuIp[ing [00YdS B PUE SISNOY ()| -1/ :
sasnoy 9 pagewreq -1/ uoigar eqno) ‘a3e[[1a undyon 010Z ‘01 AeN | 9T
sasnoy ¢ pagewe( allk o131 BqND) dFL[[IA qNAYOS 010T ‘01 AN | 'ST
< 4 £ 4 /

-270-



ISSN 2410-7360 BicHuk XapKiecbko20 HauioHanbH020 yHieepcumemy imeHi B.H. KapasiHa

Regions with a high degree of landslide risk in-
clude territories with an area of 545.80 km? (6.6%),
where the likelihood of a landslide scale reaches 65-
70% of the total area. Such dangerous areas are mid-
mountain and low-mountain zones of the northeast-
ern slope of the Greater Caucasus, river basins of
Atachay, Gilgilchay, Valvalachay, etc. Regions with a
moderate degree of landslide risk include territories
with an area 0f 3295.72 km? (39.8%), where the prob-
ability of landslide scale reaches 50-65% of the total
area.

Over the past few years, landslide processes
have increased extremely in the high-mountainous
zone within the subalpine and alpine geo-complexes.
The reason was a sharp increase in anthropogenic
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pressure (overgrazing). Active deforestation in the
mid-mountain zone also led to the revival of land-
slides. Therefore, these areas were assigned to zones
with the intense manifestation of landslide processes,
the scale of which can reach 50-65%. In the regions
with a low degree of landslide risk, the area of which
makes 3699.62 km? (44.56%), the probability of the
scale of landslides is 30-50% of the territory. Territo-
ries, where landslide processes do not occur, have an
area of 758.03 km? (9.13%).

Mudflow processes. Mudflow processes are de-
veloped on the northeastern slope of the Greater Cau-
casus in all landscape-geomorphological zones -
from the low mountains to the high-mountain zone
(Table 2).

Scale 1:800 000

49°0'0E

Fig. 4. The map of landslide hazard.
1. Areas where landslide processes do not occur - I point;
2. Areas with a low degree of landslide risk
(probability of landslide expansion by 30-50% of the territory) - I point;
3. Areas with a moderate degree of landslide risk
(the probability of landslide expansion by 50-65% of the territory) - III point;
4. Areas with a high degree of landslide risk
(probability of landslide expansion by 65-70% of the territory) - IV point
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Table 2

Dates of the passage of the most dangerous mudflows on the northeastern slope

of the Greater Caucasus for 2000-2020
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Mudflows are mainly of rain origin, and the
amount and mode of precipitation play a special role
in the formation and occurrence of catastrophic mud-
flow processes (Makhmudov, 2008). On the north-
eastern slope of the Greater Caucasus, mudflows are
often repeated in the river basins of Gilgilchay,
Atachay, Shabranchay, Davachichay, etc. Traces of
mudstone mudflows in the form of mudflows and
mud masses are well preserved in the wide flood-
plains of the rivers of Gilgilchay and Atachay. The
confinement of mudstone mudflows to the indicated
river basins is undoubtedly associated with the wide-
spread development of landslides and landslide-mud-
flows in the catchments of these rivers. In the arid-
low-mountain zone, the formation and passage of
mudflows and the flat vague forms of solidified mud-
flow created by them are mainly observed. There are
frequent cases of solidification of mud and mudflow
mass at the bottom of ravines and gullies, due to their
“enrichment” with muddy-clay intrusions with short
showers, the waters of which are one of the main
driving factors. The centres of formation of mud-
flows are mainly confined to vast erosional catch-
ments and landslide-mudflows. Mudflow centres of
the erosion funnel type are specific for the high-
mountainous parts of the river basins of Gudyalchay,
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Jimichay, Babachay, and Gusarchay. Mudflow cen-
tres of such basins as Gilgilchay, Atachay, Tughchay,
Shabranchay, and Takhtakorpuchay are confined to
landslide and landslide-mudflows. In this respect, the
river basin of Atachay is especially characteristic.
Here, the centres of the occurrence of mudflows, in
general, are the Bakhishli landslide massif, into the
body of which a channel is cut at a distance of 6-8
km, from the village of Bakhishli to the village of
Khalanj. Sections of the Valvalachay River valley be-
tween the village of Gonagkend and the village of
Afurja can be referred to similar foci.

A zoning map was compiled according to the de-
gree of mudflow risk on a 5-point scale (Fig. 5),
based on the interpretation of the ASI within the
northeastern slope of the Greater Caucasus according
to the degree of hazard of mudflow processes (the
amount of material carried out, the erosional effect of
the flow on the valley, taking into account mudflows
of tributaries and the basin as a whole, as well as by
the prevailing types and classes of mudflows, and ge-
omorphological conditions of formation, occurrence,
and passage of mudflows, and statistical data on past
mudflows) and based on the actual and possible dam-
age to the population from mudflows.

The area of the territory, where mudflows are not
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Fig. 5. The map of mudflow hazard.
1. Territories, where there are no mudflow processes - I point.
2. Territories with potential mudflow hazard - II points.
3. Territories with a weak mudflow hazard (once in 5-10 years is possible 1 strong mudflow) - III points.
4. Territories with an average mudflow hazard (once in 3-5 years is possible 1 strong mudflow) - IV points.
5. Territories with high mudflow hazard (once in 2-3 years is possible 1 strong mudflow) - V points
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observed, is 683.914 km? (8.27%), while the area of
the territory with potential mudflow risk is 1457.117
km? (17.56%). The area of the territory with low
mudflow risk is 3097.842 km? (37, 33%), an area
with an average mudflow risk - 3037.503 km?
(36.63%), and an area with a high mudflow risk -
15.506 km? (0.21%).

Thus, a map of the morphodynamic tension of
the northeastern slope of the Greater Caucasus (Fig.
6) was compiled, as a result of a detailed analysis of

48°00°E

numerous data and available material that was iden-
tified during expeditionary conditions and on the ba-
sis of decoding the ASI, as well as taking into account
the morphometric tension, mudflow and landslide
hazard. This will reveal the current orientation of the
manifestation of exodynamic processes, predict and
weigh the risk coming from them, which take on all
the significant acuteness and relevance in the region
under study from year to year (Tarikhazer, 2019;
Tarikhazer, 2020).
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Fig. 6. The map of morphodynamic tension

Analysis of the map helps to detect areas with
significant tension of the modern relief, which cause
the development of such dangerous morphodynamic
phenomena as mudflows, landslides, etc. The
strengthening of morphodynamic processes demon-
strates a real impact on the stability of mountain ge-
osystems and complicates their anthropogenic settle-
ment. In this context, special attention is paid to the
high-altitude and mid-mountain zones of the
Gusarchay-Valvalachay and Shahdag junctions of
morphostructures. The experience of conducting a
comprehensive study, in order to determine the spe-
cific geomorphological features of the mechanism of
functioning of geosystems, made it possible to iden-
tify the general ecological and geomorphological sit-
uation and to establish the degree of anthropogenic
loads on the internal structure of unstable geo-com-
plexes in mountainous regions.

The area of a weakly stressed territory (I b.) is
344 km?, the area of a moderately stressed territory
(II'b.) - 1566 km?, the area of a stressed territory (111
b.) - 2652 km?, while the area of a highly stressed ter-
ritory (IV b.) makes 3095 km?. The area of an ex-
tremely tense territory (V b.) is 642 km?.

Conclusion. On the basis of complex data and
using a scoring system, an assessment of the ecolog-
ical and geomorphological tension and natural risk of
geosystems within the northeastern slope of the
Greater Caucasus was carried out, which contributes
to clearly and thoroughly developing the landscape-
reclamation and engineering-geomorphological
methods to increase efficiency or maintain the eco-
logical geomorphological environment of the region.
In addition, one of the most important problems of
ensuring sustainable and safe development of the ter-
ritory of the studied region is risk management from
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exodynamic processes. The transition of the region to
the assessment and control of risks, as a unified sys-
tem that guarantees the reliability of the functioning
of mountain geosystems, the population, and the
economy should ensure a decrease in the growth in
the number of consequences from exodynamic pro-
cesses. Risk management of exodynamic processes is
a series of consistently solved tasks, each of which
pursues its own goals and end results. The control
system of exodynamic processes is considered to inc-

lude the following: assessing their potential risk; con-
trol of anthropogenic factors capable of activating ex-
odynamic processes; emergency response and elimi-
nation of consequences in case of their activation;
carrying out individual protective measures at facili-
ties in the zone of their development; monitoring the
state of protective structures; assessment of damage
from them, etc. According to the study, this problem
could be solved by using GIS technologies and creat-
ing a system of cartographic models.
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OuiHka ex0J10ro-reoMop(oJIOrivHOI HANPYKEHOCTI | pU3UKY reoCHcTeEM
niBHIYHO-cXigHOro cxmiy Benukoro KaBka3y (y mesxkax AsepOaiaxany)

Cmapa Adynsepasz zuzu Tapixazep,

. TEOTP. H., IOICHT, IIPOBITHUI HayK. CIiBPOO.,

InctutyT reorpacdii imeHi akagemika [T A. Aniea HAH Asepb6aiimxany;
mpocr. I. [Ixasina, 115; baky, AZ 1143, AzepOaiimxan

[TocuneHHs JITOACHKOTO MIPECUHTY Ha IPUPOIHI TEOKOMIUIEKCH CIIPUYMHSIE TIOKBABIJICHHS HeOa)KaHHUX MPOLIECIB, 110
CTBOPIOIOTH BEJIMKHI PH3HK TSI MEIIKAHIIIB IIUX PErioHiB. 3 6ararb0X reoMOpQOIOTIYHAX CHCTEM HAJMIPHOIO aKTHBHI-
CTIO €HIO- Ta €K30TCHHHX MPOIIECIB BUAUISIOTHCS ANBIIIHOTHITHI OPOT€HHI 30HH, 10 SKAX HAJICKUTH MiBHIYHO-CXiTHUN
cxun Bennkoro Kaska3zy. ToMmy Ha gaHHi yac BaKJIMBHM € 3aBIaHHS JIarHOCTHKHU Ta OLIHKH €KOJIOT0-reoMop(oIoridHOro
PHU3HKY, 3 IKHM CTHKA€THCSI HACEICHHS IIPH OCBOEHHI HOBUX TEPUTOPIil peTioHy.

VY crarTi pO3MISHYTO Pe3yNIbTaTH BUKOHAHHS €KOJIOT0-TeOMOPQOIOTIYHIX JOCTIKEHB Ha MiBHIYHO-CX1THOMY CXWITi
Benmkoro KaBka3zy, mprCBseHNX OIIHII 3CYBHOTO Ta CEJIEBOT0O pu3nKy 3a mepion 3 1990 mo 2020 poxu. s iX OMIHKH 3
METOI0 OTPUMaHHS MOP(POMETPUYHUX XaPaKTEPUCTHK (Y TOMY YHUCII MPO YXWIN CXHJIIB, JOBKHHU Ta (POPMHU CXUJIIB,
IUTOII CEJICBUX BOTHHUIIL), BUKOpHCTaHi BenukomaciitadHi (M 1:100000) TonorpadivHi KapTH, a TAKOXK MaTepiaiu iHTep-
npetauii pizHoMaTadHux Ta pisHouacHux AKC.

Ha ocnoBi gemm¢pyBanus AKC y Mexax J0CHiIKyBaHOTO pEeTioHy JJIs 3’ ICYyBaHHs 3arajibHOT KAPTHHU PO3UIICHO-
BaHOCTI Cy4acHOT0 pesibedy T0OCHTIHKYBAHOTO PEriOHY CKIIAJCHO KapTy MOP(HOMETPUIHOT HATIPYKEHOCTI, KYIU YKJIaICHO
CTYMiHb BEPTUKAJIBEHOT PO3WICHOBAHOCTI TEPUTOPIl, YXMII CXHIIIB Ta iH., 8 TAKOXK 3a CTYNCHEM HeOe3NeKH 3CyBHHUX Ta
CeNeBUX MPOLECiB CKIIAJ, Ta MPOBEACHO MipaXyHKH IO iX po3moBCcromkeHHs. [Ipu npoBeaeHHi aHali3y 3CYBHOTO Ta
CEeJIEBOTO PU3HWKYy B OCHOBHOMY BHKOPHCTOBYBasmCs aepokocmiudi 3HIMKH (AKC) BHCOKOi po3aUTEHOI 3mAaTHOCTI
CNES/Airbus, Maxar Technologies (GeoEye-1), Ta cepenupoi po3ninbpHOi 31aTHOCTI Sentinel-2A i 2B. T.u. 6yno mpose-
JICHO Bi3yaJIbHE Ta HaIliBABTOMAaTHYHE Nemmn@pyBanHs (kinacudikamis 3 HaBuaHHsIM) y cepenopuri ArcGIS. Yepes BiliHy,
3 ypaxyBaHHIM MOP(POMETPHUIHOI HAMIPY>KEHOCTI, 1 HaBITh ceJie- 1 3CyBOHEOE3NMeKN CKIIaJAeHO KapTa MOp(hOIMHAMIYHOT
HAMPYKEHOCTI MiBHIYHO-CX1AHOTO cxmiy Bemukoro KaBkasy, 110 103BOJIsIE PO3KPUTH CYYaCHHI XapaKTep MPOSIBH €K30-
JMHAMIYHHX MIPOLIECiB, Nepe0auUTH i OLIHUTH PU3UK, 110 BiJ HUX. Pe3ynbraTu goCiiIKeHb J03BOIATH BUKOPHCTOBYBAaTH
oTpuMaHi AaHi st po3poOku [Iporpamu Ge3nedHoro Ta cTanoro GpyHKIIOHYBAaHHSI Ta OCBOEHHS 3 METOI0 peKpealiiHo-
TYPUCTHYHOTO PO3BHUTKY Ba)KKOJIOCTYITHHX TiPCHKUX reocucTeM AsepOaiimkany.

Kniouosi cnoga: exonozo-zeomopghonoziuna nanpyscenicmos, pusux, 3cye, cino, anmponozenuuii énaus, I'1C-mexuo-
n02ii, Oewuppysanns, exonoziuna besnexa
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