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WAYS TO IMPROVE THE GEOECOLOGICAL POTENTIAL OF THE NATURAL-ANTHROPOGENIC
LANDSCAPES OF THE NORTH-EASTERN SLOPE OF THE LESSER CAUCASUS

Purpose. The purpose of the research is to study the geoecological potential of the natural
anthropogenic landscapes of the north-eastern slope of the lesser caucasus.

Method. During the writing of the article, historical, cartographic, mathematical-statistical, comparative
analysis methods were used. The northeastern slope of the Lesser Caucasus was chosen as the research object

Result. In the article, the patterns of development of the landscapes of the north-eastern slope of the Lesser
Caucasus, height differentiation, settlement of the territory and the location of settlements on the height belts, ways of
improving the geo-ecological potential are explained. In the region under study, extensive information was provided
on natural population growth, expansion of settlement areas, increasing influence of agricultural land, and
anthropogenic transformation of natural landscapes. Analysis of the distribution of urban and rural settlements by
altitudinal landscape zones, the placement of the population, settlements and farms depending on the landscape-
altitude-spatial differentiation of the territory, the formation of functional activity under the influence of natural
geographical conditions. conditions were analyzed. Methods of an integrated approach have been studied in order to
determine and assess the relationship between population settlement and the location of various economic fields with
the formation of a more favorable natural-geographical environment in the flat parts of the area, depending on favorable
conditions. relief, lithological, hydrological and hydrogeological conditions and the influence of these features on
natural landscapes.

Scientific novelity. The analysis of the distribution of urban and rural settlements by altitude-landscape zones
was carried out, the location and functional activity of the population, settlements and farm areas, depending on the
altitude-spatial differentiation of the landscape on the north-eastern slope of the Lesser Caucasus, were formed under
the direct influence of natural-geographical conditions, the settlement of the population and It has been studied that the
location of different farm areas is related to the more favorable natural-geographical environment. An analysis of the
distribution and density of the population and settlements in the area by altitude zones was carried

Keywords: Lesser Caucases, natural landscape, anthropogenic loads, optimization, high-altitude landscape
zones, settlements, farms, integrated approach, population settlement.

VIK:911.2 https://doi.org/10.17721/2308-135X.2024.76.38-43

Abbacoea Caaoam Meuioanani I'ssHmKiHCHKUH IepykaBHUHM yHIBepeuTeT, [k, AsepOaiimKaH.

Mema Oocniodicennsi — BUBUCHHSI T€OEKOJIOTTYHOTO IMOTEHIIAIY MPUPOIHO-aHTPOIOTEHHUX JaHAA(TIB
MiBHIYHO-CXiqHOTO cxmty Manoro Kaskasy.

Memoo. Tlin yac HamMcaHHS CTATTI BUKOPHCTAHO ICTOPUYHMI, KaprorpadiuyHui, MaTeMaTHKO-
CTaTHUCTHUYHMH, TIOPIBHUILHUNA MeToau aHanizy. O0’€KTOM JOCHIKEHHsT 00paHO MiBHIYHO-CXITHUI CXHII
Marnoro Kaska3zy

Pezyromam. Y cTaTTi BHCBITICHO 3aKOHOMIPHOCTI PO3BHTKY JIAHAMA(TIB ITiBHIYHO-CXiTHOTO
cxmry Mainoro KaBka3y, BHCOTHY andepeHIianilo, 3aceJeHHs] TEpUTOpii Ta pO3MillleHHs! HOCEJeHb Ha
BUCOTHHX I105ICax, IUISIXH IiBUIIEHHS T'€0EKOJIOTIYHOTo IMOoTeHiary. Y JOCHiKyBaHOMY PETioHI HaJaHO
BEJIMKY KUIBKICTH iH(poOpMauii mpo NMpUPOAHUI NPHUPICT HACEIEHHS, PO3IIMPEHHS TEPUTOPIH pO3CeNeHHs,
NOCWJICHHSI BIUIMBY CUIBCHKOTOCIIOJAPCHKUX  YTiJb, AHTPOIIOTEHHY TpaHc(OpMallilo MpUPOTHHUX
naaamadTiB. AHa3 PO3MOAUTY MiCBKHX 1 CITBCHKUX TMOCENEHb 32 BUCOTHUMH JaHAMA(THUMHU 30HAMH,
PO3MIIICHHS HACENEHHS, ITOCEJCHb 1 TOCIONApCTB 3aJIe)KHO BiJ JaHAIIA()THO-BHCOTHO-TIPOCTOPOBOL
mudepenmiarii Tepuropii, GopMyBaHHS QYHKIIOHATBHOT TiSUTBHOCTI ITiJT BINTBOM IIPUPOIHO-TeorpadigHux
YMOB. YMOBH OyJIi MpoaHaiizoBaHi. JoCIHiHKEHO METOIM KOMIUIEKCHOTO TiIX0Iy 3 METOI0 BU3HAUYCHHS Ta
OLIIHKK B3a€MO3B’SI3Ky PO3CENICHHS! HACEJICHHS 3 PO3MILIEHHSIM pI3HUX Traiy3edl TOCHOJaproBaHHs 3
(opMyBaHHSAM OUTBII CHPUATIMBOIO IPHUPOIHO-TEOTpadiqHOrO CepefoBHIA HA PIBHUHHHX YaCTHHAX
TEpUTOPIT 3aJIe)KHO BiJl CHIPUATIMBHUX YMOB. PeJbe(d, JIITONOTIUHI, T1JPOJIOTIYHI Ta I'JIPOreosoriyHi yMOBH Ta
BIUTAB ITUX 0COOJHMBOCTEH HA MPUPOIHI JIaHAMA(TH.

Hayxosa nosusna. IlpoBeneno anaiiz po3mOAUTYy MICBKHX 1 CUIBCHKMX MOCEJIEHb 32 BHCOTHO-
JaHAMA(QTHUMH TOSICAaMH, PO3MIIIEHHS Ta (YHKIIOHAJbHOI AaKTUBHOCTI HACEJICHHS, IIOCENeHb 1
TOCIO/IAPCHKUX TEPUTOPIH 3aJ€XKHO BiJ BHCOTHO-NPOCTOPOBOI IudepeHmianii sanamadTy Ha MiBHIYHO-
cxigHoMy cxmiii c. Manomy Kaskasi, copmyBanucs mij 6e3nocepeHiM BIUIMBOM IIPUPOAHO-Te0orpadiaHix
YMOB, po3CelIeHHs HaceleHHs 1 JloCmiIKeHO, 1110 po3TallyBaHHs Pi3HUX PAOHIB TOCMONAPCTBA MTOB’ I3aHE 3
OLIBII CTIPHUSITIIMBUAM MPUPOAHO-TeorpadigHuM cepenopuiieM. [IpoBeneHo aHai3 po3MilieHHs Ta IITbHOCTI
HACeJICHHS Ta MIOCEJICHb PaliOHy 32 BUCOTHUMH IOsICAMH
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Kniouosi cnoea: Manuii KaBka3, npuponuuil nanmmadT, aHTPOIIOTEHHE HABAHTAXKEHHs, ONTHMI3allis,
BUCOTHI JJaHIIa(THI 30HH, TIOCETIEHHs, (epMH, KOMILIEKCHUH MiJIXi/, PO3CEICHHs HaceIeHHS.

Relevance of the topic. A number of measures have been taken and projects have been developed
in order to prevent desertification processes in the territory of the republic, including in the northeastern
slope of the Lesser Caucasus. Thus, our state has also joined environmental-oriented international and
regional conventions in order to further improve the current ecological situation in the country, to use
natural resources effectively, and to ensure their preservation for future generations. Effective use of land,
construction of artificial forest strips, minimizing the use of firewood as fuel should be the priority
directions of the fight against desertification processes. During the fight against them, national action plans
should be drawn up taking into account the specific characteristics of each region, and this fight should be
carried out in a comprehensive manner. Environmental education should form the basis of the fight against
desertification.

Scientific innovation: To determine the degree of anthropogenicization of the landscapes of the
northeastern slopes of the Lesser Caucasus, the impact of agricultural areas, settlements, and natural
destructive processes on landscape complexes was thoroughly analyzed. As a result of the analysis of the
ecological problems caused by the anthropogenic transformation of the landscapes of the area, it was
determined that as the anthropogenic transformation of the landscapes accelerates, the activity of
exodynamic processes also increases. As a result, the damage caused by the various consequences of
degradation to the agricultural areas and the population increases accordingly.

Discussion: It is considered legitimate to expect the continuous development of scientific and
technical progress, a deeper influence of man on the landscape, and an increase in the intensity of the use
of natural resources. For this reason, it is important to investigate ways of improving the geoecological
potential of natural-anthropogenic landscapes, the impact of society on the surrounding natural
environment. The main issue here is to establish a balanced relationship between exploitation, conservation
and reclamation. The solution of anthropogenic problems depends on the development of the scientific
basis of the formation of the agricultural landscape, the inclusion of landscape-geographic territory
organization in the land-use practice (that is, the rational planning of the agricultural landscape). In the
scientific literature, modern landscapes are divided according to the nature of change due to human
influence as follows: lowland (conditional, primary), little changed (tundra, desert); disturbed or greatly
changed - here human economic activity has led to useless processes (washing, erosion, swamping);
culturally or rationally modified. (Garibov, 2012). Development regularities of the landscapes of the north-
eastern slope of the Lesser Caucasus, height differentiation, settlement of the territory and the features of
the location of settlements on the heights began to be studied relatively earlier. In the studied region, the
natural growth of the population, the expansion of the area of settlements, and the increase of the economic
effects related to this, are sharply manifested in the anthropogenic transformation of natural landscapes. In
order to determine and evaluate the impact of the mentioned features on natural landscapes, complex
approach methods were used. The directions of influence of human economic activities on the degradation
of the landscapes of the area are as follows.

1. Destruction of vegetation, soil degradation as a result of development of mining industry, expansion of
irrigation network, etc.;

2. Significant decrease in productivity of summer and winter pastures as a result of unsystematic grazing;
3. Deforestation;

4. As a result of non-irrigation in accordance with agrotechnical standards in the areas where irrigated
agriculture is developed, re-salinization of soils and decrease in their productivity;

5. As a result of the intensification of the erosion process on the mountain slopes, the soil is washed away
and left out of the crop rotation.

The agro landscapes in the region are divided into the more widespread types of paddy farming,
irrigated agriculture (agro-irrigated landscapes), garden plantation and pasture-meadow types. Historically,
the development of cattle breeding, horticulture, agriculture in the region has increased the agricultural
potential of the area and the level of exploitation. Based on Y.A. Garibov's classification, the natural
landscapes of the studied region can be divided into several categories according to anthropogenic
transformation, decoding of space images (with data from Landsat 7-8 orbital stations) based on the ArcGIS
program, and the degree of landscape change: (Garibov, 2013). Landscapes that are practically unchanged,
retaining their natural structure and stability (A20,8). These landscape complexes include large urban and
rural-seliteb complexes, artificial water bodies (canals, collectors, hydro-technical facilities),
communications, industry, mining facilities, processing plants, roads, etc. These landscapes have almost
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completely lost their natural structural-functional characteristics and have a serious ecological impact on
the environment.
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Map-scheme 1. Landscape types of the northeastern slope of the Lesser Caucasus

The area's foothill to peak landscape types include lowland dry steppe, foothill dry steppe,
midmontane broadleaf forest-shrub, alpine, subalpine, grassland, and meadow-steppe. However, in recent
times, the rapid growth of the population has caused the natural complexes in the plains and foothills of the
area to be completely changed and replaced by agro-landscapes, and in relatively high areas, they have
been transformed into secondary landscapes. Our scientific studies show that population settlement on the
northeastern slope of the Lesser Caucasus is subject to the height zone of the landscape. Thus, from the
foothills to the highlands, the population and the number of settlements, respectively, decrease in a regular
manner. In the northeastern slope of the Lesser Caucasus, in accordance with the increase in the population
and the number of settlements, agricultural areas, especially irrigation agriculture, are developing, and
grazing areas are being expanded. This results in the increase of anthropogenic load in the study area. The
analysis of the distribution of settlements and population in the region by landscape complexes shows that
the majority of the population settled in complexes with fertile soil, which are more suitable for agriculture,
with favorable relief and climate characteristics. More than 70% of the population and settlements are in
plain-forest, mountain-meadow, foothill and low-mountain steppe, forest-steppe, brown, chestnut-snow-
soil forest and desertified complexes of sloping plains and smooth strips, widened rivers of intermountain
plains in mountain steppes it is concentrated in its terraces, valleys, etc.(Mammadov, 2011).

In order to determine the degree of anthropogenicity of the region's landscapes, the impact of
agricultural areas, settlements and natural destructive processes on landscape complexes was thoroughly
analyzed. Thus, as a result of the analysis of the ecological problems caused by the anthropogenic
transformation of the landscapes of the area, we have determined that as the anthropogenic transformation
of the landscapes accelerates, the activity of exodynamic processes also increases. As a result, the damage
caused by various consequences of degradation to the farm and the population increases accordingly
(Abbasova, 2022).

As can be seen from the map-scheme, in recent years, the rapid growth of the population and the
number of settlements has increased the anthropogenicity of landscapes, and created conditions for the
disruption of the ecological balance and the acceleration of degradation in landscapes that are more exposed
to anthropogenic pressure. The natural landscapes of the modern agricultural and horticultural regions on
the north-eastern slope of the Lesser Caucasus have been dramatically changed as a result of the long-term
effects of people, and species diversity has arisen in the natural landscapes, they have been replaced by
repeated or new anthropogenic units. Here, as a result of the transformation of natural landscapes, the main
anthropogenic landscapes formed in their place were agrocomplexes. Most of them were created in the
place of plain forests, and forest-steppe complexes. Gadabey-Dashkasan, Ganja-Dashkasan, Ganja-Gazakh,
Tovuz-Gazakh and Shamkir-Tovuz areas, which are especially exposed to environmental stress, are very
different from each other according to the accessibility index. Because of their great ecological potential,
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they have become less favorable zones. These are settlements and areas where the majority of the population
lives in the forest belt of the low and mid-mountains of the northeastern slope of the Lesser Caucasus.
However, this indicator has very serious regional differences in the area we studied. While more than 30-
40% of the region's population is concentrated in Gazakh, Agstafa, Tovuz, Shamkir, Khanlar, Goranboy
districts, this indicator is not more than 10-15% in Dashkasan, Gadabey districts. All this is related to the
regular and systematic transformation of the natural landscapes of the region during historical periods
(Abbasova , 2022).

A5" 46
T - =
<
3 - L.nduh- .kolojl zonalar
= - o Godaboy-Das&oson
- Sertl inarester s ’, Gonco-Daskoson

Ganco-Qazax
Tovuz-Qazax
Soembkir-Tovuz

Doviot sorhadi

41°

. Kigik Gafgaz vilayetinin
gimal-garginin sarhadi

- Inzibati rayon morkoazi
Fveriglilik indeakal Landgattin skolojt
S potensial
Blvarigsiz Cox agag
Nisbi atverighl Nishi yuksak

Soti siverigll [T Onta

Az wlvengl Agad

o we an

30 15 a 30

Km

A
45" Hunduriuk. m 46~

Map-scheme 2. Ecological zones where it is important to improve the geoecological potential of the
northeastern slope of the Lesser Caucasus

Settlements in the forest zone of the study area have a greater influence on the change of natural complexes.
In the space images, these complexes are deciphered with large scattered areas, chain along the river, and in
some cases circular structures. Due to the unfavorable environmental conditions in the highlands of the region,
the level of population settle4rl1ent in these zones is low, and the zjlgthropogenic effects are episodic in nature.
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Map-scheme 3. River network density of the landscapes of the northeastern slope of the Lesser Caucasus

Since the foothill plains and low mountainous zones of the northeastern slope of the Lesser Caucasus
are arid regions with a high population density, irrigation agriculture is developed here. Thus, in order to
provide water for agricultural plants, irrigation canals were built from the rivers flowing through the area.
Flood events have an important role in the development of the desertification process. Mountain rivers deposit
the suspended materials they bring every year in the plains, removing large areas of land from agricultural
circulation. Floods are also directly caused by natural and anthropogenic factors (Garibov, 2012). Dumping of
mining industry waste into river valleys, overcrowding of summer pastures with cattle, deforestation,
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construction of highways are the factors that lead to the recurrence of floods. The rapid use of land resources
in the region has led to desertification, degradation, erosion and a sharp decrease in plant productivity in the
existing landscapes here. The denudation process is more intensive in the middle mountainous areas due to the
high inclination. The high amount of annual precipitation intensifies the processes of erosion and denudation.
As a result, avalanches and landslides occur on mountain slopes. Avalanches and landslides create the ground
for denudation and desertification on mountain slopes. Each change in the climate has a very strong effect on
all the features of the area, including the course of the desertification process.

Intensive livestock grazing on the northeastern slopes of the Lesser Caucasus is one of the factors that
strongly influence the intensity of the desertification process. As a result of overloading of pastures with
livestock, their productivity decreases in semi-desert, dry steppe and mountain-meadow landscapes with non-
sustainable vegetation cover (Mammadov, 2011). The analysis of the location of the population in the region
along landscape zones shows that the population density decreases from east to west. As a result of the analysis
of the distribution of the population of the studied region by vertical zones, we found that 11.4% of the
population lives in the absolute altitudes of 0-200 meters, 43.3% in the foothills-plain areas with absolute
altitudes of 200-500 meters, 47.3 % are concentrated in the absolute altitudes of 500-1000 meters, 3.4% in the
altitudes of 1000-2000 meters, and 0.1% in the zones above 2000 (The population of Azerbaijan. 2022)
Settlements and their functional farm areas are characterized by a relatively high density in the immediate
plains, terraced alluvial plains of river valleys, intermountain depressions, and plains with smooth surfaces.
Settlements along the Ganja-Gazakh sloping plain are distributed almost evenly over the entire area. Since the
climate, lithological and hydrological conditions in the south-eastern part of the area have changed
dramatically, the relatively small amount of water resources in the location of settlements is a socio-ecological
problem, and therefore the settlements in the area are mainly located along the river banks (Abbasova, 2022).

The analysis of the distribution of urban and rural settlements on the height-landscape zones shows
that the location and functional activity of the population, settlements and farms were formed under the
direct influence of natural-geographic conditions, depending on the height-spatial differentiation of the
landscape on the northeastern slope of the Lesser Caucasus. From this point of view, depending on
favorable relief, lithological, hydrological and hydrogeological conditions in the plain parts, the settlement
of the population and the location of various farms are also related to the formation of a more favorable
natural-geographical environment. This is also shown by the analysis of the distribution and density of the
population and settlements on the altitude zones.

Table 1.
The number of urban and rural population living in the north-eastern slope of the Lesser Caucasus, per 1000
people
Administrative districts Number of population Urban population Rural population
Ganja-Dashkasan 596,0 4246 171,4
Ganja 330,3 330,3 -
Naphthalan 8,6 7,3 1,3
Dashkasan 33,2 14,5 18,7
Goranboy 101,2 24,3 76,9
Goygol 64,5 25,6 38,9
Samux 58,2 22,6 35,6
Gazakh-Tovuz 674,4 165,9 508,5
Agstafa 85,9 21,0 64,9
Gadabay 100,8 14,6 86,2
Qazakh 95,8 20,8 75,0
Shamkir 216,2 73,4 1428
Tovuz 175,7 36,1 139,6

Source: ARSSC data, prepared on the basis of statistical compilation. Population of Azerbaijan 2023, p. 75-77.

The analysis of the data of the table we compiled shows that in the Ganja-Dashkasan economic
district of the region, according to the data of 2023, there are 216 settlements (7 cities, 19 settlements, 190
villages) and 596.0 thousand people living in them (424.6 thousand urban population) , 171.4 thousand
rural population), and in the Gazakh-Tovuz economic district there are 345 settlements (6 cities, 8
settlements, 331 villages) and 674.4 thousand people living in them (165.9 thousand urban, 508.5 thousand
and village population) were recorded. Currently, the urban population of the region is 590.5 thousand
people, and the population living in rural settlements is 679.9 thousand people. As it can be seen, the vast
majority of the population living in the region is concentrated in rural settlements. In the administrative
districts included in the region, the share of the population living in rural settlements reaches 60-89% on
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average. This indicator has a significant regional difference in the area. Thus, 75.6% of the population of
Agstafa, 66% of the population of Shamkir, 56.3% of the population of Dashkasan, 75.9% of the population
of Goranboy, 61.2% of the population of Samukh live in rural settlements. This has led to the expansion of
the area of settlements and seliteb complexes, the economic impact of people on the landscape complexes,
and the transformation of natural complexes. [Source: ARDSK data, prepared on the basis of statistical
compilation. Population of Azerbaijan in 2023].

Result: The investigation of ways to improve the geoecological potential of the natural-
anthropogenic landscapes of the north-eastern slope of the Lesser Caucasus showed that Gadabey-
Dashkasan, Ganja-Dashkasan, Ganja-Gazakh, Tovuz-Gazakh and Shamkir-Tovuz areas, which are more
exposed to environmental stress, are very different from each other according to the suitability index. Most
of the territory has become less favorable zones due to its great ecological potential. The analysis of the
location of the population living here on landscape zones shows that the population density decreases from
east to west. As a result of the analysis of the distribution of the population in vertical zones, it was
determined that 11.4% of the population lives in the absolute altitudes of 0-200 meters, 43.3% in the
foothills-plain areas with absolute altitudes of 200-500 meters, 47.3% 500-1000 meters are concentrated in
absolute altitudes, 3.4% are concentrated in 1000-2000 meters altitudes, and 0.1% are concentrated in zones
above 2000 meters. In the administrative districts included in the region, the share of the population living
in rural settlements reaches 60-89% on average. This indicator has a significant regional difference in the
area. The expansion of the area of settlements and seliteb complexes, the economic effects of the population
on the landscape complexes have led to the transformation of natural complexes.
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