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Abstract. The purpose of this article is to study the issues of optimization of the use of natural landscapes of
the north-eastern part of the Lesser Caucasus. It is noted that at present, sustainable development, efficient
use, protection and assessment of natural landscapes are among the most important problems of landscape
science and, at the same time, physical geography. It is indicated that a number of aspects of these problems
are also observed in Azerbaijan. Since research on this issue is being conducted by a number of Azerbaijani
ecologists, biologists, soil scientists and geographers, however, the study of a number of ecogeographical
problems is still at an insufficient level. The methodology and methods of the study include cartographic
methods, field research methods, methods of geographical forecasting, mathematical and statistical methods.

Scientific works on the topic, maps, Internet resources, statistical indicators were used. The main novelty of
the article is that it studies anthropogenic processes occurring in the natural landscape of the selected
geographical unit and the issue of its optimization based on the latest data, which will allow further use of new
scientific information and analyses in the field of studying landscape changes occurring on the north-eastern

slopes of the Lesser Caucasus. Result of the study. Summing up, it is noted that the nature of quantitative and
qualitative changes in the studied natural complexes should be determined in advance in the process of nature
management. If the trends in the development and dynamics of natural complexes, their resistance to
anthropogenic impacts, etc. are not sufficiently studied, this leads to disruption of the landscape-ecological
balance and normal functioning of the geosystem. That is why, in order to determine the development trends

of modern landscapes, it is necessary to forecast and optimize a number of parameters of various landscape
complexes of the studied territory. Given the great recreational and tourist potential of the studied territory,

it is important to carry out thorough melioration measures and use environmentally friendly industrial
technologies in this group of anthropogenic landscapes.

Keywords: Lesser Caucasus, natural landscape, optimization, technogenic factors, anthropogenic factors.

OnTuMmizaniss BAKOPUMCTAHHSA NPUPOAHUX JAaHAMIAQTIB MiBHIYHO-CXiTHOI
gyactuHu MaJjgoro KaBkasa

Jlxadaposa Jlaradar

Kadgheopa ceoepadhii I'anooicuncorozo Hepacasnoeo Yuisepcumemy,

m. I'anooca, Azepbaiioxcan, letafet-ismayilova@mail.ru

Anomauin. Mema yici cmammi 6uguenHs NUMAHbL ONMUMIZAYI] GUKOPUCMAHHS NPUPOOHUX TaHOwapmie
nieHiyHo-cxionoi yacmunu Manoco Kaskazy. Haeonowyemovcs, wo 6 Oanuil 4ac cmanuii po3eumox,
ehexmugHe BUKOPUCMANHS, OXOPOHA MA OYIHKA NPUPOOHUX NAHOWADMIE € OOHUMU 3 HAUBANCTUBIUUX
npobnem aHOWAGMO3HABCMEA MaA 00OHOYACHO (i3uuHOi 2eoepahii. Braszyemwvcs, wo HU3KA ACNEKMIis
3a3Havenux npobdrem cnocmepicacmvca i 8 Azepbatioxcani. OCKinbKu O0O0CHIONCEHHSA 3 BUBYEHHS YbO2O
NUMAaHHs 8e0ymbCsi NOpyd azepbaioNcancbKux exonoeis, 6ionocis, IpyHmo3Hasyie ma ceozpagis, npome
BUBUEHHSI HU3KU eKoceozpapiunux npobiem ece we nepedysac Ha HedocmamHubomy pieni. Memodonozis ma
Memoou OOCHIONCeHHs GKIIOUAOMb KaApmozpagiuni memoou, Memoou NoAb08UX OO0CHIONHCEHb, Memoou
2e02papiunoc0 NPOSHO3YEAHHS, MAMEMAMUKO-CMAMUCIUYHI Memoou. Buxopucmani nayrxosi npayi na memy,
Kapmu, inmepHem-pecypcu, cmamucmuyti noxasnuxu. OCHOGHA HOBU3HA CMAMMI NOS2AE 6 MOMY, WO 8
cmammi GUBYAIOMbC AHMPONO2EHHI npoyecu, wo GI00YEAIOMbCs 8 NPUPOOHOMY NaHowagmi obpanoi
eeoepaghiunoi 0OuUHUYI, Ma NUMAHH U020 ONMUMI3AYI] HA OCHOBI HOGIMHIX OAHUX, WO 003804UMb HAOAI
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BUKOPUCIOBYBAMU HOBY HAYKOBY IHpOpmMayilo ma auanizu y 2any3i 6UGUEeHHS NAHOUWADMHUX 3MIH, WO
8i00ysaiombcst HA NIGHIUHO-CXIOHUX cxunax Manoco Kaskaszy. Pezynomam oocnioocenns. Iliocymosyouu,
3a3HAYAEMBCA, WO XapaKmep KiNbKICHUX § AKICHUX 3MiH Y NPUPOOHUX KOMIIEKCAX, WO 8USYAIOMbCS, NOGUHEN
Oymu susHaueHull 3a30a1e2iob y npoyeci npupoooKopucmysants. Axuo Hedocmamuvo eusueHi meHoeHyii
PO36UMKYy ma OUHAMIKU NPUPOOHUX KOMNJEKCI8, ix CmiliKicmb 00 aHMpONO2eHHUX GNIUGIE MOWo, Mo ye
npu3800ums 00 NOPYUWEHHS AAHOUAPMHO-eKON02IuHOI pI6HOGA2U MA HOPMAILHO2O QYHKYIOHYB8AHHSA
eeocucmemu. Came moMy GU3HAUEHHS MEHOCHYIll pPO3GUMKY CYYACHUX JaHOWagmie HeobXione
NPOCHO3VBAHHA [ ONMUMI3AYIA HUSKU NAPAMEMpI8 DI3HUX JAHOWADMHUX KOMNAEKCI8 O0CHiOHNCY8AHOL
mepumopii. Bpaxosylouu eeauxuii pexpeayitinuil ma mypucmuunuil NOmeHyial mepumopii, o 8Ueuacmucsl,
BANCTUBUM € NPOBEOCHHS 8 Yili 2PYNI AHMPONO2EHHUX NAHOUADMIE IPYHMOGHUX MENIOPAMUBHUX 3AX00168 Ma
3aCMOCYBAHHS eKON02IUHO DE3NEUHUX NPOMUCTOGUX MEXHONO2IH.

Kniouosi cnoea: Manuii Kaskas, npupoonuii nanowagpm, onmumizayis, mMexHO2SeHHI, AHMPONO2eHHI
¢axmopu.

Introduction. Currently, the sustainable and resilient development, efficient use, protection, and
assessment of natural landscapes are among the most important issues in landscape science and
physical geography. Several aspects of these problems are also observed in Azerbaijan. Research on
this issue has been carried out by various Azerbaijani ecologists, biologists, soil scientists, and
geographers. However, the study of certain eco-geographical problems is still insufficient. The rapid
increase of anthropogenic impacts in the geographical area under investigation makes the
optimization of the landscape as quickly as possible inevitable. In our view, the most suitable
medium- and long-term forecasting approach for the optimization of landscapes within a specific time
frame is the one that takes into account the natural, socio-economic, and technogenic factors affecting
landscape changes during these periods.

The main scientific innovation presented in this article is that the anthropogenic processes
occurring in the natural landscape of the selected geographical unit and their optimization have been
studied based on the latest data. This will provide an opportunity for the future use of new scientific
information and analyses in the study of landscape changes occurring on the northeastern slopes of
the Lesser Caucasus.

In recent years, various aspects of the problem under study have been addressed in
publications related to the topic. The sustainable and resilient development, efficient use, protection,
and assessment of natural landscapes are among the most significant problems in landscape science
and physical geography. Although several aspects of this problem have been partially studied by the
ecologists, biologists, soil scientists, and geographers of our country, the study of a number of eco-
geographical problems is still insufficient.

The landscapes and physical geographical potential, evaluation, transformation, and
ecological problems of the northeastern slope of the Lesser Caucasus have been studied in recent
decades by experts such as B. Budagov (Budaqov, 1996), A. Mikayilov (Mikayilov, 2008), M.
Musayyibov (Musayyibov, 1998, Musayyibov, 2018), M. Suleymanov (Suleymanov, 2005), Y.
Garibov (Garibov, 2010, Garibov, 2011, Garibov, 2012), T. Verdiyeva (Verdiyeva, 2009) among
others. However, the transformation of the eco-geographical potential of the region’s landscapes, the
assessment of factors contributing to the ecological situation’s tension, and other related issues have
not yet been thoroughly studied as a distinct research topic.

According to M.A.Musayyibov's calculations (Musayyibov, 1998, p. 51), more than 55% of
Azerbaijan’s lands were covered by various modifications of mountain-forest and plain-forest
landscapes during the mid-1st millennium BC. Currently, forests cover 11.8% of the country's
territory. As a result of extensive deforestation in the mountain slopes and foothills, the soil cover in
the northeastern part of the Lesser Caucasus has been significantly disturbed, fragmented by ravines,
and the bedrock has emerged on the surface. In modern mountain-steppe landscapes, the area of
landscapes that have been degraded due to anthropogenic influences and lost their recreational
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potential now encompasses 4.5-5.0% of the territory (Miiseyibov, 2018, p. 142).

Optimization of the Use of Natural Landscapes. In the area selected as the research object,
there are classifications of plain and mountainous landscapes, which in turn group a number of types
(Budaqov, 1996, p. 73):

* Mountain landscape class;

* High mountain-meadow;

* Low and middle mountain-steppe;

* Mountain-forest complex or mountain-forest;

* Mountain-forest steppe-meadow-shrub complexes.

Each landscape type is subdivided into subtypes, groups, and species according to its
ecological, geographical, and transformation characteristics. The dissertation elaborates on the
ecological risks and hazards occurring in each of these landscapes, describes their manifestation
features, and proposes preventive measures to mitigate the negative outcomes caused by these
processes.

In modern times, the preservation of the natural recreational potential of landscape types and
their further improvement is primarily related to the planned agricultural activities of the population.
By utilizing modern scientific and practical achievements, the preservation and optimization of the
natural recreational potential of landscape types in the sustainable development of rapidly increasing
production have been sufficiently addressed in the existing scientific literature. Several successful
studies have been conducted on the optimization of anthropogenic and natural landscape types.
However, there is still a lack of specific and unified scientific-methodological foundations for the
scientific research conducted in this direction (Siileymanov, 2005, p. 94).

In the modern era, the widespread development of mass tourism and productive forces, as in
other regions, demands the effective use of mineral, biological, water, and soil resources in the
northeastern region of the Lesser Caucasus, as well as environmental protection and efficient
optimization of landscapes, considering the specific landscape-ecological conditions of the area.

Three main directions of optimizing the natural environment are noted by researchers
(Qaribov, 2012, p. 27):

1. Balancing the natural environment with its exploitation;

2. Implementing ameliorative measures for favorable regulation of natural processes;

3. Preservation (conservation) of the natural environment.

The mentioned measures, which broadly reflect the optimization of natural landscapes,
undergo significant changes according to the landscape-typological units in the specific area. Special
attention must be given to the natural-territorial differentiation of landscapes in the area, as well as
the variety, characteristics, and regularity of anthropogenic activities. The study and application of
ways to improve the effectiveness of natural landscape types will enhance their recreational potential
and also enable their favorable use in the future.

Optimization of the Use of Natural Landscapes on the Northeastern Slopes of the Lesser
Caucasus. The complex relief and climate of the study area, the variety of soil-vegetation cover, the
diverse lithological composition, and the clearly distinguishable altitudinal landscape zones
complicate the necessary measures for optimizing anthropogenic, natural, and natural-anthropogenic
landscape types. These factors create challenges for implementing effective optimization strategies
in the region.

Nevertheless, based on the research works mentioned earlier, we have identified three main
directions for optimizing the landscapes of the northeastern part of the Lesser Caucasus for
recreational purposes (Qaribov, 2011, p. 142):

1. Assessment of the natural-ecological balance and systematic organization of ecological
monitoring;

2. Normalization of anthropogenic load on landscape types;

3. Successfully preserving natural components or complexes by converting specially protected
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areas into national parks, nature reserves, or sanctuaries.

The implementation of measures in these directions will allow for optimizing the future
development trends of anthropogenic landscape types, enhancing ecological diversity, and increasing
the recreational potential of the area (Figure 1).
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Figure 1. Map of the Optimization of the Landscapes of the Northeastern Slope of the
Lesser Caucasus for Recreational Purposes.

As seen in Figure 1, the majority of the area, specifically 3,357.9 thousand km?, or 65.9%, is
considered suitable for the normalization of anthropogenic load on landscape types. These areas
primarily include residential settlements and lands appropriated for various agricultural sectors. The
zones mentioned, such as agricultural fields, summer and winter pastures, hayfields, and tourism-
recreation facilities, currently undergo anthropogenic load. If the proper balance of this load is
ensured and the land is used in an organized and systematic manner, the process of landscape
degradation will slow down, leading to their sustainable use in the future (Mikayilov, 2008, p. 28-
29).

We may succeed in preserving natural components or complexes by converting 368.1 km? of
the studied area into specially protected areas, such as national parks, nature reserves, and sanctuaries.
These areas primarily include forest, forest-steppe, and mountain-steppe landscapes. The protection
of these regions, which are regularly deforested and whose area is steadily decreasing, is extremely
important. The mass cutting down of trees would lead to the widespread occurrence of issues such as
soil degradation and erosion. Additionally, this could trigger the activation of processes such as
landslides, mudflows, floods, and other exodynamical processes, which would result in an increase
in ecological problems within ecosystems.

Out of the total area of 1,364 km? on the northeastern slope of the Lesser Caucasus, we
prioritize the optimization of natural-ecological balance assessment and the systematic organization
of ecological monitoring. This area includes regions where the mining industry is currently
developing, and waste materials from these activities are dispersed, along with zones where
exodynamical processes such as landslides, mudslides, and erosion are actively occurring. In this
zone, to maintain the ecological balance of landscapes, it is necessary for industrial sectors to adopt
waste-free technologies, ensure the proper use of waste materials, carry out slope stabilization work
in areas where various exodynamical processes frequently occur, and generally conduct periodic
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monitoring. If these measures are implemented in a timely manner, we can return the lands we have
lost due to degradation back into productive use.

One of the main events causing ecological problems in the northeastern part of the Lesser
Caucasus is desertification and steppe formation, which result from anthropogenic interventions. One
of the most pressing issues currently being studied is global warming and the hazardous consequences
it generates. Based on calculations by researchers, it is expected that the average annual temperature
will increase by more than 4°C in the 21st century (Verdiyeva, 2009, p. 56). As a result, this
phenomenon may be accompanied by negative situations such as desertification, reduced
precipitation, increased soil erosion, and the degradation of natural landscape types. These changes
are already manifesting their consequences in the study area.

If the current dynamics and uncontrollability of anthropogenic interventions continue, it is
expected that this area will expand by 2-3 times in the near future. To assess the natural-ecological
status of the studied region, the level of relief fragmentation, slope steepness, and the characteristics
and continuity of anthropogenic interventions were considered. In accordance with these factors, we
have classified the natural landscapes based on their level of ecological degradation into the following
types:

I. Natural landscape zones with preserved ecological integrity;

II. Natural-anthropogenic landscape zones with partially altered ecological integrity;

III. Anthropogenic landscape zones with altered ecological integrity;

IV. Anthropogenic landscape zones with predominantly altered ecological integrity;

V. Anthropogenic landscape zones with ecologically critical degradation.

L Natural Landscape Zones with Preserved Ecology. Natural landscape types with preserved
ecology are found in subalpine and alpine meadows, nival and subnival landscapes, and mountainous
meadow and forest landscape types in areas that are sparsely populated or subject to occasional or
temporary anthropogenic interventions. These landscapes are more common in areas that are difficult
to access. In the northeastern part of the Lesser Caucasus, such landscapes cover 11.8% of the area
(Qaribov, 2010, p. 244). The territory of natural landscape types with preserved ecological conditions
increases as one moves higher up the mountains. However, the ecological diversity of these
landscapes sharply decreases in this direction. This reduction is associated with the increased
fragmentation of the region's relief and the harsher climate conditions.

This landscape group is found in the Gobustan State Reserve area, the northern and
northeastern slopes of the Shahdagh and Murovdagh mountain ranges near the watershed, the upper
reaches of the Shamkirchay, Zayemchay, Goranchay, and Kurekchay river basins, as well as in the
areas of Chinqgildagh and Gaflangala mountain ranges in the northern part of the Bashkend-Dastafur
depression, which are characterized by rugged, steep slopes. Notably, in the Gobustan State Reserve,
the mountain forest, mountain meadow, and mountain steppe landscapes have been able to preserve
their ecological diversity and natural landscape structure after strict protection measures were
implemented.

1I. Natural-Ecological Balance of Moderately Altered Natural-Anthropogenic Landscape
Zones. These types of landscape zones include areas such as hayfields, grazing lands, many of the
forests on relatively steep slopes, and so on. In the studied region, the area covered by natural-
anthropogenic landscapes has been calculated to be 409,935 hectares. This area is distributed as
follows across administrative districts: Dashkesen (44,952 ha), Goranboy (78,377 ha), Gadabay
(32,320 ha), Tovuz (66,706 ha), Gazakh (20,536 ha), Agstafa (14,447 ha), Goygol (47,545 ha), and
Shemkir (90,025 ha). The natural ecological state of these partially altered natural-anthropogenic
landscapes and the overall landscape loading factor of the studied area is 0.4 (Haqverdiyev, 1977, p.
32). The rich natural landscape resources of the Lesser Caucasus have historically contributed to the
development of pasture and grazing land complexes in the region. Unlike other anthropogenic
landscape zones, the pasture and grazing land complexes in the studied area have managed to retain
their natural ecological structure from ancient times to the present day. The development of livestock
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farming here has been accompanied not only by the transformation of the natural landscapes of the
mountainous and flat grazing lands but also by changes in the forest, forest-shrub, and other types of
landscapes. In the region’s modern grazing-pasture systems, it is crucial to strictly adhere to grazing
norms and, at times, implement rotational grazing. Additionally, measures must be taken to prevent
changes in plant communities in the pastures caused by overgrazing. To preserve the fertility of
pasture areas, it is essential to establish cultural hayfields, including pastures in arid steppes and semi-
desert regions, over extensive areas.

111. Anthropogenic Landscape Zones with Altered Natural Ecology. This category includes
anthropogenic landscape types in which the natural ecological conditions have been significantly
modified. Such landscapes consist of irrigated and rain-fed croplands, orchards, and garden-plot
systems. In these areas, the soil-vegetation cover has undergone considerable transformation, the
ecological state of fauna has been severely disrupted, and natural biodiversity has, in many cases,
been entirely lost. The development of these landscape zones along integrated typological lines has
accelerated across extensive territories.

To enhance ecological sustainability within these anthropogenically transformed landscapes,
it is essential to focus on preserving and expanding ecotones - such as inter-field forest belts, irrigation
canals, shrublands, unused plots, ponds, water reservoirs, and remnants of natural forests (Korimov,
2005, p. 18). Additionally, the application of crop rotation practices, adherence to agro-technical
standards, and the expansion of unused buffer zones within cultivated areas are necessary to mitigate
further ecological degradation.

1V. Anthropogenic Landscape Zones with Significantly Altered Natural Ecology. This
category includes anthropogenic landscapes in which the natural ecological structure has been
predominantly transformed. These landscapes encompass partially urbanized areas, residential
settlements, artificial aquatic complexes, and transportation and communication infrastructure. A key
characteristic of such landscape types is the pronounced presence of technogenic surfaces, a
fundamental disruption of the natural ecological framework, and the near-total loss of biological
diversity. In the studied region, these anthropogenically dominated landscapes cover approximately
10.5% of the total area. Specifically, in the northeastern part of the Lesser Caucasus, residential
complexes (seliteb) account for 12.6 thousand hectares, which represents about 1.0% of the territory.
Water reservoirs and canal systems occupy 56.1 thousand hectares (1.5%), while roads and various
built-up structures cover an additional 7.5 thousand hectares (0.8%) (Abbasova, 2022, p. 139).

Anthropogenic landscapes, whose natural ecology has been drastically altered, are distributed
according to the vertical zonation of the region. Their spatial extent is significantly broader in foothill
areas, gently sloping plains, wide river valleys, and intermountain depressions, while in high
mountain zones and steep slopes, their presence is considerably reduced. It should be noted that in
recent years, the area occupied by road networks and residential (seliteb) landscapes has been
increasing rapidly. Therefore, a comprehensive set of measures must be developed and implemented
in these complexes to improve the ecological condition of the landscapes.

V. Natural Ecology of Landscape Zones Severely Altered by Anthropogenic Factors. This

group of anthropogenic landscapes includes areas degraded by mining and quarrying industries, zones
polluted with industrial and household waste, barren rocky sites, gullies and ravines, areas rendered
unproductive due to erosion, and locations contaminated by industrial facilities, among others. These
landscapes are characterized by significant alterations to their natural ecological balance, leading to
ecological crises and severe environmental degradation.
Conclusion. An analysis of the trends in the natural and anthropogenic alterations of the landscapes
on the northeastern slope of the Greater Caucasus reveals that, in recent years, the process of
xerophilization of landscapes has been ongoing across all elevation zones of the region. As a result,
due to anthropogenic impacts, the majority of the semi-desert, steppe, mountain-steppe, forest, forest-
shrub, subalpine, and alpine meadow complexes in the studied area have been significantly altered.
Research indicates that the primary direction of landscape changes on the northeastern slope of the
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Lesser Caucasus is the recent intensive development of various economic sectors, particularly the
mining industry, which is characteristic of industrial areas, as well as agriculture, silviculture,
recreation, and other complexes. The intensive anthropogenization of natural landscapes gradually
leads to the expansion of agricultural land, the construction of roads, the creation of hydro-technical
and industrial structures, and the establishment of new settlements. As a result, forest and forest-shrub
areas have decreased, degraded areas in pastures have expanded, and the process of slope erosion has
intensified. The nature of quantitative and qualitative changes in natural complexes must be
determined in advance during the use of natural resources. If the trends of development and dynamics
of natural complexes, their resistance to anthropogenic impacts, and other characteristics are not
sufficiently studied, it can lead to the disruption of the landscape-ecological balance and normal
functioning of the geosystem. Therefore, to identify the development trends of modern landscapes, it
is necessary to predict and optimize several parameters of the various landscape complexes in the
studied area. Considering the significant recreational and tourism potential of the studied area, it is
essential to implement comprehensive reclamation measures in these anthropogenic landscapes and
apply ecologically clean industrial technologies.
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