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Abstract

As a result of anthropogenic impacts, it is possible to observe changes in landscapes not only in plains,
but also in mountainous areas. In particular, the melting of glaciers in high-mountainous areasas a result
of global warming and the shrinking of glacier areas are examples of this. In this case, their long-term
study is important. In this regard, our study is dedicated to a topical topic. In the 21st century, there are
various opportunities to conduct long-term studies using modern methods during the study of the
territory. In this article, we have analyzed the study of the geoecological situation in the high-
mountainous landscapes of the Greater Caucasus using GIS technologies and its results. At this time,
priority was given to modern methods and techniques, modern methods, processing and analysis of
satellite images. In addition, field research and materials of previous researchers were also used. When
analyzing the geoecological situation of landscapes, we also used the results of the study of vegetation
cover, soil cover and surface temperature obtained from our previous studies. As a result of the
conducted studies, the landscapes in the study area were regionalized according to their geoecological
status and 3 classifications were distinguished: relatively unchanged, weakly and moderately changed
landscapes. It was determined that most of the territory belongs to relatively unchanged and moderately
changed areas. The main reason for this is that the relief of the area is unfavorable for development.
However, considering that the area also has the most productive summer pastures, we also observe
problems such as vegetation degradation and soil erosion.

Keywords: Greater Caucasus, high mountains, GIS technology, landscape, geoecological
situation

Introduction

The study of the geoecological state of natural landscapes in our republic began in the middle of
the 19th century. In this field, scientists such as B.A.Budagov, A.M.Mikayilov, M.A.Museibov,
M.J.Ismayilov, E.Sh.Mammadbeyov, Y.A.Garibov, M.l.Yunusov and others played a great role.
Although A.M.Mikayilov and E.Sh.Mammadbeyov used the decoding of space images in the study of
natural landscapes, the method they used has now lost its effectiveness. In modern times, special
importance is attached to the study of space images in the GIS environment, using Snap and other
methods. Therefore, we have used GIS in the study of natural landscapes of the high mountainous parts
of the Greater Caucasus and conducted appropriate analyses. Although the use of the mentioned methods
in the world began in the 80-90s of the 20th century, the use of these studies in our republic began at the
beginning of the 21st century. The study area is being studied in a GIS environment for the first time.
The main goal of our study is to study the geoecological state of natural landscapes existing in the high
mountain geosystems of the Greater Caucasus using GIS technologies.

Using GIS technologies, it is possible to study the landscape-geoecological state of the territory
(Chen & Han, 2015). Each landscape type is directly or indirectly exposed to anthropogenic influences
(Apostol & Chelaru, 2011). When systematically studying the geoecological state of natural landscapes,
it is possible to determine the natural potential in the highlands and the current use of these resources.
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When determining the landscape-geoecological state in the highlands of the Greater Caucasus, natural
and natural-anthropogenic landscapes are considered asa whole Natural Territorial Complex. Therefore,
a systematic approach is extremely important.

Using GIS, we can determine each landscape type, species and other parameters. Images obtained
from satellite images make it possible to determine the degree of transformation of high-mountainous
landscapes under the influence of natural and anthropogenic factors. Through space images, it is possible
to detect the boundaries of geological structures, lithological differences of bedrock and Quaternary
sediments, orographic steps, relief forms, natural boundaries of soils and plant communities. The use of
these images is carried out in three stages: foreground, field, and camera.

Processing of space images using geoinformation methods Analysis and assessment of the state
of the vegetation component of geocomplexes is based on the analysis of spectral reflectance (Connolly,
(2017). During land cover classification, image pixels form an elementary territorial unit with fixed
dimensions (for Landsat - 30x30 m). The purpose of the classification is to group the classification
elements into groups (classes) so that the differences in decoding characteristics between groups are
greater than the differences within the groups (Huan et al., 2019). The reliability of the classification
determined by discriminant analysis decreases with each level. At the fourth level (16 classes), the
classification result can be considered almost 94% reliable (Ma et al., 2019). When using GIS in
mapping, their resolution is important, which determines the degree of representation of the main
territorial unit - landscape type, landscape type, etc. (Leblois etal., 2017). Scientists noted that individual
tracts or facies do not provide a complete description of the landscape environment and cannot be
considered as basic taxonomic units of the landscape hierarchy, therefore the use of satellite images with
centimeter resolution is not always appropriate (Li et al., 2017).

Materials and methods of the study

During the study, existing fund materials, thematic maps, and modern geoinformation mapping
methods were used. Relevant maps were compiled on the basis of these materials. Thematic map
materials are a structural element of a landscape and ecologically balanced environmental management
model, which is necessary for territory management under conditions of increasing anthropogenic
pressure. The software platform for creating maps of environmental users and forestry stations is the
ArcGIS program developed by ESRI. Satellite images are a useful and important source of information
when studying the properties of geocomplexes.

Research results and discussion

Our study area covers the high mountain geosystems of the Greater Caucasus (Figure 1). The total
areais 321,544 ha, and 5 landscape subtypes are distributed.

Naxgivan Dévlst Universitetinin EImi easarlar Jumali. No.1, 2025, elmieserler@ndu.edu.az



Ulviya Qasmova

42°,

42°y

30

ac
410,

41

41°, 41°

boundary of investigation
area

Figure 1. Location of the study area

In determining natural landscapes, we first focused on the study of vegetation. Because vegetation
is the main indicator in determining natural landscapes in the GIS environment. To analyze and evaluate
the plant component of geocomplexes, methods of linear combination of spectral channels or vegetation
indicators are used. The method of vegetation indices provides a quantitative assessment of projective
vegetation. The determination of phytomass is based on the use of a simple zonal ratio coefficient or
vegetation index, which is calculated by dividing the brightness coefficient in the near-infrared part of
the spectrum by the brightness coefficient in the red part of the infrared spectrum. NDVI is useful in this
study, where the difference in zonal brightness coefficients is normalized to their sum. NDVI increases
the contrast of green vegetation with other cover objects, such as soil and dry vegetation.

The second most important parameter in the study of natural landscapes through space images is
the morphometric index of the relief. The three main parameters of the relief - the distribution of heat
and solar radiation, hydrological runoff and glaciers, allow us to determine the landscape-geochemical
mechanisms of material transport. Morphometric indicators include surface slopes, absolute height,
horizontal and vertical fragmentation, water catchment area, radiation balance and slope orientation.

These indicators provide the energy of the landscape. Landscape energy refers to its activity in the
absorption, transformation, accumulation and release of energy. Vertical relationships in geocomplexes
and many horizontal formations are directly or indirectly related to the conversion of solar energy. The
conversion of incoming solar radiation begins with its absorption, although part of it is reflected from
the earth's surface. Radiation losses due to reflection vary depending on the nature of the surface. Energy
conversion is an important indicator of the intensity of operation and associated stability of
geocomplexes. Their annual cycle of activity depends on the periodic supply of solar energy. The
cyclical nature of their activity processes is accompanied by changes in the vertical structure.

During the study, the current state of the territory, including the degradation of the components of
the landscape environment, was comprehensively studied. Data on the natural conditions and
technogenic loading of the study area were collected during the current period, as well as geological,
engineering-geological, hydrogeological, climatic, landscape, soil, geobotanical, zoogeographical and
geoecological data, including existing thematic maps, were analyzed. Their processing allows us to
create a complete picture of the geoecological characteristics of the landscapes of the territory. The list
of characteristics determined on the basis of available materials includes parameters of the ecological
state of the components of the landscape environment and components of anthropogenic impact. The
nature and characteristics of their impact on the ecological state of the territory were determined on the
basis of stock materials and maps, satellite images for each of the analyzed components. The analysis
of the available materials was supplemented with data from the decoded satellite image.
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At the same time, the image was correlated with topographic maps, as well as with existing
thematic schemes and maps, man-made objects and infrastructure (industrial facilities, transport routes,
pipelines, quarries, etc.) that affect the state of the natural environment were identified, areas of
development of dangerous natural-man-made processes and events were determined, the negative
consequences of direct anthropogenic impact were initially assessed (pollution areas, burned areas,
deforestation, land acquisition and other violations of vegetation and soil cover), planning of ground
works was carried out, including the location of key areas and control routes. A preliminary map was
compiled taking into account the analysis of reservesand published materials, preliminary interpretation
of satellite imagery, etc. At the same time, the nature of land use, the location of existing man-made
sources of impact and designed objects, sanitary-protective and water protection zones, protected areas,
places where environmentally unfavorable processes for the natural environment occur were taken into
account. In the absence of the necessary primary data, additional field studies were also conducted with
the required level of detail.

The study of vegetation and soil cover was carried out in three aspects. These are:

* as an indicator of natural conditions and their change (degradation) under the influence of
anthropogenic impact;

* as a biotic component of the natural environment, playing a decisive role in the structural and
functional organization of ecosystems and determining their boundaries;

+ as an indicator of the level of anthropogenic load on the natural environment (burned areas,
overgrazing, mechanical damage, damage from technogenic emissions, changes in species composition,
reduction of vegetation cover, productivity).

The result of the work was the transformation of the components of the analysis of the current
geoecological state of the territory into asingle measurement system - a scoring system. Extrapolation
of spatial data was carried out in the Golden Software Surfer program. When calculating the surface and
its description, the boundary of the territory of an arbitrary configuration was determined. The resulting
contour map was exported to ArcGIS, and the layers of borders, infrastructure, rivers, lakes, settlements,
peaks, etc. were combined. This made it possible to create a single cartographic product.

Natural differentiation determines the genesis of modern landscapes of the territory, which were
subsequently subjected to anthropogenic differentiation or evolved naturally. We consider it appropriate
to include a new typological unit in it - a landscape subtype, which would indicate the degree of
anthropogenic transformation of the landscape type. Within each landscape type (for example, the main
moraine plain), according to the characteristics of anthropogenic differentiation of the environment, we
have identified three main subtypes of landscapes: conditionally natural (almost unchanged), their
appearance is associated with natural features (relief, quaternary and basic rock beds, etc., and the
structure of all layers of the composition is preserved), cultural (modified by man) or recreated by him
—artificial landscapes.

Conditionally natural landscapes include high mountains, bare rocks, glaciers, which are not
affected by any type of human activity. The other two types can be further divided by settlement and
land use systems, since their appearance and structure are determined by the characteristics of human
activity.

Cultural landscapes are those that have been transformed by human activity, usually as a result of
the development of agriculture, forestry, and settlements. Among these landscapes, it is necessary to
distinguish between purposefully created and accidentally (spontaneously) modified (most often
disturbed) landscapes. This category also includes natural landscapes whose state is regulated by
humans. These include protected areas, ecological corridors and junctions, aswell astechnogenic parks,
forest plantations, and others. In most of them, human activity changes one or more components of the
original landscape and is limited to the local and regional scale of landscape genesis.

Avrtificial landscapes include landscapes created entirely by man, where natural conditions are
often limited to a geographical location, and the proportion of artificial components of the landscape
exceeds the proportion of natural ones. Artificial landscapes can also include landscapes of large cities
and their agglomerations, where all components of the landscape have undergone transformation and
the introduction of newly created human components has occurred both on the surface of the original
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landscape and in its depth (underground). In this case, the creation of an artificial landscape by man can
consist both in the addition of artificial components to the landscape composition (as occurs during
above-ground construction), and in the removal of huge masses of the lithogenic base, where the upper
floors are built, and the landscape composition also disappears (table 1).

Table 1. Modern landscape subtypes and their structure

Landscape subtypes
Degree of
anthropoge_nlc Conditionally cultural .
changes (in natural - Acrtificial
points) adjustable converted
1 2 3 4 5
- The structure
The original of the original
natural or g The structure
. landscape has .
previously . | of the original
o been altered:
The structure modified the main landscape has
Features of of the original | _structure is features of the changed The structure of
.| landscape is | preserved, . significantly: -
anthropogenic completely chanaes in vegetation natural soil and the original
changes in the resgrve d bioce?]oses have been vegetation landscape has
original prese ; : changed or g been lost down
natural minor-. are possu_ble lost, the soll have been lost, to the relief and
changes in (the main ’ replaced by | .. i
landscape cover has . | lithogenic base.
fauna are features of anthropogenic
. been changed,
possible the zonal the changes, and
vegetation microrelief the relief has
are been altered.
has been
preserved) altered.
National Agricultural
Nature parks and forestry Small and Large cities and
Functional reserves elements: of landscapes, medium-sized | agglomerations,
cohort (strictly the rural cities, transport| quarries, large
example protected . settlements, infrastructure structures
areas) ecological recreational facilities (dams, etc.)
framework oy i
facilities

In landscape areas with low socio-economic conditionality of modern landscape genesis,
conventional natural landscapes prevail, in areas with a high degree of cultural and artificiality (Table

2).

Table 2. Proportion of landscape subtypes in areas with different socio-economic conditions (I —

indicator value)

Content of landscape subtypes within a landscape area

Type of modern

areas (1<13)

landscape area Conditional natural Cultural Artificial landscapes
landscapes landscapes
Naturally designated > 50% 10-50% < 1%
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Mixed f|e1|g)s =11 25 500 50-75% 1-5%
Socially defined 0 0 0
areas (1>17) <25% > 1% > 1%

Taking into account the above, we conducted a zoning of landscapes in our study area according
to their geoecological status. At this time, we distinguished 4 criteria: landscapes whose geoecological
status is conditionally unchanged, landscapes with weak changes, medium changes, and strong changes
(Figure 2).
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Figure 2. Zoning of landscapes according to geoecological status
According to these analyses, 96,596 ha of the study area belong to landscapes with conditionally
unchanged geoecological status, 78,265 ha to landscapes with weakly changing status, and 146,683 ha
to landscapes with moderate changing status (Table 3).

Table 3. Results of zoning of landscapes according to geoecological conditions

Ne | Geoecological | Area Areas covered Appropriation Transformation
situation ha % state
1 | unchangeable | 96596 | 30 Upper boundary | Seasonal Relatively
of nival and | exploitation, untransformed
subnival important areas for
landscapes mountain tourism
2 | slightly 78265 | 24 The lower limit | Summer pastures | Weakly
changed of subnival transformed,
landscapes and partial erosion of
the upper limit soils, partial
of alpine degradation  of
meadows vegetation cover
3 | average 146683 | 46 Lower border of | Summer pastures, | Vegetation
changed alpine settlements, degradation,
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meadows, partially cultivated | erosion

subalpine areas dominance
meadows  and
mountain forests

Total 321544 | 100

Conclusion
Our research, within the framework of the system paradigm and using GIS technologies, allowed

us to study the main opportunities and ecological problems in the development of the high mountain
landscapes of the Greater Caucasus. Based on the conducted research, a map of geoecological zoning
of landscapes was compiled. It was determined that 30% of the total area belongs to landscapes whose
geoecological state is conditionally unchanged, 24% to landscapes with weak changes, and 46% to
landscapes with moderate changes.
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XULASO
YUKSOK DAG LANDSAFTLARININ GEOEKOLOJi VOZiYYOTININ CiS

TEXNOLOGIYALARI iLO QiYMOTLONDIRILMOSI (BOYUK QAFQAZ TIMSALINDA)

Ulviya Qasimova

Antropogen tasirlor naticasinds nainki diizonlik, hotta daghq orazilords do landsaftlarda bas veran

doyisikliklori miisahido etmok mimkindir. Xususilo global istilbsmo naticasinds ylksok dagliq
orazilordo buzlaglarin orimasi, buzlag sahslorinin kigilmosi buna nlimunadir. Bu zaman onlarm uzun
middotli todqiqi vacibdir. Bu baximdan todqigatimiz aktual mévzuya hosr edilib. XXI asrdo arazinin
todqiqi zamam miiasir metodlardan istifado edork uzun middotli todgigatlar aparmaqg Ugin muxto lif
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imkanlar var. Biz do bu mogalods Boyiikk Qafgazin yiiksok dag landsaftlarmda geoekoloji vaziyyatin
CIS texnologiyalar1 ilo todqigi va onun noticlorini tohlil etmisik. Bu zaman miiasir metod vo Usullara,
miasir manalora, peyk sokillorinin emah va tohlilina {stniilik verilmisdir. Bununla yanasi ¢0l todqiqati
Vo bizdon o0Oncoki todqgigatgllarm materiallarmdan da istifado edilmisdir. Landsaftlarm geoekoloji
vaziyyatinin tohlili zamam 6ncaki todgigatlarmizdan olds edilon bitki 6rtlyinin, torpaq ortiyidnin vo
soth temperaturunun toadgiginin naticalorindon do istifads etmisik. Aparilan todgigatlar naticasinda
todgigat orazisindo landsaftlarn geoekoloji vaziyyatine gbro rayonlasadirilmasi apariimis vo 3
klassifikasiya ayrimugdir: nisbi olaraq doyisilmoyan, zoif vo orta dorocads doyisilon landsaftlar.
Muayyan olunmusdur ki, arazinin oksar hissasi nisbi olaraq doyisimoyan vo orta darocad doyisilon
orazilora aiddir. Bunun asas sababi arazinin monimsonilmosi Ggiin relyefinin olverigsiz olmasidir. Lakin
orazido on mohsuldar yay otlaglarmm da oldugunu noazors alsaq, burada bitki ortiiyiiniin deqradasiyasi
Vo torpaglarn eroziyasi kimi problemlorin do oldugunu miisahido edirik.
Acar sozlar: Boyuk Qafqaz, yiksak daghq, CIS texnologiyasi, landsaft, geoekoloji vaziyyat

PE3IOME

OIIEHKA I'EODKOJIOTUYECKOM CI/I’[YAI_[I/II/I BBICOKOI'OPHBIXJIAHAINA®TOB C
NOMOIBIOTUC-TEXHOJIOI'MU (HA ITPUMEPE BOJIBIIIOTI'O KABKA3A)
YabBug I'acbiMoOBa

B pesynbraTte aHTPONOreHHOTO BO3JEWUCTBUS MOKHO HAOMIOATh M3MEHEHUS JIaHAIA(TOB He
TOJIBKO Ha paBHMHAX, HO M B TOPHBIX paiioHax. [IpuMepom 3Toro, ocoOeHHO B pe3yibTare II00adbHOTO
MOTCIVICHUSI, SIBJIETCS TAsHUE JICAHUKOB B BBICOKOIOPHBIX paiioHaX M COKpAICHUE IUIOLIAe i
JeIHUKOB. B HacTosmee BpeMs BaXKHO MX JOITOCPOYHOE M3ydyeHHe. B CBA3M ¢ 3TUM Haiue
UCCIIe/IOBAHKE TIOCBSIIEHO aKTyadbHOM Teme. B 21 Beke mpu u3ydeHMM TEppPUTOPHM OTKPHIBAIOTCS
pa3iauuHble BO3MOXKHOCTHM JUI TPOBEJEHMS JOJITOCPOYHBIX HCCJIEJOBAaHUM C HCMONb30BAaHHEM
COBPEMEHHBIX METO/0B. B manHO# cTaTthe Mbl Takxke ¢ moMoipio ['MC-TexHonmornii nmpoaHaImupoBaI
T€03KOJIOTHIECKYI0 CUTYAIMIO B BRICOKOTOpHBIX JaHnmadrax bompsimoro KaBkaszau ee pe3ynbrarsl. Ha
3TOT pa3 ObLIM NpeCTaBICHBl COBPEMEHHBIE METO/IbI M IIPHEMBI, COBPEMEHHBIE CPeICTBAa 00PaOOTKH U
aHall3a CIyTHHKOBBIX M300pakeHuil. Kpome Toro, ObUTM MCNONB30BaHBI MOJIEBbIE HCCIEIOBAHUSI U
MaTepualibl MpeAbIAYIMX ucciegoBareneil. [Ipu ananmse reo3koIornieckoro COCTOSHUS JaHAmadToB
MBI TaK)KE MCTIOJIb30BAJIM PE3YJIbTAThl UCCIIEOBAHUI PACTUTEIHLHOIO MOKPOBA, MOYBEHHOTO MOKPOBA U
IIPU3EMHOM TEMIEpPAaTyphl, MONY4YEHHbIE B pPE3ylbTaTe HAIIMX NPEABIAYIIUMX HcclenoBaHuil. B
pe3yibTaTe MPOBEICHHBIX HCCIENOBAHMM JaHMIA(QTHl palioHa HCCIEOBAHMN PaiOHUPOBATIUCH IO
T€OPKOJIOTHMECKOMY COCTOSIHMIO M OBIIM  pa3fiesieHbl Ha 3 KIacCUpUKAIMU:  OTHOCHUTENbHO
HEM3MEHEHHbIE, CJ1a00 W yMEpPEeHHO W3MEHeHHble JaHAmadTel. OmnpeaeneHo, 4To OOJbINas 4acTb
TEPPUTOPHM OTHOCUTCSI K OTHOCUTEJIbHO HEM3MEHEHHBIM W YMEPEHHO W3MEHEHHbIM Yy4acTKaM.
OcHOBHasi IPUYMHA 3TOrO B TOM, YTO pelibed) MECTHOCTH HeOJIaronpusaTeH i pa3paborku. OgHaKo,
€CJIM TPUHATH BO BHMMAaHWE, YTO B 3TOM paiioHe TakkKe ecTh Haubolee NPOAYKTUBHBIC JICTHUE
nactOuima, Mbl YBUIUM, UTO CYIIECTBYIOT M TakKue NpOOJEeMBbI, KakK Jerpajaiysi pacTUTEIHHOCTH H
9pO3usl TOUBBHI.

KmoueBble ciaoBa: borvuwon Kaskas, evicokocopve, ['HUC-mexunonoeuu, aaunowagm,
2€09KO0N02UYEeCKas CUMY AYU.
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