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Summary. This study examines the distribution and differentiation of natural landscapes in the
mountainous areas of the Greater Caucasus within Azerbaijan. The analysis integrates landscape,
cartographic, comparative-geographical, field and GIS-based approaches with climatic data, satellite
imagery and digital elevation models. The results show that altitudinal zonation is the principal reg-
ularity of landscape distribution, modified by slope aspect, relief, geological-lithological conditions,
Keywords: Greater Caucasus, | moisture regime and west—east climatic gradients. The landscape sequence extends from low-moun-

natural landscapes, tain and mountain-steppe complexes through mountain forests, subalpine and alpine meadows to
altitudinal zonation, subnival and nival landscapes. Meteorological data confirm pronounced vertical climatic differenti-
landscape differentiation, ation: mean February temperature reaches —7.9°C at Gyriz, whereas the highest summer value is

slope aspect, GIS, Azerbaijan 26.4°C at Shabran. Landscape-belt boundaries vary between northern and southern slopes and be-
tween the humid western and increasingly arid eastern sectors. The study demonstrates that integrat-
ing field observations with GIS, satellite imagery and digital elevation models improves the identi-
fication of landscape boundaries, particularly in inaccessible high-mountain areas.
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Introduction

The Greater Caucasus is one of the major mountain systems of Eurasia and is characterized by consid-
erable geological, geomorphological and climatic diversity. Within its Azerbaijani sector, substantial varia-
tions in elevation, temperature, precipitation, soil and vegetation over relatively short distances produce
complex vertical and horizontal landscape differentiation.

Altitudinal zonation is the principal regularity governing mountain landscape distribution. Increasing
elevation modifies temperature, moisture, snow cover, soil-forming processes and vegetation, resulting in the
successive replacement of natural landscape belts. However, their boundaries are not uniform and vary accord-
ing to slope aspect, relief, geological substrate and regional climatic conditions (Suleymanov, 2008). The the-
oretical foundations of mountain landscape studies were established through the concepts of altitudinal zona-
tion and landscape integrity developed by Humboldt, Berg and Solntsev (Humboldt, 1849; Solntsev, 1973).
Contemporary landscape research increasingly integrates these principles with GIS, satellite imagery and dig-
ital elevation models.

Studies in Azerbaijan have examined the geomorphology, physical geography, landscape structure, soil
and vegetation of the Greater Caucasus. Museyibov (1998) analysed the physical-geographical differentiation
of Azerbaijan, while subsequent landscape studies contributed to understanding altitudinal belts and their spa-
tial structure. Nevertheless, the degree of investigation remains uneven, particularly in inaccessible high-
mountain, subnival and nival areas where field observations and meteorological data are limited.

Remote sensing, GIS and digital elevation models provide opportunities to refine landscape boundaries
and examine elevation, slope and aspect in areas where field investigation is difficult. However, satellite
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observations cannot fully replace ground-based landscape surveys, making the integration of field and geospa-
tial methods particularly important.

Accordingly, this study aims to identify the principal regularities governing the distribution of natural land-
scapes in the mountainous areas of the Greater Caucasus within Azerbaijan. Particular attention is given to alti-
tudinal zonation, horizontal differentiation, slope aspect, climatic gradients and the distribution of major land-
scape belts, as well as to the application of contemporary geospatial methods for improving their assessment.

Materials and methods

The study combines field, comparative-geographical, cartographic, analytical and G1S-based methods to
investigate the distribution and differentiation of natural landscapes in the mountainous areas of the Greater
Caucasus. Field observations were used to examine relief, soil, vegetation and hydrological conditions across
different altitudinal belts, while comparative analysis was applied to identify differences between northern and
southern slopes and between western and eastern sectors.

Cartographic materials, satellite imagery and digital elevation models (DEMSs) were used to analyse land-
scape distribution and determine elevation, slope inclination and aspect. GIS enabled the integration of geo-
logical, geomorphological, climatic, soil and vegetation data and supported the refinement of landscape bound-
aries, particularly in high-mountain and less accessible areas. The combined use of geospatial and environ-
mental data provides a more comprehensive basis for landscape assessment (Mammadova et al., 2022;
Mammadova et al., 2025).

Monthly mean temperature data from Guba, Altiaghac, Shabran, Khaltan, Gyriz and Gusar stations were
analysed to assess climatic differentiation within the study area. The integration of field observations, climatic
data and geospatial methods was used to evaluate the effects of altitudinal zonation, horizontal differentiation
and slope aspect on landscape distribution.

Results and discussion

The distribution of natural landscapes in the mountainous areas of the Greater Caucasus is controlled by the
combined influence of elevation, relief, climate, geological-lithological conditions, slope aspect, soil, vegetation
and hydrology. These factors interact spatially, producing pronounced vertical and horizontal differentiation.
Relief is particularly important because mountain ranges, valleys, intermontane depressions and slope inclination
modify temperature, precipitation, runoff, soil development and vegetation patterns (Museyibov, 1998).

Altitudinal zonation is the principal regularity of landscape distribution. With increasing elevation, de-
clining temperature and changes in moisture conditions lead to the successive replacement of low-mountain
and mountain-steppe landscapes by mountain forests, subalpine and alpine meadows, and finally subnival and
nival complexes (Museyibov, 1998; Suleymanov, 2008). However, landscape-belt boundaries are not uniform
throughout the region and vary according to local relief, slope aspect and climatic conditions.

Slope aspect produces substantial differences in landscape structure. South-facing slopes generally receive
greater solar radiation and are therefore warmer and relatively drier, whereas north-facing slopes tend to maintain
lower temperatures and higher moisture levels. These contrasts influence soil development, vegetation composi-
tion and the elevation of forest and meadow boundaries. Consequently, the same landscape belt may occur at
different elevations on opposing slopes.

A pronounced west—east differentiation is also observed. The western sector is generally more humid and
supports more extensive forest landscapes, whereas increasing continentality and aridity toward the east favour
mountain-steppe and xerophytic complexes. Geological structure further modifies these patterns: lithology and
rock resistance influence relief development, soil formation, erosion and landslide processes, while river val-
leys generate localized intrazonal landscape complexes (Gurbanov, 2015; Museyibov, 1998).

The Azerbaijani sector of the Greater Caucasus therefore contains a complex sequence of low-mountain,
mountain-forest, subalpine, alpine, subnival and nival landscapes. High-mountain areas around peaks such as
Bazardiizii, Shahdagh and Tufandag are characterized by severe climatic conditions, prolonged snow cover,
rocky surfaces and high-mountain meadow complexes, while forest landscapes are concentrated mainly within
the middle-mountain belt (Museyibov, 1998). Vegetation distribution also provides an important indicator of
landscape differentiation, particularly in forest and high-mountain environments (Yusifov, 2005).

Climate is one of the principal factors governing landscape formation. Temperature and precipitation de-
termine soil-forming processes, vegetation cover, and the hydrological regime. In the Greater Caucasus, cli-
mate varies depending on elevation, slope aspect, and the position of mountain ranges relative to prevailing
air masses. Temperature decreases with increasing elevation. As temperature decreases, the growing season
becomes shorter and the composition of vegetation cover changes. While thermophilic and drought-resistant
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plants predominate in low-mountain areas, cold-tolerant alpine and subnival plant communities are distributed
in high-mountain areas. The amount and seasonal distribution of atmospheric precipitation also influence the
distribution of landscapes. Forest landscapes develop extensively in humid areas, whereas mountain-steppe
and xerophytic plant communities predominate in arid areas (Table 1, Figure 1).

Analysis of the monthly mean temperatures at Guba, Altiaghac, Shabran, Khaltan, Gyriz and Gusar
stations reveals pronounced seasonal and altitudinal climatic differentiation (Table 1; Figure 1). The lowest
mean temperature occurs at Gyriz in February (=7.9°C), followed by Khaltan (—5.4°C), whereas Shabran
records a considerably higher February value of —0.2°C. During summer, the highest July temperature is
observed at Shabran (26.4°C), while Gyriz remains substantially cooler at 16.0°C. Shabran also exhibits the
greatest annual temperature range, 26.6°C, from —0.2°C in February to 26.4°C in July. These differences
primarily reflect variations in absolute elevation, relief and local climatic conditions and confirm the im-
portance of vertical climatic differentiation in the formation and distribution of mountain landscapes.

Table 1
Monthly Mean Temperature Values (°C) for Districts and Stations Located
in the Mountainous Areas of the Greater Caucasus

Region Jan Feb Mart | Apr May Jun Jul Aug Sep Oct Nov Dec
Guba 3,1 -1,9 8,2 11,3 16,2 19,8 24,6 24,2 16,8 12,7 9,9 34
Altiaghac 1,6 —4,.3 6,1 10,5 14,7 16,2 20,9 21,4 14,0 114 10,0 1,2
Shabran 4,0 —0,2 7,7 12,0 17,4 214 | 264 26,1 19,0 14,6 10,9 55
Khaltan 0,2 -5/4 4,9 10,3 14,6 16,3 21,3 22,3 14,0 10,9 7,1 0,0
Gyriz -14 | 79 2,1 6,2 10,7 10,9 16,0 16,5 9,4 8,3 6,8 —2,2
Gusar 2,5 —2,7 7,4 10,6 15,7 18,3 23,2 22,9 15,6 11,6 8,9 2,2
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Fig. 1. Monthly average temperature of regions in the Greater Caucasus

Slope aspect plays an important role in the distribution of mountain landscapes. South-facing slopes re-
ceive greater solar radiation and are generally characterized by higher temperatures, more intensive evapora-
tion, and lower soil moisture, whereas north-facing slopes are cooler and more humid, with longer-lasting
snow cover. These differences influence vegetation distribution and the elevation of the forest boundary, which
may extend higher on humid and shaded slopes than on sunny and dry slopes.

Soil and vegetation cover also vary considerably with altitude. Relatively dry soils occur in low-mountain
areas, mountain-forest soils predominate in the middle-mountain belt, and mountain-meadow soils are wide-
spread in the subalpine and alpine belts. Vegetation responds sensitively to changes in climatic and soil conditions
and therefore serves as an important indicator of landscape differentiation. The forest, subalpine, and alpine land-
scapes of the Greater Caucasus are characterized by rich flora and numerous endemic species (Yusifov, 2005).

Overall, altitudinal zonation is the principal regularity governing the distribution of natural landscapes in the
mountainous areas of the Greater Caucasus. As elevation increases, changes in climatic conditions lead to the
successive replacement of soil and vegetation cover and the formation of distinct landscape belts along the alti-
tudinal gradient (Figure 2).
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1. Altitudinal Zonation of Landscapes
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Fig. 2. Natural landscapes of the mountainous areas of the Greater Caucasus region.

As shown in Figure 2, the natural landscapes of the Greater Caucasus exhibit a distinct altitudinal se-
guence, extending from dry low-mountain and mountain-steppe complexes through mountain forests and sub-
alpine and alpine meadows to subnival, nival, and rocky landscapes. The boundaries of these belts vary ac-
cording to relief, slope aspect, geological conditions, and regional climatic differences.

In addition to altitudinal zonation, pronounced horizontal and sectoral differentiation occurs across the
region. The western part is generally more humid and supports more extensive forest and meadow landscapes,
whereas increasing continentality and aridity toward the east restrict forest distribution and favor dry mountain-
steppe and xerophytic complexes. Slope aspect further modifies this pattern: south-facing slopes are generally
warmer and drier because of greater solar radiation, while north-facing slopes are cooler and more humid.
Local geomorphological and hydrological conditions, including river valleys, rocky areas, and landslide zones,
also contribute to the formation of intrazonal and azonal landscape complexes.

The low-mountain belt encompasses foothill and relatively low-elevation areas characterized by compar-
atively warm and dry conditions. Mountain-steppe, shrub, and drought-resistant vegetation complexes pre-
dominate. In humid areas, forests may begin at lower elevations, whereas in arid sectors mountain-steppe
landscapes may extend higher. Relief dissection and local climatic conditions further increase landscape vari-
ability within this belt.

The middle-mountain belt represents the principal zone of forest landscapes. Favorable temperature and
moisture conditions support oak, hornbeam, beech, maple, and other woody species. Forest composition and
belt boundaries vary with elevation, slope aspect, and moisture conditions; forests are generally more extensive
on humid slopes, whereas on drier slopes they become more open and may be replaced by mountain-steppe
complexes (Museyibov, 1998).

The subalpine belt forms a transition between mountain forests and alpine meadows and is characterized
by tall-grass meadows, shrub communities, and diverse herbaceous vegetation. Compared with lower eleva-
tions, climatic conditions are cooler and more humid and the growing season is shorter. Its lower and upper
boundaries vary according to relief and slope aspect.

The alpine belt is characterized by low-growing meadow vegetation, low temperatures, a short growing
season, strong winds, and high solar radiation. Woody vegetation is absent, while numerous endemic and relict
plant species adapted to high-mountain conditions increase the biogeographical significance of these land-
scapes.

The subnival belt occurs between alpine meadows and areas of persistent snow and ice. Severe climatic
conditions and a very short growing season result in sparse vegetation concentrated mainly in rock fissures,
stony surfaces, and relatively stable soil patches. Its boundaries depend on elevation, slope aspect, and the
duration of snow cover.

The nival belt occupies the highest parts of the Greater Caucasus and is dominated by long-lasting snow
cover, glacial areas, rocky surfaces, and stony terrain. Soil and vegetation are poorly developed, while physical
weathering and freeze—thaw processes are dominant. The distribution of these uppermost high-mountain land-
scapes is controlled primarily by elevation, high-peak distribution, and climatic conditions (Museyibov, 1998;
Suleymanov, 2005, 2008).

Regional differences modify this general altitudinal sequence. The western Greater Caucasus is more hu-
mid, with more extensive and continuous forest landscapes and widespread subalpine and alpine meadows.
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The central sector is characterized by strongly dissected high-mountain relief, deep river valleys, and extensive
alpine, subnival, and nival complexes. Toward the eastern sector, increasing aridity and continentality favor
dry mountain-steppe and xerophytic landscapes, while forests become increasingly restricted to humid areas
and favorable slopes.

On the northeastern slope, landscape differentiation is additionally influenced by the Caspian Sea, regional
atmospheric processes, local orography, and differences among individual river basins. Previous research on
the northern slope of the Greater Caucasus similarly demonstrates substantial differentiation of mountain land-
scapes according to elevation and regional moisture conditions (Bratkov & Ataev, 2013).

The southern slope, in contrast, is strongly affected by the orographic influence of humid air masses and
higher solar radiation, producing differences in thermal and moisture conditions and consequently in the ele-
vation of landscape-belt boundaries.

Conclusion

The distribution of natural landscapes in the mountainous areas of the Greater Caucasus is governed
primarily by altitudinal zonation, modified by regional climatic conditions, relief, geological-lithological
structure, and slope aspect. With increasing elevation, low-mountain and mountain-steppe landscapes are
successively replaced by mountain forests, subalpine and alpine meadows, and subnival and nival com-
plexes. However, the boundaries of these landscape belts vary spatially according to local physical-geo-
graphical conditions.

Landscape distribution also demonstrates pronounced horizontal and sectoral differentiation. Increasing
continentality and decreasing moisture from west to east favor the transition from more humid forest land-
scapes to dry mountain-steppe and xerophytic complexes. Differences in solar radiation, temperature, and
moisture between northern and southern slopes further modify the elevation and spatial extent of individual
landscape belts.

The interaction of geological structure, relief, climate, hydrological conditions, soil, and vegetation also
contributes to local landscape differentiation, including the formation of intrazonal and azonal complexes in
river valleys, rocky areas, and other distinctive landforms. The combined use of field observations, satellite
imagery, digital elevation models, and GIS improves the identification and assessment of landscape bounda-
ries, particularly in less accessible high-mountain areas. The development of a unified digital landscape data-
base for the mountainous Greater Caucasus would provide an important basis for further landscape research.
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T'OPHBIX TEPPUTOPHI BOJIBIIIOIO KABKA3A B ITIPEJIEJIAX ASEPBAMIKAHA
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Pestome. B nccneoBaHuy paccMaTpUBAIOTCS 0OCOOSHHOCTH paclpocTpaHeHus H quddepeHaniy NPUPOJHbIX JaHmadTOB rop-
HBIX Tepputopuii bospimoro Kaskasa B mpeznenax Asepbaiimkana. AHanu3 OCHOBaH Ha KOMIUICKCHOM MPUMEHEHHH JaHAmadToOBe -
YeCKOro, KapTorpaduueckoro, CpaBHUTEIBHO-TEOTrpadhIuecKoro, OJIEBOr0 M FeOMH()OPMAIIOHHOTO METO/IOB C HCIIOJIL30BaHUEM KITH-
MaTHYECKUX JaHHBIX, CITy THUKOBBIX CHUMKOB M ITU()POBBIX Moienel penbeda. Pe3yabTaTsl HcciieoBaHMs TIOKa3hIBAIOT, YTO OCHOBHOM
3aKOHOMEPHOCTBIO IPOCTPAHCTBEHHOTO pacHpeieNeH s JaHmadToB SBISETCS BEICOTHAS ITOSICHOCTD, POSIBIICHHE KOTOPOH ompene-
JISIETCS SKCIIO3MIUEH CKIOHOB, OCOOCHHOCTSIMU pelbeda, TeoIoro-IMTOI0OTHUSCKUMH YCIOBHAMHE, PEKUMOM YBIQKHEHHS U KINMa-
THYECKMMH I'PaAMCHTAaMH B HAIIPaBJICHHH C 3aI1a/ia Ha BOCTOK. BBICOTHO-TIOsICHAs OCIIEI0BATENbHOCT JaHIIa()TOB OXBATHIBACT HU3-
KOTOPHBIC U TOPHO-CTEIHbIE KOMIUIEKCHI, TOPHBIC Jieca, CyOalblUACKNUe U aJbIUilCKHe JIyTa, a TakKe CyOHUBAIBHBIC H HUBAIBHBIC
naHqmadTe. MeTeoponornieckie JaHHbIe MOATBEPKAAI0T BEIPAKCHHYIO BEPTUKAIBHYIO KIMMaTH4ecKyto auddepenuunanmo. Tak,
cpennas temmeparypa ¢espans B ['prize gocturaer —7,9°C, Torna Kak MakCUMaJIbHOE 3HaYEHHE TEMIIEPATYPHI B JICTHUH EPHOJ OT-
Mmeuaercs B lllabpane u cocrasisier 26,4°C. I'paHunb! TaHAIIAQTHBIX TOSICOB PA3JIMYalOTCs Ha CeBEPHBIX M I0)KHBIX CKIOHAX, a TAKKe
MEX/Ty yBIXHEHHBIMH 3aIla{HBIMU U IIOCTETICHHO IPHOOPETAIOIINMH OoJiee apiIHbIH XapaKTep BOCTOYHBIMHU CEKTOPaMH HUCCIIeTye-
MOH TeppUTOPHHU. Y CTAaHOBJICHO, YTO MHTETPAIHS MTOJEBBIX HAOIIOACHHH ¢ TeONH()OPMAIIMOHHBIMU TEXHOJIOTHSMH, CITyTHUKOBBIMH
CHMMKaMH M U(POBBEIMU MOJEIISIMU pelibedha CrIocoOCTBYET Oosiee TOUHOMY OIpeeIeHHIO IPaHuIl JTaHmadgToB, 0COOCHHO B TPYA-
HOJOCTYITHBIX BEICOKOTOPHBIX paiiOHaXx.

Knroueswvie cnosa: bonvwou Kaskas, npupoonvie nanoutagmol, 6bicomuasn NOACHOCMb, 1anowagmuas ouggepenyuayus, 3Kcno-
suyus ckionos, I UC, Azepbaiiorcan

BOYUK QAFQAZIN AZORBAYCAN ORAZISINDOKIi DAGLIQ SAHOLORINDO
TOBii LANDSAFTLARIN YAYILMASI VO DIFERENSIASIYASI
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Xiilasa. Todgiqatda Boyiik Qafqazin Azarbaycan orazisindoki dagliq sahalorinds tobii landsaftlarin yayilmasi vo diferensiasiyasi
aragdirilir. Tohlilds landsaft, kartografik, miiqayisali-cografi, ¢61 vo CIS osasli yanasmalar iqlim moelumatlari, peyk tosvirlori vo rogom-
sal yiiksoklik modellari ilo birlagdirilir. Naticalor gostorir ki, hiindiirliik qursaqligi landsaftlarin yayilmasimin asas qanunauygunlugudur
Vo yamaclarin baxarligi, relyef, geoloji-litoloji serait, riitubost rejimi vo gorbden sorge dogru iqlim doyisikliklarinin tosiri ilo forgli
xiisusiyyatlor qazanir. Landsaft ardicillig algagdagliq vo dag-¢ol komplekslarindon baslayaraq dag megslori, subalp vo alp gomanliklori
vasitasilo subnival va nival landsaftlara qodor uzanir. Meteoroloji molumatlar saquli istiqgamatdo nozorogarpan iqlim diferensiasiyasini
tosdigloyir: Qrizda fevral aynin orta temperaturu —7,9 °C-ys ¢atir, on yiiksok yay gostoricisi iso Sabranda 26,4 °C toskil edir. Landsaft
qursaqlarmin sarhadlori simal vo conub yamaclar1, homginin riitubatli gorb vo sorge dogru aridliyi artan sektorlar arasinda forglonir.
Todqiqat gdstorir ki, ¢6] miisahidolorinin CIS, peyk tosvirlori vo rogomsal yiiksoklik modellari ilo inteqrasiyast xiisusilo slgatmaz
yiiksakdagliq saholordo landsaft sorhadlorinin miisyysnlogdirilmasini tokmillogdirir.

Agar sizlor: Boyiik Qafgaz, tabii landsafilar, hiindiirliik qursaqhig, landsaft diferensiasiyasi, yamaclarin baxarhigi, CIS,
Azarbaycan
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