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Abstract

The article, based on the information obtained from satellite images,
analyzes the morphogenetic features, regional differentiation and anthro-
pogenic load of subalpine and alpine meadow landscapes formed in the
highlands of the north-eastern slopes of the Lesser Caucasus, as well as their
change depending on the absolute altitude. It was determined that more than
80% of the high-mountain forests of the region are located up to 1800
meters, and more than 90% of mountain meadows are located above 2200
meters. These meadows are ecosystems that exist in high-mountain regions
and are used as summer pastures, consisting of perennial herbaceous plants.
Most of the mountain meadows are restorative in mid-mountain regions
where forests have been cut down, and are divided into 4 groups according
to the change as a result of anthropogenic impact - virtually unchanged,;
slightly changed; moderately changed; Radically transformed landscape
groups are identified and landscape and ecological features, development
and changes in each of them are separately characterized. The analysis
focuses on pastures that depend on their natural and geographical features
and are particularly vulnerable to environmental degradation due to over-

grazing, which leads to low productivity and significant landscape changes.

1. Introduction

The natural conditions of the Republic of
Azerbaijan are characterized by complexity,
which is reflected in the diversity of its land-sca-
pes. Within the mountainous and lowland areas, a
number of landscape types and subtypes are dis-
tinguished [4]. In high mountain regions, the up-
per part of the mountain meadow belt con-sists of
alpine meadows, while below them lie subalpine
meadows. The elevation of the alpine meadow
belt depends on the geographical latitude of the
mountain area, the climate, and the orien-tation of
the slopes.

On the north-eastern slope of the Lesser Ca-
ucasus, high-mountain meadows have been more
extensively utilized due to favorable relief con-
ditions, such as gentle slopes and limited dissec-
tion. In this area, not only hayfields and pastures,
but also other territories differ from one another
by their anthropogenic transformation features,
such as dynamism and stability. Only in subalpine

and alpine meadow landscapes, located above
2000 meters above sea level, due to sharply dis-
sected relief and cold climatic conditions, the po-
pulation does not settle, and soil-climatic con-
ditions are unsuitable for the development of
agriculture. These areas are used exclusively as
summer pastures for livestock farming [9].

In research carried out to assess the geoeco-
logical potential of the modern natural-anthro-
pogenic landscapes of the north-eastern slope of
the Lesser Caucasus, the ecological tension ca-
used by the interaction between natural lands-
capes and human economic activity is of parti-
cular relevance today. Indeed, any anthropogenic
impact on a natural component results in changes
in its structure and functional activity. From this
perspective, ecological-geographical research of
landscape complexes, as an integral part of envi-
ronmental protection and the rational use of na-
tural resources, bears significant scientific and
practical importance.
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In the study, the transformation and differenti-
ation characteristics of the mountain-meadow
landscapes of the Lesser Caucasus, depending on
ecological stress, were investigated, and it was
determined that this problem is of greater sig-
nificance in mountainous regions. Within the area,
landscapes have been heavily degraded in re-
latively small spaces and vertical ranges, leading
to the emergence of ecologically stressed zones.
The high mountain-meadow landscape complexes
of the north-eastern zone of the Lesser Caucasus
represent the region where morphometric stress is
most strongly manifested. Based on the assess-
ment of morphometric stress in these mountain-
meadow landscapes, a landscape-ecological cla-
ssification was carried out.

2.Methods

In carrying out the study, complex physical-
geographical research methods were employed,
including systematic landscape research methods,
observations, field studies, diagnostic approaches,
ecological monitoring and assessment techniques,
as well as one of the newest methods - the use of
morphometric stress in landscape-ecological eva-
luation. At the same time, through the application
of GIS technologies, the interpretation of satellite
images was conducted to identify and map eco-
logically stressed zones.

The morphogenetic characteristics and regi-
onal differentiation of the high-mountain landsca-
pes of the north-eastern slope of the Lesser Cau-
casus, the variation of their anthropogenic load
depending on absolute elevation, and the analysis
of mountain-forest, mountain-meadow, and me-
adow-shrub natural landscapes formed in the high
and middle mountain zones were determined ba-
sed on information derived from satellite imagery.
Depending on the morphometric stress of the re-
lief, aspects such as the transformation of land-
scapes, the ecogeographical features of mountain-
meadow landscape complexes, and the negative
consequences generated by these processes were
investigated.

3.Analysis and discussion

The high mountain-meadow complex of the
north-eastern slope of the Lesser Caucasus, as a
landscape with complex relief conditions and
geomorphological structure, covers vast areas and
has undergone both vertical and horizontal dis-
section. Naturally, the mountain-meadow land-
scape serves as the fodder base for livestock
farming; however, pasture erosion occurs here as
a result of overgrazing, when cattle graze more
intensively than the norm and outside the appro-

priate season. Trampling of the meadows and the
destruction of vegetation, which trigger erosion
processes, cover extensive areas. The soil cover,
composed of fine-grained weathering materials
accumulated in crevices, is located in the lower
parts of the relief [10].

In the mountainous parts of the study area, the
vertical distribution of landscapes and the asso-
ciated formation of various exodynamic processes
are closely related to slope steepness. The largest
areas are those with slopes ranging from 5° to 10°.
Only 4% of the total territory has slopes steeper
than 30°. The nival and partly nival-glacial land-
scapes of the high mountains of the Lesser Ca-
ucasus (namely the Karabakh volcanic plateau,
the Zangezur ranges, and the Murovdag range)
cover areas at elevations of approximately 3,000
meters. A somewhat larger area of subnival rocky
landscapes is developed on Jamish Mountain
(3,724 m) and Omar Pass (3,295 m), as well as in
the Koroghlu mountain range (3,462 m). On high
mountain passes and watersheds exposed to con-
tinuous denudation processes, their extent has
gradually decreased, being replaced by subalpine
and alpine meadows at high elevations [12].
Within the complex, the accumulation of coarse
debris and scree products resulting from physical
weathering is observed. In the map-scheme we
compiled, the changes occurring in the landscapes
of the north-eastern slope of the Lesser Caucasus
are clearly reflected.

Landscape complexes such as the Ayibazar
and Qarajadir summer pastures, located near rural
settlements, have undergone significant transfor-
mation. Numerous routes lead to these pastures
from the villages of Azgilli, Toghana, Pirverdiler,
and Kurdalilar. The large number of roads leading
to tents and summer pastures in different direc-
tions has caused the disturbance of natural land-
scapes on the slopes. To the north of Toghana
village, situated on the left bank of the Kurek
River, at an elevation of 1,700 meters, terraced
forest-shrub areas, sparse forests, and patches of
cultivated lands with diverse grasses, orchards,
and secondary forests have formed on the mo-
untain slopes [10].

Mount Ayibazar, covered with highly stable
and gently sloping meadows, is extensively used
as pastureland. This area represents a fundamen-
tally altered landscape unit with a complex struc-
ture. Here, except for the watersheds, thick me-
adow soils have developed well on smooth-cres-
ted mountains, forming a stable cover of low-gro-
wing dense meadow grasses.
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Figure 1. Landscape belts map of the north-eastern slope of the Lesser Caucasus
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Figure 2. Altitudinal zonation map

As is known, in areas with elevations of 2,000-
2,200 meters, despite intensive grazing, the
pastures and hayfields largely maintain their in-
tegrity. On some slopes, the rapid recovery of
vegetation is due to a significant reduction in gra-
zing intensity compared to previous years. In the

summer pastures, climate-related changes - such
as annual precipitation and humidity exceeding
the long-term norm by 30-40 mm - have contri-
buted to plant growth [2].

In accordance with the characteristic features
of the study area, the synthetic methodology of sa-
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tellite imagery and complex landscape interpre-
tation was applied, along with the analysis and
interpretation of the processed materials obtained
as a result. The cosmolandscape methods deve-
loped and used for many years have mainly been
applied to the study of lowland, foothill, and low-
mountain landscapes - those covering large areas
and exhibiting limited dissection. However, the
study of high-mountain meadow landscapes using
cosmolandscape methods had not previously been
treated as a specific research subject. In such
regions, the interpretation of key landscape units
is based on reference indicators (standard para-
meters). The study of landscapes in inaccessible
high-mountain areas requires the application of
alternative approaches and methods. Here, prono-
unced horizontal and vertical differentiation,
along with the subdivision of the relief into small
individual units, increases the number of small-
contour landscapes and strengthens the internal
structural complexity of the landscape.

In areas up to 2,500-2,600 meters in elevation,
where subalpine meadows are distributed, the
landscape possesses a complex structure and va-
rying degrees of human utilization. For example,
on the slopes of Mount Chimkir-Chimkir, which
has an elevation of 2,029 meters, terraced hay-
fields can be observed at around 1,900 meters on
slopes with gradients of 30-45°. On these ter-
races, various secondary grasses, as well as small
shrubs of wild rose and hawthorn, have developed
along the slopes. In addition, remnants of se-
condary vegetation appear in strip-like formations
on the corresponding slopes [9].

Oak shrublands and low-growing meadows do-
minate the watershed areas. Tall subalpine mead-
ows cover the southern and southwestern slopes
of Mount Tashkilli, which has an elevation of
1,806 meters. On the moderately sloping parts of
the mountain slopes, diverse-grass meadows are
distinguished by their high quality. Various cereal
and legume grasses, exceeding 30-45 cm in
height, grow across most of these areas and, after
mowing, serve as a fodder base for livestock graz-
ing. In years with a humid climate, it is even pos-
sible to harvest hay twice during the summer
season in these regions.

One of the notable features of the north-eastern
slope of the Lesser Caucasus is that subalpine
meadows are preserved for mowing from the end
of April until the end of July. In particular, the
Ayibazar hayfields are protected until the end of
June, and the Qarajadir hayfields until the first ten
days of July. However, after the grasses are
mown, these areas are intensively used as pas-

tures, which accelerates land degradation and ex-
poses the area to various transformations. On
steep slopes, continuous grazing leads to the for-
mation of patchy, bare surfaces, creating potential
conditions for erosion [5].

Anthropogenic influences have always had an
impact on natural landscapes, and the changes
observed in the natural components of the study
area serve as a clear example of this. The Kapaz
and Kurd Yurd summer pastures, which are
complex landscape units, differ greatly from one
another. Mount Kapaz, located at an elevation of
3,066 meters, has a synclinal structure; its steep
slopes and horizontally layered, columnar rock
outcrops are bordered by several step-like ter-
races. Although the southeastern and southern
parts of the Kapaz synclinal plateau lie at altitudes
of 2,000-2,800 meters, they have relatively gentle
slopes. The mountain slopes are covered with
soils lacking vegetation and with extensive rocky
and stony areas. Large accumulations of rockfall
material cover wide areas at the foot of the
summit. Massive rock debris has moved along
valleys over long distances down to the forest
complexes. The forests on the northeastern and
northern slopes of Mount Kapaz are located at
elevations of 2,000-2,150 meters [8].

The complexity of the internal structure of the
landscape can be observed in the numerous small
mountain lakes that formed on the slopes of
Mount Kapaz as a result of an earthquake in 1139.
The pastures located in stony and gravelly areas
are mainly found in the southeastern part, while
meadows suitable for mowing are found in
intermediate zones where there are no landslides.
In the studied area, the settlements of Khoshbulaq,
Ahmadli, Yolchular, Amirvar, Zoghalli, Dardara,
Gazakhli, and others play a significant role in the
anthropogenic transformation of natural land-
scapes. Some settlements are located within the
subalpine belt of this mountain massif. The Xosh-
bulaq plateau, which is one of the most densely
populated and elevated summer pastures of the
region, has been subjected to intense anthropo-
genic impacts [1].

In the mountain massif with diverse structures,
pastures extend up to the watershed areas. The
slopes used as hayfields, situated at altitudes of
2100-2200 m, are located about 2.5 km north of
Khoshbulaq village. Here, the meadows that are
mowed twice a year in the high-mountain plateaus
have high resilience and a stable structure.

Although the pastures have a stable vegetation
cover, numerous trails have formed on the slopes
due to the intensive movement of livestock. How-
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ever, eroded or washed-out slopes are not
observed in this area, and tall-grass vegetation
covers extensive parts of the meadows. In some
places, where rocks are exposed on the water-
sheds, the soil cover is thin. Various meadow
grasses and plants belonging to the families
Rosaceae, Cruciferae, Fabaceae, and others are
distributed here. These are tall-grass meadows
located at absolute altitudes of 2400-2500 m.
Weed species such as capsella, thistle, and
amaranths are also found in the hayfields [11].

One of the factors contributing to the complete
transformation of the mountain meadow land-
scape is the mining industry at the Alunitdag and
Zeylik ore deposits. The pastures of the Amirvar
and Gazakhly villages are heavily polluted by
mining waste. The relative height of the mining
waste cover, which forms large hills in the area,
reaches 10-20 m. In some places, sparse vege-
tation consisting of various weed species, meadow
grasses, and isolated shrubs has developed on
their surfaces.

The mountain meadow landscape, as a dyna-
mically developing young technogenic landform,
is represented in the modern relief by bare hills
that form two ridges arranged in an arc shape
within the Alunitdagh massif. There are 5-6 steep
peaks located approximately 500-600 meters
apart, which are rich in alunite ore. The waste ma-
terials from ore extraction are scattered stepwise
around the area, forming smooth technogenic
slopes over the rugged terrain.

The transportation of extracted ore has led to
the formation of moderately sloped hills com-
posed of gravelly and stony waste materials on the
steep slopes of the mountain. Due to the low
stability of these hills, their recovery occurs
slowly. However, in moist and gently sloping
areas, vegetation and soil can develop relatively
quickly on slopes made up of fine waste material.
The technogenic hills in the area have formed
over the past 30-35 years as a result of mining
waste accumulation, particularly on the south-
castern side of Alunitdag, and in the southwestern
and southern parts of the Amirvar - Gazakhli
highland. Here, alongside various meadow gras-
ses, secondary vegetation and semi-shrubs are
more prevalent [8].

The mountain-meadow complexes on the
northern and northeastern slopes of Mount Gosh-
gar, which has an elevation of 3,361 meters, have
been altered to varying degrees. Soil degradation
in the area is largely caused by the intensive
dissection of the terrain by the tributaries of the
Dastafur River and the erosion of the steep slopes

of most valleys. On the slopes of Mount Qosqar,
hayfields are located along the river valleys,
which, due to intensive grazing, leads to land-
scape degradation on both sides of the valleys.
Additionally, numerous trails formed on the steep
slopes have fragmented the terrain in multiple
directions.

On stable slopes, intensively grazed alpine me-
adows on the northeastern part of Mount Goshqar,
located on thick meadow soils, represent the most
heavily grazed areas in the Lesser Caucasus. Most
of the leveled paths on the western side of the
summit are cut into small terraces along trails.
The alpine meadows are situated on the north-
western slopes, which have gravelly and stony
soils with low fertility. Cereals are cultivated
along smooth roads at an absolute elevation of
2,200 meters. Nevertheless, the resilient meadows
have largely preserved their structure. Across
extensive areas, the meadow complexes on re-
latively steep slopes are disturbed and partially
denuded.

As noted above, summer pastures and seasonal
shelters (binas) are abundant on the northern and
eastern slopes of Mount Goshqar. Each shelter,
which is primarily active during July—August,
hosts a large number of sheep. On the high slopes,
the number of livestock grazing in the pastures far
exceeds the recommended norm. This leads to the
intensification of erosion processes on the slopes
and along numerous trails. Intensive washing and
complete denudation occur on slopes disrupted by
trails [9].

The rocky and gravelly areas at an elevation of
3,101 meters are practically unused. The more
sloping southwestern and eastern slopes of Mount
Bughda are stable. On the northeastern slopes,
intensively used alpine meadows have developed.
The hayfields within the subalpine meadows are
distinguished by high resilience and a stable
structure. Hayfields are utilized on slopes with
absolute elevations up to 2,400-2,500 meters. On
the southwestern slopes of Mount Bughda,
dissection has developed along the tributaries of
the Sarisu River. Here, alpine meadows have been
subjected to extensive agricultural pressure.

According to the altitudinal differentiation of
natural landscapes, various belts are observed on
Mount Qotur, which has an elevation of 3,048
meters. The northern slopes of the mountain, with
an absolute elevation of 2,400 meters in the Sansu
River basin, are distinguished by their smooth
terrain. As a result of anthropogenic impact, dirt
roads constructed in the area have sharply
fragmented the pasture surfaces. Groups of tall
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grasses have formed a thick cover over the soil
surface. The gravelly and stony pastures and
hayfields in the eastern part of Mount Qotur are
relatively less used. Small hummocky hayfields
have developed on leveled terraces in the south-
western and southern parts of Lake Zaghali. Tall
hills hinder hay cutting [1].

Subalpine and alpine meadow landscapes co-
ver extensive areas and exhibit varying degrees of
differentiation in terms of anthropogenic impact.
According to the degree of alteration, weakly,
moderately, and severely disturbed landscapes are
located in mountainous areas with steep slopes
and rugged massifs. Most of the high-mountain
summer pastures are concentrated in the Gadabay,
Goygol, Goranboy, and Shamkir districts.

In the high-mountain areas of the Murovdagh,
Shahdagh, Kapaz, and Goshgar mountain ranges,
as well as in the Gadabay and Dashkasan districts,
the terrain is characterized by gentle slopes and
weak dissection. Considering these features, it is
important to implement certain measures based on
plan-map materials, such as the organization of
areas for pastures and hayfields, the designation
of grazing sites and drinking water sources, the
location of summer camps, landscape-based ma-
nagement, and productivity assessment projects
[2].

According to the degree of disturbance, the
landscape components of pastures and hayfields
are classified as weakly, moderately, and strongly
transformed. Degraded pastures mainly cover
large areas within steep mountain massifs. In
particular, the vast majority of summer pastures
are located in the high-mountain regions of Ga-
dabay, Shamkir, Khanlar, and Dashkasan districts.

Hayfields located at elevations of 2,000-2,300
meters, which are also used as pastures, occupy
extensive areas of the Gadabay, Dashkasan, and
Goygol districts, where the terrain is gently slo-
ping and mountain-meadow soils resemble cher-
nozems in the mid-mountain zone. The highly
anthropogenically transformed high-mountain me-
adows are used not only as pastures and hayfields
but also for rain-fed agriculture. For example, the
badland areas near the summit of Mount Kapaz
and the high-mountain meadows of the Khosh-
bulag summer pastures in the Dashkasan district
illustrate such land use [2].

The summer pastures of the sharply trans-
formed high-mountain areas are mainly located
within the territories of the Goshgar, Kapaz,
Ayibazar, Garachadir, Pant, and Bughda mountain
massifs. These landscape complexes, which in-
clude subalpine and alpine meadows with comp-

lex structures and diverse transformation charac-
teristics, are subjected to the most severe changes.
During the summer months, the maximum anthro-
pogenic pressure occurs due to the extensive
grazing of livestock in the highlands. Naturally, in
the high-mountain areas, especially during the
winter months, the cold climatic conditions
practically prevent any anthropogenic impact.

The alpine meadows situated on the north-
western and eastern slopes of Mount Goshgar are
particularly distinguished by their high intensity
of economic use. Intensive grazing here acce-
lerates erosion processes, leading to the exposure
of slopes and the formation of numerous trails.
The consequences of unregulated grazing are
clearly observed in the small hayfields, leveled
ridges, and summer pastures located in the south-
ern and southwestern parts of Lake Zoghalli.

4.Conclusion

The subalpine and alpine meadow landscapes
of the northeastern slope of the Lesser Caucasus
were analyzed using cosmolandscape methods.
According to the results, although the anthropo-
genic coefficient in high-mountain meadows does
not exceed 0.4-0.5, intensive land use has caused
significant degradation of landscape units and the
formation of areas with high ecological stress.
The anthropogenic load on the region’s natural
landscapes, as well as the evaluation of the
productivity of pastures and hayfields, should be
approached through project-based landscape ma-
nagement, taking into account landscape factors.
In the required areas, it is advisable to establish
cultural pasture landscapes by enriching the grass
cover with seed mixtures, thereby organizing a
planned forage supply system for livestock.
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KiCiK QAFQAZIN SIMAL-SORQ
YAMACINDA YUKSOK DAGLIGIN SUBALP VO
ALP COMON LANDSAFTLARININ
GEOEKOLOJi POTENSIALININ
QiYMOTLONDIRILMOSIi

S.M.Abbasova

Xiilasa. Mogqalodo Kicik Qafgazin simal-gorq ya-
maclarinin yiiksok dagliginda formalasan subalp vo alp
¢omoan landsaftlarinin kosmik gokillorden alinan infor-
masiyalar osasinda tohlili noticesinds onlarin morfoge-
netik xiisusiyyatlori, regional diferensiasiyasi, antropo-
gen yiiklonmosi miitloq yiiksoklikdon asili olaraq doyi-
silmasi tohlil olunur. Miioyyen edilmisdir ki, regionun
yiiksok dag-mesolorinin 80%-don ¢oxu 1800 metra go-
dor, dag-¢omonlorinin isa 90%-don ¢oxu 2200 metrdon
yiiksakds yerlosir. Bu ¢amonliklar, yiiksok dagliq srazi-
lardo méveud olan, goxillik ot bitkilorindon ibarat yay
otlaglar1 kimi istifads olunan ekosistemlordir. Dag-¢o-
moanlarinin boyiik bir qismi tokrar toroms mangsli ola-
raq mesolorin qurildigi orta dagliq orazilordo vo antro-
pogen tosirlor noticesinde doyisilmosino goro 4 qrupa
ayrilmasi gostorilmisdir - praktiki olaraq doyisilmoyon;
zoif doyisilmis; orta dorocods doyigilmis; asasli trans-
formasiya olunmus landsaft qruplari vo bunlarin hor bi-
rinin landsaft-ekoloji xiisusiyyatlori, manimsonilmasi,
dayisilmasi ayri-ayriliqda saciyyslondirilir. Tabii-cog-
rafi xiisusiyyotindon asili olan otlaglar heyvanlarin
hadsiz otarilmasi noticosindo ekoloji voziyysto daha
¢ox moruz qalaraq az mohsuldarligi, landsaftda boyiik
doyisikliyin yaranmasina sobab olmasi tohlil olunur.

Acar sozlar: Landsaft, alp vo subalp, geoekoloji
potensial, dag-¢omoan, otlaq sahoslori, mikrolandsaft, ot-
laq bitkilori



