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Abstract

The study of the differentiation characteristics of modern anthropogenic complexes is one of the main issues of landscape science. The dynamics
and forecasting of anthropogenic landscapes have an important role in the effective placement and proper management of regional farms, as well as
in the organization of natural environment protection. Within the Republic of Azerbaijan, the modern anthropogenic landscapes of the northeastern
slope of the Great Caucasus were formed under the influence of complex long-term geographic-historical-economic factors. Compared to the other
regions of Azerbaijan, the modern anthropogenic complexes of the northeastern slope of the Greater Caucasus are distinguished by their unique
differentiation characteristics. The study of these regularities based on Geographical Information Systems (GIS) and satellite images (Landsat 7
ETM-+, Landsat 8, CNES/Airbus) is of scientific and practical importance. The natural landscapes of the north-eastern slope of the Greater Caucasus
have undergone fundamental transformation and have been replaced by various anthropogenic complexes during historical periods. From the coastal
plains of the Caspian Sea to the Main Caucasus Range, the following anthropogenic complexes alternate: agro-irrigated landscapes of plains-low-
lands (Samur-Devachi lowland), winter pastures and meadows, dry and episodic irrigated agrolandscapes of sloping plains (Gusar sloping plain),
episodic highlands summer pastures and meadows of used subalpine-alpine meadows, subnival-nival landscapes of the highlands that are not changed
experimentally. The differentiation and structural-functional characteristics of the North-Eastern slope of the Great Caucasus were studied by us on
the basis of satellite images with the application of GIS. Regional satellite images show the intensity, extent of anthropogenic impacts, distribution
over the area, etc., using the NDVI analysis method (unsupervised classification). Modern anthropogenic landscapes of the north-eastern slope of the
Greater Caucasus are distributed along the vertical belt: 1) sharply changed natural complexes of lowlands and foothills; 2) fundamentally changed
natural complexes of the middle highlands 3) natural complexes of the highlands that maintain their original state (practically unchanged). According
to our analysis based on GIS, 98% (40,000 ha) of perennial crops, 93% (41,351 ha) of mowed areas, and 95.4% (107,900 ha) of cultivated areas are
located at the altitude level of -28 m and -1000 m. 62% (272,740 ha) of the hypsometric step of the north-eastern slope of the Greater Caucasus up
to 1000 m has been assimilated through agrolandscapes, and up to 10% (43,416 ha) through seliteb complexes.
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JAudepenuiiina XapaKTepUCTUKA CYYACHUX AHTPONOreHHUX JaHamadTiB niBHiuHOro cxuiay Beankoro
Kagka3y

Canynnaep Paman Paxio

baxuncokuii /lepycagnuuit Yuieepcumem, eyn. Axademixa 3axioa Xaninoea, 23, baxy AZ1148, Azepoaiiorncan

Pegepar

BuBuenns nudepeHIiiHoi XapakTepUCTHKU Cy9acHHX aHTPOIIOTEHHIX KOMILIEKCIB € OJJHUM 13 OCHOBHHX IINTaHb JIaHAMAa(To3HaBcTBa. [[iHaMiKa
Ta IPOTHO3YBAaHHS aHTPOIOTEHHUX JaHIIA(TIB BiirpaloTh BasIINBY POJIb B (heKTHBHOMY PO3MIIIICHHI Ta IPAaBHILHOMY BeJICHHI PETiOHAIBHOTO
TOCIIOZIapcTBa, a TaKoXK B OpraHi3alii oXopoHH NOBKIIILY Mekax PecmyOmikm AsepOaifjpkaH cydacHi aHTPONOreHHI JaHAMAa(TH MiBHIYHO-
cximHoro cxmiry Bemnkoro KaBkasy chopmyBaiicst I BIUIMBOM CKJIAJHAX JOBTOTPUBAINX IeoTrpadidHiX Ta iCTOPUKO-CKOHOMIUHMX (DaKTOpiB.
YV nopiBHSHHI 3 IHIIIME perioHaMu A3epOaii/UkaHy CydacHi aHTPOIIOTCHOBI KOMIUIEKCH ITiBHITHO-CX1IHOTO cXHTy Bemnkoro KaBka3y Bifpi3HAIOTECS
YHIKaJbHUMH XapaKTepHUCTHKaMU IXHbOI audepenmiamii. locmipkeHHs IUX 3aKOHOMIpHOCTeH Ha ocHOBI reoindopmarniianx cucreM (I'IC) Ta
cymyTHHKOBHX 3HIMKIB (Landsat 7 ETM+, Landsat 8, CNES/Airbus) mae HaykoBe i npakTuaHe 3HadeHHs. [IpupoHi tanamad Ty miBHIYHO-CXiTHOTO
cxmiy Benmkoro Kaska3y B icTopuuHiii uac 3a3Hanu JOKOPiHHOI TpaHC(OpMaii i 3MiHIOBAIUCS Pi3HOMaHITHIMH aHTPOIIOT€HHIMH KOMILICKCaMH.
Bin y36epexxnnx piBauH Kacmiiicekoro mopst 1o T'onosHoro KaBkaspkoro xpedTa 4epryloThCs Taki aHTPOIIOT€HHI KOMIUIEKCH: arpo3pollyBaHi
nanmmadTH piBHUHHMX HH30BHH (CaMyp-/leBadiBChbka HH30BHHA), 3MMOBI ITaCOBHIIA i JIYKH, CyXi Ta €Ni30[MYHO 3pOLIyBaHi arposaHAmadTH
cxmnoBux piBHUH (I'ycapchka moxuia piBHMHA), €Mi30MYHO BHKOPHCTOBYBaHI BHCOKOTIpHI JIITHI IIaCOBHINA Ta JIyKH i BUKOPHUCTOBYBaHI
cyOanbiiichKo-aNbMiHChKI JIyKH, HEe3MiHeHI JaHAmapTH cyOHiBaIbHOTO piBHS BHCOKOrip’s. Jludepenmiamis Ta CTpyKTypHO-(pyHKIIOHAIbHA
XapaKTepHCTUKA JaHMMIAa(TIB MiBHIYHO-CXiHOrO cxmiry Bemukoro KaBkasy BuBUeHa HaMH Ha OCHOBI CyITyTHHKOBHX 3HIMKIB i3 3aCTOCYBaHHSIM
TI'IC Ta 3a meTonoMm ananizy NDVI (HexoHTponb0BaHa Kiacudikaris). PerioHansHi cymyTHHKOBI 3HIMKH BifIoOpa)karoTh iIHTEHCUBHICTH i MacIITabn
AHTPOIIOTCHHUX BIUIUBIB, iXHIN po3mozin 3a momieio Tomo. CydacHi aHTPOIOreHHI JaHTIadTH MiBHIYHO-CXigHOTO cXmry Bemukoro Kaskazy
MalOTh TaKy BepTHKAIbHY IOSCHICTH: 1) pi3ko 3MiHEHI PHPOHI KOMILUICKCH HU30BHH i Iepearip'is; 2) MpUHIMIIOBO 3MiHEH] IPHPO/IHI KOMIUICKCH
CepeIHbOTIP's; 3) NPHPOIHI KOMIIEKCH BHCOKOTIP'S, [0 30epiraroTh CBii NMepBiCHUH cTaH (IPaKTHYHO HE3MiHHI). 3TilHO 3 HAIINM aHAJi30M Ha
ocHoBi I'IC, 98 % (40 000 ra) 6araropiuanx HacamkeHb, 93 % (41 351 ra) mrom cinokociB i 95,4 % (107 900 ra) opHHUX IO PO3TANIOBaHi Ha
BUCOTHOMY piBHi -28 M — 1000 M. Ha rincomerpuuHiii cTymiHi NiBHIYHO-cXiMHOTO cXmiTy Bemnkoro KaBka3sy Bucororo 1o 1000 M arponanamadra
3aiiMaroTh 62 % (272 740 ra), a cenite6bni kommekeun 10 10 % (43 416 ra).
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1. Introduction

Anthropogenic landscapes are territorial complexes
within the landscape sphere, whose natural balance is
constantly protected or changed by human activity, depending
on its economic type [13]. They are formed on the basis of
natural complexes being reshaped and significantly changed
by human impact [12]. At present, anthropogenic complexes
are found to a greater or lesser extent in all geographical
zones. Each physical-geographic zone has a total spectrum
of anthropogenic landscapes. The issues of formation and
grouping of anthropogenic landscapes have been studied
by F. N. Milkov [12], L. I. Kurakova [13] and others, who
studied the formation periods of anthropogenic landscapes.
D. L. Beruchashvili [10] studied the geophysical properties
of natural-anthropogenic complexes. Modern anthropogenic
landscapes of the Republic of Azerbaijan have been studied
since the 70s and 80s of the 20th century by B. A. Budagov
[11], M. A. Museyibov [14], M. A. Suleymanov [8],
Y. E. Garibov [3,4,11], Yunusov M. 1. [1,9],
Ismayilov M. C., Mammadbayov E. Sh[1],N. S. Ismayilova [4],
Hajiyeva A. Z. [2], Guliyeva S. Y. [5], R. R. Sadullayev
[6,7,15] and other researchers.

Taking into account the regional characteristics of
the Republic of Azerbaijan and the types of anthropogenic
influences, the natural landscapes of the northeastern slope of
the Greater Caucasus are divided into 5 groups, according to
the degree of anthropogenicization: 1) practically unchanged;
2) weakly anthropogenic; 3) moderately anthropogenic;
4) strongly anthropogenic; 5) fundamentally transformed
[3]. It was shown that the morphological units of
the natural landscapes of the region undergo fast changes
under anthropogenic process. Depending on the degree of
impact of economic activity, the changed (weakly, strongly
and fundamentally changed) and conventionally unchanged
landscapes of the northeastern slope of the Greater Caucasus
are distinguished [4].

2. Methodology

The differentiation, dynamics and modern state of
the anthropogenic landscapes of the northeastern slope
of the Greater Caucasus were monitored using the NDVI
(The Normalized Difference Vegetation Index) that is
unsupervised classification method of multispectral satellite
images (Landsat 7 ETM+, Landsat 8). The modern natural
landscapes of the north-eastern slope of the Great Caucasus
have been fundamentally changed during historical periods,
and, as a result, they have been replaced by various
anthropogenic complexes. In recent years, we have been
monitoring the anthropogenic complexes of the region on
the basis of GIS and satellite images.

3. Results

The modern natural-anthropogenic landscapes of
the northeastern slope of the Greater Caucasus are distributed

according to the vertical zonality. The semi-desert, dry steppe,
xerophytic thickets, arid sparse forest-shrub complexes
of the Samur-Devachi Lowland have been fundamentally
changed, replaced by various intensively used anthropogenic
complexes, large-areca urban agglomerations and other
man-made landscapes. In the meadow-shrub, forest-shrub,
and forest landscapes of the low mountains and smooth
plateaus, agrolandscapes (pasture and livestock complexes)
were formed, which were mainly related to sorghum farming
and animal husbandry. The anthropogenic transformation of
the natural landscape types and subtypes of these areas has
a maximum indicator. So, at least 50% of the forests here
were gradually turned into meadow [3], forest-shrub, sparse
bush, etc. Thus, natural complexes has turned into their
anthropogenic derivatives. At the same time, in the following
years, a large part of the bushy landscapes were replaced by
agrocenoses or other anthropogenic landscapes.

The modern natural landscapes of the mountainous
and plain areas of the north-eastern slope of the Greater
Caucasus have been fundamentally changed and replaced
by anthropogenic complexes. As a result of the development
of agriculture in the Samur-Devachi lowland and
the Gusar sloping plains, small-area agrocomplexes and
seliteb landscapes became scattered in the wide valleys
with favorable melioration conditions of the Gusarchay,
Gudyalchay, Karachay and Valvalachay, in the yield crops
gradually began to grow [4], expanding towards the foothill
plains. Forests were suppressed by bush formations.
Palaeogeographic studies have proven that most of the forests
in the plains and foothills of the region were subjected to
anthropogenic influences in the first centuries of common era
and gradually turned into agro-landscapes [3, 8]. (Figure 1).

The modern anthropogenic landscapes of the northeastern
slope of the Greater Caucasus were formed by the influence
of long-term historical-geographical processes. According
to the GIS data, it has been shown that the anthropogenic
landscapes of the region consists of agricultural land (16.2%),
orchards and vineyards (5.8%), urban and rural complexes
(6.8%), as well as transport, communication and industrial
infrastructure of various functions (3,6 %). The analysis
based on satellite images shows that the natural landscapes
of the region, especially at the hypsometric level of
-28 — 1000 m, have been changed by human impact and
transformed into diverse anthropogenically modified areas
(Figure 2).

The development of agriculture, horticulture,
and animal husbandry in the Greater Caucasus region has
strongly impacted characteristics of natural landscapes.
The anthropogenic complexes [2], which are irrigated
and used in the form of rice fields to varying degrees,
change dramatically both natural landscape types and
administrative-territorial units. Apart from Khachmaz
region, all administrative regions of the northeastern slope of
the Greater Caucasus are divided into two parts according to
geomorphological and soil-climatic characteristics: first of
all — mountains; foothill sloping plains and lowlands.

In the Landsat 7 ETM+ and Landsat 8 satellite
images of the northeastern slope of the Greater Caucasus,
landscape contours of various geometric shapes reflect the
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Fig. 1. 1a — Landscape differentiation, according to the degree of anthropogenic change [16]: I — Practically unchanged landscape complexes preserving
their natural development; II — Weakly modified summer pastures and mowing areas subjected to irregular economic impacts; III — Moderately altered
natural complexes exposed to irregular economic effects; IV — Natural landscapes subjected to drastic changes and regular economic impacts [3,4].

Fig. 2. Differentiation of anthropogenic landscapes (from the shores of the Caspian Sea to the peak of Shahdag) [16]

features of intensity of anthropogenic impacts (Figure 2).
The agro-irrigation landscapes, formed in
the semi-deserts on intensively used alluvial, alluvial-proluvial,
and marine plains, are characteristic of the Samur-Devachi
lowland [4]. The agro-irrigation complexes representing the
grain and vegetable crops and garden-plantations on the slopes,
foothils, and undulating plains of the region are typical for
the Gusar sloping plain. The winter pastures of
the mountainous dry steppes and arid sparse forest-shrubs
of the north-eastern slope of the Greater Caucasus spread
on the gray-brown soils of the fragmented low mountains
and plateaus in the Khizi and Siyazan regions. Against
the background of these winter pastures, small-areas of
sorghum crops, episodically irrigated agrolandscapes, grape
plantations and hayfields have been developed.

The analysis of the northeastern slope of the Greater
Caucasus based on GIS shows that the main part (94.6%,
i.e. 189,251 hectares) of the region's agro-landscapes

(mowing, perennial planting and sowing) belongs to
the foothill plains and lowlands up to 1000 m in
hypsometry [15]. The analysis of the regional distribution
of agrolandscapes based on GIS shows that among
agrolandscapes of different economic functions, irrigated
and unirrigated garden-plantation, silage-garden, mowing
and pasture agro-irrigation landscapes are prevail [3].
In the structure of the mentioned anthropogenic complexes,
the irrigated fields differ both in terms of economic importance
and productivity. The following main signs are observed in the
distribution of modern anthropogenic landscapes of
the region: the increase of the area of grain and perennial
crops inthe structure of agro-irrigation landscapes, and the
decrease of the area of low-yielding pastures and hayfields. Also,
in the economic functions of the agrolandscapes of
the Greater Caucasus region, the replacement of small-area
vegetable and melon plantations and scattered patches by
large-area grain and perennial crops fields is observed [4,11].
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Anthropogenic complexes are dominant in the Gusar
sloping plain. Thus, in this sloping plain, the total area of
seliteb landscapes is 19,000 ha (11.5%), and the area of forest
landscapes is 50,000 ha (30.2%). The share of agrolandscapes
is 86,325 ha (52%), of which 36,637 ha (22%) are cultivated,
and 16,916 ha (10.2%) are perennial crops. The share of
agrolandscapes in the natural-anthropogenic landscape
structure of the Samur-Devachi lowland is 136,100 ha
(62%), the total area of scliteb complexes is 22,810 ha
(11.2%), and the sandy areas of economically poorly used
coasts, swamps, and river beds are 14.5% [15]. The area of
the hypsometric level up to 1000 m on the north-eastern
slope of the Greater Caucasus is 438,400 ha, of which
272,740 ha (62%) have been assimilated through
agro-landscapes. About 10% (43,416 ha) of this
hypsometrical level is made up of seliteb complexes.
94.6% (139,571 ha) of the total cultivated area of the region
is concentrated in favorable hypsometric conditions up to
1000 m.

Settlement-seliteb anthropogenic landscapes on
the northeastern slope of the Greater Caucasus are
the complexes with geometric configurations (linear-chain,
circular-radial, ball, scattered, grid, etc.). For comparison,
we can say that in the areas of Jeyranchol and Gobustan,
the share of seliteb complexes in the total landscape
background is 1.5% [3], and in the Samur-Devachi plain
it reaches 11.2% (22,810 ha). Based on the analysis of
satellite images, we have determined that the total area
of seliteb complexes in the region is 47,229 ha (6.7%).
The areas of these types of complexes within the vertical belt
(-28 — 4466 m) and their impact on natural landscapes are
gradually weakening (Figure 3).

Due to the influence of historical-geographical factors,
an important part of the settlement-seliteb complexes of
the region is concentrated in the lowlands, sloping plains and
foothills. Depending on the relief and climate conditions,
both the area and the number of village seliteb complexes
gradually decrease towards the middle and high mountains
of the northeastern slope of the Greater Caucasus. Thus,
the share of this type of landscapes up to 1000 m hypsometry
is 90.7%, 8.1% between 1000-2000 m, and 1.2% above 2000
m [6]. Extreme relief-climatic conditions in the hypsometrical
level above 2500 m (absolute height) determine that the
settlements here are temporary or seasonal.

Fig. 3. Hypsometric differentiation of seliteb complexes of the northeast-
ern slope of the Greater Caucasus.

4. Conclusion

Within the Republic of Azerbaijan, we observe a clear
landscape differentiation on the north-eastern slope of
the Greater Caucasus. Here we find landscape units from
the fundamentally transformed agro-irrigation complexes of
the plain-lowland areas to the practically unused nival-glacier
complexes of the highlands. On the northeastern slope of
the Greater Caucasus (heights up to 1000 m), substantial
agrolandscape impact is observed: 98% of perennial planting
(40,000 ha), 93% of mowed areas (41,351 ha), and 94.6%
of cultivated areas (139,571 ha) is concentrated in this zone.
In total, 62% (272,740 ha) of this area (up to 1000 m) is
occupied by agrolandscapes, and 10% (43,416 ha) consists
of seliteb complexes.

Settlement-seliteb anthropogenic landscapes on
the northeastern slope of the Greater Caucasus are complexes
with geometric configurations (linear-chain, circular-
radial, ball, scattered, grid, etc.). Based on the analysis of
satellite images, we determined that the total area of seliteb
complexes in the region is 47,229 ha (6.7%). The area of
these complexes along the vertical transect (from -28 m to
4466 m) and their impact on natural landscapes are gradually
weakening.

The main network of seliteb complexes within the region
is concentrated in the Samur-Devachi plain, sloping plains
and foothills. Depending on the relief-climate conditions
towards the middle and high mountains, the number and
areas of village seliteb complexes gradually decreases
(90.7% up to 1000 m, 8.1% between 1000-2000 m, 1.2%
above 2000 m). Above 2500 m, the settlements are temporary
and seasonal.

The natural landscapes of the north-eastern slope of
the Great Caucasus have undergone various degrees of
transformations. Modern anthropogenic complexes have
been formed under the influence of complex geographical-
historical-economic factors. From the coastal plains of
the Caspian Sea to the Main Caucasus Range, the following
anthropogenic complexes alternate: agro-irrigated landscapes
of plains-lowlands (the Samur-Devachi Lowland), winter
pastures and meadows, dry and episodically irrigated
agrolandscapes of sloping plains (the Gusar sloping plain),
episodically used highland summer pastures and subalpine-
alpine meadows, and subnival-nival landscapes that are not
changed anthropogenically. Therefore, modern anthropogenic
landscapes of the region are distinguished by specific signs
of differentiation. These signes are analysed in the paper
on the basis of Geographical Information Systems (GIS)
and satellite images (Landsat 7 ETM+, Landsat 8, CNES/
Airbus, etc.).
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