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1. INTRODUCTION

Land cover and settlement change in arid regions rarely occurs as a self-
contained process: it unfolds within, and is constrained by, the internal structure of
the landscapes in which it occurs. The landscape approach treats natural-geographic
objects as an integrated system, analyzed through internal structure, component
interaction and sensitivity to anthropogenic pressure, and has proven the most
effective theoretical basis for nature conservation and geoecological problem-
solving [13, 14]. Yet remote sensing- and GIS-based land use and land cover
(LULC) studies frequently treat change as a standalone phenomenon, detached from
landscape structure — a gap that is especially problematic in heavily irrigated arid
regions such as Mirzachul. This thesis synthesizes the theoretical foundations of the
landscape approach, from its historical origins to its geosystem-based formalization
and anthropogenic-landscape classification, to establish why it constitutes the
appropriate methodological basis for analyzing LULC and settlement dynamics in
Mirzachul.

2. METHODS

The thesis is based on a thematic synthesis of landscape-science and
geoecological literature relevant to arid Central Asian regions, spanning
foundational twentieth-century works through to contemporary regional studies.
Sources were grouped into four thematic blocks: (1) the historical development of
the landscape approach and geosystem theory; (2) landscape stability and
anthropogenic sensitivity; (3) the relationship between LULC change, landscape
structure and anthropogenic-landscape classification; and (4) landscape-ecological
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assessment methodology and its application in Mirzachul. This structure presents
the theoretical basis as a cumulative body of knowledge that grounds the empirical
LULC and settlement-dynamics research this thesis's broader programme builds
upon.

3. RESULTS

3.1. The landscape approach and geosystem theory

The landscape approach originates in V.V. Dokuchaev's nineteenth-century
zonality doctrine, which proposed studying natural-geographic objects as an
integrated system; this idea became the conceptual core of landscape science, later
advanced by D.N. Anuchin's school and, in Central Asia, by D.N. Kashkarov and
E.P. Korovin [6, 10]. The discipline was substantially developed by N.A. Solntsev,
N.A. Gvozdetskiy, V.A. Nikolaev, V.B. Sochava, F.N. Milkov and A.G. Isachenko,
and in Uzbekistan by L.N. Babushkin, N.A. Kogay, A. Abdulgosimov and
Sh.S. Zokirov, among others [9, 13, 14]. V.B. Sochava's geosystem doctrine
formalized this tradition, defining a geosystem as a self-governing system whose
surface components are systemically interconnected across three scales —
planetary, regional and topological (landscape) [8, 11]. A landscape is a genetically
integral geosystem of uniform geology, relief and climate, simultaneously nested
within larger regional units and composed of smaller units (facies, urochishcha), and
continuously exchanging matter and energy with neighboring landscapes as
an open system [9]. This internal exchange sustains landscape stability [3], and
altering even one or two components — through changed vertical or horizontal
linkages — can transform the dynamics, function and structure of the entire
landscape [9, 13].

3.2. Ecological stability and anthropogenic sensitivity

Each landscape has a distinct ecological potential and its own degree of
stability, making it the appropriate unit for geoecological assessment [4]; jointly
analyzing natural components and economic activity reveals the direction and
degree of change in a geosystem [4, 14]. Because geosystems have natural
boundaries, uniform geographic settings tend to change in a consistent direction and
at a comparable rate, so geoecological change is best studied in a spatially
differentiated, landscape-based manner [8]. Altitudinal zonation shapes a region's
resource potential, suitability for settlement and the intensity and reversibility of
anthropogenic loading: geosystems governed mainly by climate and relief may
partially recover once pressure ceases, whereas destabilizing pressure can trigger
serious geoecological problems, including pollution, vegetation degradation, soil
erosion and water contamination [8, 9].
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3.3. LULC change and anthropogenic-landscape classification

Land use and land cover (LULC) change is closely bound to landscape
structure, stability and anthropogenic sensitivity; it results from the interaction of
long-acting natural drivers (climate, precipitation) and shorter-acting social drivers
(urban growth, population increase) [15]. Remote sensing and GIS provide cost-
effective LULC and vegetation data, with NDVI widely used to characterize
vegetation density, and Random Forest, CA-Markov, PLUS and CA-ANN
increasingly used for LULC modeling [15, 16]. Such change directly alters
landscape morphology [5, 6]: in abandoned irrigated desert land, desertification has
proceeded gradually as geocomplexes replace one another, leaving each region with
its own historical-genetic sequence [6]. V.S. Polynov and A.l. lvanova (1987)
classified anthropoecosystems by transformation degree into undisturbed, partially
transformed, transformed and fully anthropogenic systems [6], a continuum echoed
in A. Abdulgosimov's classification of Central Asian anthropogenic landscapes by
content — irrigated agricultural, rain-fed, oasis-settlement, hydraulic, recreational,
pastoral, road, industrial and buried-settlement types — and by impact degree into
reorganized, modified and weakly altered categories [1, 2, 6]. Since the mid-
twentieth century, intensifying human activity has driven this anthropogenization,
so that present-day landscapes are, to varying degrees, anthropogenically modified
combinations of natural and transformed land [6].

3.4. Landscape-ecological assessment and application in Mirzachul

Landscape-ecological analysis accounts for both natural and socio-economic
drivers of anthropogenization, with transformation most visibly expressed through
plowing, erosion, deflation, salinization, waterlogging and vegetation degradation
[9]. Assessment begins with landscape typology, built on physical-geographic
zoning [8, 12]; landscapes within a typological group share comparable ecological
potential and develop similar geoecological problems [4]. Unlike administrative-
unit approaches, A.A. Rafiqov [7] assessed geoecological situations within
landscapes using sixteen natural indicators, later extended by Sh.M. Sharipov with
a geosystem transformation index and an anthropogenic-load indicator based on
population density, the share of anthropogenic elements, and land-use type [8]. In
Mirzachul, landscape-agricultural and landscape-ecological maps differentiate
cotton-grain, horticultural, vegetable and pasture complexes and classify
reclamation status by salinity level [9]; weakly transformed accumulative-plain
landscapes have been identified in the northeast, while groundwater rise,
salinization, vegetation degradation, secondary desertification and, since 1990,
water scarcity constitute the region's principal interrelated geoecological problems
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[9]. Urbanization studies further show that industrial expansion is accelerating the
growth of city-forming sectors across the region's settlements [9].

4. DISCUSSION

The reviewed literature converges on one methodological principle: land cover
and settlement change cannot be understood apart from the landscape system in
which it occurs. Because different landscape types possess different ecological
potential and resilience [4, 8, 9], equal anthropogenic pressure — irrigation
expansion, settlement growth — will not produce equal transformation across
landscape types, so LULC analysis in hectares or percentages should be interpreted
through a landscape-typological lens rather than only at the administrative or basin
scale. The classical transformation-degree typologies [1, 2, 6] mirror recent
quantitative, remote-sensing-based transformation indices developed for arid
Uzbekistan landscapes, including Mirzachul and Central Fergana [3, 12], suggesting
that the landscape approach and modern geospatial LULC methods are
complementary: the former justifies landscape type as the basic spatial unit, while
the latter — NDVI, CA-Markov, CA-ANN, PLUS [15, 16] — supplies the means
to measure that change precisely. For Mirzachul, accumulated landscape-ecological
mapping [9] shows that the region's geoecological problems are themselves
landscape-differentiated, reinforcing the case for using landscape types, rather than
administrative boundaries, as the spatial unit for evaluating land cover and
settlement dynamics.

5. CONCLUSION

The landscape approach constitutes the most effective theoretical and
methodological foundation for studying land cover and settlement change,
integrating principles developed from V.V. Dokuchaev to V.B. Sochava and from
A.G. Isachenko to Sh.M. Sharipov with modern geoinformation technologies. Its
central strength is treating LULC change as a process bound to a landscape's internal
structure, stability and anthropogenic sensitivity, in which altering even one or two
components can transform the whole landscape and generate geoecological
problems. This makes the approach particularly valuable in arid, intensively
pressured regions such as Mirzachul, where it can support sustainable regional
development by anticipating geoecological problems before they intensify.
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