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Abstract: This study examines the application of remote sensing and Geographic Information
System (GIS) technologies for assessing the condition, productivity, and spatial dynamics of pasture
lands. Remote sensing provides an efficient approach for obtaining timely, objective, and large-scale
information on land surface characteristics, vegetation status, and environmental changes. GIS
technologies enable the integration, storage, processing, analysis, and visualization of multisource
geospatial data, thereby supporting comprehensive monitoring of pasture ecosystems. The
methodological framework includes image preprocessing, mosaicking, spectral index calculation,
raster classification, and pixel-based spatial analysis using ArcGIS software. These procedures
facilitate the extraction of quantitative information on vegetation cover, pasture degradation, biomass
distribution, and the influence of natural and climatic factors on land productivity. Landsat 8 satellite
imagery was employed as the primary data source due to its suitable spatial and spectral resolution.
The results demonstrate that the combined use of remote sensing and GIS technologies provides
reliable spatial and statistical information for evaluating pasture conditions, identifying degradation
trends, and supporting sustainable pasture management and decision-making processes.

Key words: remote sensing, GIS, Landsat 8, pasture land monitoring, land cover mapping,
vegetation assessment, spatial analysis.

Introduction

The monitoring of land facilitates the acquisition of data regarding the physical, chemical,
biological, and geometric characteristics of a given territory. Consequently, this enables the
assessment of the natural environment's condition and the observation of temporal changes. These
capabilities underpin the creation of land use maps and the execution of monitoring and predictive
analyses [7].

Currently, the acquisition of data at an advanced technical level is facilitated through remote
sensing methodologies. This approach allows for the rapid collection of extensive information
regarding the condition of vast areas [9]. Specifically, aerial imagery provides an objective evaluation
of the existing circumstances and aids in the implementation of strategies aimed at their efficient
utilization.

In recent years, the utilization of remote sensing data has yielded significant advancements in
disaster preparedness and the early warning of cyclones, droughts, and floods. However, the effective
application of remote sensing data necessitates the processing of extensive volumes of information
and the integration of this data with information sourced from other platforms, such as cartographic
or hydrometeorological station materials. Such tasks are contingent upon the availability of
appropriate software tools. Consequently, as the reliance on remote sensing data intensifies, there is
a concomitant increase in the application of geographic information system (GIS) technologies.

Methodology: Remote sensing encompasses the technological processes utilized to observe
the Earth's surface through the deployment of aerial and spaceborne vehicles that are equipped with
diverse imaging instruments. This methodology facilitates remote observation, allowing for data
collection without direct physical interaction with the object of interest [10, 2, 8, 7]. The approach is
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designed to yield reliable data expeditiously, thereby supporting the execution of essential planned
activities.

Remote sensing methodologies are predicated upon the utilization of sensors deployed on
spacecraft, which are adept at the digital processing of electromagnetic radiation and proficient in
capturing data across an extensive spectrum of electromagnetic wavelengths [2].

Depending on the specific tasks involved, one may utilize low-, medium-, and high-resolution
data. It is important to acknowledge that remote sensing methodologies primarily yield images of the
Earth’s surface, and that meaningful conclusions can be derived through the processing of these
images [8]. Consequently, satellite imagery serves not only as a valuable tool for disaster management
but also proves to be highly effective for agricultural applications, particularly through the analysis
of near-infrared images to evaluate crop conditions. It is imperative to emphasize that, contingent
upon the research objectives, the selection of geospatial data sources based on the spatial resolution
of satellite imagery is of paramount significance.

The selection of a satellite's orbital position is a critical factor in capturing images of the
Earth's surface. This is attributable to the fact that the capabilities of satellite sensors are
predominantly influenced by the parameters associated with their respective orbits.

Various types of orbital configurations are necessitated for continuous monitoring (as in
meteorological applications), for the compilation of global maps (such as land cover mapping), or for
selective imaging in urban areas [7]. Generally, it can be observed that an increase in altitude
corresponds to an expansion in spatial coverage; however, this is accompanied by a reduction in
spatial resolution.

The majority of sensors employed in Earth observation primarily measure reflected solar
energy, while a subset is designed to detect the energy emitted by the Earth itself [7]. Consequently,
different forms of electromagnetic radiation yield distinct types of information regarding the
characteristics of the Earth’s surface.

Electromagnetic radiation across various wavelengths presents numerous differences;
nonetheless, all forms—from radio waves to gamma radiation—exhibit the same fundamental
physical characteristics [2].

Wavelength (L) serves as a distinguishing feature of various forms of electromagnetic
radiation. The blue wavelength within the spectrum is approximately 0.45 pm and is predominantly
employed for measuring the depth of aquatic environments as well as for differentiating between soil
and vegetation types. The green wavelength spans approximately 0.50 to 0.60 um, facilitating the
distinction between turbid and clear water, the presence of oil on the water surface, and the health of
vegetation. The red wavelength is situated around 0.60-0.70 um, whereas the near-infrared
wavelength ranges from approximately 0.70 to 1.1 pm; these wavelengths are utilized to differentiate
various conditions of vegetation, to create coastal maps, and to categorize different types of
vegetation [4, 5]. Consequently, image data derived from these specific wavelengths can be
instrumental in the study of pasture lands, particularly in assessing vegetation cover and productivity,
evaluating water availability, and identifying areas deficient in vegetation.

Remote sensing data necessitate processing through Geographic Information System (GIS)
technologies. These data are regarded as a fundamental source of GIS information, integrating diverse
datasets acquired from both spaceborne and airborne platforms. They represent a critical component
of remote sensing as a communication medium, facilitating the synthesis of cartographic and
aerospace methodologies. This integration is attributed to the capabilities of GIS, which encompass
the collection, storage, processing, analysis, graphical visualization, and modeling of spatial and
pertinent information regarding the represented entities. Furthermore, GIS supports the resolution of
informational and computational challenges utilizing digital cartographic, analog, and textual data [2,
3, 10, 6]. Thus, GIS can be conceptualized as a contemporary computer-based technology designed
for the prediction of objects, events, and phenomena.

Methods such as remote sensing significantly enhance the capacity to generate datasets for
the compilation of pasture maps across various spatial and temporal scales. Additionally, they offer
materials that can be seamlessly integrated with existing maps, databases, and field studies.
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The primary applications of remote sensing in cartography encompass the assessment of land
use patterns and the identification of environmental degradation, pollution, and deterioration of
natural ecosystems [1].

In contemporary contexts, precise mapping of managed land cover is essential for effective
monitoring, comparative analysis, evaluation of potential uses, and strategic planning. The analysis
and monitoring of optimal land management practices, comparison of usage levels, land allocation,
implementation of sustainable land management, and support for ecosystem services and land market
strategies all necessitate the mapping of spatial trends.

Analysys and discussions:

Based on the information presented, the utilization of Landsat 8 satellite data is deemed
appropriate for acquiring spatial data in alignment with the research objectives.

Landsat 8 data is accessible through the open database of the U.S. Geological Survey
(http://earthexplorer.usgs.gov), where researchers can download multi-year imagery of the study area
from the comprehensive collection captured by the Landsat 8 satellite [20].

The analysis of land conditions, productivity, and the adverse effects of natural factors
utilizing satellite imagery and ArcGIS software necessitates the execution of several methodological
steps. These steps encompass the integration of images, conducting calculations across their spectral
ranges, classifying the resultant data, and quantifying area metrics for the identified classes.

In instances where the study area comprises multiple collections of imagery, image
mosaicking is employed to generate high-resolution images and ensure the reliability of the data
obtained.

Mosaicing images requires several steps in the ArcGIS program: Toolboxes — System
Toolboxes — Data Management Tools.tbx — Raster — Raster Dataset — Mosaic To New Raster

(Fig. 1).
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Figure 1. Window for Mosaic To New Raster

After selecting the necessary images, calculations are performed for their bands. They are:
Toolboxes — System Toolboxes — Spatial Analyst Tools.tbx — Map Algebra — Raster Calculator

(Fig. 2).
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Figure 2. Window for performing calculations across the bands of satellite images

After the bandss are calculated using the given formulas, they are classified into classes, which
is carried out as follows: Toolboxes — System Toolboxes — Spatial Analyst Tools.tbx —
Segmentation and Classification — Classify Raster (Fig. 3).
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Figure 3. Window for classifying image data into classes

Upon classifying the image data into distinct categories, it becomes feasible to extract pixel
information. The process for obtaining pixel data is executed through the following sequence:
Toolboxes — System Toolboxes — Spatial Analyst Tools.tbx — Reclass — Reclassify (Fig. 4).
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Figure 4. Window for obtaining pixel data from classified information
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The precision of the acquired images directly influences the reliability of the pixel data, which
offers insights into the spatial distribution of geographic features within the study area. This
information is instrumental in quantifying the extent of vegetation coverage in pastoral lands and
identifying areas of land degradation.

Conclusion: The application of Geographic Information System (GIS) technologies to the
processing of Landsat 8 satellite data, following the designated sequence, facilitates the assessment
of pasture land conditions and productivity. Additionally, it enables the identification of adverse
impacts from natural factors. Furthermore, the methodologies employed significantly enhance the
capability to evaluate future dynamics of changes in pasture lands, utilizing both the derived imagery
and quantitative data.
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NEPCHEKTHABBI MIPUMEHEHUS TEXHOJOI' M JUCTAHIIMOHHOI' O
30HAUPOBAHUA U TEOUMH®OPMAIIMOHHBIX CUCTEM B MOHUTOPHUHI'E
ITACTBUIIIHbIX 3EMEJIb
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AHHOTanus: B 1aHHOM HCCIIEOBAHMM pAacCMaTpUBACTCS IPUMEHEHHE TEXHOJIOTUHI
JMCTAaHIIMOHHOTO 30HIUPOBaHUs 3eMiH U reorpapudeckux nHpopmanuonusix cucreM (I'MC) ms
OLIEHKU COCTOSIHUS, MPOJYKTMBHOCTH W NPOCTPAHCTBEHHOM AMHAMHUKU MACTOMIIHBIX YIrOAWH.
JIMCTaHIIMOHHOE 30HAMPOBAaHUE MPEIACTABISAET CO00W A(PPEKTHBHBIA WHCTPYMEHT MOIYUYCHHUS
OINEpPAaTUBHON, OOBEKTUBHOM M KpyMHOMAacITaOHOW MH(pOpPMAIMU O XapaKTepPUCTHKAX 3EMHOMN
MIOBEPXHOCTH, COCTOSIHUM PACTUTEIBHOTO MOKpOBa M M3MEHEHMSX OKpyxatoumiei cpenbl. I'MC-
TEXHOJIOTUM O00€CleunBalOT HMHTErpalfio, XpaHeHHe, oO0paboTKy, aHalu3 U BHU3YyaIM3alUIO
IIPOCTPAHCTBEHHBIX JAHHBIX M3 PAa3JIMYHBIX HCTOYHUKOB, UYTO CIIOCOOCTBYET KOMILIEKCHOMY
MOHUTOPHUHIY MNACTOMIIHBIX 3KOCHCTeM. MeToAMYEeCKH MOAXOJA BKIOYAET IPEIBAPUTEIbHYIO
00paboOTKy CITyTHUKOBBIX M300pa)KCHUH, UX MO3aWIMPOBAHUE, PACUET CIIEKTPAJIbHBIX HWHICKCOB,
KJIaCCU()MKALMIO PACTPOBBIX JAHHBIX U MHUKCEIbHBIN POCTPAHCTBEHHBIN aHAIN3 C UCIIOJIb30BAaHUEM
nporpaMMHOTO obecriedeHuss ArcGIS. YkazaHHbIC METOIBI TIO3BOJISIOT TOTYYaTh KOJTHYSCTBEHHBIC
MOKa3aTeIN PacTUTEIbHOTO IOKPOBA, Jerpajalluy MacTOUL, paclpeieneHuss 6MoMacchl U BIUSHUSA
MPUPOJHO-KIMMATHYECKUX (PaKTOPOB HAa MPOAYKTUBHOCTH 3€MEJb. Pe3ynbTaThl HCCIEIOBAHUS
MOJTBEPXKIAIOT, YTO COBMECTHOE HCHOib30oBaHWE cHUMKOB Landsat 8 u I'MC-texHonoruit
o0ecrnieuynBaeT MOIy4YeHHe AOCTOBEPHON MPOCTPAHCTBEHHON M CTaTUCTHUYECKON MHGMOpManuu s
OLIEHKH COCTOSIHMSI MAcCTOMIN, BBISBICHHS INPOLIECCOB NETpajalliM U MPHUHATUS OOOCHOBAHHBIX
pelieHnii B 00JacTi yCTOMYMBOTO yIPaBIEHUS MAaCTOUIIHBIMU pecypcamH.

KiarueBble cioBa: gucranuuonHoe 3oHaupoBanue, [MC, Landsat 8, MoHMTOpUHT
MAacTOMIIHBIX 3€Melb, KapTorpaupoBaHHEe 3E€MENbHOIO IOKpPOBAa, OLEHKAa pPaCTUTEIbHOCTH,
IIPOCTPAHCTBEHHBIN AHAJIN3.

KAWBLIBIMJIBIK JKEPJIEPAI MOHUTOPUHT TEY/IE KAIIBIKTAH 30H/ATAY
TEXHOJIOTHUSIJIAPBI MEH TEOAKIAPATTBIK KYHEJIEPAI KOJJIAHY
MMEPCIIEKTABAJIAPBI
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AHHoTauusi: byn 3epTreyne >KaWbUIBIMABIK >KEpIIEPHAiH >KaFAailblH, OHIMJILIITH >KoHE
KEHICTIKTIK JMHAMUKACHIH Oaranayla KAIIBIKTBIKTaH 30HATAY KOHE TeorpadusIblK aKMmapaTThIK
xyienep (I"'AX) TexHomorusnapbIH KoJgaHy Macelnesnepl KapacTblpbliaibl. KallbIKThIKTaH 30HATAY
xKep OCTiHIH cuIlaTTamalapbl, ©CIMIIK >XaMBUIFBICBIHBIH >Kal-KyHi jKOHE KOpIIaFaH OpTaJaFrbl
e3repicTep Typalibl Kee, OOBEKTHBTI KoHE KeH ayKbIMIbI aKIapaT aTyAbIH THIM/I1 KypaJibl O0IbIIT
taObu1aabl. ['AXK TexHoI0rUAIaphl OPTYPIIi KO3epACH albIHFaH KeHICTIKTIK JepeKTep i OipikTipyre,
cakTayra, OHJEyre, TajjayFa >KOHE KOPHEKI TYpJle YChIHyFa MYMKIHIIK Oepemi, Oy >KalbLIbIM
9KOKYHeTepiH KeleH i OaKpuIayibl KAMTaMachl3 eTe/i. ©NICTeMENIK Heri3 CIyTHUKTIK CypeTTepi
QNJIBIH aja eHJIEydl, MO3auKajayabl, CIEKTPJIIK HHICKCTEPJ €CENTeyi, PacTPibIK ACpeKTepi
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KikTeyal skoHe ArcGIS OarmapimaManblK KamMTaMachl3 €Tyl HETI31HAE MHKCETbIIK KEHICTIKTIK
TaNgayabpl KaMTUIbl. Bysl omictep eciMIIiK KaMbUIFBICBIHBIH JKali-KYHi, >KalbLUIBIMAAPABIH TO3YHI,
Ouomacca Tapaiaybl XKoHE TaOMFU-KIIMMATTHIK (haKTOPJIAPABIH JKEp OHIMJUIIIHE dcepi KOHIHJe
CaHJIBIK MAJIIMETTEp allyFa MYMKIiHIK Oepeni. 3eprrey HoTmxkenepi Landsat 8 ciyTHUKTIK cypeTrTepi
MeH ['AXK TexHonOrUsIapbiH Oipiecin KoJaHy *KalbUIbIMIap/IblH KaFailblH Oaranay, Aerpaaanus
YPIICTEpiH aHBIKTAay >OHE >KaWbLIBIM PECypCTapblH TYpPakKThl OacKapy OOMBIHIIA HETi3[enreH
menrmaep Kabbuiay YIliH CEeHIMII KeHICTIKTIK )KOHE CTAaTUCTUKAJIBIK aKmapaT OCpeTiHIH KOPCETTi.

Tyiiin ce3nep: KambIKThIKTaH 30HATaYy, ['AXK, Landsat 8, »&ailbIIBIMIBIK K€p MOHUTOPHHTI,
JKEeP JKaMBUIFBICBIH KapTorpadusiiay, oCIMIIKTepi Oaranay, KEHICTIKTIK Taiaay.
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