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Abstract. The stable development of rural areas largely depends on the availability of up-to-date
spatial information that ensures effective management of land resources and territorial planning. In
Kazakhstan, characterized by vast rural territories, uneven population distribution, and demo-
graphic changes, the use of modern digital tools that enable the integration of topographic and
statistical data becomes particularly important. The objective is to analyze the use of GIS-based
databases in rural areas and assess their role as an analytical basis for geographical research,
monitoring, and management of transformation processes in rural districts. The study emphasizes
the integration of population indicators and land use indicators into a unified geoinformation ar-
chive. Methods include landscape analysis and cartographic modeling with the implementation of
geoinformation systems in the processing and visualization of land management materials and ge-
ospatial documentation. GIS methods were used to calculate the density of the rural population and
to identify spatial and temporal fluctuations in demographic parameters. Results — a GIS database
was formed, providing the ability to analyze the degree of settlement of rural localities and its dy-
namics. GIS-based mapping identified regions with high and low concentrations of rural population,
as well as territorial units showing trends toward decline or relative stability in the number of rural
residents. The developed structure of the GIS database contributes to the synthesis of demo-
graphic, land, and spatial digital values into a unified information environment. Conclusions - the
use of GIS-based databases increases the accuracy and effectiveness of management in rural re-
gions. They should be considered a priority direction for modernizing the system of land regulation
and ensuring balanced economic growth of rural areas of the republic.

AHpatna. AybingblK XXeprnepaiH TypakTbl AaMybl kebiHece xep pecypcTapblH TMiMAi 6ackapy MeH
ayMakTblK KOcnapriayAbl KamTamacbl3 eTeTiH ©3eKTi KeHIiCTiKTIK aknapatTbiH OonybiHa
6annaHbicTbl. KeH aybinablk aymMmakrapMeH, XxanbiKTblH Oipkenki GeniHOGeyiMeH xaHe
aemorpacduanblk  e3repictepmeH  cunattanatbiH  KasakctaHga  tonorpadusanblKk  KaHe
cTaTUCTUKanbIK ManimetTepai OipikTipyre mMyMmkiHAik 6epeTiH 3amaHayu umdpnbiK KypangapAabl
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KonaaHy epekwe MaHbi3fa ue. Makcambi — aybinablk xepnepge FAX TexHonorManapbiHbIH
AepeKKoprapbiH NanganaHyabl Tangay XaHe onapAablH aybiabIK OKpyrTepai TpaHcdopmauusnay
npouectepiH reorpacduanbiK 3epTrey, MOHUTOPUHI XXOHe OGackapy YWiH aHanUTUKanbIK Heri3
peTiHaeri peniH 6aranay. XXymbicTa TypFbiHOap CaHbIHbIH KOPCETKIWITEepPiH XXoHe XepAai nanganaHy
MHAOUKaTopnapbiH OipblHFalM reoakKnapatTblK MyparaTka Oipiktipyre 6aca Hasap aygapbingbl.
Odicmep — XKepre opHanacTbipy MaTepuangapbl MeH reoKeHIiCTIKTiK KyXaTTamaHbl eHAey XaHe
BuU3yanusauusanay KesiHge reoakKnapaTtTblK Xyneneppai icke acbipyMeH naHgwadTTbiK 3epTTey,
kaptorpacdwmsansik mogenbaey. NAX apicTepi ayblsl KOHTUHIEHTIHIH ThIFbI3AbIFbIH €cenTey XaHe
aemorpacdusa napamMeTprepiHiH KeHICTIKTiIK-yaKbITTbIK aybITKyJlapblH aHbIKTay YLWiH KongaHbinabl.
Hamuxenep -aybingblKk enai mMekeHOepAiH KOHbICTaHYy AdpexeciH XoHe OHbIH AWHAMMKAacCbIH
Tanpgayra MyMKiHAiKk OGepeTiH TAX wManimertep 6asacbl Kypbingbl. FAX-TexHonorusnapfa
HerizgenreH KapTara TYCipy aybin XaNKbIHbIH XXOfFapbl XX9He TOMEH LWOoFbipJiaHFaH auMaKTapblH,
cCoHpauv-aK ayblNl TypfbiHOapbl CaHbIHbIH, a3aloblHa Hemece canbicTbipManbl OipkenkiniriHe
6enimainiri 6ap aymakTbiK Oipniktepgi Oenrinepi. AknapatTblK MaccuBTiH [AXK-6a3acbiHbIH
93ipfieHreH KypbinbiMbl gemorpadpusnbik, Xep XoHe KeHICTIKTiK undpnblk MaHaepai GipbiHFan
aknapaTtTblK opTafa CuUHTe3geyre biknan etepi. KopbimbiHObinap - TAXK TexHonorusinapblHbIH
AepeKKoprnapbiH nanganaHy aybuigblK anmakrapgarbl 6ackapyablH gangiri meH Tuimginirin
aptTbipagbl. Onapabl Xepai petTey XYMeCiH XaHFbIPTYAbIH X9He pecnyosiMKaHbliH aybinablk
ayaaHaapbl 9KOHOMUKAChIHbIH TeHrepiMmai ecyiHiH 6acbiMm 6afbIThl peTiHAEe KapacTbIpFaH XOH.

AHHOTaumA. CtabunbHoe pa3BUTUE CEJIbCKOW MECTHOCTU BO MHOIOM 3aBUCUT OT Hanun4iusa akTyanb-
HOM NpPOCTpPaHCTBEHHOM WHhopmaummu, obecnevmBawwen acpcdekTuBHOE ynpaBreHue 3emMelb-
HbIMU pecypcamMu U TeppuTopuanbHoe nnaHupoBaHue. B KaszaxcraHe, xapakTepusyrowemcs 06-
WMPHbIMU CeJIbCKUMU TEPPUTOPUAMU, HEPAaBHOMEPHbIM pacnpegesieHnemM HaceneHus u gemorpa-
¢hnyecKnMmn naMeHeHMAMU, 0CobYH0 3HAUYMMOCTb NpUodGpeTaeT NpUMeHeHUe COBpeMeHHbIX Ludpo-
BbIX MHCTPYMEHTOB, NO3BOJNAKLWMUX UHTErpupoBaTb Tonorpaduyeckme u ctaTUCTu4eckue cBege-
HusA. Ljenb — aHanu3 ucnonb3oBaHuUA 6a3 AaHHbIX TMC-TexHONOrMM B ceNbCKUX panioHaXx MU oLeHKa
MUX POJiM KaK aHarMTU4eCKOW OCHOBbI Ans reorpacgpunyeckoro uccrnegoBaHusi, MOHUTOPUHra U Me-
HeA)XMeHTa npoueccamu TpaHcopmaLmm cenbCKUX OKpyroB. B paboTe caenaH akueHT Ha UHTe-
rpaumio nokasaresieM YMCNEHHOCTU XUTenen U UHANKATOPbI 3eMNenofib30BaHUA B €AUHbIN reOuH-
chopmauMOHHbIN apxuB. Memodbil — naHawadgTHOE U3yvyeHune, KapTorpacgpuyeckoe mogenupoBaHume
C peanusauuen reonHPOpPMaLNOHHbLIX CUCTEM NPU 0OpaboTKe M BU3yanusaumm matepmarnoB 3eM-
NeyCcTPOMCTBA U reonpoCcTpaHCTBEHHOM AoKyMeHTauun. Cnoco6bl N'MC npumMmeHanuch ansa pacyéra
MJIOTHOCTU CENbCKOro KOHTUHIreHTa U BbIABJIEHMA NMPOCTPAaHCTBEHHO-BPEMEHHbIX KornebaHun na-
pameTpoB gemorpacpun. Pesynsmamsi —cchopmmupoBaHa N'MC-6a3a gaHHbIX, NpeaocTaBnsAoLWwas -
BO3MOXHOCTb NMpPOaHanu3npoBaTb CTeNeHb 3acerieHHOCTU CerNlbCKUX NoceNieHun U ee AUHAMMUKY.
KapTtorpacmpoBaHue Ha ocHoBe T'MC-TexHOMornm o603Ha4YMNoO pPerMoHbl C BbICOKOM U HU3KOM KOH-
LeHTpauuMen cenbCKOro HacerneHusl, a Takke TeppuTopuanbHble egUHULbI, oGnagalLine TeHOeH-
LMenr K COKpaLLeHUI0 U OTHOCUTENbHOM PaBHOMEPHOCTbLIO KONM4yecTBa cefibvaH. PaspaboTaHHas
cTpyktypa 'MC-6a3bl uHcpopmaLMoHHOro MaccuBa cnoco6CcTByeT CUHTe3y AeMorpadnyeckux, 3e-
MeNnbHbIX U NPOCTPAHCTBEHHbLIX LU(POBLIX 3HA4YeHUA B eAUHYK WHGOPMaLMOHHYIO cpeay.
BbigeoObI — ncnonb3oBaHue 6a3 gaHHbIx TMC-TexHONOrMM NoBbLIWAET TOYHOCTbL U AEeNCTBEHHOCTbL
ynpaBiieHUs1 B CeNibCKUX pernoHax. x cnepgyeTt paccmaTtpuBaTb Kak NpuoOpUTEeTHOE HamnpaBreHue
MoAepHU3aLUun CUCTEMbI PeryiupoBaHusA 3emMesib U c6anaHCMpPOBaAHHOIO POCTa 3KOHOMMUKU Cellb-
CKUX paioHOB pecnyonuKu.

Keywords: rural territories, geospatial database, geoinformation technologies, land use, land re-
source management, territorial planning, cartographic modeling.
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Introduction Republic of Kazakhstan. The agricultural sec-
Rural territories play a key role in ensuring tor remains one of the most important compo-
food security, sustainable socio-economic de- nents of the national economy, providing em-
velopment and territorial integrity of the ployment for a significant part of the rural
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population and forming the basis for regional
development. At the same time, effective man-
agement of rural territories requires scientifi-
cally grounded approaches based on reliable,
up-to-date and structured spatial information.

Kazakhstan has vast rural territories char-
acterized by significant differences in natural
and climatic conditions, land use structure and
levels of economic development. The total area
of agricultural land exceeds 200 million hec-
tares, which creates both considerable oppor-
tunities and serious challenges for rational land
management. Fragmentation of land parcels,
inefficient use of land resources, limited moni-
toring and insufficient systematization of spatial
data hinder sustainable development of rural
territories.

In recent years, rural areas of Kazakhstan
have faced a number of complex problems, in-
cluding land degradation, soil erosion, deserti-
fication, irrational land use and weak coordina-
tion of territorial planning processes. These is-
sues are largely associated with the lack of in-
tegrated geospatial databases that ensure the
accumulation, storage and analysis of land-re-
lated information necessary for effective deci-
sion-making.

Under these conditions, the use of geo-
graphic information system (GIS) databases
becomes a key element of modern land man-
agement and rural development. GIS data-
bases allow the integration of spatial, statistical
and attribute data into a unified information en-
vironment, providing comprehensive analysis
of land resources, monitoring of land use
changes and assessment of territorial develop-
ment processes. The availability of structured
geodatabases significantly increases the accu-
racy and reliability of land management deci-
sions.

The relevance of GIS databases is further
enhanced in the context of digital transfor-
mation and the implementation of state pro-
grams aimed at the development of agriculture
and rural territories in Kazakhstan. Modern ge-
ospatial databases contribute to improving
transparency of land relations, optimizing land
inventory and supporting evidence-based
management at national, regional and local
levels.

Thus, the study of the use of GIS technol-
ogy databases in rural territories of Kazakhstan
is of significant scientific and practical im-
portance. The development and application of
geospatial databases create prerequisites for
rational land use, effective territorial planning
and sustainable socio-economic development
of rural areas. In this regard, the present re-
search focuses on the role of GIS databases

as an information basis for improving the man-
agement and planning of rural territories in Ka-
zakhstan.

Literature review

In modern conditions, the sustainable de-
velopment of rural territories is closely associ-
ated with the digital transformation of land
management and spatial planning systems. A
key role in this process is played by geographic
information systems and, in particular, GIS da-
tabases, which ensure the accumulation, struc-
turing and analysis of spatial information nec-
essary for effective territorial management.

International studies emphasize that GIS
databases significantly improve the efficiency
of land use planning and territorial manage-
ment by providing a unified information envi-
ronment. According to Malczewski J., Jankow-
ski P. [1], the use of structured geospatial da-
tabases enables the identification of spatial
patterns in land use systems and supports evi-
dence-based management decisions. Similar
conclusions are presented by Campi M., Due-
Aas M., Fagiolo G. [2], who highlight the im-
portance of GIS databases for analyzing com-
plex territorial systems, especially in regions
characterized by large land areas and hetero-
geneous land use structures.

Recent research demonstrates the grow-
ing importance of GIS databases in agriculture
and rural development. Bielecka E. [3] notes
that GIS-based multi-criteria analysis relies on
well-structured spatial databases to optimize
land allocation and assess land suitability un-
der varying natural and socio-economic condi-
tions. Iban M.C., Aksu O. [4] emphasizes that
geodatabases serve as the basis for land use
change modeling and spatial monitoring, which
is particularly relevant for rural territories un-
dergoing transformation.

A number of authors associate the appli-
cation of GIS databases with the achievement
of sustainable development goals. Barzegar
M., Rajabifard A., Kalantari M. [5] underline
that integrated spatial data systems contribute
to balancing agricultural productivity and envi-
ronmental protection. Studies by Liu L., Liu B.,
Song W. et al. [6] show that the use of GIS
databases improves transparency in land gov-
ernance systems and enhances the effective-
ness of territorial planning at regional and local
levels.

In Kazakhstan, the relevance of GIS data-
bases for rural territories is determined by the
vast land area, diversity of natural conditions
and the need for rational land use. Recent
studies indicate that traditional land manage-
ment approaches are insufficient to address
current challenges related to land degradation,
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inefficient land use and limited monitoring ca-
pabilities. Liu Y., Ke X., Wu W. et al. [7] empha-
size the importance of developing geospatial
databases for land monitoring and manage-
ment in Kazakhstan. Other domestic research-
ers note that the use of GIS databases can sig-
nificantly improve land inventory, zoning and
cadastral assessment in rural areas (Koeva
M.N., Bennett R.M., Persello C.) [8].

Thus, the analysis of scientific literature
shows that GIS databases are widely recog-
nized as an effective information basis for man-
aging rural territories worldwide. However, de-
spite the growing number of studies, the appli-
cation of GIS databases in rural areas of Ka-
zakhstan requires further scientific justification,
taking into account national land use charac-
teristics and institutional conditions. This deter-
mines the relevance and scientific novelty of
the present study.

Materials and methods

The study is based on a system approach
and methods of spatial, database and analyti-
cal analysis, since rural territories represent
complex socio-economic and land-use sys-
tems characterized by the interaction of natu-
ral, economic and territorial factors. Special at-
tention is paid to the role of GIS databases as
an information basis for land management and
rural development.

Within the framework of the research, ma-
terials from open and official sources were
used, including scientific publications, statisti-
cal data, cartographic materials and geospatial
datasets related to land use and rural territories
of Kazakhstan. A unified GIS database was
created to organize and integrate spatial, attrib-
ute and statistical information.

Spatial data processing and analysis were
carried out using geographic information sys-
tem software. GIS tools were applied to struc-
ture geospatial data, analyze land use compo-
sition, assess territorial differentiation of rural
areas and identify spatial patterns in land re-
source utilization. Cartographic modeling was
used to visualize the spatial distribution of rural
territories and land use categories.

In addition, methods of statistical analysis
were applied to summarize and interpret quan-
titative indicators of land use and rural devel-
opment. Regulatory and legal documents gov-
erning land relations and land management in
Kazakhstan were analyzed to assess the insti-
tutional framework for the formation and use of
GIS databases in rural territories.

The combination of system, database,
spatial and analytical methods ensured the re-
liability of the research results and allowed a
comprehensive assessment of the role of GIS

technology databases in the management and
development of rural territories of Kazakhstan.

Results

The results of the study demonstrate that
the use of GIS technology databases signifi-
cantly enhances the analysis of rural territories
by providing a unified spatial representation of
demographic and land-use characteristics. The
developed GIS database made it possible to in-
tegrate statistical population data with spatial
administrative boundaries, allowing an assess-
ment of the spatial distribution of rural popula-
tion across the territory of Kazakhstan.

International studies confirm that geospa-
tial databases are an essential component of
modern rural development and land admini-
stration systems. According to Chen X., Chen
F., Cui F. et al. [9], GIS-based demographic
analysis supports evidence-based planning of
rural territories and improves the efficiency of
land resource management. Similar conclusi-
ons are presented by Biljecki F., Chow Y.S.
[10], which emphasizes the role of spatial data
infrastructures in analyzing population distribu-
tion and supporting territorial development
policies.

In the context of rural territories, GIS data-
bases enable the identification of spatial differ-
ences in population density, settlement pat-
terns and demographic pressure on land re-
sources. Chen J., Zhang L., Zhao S. et al. [11]
studies highlight that spatial analysis of popu-
lation indicators is particularly important for
managing rural territories characterized by
large land areas, dispersed settlements and
uneven infrastructure development. The
United Nations also recognizes geospatial pop-
ulation data as a key element for sustainable
territorial development and effective land gov-
ernance (Junye W., Michael B.) [12].

The application of GIS databases allows
revealing significant regional differentiation in
rural population density. Research by Zhuma-
tayeva Z., Onalbayeva D., Mukaliyev Z. et al.
[13] demonstrates that GIS-based demogra-
phic assessment provides reliable results for
identifying territorial imbalances and assessing
the efficiency of rural land use. Advances in
geospatial technologies further expand the
analytical capabilities of GIS databases, enab-
ling large-scale spatial analysis of demogra-
phic and land-use dynamics (Ashimkhan N.,
Rafikov T., Zhildikbayeva A. et al.) [14].

For Kazakhstan, the use of GIS technol-
ogy databases is especially relevant due to the
vast size of rural territories and pronounced re-
gional differences in population distribution.
GIS-based analysis allows identifying regions
with high rural population density, as well as
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territories characterized by sparse population
and low settlement intensity. As noted by
Ma Y., Zheng M., Zheng X. et al. [15], GIS da-
tabase applications support more accurate ter-
ritorial zoning and planning decisions, which
are crucial for sustainable rural development.
The results of this study show that the
GIS-based analysis of rural population density
provides an effective analytical basis for under-
standing spatial disparities in the development
of rural territories of Kazakhstan. The visualiza-
tion of demographic indicators using a GIS

database allows identifying regions with in-
creased anthropogenic pressure on land re-
sources and areas requiring priority manage-
ment interventions.

To illustrate the spatial distribution of rural
population density across the territory of Ka-
zakhstan, a GIS-based map was developed
using the created GIS database. This map re-
flects regional differences in rural population
density (persons) and serves as a visual tool
for assessing demographic patterns in rural ter-
ritories (figure 1).
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Figure 1 - Rural population density of the Republic of Kazakhstan

The analysis of rural population density
based on the developed GIS database reveals
significant spatial differentiation across the ter-
ritory of the Republic of Kazakhstan. The GIS-
based integration of demographic statistics
with administrative boundaries and spatial data
made it possible to identify clear regional con-
trasts in the distribution of rural population and
to assess the heterogeneity of rural settlement
patterns.

Regions located in the southern and
southeastern parts of the country are charac-
terized by relatively higher rural population
density. This pattern is largely associated with
favorable natural and climatic conditions, the

54

availability of water resources, developed irri-
gation systems and long-established agricul-
tural specialization. These regions traditionally
concentrate labor-intensive agricultural activi-
ties, which contributes to higher population
concentration in rural areas. In contrast, the
central and western regions demonstrate lower
rural population density, reflecting extensive
land use patterns, arid and semi-arid climatic
conditions, limited water availability and a
sparse settlement network.

The use of the GIS database allowed not
only cartographic visualization but also detailed
spatial analysis of demographic pressure on
rural territories. Areas with increased rural
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population density indicate higher intensity of
land use and greater demand for land re-
sources, agricultural infrastructure and social
services. Such territories require careful land
management planning to prevent overexploita-
tion of land resources and environmental deg-
radation. At the same time, territories with low
population density are characterized by large
land areas per capita, which influences the
structure, specialization and economic effi-
ciency of agricultural land use.

The GIS database also enables the identi-
fication of zones where demographic factors
may limit sustainable rural development. Re-
gions with declining or critically low rural popu-
lation density face challenges related to labor
shortages, underutilization of agricultural land,
weakening of rural infrastructure and reduced
accessibility of social services. These pro-
cesses negatively affect the socio-economic
sustainability of rural territories and require tar-
geted management interventions. Without a
unified geospatial database integrating demo-
graphic and land-use information, such spatial
patterns and problem areas would be difficult
to identify and assess.

Thus, the GIS-based assessment of rural
population density provides a reliable analytical
basis for evaluating the current state of rural
territories and supports informed decision-
making in land management and rural develop-
ment. The obtained results confirm the im-
portance of GIS databases as a key tool for an-
alyzing demographic indicators, assessing
spatial disparities and supporting strategic
planning in rural territories of Kazakhstan.

While the spatial distribution of rural popu-
lation density reflects the current demographic
situation, it does not fully reveal the processes
of change occurring in rural territories over
time. For a more comprehensive assessment
of rural development, it is necessary to analyze
the dynamics of rural population and to identify
long-term demographic trends.

The GIS database developed in this study
allows the integration of multi-temporal statisti-
cal data on rural population into a single geo-
spatial environment, ensuring consistency and
comparability of demographic indicators
across regions and time periods. This data-
base-oriented approach makes it possible to
systematically track population growth and de-
cline, analyze the direction and intensity of de-
mographic changes, and assess the stability of
rural settlement systems at different territorial
levels. In addition, the structured GIS database
enables the identification of regions with per-
sistent demographic transformations, including
long-term depopulation or relative

demographic stability, and supports the detec-
tion of spatial clusters characterized by similar
demographic trends. By combining temporal
demographic data with spatial and administra-
tive information, the GIS database provides a
reliable analytical basis for evaluating demo-
graphic dynamics and their implications for
land use planning and sustainable rural devel-
opment.

To analyze temporal changes in rural pop-
ulation, dynamic indicators derived from the
GIS database were used. These indicators re-
flect changes in rural population across regions
of Kazakhstan over recent years and provide
additional insights into the processes of rural
depopulation or stabilization. Based on the GIS
database, a map illustrating the dynamics of ru-
ral population of the Republic of Kazakhstan
was created. This map serves as a visual and
analytical tool for assessing demographic
trends, their spatial differentiation and their im-
plications for the sustainable development of
rural territories (figure 2).

The analysis of rural population dynamics
based on the developed GIS database reveals
pronounced temporal and spatial differences in
demographic processes across rural territories
of the Republic of Kazakhstan. The integration
of multi-year statistical data into a unified GIS
database made it possible not only to assess
changes in rural population size but also to
identify long-term demographic trends and re-
gional patterns.

The GIS-based analysis shows that rural
population dynamics are characterized by sig-
nificant heterogeneity across regions. A hum-
ber of regions demonstrate relative stability or
moderate growth of rural population, which
may be associated with favorable agricultural
conditions, availability of water resources,
proximity to major urban centers and the pres-
ence of developed transport and social infra-
structure. These factors contribute to the
preservation of rural settlement systems and
labor potential. In contrast, many rural territo-
ries are characterized by a steady decline in ru-
ral population, reflecting processes of out-mi-
gration, demographic aging, declining birth
rates and structural changes in the agricultural
economy.

The use of the GIS database enables the
identification of regions where demographic
decline is accompanied by a reduction in agri-
cultural labor resources and increasing pres-
sure on land use efficiency. In such territories,
extensive land use practices often prevail, and
the lack of labor resources limits the adoption
of modern agricultural technologies. These re-
gions require targeted management measures
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aimed at stabilizing rural population, improving
living conditions and optimizing the structure of
land use. At the same time, regions with posi-
tive or relatively stable demographic dynamics

demonstrate a higher potential for sustainable
rural development and more intensive use of
land resources.
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An important advantage of the GIS data-
base approach is the ability to analyze demo-
graphic dynamics in conjunction with spatial
and land-use characteristics. By linking popu-
lation dynamics with land categories, settle-
ment distribution, transport accessibility and
administrative boundaries, the GIS database
provides a comprehensive understanding of
transformation processes occurring in rural ter-
ritories. This integrated analysis makes it pos-
sible to identify territories with critical demo-
graphic trends and to assess their implications
for land management and rural development.

The results of the analysis indicate that dy-
namic demographic indicators cannot be effec-
tively interpreted without structured and sys-
tematized geospatial data that ensure con-
sistency and reliability of analysis. In this con-
text, the GIS database serves not only as a tool
for cartographic visualization, but also as a
comprehensive analytical platform that ena-
bles the assessment of temporal demographic
changes, comparison of indicators across
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regions and identification of spatial trends. The
use of a GIS database makes it possible to de-
tect zones with increased demographic risk,
such as areas experiencing long-term popula-
tion decline or instability of rural settlement sys-
tems, and to evaluate their potential impact on
land use efficiency and rural infrastructure.
Moreover, the integration of demographic data
within a unified geospatial database supports
strategic planning by providing an evidence-
based foundation for decision-making in rural
development, land management and territorial
policy.

Thus, the analysis of rural population dy-
namics confirms the necessity of creating and
maintaining comprehensive GIS databases for
rural territories. Such databases allow the ac-
cumulation and systematization of key indica-
tors, including demographic, land-use and spa-
tial characteristics, within a single information
system. To ensure effective monitoring and
management of rural territories, it is essential
to structure these indicators in a database
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format suitable for further spatial analysis,
modeling and decision-making.

In this regard, the next stage of the study
focuses on the structure and content of the GIS
database of rural territories, which

systematizes demographic and land-use data
and forms the basis for analytical and manage-
ment processes. The structure of the GIS da-
tabase is presented in table.

Table - Structure of the GIS database of rural territories of Kazakhstan

Data Database Data Spatial Source
group field (indica- type refe-
tor) rence
Region Text Poly- Bureau of National Statistics of the Agency for Strate-
name gon gic Planning and Reforms of the Republic of Kazakh-
(region) | stan
Adminis- District Text Poly- Bureau of National Statistics of the Agency for Strate-
trative name gon gic Planning and Reforms of the Republic of Kazakh-
data (district) | stan
Rural settle- | Text Point/ | Official administrative data
ment name Poly-
gon
Rural popu- | Integer | Region | Bureau of National Statistics of the Agency for Strate-
lation (per- / district | gic Planning and Reforms of the Republic of Kazakh-
sons) stan
Demo- Rural popu- | Float Region | Calculated using GIS database
graphic lation den- / district
data sity (per-
sons/km?)
Rural popu- | Integer | Region | Bureau of National Statistics of the Agency for Strate-
lation dy- gic Planning and Reforms of the Republic of Kazakh-
namics (by stan
years)
Agricultural Float Poly- State land cadastre data
Land use land area gon
data (ha)
Settlement Float Poly- State land cadastre data
land  area gon
(ha)
Administra- | Vector Na- National geospatial data
Spatial tive bounda- | (poly- tional
data ries gon)
Settlement Vector Na- Open geospatial sources
locations (point) tional
Temporal | Observation | Integer | Attri- Official statistics
data year bute
Note: based on the ArcGIS program

The presented structure of the GIS data-
base of rural territories demonstrates that de-
mographic, land-use and spatial indicators can
be systematically integrated into a single infor-
mation environment. Such a database ap-
proach ensures consistency of data, enables
multi-level spatial analysis and supports the
generation of cartographic products reflecting
both current conditions and dynamic changes
in rural territories.

The use of a structured GIS database pro-
vides a reliable basis for monitoring rural devel-
opment processes, assessing demographic
and land-use transformations and supporting
evidence-based decision-making. Thus, the

results obtained confirm that GIS technology
databases are not only a tool for visualization,
but also a key analytical instrument for manag-
ing and planning the sustainable development
of rural territories of Kazakhstan.

Discussions

Long-term and intensive use of land re-
sources in rural territories inevitably leads to
their degradation, which necessitates the
adoption of scientifically grounded organiza-
tional and management decisions. In modern
conditions, such decisions cannot be effec-
tively implemented without the use of digital
technologies and structured geospatial infor-
mation systems.
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Current trends in socio-economic develop-
ment indicate the need to apply integrated ap-
proaches to land use that combine environ-
mental, economic and social aspects. The tran-
sition to sustainable development models is im-
possible without reliable spatial information,
which forms the basis for assessing land re-
sources and planning rural development. In
this context, GIS technology databases serve
as a key instrument for integrating heterogene-
ous data and supporting sustainable land use
management.

The land resource potential of the Repub-
lic of Kazakhstan is one of the largest in the
world; however, over the past decades, the
area of agricultural land has significantly de-
creased, while the pressure on remaining land
resources has increased. These processes are
accompanied by changes in rural population
distribution, transformation of land use struc-
ture and growing risks of land degradation. GIS
databases allow these changes to be analyzed
comprehensively in spatial and temporal di-
mensions.

Kazakhstan’s territory is largely located
within steppe, semi-desert and desert zones,
where extensive agricultural development has
led to land degradation and landscape deterio-
ration. Under such conditions, the rational use
of land resources and preservation of soil fertil-
ity should become a priority of national land
policy. GIS databases provide the necessary
information basis for identifying vulnerable ar-
eas and supporting targeted land management
measures.

The results of this study confirm that the
use of GIS databases significantly improves
the assessment of rural territories by linking de-
mographic indicators with land use character-
istics. Such integration enables the identifica-
tion of regions with increased anthropogenic
pressure, declining rural population and ineffi-
cient land use patterns.

To ensure sustainable development of ru-
ral territories, it is necessary to establish a sta-
ble and transparent land management system
based on reliable geospatial data. The for-
mation and use of GIS databases contribute to
improving land governance, enhancing moni-
toring capabilities and supporting strategic
planning. Consequently, GIS technology data-
bases should be considered a fundamental
component of modern land management and
sustainable rural development in Kazakhstan.

Conclusion

1. Kazakhstan has significant natural, cli-
matic and socio-economic prerequisites for the
sustainable development of rural territories;

however, their effective utilization requires reli-
able and structured spatial information.

2. The results of the study confirm that
GIS technology databases provide an effective
information basis for the analysis, monitoring
and management of rural territories, integrating
demographic, land-use and spatial data into a
unified system.

3. The use of GIS databases makes it
possible to identify spatial and temporal
changes in rural population and land use, sup-
porting evidence-based decision-making in
land management and rural development.

4. The application of GIS-based data-
bases enhances transparency, accuracy and
efficiency of territorial planning, contributing to
the rational use of land resources and sustain-
able development of rural areas.

5. The formation and implementation of
comprehensive GIS databases should be
considered a priority direction in the moderni-
zation of land management systems and the
development of sustainable rural territories of
Kazakhstan.
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