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Abstract. The development of a digital cartographic framework (DCF) is a fundamental prerequisite
for the creation of information and assessment maps intended for territorial analysis and decision support. This
paper focuses on the methodological aspects of forming a digital cartographic framework for the territory of
East Kazakhstan Region using topographic maps and satellite remote sensing data. The study considers the full
technological cycle of DCF development, including data collection, preprocessing, spatial analysis, vectoriza-
tion, visualization, and integration of thematic layers. Topographic maps at a scale of 1:200 000 were used as
the primary cartographic basis, providing consistent spatial coverage of the study area. To update and refine
thematic layers, satellite imagery from Sentinel-1 (SAR) and Sentinel-2 (multispectral) with a spatial resolu-
tion of 10 m was applied. The integration of optical and radar data made it possible to improve the accuracy
of mapping natural and anthropogenic features, including hydrographic networks, vegetation cover, transport
infrastructure, and settlement boundaries. Georeferencing and vectorization of cartographic materials were
performed in the ArcMap 10.8 GIS environment. As a result, an integrated digital cartographic framework was
created, ensuring spatial consistency and compatibility of raster and vector data. The results demonstrate that
the use of modern GIS and remote sensing technologies significantly enhances the accuracy, relevance, and
analytical potential of information and assessment maps. The developed framework can be effectively applied
for environmental monitoring, territorial planning, and sustainable management of natural resources.
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AnHotauus. {udpasik kaprorpadusuibik Herizal (LIKH) xansmmracTelpy aymakTel Oaranay >KoHe
Tangay MakcaTbhlHAA MalanaHbUIaThIH aKMapaTThIK-0aranay KapTalapblH KYPYAbIH MaHbI3AbI aJFbIIIAPTHI
6ounbin Tabbu1aabl. by Makanana [eiFreic Ka3akcTan oOaBICBIHBIH ayMaFbl YILIH TONOTpa(UsIIbIK KapTaiap
MeH JKepni KallbIKTaH 30HATAY ACpPEKTEpiH TNaiifanaHa OTHIPHIT HUQPPIBIK KapTorpadUsiablK HEri3ai
KaJIBIITACTBIPY/IbIH 9IICTEMEITIK TOCUIAepl KapacThIpblIFaH. 3epTTey OapbIChIHIA ACPEKTEePl )KUHAY, allJIbIH
ajla eHJey, KEHICTIKTIK Tajjay, BEKTOpJay, BHU3yallM3allusl >KOHE TaKbIPBINTHIK Kabarrapasl OIpiKTipyai
KaMTHUTBIH TOJIBIK TEXHOJOTHMSJIBIK YAEpIC CHUIMATTadFaH. 3epTTey/iH OacTamkbl KapTorpadusiblK Herisi
peringe 1:200 000 macmTaGrarel TOmorpadusablK KapTajap KOJJAHBUIABI, Ojlap 3€pTTENIETIH ayMaKThl
TOJIBIK KAMTY Il KaMTaMachI3 eTTi. KeHICTIKTIK AepeKTepl xKaHapTy jKoHe HaKThlIay yuriH Sentinel-1 (SAR)
xoHe Sentinel-2 (MyJIbTHCIIEKTpaAbl) CIIyTHUKTIK TYCIpUTIMAEp] Maiiiananbuiabl. PaanonokausiibK )KoHe
OIITUKAJIBIK IePEKTEP/1i O1pIKTIpy TAOMFU )KOHE aHTPOTIOT€H 1K 00BEKT1JIePl, COHBIH 1IIIHE THIPOTpapHsIIBIK
KeJiHl, eCIMIIK XaMbUIFBICHIH, KOJIIK MH()PaKYpBUIBIMBIH JKOHE €Nl MEKEHAEpIiH UIeKapanapblH o7
KepceTyre MyMKiHIIK Oepai. KapTorpadusnbik MaTepuangapasl reo0ailiaHbICTRIPY KoHE BeKTOpiay ArcMap
10.8 reoakmaparThIK KyHeciHe Ky3ere achlpbliibl. HoTmxkeciHae pacThIPIIbIK )KOHE BEKTOPIIBIK IEPEKTEPIiH
KEHICTIKTIK YHWJIECIMIUTIriH KaMTaMachl3 €TeTiH OipblHFall HUQPIBIK KapTOrpausuIbIK HeTi3 KYpbUIIHL.
3eptrey HoTmkenepi 3amanayu [ IC-TexHomorusiap MeH CIyTHUKTIK JepeKTep/i KOJAaHy aKlapaTThIK-
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Oaranay KapTallapblHBIH JONIITT MEH ©3eKTLTIrH apTTHIPATHIHBIH JKOHE OJIApAbl ayMakKThIK JKocIapiay,
HKOJIOTUSITBIK MOHUTOPHHT YKOHE TAOUFHU pecypcTapabl YTHIMIbI Malijanany MiHAETTePiHAe THIM/II KOJIIaHyFa
OOJIATBIHBIH KOPCETE .

Tyiiin ce3mep. yudpablk kaprorpadusibIK HETri3, Te0aknaparThlK KyHenep, KalllbIKTaH 30HATAY,
Sentinel-1, Sentinel-2, aknapatTeik-0aranay kaptanapsl, [lIsireic KazakcTan o0bICh

Joiiexce3 ymin: XK.M. Xymaraesa, 3.M. Kyzauposa, K.E.Moynen, A.H. XXunauk6aesa, I Roslan
(2026). Leireic KazakcTan 0OMBICHIHBIH aKMaPaTTHIK-TANAAYIBIK KapTorpadusiaysl YIIiH HTH(PIBIK KEHICTIK
Heri3ai a3iprey // I3nenictep, Hotwxkenep — MccnenoBanus, pesynprarel. T. 28. Is. 1. Ne 109. Pp. 145-154.
[Arbun.Tin.] https://doi.org/10.37884/1-2026/15.
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Annoramusi. Co3nanue 1nudposoit kaprorpaduueckoir ocHoBbl (LIKO) sBisieTcss HEOOXOAMMBIM
ycioBueM (GopMUpoBaHUS HH(DOPMAIIMOHHO-OIICHOYHBIX KapT, UCHOJB3YEMBIX JUIS aHAIM3a COCTOSHHS
TEPPUTOPHUH U MTOAJIEPKKH YIIPABICHYECKUX pelieHu. B JaHHOM cTaThe pacCMOTPEHBI METOAMYECKHE ITOAXO/IbI
K hopMupoBaHuIo I POBOI KapTorpaduueckoit 0CHOBHI 1 TeppuTOopru BocTouno-Kazaxcranckoii obmactu
C MPUMEHEHUEM TONorpaguueckux KapT U JaHHBIX TUCTAaHIIMOHHOTO 30HAMpoBaHMs 3emiu. MccnenoBanue
OXBAaTBIBACT IMOJHBIN TexHoIOTHYecKuil 1uki co3aanus LIKO, Briarovaromumii cO0p UCXOAHBIX TaHHBIX, UX
MpeIBApUTENIbHYI0 00pabOTKY, MPOCTPAHCTBEHHBIN aHaIN3, BEKTOPU3ALINIO, BU3YaIH3AIUI0 U HHTETPALIUIO
TeMaTH4eckux cioéB. B kauectBe 6a30Boii KapTorpaduyeckoil OCHOBBI HCIOIB30BAINCH TOMOTrpaduIecKue
kaptel MacmTaba 1:200 000, obecrneunBarolye CIUIOIIHOE MOKPBITHE HccleayeMoil Tepputropun. [lns
aKTyaJlM3alliy ¥ YTOUHEHUS MPOCTPAHCTBEHHON HH(OpMaIINU MPUMEHSUIIHCH CITy THUKOBBIE CHUMKH Sentinel-1
(SAR) u Sentinel-2 (MS) ¢ npoctpancTBeHHBIM pa3penieareM 10 M. CoBMelieHne paaruoOKalMOHHBIX H
MYJIbTUCTIEKTPAJIbHBIX JAHHBIX MO3BOJIMIIO MOBBICUTH TOUHOCTD
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0TOOpa)KeHHs NPUPOAHBIX M AHTPOIIOTEHHBIX OOBEKTOB, BKIIIOYAs AJIEMEHTHI penibeda, THIPOrpapuIecKyro
CeTb, PACTUTENIbHBIN MOKPOB U 3aCTPOECHHBIE TEPPUTOPHHU. [ €onpHBsI3Ka U BEKTOPU3ALUs KapTorpadhuiecKux
MaTepHaliOB BBIIOJIHIIUCH B ITporpaMMHoil cpene ArcMap 10.8. B pesynbrare Obu1a chopMUpOBaHa enHAs
1udpoBas kaprorpaduyeckas 0CHOBa, 00€CIeYUBAIOIIAsl COITIACOBAHHOCTh PACTPOBBIX U BEKTOPHBIX JaHHBIX.
[TonmyuyeHHble pe3yabTaThl IOATBEPKAAIOT 3P PeKTUBHOCTD HcTionb30BaHus [ IC-TexHOMOruit ¥ CITy THUKOBBIX
JAHHBIX 7151 CO3/JaHUs AKTYaJIbHBIX U BBICOKOTOYHBIX HH(OPMAIIMOHHO-OLEHOYHbIX KapT, IPUMEHUMBIX JJIs
MOHHUTOPHHIa, TEPPUTOPUATBHOTO IJIAHUPOBAHUS U PALIMOHATIBHOTO MCIIOIb30BaHUS IPUPOHBIX PECYPCOB.

KarueBble cioBa: mudposas kaprorpaguueckas ocHoBa, [ MIC, nuCTaHIMOHHOE 30HAMPOBAHUE,
Sentinel-1, Sentinel-2, napopmanoHHO-01IEHOUHbIE KapThl, BocTouno-Ka3axcranckas obiaactb

Jisa nutupoBanms: JK.M. XKymataesa, 3.M. Kyzauposa, XX.E.Moynen, A.H. )Kunnuk6aesa, 1. Ro-
slan (2026). Pa3pabotka mudpoBoil MPOCTPAaHCTBEHHOW OCHOBHI Al WH(OPMALMOHHO-aHAIUTUYECKOTO
kaptorpagupoBanus Bocrouno-Kazaxcranckoii oonactu // [3aenicrep, Hotxkenep — MccnenoBanus, pe3yiib-
tatbl. T. 28. Is. 1. Ne 109. Ctp. 145-154. [Ha anr.] https://doi.org/10.37884/1-2026/15.

KoH(pIMKT HHTepecoB: aBTOPHI 3asBISIOT 00 OTCYTCTBUU KOH(MIMKTA HHTEPECOB.

Introduction.

Information and assessment maps represent applied cartographic products developed on the basis of
a digital cartographic framework (DCF). Such maps provide a targeted spatial characterization of objects,
processes, and phenomena within a specific analytical context, enabling comprehensive territorial assessment
and decision-making support [Felegari et al., 2021]. The formation of databases for information and assessment
mapping can rely on both existing cartographic and cadastral materials, as well as specially prepared datasets
derived from remote sensing data, textual descriptions, and statistical sources [Foody, 2020]. These data form
the foundation for analyzing the current state of a territory and identifying spatial patterns and relationships.

Information and assessment maps created using a digital cartographic framework play a crucial role
in territorial management, environmental sustainability assessment, and natural resource governance. The
integration of digital technologies and the automation of spatial data processing significantly enhance the
accuracy, consistency, and analytical value of cartographic products, thereby supporting more efficient use of
natural and socio-economic resources [Phiri et al., 2020].

The rapid advancement of science and technology in recent decades has led to an increasing demand
for the digitalization of research data, analytical methods, and processing results. In this context, Geographic
Information Systems (GIS) have become a key technological platform enabling modern cartographic
representation and digital transformation of spatial information. Applied tasks in this field include the
development of three-dimensional spatial models, the creation of digital maps, and the design of electronic
atlases. The use of cartographic databases not only improves the visual representation of spatial information
but also significantly accelerates the processing and updating of new geospatial data [Comber et al., 2020].

A digital cartographic framework serves as a core element in the development of information and
assessment maps that provide essential data for spatial analysis, territorial planning, and management. With
the continuous growth of geospatial data volumes and the increasing dynamics of natural and anthropogenic
changes, the demand for high-precision and regularly updated cartographic products has become particularly
acute. Such products are widely applied across various fields, including environmental monitoring, agriculture,
urban studies, and natural resource management.

This paper presents the key stages of developing a digital cartographic framework, including the use of
remote sensing data, the calculation of spectral indices, methods of spatial data visualization, and techniques
for the regular updating of thematic layers based on satellite imagery. The proposed approach ensures the
reliability, relevance, and practical applicability of information and assessment maps for a wide range of
spatial planning and management tasks [Tiede et al., 2019].
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Materials and research methods.

The development of a digital cartographic framework (DCF) involves several key stages, including
data collection, preprocessing, analysis, visualization, integration, and subsequent practical application of the
resulting cartographic basis (Figure 2). Each of these stages requires the use of modern geospatial technolo-
gies such as remote sensing, Geographic Information Systems (GIS), machine learning algorithms, and big
data analysis methods (Lapaine, 2024). Contemporary satellite systems provide high-quality Earth observa-
tion data, enabling regular updates of thematic layers and improving the accuracy of geospatial information.

The first stage of the workflow is the acquisition of geospatial data. At this stage, heterogeneous spatial
datasets are collected from various sources and prepared for further processing. Subsequent preprocessing
ensures the harmonization of spatial data formats and coordinate systems, resulting in a consistent cartograph-
ic basis suitable for analysis [Phiri et al., 2020]. The next stage involves spatial analysis aimed at generating
information and assessment maps, followed by visualization procedures that enhance the interpretability and
accessibility of spatial information.

The final stage consists of integrating all generated layers, spatial models, and analytical outputs into
a unified digital cartographic framework and publishing the results within GIS environments. The developed
framework is applied to monitoring, spatial analysis, and territorial management tasks in the East Kazakhstan
Region, supporting territorial planning, environmental assessment, and sustainable use of natural resources.

The collection of source information represents a critical stage in the formation of a digital cartograph-
ic framework, as it directly determines the quality and reliability of subsequent analytical results [Phiri et
al., 2020]. The use of diverse data sources combined with modern data processing techniques ensures a high
level of detail and accuracy in the generated cartographic layers, forming a robust basis for information and
assessment mapping applied in territorial planning, environmental analysis, and natural resource management.

At the initial stage of DCF development for the East Kazakhstan Region, topographic maps of vari-
ous scales were collected and systematized. Such maps traditionally serve as the foundation for subsequent
vectorization, the creation of geoinformation layers, and the development of thematic databases required for
assessment mapping [Comber et al., 2020]. Topographic information enables the representation of key natural
features of the region as well as elements of anthropogenic influence.

To ensure complete spatial coverage of the study area, a set of small- and medium-scale topographic
map sheets was selected and used as primary cartographic material in the formation of the digital cartographic
framework (Figure 3).
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The formation of a cartographic basis intended for information and assessment mapping requires a set
of preparatory procedures aimed at developing a coherent system of thematic maps [Kaku, 2019]. A crucial
role in building such a spatial data framework is played by the interpretation of Earth remote sensing materi-
als, particularly satellite imagery, as demonstrated in previous studies.

Satellite data represent digital images acquired in multiple spectral bands and contain substantial spa-
tial and analytical information [Li et al., 2021]. Owing to their wide spatial coverage, these data are effectively
used in regional thematic studies and in the identification and analysis of large-scale spatial features, including
landforms and structural elements of the Earth’s surface. Currently, the most widely used sources of medi-
um-resolution satellite imagery include the Landsat satellite series (Landsat 5, 7, 8, and 9) and the Sentinel
missions (Sentinel-1 and Sentinel-2).

In this study, the primary remote sensing data sources were Sentinel-1 synthetic aperture radar (SAR)
imagery and multispectral Sentinel-2 data. Modern topographic mapping technologies involve a complete
production cycle, ranging from the preprocessing and interpretation of remote sensing data to the generation
of final vector-based cartographic products with predefined parameters [Kaku, 2019]. The process of creating
and updating topographic maps is based on the integrated processing of satellite imagery, followed by the
generation or updating of vector layers. It should be noted that both satellite images and cartographic products
represent generalized graphical models of the territory derived through cartographic generalization processes
[ESA 2023].
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The data processing stage plays a particularly important role in the formation of a digital cartographic
framework, as it determines the accuracy and quality of information and assessment maps. This stage includes
georeferencing of topographic maps, filtering and correction of satellite imagery, and preparation of spatial
data for further analysis and visualization [Li et al., 2021]. Topographic maps serve as a fundamental carto-
graphic source for the development of both general geographic and thematic maps. Accurate georeferencing
ensures the correct spatial positioning of cartographic materials and enables their effective use within GIS
environments [ESA 2023].

The subsequent stage involves analytical processing of the data and the interpretation of information
contained within the digital cartographic framework. At this stage, spatial analysis methods are applied to
identify territorial patterns, spatial relationships, and specific characteristics of the study area. The final phase
includes the integration of all generated layers and spatial models into a unified cartographic system suitable
for both scientific and applied purposes. Modern GIS technologies enable the joint use of heterogeneous spa-
tial datasets within a single cartographic environment, significantly expanding analytical capabilities [Joiner
etal., 2018].

The integrated cartographic framework may include both raster and vector data. Raster layers, such
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as digital elevation models, are generated from satellite data or airborne laser scanning results and allow the
visualization of terrain characteristics using color gradients and elevation classes. Vector layers contain infor-
mation on the spatial configuration of geographic features, including hydrographic networks, transportation
infrastructure, landforms, and other elements represented as points, lines, and polygons. The integration of
these layers within a GIS environment ensures a comprehensive representation of the territory and enhances
the effectiveness of spatial analysis and decision support.

Results and Discussion.

At the initial stage of the study, topographic maps at a scale of 1:200,000 covering the territory of the
East Kazakhstan Region were used as the primary cartographic basis. These materials served as a foundation
for the subsequent creation and updating of thematic layers required for spatial analysis and the development
of information and assessment maps of the study area.

In accordance with the boundaries of the research object, topographic map sheets with the nomencla-
ture M-44, M-45, and L-45 were selected. The dataset included the following map sheets: M-44-10, M-44-11,
M-44-12, M-44-16, M-44-17, M-44-18, M-44-22, M-44-23, M-44-29, M-44-30; M-45-13, M-45-19, M-45-
21, M-45-25, M-45-26, M-45-27, M-45-28, M-45-31, M-45-32, M-45-33; L-45-01, L-45-02, L-45-07, L-45-
08, as well as sheets L-44-06 and L-44-12 (Figure 3).

These map sheets provide continuous cartographic coverage of the study area and enable a detailed
analysis of the spatial structure of the East Kazakhstan Region (Figure 3).

..

T

T
<L
4]

r
{
™

RS ~]=]
- N/ F |
1 =N u \,g‘_j
_'Lg - 1
] —— .
N N (‘ L= Y = r I rg‘ I
= AT f
< 4 d U AL -
NEEE N e T LD L]

Fig. 4. Nomenclature of topographic maps
*Compiled by the author

To update and refine the cartographic information, Earth remote sensing data were additionally used,
including satellite imagery from Sentinel-1 (SAR) and Sentinel-2 (multispectral) missions [Rafikov et al.,
2024]. The application of multi-temporal and multi-sensor satellite data made it possible to update thematic
layers and improve the accuracy of representing contemporary objects and processes within the study area
[Zhumatayeva et al., 2024].

For subsequent vectorization, the topographic maps were georeferenced. Raster georeferencing was
performed in the ArcMap 10.8 GIS environment using the Georeferencing toolset. Stable and clearly identi-
fiable ground control points were selected as reference features, including road intersections, elements of the
hydrographic network, and points of the geodetic control network [Sarmah et al., 2018]. The georeferencing
procedure ensured the correct spatial positioning of cartographic materials and their compatibility with other
geospatial datasets within GIS environments.

At the next stage, vectorization of the topographic maps was carried out. During the digitization pro-
cess, the main thematic layers were created and updated, including the administrative division of the East
Kazakhstan Region, the hydrographic network (rivers, lakes, dry channels, and drainage ditches), as well
as transportation infrastructure with differentiation of roads by category (Figure 5) [Sivakumar et al., 2023;
Padhiary et al., 2024]. The resulting vector datasets were used to form an integrated digital cartographic
framework and to perform subsequent spatial analysis of the study area.
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Fig. 5. Vectorization of thematic layers
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As a result of the vectorization process, a structured set of spatial layers was obtained, ensuring topo-
logical consistency and attribute completeness of the digital cartographic framework. The generated vector
data provides a reliable basis for further spatial analysis, comparison with remote sensing results, and the
creation of information and assessment maps. The integration of these layers enables efficient visualization
and supports analytical procedures aimed at evaluating territorial characteristics and spatial dynamics within
the study area [Sun et al., 2024].

Conclusions.

The development of a digital cartographic framework (DCF) for the creation of information and as-
sessment maps represents a crucial stage in ensuring the availability of accurate and up-to-date geospatial
data. Within this study, the main stages of this process were systematically examined, including the acquisition
of source data, preprocessing, spatial analysis, and subsequent visualization.

The application of modern Earth remote sensing technologies and Geographic Information Systems
significantly enhances cartographic capabilities by improving the accuracy, informational value, and efficien-
cy of cartographic products. Regular updating of thematic layers based on satellite imagery enables the timely
representation of changes in natural environments and anthropogenic features, which is particularly important
for ecosystem monitoring, territorial planning, and land-use management.

Information and assessment maps developed on the basis of a digital cartographic framework serve
as an effective decision-support tool across various fields, including environmental management, agriculture,
urban studies, and natural resource governance. Such maps provide comprehensive spatial analysis, facilitate
the prediction of territorial changes, and contribute to the optimization of natural resource use.

Overall, the creation of a digital cartographic framework constitutes an integral component of modern
approaches to territorial management. The implementation of advanced methods for processing and analyzing
geospatial data allows for the generation of highly accurate and visually informative cartographic products
that meet the needs of diverse user groups and support efficient and sustainable territorial development.
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