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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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Аннотация. Цифрлық картографиялық негізді (ЦКН) қалыптастыру аумақты бағалау және 
талдау мақсатында пайдаланылатын ақпараттық-бағалау карталарын құрудың маңызды алғышарты 
болып табылады. Бұл мақалада Шығыс Қазақстан облысының аумағы үшін топографиялық карталар 
мен Жерді қашықтан зондтау деректерін пайдалана отырып цифрлық картографиялық негізді 
қалыптастырудың әдістемелік тәсілдері қарастырылған. Зерттеу барысында деректерді жинау, алдын 
ала өңдеу, кеңістіктік талдау, векторлау, визуализация және тақырыптық қабаттарды біріктіруді 
қамтитын толық технологиялық үдеріс сипатталған. Зерттеудің бастапқы картографиялық негізі 
ретінде 1:200 000 масштабтағы топографиялық карталар қолданылды, олар зерттелетін аумақты 
толық қамтуды қамтамасыз етті. Кеңістіктік деректерді жаңарту және нақтылау үшін Sentinel-1 (SAR) 
және Sentinel-2 (мультиспектралды) спутниктік түсірілімдері пайдаланылды. Радиолокациялық және 
оптикалық деректерді біріктіру табиғи және антропогендік объектілерді, соның ішінде гидрографиялық 
желіні, өсімдік жамылғысын, көлік инфрақұрылымын және елді мекендердің шекараларын дәл 
көрсетуге мүмкіндік берді. Картографиялық материалдарды геобайланыстыру және векторлау ArcMap 
10.8 геоақпараттық жүйесінде жүзеге асырылды. Нәтижесінде растырлық және векторлық деректердің 
кеңістіктік үйлесімділігін қамтамасыз ететін бірыңғай цифрлық картографиялық негіз құрылды. 
Зерттеу нәтижелері заманауи ГИС-технологиялар мен спутниктік деректерді қолдану ақпараттық-
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бағалау карталарының дәлдігі мен өзектілігін арттыратынын және оларды аумақтық жоспарлау, 
экологиялық мониторинг және табиғи ресурстарды ұтымды пайдалану міндеттерінде тиімді қолдануға 
болатынын көрсетеді.

Түйін сөздер: цифрлық картографиялық негіз, геоақпараттық жүйелер, қашықтан зондтау, 
Sentinel-1, Sentinel-2, ақпараттық-бағалау карталары, Шығыс Қазақстан облысы
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Аннотация. Создание цифровой картографической основы (ЦКО) является необходимым 
условием формирования информационно-оценочных карт, используемых для анализа состояния 
территории и поддержки управленческих решений. В данной статье рассмотрены методические подходы 
к формированию цифровой картографической основы для территории Восточно-Казахстанской области 
с применением топографических карт и данных дистанционного зондирования Земли. Исследование 
охватывает полный технологический цикл создания ЦКО, включающий сбор исходных данных, их 
предварительную обработку, пространственный анализ, векторизацию, визуализацию и интеграцию 
тематических слоёв. В качестве базовой картографической основы использовались топографические 
карты масштаба 1:200 000, обеспечивающие сплошное покрытие исследуемой территории. Для 
актуализации и уточнения пространственной информации применялись спутниковые снимки Sentinel-1 
(SAR) и Sentinel-2 (MS) с пространственным разрешением 10 м. Совмещение радиолокационных и 
мультиспектральных данных позволило повысить точность 
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отображения природных и антропогенных объектов, включая элементы рельефа, гидрографическую 
сеть, растительный покров и застроенные территории. Геопривязка и векторизация картографических 
материалов выполнялись в программной среде ArcMap 10.8. В результате была сформирована единая 
цифровая картографическая основа, обеспечивающая согласованность растровых и векторных данных. 
Полученные результаты подтверждают эффективность использования ГИС-технологий и спутниковых 
данных для создания актуальных и высокоточных информационно-оценочных карт, применимых для 
мониторинга, территориального планирования и рационального использования природных ресурсов.

Ключевые слова: цифровая картографическая основа, ГИС, дистанционное зондирование, 
Sentinel-1, Sentinel-2, информационно-оценочные карты, Восточно-Казахстанская область
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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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Fig. 1. The object of research
*Compiled by the author

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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Fig. 2. Technological scheme for creating a digital cartographic framework
*Compiled by the author

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 
et al., 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).

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
*Compiled by the author

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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