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SUMMARY

The publication presents the obtained results and outlines the nearest promising directions of
research of the nature reserve fund (NRF) of Ukraine at different territorial levels by means
of geoinformation mapping. It was determined that multifunctional interactive maps and
atlases of two types (specialized, complex geo-ecological) can provide the necessary
knowledge about the natural reserve fund of Ukraine, depending on the requirements of
potential users. The created database of territories and objects of the nature reserve fund of
Ukraine in the Poltava region based on verified information (covers 100%, now it is 384
units), became a frame solution for distribution to other territories and use during
geoinformation mapping, in particular, for the creation of a specialized atlas NRF of Ukraine.

The main research tasks of the near future are substantiated: bringing the databases of objects
and territories of the nature reserve fund of Ukraine into full compliance in accordance with
the principles of developing the basic data set of NRF as a constituent element of the national
infrastructure of geospatial data, as well as creating a comprehensive geo-ecological atlas of
NREF of Ukraine on this basis.
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Introduction

According to the influence of humanity, enormous changes in the natural environment occurs, which
is connected with the necessity for its protection. The basis for preserving the natural environment of
Ukraine at various territorial levels is at least the existence of its nature reserve fund (NRF). It is
essentially a treasury of national landscape diversity with the most valuable species of flora and fauna,
acts as a means of maintaining the overall ecological balance of the territory and providing
background monitoring of the environment. The nature reserve fund of our country is also an integral
part of the world system of natural territories and objects under the special protection.

In the framework of conducting scientific studies of the territories and objects of the NRF by applying
various methods, knowledge about them is systematized through the formation of certain current and
final documents. The basis of any such document should be a program developed with the
participation of geographers, particularly, from the point of view that the territory as an attribute of
the state is the object of their study. Location, properties, differences, assessment, recommendations,
forecast are primarily those important characteristics of nature conservation areas that lead to the
application of the cartographic method in the entire levels of research: from posing the question to
practical use of the obtained results.

The capabilities of the cartographic method are constantly being improved taking into account the
development of scientific and technical progress. The use of geographic information systems (GIS) in
modern conditions provides not only the highest level of automation of cartographic works than ever
before, but also has a decisive effectiveness in the study of geographical objects, phenomena and
processes, in particular, and nature conservation areas. Therefore, the relevance of the topic of
creating cartographic works of the territories and objects of the nature reserve fund of Ukraine by
means of GIS, which is defined as geoinformation mapping, is beyond doubt.

Method and Theory

The theoretical basis of the cartographic research of the territories and objects of the NRF of Ukraine
is geoinformation mapping. Despite the progressive and irreversible movement from GIS to spatial
data infrastructures (Masser, 2023), it remains today the prevailing theoretical concept of modern
cartography in the world, which is developing in a new information and communication environment
and is characterized by a variety of specific content (Boston et al., 2022; Hlukhonets et al., 2022;
Kraak & Ormeling, 2023, etc.). The essence of geoinformation mapping is information interaction in
the GIS environment between databases of general geographic and thematic or special information by
creating cartographic models of various types and purposes. At the same time, GIS allows you to
display the original information in a convenient visual form and use electronic cartographic models
obtained as a result of geoinformation mapping.

The main specific feature of geoinformation mapping is its problem orientation, which involves
purposeful (by topic, potential user) design, creation and practical application of cartographic models,
which are presented as a tool for solving specific tasks within a narrow practical orientation. This
confirms the importance of using geoinformation mapping for the study of territories and objects of
the nature reserve fund of Ukraine.

The methodological basis of the research made it possible to apply the following methods: system
approach, analysis and synthesis — to outline the main features, principles and concepts of
geoinformation mapping of territories and objects of the nature reserve fund of Ukraine; descriptive
and historical comparison — when analyzing the main development in the field of environmental
mapping; scientific classification — to highlight the main types of maps; informational, cybernetic,
stochastic — for a versatile study of mapping objects; geoinformation cartographic modeling — when
developing sample maps, the creation of which and the development of mapping techniques were
carried out on the basis of GIS ArcGIS Pro, ArcGIS online, QGIS.

For ESRI’s proprietary GIS (particularly, ArcGIS Pro), Taras Shevchenko National University of
Kyiv license valid at this time of work was used.
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Examples

All cartographic works of territories and objects of the NRF of Ukraine, on which the authors rely in
their research, were created using computer technologies, including GIS. This is a consequence of
their fairly wide application in this field. Examples are developments created according to the
territorial principle: from maps of the local NRF object to the presentation of territories and NRF
objects on maps of the national level.

Maps of local NRF objects are essentially schemes of detailed planning of the territories of their
location, presented in the way of a high-quality background, for example (Nature reserve “Gorgany”,
2024), supplemented with icons that show the location of natural and historical and cultural objects, as
well as places of rest.

Maps of the territories and objects of regional level NRF act as their cartographic representation, as a
rule, within the boundaries of regions. Here, maps can serve as a supplement to textual descriptions of
territories and objects of the NRF or as independent final documents. Cartographically, NRF on the
created maps (for Volyn, Kyiv, Kherson regions) are presented in the form of localized icons
(symbols) with distribution by value (national, local) and existing categories according to (On Nature
Reserve Fund of Ukraine, 2024). An example of an independent cartographic publication for the
territory of Kyiv region with the use of icons (symbols) and areas can be (Interactive map..., 2020).
The national level of geoinformation mapping of the NRF is represented by both maps and atlases.
The resource (Security map of..., 2023) presents a developed electronic map of NRF objects using the
methods of icons and map diagrams with an emphasis on showing the most amazing places in them.
A feature of the map is the classification of NRF objects according to the level of security regarding
possible visits (accessible, partially restricted, temporarily closed, located in temporarily occupied
territory).

The development (Grachov, 2023) is positioned by its author as the “Atlas of the NRF of Ukraine”. It
is noted that its creation was prompted by the need to inform various categories of interested persons
about the location and condition of the nature reserve fund of Ukraine (with a list broken down by
regions and territorial communities). It is indicated that the NRF objects are shown on satellite maps
as of January 2022. Here we are probably talking about satellite images (as a kind of geographical
basis of crowdsourced mapping services).

Results

Geoinformation mapping of the territories and objects of the nature reserve fund was carried out
within the framework of the comprehensive state scientific program “Nature Protection” and the
implementation of research projects at Taras Shevchenko National University of Kyiv and the
Institute of Geography of the National Academy of Sciences of Ukraine, starting from 2017 and up to
now. All projects were accompanied by established stages, which essentially determine the content of
geoinformation mapping, fig. 1.

Theoretical substantiation Search (acquisition), analysis Development of NRF
of the identified research and systematization of the mapping algorithms
tasks with the formation — necessary information — in GIS
of conceptual approaches support for the creation of and their practical
to their solution geographic databases of NRF implementation

Figure 1 A graphic model of the stages of geoinformation mapping of the NRF.

At the same time, as the experience of the work has shown, an inductive approach was used in the
entire chain of research, which reveals the meaning of the principle “from partial to general”, which is
logically consistent with the creation of NRF maps of different territorial levels.
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Geoinformation mapping of the territories and objects of the NRF at the regional level was carried out
for the Poltava region (the project “Spatial transformations in Ukraine: models of planning and
modernization of territories” (2017-2018)). The choice of the region, first of all, was justified by the
availability of the most complete primary analog information about the NRF at the Ministry of
Environmental Protection and Natural Resources of Ukraine at the time of the beginning of the works,
the need for its processing by GIS tools in the context of general digitalization. When creating the
geographic database, the geometry of the NRF objects of the region (polygonal objects) was created
by vectorization on the “substrate” (which is still a rather time-consuming process, although the most
effective) with further analytical adjustment of the NRF boundaries based on additional materials,
which were updated topographic maps and current regulatory documents. The role of remote sensing
materials in this process was minimal. The topology of geometric objects was provided by existing
GIS tools during the construction of the vector-topological data model. The developed database, with
further clarification, covered 100% of the territories and objects of NRF in the region (now there are
384 units, of which 355 are NRF objects of local importance). The value of the total area of the NRF
of the region is 142,427 thousand ha generally agrees with the results obtained as a result of the
creation of geometric objects. The semantic part of the database contains properties of objects (9
characteristics in total).

Visualization of the territories and objects of the NRF was carried out on an interactive ascertainment
map with the functionality provided by the selected GIS, using the area method (using the coordinate
reference of geometric primitives).

The main goal of the research work “Design and development of cartographic interactive resources
for national economic purposes” (2019-2020) was to justify the need to expand the functionality of
the interactive map of the NRF (for different territorial levels and categories of users) using the
example of the created map for the Poltava region. It was determined that the combination of the
hyperlink language, cascading style sheets and the JavaScript programming language is the most
effective means of achieving the task. The functionality of the specified cartographic work has been
expanded with the help of the Leaflet convention sign library.

Providing the interactive map with multifunctionality for a full-fledged study of the mapping object
determined its possible comparability with a cartographic work defined as an atlas. Among the
important tasks of the project “Cartographic monitoring of the environment of the territory of Ukraine
and its regions” (2021-2023) was the scientific substantiation of two types of atlases of territories and
objects of the NRF of Ukraine (nationwide level): specialized and complex geo-ecological. The
practical implementation of the atlas of the first type is carried out in the work (Kyryliuk, 2024). The
main purpose of the atlas, which consists of 17 thematic maps and covers more than 8796 objects of
NRF, is defined as providing up-to-date information about the state and structure of NRF of Ukraine
as a complete system that should prevent excessive anthropogenic impact on the environment, as well
as maintain its proper ecological state. The Atlas program provides for a separate map of the
destruction of Ukraine’s ecosystems thanks to Russian military aggression. Taking into account the
dynamics of the GIS database of the NRF, the maps display its most up-to-date characteristics.
Visualization is carried out using geometrically accurate and schematic methods.

The work (Bondarenko & Kyryliuk, 2023) presents a conceptual model for the development of the
second type Atlas of the NRF of Ukraine, within which the optimal thematic content of the atlas is
determined in the form of a list of maps grouped according to the combined principle of completion
by sections and blocks (three sections, each of which contains two blocks of cards). The types of maps
included in each section / block are determined (mostly: analytical (inventory), analytical-synthetic
(estimate), synthetic (recommendation, forecast), for each of which mapping indicators and methods
of cartographic representation are determined.

With the adoption in 2020 of the Law of Ukraine (On the national geospatial data infrastructure,
2020) and the definition in this law territories and objects of NRF as an element of basic data sets, in
the middle of 2021 a corresponding element was added to the Public Cadastral Map of Ukraine (as an
implementation of the principle of public data availability) with information on more than 7,100 NRF
objects (about 83%) with a total area of more than 4 million hectares. Adding up to 100% of data on
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the NRF of Ukraine in the structure of the National Geospatial Data Infrastructure (NGDI), their
monitoring (in particular, by means of remote sensing for temporarily occupied territories) and the
practical development of a comprehensive geo-ecological Atlas of the NRF of Ukraine, are identified
as priority areas of research in the short term.

Conclusions

The theoretical justification and practical implementation of the stages of geoinformation mapping of
the territories and objects of the NRF of Ukraine within the framework of the years 2017-2023
identified interactive cartographic works with different functionality depending on the requirements of
different categories of potential users as full-fledged resulting current and final documents for
obtaining the necessary information about them. Thus, an interactive map of the NRF of Poltava
region and a specialized atlas of the NRF of Ukraine were developed.

The main scientific and practical tasks of the near future are to bring the databases of objects and
territories of the NRF in full compliance with the principles of developing the basic data set of the
NGDI, as well as the creation of a comprehensive geo-ecological atlas of the NRF of Ukraine with its
using.
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