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SUMMARY

The necessity to restore biodiversity in objects within the Natural Reserve Fund (NRF) of
Ukraine and their territories following de-occupation requires the development of appropriate
programs and effective practical steps for their implementation.

Due to the inability to currently gain direct access to the temporarily occupied territories
where NRF objects are located, the authors propose fundamental enhancements to the state’s
environmental monitoring system. These improvements are exclusively based on utilizing
remote observation tools to monitor the condition and dynamics of NRF objects. They entail
the subsequent integration of information obtained from comprehensive remote, ground-
based, and, if necessary, underground observations after the territory’s de-occupation.

Additionally, these enhancements involve the integration of acquired and categorized
monitoring data from satellite imagery with the essential and thematic components of the
national geospatial data infrastructure. This process includes visually comparing monitoring
data with reference models (virtual realistic models obtained through lidar scanning of the
terrain, if conducted before temporary occupation) or interactive cartographic models.

Furthermore, these improvements encompass enhancing mapping indicators on maps with
additional informational descriptions and meta-characteristics. The level of detail depends on
the frequency of observations, which is related to the intensity of natural and anthropogenic
processes’ development in the monitoring area.
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Introduction

Full-scale invasion by Russian aggressors into Ukraine’s territory since February 24, 2022, as a new
stage of Russian war in our country, which began in 2014 with the occupation of Crimea and parts of
Donetsk and Luhansk regions, continues to inflict enormous losses upon people, infrastructure, and
the surrounding natural environment.

In the areas of armed conflict, more than 30% of NRF objects in Ukraine with a total area of
approximately 1 million hectares are located. This includes the territories of the emerald network,
which play a significant role in biodiversity protection and climate change prevention. Sixteen
Ramsar sites in Ukraine with unique flora and fauna covering a total area of up to 600 thousand
hectares are also under significant threat.

Currently, there are still eight reserves and ten national natural parks in temporarily occupied
territories of Ukraine, including the Black Sea biosphere reserve, Askania-Nova biosphere reserve,
Azov-Sivash national natural park, Oleshkivski Pisky national natural park, and Dzharylgach national
natural park.

Assessing the full impact of the war on the environment in temporarily occupied territories is
currently not feasible due to a lack of information, including the inability to obtain it directly under
field conditions. However, one assertion remains clear: the longer the war continues, the greater the
harm will be inflicted on the environment, leading to increased consequences in the future.

To plan biodiversity restoration efforts for NRF objects and territories that will be returned to Ukraine
by our armed forces, it is essential to begin theoretical groundwork for the practical development of
corresponding programs today. Within these programs, a significant role should be played by
environmental remote monitoring programs.

Visualization of monitoring results is most effective through cartographic models, including those
with interactive functions. The content of developed models, through mapping indicators, should
capture the state of NRF objects at a specific point in time and include additional informational
descriptions and meta-characteristics that are not represented by conventional symbols.

Formulating the goals of this work from this perspective defines its relevance.

Method and Theory

The methodology for developing a cartographic monitoring system for the state of NRF objects in
Ukraine’s temporarily occupied territories is based on an author’s algorithm. It encompasses the use
of various general scientific and specialized methods at different stages, applied in a cumulative and
sequential manner to address the defined tasks.

During the theoretical justification stage of creating the cartographic monitoring system, methods
such as analysis, synthesis, generalization, explanation, and modeling were systematically applied.
Analysis was necessary to break down the research object into components and study existing
components within monitoring systems that would form the basis of the proposed system.

Through synthesis, the identified components were unified into a theoretical construct, forming the
foundation of the cartographic monitoring of NRF objects.

Generalization facilitated the transition from the general to the specific, essentially defining the
system’s operation process through a deductive approach.

A verbal description of the cartographic monitoring system for the state of NRF objects in temporarily
occupied territories was documented through the explanatory method.

The substitution of actual NRF objects and territories with their prototypes was justified using the
modeling method.

The stage of data source creation and support for the cartographic monitoring system for the state of
NROs in temporarily occupied territories is ensured through classification and information methods.
The implementation of NRF objects monitoring tasks through cartographic modeling involves
processes such as the creation, analysis, and visualization of research results using maps.
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The theoretical foundation for this work at all identified stages is geographic information thematic
mapping and the capabilities of visualizing geospatial information through interactive cartographic
models (Kraak & Ormeling, 2020; Roth, 2013; and others).

Examples

The justification for the need to improve the environmental monitoring system can be established
within the framework of ongoing scientific research. Since 2020, the authors have been implementing
a research project focused on environmental monitoring in Ukraine and its regions. This project
initially examined the substantial reduction in anthropogenic impact on the natural environment due to
the onset of the COVID-19 pandemic. As a result of this project, several publications related to
natural reserve objects (NROs) and territories in Ukraine have been released.

In the work (Kyryliuk, 2021) the design, creation, capabilities, and specifics of the physical
implementation of a comprehensive, accurate, and reliable information foundation for mapping NROs
in the form of a relational database were discussed.

The research (Kyryliuk & Bondarenko, 2022) emphasized the importance of utilizing the capabilities
of the national geospatial data infrastructure as a new class of geoinformation resources actively
implemented in Ukraine since January 1, 2021. It was argued that NRF objects and their territories
should be harmonized in terms of geometry and topology with elements of the basic geospatial data
infrastructure being developed.

The publication (Bondarenko & Kyryliuk, 2023) identified the most comprehensive cartographic
model characterizing of NRF objects in Ukraine as a geo-ecological atlas. The authors stated that this
atlas should be developed as a computerized interactive cartographic work of a complex type,
systematically collecting logically and thematically related maps and allowing for future additions.

In the work (Hlukhonets et al., 2022) an algorithm for collecting spatial data by users using web
forms, structuring databases, and creating maps through the QGIS geographic information system was
proposed. An example of inputting information on the location of mature trees along the “Murafska
Dacha” ecological trail in the territory of the Slobizhansky National Nature Park was provided, albeit
with the unfortunate use of prohibited software, which hinders the incorporation of such information
into the relevant state system for further use.

Research on the environmental state, including NRF objects in Ukraine, particularly in temporarily
occupied territories, is a relatively new phenomenon. The current relevance of this research is closely
tied to the full-scale Russian aggression that began on February 24, 2022.

Temporary occupation encompasses approximately 18% of Ukraine’s territory, including NRF
objects. The cartographic method serves as an effective alternative to on-site contact-based research
methods. It can be implemented through various means, including electronic maps (including those
with interactive features), dynamic cartographic animations, and software applications for
geoinformation mapping and analysis. An example of such an application is the one developed for
analyzing the state of forest cover in Ukraine, including temporarily occupied areas (Slichna, 2023).

Results

The state environmental monitoring system in Ukraine, as governed by current legislation (On the
protection of the natural environment, 2023; Regulation on the State environmental monitoring
system, 2023), is designed to observe the state of the natural environment, its pollution levels, even in
temporarily occupied territories due to Russian aggression. However, this system requires
improvement, primarily because it’s impossible to conduct contact-based observations of the
environment and accompanying processes in these areas. Furthermore, there is no direct access to
previously active monitoring stations located in the temporarily occupied territories.

Dynamic processes occurring in these lands drastically alter the structure of the biosphere and
atmospheric air. Biodiversity in these territories, including those classified as NRF objects, is
suffering (Fire in the occupied Dzharylgach..., 2023; After the explosion of the Kakhovska HPP...,
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2023). In the context of post-occupation restoration programs, which, according to the most optimistic
scientific estimates, may take decades, the monitoring system should be adapted to the following
fundamental principles proposed by the authors:

— Remote observations: at this stage, remote observations of the state and dynamics of NRF objects
should become the primary method. This should include comprehensive remote, ground-based, and, if
necessary, underground observations after the territories are de-occupied;

— Integration of data: the data obtained and classified through satellite image decryption should be
integrated with the basic and thematic datasets of the national geospatial data infrastructure;

— Visual comparison: visual comparison of monitoring data should be done using reference models,
such as virtual realistic models obtained through lidar scanning of the area (if conducted before the
temporary occupation) or cartographic models with interactive features, as shown in Figure 1 in the
authors’ presentation;
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Figure 1 Monitoring cartographic model of the state of NRF objects in the temporarily occupied
territories of Ukraine

— Additional information: mapping indicators should be supplemented with additional informational
descriptions and meta-characteristics;

— Frequency of observations: the frequency of observations should depend on the intensity of natural
and anthropogenic processes in the monitoring area;

— These principles aim to adapt the environmental monitoring system to the unique challenges posed
by temporarily occupied territories, enabling efficient and comprehensive monitoring of NRF objects
and the environment in these areas.
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Conclusions

The proposed fundamental principles constitute an author’s algorithm for enhancing the
environmental monitoring system for objects located in the temporarily occupied territories of
Ukraine due to Russian aggression.

The algorithm is based on the necessity of utilizing remote methods for obtaining spatial information
and processing it through decryption and visual representation.

Visualization is achieved through the use of time-interactive cartographic models, the content of
which is supplemented with additional descriptions and meta-characteristics through mapping
indicators, which serve as effective materials for decision-making.
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