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SUMMARY

The scientific principles of cartographic modelling of the geoecological conditions of the river-basin
systems and their changes under the influence of economic activity and the transformation of climatic
conditions have been determined. The main methods of assessing the condition of river systems and
their basins have been disclosed. The experience of thematic and complex atlas mapping of the river-
basin systems by Ukrainian and foreign scientists has been described. The results of the creation of a
digital large-scale interactive geoecological atlas of the river-basin systems Bystrytsia have been
presented. Prospective directions for the continuation of geoecological studies of the river-basin
systems have been outlined.
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Introduction

In recent years, researches are carried out that are aimed at cartographic analysis of the geoecological state
of river-basin systems (RBS) and the impact of various types of nature management on them. At the
beginning of the research, the emphasis was on the cartographic representation of the relief properties, soils,
and the surface layer of the atmosphere, underground and surface waters, vegetation and the influence of
natural and anthropogenic factors on them at the level of various administrative and territorial entities:
countries, regions, provinces, etc. Subsequently, maps, mainly at small and medium scales, were designed
that reflected geoecological state of geosystems of various levels. The complexity of the geoecological state
of the natural environment, caused by increasing and diversifying anthropogenic load and global and
regional climate changes, led to the creation of cartographic works that would convey the geoecological state
of the basin geosystems and the types of factors affecting it, as well as the degree of anthropogenic
transformation of the RBS subsystems, spread and intensity of development of exogenous processes, trends
and risks of adverse changes in human living conditions and risks for nature management. These works are
intended for use as information and cartographic support for monitoring the environment and implementing
the tasks of managing the state and functioning of RBS and nature management within their limits. This
opinion is confirmed by the analysis of the published research results of many local and foreign authors
(Dniester River Basin, 2012; Bondarenko, 2007; Ecological Atlas of the Southern Bug River Basin, 2009;
Kovalchuk & Kovalchuk, 2016a; Kovalchuk & Kovalchuk, 2016b; Peresadko, 2013; Siversky Donets,
2006; Solovei, Hrushchynskyi & Yuzvyak, 2009; Tokarchuk & Trofymchuk, 2015; Shvets, 2013; Atlas de
L’eau du Bassin de la Volta, 2009; India-WRIS. River Basin Atlas of India, 2012; Kovalchuk, Kovalchuk
& Pavlovska, 2020; Kovalchuk & Kovalchuk, 2013; Mystic River Environmental Atlas, 2008-2015; NREL
River Atlas, 2015; Planning Atlas of the Lower Mekong River Basin, 2011; UNEP. Africa Water Atlas,
2010; Zambezi River Basin, 2013). At the same time, there are many problems in this area; therefore,
determining the scientific basis of cartographic modelling of geoecological states of the RBS and their
changes under the influence of economic activity, substantiating directions for their solution is an important
integral task of cartography and geoecology.

Theory and research methods

In our studies of the geoecological state of the RBS it is substantiated that the main methods of assessing the
state of river systems and their basins are (Kovalchuk & Kovalchuk, 2016b; Kovalchuk & Kovalchuk,
2018): 1) field surveys of the condition of riverbeds, floodplains and terraces of rivers and landscapes in the
catchment basins (assessment of the level of residential, industrial, agricultural, road, water management,
etc.); 2) cartometric study of the structure of river systems (determining the number and length of rivers of
different orders), displayed on various temporal large-scale (1:100,000 — 1:115,200) topographic maps
(1855, 1925-33, 1955, 1975-80, 2008, etc.) and determining the scale of development of transformational
processes (changes in the number and length of rivers of different orders from one time “slice” to other); 3)
methods of collection, systematization, generalization and preparation for visualization on thematic maps of
fund, archival and statistical information, data of hydrochemical and hydrometeorological studies and
materials of remote sensing that reflect natural conditions, state of landscapes that affect economic factors,
parameters of hydromorphological state and functioning RBS, levels of water, air, soil pollution, spread and
development of exogenous processes, technogenic load, etc.; 4) geoinformation and cartographic modelling,
atlas mapping of the parameters of the geoecological state of the components of the natural environment of
the RBS and the factors affecting it, integral assessments of the level of anthropogenic modification of basin
geosystems and assessment of the risks of nature use; 5) creation of cartographic models of an
ecostabilization, nature protection, process-regulatory nature, which should be included in the digital
geoecological atlas of the RBS.

As a theoretical basis for the cartographic modelling of the geoecological conditions of the RBS, the
following are used: 1) the concept of geoinformation mapping of the environment (Bondarenko, 2007; GIS-
Mapping in Ukraine, 2011; Kovalchuk & Kovalchuk, 2018); 2) methodology of geoinformation and
cartographic modelling of geoecological conditions of the RBS (Andreychuk, 2012; Kovalchuk &
Kovalchuk, 2016b; Kovalchuk & Kovalchuk, 2018, etc.); 3) the author’s concept of large-scale atlas
mapping of the RBS (Kovalchuk & Kovalchuk, 2016a; Kovalchuk & Kovalchuk, 2018, etc.); 4) subbasin
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approach for assessing the geoecological state of river systems and their catchments, mapping the
distribution and development of adverse processes in them (Kovalchuk, 2016; Kovalchuk & Kovalchuk,
2016a; Kovalchuk & Kovalchuk, 2016b; Kovalchuk & Kovalchuk, 2018); 5) basin concept of nature use
optimization and management of RBS operation (Kovalchuk & Kovalchuk, 2018).

Research results and their discussion

An important result of the research is the analysis of the experience of thematic and complex atlas mapping
of the RBS by Ukrainian and foreign scientists. In Ukraine, the works of E. Bondarenko (Bondarenko, 2007),
L. Rudenko, T. Kozachenko, D. Lyashenko et al. (GIS-Mapping in Ukraine, 2011), V. Peresiadko
(Peresadko, 2013) and other authors are devoted to the issue of geoinformation mapping. In these works,
emphasis is made on the choice of software, scales, information component. The issue of creating digital
thematic and complex atlases of river basins is considered in the works of I. Kovalchuk and A. Kovalchuk
(India-WRIS. River Basin Atlas of India, 2012; Kovalchuk, 2016; Kovalchuk & Kovalchuk, 2016a;
Kovalchuk & Kovalchuk, 2016b; Kovalchuk & Kovalchuk, 2018; Kovalchuk, Kovalchuk, Pavlovska,
2020), T. Solovei et al. (Solovei, Hrushchynskyi & Yuzvyak, 2009); the Dniester River Basin (Dniester
River Basin, 2012), Ecological Atlas of the Southern Bug River Basin (Ecological Alas of the Southern Bug
River Basin, 2009), Siversky Donets (Siversky Donets, 2006), in works of Yu. Andreychuk (Andreychuk,
2012), O. Shvets (Shvets, 2013), O. Tokarchuk and E. Trofymchuk (Tokarchuk & Trofymchuk, 2015), and
by many foreign scientists (Atlas de L’eau du Bassin de la Volta, 2009; India-WRIS. River Basin Atlas of
India, 2012; Mystic River Environmental Atlas, 2008-2015; NREL River Atlas, 2015; Planning Atlas of the
Lower Mekong River Basin, 2011; UNEP. Africa Water Atlas, 2010; Zambezi River Basin, 2013, etc.).
Digital atlases (actually geographic information systems) are being actively created for large river basin
systems in India (India-WRIS. River Basin Atlas of India, 2012), in the countries of Southeast Asia, Africa,
and North and South America (Mystic River Environmental Atlas, 2008-2015; NREL River Atlas, 2015;
Planning Atlas of the Lower Mekong River Basin, 2011; UNEP. Africa Water Atlas, 2010; Zambezi River
Basin, 2013). At the same time, many problematic issues of atlas mapping of the geoecological state of the
RBS have been revealed (Kovalchuk & Kovalchuk, 2018). Relying on the highlighted experience of digital
mapping of basin systems, we continue researches aimed at compiling a large-scale geoecological atlas of
the river-basin system of the Bystrytsia, a river in Ivano-Frankivsk region in Ukrainian Carpathians.

In the process of conducting research, a wide range of author’s ideas were implemented and the
following results of digital atlas mapping of the geoecological state of the RBS were obtained:

1. the theoretical principles of compiling large and medium-scale digital complex geoecological
atlases of river-basin systems are substantiated (Kovalchuk, 2016; Kovalchuk & Kovalchuk,
2016a; Kovalchuk & Kovalchuk, 2018, etc.);

2. approbation and improvement of existing approaches to geo-informational mapping of river-
basin areas was carried out, well-founded algorithms for compiling thematic maps - compo-
nents of the complex geo-ecological atlas of the RBS (Kovalchuk & Kovalchuk, 2018);

3. the block structure of the RBS geoecological atlas is substantiated, where the following sections
are reflected (Kovalchuk & Kovalchuk, 2018): 1. Physical-geographical and administrative-
territorial position of the basin; 2. Natural conditions and economic activity in the RBS as fac-
tors in the formation of its geoecological state; 3. Climatic factors, their influence on the geoe-
cological condition and functioning of the RBS; 4. Water resources of the RBS, runoff of water,
sediments and dissolved substances as factors in the formation of the hydroecological state of
river systems; 5. The geoecological state of the RBS and its subsystems and components, the
extent of their anthropogenic transformation; 6. Predicted assessment of changes in the geoe-
cological state of the RBS; 7. Management of nature use, geoecological condition and func-
tioning of RBS;

4. aseries of digital thematic maps of the geo-ecological atlas of the RBS Bystrytsia (more than
100 works) were compiled. For example, we present maps of various topics (Figs. 1, 2);

5. work is ongoing on summarizing information, compiling recommendation maps of the RBS
atlas aimed at improving of the geo-ecological condition of rivers, their floodplains, terraces
and landscapes in watersheds and optimizing nature use and nature protection, protecting set-
tlements, population, communications and land from floods and other exogenous processes.
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Figure 1 Slope exposure map RBS Bystrytsia  Figure 2 Average annual water flow in RBS Bystrytsia
Conclusions

1. The idea and scientific principles of creating a large-scale digital complex atlas of geoecological topics for
the river-basin system are substantiated. In Ukraine, atlases of such topics were created on a small scale and
contained a small list of thematic maps (Dniester River Basin, 2012; Ecological Alas of the Southern Bug River
Basin, 2009; Siversky Donets, 2006).

2. Algorithms for compiling analytical, complex and synthetic maps that reflect the geoecological state of the
RBS and their subsystems — river systems and their catchment landscapes, as well as climatic, hydrological,
economic factors and natural and anthropogenic processes, which affect them, have been substantiated.

3. The atlas has been compiled on the basis of topographic maps on a scale of 1:100,000, and it contains more
than 100 maps of geoecological topics and, thus, differs from other RBS atlases.

4. The digital interactive geoecological atlas of the RBS of Bystrytsia is a tool for monitoring the geoecological
state of the RBS and an information and analytical tool for managing nature use and nature protection of the
RBS.

5. The prospects of the work are about filling the atlas with maps of hydroecological, soil-ecological and
optimization-economic content.
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