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The paper provides a detailed overview of the main studies of river systems and their catchment basins.
It outlines the primary approaches to the studies: hydrological, channel based, geomorphological, and
catchment basin based approach. The evolution of the methods used in similar studies is described:
from field hydrological and geological-geomorphological to graphic, cartographic, geoinformation
modelling. It lists the main distinctive features of the most used classifications and typologies related
to the structure of river systems, river valleys and catchments. Special attention is paid to the ecological
and geomorphological aspects of the rivers and their basins studies, taking into account anthropogenic
changes and the influence of the river system state on the environment. The paper summarises the main
achievements in the studies of river systems and further lists the challenges related to the study of the
state, dynamics, and the functioning of river basin systems from the standpoint of eco-geomorphology,
applied geodynamics, rational nature management, and sustainable land development.
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Introduction

Channels of various orders, river systems and their catchments are important subsystems in structuring the
environment. They are called river basin systems (RBS) - .LKovalchuk (1997). The main reserves of water,
land, minerals, biotic, landscape and ecological, and recreational resources are concentrated in the basins. A
large number of different facilities (including industrial, agricultural, water and forestry, residential, and rec-
reational infrastructure, etc.) operate here. RBS play an important role in shaping the environment. As a
result of the long-term impact of human activity and global climate changes, the structure of the RBS, their
functioning and geo-ecological condition are being negatively impacted. At the same time, our awareness of
the challenges as to the following is low: the analysis of the RBS structure, the assessment of the geoecolog-
ical state and studies of how river systems function, evolving of erosion-accumulative and other geomor-
phological processes, the outcomes of floods, the influence of the climate on the riverbeds, floodplains, set-
tlements, population, communications, and the potential usage of river systems and their basins in various
areas of human life. There is a need for an in-depth study of these issues, as well as finding sustainable
solutions to these problems.

Theory

Rivers and river systems with their catchment basins have long been an object of hydromorphological, geo-
morphological and geo-ecological research. At first, the attention was paid to the genesis, the methods of
forming river systems and their valleys, evolution of the river terrace and longitudinal stream profiles, and
the influence of endogenous and exogenous factors on their formation and development in space and time
(Kovalchuk, 1997). Field geological and geomorphological studies of RBS played the main role there. Later,
the emphasis was placed on the analysis of river systems structure (ratio of the number and length of rivers
of different orders in river systems). Here, the attention was paid to morphometric and cartometric research
methods. Both domestic and foreign scientists - I. N. Gartsman, B. Kazansky, L. Korytny (1976), A.
Kovalchuk, I. Kovalchuk (2018), L.P. Kovalchuk (2006), S. Kostrikov, I. Chervanyov (2006, 2010), O.
Obodovskyi, (2001), Yu. Simonov, T. Simonova (1997), R.Chalov (2008) advanced sufficiently in these
research areas. Scientists proposed various classifications of river systems structures: the schemes of R. Hor-
ton, A. Strahler, V. Filosofov, N. Rzhanitsyn, A. Scheidegger, S. Schumm, R. Shreve, 1. Gartsman, Y. Si-
monov, V. Kruzhalina, E. Chernykh, B. Kazanskiy, L. Korytnyi, N. Matveeva, and others (Kovalchuk, 1997,
2006). Programs for cartometric studies of river systems were developed and their graphical models were
described, which made it possible to predict the development of water flow and sediments in streams of
various orders and erosion-accumulative processes in them, taking into account the complexity of channel
system order (Gartsman, Kazanskiy, Korytnyi, 1976), 1. Kovalchuk (1997), I. Chervanov, B. Vorobyov, S.
Kostrikov, 2006) etc.); proposed methods for evaluating the scale of transformations (changes in the channel
order caused by the decrease or increase in their length under the influence of natural or anthropogenic fac-
tors) and degradation processes in channel systems (silting, overgrowth of riverbeds, their transformation
into temporary streams) from one time range to another (Kovalchuk, 1997, 2003, 2006), A. Kovalchuk,
L.Kovalchuk, T. Pavlovska (2020). Such time ranges were the years 1855, 1925-1937, 1955, 1975, 2008 (1.
Kovalchuk, L. Dubis, A. Mykhnovych, L. Kurganevych, T. Pavlovska, N. Kruta, etc.); new approaches and
methods of research to determine the directions and ways of changes in the state of channel systems were
explained (accelerating of erosive or accumulative processes, decrease or increase of water flow, deteriora-
tion of its quality in various parts of channel systems). For this purpose, the methods of comparative analysis
of the stream configuration (being displayed on large-scale temporal topographic maps, aerial photographs),
field and laboratory research methods were used (Alekseevskyi, Berkovich, Golosov, Chalov, 2008), A.
Chernov, A. Makhinov, I. Kovalchuk (1997, 2006), A. Mykhnovich (2008), G. Bayrak, L. Dubis, O.
Obodovskyi (2001), Y. Yushchenko (2005); methods of comparative analysis of geological, tectonic and
geomorphological maps, hydrological and ecological research data were used too. The data was collected to
study the influence of endogenous, exogenous and anthropogenic processes on the configuration of river
systems, their structure, properties, functioning and geo-ecological condition (I. Kovalchuk, S. Bortnyk, O.
Obodovskyi, A. Mykhnovich, O. Pylypovich, Y. Yushchenko, etc.). In this case, the methods of relationship
research within the "catchment - riverbed" system were used. Its influence on geo-ecological state of river
and basin systems was studied (Kovalchuk, 1997, 2006), O. Obodovskyi (2001), Y. Yushchenko (2005), 1.
Kovalchuk, J.Quast, A. Mykhnovych et al (2008); much attention was paid to the methods of geo-informa-
tional modelling of the fluvial network and the erosive-accumulative processes in that network as well as on
the slopes of catchments (B. Gartsman, B. Kazanskyi, S. Kostrikov, M. Kutsenko, 1. Chervanov, V.
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Samoilenko, 1. Kovalchuk, Y. Andreychuk, A. Mykhnovich, G. Rudko, O. Shvets, etc.); the ecological state
of riverbeds and their hydromorphological quality were assessed (Obodovskyi, 2001, Grebin, 2010, Yush-
chenko, 2005), O. Kyryliuk, I. Kovalchuk, O. Pylypovich, L. Dubis, O. Shvets); in the last few decades,
methods of remote sensing, forecasting of horizontal and vertical deformations of river channels have been
used in assessing the geo-ecological state of RBS, determining the risks of flooding lands, settlements, and
engineering infrastructure (Shevchuk, Burshtynska, Korolik, 2021, Kovalchuk, Kovalchuk, 2018), Cher-
vanyov, Kostrikov, Vorobyov, 2006, Kovalchuk, Mykytchyn, Kovalchuk, 2019). The theoretical basis of
our studies of river systems and their catchment basins is: 1) morphodynamic and ecological-geomorpho-
logical concepts of geomorphology; 2) the concept of geo-informational and cartographic modelling of the
geo-ecological state of the RBS; 3) the basin concept of nature management.

Results

Most often, studies of river systems are approached from four standpoints, that is, river system are viewed
as: 1) a geomorphological system; 2) a hydrological system; 3) a riverbed system; 4) a basin system (I.Ko-
valchuk, 2003). When studying river systems as geomorphological objects, the emphasis is on distinguishing
the structural peculiarities of the river system and its catchment area as well as identifying the patterns of
distribution and development of erosion-accumulative and other exogenous processes, and analyzing their
intensity. Another approach is to study river state, where the key importance is the preservation of the good
morphological state of their riverbeds and predicting the geomorphological impact of the exogenous pro-
cesses in the catchment within the "catchment - riverbed" system. In addition, stationary and mathematical
methods are used to monitor the interactions and relationships in the "hill - riverbed" systems as well as to
mark the ratio of horizontal and vertical deformations of streams, evaluate the trends of morphological
changes in streams, river floodplains, analyse the morphometric and morphological characteristics of river
subbasins of various orders, and to explore the regularities of the size change upon the change in river order
system. Here it is important to define morphological and morphometric parameters that characterize river
systems of various volumes. Those parameters are formed in certain natural and geographical conditions
(Gartsman, Kazansky, Korytny, 1976), I. Kovalchuk (1997). This enables forecasting the changes in their
geo-ecological state and managing the river system state (Kovalchuk, 1997), Simonov, Simonova, 1997).

When analysing river systems from a hydrological point of view, the main attention is paid to the processes

of river flow formation, its dependence on the stream order and the size of the catchment basin. The main

accomplishments in this area are:

1) Describing the process of water flow and sediments formation in river-basin systems that are located in
different physical and geographical environment;

2) Determining the ratios of planar terrain slope, small stream, temporary stream, riverbed and underground
water runoff, their role in RBS;

3) Defining hydrological characteristics of stream systems of different orders and the degree of their
variability in different natural conditions being influenced by the climate changes;

4) Predicting water flow, sediments, dissolved substances in stream systems of various orders, which were
formed and function in different natural environment.

When studying river systems from the point of view of river science, the emphasis was on the river regime

and the processes of development of riverbed relief (Obodovskyi, 2001, Simonov, Simonova, 1997, Chalov,

2008, Brzezinska-Wojcik, Gavrysiak, Chabudzinski, 2010). Taking into consideration the research in this

area, the following aspects are prioritised:

1) identification of regularities of the river regime and different forms of river topography created by them;

2) study of stream processes in rivers of different regions and analysis of riverbed deformations;

3) study of sediment transportation and other related mechanisms in river and river-basin systems of
various orders;

4) analysing the scale of changes in the hydrological regime of rivers, water flow, dissolved substances and
sediments in connection with climate changes and increased anthropogenic activity (Kovalchuk, 1997,
2006, Kovalchuk, Mykytchyn, Kovalchuk, 2019, O'Briain, 2019).

In our opinion, the river-basin approach is worth studying further. It encompasses:
1) defining different outcomes of the interaction of the water flow with the mountain, highland and lowland
streams and their floodplains as well as with the catchment basin as a whole in times of global climate
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change;

2) research of geoecological aspects of the RBS functioning;

3) predicting the changes in the state of RBS for society (Grebin, 2010, Kovalchuk, 1997, 2006,
Obodovskyi, 2001, Chervanyov, Kostrikov, Vorobyov, 2006), Kovalchuk, Quast, Mykhnovych, 2008),
O'Briain, 2019).

Apart from the mentioned accomplishments, there are some challenges in the study of river systems and
they require in-depth study and finding sustainable solutions in the near future. From a theoretical point of
view, further areas of research include:

1) search for regularities in the structure and functioning of river systems in various geological-tectonic
and physical-geographical conditions;

2) identification of the mechanisms of stream and valley system formation, evaluation of erosion-
accumulative and other exogenous processes in the forming of river valleys;

3) systemizing the research findings on the dynamics of river systems, the development of stream and slope
erosion-accumulative processes, the influence of natural and anthropogenic factors on them;

4) further study and optimization of new research methods of river-basin systems and the processes
affecting their condition (remote sensing, geo-informational modelling, monitoring);

5) identification of cycles, trends, and dynamics of stream systems and their constituent parts, forecasting
their future states, verifying the new methods of monitoring to study the changes in the condition and
functioning of river basin systems;

6) studying transformation of longitudinal profiles of rivers, streams and ravines, modelling their
development;

7) theoretical and methodical evaluation of the extreme floods probability as well as economic and
environmental risks in the times of global climate changes.

When it comes to the applied aspect, the following points need to be worked on:

1) projects for the reconstruction of river systems and their components (small streams) undergoing
degradation (silting, overgrowth with hygrophilous vegetation, drying out) that is associated with
anthropogenic influences on rivers and their basins, global and regional climate change;

2) assessing further horizontal and vertical deformations in floodplain-channel complexes of various orders
and providing a rationale for channel regulation, river bank protection, and anti-flood measures;

3) optimization the reclamation at floodplains, monitoring the use of reclaimed lands;

4) improving the hydro-ecological state of rivers, increasing the efficiency of using water, hydropower,
bio-production, recreational, and mineral resources of river-basin systems;

5) geo-informational modelling of river and basin systems and using theese models to manage and monitor
river and basin systems, and their ecological state;

6) rationalising the measures to regulate stream processes on navigable rivers, ensuring their transport and
geoecological safety;

7) basin management provisioning from the standpoint of landscape hydrology, hydroecology, and nature
protection.

Conclusions

The approaches and research results mentioned above do not fully cover the entire spectrum of river-basin
systems research challenges. Further scope includes: wider use of remote sensing technologies, geo-infor-
mation and cartographic RBS modelling; compiling encyclopedic guides, digital RBS atlases, publishing
popular scientific articles about river systems; training specialists in RBS research and natural resources
management; developing environmental awareness among the population who live in basins and impact
their geo-ecological state; launching projects to solve economic, ecological and nature protection problems
based on the basin principle of nature management.
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