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Formulation of the problem 

The last decades in Ukraine are marked by a sharp 

increase in catastrophic floods and associated social and 

economic losses. 

Years of observation of the hydrological regime 

indicate that the most catastrophic hydrological phenomena in 

Ukraine with significant losses for the economic complex of 

the country and for the population are observed in the 

mountainous regions of the Carpathian Mountains. In the 20th 

century, regional floods on the northeastern macro-slope of 

the Carpathian Mountains were observed in the warm season 

in 1911, 1927, 1941, 1955, 1969, 1980, 1984, 1989, 1997, and 

in the southwestern macro-slope they were observed in the 

cold period of the year in 1926, 1947, 1957, 1970, 1998. The 

floods that took place in 1998, 2001, 2008, and 2014 caused a 

particularly significant environmental damage and economic 

losses. Catastrophic local floods are observed almost every 2-

3 years or even annually. Peculiarities of river channel 

processes of the Limnytsya and Bystrytsya rivers are 

examined in the work. 

Floods start forming when precipitation exceeds 20 

mm per day. During intense storms with precipitation over 

100 mm, floods become catastrophic. In this case water levels 

in the mountain areas increase by 2-4 m, in submontane areas 

they increase by 5-6 m, on the Limnytsya river – by 3.5 m, 

and on the Bystrytsya Nadvirnianska and river Bystrytsya 

Solotvynska rivers – by 5-7 m. In case of such intense floods, 

coastal areas of settlements, agricultural lands, and industrial 

enterprises get flooded. The width of flooded areas reaches 

15-60 m on small rivers, 115-500 m on medium-sized rivers, 

and on medium-sized and large rivers located in the foothills 

of the Carpathian Mountains, the size of flooded areas is 

increased up to 2,500 m, and it can be even larger on plain 

areas. The rate of water drainage at this time depends on the 

value of the maximum river discharge, as well as on the 

channel angle and rigidity. [3.7, 8] 

Observation and analysis of years of studies show that 

floods and other dangerous natural phenomena in Ukraine 

occur as a result of interaction of a number of natural and 

anthropogenic factors. Among them, the most important ones 

include hydrometeorological factors, combined with the 

peculiarities of the surface of water catchment, which include 

steepness and size of slopes, insignificant depth of parent 

rocks occurrence, low value of water retention capacity of 

shallow soils, relief roughness, play a dominant role in the 

creation of catastrophic natural phenomena. 

In addition, in the recent decades, economic activities 

in the basins of Limnytsya and Bystrytsya have noticeably 

increased the impact of natural factors that lead to the 

occurrence of floods, have increased their strength and the 

scale of damage caused. In addition to purely physical-

geographical and meteorological factors, the formation of 

such intense floods that occur in the Carpathian region is also 

influenced by a number of anthropogenic factors, in particular 

construction of dams on rivers, which changes the water flow. 

Negative consequences intensified due to construction in the 

area that is under the constant threat of flooding, due to the 

construction of hydrotechnical structures (during floods, 

bridges cannot let through large amounts of water, technical 

structures are not always able to withstand the load of water 

and mud masses, bridge supports of small bridges are not 

placed at the required depth, etc.) which is not always 

technically grounded. In addition to these factors, the state of 

economic activities on the slopes of river valleys, in the areas 

of river runoff formation, in particular at forest exploitation 

sites, has also contributed to the intensification of floods, 

landslides, and mudflows. 

One of the main reasons for the intensification of 

natural disasters in the Carpathian region is the uncontrolled 

deforestation; in particular, more than 100 thousand hectares 

of forest were destroyed during the second half of the 20th - 

the beginning of the 21st century. A healthy forest can 

withstand almost 100% of flood water, but in its absence, it is 

the environment that takes the brunt of floods. Natural 

disasters can not be completely averted, but their impact can 

be reduced, localized and, in case of timely warning, material 

losses can be minimized. This can be achieved through 

prompt monitoring and forecasting of floods, construction and 

reinforcement of flood protection dams, timely notifications of 

the possibility of occurrence and the magnitude of flood. [10] 

Unresolved parts of the general problem and 

analysis of literary sources  
At the department of photogrammetry and 

geoinformatics of the Lviv Polytechnic University, the 

issues of shifts and changes in the configuration of 

channels of the Dniester and Tysa rivers have become 

the subject of research since 2002. [2, 11, 13] can be 

noted as the main works on this topic. It has been found 

out that over a period of a century, 800-1,000 meters 

shifted at some sections of the channel; analysis of 

maps of quaternary sediments and soils made it possible 

to reach a conclusion about significant alluvial deposits, 

which are mainly of gravel and sand type, as well as 

about large-scale, often uncontrolled mining of these 

raw materials for the creation of building materials. 

Diverse large-scale studies on the deformations of 

the rivers channels are carried out abroad. Thus, the 

influence of topography, geology, climate, vegetation, 

and land use on the spatial and temporal change of river 

channel processes in the Pacific Northwest is indicated 

in [15]. The authors investigate the effect of the types of 

channels on physical models that can be used to predict 

the change in the channel morphology.  

Connection between the topography of earth's 

surface and hydraulic characteristics of the channel, in 

particular impact of ground and underground runoff, as 

well as the study of the morphology and structure of the 

Amazon river channel, are presented in the work [22].  

Impact of river bank erosion and methods for its 

assessment are considered in [23].  

The study of problems related to channel processes 

in the rivers of Western Australia is presented in the 

report [12]. Impact of anthropogenic factors on the 

transportation of sediment and mud was noted. The 



attention was paid to addressing the issue of river 

degradation and channel processes, which is being 

addressed by the specialized water commission Water 

& Rivers Commission. 

Today we are facing the need for a detailed 

development of methods for organizing the monitoring 

of the river channels shifts, the study of the processes 

related to their meandering, which is associated with the 

change of water protection zones and with the 

determination of flooded lands. [17] Modern 

geoinformation systems, in particular, specialized 

modules, allow one to determine flood areas using 

certain hydrological models and to predict such zones, 

as well as to compile thematic maps related to partial 

and complete flooding of land. 

The study [16] analyzes the migration of the Brazos 

River channel in Texas during the period of 1910-2010. 

Topographic maps and satellite images taken in 

different years were also used. Not only river channel 

migration, but also meanders, slope, and shape of this 

river channel were studied. Channel migration zones 

have been determined, which combine historical river 

channel shifts and predictions about future river channel 

shifts, which is an analytical tool for determining areas 

that may be under threat of catastrophic events and 

floods. 

In the article [20] the rivers of western Washington, 

in particular river channels migration, are the object of 

the study. It is indicated that river channels migrate 

through floodplains due to the processes related to river 

channel expansion, changes in bends and their 

frequency. 

From literary sources [1, 2, 6] it is known that every 

river has its own peculiarities that depend on natural 

and anthropogenic factors. Factors influencing river 

channels deformation processes are divided into two 

groups: natural and anthropogenic, from which direct 

and indirect factors can be distinguished. Classification 

of the main factors influencing the river channels shifts 

is given in table 1.   
Table 1. 

Classification of the main factors affecting river channel shifts 

River channel processes 

Natural Anthropogenic 

Direct factors Indirect Direct   Indirect 

Water runoff Landslides on river 

banks 

The nature of 

precipitation 

Hydrotechnical 

construction 

Plowing of the water 

catchment 

Sediment run-off Wind erosion Intensity of erosion in 

the water catchment 

Regulated stream Deforestation in the 

river basin 

Geological and 

geomorphological 

structure 

Churning of water 

in rivers 

Water-blocking 

capacity of soils 

River and floodplain 

quarries 

Mining at the water 

catchment 

  Ice phenomena and 

permafrost 

Vegetation at the 

water catchment 

Communication lines 

laid across rivers 

Hydrotechnical and 

meliorative measures at 

the water catchment 

and floodplains 

  Vegetation in rivers 

and at floodplains 

Landscape structure 

of water catchment 

Meliorative works in 

the river channel 

Collection of gravel 

and stone 

     Settlements on river 

banks 

 

Setting objectives 

Object of study 

Limnytsya river and Bystrytsya river are the object 

of this study. The monitoring was carried out for a 

period of 106 years. These two rivers were roughly 

divided into three parts: a mountainous part, a hilly part 

with a marshy plain, and a plain part. 

One of the defining characteristics of rivers is the 

sinuosity of their channels; it is calculated using the 

sinuosity coefficient:
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, where Li' is the length of 

river channel at the particular section, Li is the length of 

river channel between the extreme points, measured in a 

straight line. The calculated sinuosity coefficients for 4 

river channels for different years are as follows:  

Table 2 

Sinuosity coefficients for the Limnytsya river 

 

Year SC  

1910 1.10 

1989 1.07 

2000 1.07 

2016 1.08 

 

Table 3 

Sinuosity coefficients for the Bystrytsya river 

 

Year 

SC  

Bystrytsya 

Nadvirnianska 

Bystrytsya 

Solotvynska 

1910 1.12 1.05 

1989 1.07 1.04 

2000 1.06 1.05 

2016 1.08 1.04 

Based on this table, it can be concluded that river 

channels of Limnytsya and Bystrytsya rivers have low 

sinuosity. 

Taking into account the importance of 

comprehensive observations of the dynamics of river 

channels associated with erosion patterns and sediment 

run-off patterns, the dynamics of the formation of river 

channels, as well as the effect of natural and 



anthropogenic factors, the objectives of the study 

included the development of methods for the 

monitoring of planned shifts and changes in the 

configuration of the channels of Limnytsya and 

Bystrytsya rivers. To this end, topographic maps, 

medium-resolution space images, and special maps 

were used, an analysis of the nature and scale of river 

channel changes was carried out. Limnytsya and 

Bystrytsya rivers are located within the Precarpathian 

Trough. 

Presentation of the main material 

The following materials were used for conducting 

research: 

- 1:100 000-scale topographic maps dated 1910 

and 1989; 

- Landsat 7 space images dated 2000 and 

Sentinal 2 space images dated 2016;  

- map of quaternary sediments dated 1970; 

- soil map dated 1969. 

 

The overall flow chart for the processing of 

materials is presented in Fig. 1. 

  
Fig. 1. Block diagram of the analysis of planned 

channel shifts of Limnytsya and Bystrytsya rivers 

 

Since the topographic maps that were used had 

been created in different periods of time and in different 

cartographic projections, and space images had been 

created in the UTM projection (Table 4), all materials 

must be brought into line with the universal UTM 

Mercator topographic projection. 

To transform one cartographic projection into 

another, a power polynomial is used. For the purpose of 

referencing, common points which could be identified 

on two images were used; bridges, railway crossings, 

religious buildings, etc. were used as such points. A 2-

order polynomial and 10 common points were used for 

the transformation. The accuracy of the transformations 

for different materials is as follows: for the map 

compiled during the Austrian period – 20-25 m; for the 

Soviet map – 10-15 m; for space images – 15 m. 

Analysis of the nature of river channel changes 

allows one to distinguish three main parts: the 

mountainous part, the hilly part with a marshy plain, 

and the plain part. The tributary of Bystrytsya – 

Bystrytsya Solotvynska – is divided into 2 parts: the 

mountainous part and the plain part. They depend on the 

geomorphology of the earth's surface, on the character 

of the river channel, and on changes in the amount and 

nature of sediments.  

Analysis of the Limnytsya river  

Limnytsya river flows within Rozhnyativskyi, 

Kaluskyi, and Halytskyi districts of the Ivano-Frankivsk 

region. It is a right tributary to the Dniester. Its length is 

122 km; river basin area is 1,580 km2. At the riverhead 

the valley is narrow, the banks are steep; near the 

village of Yasen it is asymmetric, with a low right bank 

and a raised left bank. In lower parts, the valley of the 

Limnytsya river is trapezoidal, with the width of up to 4 

- 7 km; in the lower parts, its width decreases to 2 km. 

Limnytsya river channel is rocky, in the middle part it is 

branched. River channel width in the Precarpathian 

region reaches 20-60 m; the depth is up to 2 m. The 

river slope is equal to 9.4 m/km. The maximum runoff 

occurs during the spring-summer period. Stream gauges 

are located near villages Osmoloda (since 1950) and 

Perevozetz (1904 - 1925; restored in 1940). Water 

intakes and hydrotechnical flood control structures were 

erected. [8] 

The mountainous part 

Limnytsya is a mountain river with a fairly rapid 

flow of water. At the riverhead (to the village of Yasen), 

the river is a mountain stream flowing in a narrow V-

shaped valley, with steep convex slopes that are very 

ragged due to stream flows. The length of the 

Limnytsya river channel in the mountainous part is 21.4 

km.  

In the mountainous part, the heights are 980 – 

700 m. River water line is 710-560. The river in this 

part has a narrow valley. The river slope is equal to 

0.013. The width of the valley is 1.5 km. Near the 

village of Hrynkiv, the valley is slightly expanding. In 

some places the river channel is divided into islands. 

There are no shifts here, since this is a mountainous 

part. In fig. 2 (a)) we can see river channels in the 

mountainous part of the Limnytsya river superimposed 

on the map dated 1989. 

The hilly part with a marshy plain 

This part includes a section that is located at 

highlands, the length of which is 930-370 meters (Fig. 2 

(b)). This part is characterized by a large number of 

river branches, the river channel is divided into 3 

branches. The width between the branches reaches 

1,000-1,300 m. The width remained the same during all 

the years.  This section is very marshy, and the width of 

the valley here reaches a maximum of 8 km. River 

water line is 460-350. The length of this part is 29 km. 

The river slope is equal to 0.019. No significant river 

channel shifts were found in this section.  

The plain part 

This part is very similar to the previous one because 

it is also marshy. The river channel also has many 

branches, but their number is considerably smaller in 

this section. The width of the section with numerous 

branches is 600 m on the map dated 1910, and on maps 

dated other years (1989, 2000, and 2016) it is already 



equal to 200 m. The river channel is divided into 2 

branches. The width of the valley here is much smaller 

and equals 3.5 km. The heights are 380 - 260 m. River 

water line is 290-220. The length of this part of the river 

is 36 km. The river slope is equal to 0.003. This section 

differs from the others in the fact that here we can see 

the most noticeable shifts. The largest one is 490 m.  

Kalush City Prosecutor's Office found evidence of 

illegal extraction of sand and gravel mix in the territory 

of Rozhnyativskyi district from the channel of the 

Limnytsya River. Extraction of the mix caused the state 

a loss of 4.8 million UAH.        

The deposits of boulder, gravel, and sandy rocks are 

spread rather unevenly within Ukraine. Significant 

amounts of them are concentrated in the Precarpathian 

Trough, in the western and southwestern parts of the 

Ukrainian shield, which is mainly associated with 

alluvial, diluvial, fluvioglacial, and eolian deposits of 

the Quaternary age. [5,9] They occur in the form of 

lenses and stacked reservoirs with a thickness of up to 

20-25 m at a depth of 0-3.0 m. Boulder, gravel, and 

sandy rocks are used in the construction industry as 

concrete aggregates, in the construction of highways, 

for arranging ballast layers of railway tracks, for the 

production of cement and plaster mortar, silicate 

products, etc. 

The largest floods on the Limnytsya river occurred 

in 1929, 1941, and in 2008. 

a)  b)    

c)   
Fig. 2. Fragments of digitized channels of the Limnytsya river according to the data of topographic maps and 

space images: a) the mountainous part; b) the hilly part with a marshy plain; c) the plain part 

The main results of measurements concerning river 

channel shifts are given below. In fig. 3 black dots mark 

river channel shifts measurements and fragments of 

maximum shifts. The results are presented in table 4. 

Table 4 

Limnytsya river channel shifts  

Dot 

No. 

Shift (m) 

1910-1989 1989-2000 2000-2016 

1 -250 35 -80 

2 450 35 -60 

3 190 140 -20 

4 -210 90 20 

5 -210 80 100 

6 455 -85 - 

7 220 50 -190 

8      -330 -15 40 

9 -340 250 140 

10 490 -70 -30 

11 -465 65 -110 

12 330 -30 - 

13 475 55 - 

14 -345 215 -20 

The points used for the calculation were on the 

bends of the first channel, measurements for the second 

and the third channels were taken in perpendicular lines; 

in case of channel deviation in the southern direction, 

the shifts have a "+" sign , in case of channel deviation 

in the northern direction, they have a "-" sign.  The 

maximum shift value obtained during the years 1910-

1989 is 490 m, as for the years 1989-2000, the 

maximum value is 250 m, and for years 2000-2016, it is 

-190 m. The largest shifts occurred in the years 1910-

1989. At some points, the river shifted towards its 

natural course. 



 

 Fig. 3. Points of river channel shifts and enlarged fragments of the river channel with the detailed presentation of 

maximum changes 

 

An analysis of the map of Quaternary sediments 

(fig. 4) and soils (fig.5) was carried out. 

 
Fig. 4. A fragment of the maps of Quaternary sediments 

The main deposits of pebble, clay, as well as alluvial 

deposits, are marked on the map of Quaternary 

sediments. On the Quaternary map we can see 

formations that vary from the point of view of 

lithological composition, which are associated with the 

terrace structure of the floodplain, in particular, the 

channel facies and eolian and diluvial deposits stand 

out. We have also noticed country rock exposure. 

 

Fig. 5. A fragment of the soil map 

The river is characterized by loamy sand turf soils 

and loamy turf soils, turf-podzolic gley soils, and 

meadow gley soils; sands and light loams that are easily 

eroded serve as their mechanical foundation. [5]  

Analysis of the Bystrytsya river 

Bystrytsya is a river in Ukraine which flows within 

Tysmenytskyi district of the Ivano-Frankivsk region.  It 

is a right tributary to the Dniester. It is formed by the 

junction of Bystrytsya Solotvynska and Bystrytsya 

Nadvirnianska. There are considerable falls and slopes 

on the longitudinal profile of Bystrytsya Nadvirnianska 

and Bystrytsya Solotvynska, which form Bystrytsya 

river. The length of Bystrytsya Nadvirnianska is 94 km, 

and the water catchment area is equal to 1,580 sq. km. It 

disembogues itself into Bystrytsya at a distance of 

17 km from its mouth at an altitude of 232 m below the 

city of Ivano-Frankivsk. At the source, it looks like a 

stream the width of which is 0.2-2 m, 5-10 cm deep, 

then it gradually expands, reaching 20-40 m in the 

middle and lower courses, and 80-220 m in places of 

greatest deformation. Its depth is mainly 1-1.5 m, in 

some places it reaches up to 3 m; the velocity of a river 

ranges from 0.5 to 3.0 m/s, and it is much higher during 

floods. 

Bystrytsya Solotvynska has its sources at the foot of 

the mountains Syvulya and Bystryk, the highest part of 

the Gorgany mountain range, at an altitude of 1,390 m. 

It also disembogues itself into Bystrytsya. The length of 

the river is 82 km, and the water catchment area is equal 

to 795 sq. km., the overall dip of the river is 1,158 m. 

The first 5 km of the river channel are a stepped 

watercourse with numerous waterfalls with the height of 

0.5-1.5 m. The river channel width ranges from 1.2-3.0 

m in the upper courses to 12-40 m in the middle 



courses, and up to 100-250 m in the lower courses. The 

depth in some places is equal to 1-1.5 m; it is mainly 

0.5-0.7 m; very rarely it reaches up to 3.0 m. The 

velocity of a river is 0.5 - 3.0 m/s. Spring and summer 

floods occur on the Bystrytsya Solotvynska river almost 

annually. 

The mountainous part 

Mountainous part of the Bystrytsya Nadvirnianska 

river basin is part of the Skybovi and Vododilno-

Verkhovynski Carpathian Mountains and is located in 

the Nadvirnyanskyi district of the Ivano-Frankivsk 

region. Bystrytsya Solotvynska river basin is located in 

the territory of the Precarpathian Trough and in 

the Skybova zone of the Carpathian Mountains.  

In the mountainous part the heights are 1,005-616 

m (Bystrytsya Nadvirnianska) and 1,378-607 m 

(Bystrytsya Solotvynska). River water line is 648-485 

(Bystrytsya Nadvirnianska) and 1,043 - 678 (Bystrytsya 

Solotvynska). Bystrytsya Nadvirnianska river valley 

expands almost to the village of Pasichna and reaches 

500 m.  In the mounrains, the velocity of the Bystrytsya 

Nadvirnianska river is 0.7 m/s.  The river slope is equal 

to 0.030. The length of the mountainous part of the 

Bystrytsya Nadvirnianska river is 13 km. The river 

channel width ranges from 1.2-3.0 m in the upper 

courses. There are some islands formed in some places 

in this part of the river, just as it is in the Limnytsya 

river channel. Bystrytsya Solotvynska river valley 

expands near the village of Porohy and reaches the 

width of 2 km near Solotvyno; the river channel is also 

divided into two branches in this part, and islands are 

formed. The river slope is equal to 0.022. The length of 

the mountainous part of the Bystrytsya Solotvynska 

river is 34 km. In fig. 6 (a)) we can see river channels in 

the mountainous part of the Bystrytsya Nadvirnianska 

and Bystrytsya Solotvynska rivers superimposed on the 

map dated 1989. [3.7] 

The hilly part with a marshy plain 

   This area is typical of the tributary of the Bystrytsia 

river - Bystrytsya Nadvirnianska. From Nadvirna to the 

junction with Bystrytsya Solotvynska, the river flows in 

a wide valley. The width of the valley is 2 km. The river 

channel is divided into a dense network of branches. 

This part is characterized by a large number of river 

branches. The largest width of the section with 

numerous branches is 750 m. The river channel is 

divided into 2 branches. The velocity of a river is 

considerable and ranges over 2 m/s. This part is similar 

to the Limnytsya river, since there is a marshy section 

here as well. As for the part where the river leaves the 

mountains, a focal type of river channel forms is 

characteristic of Bystrytsya Nadvirnianska river. Right 

floodplain is low and wide. Alternation of the channel-

floodplain with the channel and floodplain river 

branches was noted. 

   Unfinished meandering was noticed in this part. The 

break of a fairly wide isthmus and straightening of the 

river channel occur before the convergence of the peaks 

of two adjacent river bends. The river channel is divided 

into two branches. Straightening of the branch (a strait) 

is formed in the lower parts of the floodplain, when the 

water gets to the floodplain and its surface is scoured 

out. This branch usually turns into the main river 

channel, and the old main channel disappears. 

   The heights here are 600 - 400 m., and the river water 

line is 440-350. The length of this section is 19 km, and 

the river slope is 0.010. The width of the river channel 

here is 20-40 m.  

The plain part 

   In this part, the type of the river channel is close to 

river channel branches. It can be noted that from 1910 

to 2000, the typical river configuration was preserved at 

the major part of the river, but a number of minor straits 

either disappeared or were cut-off due to the 

construction of dams. The junction of Bystrytsya 

Solotvynska and Bystrytsya Nadvirnianska, as well as 

the head of Bystrytsya itself, are a special section for 

the three rivers. At the image of the section dated 1910, 

the existing minor straits are visible; the width of the 

strip on which river channel is formed is 500-700 m. 

The river channel is divided into 2 branches. The river 

channel is less winding. According to the data of 

modern space images, the river channel is more 

concentrated, there are no minor straits.  

   The heights are 340-220 m (Bystrytsya 

Nadvirnianska) and 480-220 m (Bystrytsya 

Solotvynska). River water line is 260-210 (Bystrytsya 

Nadvirnianska) and 400-250 (Bystrytsya Solotvynska). 

The length of the plain part for the two tributaries of the 

Bystrytsya River is 39 km. The river slope is 0.002 

(Bystrytsya Nadvirnianska) and 0.006 (Bystrytsya 

Solotvynska).  The width of the valley is considerable 

for both tributaries. Bystrytsya Nadvirnianska and 

Bystrytsya which is formed by the two tributaries have 

the width of the valley of 5 km, whereas the width of 

the valley of the Bystrytsya Solotvynska is 3 km.  

Measures aimed at protecting the Bystrytsya river 

include the following: 

- afforestation of the river banks; 

- strengthening river banks for the purpose of protection 

from floods; 

- separation of industrial and household wastewater to 

ensure their clarification before the discharge into the 

river; 

- the use of water treatment systems at industrial 

enterprises (as opposed to discharging them into the 

river); 

- creation of natural hydrological monuments. 

 Frequent rises of water level throughout the entire year 

are characteristic of the annual water-level variations. In 

the years characterized by high waters, floods occurred 

one after the other: in 1955, 1969, 1980, 2001, 2008; 

persistent water levels are observed during the period 

from September to December. In particular, the flood 

which occurred in the summer of 2008 due to intense 

thunderstorm and, as a result, a sharp rise in water 

levels in rivers, caused significant damage to the 

economy of Ivano-Frankivsk. It is considered to be the 

largest flood in the history of Western Ukraine over the 

past 60 years. Total flood losses were estimated at 3-4 

billion UAH.  

 



 

 

 

 

 

a)  b)   

c)  

 

Fig. 6. General view of digitized channels of the Bystrytsya river according to the data of topographic maps and 

space images: a) the mountainous part; b) the hilly part with a marshy plain; c) the plain part. 

 

In fig. 7 black dots mark river channel shifts 

measurements and fragments of maximum shifts; their 

results are given in table 5. 

 

Table 5 

Bystrytsya river channel shifts 

Dot 

No. 

Shift (m) 

Bystrytsya 

Nadvirnianska 

Bystrytsya 

Solotvynska 

1910-

1989 

1989-

2000 

2000-

2016 

1910-

1989 

1989-

2000 

2000-

2016 

1 141 31 102 115 292 -31 

2 111 52 - 241 -32 17 

3 -107 58 11 -157 36 14 

4 121 -71 -28 159 50 84 

5 405 -168 -91 169 32 -113 

6 261 206 100 -579 100 -83 

7 -375 126 139 285 -90 40 

8 109 62 27 175 - -49 

9 184 37 32    

10 542 - -145    

11 570 -223 -48    

12 243 - 36    

The points used for the calculation were on the bends of 

the first channel, measurements for the second and the 

third channels were taken in perpendicular lines; in case 

of channel deviation in the southern direction, the shifts 

have a "+" sign, in case of channel deviation in the 

northern direction, they have a "-" sign. The maximum 

shift values in both tributaries of the Bystrytsya river 

are equal to more than 500 m in the years 1910-1989. 

At some points, the river shifted towards its natural 

course, just as it was in the case of the Limnytsya river 

channel. 



 

 

  
 

  
Fig. 12. Enlarged fragments of the river channel with the detailed presentation of maximum changes (the upper image is 

the tributary of Bystrytsya Nadvirnianska; the bottom image is the tributary of Bystrytsya Solotvynska)

The map of quaternary sediments and the soil map for 

the Bystrytsya river were analyzed.  

   At the river channel, the main deposits include eolian-

diluvial and diluvial deposits. The lithological 

composition is characterized by the presence of loams, 

loamy sands and clay; crushed stone and peat were also 

found in some areas.  

   The river is characterized by meadow soils, which are 

mainly on alluvial and diluvial deposits, and by turf 

soils. Boggy and peat-boggy soils were also found. 

Mechanical composition: sands, loamy sands, and 

crushed stone. 

Conclusions 

1. Comprehensive approach to the study of 

hydrographic objects is based on the use of space 

images, topographic maps of different periods, as well 

as geomorphological maps, in particular maps of 

quaternary sediments, and soil maps, with further 

processing of information in the ArcGIS software 

environment. 

2. For the monitoring of the Limnytsya and 

Bystrytsya rivers over the period of 106 years, 

topographic maps (dated 1910, 1989) and space images 

obtained from Landsat 7 (2000) and Sentinel 2 (2016) 

satellites, as well as maps of quaternary sediments and 

soil maps, were used.    

3. Analysis of the main geological structures 

shows that the Prearpathian Trough, filled with alluvial 

deposits dating to different epochs, has a dominant 

impact on the character of channels of the Limnytsya 

and Bystrytsya rivers. 

4. By the nature of the horizontal shift of the river 

channel, as well as by the change of the landscape, these 

rivers can be roughly divided into three parts: the 

mountainous part, where there are almost no river 

channel shifts; the hilly part with a marshy plain – with 

a characteristic feature of a large number of river 

branches and marshiness; and the plain part, on which 

considerable river channel shifts were observed. 

5. Analysis of the maps of quaternary sediments 

and soil maps shows that alluvial, diluvial and eolian-

diluvial deposits, consisting of loamy sands, sands, 

pebbles, clay, and crushed stone, are the prevailing 

quaternary sediments near the Limnytsya and 

Bystrytsya river channels; meadow podzolic and turf 

soils, as well as boggy and peat-boggy soils correlate 

with quaternary sediments. 

In the lower courses of the hilly part with a marshy 

plain and the plain part, an anthropogenic factor, which 

involves unsystematic – often unauthorized – extraction 

of sand and gravel materials, has a significant effect on 

the character of the river channel.  
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Monitoring of planned channel shifts of the right-

bank tributaries of the Dniester river  

S. Tretiak 

 

Planned shifts and changes in the channels of the 

Limnytsya and Bystrytsya rivers, which are one of the 

largest tributaries to the Dniester river, were considered. 

The monitoring was carried out for the period of 106 

years on the basis of topographic maps, space images, 

maps of quaternary sediments, and soil maps from 

different time periods. The research was carried out for 

the entire length of the Limnytsya and Bystrytsya river 

channels, from the riverheads to their mouths at the 

disemboguement into the Dniester river. Peculiarities of 

changes were found for three different parts of the 

rivers: for the mountainous part, the hilly part with 

marshy plain, and the plain part. As for the mountainous 

part, the river channels almost didn't change during the 

106-year period; a large number of river branches and 

marshiness is a characteristic feature of the second part; 

the most significant planned river channel shifts occur 

https://www.twdb.texas.gov/publications/reports/contracted_reports/doc/0904830968_Brazos.pdf
https://www.twdb.texas.gov/publications/reports/contracted_reports/doc/0904830968_Brazos.pdf
http://dx.doi.org/10.1016/j.sedgeo.2013.06.007


at the third part, the plain part. These shifts are caused 

both by natural and anthropogenic factors. At this part 

of the rivers, horizontal shifts reach up to 490 meters (th 

Limnytsya river) and up to 579 meters (the Bystrytsya 

river).  

 



 


