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SUMMARY 

The research focuses on sediment flow in rivers, which plays a vital role in the functioning of 
the entire river system. First, this is reflected in the formation of riverbeds and their 
floodplains. The amount of sediment runoff can be determined by the water level of the river 
and the geological and geomorphological structure of its catchment.  

The purpose of the work is to study the spatio-temporal dynamics of sediment flow 
depending on the change of rivers using the example of the Dnipro river basin (within 
Ukraine). Data on water consumption and suspended sediments based on information from 
18 representative hydrological stations for 2 periods, 1980-2000 and 2001-2020, were used to 
achieve the goal.  

The dependence of water and sediment discharge on the rivers of the Dnipro basin within 
Ukraine was determined and analyzed. The assessment of changes in these indicators was 
carried out based on information from 18 representative hydrological stations for 2 periods, 
1980-2000 and 2001-2020. The change in the erosion coefficient A and the slight increase in 
the index of degree n are caused, first of all, by the changed water content of the specified 
tenth rivers, which in recent years tended to decrease. This confirms and reduces the total 
flow on the studied rivers by more than 15% for the specified periods.  
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Introduction 
Sediment flow in rivers plays an important role in the functioning of the entire river system. First of 
all, this is reflected in the formation of riverbeds and their floodplains. The amount of sediment runoff 
can be determined by the water content of the river and the geological and geomorphological structure 
of its catchment. In modern conditions, it can also significantly depend on basin economic activity 
(Obodovskyi, 2001). At the same time, the flow of sediments in rivers can characterize the intensity of 
manifestations of channel processes not only in the river bed, but also erosion-accumulative processes 
on the surface of its basin. Taking this into account, sediment flow can be considered an integral 
indicator that can reflect the fluvial processes of the river catchment surface (Obodovskyi, 2001, 
Makkaveev, Chalov, 1986, Rosgen D, 1996). 
The above-mentioned aspects of the formation of sediment runoff are characteristic of the Dnipro 
basin (within Ukraine), where both natural and anthropogenic factors of its formation are combined. 
The relevance of this problem becomes even more significant in the modern conditions of river flow 
formation, which have certain fluctuations depending on climatic changes. In this form, it is reflected 
in the intensity of channel processes in rivers and the stability of their channels. It is also worth noting 
that the flow of suspended sediments in lowland rivers can make up 90-95% of the total stock of 
sediments (Obodovskyi, 2017). In some cases, for different natural conditions and management, this 
value can range from 1 to 10%, and in other cases up to 20% (Karasev 1975, Kopaliani, 1985, 
Babinski, 2002). 
Taking into account the above, for the lowland rivers of the Dnipro basin within Ukraine, it can be 
stated that their general flow of sediments is well reflected by the flow of suspended sediments. This 
process can also be enhanced when the river flow is regulated with a general decrease in its total value 
(Walling, 2013). 
The purpose of the presented work is to study the spatio-temporal dynamics of sediment flow 
depending on the change of rivers on the example of the Dnipro river basin (within Ukraine). 
 
Method and Theory 
To achieve this objective, data on water flow and suspended sediment flow based on information from 
18 representative hydrological stations for 2 periods of 1980-2000 were used. and 2001-2020 (Fig. 1, 
table 1). These posts were chosen taking into account such factors as: a) length and representativeness 
of the period of observation of water and sediment flow, b) location in different subbasins of the 
Dnipro river basin area, c) influence of natural and anthropogenic conditions on the formation of 
suspended sediment flow. In both periods, the dependences between the specified values were 
obtained, which are described by a general expression 
  

                                                   R =  Qn,                                                             (1)  
 
where, R – is sediment discharge, kg/s; Q – is water discharge, m3/s; A – is the erosion coefficient, 
which reflects the degree of soil erosion in the river basin; n is an indicator that takes into account the 
influence of the variety of river alluvium on the flow of suspended sediments. 
       To find the value of the erosion coefficient (A) and the indicator n, we use graphs of the 
relationship lgR=f(lgQ). The erosion coefficient was found as the antilogarithm of the value at the 
point of intersection of the ordinate axis with the trend line of the points of the connection graph 
lgR=f(lgQ) (Fig. 2).  
 
According to the same schedule, the value of the indicator n was determined, which takes into account 
the influence of the variety of river alluvium and erosion processes in the upper catchment of the river 
on the flow of suspended sediments in the post. It is found by the formula: 

 
(2) 

where the tangent of the angle α between the trend line and the line drawn from the point of 
intersection of the ordinate axis with the trend line (Fig. 2). 
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Figure 1 Location of hydrological stations within the Dnipro river basin area (within Ukraine) 
                                                                     

 

Figure 2 Graph of the dependence of lgR=f(lgQ) according to the data of the Sarna hydrological 
station on the Sluch River 
 
Results of investigations 
As a result of the conducted research, expression (1) was used to calculate the dependence between 
water discharge and suspended sediments for the two specified periods (Table 1, 2). 
The analysis of the obtained results proved a certain ambiguity of the spatio-temporal changes of 
these connections. For the most part, they were manifested in a significant decrease in the erosion 
coefficient A and a slight increase in the degree of n. This may indicate a decrease in erosion 
processes in river catchments and, as a result, a decrease in sediment flow in the studied watercourses. 
This course of events is caused, first of all, by the change in the water content of the specified rivers, 
which has a tendency to decrease in recent decades. 
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Table 1 Comparative analysis of water flow and sediments of individual rivers of the Dnipro river 
basin, observation period 1980-2000 years 
 River - station Angle  n lgR А Equation 
r. Vyzhivka - s. Ruda 40 0,84 -2,82 0,0015 R= 0,0015 Q0,84 
r.Styr-s.Shchurovychi 42 0,9 -1,30 0,05 R= 0,05 Q0,9 
r. Ikva - s. Velyki Mlynivtsi 57 1,54 -1,02 0,0950 R= 0,095 Q1,54 
r.Horyn- urban v.Iampil 55 1,43 -1,40 0,04 R= 0,04 Q1,43 
r. Sluch - v. Hromada 44 0,97 -1,35 0,045 R= 0,045 Q0,97 
r.Sluch-s.Sarny 55 1,43 -1,01 0,097 R= 0,097 Q1,43 
r. Ubort - v. Perha 40 0,84 -1,36 0,044 R= 0,044 Q0,84 
r. Noryn - v. Slavenshchyna 55 1,43 -1,57 0,024 R= 0,027 Q1,43 
r.Teteriv- urban v.Ivankiv 50 1,19 -1,77 0,017 R= 0,0017 Q1,19 
r. Desna - v. Rozloty 70 2,75 -1,52 0,03 R= 0,03 Q2,75 
r.Desna-s.Chernihiv 65 2,14 -1,22 0,06 R= 0,06 Q2,14 
r. Seim - v. Mutyn 57 1,56 -1,10 0,08 R= 0,08 Q1,56 
r.Ros-v.Fesiury 40 0,84 -1,52 0,03 R= 0,03 Q0,84 
r. Psel - s. Hadiach 53 1,33 -1,39 0,041 R= 0,041 Q1,33 
r.Vorskla-v.Chernechchyna 47 1,07 -1,43 0,037 R= 0,037 Q1,07 
r. Oril - urban v. Tsarychanka 60 1,73 -1,43 0,037 R= 0,037 Q1,73 
r.Samara-v.Kocherizhky 49 1,15 -1,33 0,047 R= 0,047 Q1,15 
r. Vovcha - urban v.Vasylkivka 50 1,19 -1,19 0,064 R= 0,064 Q1,19 
 
Table 2 Comparative analysis of water flow and sediments of individual rivers of the Dnipro river 
basin, observation period 2001-2020 years 
 River - station Angle  n lgR А Equation 
r. Vyzhivka - s. Ruda 53 1,33 0,25 1,78 R= 1,78Q1,33 
r.Styr-s.Shchurovychi 69 2,61 -4,8 0,00002 R= 0,00002 Q2,61 
r. Ikva - s. Velyki Mlynivtsi 70 2,75 -2,4 0,0040 R= 0,004 Q2,75 
r.Horyn- urban v.Iampil 67 2,36 -3,5 0,0003 R= 0,0003 Q2,36 
r. Sluch - v. Hromada 50 1,19 -2,5 0,0030 R= 0,003 Q1,19 
r.Sluch-s.Sarny 48 1,11 -2,1 0,0079 R= 0,0079 Q1,11 
r. Ubort - v. Perha 44 0,96 -2,5 0,0030 R= 0,003 Q0,96 
r. Noryn - v. Slavenshchyna 55 1,42 -2,5 0,0030 R= 0,003 Q1,42 
r.Teteriv- urban v.Ivankiv 48 1,11 -2,6 0,0025 R= 0,0025 Q1,11 
r. Desna - v. Rozloty 68 2,48 -5 0,00001 R= 0,00001 Q2,48 
r.Desna-s.Chernihiv 63 1,96 -5,2 0,00001 R= 0,00001 Q1,96 
r. Seim - v. Mutyn 63 1,96 -4 0,0001 R= 0,0001 Q1,96 
r.Ros-v.Fesiury 55 1,43 -2,9 0,0013 R= 0,0013 Q1,43 
r. Psel - s. Hadiach 68 2,47 -4,4 0,00004 R= 0,00004 Q2,47 
r.Vorskla-v.Chernechchyna 54 1,38 -3,4 0,0004 R= 0,0004 Q1,38 
r. Oril - urban v. Tsarychanka 62 1,88 -3 0,0010 R= 0,001 Q1,88 
r.Samara-v.Kocherizhky 50 1,19 -3,2 0,0006 R= 0,0006 Q1,19 
r. Vovcha - urban v.Vasylkivka 65 2,14 -3,2 0,0006 R= 0,0006 Q2,14 
 
To estimate fluctuations in water flow (Table 3), the phases of water in the runoff series within the 
subbasins were selected according to the scheme of hydrographic zoning of the territory of Ukraine, 
taking into account the basic repeatability of the cycle, the determined duration of low-water and 
high-water phases, and the fact that there is spatial synchronicity of water flow in the specified 
subbasins (Lukianets, 2021a,b). 
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Table 3 Time periods of high-water and low-water water phases of some rivers of the Dnipro river 
basin 

River sub-basins 
Water phases ↑ - high water, ↓ - low water 

during the observation period 
↑ ↓ ↑ ↓ 

Prypiat sub-basin 
(Dnipro river basin) 

1965↔ 
1981 

1982↔ 
1992 

1993↔ 
2010 2011-2013↔ 2021-2023 

 ↓ ↑ ↓ ↑ ↓ 
sub-basins of the Desna, 
Middle Dnipro, and 
Lower Dnipro (Dnipro 
river basin) 

1971↔ 
1977 

1978↔ 
1986 

1987↔ 
1997 

1998↔ 
2007 

2008-2010↔ 
2018-2020 

 
Table 2 shows that, in accordance with the selected periods of water flow and sediment estimates, a 
more diverse trend in water content changes for the first period is followed. On the other hand, for the 
second period starting from the tenth years of the current century, a low-water phase is observed on 
all the research rivers. 
This trend can be confirmed by the general change in sediment flow in the research rivers. In general, 
its value, according to our data, decreased in another period (2001-2020) by more than 15% compared 
to that attributed to the first period (1980-2000). 
 
Conclusions 
The dependence of water flow and sediment on the rivers of the Dnipro basin within Ukraine was 
established and analyzed. The assessment of changes in these indicators was carried out based on the 
information of 18 representative hydrological posts for 2 periods of 1980-2000 and 2001-2020. The 
change in the erosion coefficient A and the slight increase in the index of degree n are caused, first of 
all, by the changed water content of the specified tenth rivers, which tended to decrease in recent 
years. This is confirmed and reduced by the total flow on the investigated rivers by more than 15% for 
the specified periods. 
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