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SUMMARY 

 
 

The paper considers the methodology of hydrological modeling of flooded lands, carried out on a 

section of the Dniester River (Ukraine) with complex hydro-morphometric characteristics of the 

riverbed. The source material was images obtained from UAVs. Special attention is focused on the 

influence of changes in the terrain surface on the modeling results, which depend on the Manning 

coefficients. The purpose of the research is to study changes in the area of land flooding according to 

the selected hydrological model due to changes in the subsoil surface. The change of the surface, which 

is associated with a complex type of channel meandering, is considered as an important element of 

modeling. The object of the study is a section of the Dniester River in Ukraine at the point of transition 

from the foothill part of the channel to the hilly-swampy part with complex meandering and significant 

displacements of the river. Determination of horizontal displacements of the channel, construction of 

high-precision DEM, determination of Manning coefficients was carried out using geospatial data 

obtained from UAVs. 
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Introduction 

 

The paper considers the methodology of hydrological modeling of flooded lands, carried out on a 

section of the Dniester River (Ukraine) with complex hydro-morphometric characteristics of the 

riverbed. The source material was images obtained from UAVs. Special attention is focused on the 

influence of changes in the terrain surface on the modeling results, which depend on the Manning 

coefficients (one of the fundamental characteristics in hydrological modeling). 

 

The study of channel processes, the stability of rivers, which depend on the hydrological and 

morphometric characteristics of the channels, in recent decades has acquired a distinctly practical 

character, connected with the assessment of the areas of flooded and submerged lands in the vicinity of 

river channel. The results of hydrological modeling are used in modern management tasks to forecast 

the flooding of lands and assess damages due to these phenomena, which allows for significant 

correction of floodplain development and excessive plowing of riparian lands. 

 

In recent years, in the Carpathian region of Ukraine, flooding phenomena have become more frequent 

in the summer, which are accompanied by significant economic and ecological losses. The floods in 

2008 and 2020 were especially powerful, between them there were somewhat smaller floods in 2014 

and 2016, which resulted in destroyed bridges, damaged roads, and destroyed field crops. Considerable 

losses are associated with damaged farms, infrastructure facilities, and residential buildings. 

 

The on time obtained information about the course of the flood, monitoring at hydrological posts of the 

level of water that fills the riverbed and floodplain, allow to notify the population through the relevant 

administrative structures and take measures to reduce losses that can occur as a result of these 

destructive phenomena. 

 

The purpose of the research is to study changes in the area of land flooding according to the selected 

hydrological model due to changes in the subsoil surface. The change of the surface, which is associated 

with a complex type of channel meandering, is considered as an important element of modeling. 

 

The object of the study is a section of the Dniester River in Ukraine at the point of transition from the 

foothill part of the channel to the hilly-swampy part with complex meandering and significant 

displacements of the river. Determination of horizontal displacements of the channel, construction of 

high-precision DEM, determination of Manning coefficients was carried out using geospatial data 

obtained from UAVs. 

 

Methodology and materials 

 

The developed method of hydrological modeling of flooded lands consists of three technologically 

related parts: construction of a high-precision DEM, determination of the type of subsoil surface and 

Manning coefficients, and determination of water consumption. The very first fundamental element of 

modeling is the choice of model (Burshtynska Kh. et. al., 2020; Silva F. V. et. al., 2014). Taking into 

account the insignificant width of the channel (up to 20 m), a one-dimensional model of the constant 

water flow according to the Manning equations, which are solved by the numerical method in the HEC-

RAS module, is applied. The main calibration parameter of the model is the coefficient of roughness of 

the channel and near-channel territory. Manning's equations indicate the dependence of the flow speed 

on the shape and dimensions of the cross section and the roughness of the channel walls. First of all, it 

is necessary to determine all deformations of the river on the complex sections of riverbeds (Hooke 

J.M., 2006; Khaleghi Somaiyeh et. al., 2015). 

 

An important field of application of the theory of channel processes is related to agriculture, since the 

richest grasslands are located on river floodplains; the activity of rivers must be taken into account 

during development of land reclamation projects (Rudko H.I. et. al., 2014; Shevchuk V. et. al., 2021). 

The design of projects related to regulation of riverbeds, various constructions on the banks and in the 

riverbeds should be based on forecasts of channel displacements, which are based on knowledge of the 
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conditions and regularities of the formation of riverbeds. Permanent changes in the configuration of 

riverbeds most often occur with fast-eroding soils on complex morphometric terrain forms (Korpak J. 

et. al., 2008; Sharkey J.K.,2014). Nowadays in order to model land flooding, which requires the use of 

heterogeneous geospatial data and high-precision DEMs, in addition to satellite images, data obtained 

from unmanned aerial vehicles (UAVs) have been used (Hlotov V. et. al., 2014). 

 

The survey was carried out in 2017 and 2021 under different vegetation conditions. The methodology 

includes the entire complex of field and office activities: geodetic and hydrological works; research of 

horizontal channel displacements, creation of orthophoto plans for various survey conditions, analysis 

of a priori and a posteriori accuracy of point coordinates. The main initial parameters of hydrological 

modeling include: digital terrain model; Manning coefficients; the height of water rising. The structural 

diagram of the processes is presented in Fig. 1. 

 

 
Figure 1 Structural scheme of hydrological modelling 

 

Results 

 

Based on the results of digital images processing, taken from UAVs, an orthophotomap of the river 

channel was created (Fig. 2) 

 

.   

Figure 2. Orthophotomaps of the area of the Dniester River obtained from a UAV survey: a) 2017; b) 2021. 

 

Georeferencing of orthophotomaps and vectorization of riverbeds allow to determine the displacement 

of the riverbed over the last 4 years, which makes it possible to more carefully evaluate the type of 

substratum (sand, grass, vegetation, etc.), on which the Manning coefficients depend, as a fundamental 

element of modeling. Fig. 3 shows changes in the subsoil surface determined by horizontal 

displacements over a 4-year period with enlarged fragments at the points of maximum displacements. 

Based on these data, an image of the underlying surface (Fig. 3) was created, where the maximum 

changes were observed. 
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Figure 3 Changes in the surface: a) 2017, b) 2021 

 

The Manning coefficients was computed by the equation: 
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�
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where M – is the refined Manning coefficient, mi – is the Manning coefficient for part of the surface, li 

– is the length of the surface along part of the profile line, i- is the number of surface types. 

 

Hydrological modeling was done using DEM, constructed in the form of transverse profile lines based 

on images taken from UAV survey in the leafless period of the year in November 2021. The accuracy 

of the model was assessed at 12 points based on geodetic and photogrammetric measurements (RMS = 

0.26m). 

 

The following basic elements was taken into account for hydrological modeling: the type of channel 

(central line, shorelines, lines of current), terrain and channel topography (cross-section lines and river 

depth measurements), channel hydrological regime (graph of the water levels rise depending on 

meteorological conditions for certain calendar period). The highest water rise was about 4 meters on 

June 24, 2020. The difference in the areas for simulated flood using refined and adjusted values of 

Manning's coefficients is presented in the table below. 

 

Table 1 The difference in the areas for simulated flood 
Coefficients Square (ha) 

Refined coefficients 5,415 

Adjusted coefficients 5,151 

Difference 0,264 (5.1%) 

 

Figure 4 shows simulated flooded areas. 

 

 
Figure 4 Flooded areas for different types of surfaces 
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Conclusions 

 

Hydrological modeling methods are used to prevent material losses and timely alert the population 

about threatening flood events. In order to determine the flood zones of the riverbed territory, the 

automated HEC-RAS module of the ArcGIS system was adapted for modeling the section of the 

Dniester riverbed, which is complex in terms of hydrological and morphometric characteristics. 

 

UAV survey was performed in May 2017 during a significant vegetation period and in November 2021 

when the terrain was leafless. The modeling was carried out on the basis of the DEM obtained from 

UAV survey in November 2021 during the time when the terrain was leafless. The RMS of the DEM 

estimated by 12 control points consists of 0.26m. 

 

The method proposed for determination of refined Manning coefficients takes into account the changes 

in the underlying surfaces along the profile. Hydrological modeling was carried out for the average 

water level of 4 meters, which was taken from the meteorological observations on June 24, 2020 (the 

peak of the flood). 
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