
Introduction

Many studies describe in detail that important 
bed changes were detectable in the river bed of the 
Upper Hungarian Danube in the last decades [1, 2]. 

The installation of the Gabcikovo hydropower plant 
in the upstream [3-5], other artificial interventions 
(e.g., groin fields, ripraps) and a significant volume of 
dredging [1, 6] upset the balance in the sediment and 
morphodynamic system. The altered morphodynamic 
processes led to remarkable bed changes [1, 6-8]. 
During 2-3 decades, bed incision to a few meters of 
magnitude was detected and ascertained as the main 
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reason for the problems (e.g., in navigation, flood risk 
management, etc.) at the river section [4, 9]. Therefore, 
a particularly important question was to determine the 
expected bed change trends, and additionally, when the 
new dynamic equilibrium state would be formed. 

Many previous studies have examined the 
problematic upper Hungarian Danube reach. The 
scientific investigations claimed consistently that the 
bed incision was still in progress in the 1990s and 
also in the early 2000s [3, 4, 7]. Since then, the not 
entirely satisfactory (in quality and also in quantity) 
measurement data hinder the researchers in conducting 
meaningful investigations regarding the ongoing trends. 
In turn, from the 2010s, the Department of Hydraulic 
and Water Resources Engineering of the Budapest 
University of Technology and Economics and the 
North-Transdanubian Water Directorate in Hungary 
elaborated increasingly target-orientated measurement 
campaigns at the river section between rkm 1798 and 
rkm 1794 (Fig. 1). The evaluated data brought important 
additional information, based on which the researchers 
could make approximate estimates regarding the local- 
and reach-scale morphodynamic processes. The main 
outcomes were published in 2017 [2] as a) the studied 
river reach is close to a dynamic equilibrium state and 
b) the geometric alteration of the Vének upper and lower 
gravel bars (Fig. 1) are not expected in the year-scale, 
but slight abrasion accompanied by a minor bed level 
rise can appear. However, the paper emphasizes that 
additional studies are required for even more reliable 
morphodynamic investigation. The 3D computational 
modeling offers an alternative for analyzing and 
predicting the recent processes. That is, the numerical 
modeling-based investigation could be an important 
complementary manner with meaningful added value.

The continuous development of sediment transport 
calculation took place in recet decades [10-25]. In the 
1950s, the applicability conditions of sediment transport 
calculation methods covered a narrow range of the 
morphodynamic conditions. For instance, those models 

could be used only for uniform bed material with steady 
flow conditions [18-20, 23]. Later, the improvement 
of the models led to the widening of the applicability 
limits [12, 15, 21, 22, 24]. Several studies introduce the 
applicability limits of the models, like the Sediment 
Engineering book, which provides an extensive 
summary of many formulas and their applicability 
conditions [10]. The most obvious limitation factors are 
the grain size (sand, or gravel) and the homogeneity of 
the bed content [10, 13, 25, 26]. Besides those, bed slope 
[27], bed shear stress [28], the hydraulic flow regime 
[10, 20, 29-31], and the measure of armoring [21, 22], 
etc. are also morphodynamic factors that determine the 
applicability and reliability of the sediment transport 
models.

In complex flow and morphological cases – e.g., 
situations where different morphodynamic processes 
like scouring, bed armoring and aggradation take 
place at the same time – a less limited sediment 
transport approximation method would be needed, 
particularly when sediment transport of varied (both 
in time and space) bed load composition occurs, e.g., 
in a nonuniform river bed with groin fields [32, 33]. In 
such cases (a typical example is the presented Danube 
reach, where the typical d50 varies between 0.1 mm and 
25 mm [2]; Fig. 1), the applicability limits of the existing 
sediment transport formulas still set back the accuracy 
of the numerical modeling. Török et al. presented a 
novel calculation method [26] in 2017, which proved that 
the coupled application of different sediment transport 
methods can evidently increase the reliability of the bed 
change calculation. In that study, the van Rijn [19] and 
the Wilcock and Crowe [22] models were combined: the 
most accurate results could be arranged if the van Rijn 
model calculates the motion of the finer sediments and 
the transport of the coarser grains are estimated by the 
Wilcock and Crowe model. 

The goal of this study is to involve the 3D CFD 
modeling tool in the morphological investigation 
of the presented critical Danube reach in order to 

Fig. 1. Positions of the Vének upper and lower gravel bars and of the Vének side branch.
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supplement the earlier presented field measurement-
based statements [2]. So, the interaction between 
the local phenomena and the reach-scale processes 
become examinable in more detail. For this reason, a 
3D numerical model was applied involving the novel 
sediment transport calculation method [26]. 

Numerical Methods 

Flow Simulation

In this study, the numerical model developed by 
Olsen was used [34, 35]. The flow field is calculated 
based on the 3D Reynolds-averaged Navier-Stokes 
(RANS) equations, written as:

 (1)

…where U is the time (t) averaged velocity, x is the 
spatial geometrical scale, ρ is water density, P is the 
pressure, δ is the Kronecker delta and u is the velocity 
fluctuation. In this equation, the first term on the left 
side is the transient term, the second is the convective 
term, while on the right side the pressure term, the 
Reynolds stress term, and the external forces term can 
be seen. The Reynolds stress term is calculated by the 
k-ε turbulence closure [34, 36]. The model solves the 
equations by applying a finite-volume method and the 
SIMPLE algorithm [34, 36] on a 3D non-orthogonal, 
unstructured grid. Dirichlet boundary conditions have 
to be assigned at the inflow boundary [34]. At the 
outflow boundaries, zero-gradient conditions are used 
for all variables. As the boundary conditions for the 
RANS equations, at the inflow boundary the water 
discharges, at the outflow the water level was set. In the 
first cell, on the bed and sidewalls, the velocity profile 
is calculated from the well-known logarithmic formula 
[26] (bed roughness was computed as a function of the 

bed sediment distribution, according to the activated 
sediment transport formula).

The applied grid can be seen in Fig. 2, which also 
includes the floodplain area. If the flow discharge 
exceeds the bankfull discharge, the model is able 
to take into consideration the flush of the floodplain 
area. The study side was discretized with 355 cells in 
the streamwise direction and 150 cells in the lateral 
direction, respectively, yielding an average horizontal 
resolution of 10 m in the main channel, and 13 m in 
the floodplain area. Vertically, 11 layers were defined 
at every 10% of depth. The vegetation as a roughening 
impact can be taken into account as a sink term in  
the Navier-Stokes equations on the flood plain according 
to Fischer-Antze et al. [37]. The sink term is included  
in the external forces term (Fi) in Eq. 1 and calculated 
as:

                  (2)

…where FD,I is the drag force on a vegetative element, 
CD is the drag coefficient of the vegetative element 
(the recommended value of 1.0 was applied) and λ is 
the vegetative coefficient that actually indicates the 
diameter and the unit spatial density of the vegetative 
element [37, 38]. The vegetation was defined based on a 
satellite image.

The herein applied 3D CFD model was already 
applied successfully for many sediment transport-related 
investigations [2, 25, 39-43] adapted and validated for 
the investigated Hungarian reach of the Danube, which 
was published in previous research works [40, 44]. 
Those studies have already demonstrated the reliable 
application of the 3D flow model.

Sediment Transport Calculation

The investigated reach has a meandering river 
pattern, whose shape naturally causes a spatially varied 

Fig. 2. Grid of the modeled Danube reach.
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flow field and bed material. Additionally, important 
river training measures increase the complexity of 
morphodynamic features. Consequently, a sediment 
transport calculation method was needed which is able 
to arrange both fine and coarse sediment transport. 
Thus, this study uses the sediment transport calculation 
method of Török et al. [26]. The base calculation 
principle is that the van Rijn model calculates the 
sediment transport in the cells of the grid, where sand 
domination is expected in the bed load. In the other part 
of the grid, the Wilcock and Crowe model is activated. 
The decision of the dominant sediment size in the bed 
load is determined according to Török et al. [45], which 
says that:

Re* < ~300 à sand transport dominates 
(van Rijn model activation),

Re* > ~400 à gravel transport dominates 
(Wilcock and Crowe model activation),

...where Re* is shear Reynolds number [30, 45], calculated 
as:

                             (3)

…where u* is the shear velocity, D is the grain 
diameter and ν is the kinematic viscosity of the fluid. 
Re* of 300-400 is considered a transition range, where 
the weighted form of the two transport models is used.

The detailed description and equations of the 
mentioned bed load transport formulas can be read in 
the Sedimentation Engineering book [10]. These models 
do not contain any variable to calibrate, the constants 
(the constant von Karman: κ = 0,41, the lift coefficient: 
αL = 20) and base equations (e.g., the original Shields 
curve was used in the van Rijn model [20, 46]) as it is 
recommended. However, the two models calculate the 

bed roughness by two different ways: for the van Rijn 
model the recommended estimation method is:

                            (4)

… while for the Wilcock and Crowe model it is:

                                             (5)

Bed roughness was calculated accordingly: in the 
grid cells, where the van Rijn model was activated, the 
roughness was estimated by Eq. 4, otherwise by Eq. 5.

In both cases, the formulas were complemented 
by the suspended sediment formula of van Rijn [46]. 
Thus, the bed load calculation was complemented with 
suspended load calculation by the van Rijn equation in 
each cell.

Initial and Boundary Conditions

The bed material parameterization was elaborated 
upon based on the field measurements introduced in 
Török and Baranya [2, 47], where 33 bed material 
samples were collected. The bed material could not 
be described with one value, because it is very varied 
spatially (typical d50 varies between 0.1 mm and 25 mm 
[2]). The spatial d50 distribution in the main channel 
was elaborated upon based on the idea presented in 
[48]. That is, in especially complex bed geometry a 
relationship between the calculated local bed shear 
stress value by 3D flow model at the mean-water level 
and the local d50 can be stated. Accordingly, based 
on the fitted function, a transitional and continuous  
d50 map can be estimated based on the calculated bed 
shear stress distribution. Thus, a linear equation of  
d50 [mm] = 1.06 * τ + 7.5 (where τ is the bed shear 
stress, N/m2) was fitted to the measured points. 

Fig. 3. Water level frequency curve, flow (1998-2016) and bed load (2010-2015) rating curves and the likely present yearly bed load 
amount as the function of the water level.
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Besides the main channel, the gravel bars and the finer 
sections (sand depositions and near-bank zones) were 
characterized with typical grain sizes, as other studies 
presented [49-51]. Thus, the average difference between 
the measured and estimated d50 values was 3.2 mm.

As to the floodplain bed material, there were no 
samples from there. Presumably, the bed material 
is coarse sand/fine gravel mixture, thus the d50 was 
supposed to be 5 mm in the floodplain. Due to the 
lack of field data, the spatial distribution of the d50 was 
assumed to be uniform.

The inflow suspended sediments and bed load 
was determined as the function of the flow discharge, 
according to measurement-based fitted curves presented 
in Török et al. and Ficsor [2, 52, 53]. Based on bed load 
sampling (2010-2015), the fitted bed load rating curve 
was calculated, which is illustrated by the red curve in 
Fig. 3.

The bed changes during a 2-year-long period were 
investigated. In order to reduce the pre-calculated half-
year long duration of the simulation, only periods that 
exceed bed-forming flow discharge ([47] Q>2100 m3/s, 
Fig. 4) were simulated. The bed-forming discharge 
(also known as effective discharge [54]) is the flow 
rate that statistically transports the higher bed load rate 
considering the water level frequently. Multiplying the 
water level frequency curve (left Figure in Fig. 3) and 
bed load rating curve (blue curve in Fig. 3), the likely 
present yearly bed load amount as the function of the 
water level can be calculated. Finally, the maximum 
value of this diagram (right figure in Fig. 3) designates 
the water level at which the higher yearly sediment 
yield can be expected. The belonging water discharge 
(blue curve, middle figure in Fig. 3) is called the bed-
forming water discharge, which was calculated as  
Q = 2100 m3/s (Fig. 3). 

Based on Fig. 3, 66% of the annual bed load 
amount passed by the flow [47] above the bed-forming 
flow discharge. Therefore, the major bed changes are 
expected during these periods. Accordingly, the bed 
changes caused by eight flood waves were calculated, 
which means a total of 211 days (Fig. 4). Thus, the 
inflow boundary condition was the water discharge time 
series in Fig. 4, and the outflow boundary condition 

was given according to the belonging water level series 
(measurements by the North-Transdanubian Water 
Directorate). The flow discharge of the Mosoni-Danube 
is not registered daily. Therefore, the inlet water 
discharge of the tributary was set for a steady 40 m3/s, 
which is the mean discharge of the Mosoni-Danube [55]. 
This steady discharge is 1.9% of the mean discharge of 
the Danube at the investigated section.

Results and Discussion

Based on the model results by the Re* dependent 
combining method, the morphological investigation of 
the Danube reach between ~ rkm 1795 and rkm 1799 
was performed. The core of the examination was to 
take advantage of the numerical modeling. Basically, 
two main questions were drawn up: what kind of local 
and reach-scale changes can be expected? That is, the 
present study does not focus on the bed change effect 
caused by given flood waves. The goal was to explore 
generalizable bed change trends linked to hydrological 
conditions.

As Liedermann et al. also presented [56], the 
flow discharge refers fairly well to the local sediment 
transport properties, such as the bed-load discharge. 
Based on this, a suggestion was stated that characteristic 
bed change maps can be calculated, which are able 
to indicate roughly the potential changes regarding 
different flow discharge ranges. The characteristic 
bed change maps were calculated for the flow 
discharge ranges of 2000-4000 m3/s, 4000-6000 m3/s, 
6000-8000 m3/s and for 8000-10000 m3/s [53]. 
[Characteristic water discharges are Qm = 2000 m3/s
(mean flow), Qbf = 4300 – 4500 m3/s (range of 
bankfull discharge within the reach) Q2 = 5950 m3/s, 
Q10 = 7950 m3/s and Q100 = 10400 m3/s (2-, 10- and 
100-year flood event) [55]. The daily bed change maps 
from the unsteady model results (including the rising 
and falling limbs of the eight flood waves) were sorted 
in the four discharge groups and then the average 
daily bed changes of the groups were calculated. Thus,  
the average daily bed change maps were created for  
the four discharge ranges (Fig. 5).

Fig. 4. Hydrograph at the inlet.
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The top left Figure shows the daily bed changes in 
the flow discharge range of 2000-4000 m3/s. Almost 
the entire map is colored grey (∆z < ±0.002 m), which 
refers to a very stable bed surface. Despite the low 
daily change, long-lasting mean close discharge can 
presumably result in sedimentation in the groin fields 
(region B).

More significant erosion spots appear in the 
discharge range of 4000-6000 m3/s. At this level, 
mainly scouring processes happen in the front of the 
groins (region B). However, it is also important that the 
erosion of the lower end of the Vének lower gravel bar 
(region C) can be detected. In addition, the eroded bed 
material of the gravel bar settled directly right after the 
erosion field, resulting in the downstream slight sliding 
of the bar.

The most important daily changes are expected in 
the discharge range of 6000-8000 m3/s. It can be seen 
that considerable erosion takes place at the right bank 
groin field (region B) and at the surroundings of the left 
bank groin pair. At this discharge range, the flow rate 
exceeds the bankfull discharge range. This likely alters 
the recirculation flow field between the groins, resulting 
in higher velocities and erosion capacity. Important 
sediment deposition can be seen along the Vének lower 
gravel bar (region C). That is to say, the higher flood 
waves do not erode, but rather raise the Vének lower 
gravel bar. Also note that – as stated earlier – the 
sediment transport model usually underestimates the 
extent of the erosion and overestimates the deposition 
rates during the flood events [26]. Therefore, the width 
of the deposition is likely somewhat smaller and the 
extent of the erosion spot is larger. Overall, the sudden 
growth of the Vének lower gravel bar can be expected 

during higher water stages (Q>4000 m3/s), while its 
sluggish wear happens below the bankfull discharge. 
Thus, this part of the bed geometry is an alternating 
part, where deposition and erosion follow each other. 
Therefore, no large time-scale alteration trend is 
expected. This statement agrees with the field-based 
measurement findings of Török and Baranya [2].

The daily bed changes map regarding the discharge 
range of 8000-10000 m3/s shows similar bed change 
nature, as the previous, but in a lower range. There 
are still detectable erosion spots at the groin fields 
(region B) but to a lesser extent. That is because the 
finer sediments were already transported by the lower 
discharges during the rising limb of the flood wave. 
This process explains why the rising limb of the 
flood waves transports the higher suspended sediment 
concentrations, rather than the falling limb [57]. The 
increasing of the Vének lower gravel bar (region D) is 
also visible.

At region A, no remarkable changes are calculated 
in either case. The Vének upper gravel bar stays stable 
in each discharge range, just like the white main stream 
almost everywhere. That is, the model results show that 
the Vének upper gravel bar and the bed level in the 
main stream in long time-scale seem to be in quasi-
equilibrium state. These results confirm statements 
based on field measurements of Török and Baranya 
[2]. Accordingly, the trendy bed level incision is no 
longer in progress, but the dynamic equilibrium state is 
formed.

The figures suggest the most important daily bed 
changes for the higher (>6000 m3/s) flow discharge 
ranges. In turn, the water level frequency curve  
(Fig. 3) illustrates that the higher flood waves are more 

Fig. 5. Daily average bed change maps for discharge ranges of 2000-4000 m3/s, 4000-6000 m3/s, 6000-8000 m3/s and 8000-10000 m3/s; 
the calculation was made from the bed change calculation for the eight flood waves.
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infrequent events, which draws attention to the emphatic 
role of the lower flow regimes in a long time-scale. This 
kind of phenomena is outlined in Fig. 3, where the 
determination of the bed-forming bed load discharge 
is illustrated. Even though the bed load discharge is 
much larger at higher flow discharges, the bed-forming 
discharge happens around the mean flow discharge.

In the case of the Vének lower gravel bar, its 
growth can be expected during the flood waves. It 
is also notable that the highest daily bed changes are 
predicted between 6000-8000 m3/s, but not at the range 
of 8000-10000 m3/s. A possible explanation is that the 
more easily moveable particles already get transported 
between 6000-8000 m3/s in the rising limb of a 
flood wave. Thus, by the time the discharge exceeds  
8000 m3/s, the bed surface becomes more resistant.

From the sediment transport aspect, bed shear 
stress is the most meaningful parameter of the flow. 
Therefore, it was examined in more detail. As presented 
by Liederman [56], the dependence of the bed shear 
stress on water flow discharges includes essential 
information with respect to the sediment transport 
and bed change processes. As the Du Boys equation 
[58] also suggests, increasing flow discharge results in 
bigger sediment transport capacity related to a channel 
section. However, the local connection between the flow 
discharge and bed shear stress can be more complicated, 
especially in the case of complex bed geometry.  
For this reason, the calculated bed shear stresses are 
depicted as the function of the flow discharges in  
Fig. 6. The markers belong to a given location illustrated 
in Fig. 6.

The deltoids represent the values from a point of 
a narrowed section. It can be seen that the bed shear 
stress increases with the flow discharge until the 
bankfull level. The very high stress values cause the 

armoring of the bed surface. In turn, between Qbf 
and Q2, a significant ~50% decrease of the bed shear 
stress happens, followed by a quasi-permanent phase. 
Despite the significant reduction of shear stress, the 
transport capacity is still high enough (~8 N/m2) to 
avoid sedimentation. The trend of shear stress can be 
explained by the displacement of the mainstream. 
During lower and mean water regimes, the main stream 
is cribbed in the deepest narrow part of the cross-
section. However, the crescent water level causes the 
increase of the effective width of the flow. This process 
finally results in the displacement of the main stream. 
The corresponding cross-sectional bed shear stress 
distributions [2] can be seen in the left graph, where the 
values indicated by continuous curves were calculated 
from moving flow measurements by an acoustic 
Doppler current profiler (ADCP) regarding the peak 
of the historical flood wave in 2013 (Q = 10100 m3/s, 
black line) and a lower flow discharge (Q = 1500 m3/s, 
grey line) [2]. Both measurements were carried out by a 
WorkHorse Rio Grande 1200 kHz instrument [59]. The 
bed shear stress values were estimated based on the LP 
method (logarithmic velocity profile method) [60-62] 
applying a 40 m wide moving average. The measured 
results also show how the bed shear stress in the 
narrowing sections takes a higher (10-17 N/m2) value 
during a mean or lower flow condition than at around 
Q100 discharge. That is how the measured and calculated 
results support each other. Furthermore, because the 
modeled period includes the measured historical flood 
wave in 2013 (Fig. 4), the calculated cross-sectional 
distribution was also indicated (regarding the peak of 
the flood wave) by the dotted curve. The root-mean-
square deviation (RMSD) between the measured 
and calculated values was calculated for 2.17 N/m2. 
Considering the inaccuracy of the ADCP measurements 

Fig. 6. Corresponding flow discharge and calculated bed shear stress values; characteristic water discharges are Qm = 2000 m3/s (mean 
flow), Qbf = 4300 – 4500 m3/s (range of bankfull discharge within the reach), Q2 = 5950 m3/s, Q10 = 7950 m3/s and Q100 = 10400 m3/s 
(2-, 10- and 100-year flood event) [55]; the right figure shows the locations of the points where the bed sheer stress-flow discharge 
connections are presented.
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and the LP estimation method [60, 61], the results 
support the model validation and the statement that the 
model is able to estimate the morphodynamic variables 
(e.g., the bed shear stress) reliably for morphodynamic 
investigation purposes.

The trend of the bed shear values in the main channel 
(Fig. 6, circle) follows the nature that Liedermann [56] 
presented. That is, the bed shear stress increases until 
Qbf. From that level, a quasi-invariant level comes. 
Finally, another rising section can be pointed out. In the 
same cross-section, a point in the groin field was also 
investigated. As the squares suggest, no remarkable 
alteration can be seen in the bed shear stress values 
until Qbf. The magnitude of the values (~1 N/m2) 
explains the sedimentations at this river section during 
lower flows. In turn, the bed shear stress values show a 
clear growing trend above Qbf, suggesting the flushing 
of the groin field.

Finally, the bed shear stresses at the lower end of the 
Vének lower bar were examined. Here, the points follow 
a very similar nature as the points in the narrowing 
did, but in a much lower range. Until Qbf, the shear 
values happen between 4-6 N/m2, causing both erosion 
and sedimentation. Both the W&C and the vR models 
predict this shear stress range as critical for the grains 
with 4-8 mm diameters. That is, the selective erosion 
phenomenon occurs and results in the transport of 
the sand and the deposition of the gravel, forming the 
gravel bar. Above the Qbf, the flow pattern changes and 
the bed shear stress falls off. This phenomenon causes 
the more important daily deposition of the fine fractions 
during flood waves (Fig. 5.).

Liedermann [56] mentions 0.004 average bed slope 
in their study, which is around the triple- quadruple of 
the average slope at the herein examined Hungarian 
Danube reach [2].  Accordingly, based on the Du Boys 
equation [58], the average bed shear stress is expected 
to be around half of the Austrian expected value. This 
is supported by the results of Liedermann and Fig. 6. 
That is, the bed shear stresses over the flow discharge 

spectrum follow very similar trends, but the Hungarian 
values are half those of the Austrians.

Szilo and Bialik also studied the relationship 
between water discharge and sediment transport 
[63]. They investigated two creeks [64] and found 
that the bed load transport varies directly with the 
water discharge for lower water levels. This kind of 
connection is represented in the numerical model 
results, with the addition that the direct relationship 
seems to consist up to the bankfull discharge. Reaching 
the bankfull discharge, the local bed shear stress trends 
can be different in some locations of the river bed. This 
phenomenon can result in that for higher water levels, 
the connection of the water discharge-cross-sectional 
bed load rate is not unequivocal, which is in agreement 
with the observations of Szilo and Bialik [63]. They 
presented that the bed load transport-water discharge 
relationship can be described as both clockwise eight 
loop and also counter-clockwise eight loop.

As previously mentioned, the parameterization of the 
floodplain was elaborated upon based on approximation 
because there was no benchmark data (e.g., bed material 
sample, neither bed change map) either. Therefore, 
in order to examine the impact of the floodplain, the 
average bed shear stress values regarding the entire 
area covered by water, the area of the floodplain 
area covered by water and the main channel were 
calculated. The average values were calculated based 
on the corresponding area sizes, not on the number of 
calculation cells. The values are derived from the model 
run results regarding the historical flood wave (Fig. 4e).

Considering the average bed shear stress values 
regarding the main channel and the floodplain area 
separately, the R2 values indicate linearly increasing 
natures (Fig. 8.). That is, the higher the flow discharge 
the bigger the average bed shear stress both on the 
floodplain area and also in the main channel. However, 
the “X” markers indicate that the average bed shear 
stress of the floodplain increases more rapidly than the 
average shear stress in the main channel. A possible 

Fig. 7. Cross-sectional (rkm 1798.2, white dotted line in Fig. 1) bed shear stress distribution; the continuous and dotted black curves 
represent the measured and calculated values at the peak of a historical flood wave in 2013 (Q_100year = 10100 m3/s); the grey curve 
shows the measured distribution at a lower flow condition (Q_low = 1500 m3/s) [2].
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reason for this kind of behavior is that the higher the 
flow discharge, the bigger the proportion of the water 
volume that is transported on the floodplain area.

It can also be seen that the average bed shear 
stress happens around 1 N/m2 on the floodplain area, 
and ~4-5 N/m2 in the main channel. This suggests 
that the suspended sediment load dominates on the 
floodplain areas rather than the bed load transport. 
Thus, the accuracy and the reliability of the suspended 
sediment related measured data are the key factors for 
the estimation of the morphodynamic processes on the 
floodplain areas. Furthermore, the difference between 
the characteristics in sediment transport of the flood 
plain area and main channel highlights the need for the 
combined use of sediment transport models.

Conclusions

The advantages of numerical morphodynamic 
simulation-based investigation of problematic river 
reaches are known and evident. However, there are 
river reaches where the bed material and transported 
sediments can vary both in time and space between 
fine silt and coarse gravel, making it very difficult to 
choose a sediment transport model. For such complex 
cases, Török et al. presented a novel sediment transport 
calculation method in 2017. An application example of 
this calculation approach is presented in this study.

The model results show that the earlier changeable 
river section became more stable and the formation 
of a new dynamic equilibrium state is presumed. The 
main channel represents stable features, even during 
higher flood waves. The bed level can change in the 
groin fields and also at some parts of the gravel parts 
in shorter time-scale. However, even these parts of 
the river section display the formation of dynamic 
equilibrium state in longer, years-scale.

The results are consistent with the findings of 
previous field measurement-based papers, which 
highlights the reliability of the simulation results and 
also the effective application of the novel sediment 
transport calculation method of Török et al. Through 
this representative case study, local-scale spatiotemporal 
analysis of unique morphodynamic processes can be 
performed with the novel sediment transport modeling 
method, with complex flow and morphological features 
and non-uniform bed material composition. The 
developed numerical tool is a suitable investigation 
methodology for the analysis of future restoration 
measures as local- and reach-scale morphodynamic 
processes. Moreover, the interaction-mechanism 
between the two scales can be revealed.

In accordance with published field observations 
at other river sections, the numerical model showed 
that the local bed shear stress varies directly with 
the water discharge for lower water levels. However, 
the connection between the bed shear stress and 
water discharge is not unequivocal for higher flood 
waves. The herein presented results indicate that the 
direct connection is true in the whole channel up to  
the bankfull water discharge. As the local bed shear 
stress trends can be different for higher flood waves, the 
cross-sectional bed load discharge trend is nor trivial.
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