
Examination of bed change calculation, model validation
As a result of the cutoffs, the riverbed incision occured by an average of more than 1 m between 1882
and 1910.

Due to the construction of the wing dam fields, the bed leveld decreased, which is one of the expected
effect of wing dams:

-8.0

-6.0

-4.0

-2.0

0.0

2.0

4.0

6.0

1807180918111813181518171819182118231825

D
if

fe
re

nt
 [m

]

Distance [fkm]

1882-1910

Measured Measured mean Modelled Modelled mean

-5

-4

-3

-2

-1

0

1

2

3

17931795179717991801180318051807

D
if

fe
re

nt
 [

m
]

Distance [fkm]

1910-1949

Measured Measured mean Modelled Modelled mean

Investigated interventions on the Upper Danube in Hungary

The Danube River has already experienced many regulatory operations. For example, during the 19th-century
regulation, a main channel was created from the then braided branch system, which was expected to improve
navigability conditions and rebound flood protection.

Impact assessment of river regulations of the past century using 1D morphodynamic modeling on the 
Upper Hungarian Danube
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Introduction

In the case of all rivers, morphological changes can be observed over time, the
effect of which can be characterized by comparing it to the dynamic
equilibrium state. Changes can be caused by artificial intervention or natural
phenomena. Nowadays, we are placing more and more emphasis on forecasts,
which primarily concern the morphological characteristics of rivers, as well as
changes in bed geometry and hydraulics. In connection with the interventions
carried out on the Upper Danube, it can be observed that the individual
interventions induced changes in the bed geometry that could not be reliably
taken into account in the design. For example, when deposition and gravel bar
formation is caused by excess downstream sediment related to bed erosion from
an upstream intervention, or a rise in the bed level. In such a case, the upstream
intervention may cause downstream navigational difficulties, which will require
further river regulation works in the river section, thus becoming problematic.

As illustrated in Figure XX, wing dam
fields were built on some sections, which 
are expected to trigger morphodynamic
processes that are primarily beneficial for 
navigability.
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Impact of braided channel cutoffs

1882 1910 Polinom. (1882) Polinom. (1910)

Measured mean: -1,004 m
Modelled mean: -0,957
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Average erosion: -1,680 m
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Model Results

Measured mean: -0,892 m
Modelled mean: -0,918

1D calculations

• 1D governing equations: 

Hydrodinamics calculation: 
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ೂ೑
మ∗಴೑

ಳమ

௚∗ௌ

ଵ/ଷ

Backwater formulation 
డு

డ௫
=

ௌିௌ೑

ଵିி௥మ

Bed shear stress calculation:  𝜏௕ = 𝜌𝐶௙𝑈
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Evolution of bed elevation (Exner equation): (1 − 𝜆௣) ∗
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• Wing dam implementation by Török & Parker, 2022
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Conclusions

We have created a conceptual 1D model, which can consider the mixed bed 
material grain composition, which is a significant factor in the case of the 
examined section of the Danube River. The 1D model can help design river 
regulations and future impact estimation of a specific intervention. In addition, 
the model can provide help and boundary conditions for different disciplines.

Model results showed good agreement:
• When cutting through the braided channel system, the change in bed 

levels is well represented by a mean difference of ~ 5 cm
• Model results show suitable characteristics at estimation the effect of wing

dam fields and gives an accurate estimate of 3 cm
• By implementing the effect of various interventions in a 1D 

morphodynamic environment, morphodynamic process trends can be 
reliably predicted.

• An impact assessment on water levels can also be carried out.

local, more complex effect

A sudden change in the formation of the wing
dam fild

Installation of wing dam fields

Deposition

Cutoff of braided channel

Erosion

1. Upper Hungarian Danube before 19th century regulation 2. Upper Hungarian Danube today

3. Wing Dams in the Danube river

4. Wing Dams on a river section


