
Abstract: The upper Odra as a case study of the 
impact of channel regulation on its morphody-
namics. The aim of the research was to compare 
morphodynamics of the Odra river channel in 
three different sectors and to fi nd the main dif-
ference in the way of sediment transport before 
and after regulation in meandering, straight and 
sinuous channel sectors and compare the data 
with those calculated for reconstructed, natural 
channel of the Odra river. Sediment transport 
in discussed sectors was compared for average, 
bankfull and fl ood discharges and it proceeds 
in different ways. Morphodynamics of the pre-
regulated Odra was most similar to the one cur-
rently observed in the meandering section. Also 
the dynamics of bed-material transport and, con-
sequently, the possibility of the occurrence and 
disappearance of channel forms is greatly varied 
among the studied sectors. As it was assumed, a 
diversifi ed channel geometry imposes water fl ow, 
which entails a series of processes shaping the 
channel dynamics.

Key words: morphodynamics, river regulation, 
sediment transport, hydrogeometry

INTRODUCTION

Studies on the nature of river bottom 
forms started in the 1960s (Simons, Rich-
ardson, 1966). There are popular works 
in this topic by Allen (1965), Carling 
(2000) and Kleinhans (2002, 2005) fo-
cused on the conditions of bottom forms 
formation, their dynamics, a bedload 

particle size and morphometry and espe-
cially on the hydrodynamic conditions in 
which bedforms may develop and exist. 
Literature review shows that the devel-
opment of bottom forms, which are an 
important part of the riverbed morphol-
ogy, favours a constant fl ow (Kleinhans, 
2001). The formation of benthic forms 
also depends on the size of the transport-
ed mineral grains (Dietrich, 1982). In 
large lowland rivers like the Rhine bed-
forms have a signifi cant size reaching up 
to tens of metres and are named dunes. 
In smaller rivers, their sizes range from 
a few to tens of centimetres. The studies 
of bedforms in navigable stretches of the 
river are more popular, because the ac-
cumulation of a large amount of bottom 
material can shallow the waterway and 
in some cases make shipping impossible. 
This phenomenon may occur especially 
during low water levels (Zanke, 2003). 
Depending on the channel slope dunes 
in a lowland river move from a few to 
tens of meters per day (Radecki-Pawlik 
et al., 2006). All of these studies analyze 
only the present state, while the objec-
tive of this work is to determine how far 
the contemporary morphodynamics of 
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the upper Odra channel differs from the 
natural state.

Frings et al. (2009) traced the direc-
tion of changes in sediment grain size 
building sandbars in the Waal river bot-
tom in the Netherlands. It was found 
that over the past 900 years the average 
particle diameter of the bedload material 
decreased, which is directly linked with 
the embankments of the river and the 
construction of groins keeping the fl ow 
far from the river banks, the increasing 
fl ow rate and the change in the nature 
of the material supplied to the Rhine. In 
these studies sediments from the former 
natural sections of the Waal river bed 
were analyzed in order to reconstruct 
the natural structure of the river bottom. 
A reconstruction of natural processes in 
the river channel could be based only on 
calculations. In case of the upper Odra 
the signifi cance of the change in the na-
ture of river channel dynamics depends 
on the degree of human pressure (Cza-
jka 2008, Ciszewski, Czajka 2009). The 
model of the morphodynamics of natural 
river channel may be compared with the 
model derived from the studies of the 
upper Odra in regulated sectors. Some 
differences in the channel dynamics are 
possible as a result of present different 
environmental conditions, such as catch-
ment management affecting the nature of 
the material supplied to the Odra river.

MATERIAL AND METHODS

The aim of the research was to recon-
struct natural morphodynamics of the 
Odra river channel and to fi nd the main 

difference in the nature of sediment 
transport before and after regulation.

For that purpose:
the morphodynamics of the current 
channel in sections of different na-
ture was characterised,
the geometry of the Odra pre-regu-
lated channel section was recon-
structed,
the morphodynamics of pre-regulat-
ed channel was characterised,
the most important changes in the 
river behaviour caused by the chan-
nel regulation were indicated.
Following the analysis of cartograph-

ic data detailed study sites were selected 
to do research on morphodynamics of the 
upper Odra channel (Fig.1). Among the 
Odra sectors chosen for the study there 
was three between the Chałupki and the 
Nieboczowy: meandering – sector A, 
channelized – sector B,  sinuous – sec-
tor C, and additional one, not existing at 
present, between the Grzegorzowice and 
the Lasaki – sector D.

Sector D was chosen on the basis of 
cartographic analyses. In this selected 
fragment of the channel meanders were 
cut off simultaneously, shortly after the 
beginning of regulation works in the up-
per Odra in 1786–1820 (Fig. 2). 

The morphology of the Odra river-
bed in sectors A, B and C was identifi ed 
through a series of echograms conducted 
with Lowrance HDS-5 echosounder and 
also a structure scanner. The geometry 
of the D reference channel was recon-
structed with cartographic and geodetic 
methods and by series of bores in the 
cut-off meanders.

–

–

–

–
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In all the sections samples of bottom 
load were taken and they underwent a 
standard granulometric analysis. Sedi-
ment was taken with an Eikelkamp’s 
hand auger in the reference section. 

To establish the channel stability and 
dynamics parameters as hydraulic ra-
dius (R), fl ow velocity (υ), shear stress 
(τ), Bonnefi lle particle number (D*), 
Shields mobility number (θ), potencial 

FIGURE 1. Poland with location of upper Odra and study sites along the upper Odra channel

FIGURE 2. Sector D. Meanders cut offs and the sampling sites
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stream power (Ω) were calculated for 
each section (Table 1).

In addition, Lochtin’s and Makkaveev’s 
indexes, little popular in the subject litera-
ture but useful to determine river channel 
stability, were calculated (Table 2).

The parameters determining the chan-
nel stability were divided into three groups 
regarding the fl ow, material transfer and 
the channel morphology respectively. All 
the parameters were then calculated for 
each of the selected sectors (meandering 
– A, channelized – B and sinuous – C) 
and for the reconstructed, natural sector 

D, the parameters of which were calcu-
lated on the basis of the measurements of 
the Odra channel geometry prior to regu-
lation. The values of parameters for each 
section were additionally divided into 
three groups – for the average, bankfull 
and fl ood discharge conditions.

RESULTS AND DISCUSSION

The analyses of grain-size distribution 
of bottom load, channel geometry and 
fl ow rate allowed to estimate fl ow con-
ditions in which material is transported 
in different ways (Fig. 3). In the mean-

TABLE 2. Channel stability in studied sectors of Odra channel by Lokchtin (ηL) and Makkaveev (ηM) 
respectively for: 1 – average discharge, 2 – bankfull discharge, 3 – fl ood discharge
Para-
metr

Sector A Sector B Sector C Sector D
1 2 3 1 2 3 1 2 3 1 2 3

ηL 15.15 15.15 15.15 7.5 7.5 7.5 10.53 10.53 10.53 12.12 12.12 12.12
ηM 27.5 24.19 12.89 18.99 12.24 1.59 31.67 22.89 6.51 13.2 7.14 1.65

FIGURE 3. Sediment movement in studied sectors of Odra river during average water stage, bankfull 
water stage and during the fl ood. A – meandering sector, B – channelized sector, C – sinuous sector, 
D – reference sector; a – average discharge, b – bankfull discharge, f – fl ood. Compilation of curves 
after Kleinhans (2005)
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dering sector – A in average water stages 
the material is transported in traction, 
whereas when the water level rises, both 
during bankfull and fl ood levels the ma-
terial breaks off from the bottom and is 
transported in suspension. In this section 
the creation of bottom forms is possible 
only during high water levels. After high 
water level subsides the emerged forms 
function in this area as numerous side 
bars.

The channelized sector – B is distin-
guished by different transport dynam-
ics. Already in average water stages the 
material is picked up from the bottom, 
while in bankfull and fl ood water stages 
all bottom forms are washed out. In fact 
the forms which emerge and are built up 
in subsequent fl oods reveal themselves 
as central bars when water level goes 
back to average, while in the following 
fl oods they function as bottom forms 
and are washed out. Another problem 
interfering with transport dynamics and 
preventing the river from striking a new 
balance in this section is continuous hu-
man activity, which consists in remov-
ing bedload from the Odra bottom and 
excavating newly-emerged sandbars 
from the channel after each fl ood. 

The sinuous sector – C, which fol-
lows the channelized section in the river 
course, is strongly affected by the latter 
one. A negative budget of the material 
transport caused by human activity re-
lieves water of the transported material 
and results in the lack of bottom forms. 
The energy of fl ow does not allow the 

material to deposit on the bottom. In ad-
dition, the current, which is kept away 
from the river banks with groynes, is 
concentrated and causes channel inci-
sion. The material carried away from the 
channelized section is deposited on the 
fi rst meander of the sinuous section. It is 
the last sandbar in the examined part of 
the Odra and the only one in the sinuous 
section. In this section during the average 
water level the material is transported in 
traction, like in the meandering section. 
But in bankfull and fl ood water levels all 
bottom forms are washed out. 

Having analysed material transport 
dynamics in the three sections of the 
Odra channel, their course was compared 
with the processes occurring in the pre-
regulated channel (sector D). To achieve 
this a reference section was marked out, 
within which there are six subsequent 
meanders cut off during regulation. The 
geometry of the pre-regulated fragment 
of the Odra channel was reconstructed 
through cartographic and fi eld measure-
ments and a series of drillings. The dif-
ference in width, exceeding even 100 m, 
is the biggest difference compared to 
the contemporary geometry of the Odra 
channel. Reference material from the 
bottom of meanders of the former chan-
nel was collected and the same calculat-
ing procedure as for the sectors – A, B 
and C was applied to it. As far as ma-
terial transport dynamics is concerned, 
sector D mostly resembles contempo-
rary sector A with the difference that in 
fl ood fl ows a part of forms could have 
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been partly washed out, which does not 
occur in the present sector A. The reason 
of that difference is the bottom material 
size which is fi ner in sector D than in 
sector A. During  average water stages 
the material was rolled along the river 
bed, in bankfull stages it was lifted up, 
while in case of fl ood there appeared the 
so-called upper plain bottom.

According to Lochtin’s index, the 
channel in the meandering sector – A is 
stable, in the channelized sector – B is 
quite stable, while in the sinuous sector 
– C the stability reaches the lower value 
established for stable channels, which 
is, at the same time, most similar to the 
stability of pre-fl ood channel (sector D). 

The results of calculations with the 
use of Makkaveev’s formula should be 
considered more reliable as it involves 
more variables. Owing to that the chan-
nel stability can be estimated not only 
for the average but also for bankfull and 
fl ood water stage. The results of the cal-
culations clearly indicate that the chan-
nel stability decreases when the water 
level rises. Sectors A and C are most sta-
ble during average and bankfull stages. 
Sector B reveals the smallest stability as, 
against the assumptions of regulation, 
it becomes an unstable channel during 
fl oods and a low-stability channel in 
bankfull discharges.

The dynamics of bed-material trans-
port and, consequently, the possibility 
of the occurrence and disappearance of 
channel forms is greatly varied among 
the studied sections. As it was assumed, 

a diversifi ed channel geometry imposes 
water fl ow, which entails a series of proc-
esses shaping the channel dynamics. 

The comparison of riverbed mor-
phology, bottom load transport condi-
tions, the possibilities of washing out of 
channel forms and the channel stability 
in the examined sections allows to draw 
a conclusion that these sections strongly 
infl uence one another. Channelized sec-
tor – B acts as a kind of catalyst of trans-
port dynamics modifi cation in the entire 
part of the Odra subject to this study. In 
some of its parts the channel is up to 
6-meter deeper than in sectors A and 
C and the rest of sector D. The deepen-
ing is the result of illegal excavation of 
gravel and sand from the riverbed and 
it is easily visible in echograms gener-
ated during the studies as a deep, local 
excavation pit. 

CONCLUSIONS

The upper Odra is distinguished by var-
ied morphodynamics. These variations 
in channel stability and in the way of 
material transport are an effect of differ-
ences in the geometry of the river channel 
obtained as a result of river regulation. 
Additionally, in sector A the bedload is 
coarser since it is supplied from upstream 
where the Odra channel is regulated in 
the Czech Republic. On the contrary, the 
fi nest material was found in sector B. be-
cause of gravel excavation from the river-
bed.  Also the dynamics of the regulated 
sections of the channel differs from the 
dynamics of the natural and reference 
section to a great extent.
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Morphodynamics of the pre-regu-
lated Odra was most similar to the one 
currently observed in the meandering 
section, however the channel of the pre-
regulated Odra section was considerably 
less stable during fl oods, which may re-
sult from a higher content of fi ne frac-
tion in the bedload that makes up the 
riverbed in the reference section.
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Streszczenie: Wpływ regulacji koryta na jego 
morfodynamikę na przykładzie górnej Odry. 
Celem badań jest porównanie morfodynami-
ki koryta Odry w trzech różnych odcinkach 
w celu wychwycenia różnic w sposobie transpor-
tu materiału przed regulacją i po regulacji koryta 
w odcinkach meandrującym, prostym i krętym 
oraz porównanie uzyskanych danych z danymi 
otrzymanymi dla koryta przedregulacyjnego. 
Transport materiału w omawianych odcinkach 
był porównywany dla przepływów średnich, peł-
nokorytowych i powodziowych. Morfodynamika 
przedregulacyjnego koryta Odry była najbardziej 
podobna do obecnie obserwowanej w korycie 
meandrowym. Dynamika transportu materiału 
dennego, a w konsekwencji powstawanie i roz-
mywanie form korytowych jest zróżnicowane 
w badanych odcinkach. Zgodnie z założeniami 
wykazano, że zmodyfi kowana geometria koryta 
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Odry różnicuje przepływ wody, co z kolei pocią-
ga za sobą różnice we współczesnych procesach 
kształtowania koryta.

Słowa kluczowe: morfodynamika, rzeka uregu-
lowana, transport rumowiska, hydrogeometria
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