Figure 3: Eichhornia crassipes (Mart.) Solms. Left: Flower and leaves of E. crassipes (Water Hyacinth) © georgjanauer2020.
The lower part of the petioles/leaf stalks is widened with airspaces, providing buoyancy. Right: Solid canopy of Water Hyacinth. © Hans Hillewaert

helophytes into the former water-covered realm of the n ative
aquatic plants. The additional threat of IAS eradicating the
native aquatic vegetation should be counteracted with force
by the respective public organisations. One important step is
a higher frequency of surveying the floodplain water bodies to
be on the spot when IAS are starting their invasion, and trying
to ‘confine/limit/eliminate’ as described in the EU-Regulation.
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Background
The concept of restoration comprises the reestablishment
of the natural state of previously anthropogenically altered
ecosystems as well as the conservation of unaltered, natural
Danube News - June 2020 - No. 41 - Volume 22, https://www.danube-iad.eu

ecosystems (StMUV 2014). This study focuses on examining possible restoration measures for water bodies and the
surrounding floodplain ecosystems. It aims to define the possible positive effects these measures may have on the natural
retention potential and thereby on flood mitigation.
Every ecosystem is defined by its location through e.g.,
climate, geology, tectonics, soil, and vegetation. These
conditions contribute to local characteristics like run-off

behavior, sediment budget, morphology, water quality, and
flora and fauna, which all dynamically shape surface water bodies (Jürging 2001). During the past centuries, humans have reshaped most of the running waters in Bavaria to enable land use changes towards cultivation or even
settlements. Channel straightening has eradicated many
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Figure 1: Anthropogenically heavily altered (left) and barely altered, hence, quasi-natural (right) sections of the Otterbach.
(left image: © Johanna Springer; right image: © René Heinrich)

water body specific characteristics and reduced the existing
natural river retention. In some cases, the natural floodplains
were replaced by highly water-sensitive constructions, e.g.,
settlements and industrial areas (see fig. 1).

are compared to. Within this step, non-removable infrastructures were identified according to the restriction analysis of
the Bavarian floodplains program (PAN 2016) and therefore
remained in the structure reduced models.

Within this study, the retention potential of natural rivers
and floodplains will be compared to the potential of the
current state of streams. Therefore, one section of each of
the following rivers in Bavaria was selected: Weißer Main,
Roter Main, Mangfall, Glonn, and Otterbach. These sections
were then analyzed with the help of the two-dimensional
hydraulic model HYDRO-AS-2D.

Based on the structure reduced models, various potential
natural state scenarios were created (restoration scenarios).
All scenarios aim for completely (re-)naturalized conditions
of the respective water bodies with non-cultivated, forested
floodplains encompassing them. The methodology of the
hydrodynamic two-dimensional modelling of restoration
measures has been enhanced in the course of the project,
resulting in a total of four different methods (see fig. 2). The
enumeration of these models thereby also represents their
chronological order of development.

Developing the potentially natural model scenarios
In the beginning, the hydraulic influence of anthropogenic
constructions such as crossing streets or railway lines had to
be reduced. Thus, a so-called structure reduced m
 odel was
created, which demonstrates the current state with reduced
constructional influences on the hydraulic conditions. This is
the ‘starting’ state to which different restoration measures

Within Method 1, restoration concepts include altera
tions of the river course, changes in the cross sections,
and the presence of riparian forest. These were modeled
and analyzed separately as well as in varying combinations.
However, following a restoration approach where measures
are conceptualized individually, the result is unsatisfacto-

Figure 2: Different methods of modelling river and floodplain restoration measures. (Neumayer et al. 2018, modified)
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Figure 3: Overview of the most important area and model characteristics of all five investigation sections of the restoration scenarios in comparison
with those of the structure reduced current state. (Neumayer et al. 2019, Bayerische Vermessungsverwaltung 2014, modified)

ry and does not represent actual natural conditions well.
Because of this, Method 1 was no longer pursued.
On the contrary, Methods 2–4 regard restoration as
a holistic water-body specific approach. These methods
enable the derivation of specific hydromorphological conditions that represent a potential natural floodplain. The
derivation of the appropriate model parameters included
analysis of morphological data extracted from the streams
and the floodplains as well as state-of-the-art knowledge
from technical literature on surface water typology (e.g.,
Pottgiesser & Sommerhäuser 2008, Dahm et al. 2014, Koenzen 2005, Briem 2002).
The level of detail for the modeled floodplains and
streams increases across the four methods. However, the
necessary input data, the degree of parametrization, as well
as the cost for preparation and computation, analogically
increase.
Detailed investigations considering all of the factors
mentioned above as well as the quality of the modelling
results proved Method 3 to be economically most feasible.
Investigation Areas
The location as well as the values of the most important
parameters are illustrated in figure 3 for the five investigated
hydraulic sections. The model outlet of the induced c atchment
area, the center line of the valley, and the mean slope of the
terrain were kept constant for the structure reduced current
state model and the different restoration scenarios.
The sizes of the catchment areas at the model outlet
vary between 570 km² (Weißer Main) and 91 km² (Otterbach). The restoration measures lead to an extension of the
flow path in all study sections, as the water bodies were
Danube News - June 2020 - No. 41 - Volume 22, https://www.danube-iad.eu

straightened by anthropogenic constructions, mostly for
increasing the agricultural use in the floodplain area. Flow
path extensions will therefore depend on both the current
condition and the predicted sinuosity of the natural stream.
The most extensive lengthening of the flow path, both
relative and absolute, could be seen for the section of the
river Glonn, where the length increased by 11.8 km, which
is equal to 87 % of the original length. The Otterbach river
which mainly flows through U- and V-shaped valleys ex
perienced the least change concerning the length of the flow
path with an increase of 1.4 km (ca. 9 %).
The increase in the over-all flow path correlates with a
more pronounced sinuosity of the path as well as a fl atter
bottom slope compared to the current state. The correlation
between the degree of sinuosity and the flow path length
can be observed very well for the river Glonn which ex
perienced the maximum change in flow path length. The
degree of sinuosity nearly doubled, changing from 1.0 to
1.9. For both investigation areas in the Main catchment, the
degree of sinuosity increased by 0.3, with the Roter Main
showing the smaller absolute degree of curving. This can
be explained with the overall narrower profile of the valley.
For the river Mangfall as well as the Otterbach, the degree
of sinuosity increased from 1.1 to 1.3. Again, the reasons for
the comparably small increase in curving and in the over-all
flow path length can be found in the shape of the valley and
the hydromorphological characteristics of the streams.
Comparison of the resulting peak flow attenuations
and translations
Five flood events of varying return periods and pre
cipitation events were simulated for each of the investigated
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Figure 4: Cross-area representation of the peak attenuation and translation effects between the structure reduced current state and the restoration
scenario at the model outlet.

river sections. The precipitation events were categorized in
convective events (high intensity over a comparably short
period of time; ’summer thunderstorms’) and advective
events (comparably low intensity over a long period of time;
‘persistent rain’). For the river Glonn, an additional advective
extreme precipitation event with a return period of 300
years was simulated. Figure 4 presents the attenuation and
translation of the flood peak at the outflow when comparing
the structure reduced current state of the catchment a reas
with the respective restoration scenario. A positive flood
peak reduction expresses a decrease of the peak discharge
for the restoration scenario. Consequently, a positive translation in the peak translates to a delayed flood peak for the
restoration scenario. If the values in figure 4 are negative,
the effects simulated are vice versa. Note that regardless of
the catchment area or flood event, the total inundation area
increases for the restoration scenarios due to the higher
water levels in the floodplains and more favorable conditions
for overflowing.
The restoration measures show larger decreases for
the peak discharge in case of low-volume convective preci
pitation events for all catchment areas. The effects of the
restoration measures decrease with an increase in return
periods regardless of the characteristics of the precipitation
event. The delay of the peak discharge thereby follows a
similar trend as the attenuation. The maximum reduction of
28.1 % and delay of 7.75 h occurred for a convective HQ5
event in the catchment area of the Glonn river which is
characterized by a relatively wide and flat foreland. This contributes to the reduction of the flood peak which is five times
higher than that of the Weißer Main (catchment area 570
km²) which showed on average the second highest peak reduction at the outlet. The smallest catchment a reas include
the area of the Otterbach (91 km²) along with the area of the
Page 14

Glonn (104 km²). While the catchment sizes of the Otterbach
and Glonn are fairly similar, the effects of the restoration
measures on the peak discharge are not. In contrast, the
peak discharge is often increased at the o utlet of the Otterbach catchment. A detailed analysis showed that the inflow
of the Sulzbach, which has a comparably high discharge,
into the Otterbach close to the model outlet significantly
reduces the positive effects of the restoration measures
along the Otterbach. Prior to the estuary, reductions of the
peak discharge reached up to 8.2 %.
Table 1 lists the development of the peak discharge attenuation and translation along the course of the Otterbach.
It shows the large influence of the Sulzbach which joins the
Otterbach between section five (‘Vor Unterlichtenwald’) and
six (‘Outflow’) (see fig. 5).

Figure 5: Locations of the control cross-sections at the Otterbach.
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Table 1: Peak discharges and related attenuation and translation for characteristic river sections within the hydraulic model of the Otterbach.

The least effect of the restoration measures on the
peak discharge could be seen for the river Mangfall, with a
maximum reduction of 0.6 % and delay of 2 h. With a catchment area size of 343 km², the Mangfall is one of to the
medium sized hydraulic areas investigated. The measures
along the Roter Main show similar effects to the ones along
the Weißer Main; however, they are more influenced by the
interaction with joining rivers, which even results in an increased peak discharge for the advective HQ20 event.
Conclusions
It could be shown that local superposition of flood waves
has a significant impact on the effectiveness of the modeled
restoration measures throughout all investigated areas.
The situation of the estuary of the Otterbach and Sulzbach
proves this particularly well. Based on this analysis, it can
be assumed that both the location of the estuary as well
as its relative share of the total discharge significantly con
tribute to the impact of the superposition effects. Whether a
superposition of flood waves supports flood peak attenuation
Danube News - June 2020 - No. 41 - Volume 22, https://www.danube-iad.eu

or not depends on the river network of the catchment and
the characteristics of the flood event (e.g., peak timing at
the confluence, ratio of the flood wave volumes). Finally, the
study showed that the efficacy of restoration measures concerning flood mitigation is based on a c omplex interaction
between location and waterbody specific factors. As the prediction of these factors is quite limited, an appropriate modelling of the area to be investigated is necessary. The results
of the simulations ran for this project only show a comparably small effectiveness in flood control (except for the river
Glonn). This correlates with the moderate increase in additionally activated retention volumes. The retention effect of
the modeled scenario on the Glonn river, which is relatively
large for small flood events, can be explained by several
factors. On the one side, the anthropogenically altered river
and floodplains, in combination with wide and flat forelands,
positively contribute to an activation of additional retention
volumes for the restoration scenario. On the other side, the
wave superposition effect that occurs during the investi
gated flood events has positive impacts on the reduction of
the peak discharge.
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Besides of flood retention effects, natural surface
 aters and floodplains have positive synergy effects on the
w
surrounding ecosystems as new wetland habitats can be
created through improved river-floodplain interaction.
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The vegetation of water bodies in the floodplain of the Danube
in Serbia – comparative analysis and assessment of water quality
using existing evaluation methods

Evaluation of Serbian backwaters using
aquatic macrophytes

2013). Impacts such as structural impoverishment or the
discharge of toxic substances also have far-reaching consequences for lakes and rivers (Schneider 2004). In order
to implement targeted measures for the improvement
of water quality a regular assessment of the status of a
body of water is necessary (Stelzer 2003). The bioindication is a simple way to determine the nutrient content
of a waterbody as far as possible without using chemical
and physical measurements. With aquatic plants in particular, changes in the nutrient balance can be derived
from growth behavior and species composition (Laketić et
al. 2013). Over the past few years, many indices for the
evaluation of rivers and lakes using aquatic macrophytes
have been developed, ranging from a simple description
of macrophyte distribution to a complete ecological eva
luation of the water (Schneider 2004).

Eutrophication is one of the main problems maintaining
good water quality in open waters today (Laketić et al.

Within Serbia, which is traversed by the Danube for a
length of 588 km (Takić et al. 2012), the Danube has a
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Rather by chance I got the opportunity to participate in a
research project between six universities from Serbia, Croatia
and the Czech Republic. During the site surveys in July 2019
data on species communities occurring in 17 backwaters
along the Danube were collected (fig. 1 and 2). Using the
metacommunity concept influences such as environmental
parameters or inter-species competition on the occurrence of
individual species should be explored (see Árva et al. 2017;
Alahuhta & Heino 2013). A subtask included the recording of
macrophytes, about which I could write my bachelor thesis.
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