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Abstract

As in most recent years, there were again serious flood events in the Czech
Republic and all over the world in 2010. This situation has been focusing
attention on effective measures for controlling floods. Discussions have
covered not just implementing purely technical flood control measures
but also the feasibility of integrating the natural potential of floodplains
in order to absorb and transform a flood wave. The natural floodplain
could become an integral and desirable part of a complex basin flood
control system, with many side benefits. However, while technical mea-
sures have been carefully studied, the effect of close-to-nature measures
has not been well described and, especially, has not been well quantified.

This paper therefore presents a research study on river and flood-
plain restoration and revitalization measures in catchments and their
flood-control effect. Mathematical modelling methods were applied for
selected localities and parts of river floodplains to estimate the transfor-
mation effects of a floodplain. Hydraulic modelling was applied to three
case study localities in the Czech Republic, each circa 5-7 km in length.
The transformation effect is compared not only for the natural state of
the floodplain, but also for various theoretical scenarios in each locality.

Keywords: floodplain retention capacity, flood protection, hydraulic
modelling, revitalization measures

Introduction

Floods are natural phenomena, but by adopting the right measures we can
reduce their likelihood and limit their impacts. In addition to causing economic
losses and social disruption, floods can have severe environmental consequences.
The coming decades are likely to see higher floods and greater economic losses.

Flood risk management plans should focus on prevention, protection and
preparedness. With a view to giving rivers more space, the plans should take
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into account where possible the maintenance and/or restoration of floodplains,
as well as measures to prevent and reduce damage to human health, to the
environment, to cultural heritage and to economic activities. The elements
of flood risk management plans should be periodically reviewed, and if neces-
sary updated, taking into account the likely impacts of climate change on the
occurrence of floods (European Parliament 2007).

Flood protection

In the section under the heading Influence on Extent and Course of Floods, the
Czech National Flood Protection Strategy (Czech Republic 2000) draws a basic
distinction between two types of measures — in a landscape, and technical
measures.

The measures in a landscape includes firstly changes in land use and veg-
etation cover, grassing and forestation of banks and floodplains, conservation
treatment of soil, and changes in landscape structures in order to increase water
accumulation and slow down water runoffs. The technical measures are based
on reducing flood effects by retaining flood waves and mitigating flow rates, or
by using technical structures to prevent inundation.

The need for a proper evaluation the effects of flood protection mea-
sures

The effect of these close-to-nature measures is often either overestimated or un-
derestimated, and there is no adequate answer to how much such measures can
participate in a complex basin flood control system. These issues are included
in the interdisciplinary project Water Retention in Floodplains and Ways of
Increasing Water Retention, which is being undertaken at the Faculty of Civil
Engineering, CTU in Prague. This project focuses on testing various methods
for assessing the retention capacity of a floodplain in the course of flooding,
and for estimating the significance of its water storage for transforming a flood
wave.

An objective evaluation of the floodplain mitigation effect provides an undis-
puted basis for decision making and planning in water management. However,
there are also many side benefits of close-to-nature measures, for example in
economic, ecological and social benefits, that should be taken into consideration
(Pithart 2008).

The importance of flood management issues can be illustrated by a wide
range of topical European studies and projects. The function of forests and
forestry in surface runoff is described in a project WaReLa — Water Reten-
tion by Land Use (Hoang a Schueler 2006), the conservation of wetlands in
a project FLOBAR — FLOodplain Biodiversity And Restoration: Integrated
natural science and socio-economic approaches to catchment flow management
(Hughes 2003). There are also many others, for example Ecoflood Project ,,To-
wards natural flood reduction strategies® (Blackwell and Maltby 2006) or SDF
— Sustainable Development of Floodplains (Adamczak et al. 2008).
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The result of changes in land use in Golestan river basin in northern Iran
is described in Saghafian et al. (2007), Wan Rongrong and Yang Guishan
(2007) are focused on testing the dependence on surface roughness on land use.
Authors compare five different types of surfaces — forest, shrub, grass, arable
land and built-up areas — in relation to generated runoffs on the river Xitiaoxi
in China for two different flood events.

Materials and Methods
Methods for evaluating the retention effect

Many authors have mentioned the significance of flood water inundating the
floodplain for natural transforming of the flood wave (Vopalka et al. 2000; Kvét
et al. 2002; Pithart et al. 2003; and others). A qualitative evaluation of this
effect, based on an analogy with the estimated volume of water running in the
floodplain during a flood with the retention capacity achievable by constructing
water reservoirs and dry polders is, however, only indicative. A quantitative
evaluation, including an assessment of the measures implemented in the flood-
plain area for restoring or increasing the natural retention of floodplain area,
has to be based on hydrological and hydraulic models (Kreis 2003).

Hydrological flood routing models are based on the continuity equation and
on a simplified parametric formulation of the flow dynamics in the analysed
stream or river branches (linear or nonlinear reservoir methods, the multilinear
Kalinin-Miljukov method, the Muskingum and Muskingum-Cunge methods,
and others). Examples of applications are given in Pekar et al. (2001); and
in Szolgay et al. (2008). Using an appropriate method, and provided that
historical hydrographs are available for model verification, these models can be
used not only for a quick analysis of various flood scenarios for the current state,
but also to assess the impacts of various measures (construction of retention
reservoirs and polders, stream revitalization) on transforming the flood wave
(Szolgay et al. 2006).

However, the hydrological approach to a more detailed evaluation of various
types of revitalization adjustments is limited by the schematisation of the flow
dynamics that is adopted, and by the fact that lower model resolution provides
a less detailed geometric description of the stream channel and the floodplain
(Bayerisches Landesamt fiir Wasserwirtschaft 2005).

Hydraulic modelling

At the present time, many applications are available for various hydraulic mod-
els using various methods. An overview of existing methods is given in Valenta
(2004). One-dimensional (1D) hydrodynamic models using discretization of the
real geometry with a set of cross-sections are the most widely used type. This
type of model was applied e.g. by Swiatek et al. (2003) and by Zezuldk et al.
(2006) for determining the retention potential of a floodplain.

Nevertheless, the set of cross-sections may not always be sufficient for a de-
scription of the terrain and the modifications, which could involve, for example,
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a local change in shape or land use. In these cases, it is appropriate to apply
a two-dimensional model (2D) for a detailed analysis of the flood flow condi-
tions.

Floodplain retention capacity evaluation

For the purposes of this study, floodplain retention capacity is understood as
the volume of water that can be held in a flooded area.

A two-dimensional hydraulic model was selected to provide a suitable de-
scription of the flow conditions in modelled floodplains with a complicated
morphology. Due to the high computational demands of an unsteady two-
dimensional model, the FAST2D steady model (Valenta 2004) was used at
first, applying a simplified approach of separate simulations of the flood flow
for substitutive series of quasi-steady states. A similar method, using a quasi-
stationary 1D model to determine the discharge-retention volume relation, was
described in Sartor (2005).

On the basis of the computed water levels and storage volumes for a flow
series, a transformation of the entering flood wave is appointed, using a non-
linear reservoir method. The underlying assumption is that the method can be
applied only for relatively short river sections. A quantification method based
on a nonlinear balance equation is described in Valentova et al. (2010).

Subsequently, the transformations of theoretical flood waves with peak dis-
charges Q100, Q20 and Qs (peak discharges with 100, 20 and 5 year return
periods) were calculated using the procedure described above.

In addition to the application of a steady 2D numerical model, the new
DIFEM 2D unsteady 2D model was also developed (Valentovd, Valenta in
Dostél et al. 2010), based on a diffusion wave equation. Recently the new
TUFLOW commercial hydraulic model of 2D unsteady flow (Syme 1991) has
been included in the evaluation.

The results of the processes of floodplain retention capacity determination
presented here are shown in three case studies, which represent different types
of floodplains.

Modelled localities

Three case study localities in the Czech Republic, each cca 5-8 km in length,
were chosen to test of several methods.

The following parts of river channels and their floodplains differ in terms
of morphology, river channel form and training situation, land-use and also
the need for flood protection, which has to be provided according to urban
structures. The case study areas were selected to represent the main types
of floodplains within the Czech Republic for further classification in terms of
their flood wave transformation potential. The retention capacity and trans-
formation of a flood wave is further estimated and compared; not only for the
current state of the floodplains, but also for various hypothetical scenarios of
changes in floodplain and channel geometry and land use.
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Pic. 1: Three localities in the Czech Republic

LUZNICER.
STROPNICER.

The Luznice River — natural floodplain conditions

A very natural upper section of the LuZnice River between Novi Ves and
Haldamky in South Bohemia has a complicated morphology with a meandering
channel, numerous pools and cut-offs, and it forms part of a nature reserva-
tion. Beside the original floodplain, 6 theoretical scenarios with modifications
in land use and geometry were also formulated.

Pic. 2: Meanders in the upper section of the Luznice River, a flood in
ummer 2010

The Stropnice River — a trained channel, extensive agricultural exploitation

A part of the Stropnice River between Udoli near Nové Hrady and Tomkiv
Mlyn was chosen for modelling purposes. The channel is nowadays regulated
in the section of interest, 1-2 meters wide with steep banks. The flat flood-
plain is used as intensive meadows. In addition to this state, a prospective
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revitalization of the channel and its floodplain is under consideration. A total
of 6 scenarios with different land use were formulated.

Pic. 3: The Stropnice Rivgr

The Blanice River — a trained channel with parallel levees, in an intensive
agricultural floodplain A section of the Blanice River between MySenec and

Hefman near Pisek is an example of a very flat wide floodplain with intensive
agriculture and complicated hydrological conditions. The compound regulated
channel transfers flood waves with Qg peak discharges (a 20-year return pe-
riod). A total of 3 scenarios were defined — original land use and floodplain,
different land use (forest) and modified floodplain.

Pic. 4: The Blanice River
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Modelled scenarios

The scenarios designed for application within individual experimental flood-
plains should describe a wide range of possible changes in land use, manage-
ment and general exploitation of the localities. Technical measures were also
taken into consideration.

The Luznice River

The current natural state of the floodplain is described by Scenario A. Sce-
nario B assumes a considerable increase in roughness in the floodplain due to
total afforestation. By contrast, Scenario C describes the situation if the whole
floodplain area were to be cultivated as arable land.

The modifications in Scenarios D, E and G assume changes in geometry.
Channel improvement is characterized by changing the river line together with
a corresponding reduction in channel length and an increase in the longitudinal
bottom slope. The natural cross section is improved to a trapezoidal channel
shape, having flow capacity values of about Q5 — Q19. The floodplain surface
is adjusted and aligned to the edge of the river terrace. In variant D, land use
as arable land with no bank vegetation is assumed, while variant E considers
surface roughening due to floodplain afforestation.

Scenario G originated from Scenario D, with the adjusted floodplain supple-
mented by three cross dikes on both sides of the river with a view to increasing
the water storage and thus improving the retention capacity of the floodplain.
Finally, Scenario F is based on the current state, and assumes parallel flood-
plain area diking at the so-called ,active zone*“ boundaries — with this, a part of
the floodplain behind the dikes is removed from the flood flow passage. A sum-
mary of the scenarios is shown in Tab. 1.

Tab. 1: Summary of the scenarios, the Luznice River

] Scenario [ Floodplain [ Channel [ Land use [

A original original original

B original original forestation
C original original arable land
D modified modified arable land
E modified modified forestation
F modified original active zone
G dikes modified arable land

The Stropnice River

A trained channel of the Stropnice River in a modelled section passes through
mostly grassy floodplain (Scenario A). The trapezoidal channel with concrete
revetment is 1-2 meters wide at the bottom and 1-2.5 meters deep. Scenario
B originated from A, but the meadows are changed to forests by an increase in
the roughness coefficients.
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Scenarios C and D describe a variant with prospective revitalization of the
channel and its floodplain (meanders, pools), the Scenario C with the original
land use — meadows, while Scenario D is afforested. The Scenarios E and F
originated in Scenario A, and they are supplemented by five cross dikes on both
sides. Scenario E retains the current land use, while Scenario F is afforested
on the banks on both sides with circa 10-meters-wide strips (Tab. 2).

Tab. 2: Summary of the scenarios, the Stropnice River

| Scenario | Floodplain | Channel | Land use |
A original original original
B original original forestation
C modified modified original
D modified modified forestation
E dikes modified original
F dikes modified bank forestation

The simulations were performed and the flood flow characteristics includ-
ing water elevations, water depths and flow velocities with streamlines were
evaluated for particular variants. An example of computed water elevations is
shown in Pic. 5.

Pic. 5: The Stropnice River — Visualization of a terrain model and water
level, Scenario E, 5-year recurrence flow
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The Blanice River

Scenario A is characterized by the current floodplain (arable land, meadows)
and the current trained compound channel, about 15 meters wide at the bot-
tom. In Scenario B, the meadows and fields are changed to forests by an in-
crease in the roughness coefficients. Scenario C describes a terrain modification
— the removal of two railway embankments in the floodplain (Tab. 3).

Tab. 3: Summary of the scenarios, the Blanice River

l Scenario ‘ Floodplain ‘ Channel ‘ Land use
A original original original
B original original forestation
C modified original original

Results

On the basis of two-dimensional hydraulic modelling in FAST2D, the relation
between storage volumes and discharges was determined for particular scenar-
ios in all three case study localities, and transformations of the theoretical
flood hydrographs were calculated. Graph 1 demonstrates that the restored
and forested floodplain (Scenario D) has a greater storage capacity than the
current floodplain with a trained trapezoidal channel (Scenario A). Graph 2
illustrates the transformation effect of an input flood wave with 100-year re-
currence in the floodplain of the Stropnice River.

Graph 1: The Stropnice River — Storage volumes for particular scenarios
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Graph 2: The Stropnice River — Transformation of a 100-year recurrence flood
wave
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A comparison of the transformation effect for particular variants and locali-
ties and modelled flood waves (recurrence 100 and 20 years) is summarized in
Tab. 4 and Tab. 5. Both tables show the peak time delay and the transfor-
mation rate (the percentage ratio of the reduced peak discharge of the input
wave). The scenarios are presented in order, according to their transformation
effect.

The tables show, that floodplains with large surface roughness (forested
floodplains) have a greater influence on mitigating passing flood waves than
floodplains with lower surface roughness. The reduction of the peak discharge
varies from 95.8 % to 98.6 %, depending on the variant of the scenario and the
peak time delay can even exceed ten hours (The Blanice River).

The evaluation shows, that there is also a positive transformation effect
in the variants with cross dikes (The LuZnice R. Scenario G, The Stropnice
R. Scenarios E and F) and in the variant with bank side vegetation (The
Stropnice River Senario F). The effect in the variants of the prospective channel
and floodplain revitalization (The Stropnice River Scenarios C and D) is more
significant during lower floods. Scenario F in the Luznice floodplain (parallel
dikes on the boundaries of the “active zone”) indicates that reducing the extent
of the floodplain, and also urban development, have a negative effect on flow
conditions and flood wave mitigation in a floodplain, especially during floods
with high peak discharges.
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Discussion

The available results show, that a floodplain has a significant potential for
transforming a flood wave, and the effects are higher for floods with lower peak
discharges. To achieve a good effect, the following conditions have to be met:

e the river channel should have the lowest possible capacity to spill water
into the floodplain,

e the floodplain should be morphologically heterogeneous and should have
high surface roughness.

The achieved results correspond well with published conclusions in the
Glonn river study (Bayerisches Landesamt fiir Wasserwirtschaft 2005). An
analogous case of 30 kilometres long stretch of the Glonn River and 5 differ-
ent scenarios (various afforestation, extension of channel) was modelled using
a 2D unsteady hydraulic model. Different modelled conditions and changes in
floodplain have a similar effect on a peak discharge and time delay in both
studies.

It should be also mentioned that modelled scenarios are mostly hypotheti-
cal, and represent an extreme state of land use or modification in a floodplain.
Total forestation of lands is practically unfeasible and brings problems with
wood debris and with damming of flow profiles, bridges, culverts etc. However,
there are also many economic, ecological and social side benefits of close-to-
nature measures that should be taken into consideration (Pithart 2008).

Further research is therefore needed, and types of floodplains convenient
for practising close-to-nature measures should be formulated. In addition, it is
necessary to monitor and measure flood events and floodplains in order to cali-
brate and validate the compiled models, because in general not much objective
data is available.

Conclusion

Two-dimensional hydraulic modelling has produced interesting results leading
to a better and more realistic assessment of the floodplain retention capacity
and the potential to mitigate floods.

The results presented here show that this potential has often been underes-
timated or overestimated. For certain types of river channels, floodplains and
land-use patterns the effect can be very important, and revitalization measures
are therefore effective and desirable. However, in other cases their effect of the
measures is negligible, or measures cannot be applied at all.

The potential to mitigate floods depends fundamentally on floodplain mor-
phology. In the case of 10 km long broad flat floodplains in their natural state
the reduction of peak flow by up to 7 % and peak delay of up to 10 hours
could be expected. To assess the effect of transformation it is also necessary to
consider the volume of incoming waves.

The results also show that there is the possibility of increasing flood mit-
igation effect adopting changes in land use and supportive measures in the
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floodplain. Therefore the conservation of these areas is needful and highly
recommended.
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Porovnani moznych opatieni v nivach ke zvyseni
jejich retencni kapacity

Stejné jako v pfedchozich letech i v roce 2010 bylo v Ceské republice i celosvé-
tové zaznamenano mnoho nic¢ivych povodnovych udalosti, kvili kterym se pro-
blematika protipovodnovych opatieni a souvisejicich efektd dostava stale vice
do popredi. Hovofi se o moznostech spojeni ptirozeného potencidlu udolnich
niv k tlumeni povodiiové vlny spolu s ryze technickymi opatfenimi k ochrané
pred povodnémi. Tim by doslo k zahrnuti pfirozenych reten¢nich vlastnosti niv
do komplexniho systému ochrany pfed povodnémi s mnoha dalsimi pfinosy.
Na rozdil od technickych opatfeni, jejichz vliv je dostatecné kvantifikovan, ob-
jektivni zhodnoceni pfirodé blizkych protipovodnovych opatfeni momentalné
chybi.

Prispévek je proto zameéfen na prezentaci vyzkumu zabyvajiciho se revita-
liza¢nimi opatfenimi v nivach a jejich vyznamem v protipovodiiové ochrané.
Transformacni Gc¢inek Fi¢nich niv je stanoven pomoci metod matematického
modelovani ve vybranych oblastech. Dvourozmérny hydraulicky model je pou-
zit na tiech tsecich povodi v Ceské republice o délce 5-7 km. Transformaéni
uc¢inek je nasledné porovnan nejen pro stavajici charakter niv, ale také pro
rizné teoretické scénaie v kazdé lokalité.

Klicova slova: reten¢ni kapacita niv, protipovodiiova ochrana, hydraulické
modelovani, revitalizacni opatieni
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