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Overview and key aspects
Why should we care about floodplains?

Flooding is a natural and an often common reality for many rivers. They can turn into
disasters causing economic and environmental damage, health problems and even
loss of human life. The areas next to rivers, covered by water during floods, are part
of the river system. Known as floodplains, in their natural condition they help are an
important part of the river system: they store water, filter nutrients, help the aquifers
to be recharged, ensure a proper functioning of river ecosystems, and sustain the
water quality and biodiversity.

Danube River Basin’s floodplains covered in the past wide stretches and had high
ecological importance. Flood protection infrastructure, especially dykes, land use
changes into arable lands and urban development have considerably fragmented
floodplains along the Danube and its tributaries.

To improve navigation, river channels are often straightened and dredged. Hydro-
power and water supply projects caused significant changes in hydrological regime
and geomorphological processes influenced floodplains preservation.

Consequently, the floodplain and wetland areas disconnection in the Danube River
Basin has significantly decreased; therefore, restoration and preservation actions are
needed.

How to act?

Integration of the environmental objectives and flood risk management objectives
requires moving away from the classical flood protection solutions to nature-based
ones.

Nature-based solutions refers to actions in which reducing the flood risk is provided,
while at the same time natural properties of the floodplains are restored and pre-
served

Because of the multiple benefits provided by natural floodplains, EU policies encour-
age floodplain restoration based on integrative plans and win-win solutions. Syner-
gies between Flood Risk Management Plans (FRMP) and River Basin Management
Plans (RBMP) should be mainly reflected by sustainable measures either addressed
for the prevention and mitigation of floods, but in the same time for reaching the
environmental objectives of the water resources.

Agreement on the wide range of benefits provided by floodplains and river resto-
ration could be ensured by using an approach rooted in ecosystem-based manage-
ment when developing river basin and flood risk management plans.
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1. Floodplain disconnection vs flood events in Danube River
Basin
Floods in Danube River Basin

The Danube has a very complex hydrological system. Its flow characteristics change over
large reaches, influenced by the main tributaries (e.g., Drava, Sava, Morava, Tisza).

During the last decades, Europe suffered
major catastrophic floods along the Dan-
ube. Major flood events in the Danube
River Basin of the recent past occurred in
2002, 2005, 2006, 2009, 2010, 2013 and
2014.

In 2006 high discharges on Danube and
its main tributaries Tisza, Sava and Mora-
va, due mostly to heavy rainfall but also
to intensive and rapidly snowmeltled to a
highest historical floods. More than 1000
kilometers of the Danube River registered
a 100-year flood event. Highest historical
flows and water levels were also recorded from Morava mouth to the southern tip of the
Csepel Island in Hungary, downstream of the Tisza mouth in Serbia and along the whole
lower Danube in Romania [DFPRBMP, 2015].

In 2010, the scattered character of the
rainfall throughout the whole year and
throughout the most of the Danube River
Basin led to a high number of significant
flood events.

In 2013 significant 100 years floods
events has been registered almost simul-
taneously in Germany, Austria, Slovakia,
Hungary, Croatia, Serbia, Romania and
Bulgaria.

Several gauging stations registered 200
even 500 years .
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Floodplain disconnection in Danube River Basin

Disconnection of the former floodplains, not particularly on Danube River itself, but also
on main tributaries causes loss of large water retention areas that mitigated flood risks
in the past.

Former Danube floodplains covered an area of approximately 41,605 km? which is equal
to about 3.3% of the total Danube catchment area. Total floodplain area for the Danube
was reduced by 68% (80% for all assessed rivers) with differences for upper (75%), middle
(79%) and lower (73%) Danube stretches .

In the same time, the 1st Danube River Basin Management Plan (DRBMP) from 2009 con-
cluded that compared with the 19th century, less than 19% of the former floodplain area
(7,845 km2 out of a once 41,605 km2) remain in the entire Danube River Basin (DRB)3.

2. Active and potential floodplains - identification and evaluation
Conceptual approach

The conceptual approach (Figure 1) developed within the Danube Floodplain project has
as starting point the identification and evaluation of active and potential floodplains along
the Danube River and main tributaries. A holistic method for evaluating floodplains was
further developed, serving as decision support for the relevant stakeholders and indicat-
ing where efforts of floodplain preservation or restoration should be spent first within an
integrated flood risk management (FEM) [Habersack et al. 2015].

3 https://www.icpdr.org/flowpaper/app/services/
view.php?doc=drbmp-update2015.pdf&for-
mat=pdf&page={page}&subfolder=default/files/
nodes/documents/

T Floods in June 2013 in the Danube River Basin
https://www.icpdr.org/main/sites/default/files/no
des/documents/icpdr_floods-report-web_0.pdf

2 WWF, May 2010 - Assessment of the restoration
potential along the Danube and main tributaries
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Identification of the Evaluation of the active
active and potential and potential floodplains
floodplains with the FEM

Restoration measures
for the pilot sites

FEM with need of Evaluated restoration
preservation and measures showing
restoration demand their effects

List active and

potential floodplains

Figure 1 - Conceptual approach for active and potential floodplains identification and as-
sessment processes (in the frame of the project)

Identification
Active floodplains

Defined as all areas that are still flooded during a HQ100* flood event - widely accepted
as the design discharge level for flood protection measures along the Danube River in the
frame of Danube FLOODRISK Project®, the inventory of active floodplains provides the
main spatial reference base, where other hydrological, hydraulic and biophysical param-
eters are analyzed.

Three delineation criteria was further used for the identification of the active floodplains:

- Ratio factor of width floodplain/width river - to identify the beginning and end of a floodplain
(>1:1 for Danube River);

- Minimum size of an active floodplain- to avoid too small floodplains (>500 ha for Danube River);

4 Flood which occurs statistically once in a hundred years
s https://www.danube-floodrisk.eu/
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- Current hydraulic characteristics of the floodplain, like flow paths and stages may not
be altered by the delineation (identified floodplains should represent the natural flow
characteristics)

These criteria cannot only be used at the Danube River, but are applicable at every
river. Only the values for the first two criteria have to be adjusted for the selected

river. In general, the thresholds can be selected for each river individually under
consideration of specific characteristics of the river and its floodplains.

Potential Floodplains

Following the identification of all active floodplains, a methodology was developed for the
identification of potential floodplains. Potential floodplains have been considered as cur-
rently not inundated areas in the case of a HQ100, but with restoration measures, these
areas can be reconnected to the river system leading to inundation during a HQ100 event.

In a first step, historical maps and/or inundation outlines of extreme floods® were used to
identify former/historical floodplain. The Danube FLOODRISK project also provides inun-
dation outlines for extreme flood events along the entire Danube River.

If settlements, critical infrastructures and streets are located in the historical/for-
mer floodplain, each country decides on their own on identification the related area

as a potential floodplain (settlements, streets and critical infrastructures had to
be protected by complementary local flood protection measures — e.g. protective
walls, earth deposits/dikes).

8 Flood which occurs statistically very rarely (e.g. once at 500 years or once at 1000 years)
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If the historical/former floodplain is currently used by agriculture, each country de-

cides on their own if land use change or any kind of compensation is possible or not.
In case no feasible solution can be found, no potential floodplain will be identified.

|Il

Two types of potential floodplains, namely potential and “operational” potential flood-
plains has been initially considered in the context of the project. The difference between
these two types is that the “operational” potential floodplains are identified and dis-
cussed with stakeholders, technical experts and decision makers. This was not done in
the Danube Floodplain project.

Process of identification of potential floodplains includes 5 steps as following:

Step 1: Identify historical/former floodplains by using the extreme floods inundation out-
line from the Danube Atlas or historical maps.

Step 2: Exclude settlements, infrastructure and streets in the former floodplain.

Step 3: Exclude agricultural land where land use change or any kind of compensation is
not possible.

Step 4: Define the floodplain restoration scenario for this potential floodplain. The sce-
nario for the reconnection (e.g. cut of dike, removal of dike, land use change) will then be
used for the modelling of the potential floodplains.

Step 5: Discuss with stakeholders to define the “operational” potential floodplain and the

technical aspects of the reconnection. This is not done in the Danube Floodplain project

Evaluation
Floodplain Evaluation Matrix (FEM)

A holistic tool (Floodplain Evaluation Matrix -FEM) to evaluate river floodplains by consid-
ering multiple parameters that effect and determined the processes within these flood-
plains has been used in the Danube Floodplain Project. The Floodplain Evaluation Matrix
(FEM) was developed by the Institute of Hydraulic Engineering and River Research at the
University of Natural Resources and Life Sciences, Vienna (BOKU).

Considering FEM, a valuable decision support tool is available for relevant stakeholders to
assess the multiple benefits that floodplain restoration and preservation as a sustainable

10
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non-technical measure can offer as it is demanded by the EU Floods Directive (2007/60/
EC). In general, it allows the evaluation of various river reaches by setting up a priority
ranking, which indicates where efforts of floodplain preservation / restoration should be
spent first in order to obtain maximum benefits.

FEM parameters

For the Danube Floodplain project, the original FEM method was further developed to
serve the project needs (Figure 2). In order to get a reliable comparability. A minimum set
of parameters was fulfilled by all the project partners. Additional parameters, suggested
by partners were discussed, but not considered for the ranking list. The matrix itself con-
sists of four categories of parameters: hydrology, hydraulics, ecology and socio-economic.

Flood peak reduction — AQ

Flood wave translation — At

> Effects in case of extreme
discharge

I Hydrology Connectivity of floodplain water bodies
Existence of protected species
» Potentially affected A
buildings Floodpl'aln » Existence of protected habitats
Evaluation > Vegetation naturalness
» land use

Matrix > Water level dynamics

»> Presence of documented

IV. Socio-Economics

planning interests (FEM) »> Potential for typical habitats
Ecological water body status
II. Hydraulics
/ Legend:

Class of parameters
considered in FEM
» Flow velocity — Av List of parameters

selected for each class:
»> Bottom shear stress — At Minimum

-

> Water level change — Ah

Additional parameters

Figure 2 - Floodplain Evaluation Matrix developed in Danube Floodplain project for assess-
ment active and potential floodplains

11
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After the calculation of the minimum parameters for the active floodplain, the perfor-
mance of each parameter was determined with the minimum parameters. Three levels of
performance have been considered (high, medium and low). Thresholds to determine the
performance of the floodplains for each parameter was also taken into account.

The thresholds can be selected for each river individually under consideration of
specific characteristics of the river and its floodplains. It is recommended to start
with the thresholds used at the Danube River and if necessary, adaptation (on
tributaries) can be made

After determining the performance, the need for preservation and the demand
for floodplain restoration can be evaluated. A floodplain has to be preserved if at
least one parameter of the minimum set is evaluated with a high performance.
Based on the minimum parameter evaluation, each floodplain is assigned to one
of three groups (low, medium, high demand for restoration) depending on the
achieved points in the FEM-evaluation

Danube active and potential floodplains and restoration demand are presented below:
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Danube Active and Potential Floodplains - Austria
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3. Scenarios for restoration and preservation
Overview on scenarios

Three restoration scenarios (current state scenario and two restoration scenarios) in five
pilot areas (Begecka Jama, Bistret, Krka, Middle Tisza, and Morava, shown in Figure 3)
have been investigated. After an agreement on the explicit restoration measures in each
scenario with the stakeholders, three two-dimensional (2D) hydrodynamic models for the
pilot areas were set up.

Danube Floodplain - pilot areas O bl s
: i interreg
$ Danube Transnational Programme

Morava‘:' B

Legend

- pilot area

= Danube

~— major tributaries

tributaries
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1. Current State (CS)

The first model represents the current state of the
area (CS). It was set up based on a recent high-reso-
lution digital elevation model (DEM) and up-to-date
ground survey data. It is the base model for the res-
toration scenarios models.

2. Realistic restoration scenario 1 (RS1)

In the second 2D model (realistic restoration sce-
nario 1; RS1) all planned measures were implement-
ed, e.g. dike relocation, modification of land cover
and river geometry.

3. Optimistic restoration scenario 2 (RS2)
Furthermore, an optimistic scenario model (opti-

Additional info:

In cooperation with national au-
thorities, as well as, the identified
stakeholders two restoration sce-
narios were developed, specific
for each pilot area. The planned
restoration measures were dis-
cussed with relevant stakehold-
ers on a stakeholder workshop in
each of the pilot areas, including
various domains like fishery, ag-
riculture, shipping, municipal au-
thorities, nature protection, resi-
dents, etc.

N
2 ® ® 160 A Sources; Esni ME cbment P Corp., GEBCO, USGS, FAD, NPS, NRCAN, GeoBase, IGN
—— aset N OFc N METI. Esn Crina (Hong Kong), swissiopo. © OpanStmetiap

Figure 3 - The pilot areas where the 2D hydrodynamic modeling was applied in the frame
of the Danube Floodplain project

20

mistic restoration scenario 2; RS2) was developed
which includes more extensive measures. With this approach, the maximum capacity of
flood protection obtained by restoration measures in the pilot areas without consider-
ation of real limitations is shown.

To quantify the effects of the two restoration scenarios, the simulation results of both
were compared with the current state scenario.

Cost Benefit Analyses (CBA) and ecosystem services (ESS) approach

Among other challenges, e.g., developing and implementing a common agreed method-
ology for floodplain delineation, the Danube Floodplain Project faces the challenge of de-
veloping a common methodology for conducting a Cost Benefit Analysis (CBA). A classical
or standard CBA in flood risk management considers as benefits the avoided flood risk.
In addition, for demonstrating the profitability of the floodplain restoration measures for
flood risk mitigation, an extended cost-benefit analysis (extended CBA) can be used to
estimate other ecosystem services of floodplains and show their additional value. In other
words, the avoided flood risk benefit as result of the floodplain restoration measure is
completed with ESS benefits as result of the same measure.

The Figure 4 synthesizes the workflow of the extended CBA for floodplain restoration
measures in the Danube Floodplain Project.
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ESS analysis and mapping Hydrodynamic modeling Stakeholder analysis

Flood risk estimation Costs assessment

Ecosystemservicesanalysis
(assessmentandevaluation) |

Greenhouse gases sequestration
Nutrients retention
Cultivated goods
Nature-based recreation

Extended CBA

Figure 4 - Workflow of the extended CBA for floodplain restoration measures in the Danube
Floodplain Project

As the figure shows, three kinds of input data, were required for conducting the extended
CBA (ESS analysis and mapping, hydrodynamic modeling, and stakeholder analysis). As in
a standard CBA, the costs and the flood risk were estimated. The extension of the stan-
dard CBA consisted then in the quantitative assessment and evaluation of other four ESS
groups, besides flood mitigation (greenhouse gases sequestration, nutrients retention,
cultivated goods, and nature-based recreation).

Ecosystem Services analysis and mapping

The aim of using the ESS approach in the Danube Floodplain Project was to show the
benefits and value of ecosystems to society and to improve the conditions for sustainable
management of nature and ecosystems at the Danube River Basin. The ecosystem ser-
vices were assessed based on stakeholders’ feedbacks in pilot areas enriched with anal-
yses on land cover/land use data from Copernicus (European Environment Agency, 2012)
and additional CORINE land cover data (European Environment Agency, 2018) mainly with
the help of responsible project partners of the pilot areas (and some external experts
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not related to the project). These analyses and data were georeferenced, which played a
significant role in understanding ecosystem services processes and identifying the poten-
tial ecosystem services hotspots and low spots for restoration projects. For a consistent
approach, the project team developed and used a scale of intensity for provisioning and
regulating ecosystem services.

The intensity of services was derived from the level of details for individual ecosystems
in each pilot area and the values of all ecosystem services were divided in classes using
two approaches: an assessment by stakeholders and an assessment by using land use/
land cover data.

Assessment by stakeholders: the stakeholders ranked the value of used ecosystem
services after restoration from 0 to 5 (Figure 5). Since the measures can also result

in one of the ESS no longer being provided, the benefits must be ranked zero (no
benefit).

Intensity Missing Very low Low Medium High Very high

Figure 5 - Class intensity -assessment by stakeholders

Examples: Begecka Jama pilot area

[0 0 missing
01 very low
2 low s
713 medium

Current situation of ESS provision of habitats ’
d P’E
w

[ 4 high
[ 5 very high

0 025 05 1 Kilometers
MR N

Intensity of the ecosystem services provision of habitat
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[0 0 missing w@' L o w%’e
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2 low Bl - 2 low ) 5

3 medium 3 medium

00 4 high

0 4 high
B 5 very high

I 5 very high

0 025 05 1 Kilometers
1 " I .l I I " 1

Intensity of the ecosystem services local climate regulation

Intensity of all p provisioning & r lating ESS

after RS2 w%.a
Assessment by using land cover/land use data. By jointly classifying all provision- :;_,:2;:5'"“ tovery low 4
ing and regulating ESS, areas with a particularly high provision of ESS (so-called hot 113 medium

10 4 high
B 5 very high

spots) and also areas with a very low provision of ecosystem services (so-called cold
spots) can be easily identified. The ranking values was established from 1 to 5 (Figure 6)

Intensity  Missing to very low Low Medium High Very high

Figure 6 - Class intensity using land cover/land use data

" 0 025 05 1 Kilometers
1 1 L 1 | L 1 L ]

Examples: Begecka Jama pilot area

Habitat modelling

General aim of the habitat modeling work within the Danube Floodplain Project was to
evaluate whether a certain floodplain restoration measure is capable of improving typical
floodplain habitats. Such prediction was made based on environmental co-variables, like
water depth, flood duration, flow velocity, etc. (Guisan and Zimmermann, 2000; Maddock
etal., 2013). At the basis of the method, there is a conceptual understanding of how these
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environmental factors influence habitats and the species living in them. Therefore, quan-
titative formulations were made to link habitats and environmental variables.

The results of meso-scale biodiversity assessment in the pilot areas showed that
floodplain habitats, and thus biodiversity, can benefit from increasing or resto-
ration of the lateral connectivity, as intended by the majority of restoration sce-
narios.

However, while the assessment on the meso-scale shows the general tendency
for the development of habitats, a micro-scale analysis could have given insights
on the level of species or specific communities. Still, this requires in-depth knowl-
edge of the setting and cannot be obtained without extensive fieldwork.

4. Catalogue of “win-win” restoration and preservation measures

Danube Floodplain project deals also with an inventory of floodplain restoration mea-
sures transposed into a catalogue.

Literature and several specific websites (e.g., http://nwrm.eu/measure/floodplain-resto-
ration-and-management) already comprise a wide range of floodplain restoration and
preservation measures. Therefore, the Catalogue aims to combine in the first way the
experience of countries in implementing these kinds of measures in the frame of River Ba-
sin Management Plans, Flood Risk Management Plans, but also synthesize the proposed
measures developed in the frame of restoration scenario for DFP project pilot’s area.

Catalogue of "win-win" floodplain restoration and preservation measures propose a va-
riety of key structural measures addressed to restoration and preservation the natural
function of the river that will reduce flooding, improve water status and biodiversity, and
revitalize social and economic conditions of the communities

The structure of the Catalogue covers four main sections, types of measures, win-win
effect, ecosystem services, effect on floodplain evaluation matrix (Figure 7):
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Types of measures

- Description

- Location

- River morphology
improvement

Ecosystem Services

- Category of ESS addressed
- Description of benefits

|
www.interreg-danube.eu/danube-floodplain

Structure of the Catalogue

Win - Win Effect

- Directive
Water Framework
- Flood Directive
- Birds @ Habitat Directive

Effect on Floodplain
Evaluation (FEM)
parameters

- Hydrology

- Hydraulic

- Ecology

- Socio - Economic

A synthesis of floodplain restoration and preservation measures included in the Catalogue

is presented in the Figure 8
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. Floodplain morphology River morphology restoration
Technical Ll ks restoration (land cover and (river channel geometry
(constructions) lateral branches) alteration)

-Dike relocation l -Land use conversion -River widening by
-Dike removal towards natural conditions construction of new lateral -Research, studies,
-Dike slitting -Creating retention ponds channels scientific projects
-Implementing -Increasing the roughness of -Increasing the roughness in -Administrative and
culverts/inlet sluices floodplain (afforestation) the river channel. legislative measures
into the dike -Creating flood control Restoration of natural
-Lowering dikes in different channels substrate
locations -Re-connection of lateral -Removing parts or the
-Removal of weirs branches/ oxbows entire bank
-Operational mode -Deepening lateral branches/ stabilizations/embankments
changing of dams oxbows -River bank re-vegetation
/hydropower plant -Initiate meandering of
-Adequately designed and river course by using river
positioned culverts. engineering structures

-Reconstruction of groynes

Figure 8 - Synthesis of floodplain restoration and preservation measures

5. Tools for assessing restoration projects

A general evaluation tool (FEM-Tool) for assessing floodplain restoration projects was
developed in the Danube Floodplain project. The tool based on table calculation or GIS
software is addressed to possible later assessment of other restoration projects ensuring
a simplified and standardized assessment of floodplain restoration projects.

FEM-Tool offers the possibility to enter all relevant input data and proceed the FEM re-
sults leading to a recommendation if a restoration project should implement or not. Basic
form of the FEM-Tool was created in Microsoft Excel. Macros are used to proceed the
entered input data automatically.

Figure 9 shows an overview about all possible input data that can be included in the FEM-
Tool.
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Hydraulic
modelling

Habitat Ecosystem
modelling services

Extended
Cost-benefit
analysis

Ecological
assessment

Stakeholder

analysis

Figure 9 - Overview about all possible input data that can be included in the FEM-Tool.

Evaluation of a restoration project with the FEM-Tool is based on two main steps. First,
evaluation of the current state of an active floodplain with the FEM method followed by
an assessment of the restoration state, including stakeholder analysis, FEM analysis, eco-
system services, habitat modelling.

An overview including the FEM-Tool is presented in the Figure 10.

The FEM-Tool will be further developed in the Danube Floodplain project's exten-
sion period. It is recommended to use the upgraded FEM-Tool. Nevertheless, the

overarching principles of the tool are the same in the basic as well in the upgraded
version.
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Step 1 FEM-Tool

current state restoration state

Basic FEM (minimum set) Stakeholder analysis

Socio-

hydrology hydraulics ecology economics

Basic FEM (minimum set)

hydrology hydraulics ecology ecz:colr(:ics

All minimum parameter will be calculated and evaluated in
more detail for current and restoration state

+ 3 extended parameters

FEM ranking

for all current floodplains

Recommendations for
preservation and
restoration

Restoration decision

Non-deterioration principle applies
Additionally ESS + Habitat modelling

Figure 10 - Overview including the workflow of the FEM-Tool
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