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Introduction
Water management in the Republic of Croatia is regulated by the Water Act (Official Gazette OG153/09) and the Act on Water Management Financing (OG 153/09). Both acts are harmonised
with EU water related acquis and were adopted in 2009. According to the Water Act, Croatian
Waters is obliged to undertake preliminary flood risk assessment, develop flood hazard maps and
flood risk maps and to prepare flood risk management plans. The European Commission and Croatia
initiated a Twinning project. A consortium of the Netherlands, Austria and France were selected by
the European Commission and Croatia. Aim of this Twinning project is to contribute to the
implementation of the Water Act through the preparation of flood hazard maps and flood risk maps.
One of the results of the project is a series of documents related to the implementation of the Floods
Directive by Croatia:
1. A guidance document on the technical aspects of the preparation of flood hazard maps and flood
risk maps.
2. A guidance document on the assessment of flood risks and adverse consequences of floods.
3. A guidance document on the integrated assessment of existing and planned civil engineering
measures for flood protection.
4. A guidance document on the methodology for assessing potential impacts of climate change on
flood risks.
5. A guidance document on the participation of the public and stakeholders in flood risk
management.
6. A guidance document on the preparation of the Flood Risk Management Plans.
This guidance document will describe into more detail the technical or structural measures that can
be taken to reduce the adverse effects of floods on human health, economic activity, cultural
heritage and the environment.
Legal base
Floods are natural phenomenon that cannot be prevented. However, there are various possibilities
and strategies to reduce the adverse effects of floods. To be effective, these measures have to be
coordinated throughout a river basin or catchment. This coordination will be done in flood risk
management plans. With the adoption of the Floods Directive in 2007, the the Member States
decided to make flood hazard maps and flood risk maps for the various river basins within their
territory. Based on these maps the Member States shall produce flood risk management plans at the
level of a river basin district. For those areas, where the maps show negative consequences of
flooding, appropriate objectives have to be established. The objective for the city of Zagreb may be
different from the objective of a rural area along the Mirna river. The objective for a capital intensive
agricultural area in the Neretva Delta may differ from a pasture area along the Kupa river. Flood risk
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management plans shall amongst others include the measures to be taken to achieve the objectives
mentioned above.
Objectives of this guideline
Croatia has a long experience with flood reduction measures. This guidance document is not a
technical handbook. Technical handbooks on various subjects are largely available. This guidance
document is built upon the following rationale:
• According to the Floods Directive, FRMPs should focus on prevention, protection and
preparedness to reduce the adverse effects of flooding. Taken into account the consequences of
climate change as well, old ways to deal with floods might no longer be effective in the future.
Therefore it is important to consider all the possibilities and not reject on forehand unknown
measures or measures of which it is not yet clear whether they will be effective or not. It is
important to think out of the box and consider innovative measures.
• The selection of measures has to be transparent. In this guidance document various possibilities
to prioritize measures will be given.
• In the selection process the consequences of a measure or a set of measures on flood reduction
have to be considered. However, the side effects of measures on the upstream part or the
downstream part of the river as well as on the various sectors (e.g. agriculture, shipping,
settlements) have to be taken into consideration as well. This guidance document will give
examples of possible consequences of measures.
In the guidance on the preparation of the Flood Risk Management Plans, possible steps are explained
to come to a selection of measures and their prioritisation. This guidance document looks into more
detail as far as structural measures is concerned and their prioritisation.
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1. Definitions
In this guidance document we will focus on measures that reduce the flood hazard, such as dikes,
retention areas, by-passes and so on. Most of these measures are called structural measures for
which we use the following definition:
Structural measures are engineering techniques that significantly influence the flow of water
in order to reduce the flood risk.
So, for example, a weir is a structural measure because it alters the flow in a river. Also a storm surge
barrage in an estuary is a structural measure, because it prevents high waters and waves to
penetrate the estuary. But the reforestation of a hilly area in a watershed to reduce runoff is not a
structural measure because it is not an engineering measure, although it may reduce the flood
hazard.
While structural measures are reducing the flood hazard, many non-structural measures are reducing
the exposure and vulnerability. These can be defined as:
Non-structural measures are measures not involving engineering constructions and that use
knowledge, practice or agreement to reduce risks, in particular through policies, laws, early
warning and preparedness.
Note that flood resistant construction techniques for buildings (‘flood proofing’) are by this definition
not considered as structural measures. And also that there are non-structural measures that could be
used to reduce the hazard, such as making use of ecosystem services (like the reforestation
example). In fact, these non-structural measures are gaining more positive side-effects and attention
nowadays. It is important to combine structural and non-structural measures in order to reduce the
costs of the investments.
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2. A typology of measures
2.1

Why do we need a typology?

A philosophical answer to this question is that humans always tend to create order in chaos. It is
good to have some kind of classification or typology of measures that can guide us to make the right
choices from the long list of measures. By grouping, it becomes clearer what these measures try to
achieve. And it also presents the larger picture which may widen the horizon of decision makers or
planners. For this we introduce the Cascade of Measures to make stakeholders involved in flood
management and to make measures more sustainable.

2.2

Cascades of measures

The cascade can be used – in a generic way – as guidance for a priority setting: obviously it is best to
remove the source of the flood altogether. Hence, for flash and river floods the reduction in rainfallrunoff would prevent high discharges downstream and subsequent high flood risks. Of course this is
not possible in the case of coastal storm surges or tsunamis: an atmospheric depression or an
earthquake cannot be prevented. In that case the reduction of the hydraulic load (in terms of wave
energy and water height) is the starting point. Making Room for the River is a good example of
lowering the high water levels, thereby reducing the chance of levee overtopping or a dike breach.
Rainfall-runoff
reduction
Water retention
Afforestation

River Basin Management
Forestry / Nature Management

Reduction hydraulic load
Wave reduction
Coastline stabilisation
Room for the River

River Management
Coastal Zone Management

Integrated Water Management
Flood control
Groundwater / Water Supply
Local retention
Drainage
Zoning measures Spatial Planning
Setback lines Urban Planning
Building restrictions

OPTIONS FOR
FLOOD RISK MANAGEMENT

Impact reduction
Flood proofing
Early Warning
Evacuation

Disaster
Management
Poverty Reduction
Residual Risk
Emergency response
Relief funds
Insurances

------------Source ---------------------------Pathway---------------------Receptor------------------

Figure 1 Cascade of options for flood risk management
More or less traditional flood control measures, such as dikes, and drainage systems are found at the
next step. Zoning measures can help reducing the potential impact. Further down the steps we find
more impact reduction measures, such as flood proofing of houses, early warning and evacuation.
Characteristically, these measures prevent damage or casualties even when flooding cannot be
avoided. And finally there is the residual risk when all previous measures were not sufficient to
prevent damages. When damages occur the only remaining possibility is to assist the population.
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The cascade also visualizes that for each step in flood risk management there is always a
corresponding policy and management field and sometimes more than one that is relevant (in blue
colour). Since flood risk management cannot be implemented independently because of interaction
with other sectors, iIt is crucial to make linkages and agreements with these other policy domains.

2.3

Overview of measures

Using the main distinction between measures reducing hazards and measures reducing vulnerability,
we present a long list of measures below. For each step in the cascade measures are listed. Of course
such list will never be complete and new measures can be added if considered useful.

Figure 2 Long list of measures, both structural and non-structural (*the retention areas can be seen
as a structural and as a non-structural measure)
As can be seen from figure 2 most of the measures that reduce the hazard are structural measures,
but not all. Changes in land use, but also adjusted operation of reservoirs for flood hazard reduction
(storage of run-off during high rainfall events) could be highly effective non-structural measures to
reduce the high water discharge downstream.
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3. Description of measures
In chapter 2 the typology of measures was given. In this chapter, a number of examples are given to
illustrate the measures mentioned in this typology.

3.1

Reduction of hydraulic loads

3.1.1 Retention areas
Retention areas are areas were a part of the peak flood can be stored temporally. E.g. due to
agricultural usage the damage in these areas will be less than in the areas that face a flood. Lowering
the level of the constraints in the floodplains will have a (temporarily) positive effect on the water
level (more room for the river). In case the flood will continue when the retention area is filled and
there is no other storage area, the water level will rise again and cause damage. But land has to be
designed and coordination with the spatial planning department is needed and may me combined
with nature development.
Model studies for the flood protection measures for the Rhine showed that the retention areas
had hardly any influence on the floods that occur with a frequency of 1 * per 100 year or less. The
retention areas are designed for floods that occur with a frequency of 1 * per 20 – 50 year. Once a
flood with a frequency of 1 * per 100 year occur the retention areas are full already.
3.1.2. Lowering of the floodplain
Lowering of the floodplain by excavation is a measure that is used within the concept for room of the
river. The profile will be enlarged by the excavation, resulting in a lower water depth during peak
floods. To be able to execute this measure, it will mean that (agricultural) land has to be purchased.
In the Netherlands, the measure is often combined with nature development. In case clay or gravel
can be mined, the measure will generate income as well.
Concept of lowering the flood plain

3.1.3 Dike realignment
Dike realignment is a measure to give the river more space during floods. The flood plain of the river
will be enlarged to create a higher discharge capacity and hence a lower water level. The measure
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can only be done in sparsely populated areas; land has to be purchased, farmers have to move to
other areas. The measure can be combined with nature development.

Concept of dike realignment

3.1.4 Main channel widening or deepening
Deepening the main channel by deepening the summer bed will give a higher discharge capacity and
hence a lower water level. Widening the main channel will have the same effect. The measures are
very location specific. This kind of measures may be suitable mainly in the downstream part of the
river. These are the areas where you want to avoid excess of water1 and there are no negative
downstream effects.
As shown in the cascade in figure 1, the best strategy in the upper parts of the river will be to keep
the water in the area as long as possible. Applying this measure in upstream parts of rivers could
have negative consequences on downstream areas. It should be assessed whether this is acceptable.
3.1.5 Bypasses
At places where the river has “bottle necks”, the flow capacity will be limited. Bypasses can be
constructed to increase the discharge capacity and lower water levels. A bypass is an area between
dikes that can be used to divert part of the (peak) flow.
The concept of bypasses

1

In areas with frost this measure can be effective to get rid of the ice floes. In the Netherlands ice dams caused by an
accumulation of ice floes was one of the causes of floods in the winter period.
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3.1.6 Removal of objects causing hydraulic resistance
There can be various kinds of objects causing hydraulic resistance in a floodplain, e.g. bridges with an
arch span smaller than the winter bed, constructions, trees, groins. In smaller rivers or brooks,
culverts can cause hydraulic resistance as well. Removal of these objectives is very situation specific
and has to be studied carefully. Removal will have a positive effect at the location itself, but it may
have negative consequences downstream due to an increased flow velocity.
Concept of removal objects

3.2

Flood control/protection

Once it is no longer possible to reduce the hydraulic load of rivers, flood control or flood protection
may become relevant measures. A distinction should be made between river floods and marine
floods. Generally other types of measures will be taken in upper parts of rivers than in downstream
parts. Measures in the upstream part of the river can be effective for flash floods as well.
3.2.1 Flood control in the upstream part of rivers
The floods in the upper part of rivers can be controlled by dams or reservoirs to store water for a
certain period. Dry dams can be used to delay the discharge for a limited amount of time. Often an
earthen wall is constructed across a river valley. The water will pass the dam by means of a culvert or
slot which acts as a throttle. In this way the outflow can be limited (figure 3). Contrarily to levees,
where there is a clear threshold, the effect of dry dams needs to be assessed on several design floods
to fully capture its behaviour (figure 4a) ; the range of efficiency depends on the available storage
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volume and on the inlet size and geometry (figure 4b). In the example shown in figure 4, the dam has
no effect for smaller flows (T= 2 years), corresponding to phase I of figure 3. The reduction of the
peak is significant for the 10-yr return period flood (phase II). When the flood is sufficiently intense
and/or long enough to fill the storage bowl up to the overflow weir, overflow occurs and the outflow
increases (phase III of figure 3); the peak discharge is thus less (T=50 years) or almost not at all
reduced (T=100 years).
Peak reduction by bottom outlet is very efficient to maintain the outflow below a given level, usually
the level under which there is no flood downstream. However, this effect hides the flow from
downstream inhabitants, and they can be surprised by the sudden increase of the river discharge
when the overspill starts. This threshold effect can be moderated, either by an alert system to warn
the people, and/or by an adapted design:
• two levels of spillway weirs create a buffer effect: the difference between first and second
level give an extra storage volume with increased outlet capacity: the outflow does increase
but not so suddenly, thus giving both a warning and some time to react.
• Instead of a culvert-like passageway, the opening in the dam can be a slot: the outflows
increase more continuously with the upstream water level; in this way people can be warned
for the incoming flood; however the reduction of the peak is less efficient. Slot-dams are less
able to totally suppress moderate floods, which is both a problem (some damages occur) and
a good point (people will not easily forget floods).

Phase I: dry dam features, with a
bottom outlet, a central spillway
and an energy dissipation basin at
the foot of the dam. Ordinary flow
does not exceed bottom outlet
capacity

Phase II: when inflow exceeds
bottom outlet capacity, outflow
is mitigated by this throttle effect
and water is stored behind the
dam

Phase III: if the flood event
continues after the storage capacity
is exceeded, water is evacuated by
spillways; in this example there are
two levels of overflow weirs

Figure 3: Dry dam features and behaviour during floods (after Poulard et al. 2008)
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a) effect on delay and peak attenuation by a 4m- b) effect on regime for different dam heights or
high flood reduction dry dam with 1mx1m outlet size
outlet
Figure 4: Computed effect of a 4m-high dry dam with a 1m x 1m bottom outlet on a set of design
floods or return periods T=2, 10, 50 and 100 years. (after Ghavasieh et al., 2006)
The area behind the dry dam can be used for agricultural use with restrictions (e.g. pastureland for
cattle).
Dry dams of all sizes exist, from small dams below 2 m in the hill slopes or in small streams, to large
dams like in France Lurberria (22m, 5,7 Mm3 water storage capacity) or Conqueyrac (17 m-high, 9,1
Mm3), up to Engletown in the Miami River Basin, USA, remarkable by its storage capacity of 385
Mm3 (for a height of 33m), or the Seven Oaks dam remarkable by its height of 168m (for a 140 Mm3
storage capacity).
The outlet of dry dams can be controlled or uncontrolled; in the first case management rules can
help optimizing the flood reduction, especially when associated to a flood forecasting system, but
dams with an uncontrolled outlet structure are less prone to incidents: fewer mobile parts means
fewer causes of something going wrong!
Instead of being dry dams, flood reduction dams can also be multi-purposes reservoirs for instance
where the water stored is used for hydro power, drinking water supply or leisure. In this case, only a
part of the storage capacity is left for flood reduction purposes, and besides the passageway is
designed so as to control the water level which means that there are more impacts on sediment
transport and on drift and active movements of living organisms.
3.2.2 Flood control in the downstream part of rivers
In the downstream parts of the river, dikes are effective to protect houses from floods. Because dikes
will cut of part of the flood plain, it can have negative consequences for the parts upstream and
downstream. These consequences have to be studied carefully and weighted against other
(structural and non-structural) measures. Were houses are close to a river, screens can be a solution
(see next photo).
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Figure 5 Mobile flood screens
along the river Maas
Where flooding comes from
the sea, a number of
different measures are
available. Dikes or dunes can
protect land close to the sea
from flooding. In case of
storm surges rivers can be
closed by dams, sluices or
barriers. Mostly these
measures are costly and the
costs of such measures have
to be weighed against the
profits.

Maaslandkering in the Nieuwe
Waterweg. It will close the
Nieuwe Waterweg at levels
higher than 3.00 m + NAP.

Figure 6 Flood protection measures in the
Netherlands against floods from sea
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4. From measures to plans
Flood risk management should not consist of a sequence of projects led by different people but be an
integrated process. To be efficient and coordinated a long-term supervision is required for instance
by an authority or a steering committee. It is important that this body establishes a long term vision
and a strategy. On this basis possible measures should be considered. The guidance document on the
preparation of Flood Risk Management Plans additionally emphasizes the role of other authorities
and public participation.

4.1.

Governance

Defining the roles and responsibilities of all public authorities involved and the way they
communicate together and with the public, is a key factor for success or failure. And this governance
is often difficult to define, because authorities are involved at several spatial scale (from
municipalities to regions and national level), and because other institutions are in charge of tasks
relevant for flood management or impacted by floods. All partners should be identified and
associated, whether they work in policy fields related to the Floods Directive and the Water
Framework Directive, like development and planning, water resources management, risk
managements in the sectors like infrastructures or electricity or water supply, crisis management or
are responsible for enforcement. Try to find win-win situations with stakeholders and with all levels
of representatives of citizens.

4.2.

Vision

A vision can be expressed through a few selected axes, like for instance:
• The Netherlands’ program „Room for the river“, with its three main goals
(http://www.ruimtevoorderivier.nl/meta-navigatie/english/room-for-the-riverprogramme/):
 by 2015 the branches of the Rhine will cope with a discharge capacity of 16,000 cubic
metres of water per second without flooding;
 the measures implemented to increase safety will also improve the overall
environmental quality of the river region;
 additional room needed for rivers in coming decades to cope with even higher
discharges due to climate changes, will remain permanently available (spatial
reservation).
• In France, PAPI program initiated in 2002 by the Ministry in charge of the flood risk
management (Ministry of Ecology and Sustainable Development) gives subsidies to projects
respecting its specifications, and insists on non-structural measures, less common so far, and
encourages upstream flood reduction measures (see description figure 7). Regional
strategies have also been defined and led to similar funding programs on a regional or basin
scale (Plan Rhône). In 2013, a National Strategy was published (http://www.consultationspubliques.developpement-durable.gouv.fr/strategie-nationale-de-gestion-des-a62.html)
defining three objectives:
 Safety of people;
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 Stabilize in the short-term and reduce in the mid-term the cost of damages caused
by floods;
 Accelerate the recovery process after the floods (resilience).
Content : diagnostic of present state, local strategy definition and program of action.
Topics compulsory to address:
•
Improve risk knowledge and awareness;
•
Flood monitoring, flood forecasting;
•
Early warning systems and crisis management plans;
•
Land planning taking flood into account;
•
Vulnerability reduction;
•
Delay floods (preference for upstream actions, if possible);
•
Management of hydraulic actions.
Milestones: intermediate evaluations will be carried out, and funding of next step requires
compliance with the standards defined for the previous step. COST-BENEFIT analysis are
required, according to guidelines published for the PAPI Program under the Ministry
coordination
Figure 7: French Program for Action in Flood Prevention (PAPI) – Highlights on Specifications (2011)

4.3.

Strategy

A strategy must be defined in accordance with the European and national policies, to which are
added local priorities (how important are environment, economic development, well-being of people
etc.), so as to set goals and to define indicators of success. A strategy implies a shared vision, legal
constraints and needs arising from other sectors (e.g. economy, urban development, infrastructure,
nature protection).

4.4

How can strategy combine measures?

Once the objectives are defined and the strategy is chosen, measures to fulfil the objectives can be
selected.
The most obvious and visible items are new projects to reduce the risk, but we should not forget:
• Continuous maintenance and survey of structural and non-structural measures, a routine but
indispensable task that must be assigned to identified people;
• Actions to increase the knowledge and thus further improve the strategy and its
implementation (risk analysis, physical and economic data collection, feedback analyses,
development of methodologies etc.).The Floods Directive clearly presents the flood risk
management as an on-going process by defining 6-year cycles to update the different
documents.
In addition to meeting the requirements of the strategy, that may include national, regional and local
objectives, the measures must be chosen according to the specific context. In particular, structural
measures and also non-structural measures strongly depend on the physical context (available room
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for storage and/or price of real estate, clustered or sparse housing, slopes, flood regime, existing
infrastructure, ecological stakes etc.). It means that measures suitable in one case may not be
relevant in another catchment, decision-making has to be imaginative and, whenever possible,
innovative.
Designing structural measures means choosing between different types of solutions (as described in
paragraph 7), but also defining their parameters (height of levees, size of the outlet of a dry dam
etc.): to assess and compare solutions, and also to prioritize, we need efficiency criteria at the proper
scale. Keep in mind that there are more peak-floods that have the same return periods but have a
different height or volume. Projects can be different in size and nature, but they must be
coordinated. It is acceptable to assess each solution individually in a feasibility phase, but its input
into the larger picture must also be assessed (contribution to the strategy overall impact).

4.5.

Individual criteria

Engineers are familiar with projects for which the need for protection measures is defined in the
specifications, expressed as a level of protection or as a requested reduction of the peak of a design
flood. Other constraints are either specific requests of the Project Coordinator or legal ones (e.g.:
compliance with environmental laws). Then, engineers must find a solution complying with this
request and within (time and) budget.
But the question is: how was this specification set? Is it a rule of thumb (protection against the last
flood, same protection as municipalities around, centennial floods, attainable protection with regard
to budget) or is it a result of a reflection taking into account costs and benefits in a quantitative or
qualitative way? And is politics also playing a role?
4.5.1. Specifications, constraints and “orientations”
Drafting specifications for a project is a difficult task and a crucial step. First the needs of the project
have to be defined precisely. Be aware that in this process explicit choices will be made or
constraints will be raised. Check whether the specifications are specifications that are still relevant
for the project. Feasibility studies are often a good, preliminary tool to see which of the proposed
measures are not relevant for the context, e.g. afforestation in the lower parts of the catchment.
Specifications for structural measures may contain criteria such as decrease of flood level on one or
several sites for a given return period or such as reduction or total suppression of flooded buildings.
More rarely they are expressed as damage or risk reduction.
Whether imposed by common sense or by law, the study should also include investigations about
downstream (more rarely upstream conditions) and side-effects and assessment of the
consequences of failure (dam break, levee breach). The engineers should also assess maintenance
costs, ensure accessibility and detect and solve sources of accidents. Finally, “orientations” may be
given either by the Project Manager (e.g. ensure future development, favour environmental aspects,
take agricultural stakes into account) and/or by co-funding authorities. For example in France the
Flood Protection Action Plans (Programmes d'action de prévention d’inondations (PAPI) offers
funding, but the Project Manager who applies for a project must refer to and will be evaluated on the
basis of the Project Specifications. Moreover, obtaining public funding - like in the case of a PAPI
project - does not mean that environmental approval of the study phase is guaranteed.
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4.5.2. Quantifying effectiveness/efficiency
Effectiveness can be expressed in quantitative terms, expressing the gain expected from the project.
However, it does not include consideration for the cost, which is then a constraint (or a limit). Aiming
at effectiveness should lead to propose the biggest possible project within budget limit, it may lead
to over-investment, rather than making the best possible use of the money.
The effect of structural measures on the Flood hazard is usually more complex than at first glance.
First, hydraulics is not always easy to understand, especially on heterogeneous floodplains with
obstacles. Therefore, the use of a mathematical model to simulate its effect is unavoidable and
requires data and expertise, and for some innovative or complex structures physical models can be
relevant.
Assessing and displaying the hydraulic effects of flood reduction measures could be considered as a
routine job for engineers all around the world. The assessment of one structure may indeed be
rather straightforward, involving a set of design floods as input and yielding mitigated hydrographs
(figure 4a), water level decrease or flooded surfaces, familiar and easy to interpret. However, it has
to be stressed that in some cases inundation duration or water depth, or even flood velocities may
be very relevant for damage assessment.
A difficulty will arise when we have to compare technical solutions with a different result. Consider
two solutions: the first one reduces very effectively small floods, but doesn't reduce large floods and
the second one reduces the hazard in some area but increases it in other parts of the flood plain.
Which one should be selected? To compare structural and non-structural solutions, or assess a
combination of both, it is obvious that hydrological variables alone are not sufficient.
The other drawback is that in reality, flood structures and assets are distributed over a catchment:
the overall efficiency of a measure cannot be represented by one graph. In addition, hydraulic
variables are not really suitable for decision-making.
4.5.3. Cost-benefit analysis
Flooding is a problem only when the inundation damages properties, provokes traffic and supply
disruption and even threatens lives. Preventing floods is in fact reducing damages. Cost-benefit
analyses offer objective indicators to assess the efficiency of a measure. This efficiency is the
Expected Annual Damage Reduction compared with the costs.
4.5.3.1. Damages
The first step is to define what the damages can be, and how to estimate the damages for different
floods. Direct damages are the most obvious, like destruction of property or loss of lives. However,
indirect damages may occur as well, as they affect non-flooded areas or appear after the flood (figure
8 and 9).
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ex. of dam ages
( after Merz et al. )

Directs (in the flooded
area, during the flood)

Indirect (elsewhe re, later)

tangible

Destroyed or dam aged
property, infrastructure.
Loss of activity.
Rescue and cleanup
costs...

Services disruptions : roa ds,
water, electricity...)
Hence lo ss of activity (less
workers, less custom ers,
less deliveries, no power or
water.) hence of taxes.

Intangible
(including d ifficult
to convert into
m oney)

Distress, injuries
Loss of lives.
Loss of personal
belongings (photos...)

lost opportunities,
less attractivity fo r
newcom ers
Illness, n ervous breakdowns,
loss of trust in authorities...

Effects on ecosystem

Figure 8: example of direct and indirect damages due to flooding; note the various degree of
difficulty to include each of them in an economical assessment.

Figure 9: “If a flood occurs in the 5th district of Paris ”; this is an example of mapping with
indications of direct and some indirect damages caused by a reference flood (overflow of the Seine
river in Paris, 5th district ); http://www.paris.fr/pratique/eau/la-seine/les-cartes-des-zonesinondables/): flooded areas are in light blue, in the yellow areas only basements are flooded, pink
areas are not flooded but impacted by electricity supply disruption because the network crosses
flooded areas.
GIS and some hydraulic models with post-treatment features now offer tools or at least help to make
these assessments by combining the spatial information layers and other types of input Figure 10
shows how hazard maps, land-use and stage-damage curves are processed into damages estimation.
Other direct damages that are not visible on the land-use map, e.g. flooding of a sewage plant should
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be added. A flooding can have indirect damages as well. A cut in electricity might not only affect the
flooded area but a much larger area as well. These indirect damages should be taken into
consideration as well.

Estimated
Damage over
the studied
domain (global
or map with
spatialised
values per
elements)
In currency
unit
a) Flood hazard map
(estimated for a return
period T)

b) Land use

c) Stage-damage curves d) Flood risk
map

Figure 10: principle of direct damages estimation for a given probabilistic flood (after Erdlenbruch
et al., 2008)

4.5.3.2 Expected Annual Damages
Expected Annual Damages (EAD) are integrated indicators of the flood consequences over the flood
regime, usually represented by a set of floods, and over the catchment or any study domain.. The
EAD are a quantification of the flood risk.
Figure 10 show the principle of the computation of EAD for direct damages. The influence of an
“extreme event” in a risk assessment is elegantly addressed by economical assessments because its
effect is weighted by its frequency (Figure 11c).
This approach is perfectly suited to the study of a river reach, where flood return period can be
considered as constant on the reach. The problem gets tougher at the scale of a catchment, with
several structures: how to define a scenario of a given return period over the catchment? Flood
hazard mapping for mono frequency floods is possible, by working separately on each river stretch
(between two confluences). However, this approach is ill-suited where flood reduction structures are
present (Falter et al., 2012 ; Poulard, Leblois et al.).
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a) Flood hazard maps (estimated
for a set of return periods Ti)

b) Land-use and
stage-damage
curves

c) Damage/frequency curve: the area
under the curve represents the
Expected Annual Damages

Figure11: principle of Expected Annual Damages estimation using a set of probabilistic flood (after
Erdlenbruch et al., 2008)
4.5.3.3. Expected Avoided Annual Damages
The above approach can be run:
• on present-state to yield a diagnostic of risk (reference Expected Annual Damages),
• as a prospective study on potential future (or past) risks, based on scenarios: land-use change,
hazard change, flood reduction project
Comparison of reference and scenarios give an estimate of the difference in Expected Annual
Damages, whether the risk is increased or diminished (avoided risk). Figure 12 (left) shows that a
flood reduction project may both diminish the damage due to moderate floods and increase the
potential damages of extreme floods (low but non-zero probability of dam-break or levee breaches).
This contrasted result is hidden if no study of extreme event is carried out, or if only a global resulting
EAD is given as output.
The difference in EAD, usually expressed for flood reduction projects as “avoided damages” (between
reference risk and residual damages, Figure 12, left), can then be used as a measure of project
benefit in a cost-benefit analysis (Figure 12, right).
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Figure 12: estimation of an Expected Average Damage (Risk assessment) and of Expected
Avoided Average Damage for a cost-Benefit analysis (Poulard).

Moreover, this indicator is suited to both the estimation of structural and non-structural measures
(these latter modifying the land-use and the stage-damage curves), and of their combined action.
Indeed, structural and non-structural measures interact: urban development or vulnerability
reduction modifies the damages, and therefore the measure of expected avoided damages due to
hydraulic project. The cost-benefit analysis allows taking into account the effect of the
implementation in time of successive projects, of vulnerability reduction and/or urban development
(Figure 12, right).
This very short summary gives only highlights on CBA applied to flood assessment. Many publications
present this approach in detail. Recent scientific publications give food for thought: on damage
assessment and stage-damage curves (Merz et al., 2010), on EAD representation and interpretation
(Merz et al., 2009; Erdlenbruch et al., 2008), on economic cost analysis for strategy (Kind, 2013), and
on concepts like solidarity and sustainability (Kundzewicz Z.W., 1999).
4.5.4. Multi-criteria analysis.
Cost-Benefit analysis mainly relies on economical assessment, costs being mainly investments and
maintenance, and benefit being avoided damages – especially the direct damages which are pretty
easy to estimate from flooded surface maps and stage-damages curves, at least technically.
It is less straightforward to include any loss of activity (industry, tourism etc.) in the Expected
Annualized Damages and Avoided Damages, and many other consequences are even more difficult to
account for, like short- and long-distance transportation problems due to flooded roads and railways,
and ecological impacts. Besides, a prioritisation exercise during the Twinning Project showed that
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many other elements are important for decision making: do we need other actors, are they usually
helpful or reluctant, are the administrative authorizations easy to obtain or not, can the land needed
for construction or water storage easy be obtained, is a solution socially acceptable t, do we favour
economic efficiency or solidarity?
A MCA is a generic term for a number of methods that use multiple criteria for evaluating
alternatives. These criteria are usually related to the objectives and points of attention of the policy
makers and stakeholders. All projects or alternatives considered get a value for the evaluation
criteria considered. The importance of the different evaluation criteria is fixed. Finally, a general
score can be calculated or derived by means of a weighted summation of the values for the
evaluation criteria. The scores for the different alternatives allow ranking the alternatives
considered.
The next example was presented on a seminar on food risk management plans in Austria by an
Austrian frim called Riocom. Other examples can be found in the FRMPs for the river Dodder and the
river Lee in Ireland.
There are four criteria for the selection of a measure:
1 Reduction of the hazard
Does the measure contribute to the reduction
1 of the flood risk due to retention?
2 of flood risk due to raising discharge efficiency?
3 of harmful morphodynamic processes during a flood event?
2 Reduction of the loss expectancy
Does the measure contribute to
1 flood adapted use?
2 flood adapted development?
3 damage reduction / prevention during a flood event?
3 Development of the status
1 is a start of the planning...
2 is a finish of the planning …
3 is a partly realization of the measure …
4 is a complete realization of the measure …
… in the current editing cycle possible?
4 Organizational and financial effort (feasibility)
1 Is the realization of the measure in consideration of the organizational effort in the current
editing cycle possible?
2 Is the realization of the measure in consideration of the financial effort in the current editing
cycle possible?
For each of the measures it is listed what the effect was on the reduction of hazard and the
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reduction of loss.

One measure had a score of 3, two measures had a score of 2 and 2 measures had a score of 1.
In the next step the score is weighted against the status, where the projects that are still in a
planning stage are put into one class:

The measure with the highest score, that can be completely realised gets a score of I, measures
that are still in the planning phase (status 1 and 2) and have a limited score in the risk reduction get
a score of IV.
In the next step the organisational and financial aspects are taken into consideration. For each
measure it is listed whether the organizational effort and the financial effort was possible. Where
both organizational and financial effort score a + the score (I, II III or IV) will be reduced with two
points. Where one of the aspects has a -, the total score gets a reduction of 1. When both aspects
have a negative score, there is no reduction. The result was the following:

Measure M02 had a score of III in the first round of prioritisation. Because both organisational and
financial aspects had a positive score, the final priority became higher (I).
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In France, a working group is working on a French Guide on MultiCriteria Analysis. Their approach
is different. The Ministry of Environment gave the workgroup the task to write a guide for
MultiCriteria analysis. This guide is not completed yet, but a draft is nonetheless available online.
The objectives stated by the workgroup are to improve the current practices and go beyond the
sole cost-benefit analysis. They present Multi-Criteria analysis as:
•
an assessment tool providing help for decision-making, based on several types of criteria,
not necessarily all of economical nature;
•
a tool to compare measures on a national scale.
They refuse to give any a priori hierarchy or weights to the criteria, which they state would come
to Cost-Benefit analysis. The ranking of priority belongs to the decision makers, and in particular to
the State (who makes the policies and provides some of the funding).
In its 2013 draft, the workgroup proposes a 4- step methodology:
presentation of the spatial domain impacted by the project and of the project itself;
•
assessment of the effect of the project through quantitative but non-monetary indicators
or qualitative indicators;
•
cost-benefit analysis;
•
synthesis of the studied indicators to balance the positive and negative impact of the
project on the 4 receptors mentioned by the Floods Directive.
•

Description (in the guide) : “This guide proposes a 4- step methodology:
• presentation of the spatial domain impacted by the project and of the project itself;
• assessment of the effect of the project through quantitative but non-monetary indicators
or qualitative indicators;
• cost-benefit analysis;
• synthesis of the studied indicators to balance the positive and negative impact of the
project on the 4 receptors mentioned by the Floods Directive.”
Content : the content closely matches the stages of the methodology:
• Introduction to multi-criteria analysis;
• 1. Project Context
• 2. Measure Assessment through indicators (structural measures / non-structural measures)
• 3. Cost-benefit analysis
• 4. Conclusion
Indicators:
• people in the flooded area: total number or proportion per municipalities; additional nonpermanent residents (tourists), number of people in schools, prisons, hospitals, museums
etc.); number and surface of housing buildings;
• drinking water supply, energy and telecommunication facilities in flooded area;
• buildings used for crisis management;
• accommodations outside the flooded area available during flood crisis;
• sewerage treatment plants and waste treatment and storage facilities in flooded area:

March 2014

26

guidance document on the integrated assessment of existing and planned civil engineering
measures for flood protection

•
•
•
•
•

4.6.

facilities;
facilities handling dangerous substances in flooded areas;
sites of natural or cultural interest in flooded areas (number and surface);
economical activity: number and Surface of buildings, number of workers in flooded area;
traffic along the transportation networks in the flooded area;
agricultural surface in flooded areas.

Territory-wise criteria

Once the prioritisation at catchment level has been made, the next question is how a national-scale
priority order could be set.
Should a decision-maker pick up the #1 priority solutions of each 3 groups and then if budget allows
the 3 #2 priority solutions and so on, or should he reorder the list from the “€€€” / “%%%” ratios? (cf
document on the exercise feedback, current draft AssessmentOfRiskReductionSolutions).
Cost-benefit analysis gives valuable quantitative and objective information, at the scale of the regime
and over space-units from the pixel to the catchment. Therefore, it is a perfect tool to compare
solutions and give priorities.
This approach thus gives indicators for decision-making, but these indicators have to be correctly
analysed for decision-making, to avoid some misinterpretation of the figures:
• Overall EAD ignore solidarity: financial considerations usually lead to greatly favour urban
areas, if necessary at the expense of rural areas for flood storage and set limits to rural
development to keep this storage potential. EAD geographically split up into sub-units like
administrative units will display the winners and the losers and can be a basis for negotiation
about compensation schemes.
• Averaging the damage dims the shock effect of extreme events, which challenge resilience
(need of many cash on a short period, no possibility of national solidarity if the whole
country is impacted). So, the consequences of extreme events may in fact be higher than
shown in the EAD.
Moreover, one must keep in mind that the overall effect of structures cannot be inferred from the
individual effect of each of them. Flow reduction by upstream structures modifies the inflow to
downstream structures. Therefore, building structures along a network requires assessment of the
overall effect and careful design of at the reach pattern to make sure that the effect is maximized
and that no structure is redundant or even negative. Moreover, the peak reduction but also delay
effect modify the flow pattern at the confluence, and in specific cases this effect worsens the flow by
synchronising peak flows that would have otherwise arrived at different times.
A study was executed for the town of 's-Hertogenbosch, the capital city of the province of NoordBrabant in the Netherlands. The city is situated at the confluence of the rivers Dommel and Aa with
the Maas, one of the main rivers in the Netherlands. The city was almost inundated during a flood in
1995. The strategy of the water authorities in the Netherlands is to store the water upstream and
delay the flood. The study showed that each flood is different and the decision whether to delay the
water of the smaller rivers or not can be different for each flood. This decision can only be made
when on-line water levels are available and a good flood prediction model is available.
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Figure 13 Two peak flows of the river Maas (blue line) and the peak flows of the Dommel (green line)
and Aa (yellow line) (source IJpelaar et al, 2009)
During the floods of 1993 (left picture), a delay of the discharge of the Dommel and Aa would have
increased the problems in 's-Hertogenbosch. Now the peak flows of Dommel and Aa arrived after the
peak of the Maas already passed. Delaying the peak flow is counter productive in this situation. In
the right situation, the peak flows of Dommel and Aa arrived before the peak flow on the Maas. In
this case the delay will diminish the water level on the Maas.
This is why it is strongly recommended never to assess only the individual effect of each structure,
and also never study the effect of a set of N combined measures, and then build only a sub-set
without updating the study.

4.7.

Wise use of cost-benefit indicators

Some remarks about cost-benefit usefulness are presented here; they are the outcome of an inquiry
made during the twinning project about the usefulness of cost-benefit analysis.
Cost-benefit analyses are helpful elements for decision making as:
• Objective and quantified assessment, at catchment scale, at the scale of the regime(without
giving too much importance to one scenario, even the low frequency.
• They allow comparison of solutions and prioritisation.
• They can simultaneously take into account structural and non-structural and development, with
regard to a time-line (measures being implemented at different dates) .
• Damages and risk indicators (present-state, residual and avoided ) yield rich information :
it can be global or be represented at any scale (pixel, municipality, catchment, etc);

 the weight of several frequency ranges can be displayed in a EAD map (Merz et al.).
Drawbacks: Requires lots of data often with high uncertainty
•
•

•

Are “Flood hazard maps” (figure 9 and 10a, left) really representative of a return-period? Is the
selected set of return periods representative for the hydrological regime?
How to draft a T-return period flood scenario on a whole catchment? Note: research studies are
investigating these issues, in particular with continuous simulation on the whole network
replacing simulations of a set of events on each river stretch separately.
Damage assessment is difficult, even for direct damages alone:
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•
•

4.8

 Damage assessment is highly sensitive to water height, which is difficult to assess in urban
contexts;
 Damage evaluation may also require velocities and inundation duration.
Cost-benefit also requires subjective/uncertain input like number of years and discount rate.
Sensitivity analyses are helpful for a good interpretation of the results taking into account the
uncertainty of used parameters.
• Cost-benefit analyses require data, data compilation (stage-discharge curves) and case-studies
(indirect damages, side-effects etc.). So, it is to be expected that when first using them in Croatia
the data will be insufficient, and the procedures experimental (what to take into account in the
damages etc.); it will be a trial-and-learn process. In France, a workgroup was set up to develop
the method, produce the necessary information (stage-discharge curves) and publish guidelines
(CGDD, 2012).

Information needed to apply measures

To be able to select measures that can reduce the negative consequences of floods and to prioritize
measures a lot of information is needed:
• First of all a flood protection strategy should be developed. What is the required protection level
for each kind of land use? What is the protection level of individual houses, villages and cities? Is
group protection taken into account? Depending on the number of people living in an area and
the amount of economic activities, one area can have a higher protection level than another.
Should hazard be taken into account to define the protection level? Once a polder is inundated, it
can take months to get rid of the water. In sloping areas, once the peak flow has passed, people
can start with their lives after cleaning the mess and repairing the damages.
• First of all information is needed about the origin of inundation. Does arrive from a river that
receives more discharge than it can transport, does it come from a flash flood, does it come from
a rising ground water table or from a meteotsunami? A meteotsunami or meteorological tsunami
is a tsunami-like wave phenomenon of meteorological origin. Different origins will lead to
different solutions. Models can help to simulate various rainfall showers and give an idea what
will happen after heavy rainfall. However local knowledge and understanding the hydrological
system in all its aspects is necessary. When hydraulic models are not available, historical floods
and probably local knowledge can give information of inundated areas in the past. When no
discharge or rainfall figures are available, it will be difficult to estimate the return period.
• Once the critical areas were floods might occur are known, the risk has to be calculated. What is
needed is local knowledge which (kind of) installations will be affected and what will be the
consequences in terms of damage and costs? For example a layer of water of 30 cm in house is
very unpleasant, but you don’t have to construct a new house, 30 cm of water on a road doesn’t
make it impassable. To be able to compare different scenarios this knowledge is essential.
Damage costs can be amongst others:
a. Acute
Commercial effects, traffic delays, interruption in supply systems, environmental damages
b. Restoration
Residential buildings, commercial buildings, public buildings, infrastructure
c. Long term effects
Mortality and physical damage on humans, restrictions in land use
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It is important that both for costs and benefits the same parameters are used. During the Twinning
an exercise was done where three VGOs listed their measures and gave indication of the expected
costs and the expected benefits. These costs and benefits were not calculated but estimated on a
scale low, medium and high (respectively €, €€, €€€ for costs and %, %% and %%% for benefits).
When the results can be put into one figure, but when it is not known what €, €€, €€€ means for the
3 areas, they are in fact not comparable. The same holds for the benefits. The combined results and
the total results are in annex 1.
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5. Financial aspects
The flood risk management and the implementation of protective measures engenders a consequent
financial effort of the public authorities.

5.1

Costs necessary for the implementation

Costs that are necessary for the implementation of (non) structural measures can be for example:
•
Costs for preliminary studies (feasibility studies with a cost/benefit analysis, environmental
impacts studies, project studies). They are often imputed on the operating budget of the
authority in charge of the risk prevention as part of the general policy (or of the Floods
Directive) led in this field by the member state.
•
•

•

•

The acquisition costs of the properties and lands concerned by the project (expropriation or
amicable acquisition). These expenditures are necessary for the execution of the project.
The expenditure relative to the construction work. The expenditure relative to the civil
engineering is considered here. These costs are very dependent on the type of structures
(dikes, protection walls, dams) and on its construction method (earthen embankment,
reinforced concrete constructions).
The expenditure connected with the secondary measures set up to adapt the protected areas
against the presence of an additional danger due to the construction of the structure. This
cost includes the citizen’s information about the presence of the risk, the implementation of
warning devices or the crisis management.
The expenditure associated with the functioning and the maintenance of the structures. The
civil engineering structures functioning, the monitoring system, the procedures of inspection
or the maintenance require a continuous funding. These costs tend to increase with the age
of the structure.

An integrated project has to be a project which respects every step of the flood risk management and
this should be taken into account in the financial.

5.2

Sources of funding

Four sources of possible funding will be presented. After a presentation of the classic sources of
funding, one example is given on French specificities and innovations on the subject.
5.2.1 Public funding from Member State
The Member State shall have an appropriate budget necessary for the implementation of its
protection actions against flood risk:
• Either within the framework of its general flood risk prevention and protection policy for the
protection of the properties and people, including the implementation of the Floods
Directive,
• Or national investments for the economic development of its territories.
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These funds are not necessarily centralized, the local authorities among which regions, urban
conglomerations or municipalities are good scales to contribute take part in investments concerning
their territory.
5.2.2 Europe: measure 3.1 of the European Regional Development Fund (ERDF) “Prevention and
reduction of flood risks"
The specific case of a new Member State may differentiate the main rules in order to obtain the
ERDF financing, according to the politico-economic context of new concerned Member States. The
conditions of the ERDF to get a grant are not specified in this report. Croatia may probably benefit
from the financial facility of cohesion which is reserved for Member States having a Gross National
Income per inhabitant lower than 90 % of the European average.
What are the project types concerned by the ERDF?
• Feasibility and project studies of protection measures on territories with strong socioeconomic stakes, or improvement of the functioning of existing structures;
• European funding of studies:
• Studies on reduction of the people‘s vulnerability, the properties and the services in
residential areas and industrial & agricultural activities areas;
• Preliminary studies of the dynamic management of rivers, of the preservation and
restoration of the flood storage areas;
• Studies of knowledge of the risk and of its forecast development.
• European funding of construction works:
• Works to reduce the vulnerability;
• Works for slowing down water dynamics
• Works to restore the natural flood storage areas and space for the changing river bed;
• Works to create local protect or improvement of the functioning of existing construction
works;
• The studies, actions and animation for the development of the risk consciousness, the
preservation of the awareness of the risk and the communication about it.
ERDF funding does not apply if the project concerns a large-scale construction of protection
measures. Moreover, preventive measures are favoured compared to corrective measures. Also, the
program of measures must be integrated into a concerted plan of management of the flood risk
(Flood Risk Management Plan of the FD for example)
Europe also gives priority to the operations realized within the framework of a phasing respecting the
environmental stakes as well as in the operations having a low cost of functioning. The preliminary
evaluation of the socio-economic stakes, the potential damage and the vulnerability of people,
properties, and services in residential and industrial activities areas is essential.
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5.2.3 Experience in France
5.2.3.1 Fund for the prevention of major risks: the Natural Major Risk Prevention Fund (FPRNM) or
"Barnier" Fund
This fund of risk prevention is registered in the French Environmental Code and is managed by the
French State reinsurance company (CCR). In France, this institution answers needs for cover of
exceptional risks, in the service of the system of insurance of first level and the general interest. It is
mobilised when the disaster (floods by ex) reaches the level of gravity of the classification in "natural
disaster".
The Natural Major Risk Prevention Fund is fed by a fixed levy by the administrative authority within
the limits of 4 % to the product of the additional contributions of the insurance "Natural disasters". It
is paid by insurance companies or their fiscal representative.
In France this fund is in charge of financing the expropriation of the properties exposed to a
predictable natural risk threatening seriously human lives (flash floods by ex), or the measures of
saving and protection of the exposed properties if the cost benefit analysis is favourable to it.
This model is exportable in the other Member States by raising the limitations implemented by
France on its focused uses (because the state imposes that prevention measures are favoured
compared to structural measures).
The FPRNM finances a part of the implementation of the Floods Directive in France.
5.2.3.2 The implementation of a specific taxation: the case of the project of "flood tax" in France
In France, a project of creation of a new local tax was born in 2013 and is at present for the study by
the French members of Parliament. This tax would be intended to strengthen the flood control, and
inserted into the bill of modernization of the territorial public action and the assertion of
metropolises. Concretely, the text of law plans to give to the local authorities and inter-municipality
the possibility of establishing a tax, to finance "works of all kinds allowing to reduce flood risks and
damage caused to the people and properties". This levy can rise, at the most, to 40 euros per capita.
If all the French municipalities decided to apply it, it would generate approximately 600 million euros
of additional receipts.
5.2.4 Experience in the Netherlands
In the Netherlands, an independent commission - the so called Delta Commission - was installed in
2007 to give advice to the Dutch Government how to deal with future climate change regarding to
flood protection and fresh water supply. The conclusion of this commission was that the Netherlands
are not at risk, but a serious effort has to be made to protect the Netherlands in the future.
The commission came up with a so called "Delta programme", an integrated planning of a set of
measures to cope with future developments. This program is now in development. Execution will
start in 2015. In the meantime the current level of dikes and other flood protection infrastructure is
monitored, evaluated in accordance with new insights and necessary measures have been or are
taken.
The commission advised also to establish an independent special "Delta fund" to prepare for
necessary future investments that also should be legally anchored. This fund is incorporated in the
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Delta Act (part of the Water Act), which was adopted by the Parliament in 2012. In this fund money is
reserved for flood protection measures.
Part of the money comes from the Ministry of infrastructure another part comes from the regional
water authorities. These authorities raise their own taxes to fulfil their tasks. People and enterprises
in the Netherlands pay regional water taxes for water purification and for the maintenance and
improvement of the water system (good water conditions for agricultural land, housing and nature,
flood protection). There are different taxes for house owners, owners of rural land, owners of
factories and owners of infrastructure such as roads.

6. Examples or experiences in Croatia
6.1

Croatian examples (CW)

(Karst areas, Adriatic catchment / Danube catchment)

6.2

Lessons learned / what NOT to do

Some examples of what not to do:
• Design structures to cope with the previous flood that we know so well (+ 20 % safety margin).

• You do not know what to choose as design flood? Try 100yr, many people love it.
• Assess effect of a set of N combined measures, and then build a sub-set.
• Mandate a consultant to do a report and ask only for a printed copy of the report or a PDF
equivalent and not for the data.

• Send the water to a storage area without checking where the water flows to during extreme
floods.
• Do not take into consideration failure scenarios in your in economic assessment.
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7. Recommendations
Fragmented approaches towards risk reduction need to be replaced by integrated, more holistic
views. Increasingly, structural measures are being complemented or replaced by measures for
reducing effects of flooding, such as warning systems, emergency measures, spatial planning
regulation and flood-proofing of buildings or insurance solutions. Measures and strategies for flood
risk reduction do not stand alone and should be considered in the context of other river functions
(Merz et al. 2010). Therefore, this guidance document started with three objectives: to widen the
range of measures to choose from, to provide ideas for prioritisation and to take into account the
effectiveness and side effects of measures.
It is evident that there is no one-size-fits-all solution: each measure has its own benefits and
drawbacks, which depends on the actual design as well as on the environmental, hydrological and
socioeconomic conditions where the measure is planned. It is therefore important to stress that
choosing a (set of) measure(s) should be done in an iterative and participatory process, whereby
sufficient information is available. Therefore reference is made to the other guidance documents, on
participatory approaches and preparation of a Flood Management Plan.
It is recommended:
• Not to exclude measures beforehand without reason; use the cascade of options to consider
all potential measures.
• Promote innovation, start an innovation process including pilots.
• To develop combinations of measures that complement each other and fit in an overall
strategy or vision based on a coherent policy (e.g. Room for the River) and at a river
catchment scale (if possible).
• To make use of the genius of the place; this means that measures could work better in one
place than another.
• To evaluate the set of measures based on a set of criteria agreed on beforehand
• To make technical information (e.g. from models) available in an understandable way for all
stakeholders.
• To prepare a feasibility analysis, not only technical but also social and organizational.
• To consider that no structural measure can give absolute safety; hence they should always be
combined with non-structural measures such as early warning and evacuation.
• To think about measures for the prevention of Flood hazards.
• To strongly consider non-structural measures (particularly concerning different governmental
services).
Specifically, for the Croatian context, we recommend:
• To assign an independent, multi-sectoral commission that provides guidance and
recommendations for a nation-wide method of prioritisation, defining criteria for selection
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and method(s) for evaluation (such as cost efficiency and cost-benefit analysis) of flood risk
measures.
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Annex 1 – Results workshop Tuesday 14 January 2014 - KUPA
EFFECTIVENESS
MEASURES

COST

REMARKS
HAZARD + RISK

Overall
priority
Description

1

€ / €€ /
% / %% / %%%
€€€

Measures Dam
construction
you can (station Brodarci) +
€€€
take
dykes
yourself
+ amélioration

%%%

2

Closing dyke system
€€
around Karlovac

%%%

3

Weirs Šišljević Kupčina
east retention dyke €€
(ERD) construction

%%

4

Korana-Kupa channel
€€€
with two weirs

%

5

Karlovac-Jamnica
dykes

%

a

b1

b2

b3

€€€

Measures Raising the level of
where
stretch of the road €€
you need along Kupa river
others or
to
be Flood forecasting
taken by
Improving
others
preparedness on early
warning system

f.i.
drawbacks,
side effects
etc.

Flooding
upstream

%

Physical planning
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Annex 2 – Results workshop Tuesday 14 January 2014 - NERETVA
EFFECTIVENESS
MEASURES

COST

€ / €€
f.i. drawbacks, side
% / %% / %%%
/ €€€
effects etc.

Description

1

4

REMARKS
HAZARD + RISK

Overall
priority

Measures
you
can take yourself ① Dykes
(Jerkovac)

near

Neretva €€€
①

① Completion of flood €€€
protection system in Kuti
①
area

%%%
①

%
①

5

① Relocation of people from
inundation area near Mala €€€€ ! %%%
Neretva in order to enable
①
functioning of M. Neretva ①
relief

3

① New dykes along M. €€€
Neretva for the same
①
purpose as ①

%%%

- Realisation already
started
①
Negative
environmental effect
- Natural retention
area (swamp)
①
- Negative public
impact
- Not feasible due to
high costs
①
- Realisation more
probable than ① (not
all costs included)

①
①

2

① Heightening the crest level €€€
of dykes along main channel
①
of Neretva and sea dyke

%%%

- Low environmental
influence since it’s on
existing structure

①
①

a

b

Measures where ①
Manipulation
of €
you need others hydropower plants system in
①
or to be taken by Bosnia & Herzegovina
others
① Flood forecasting system €
and early warning
①

%%%
①
①
%%
①
①
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Annex 3 – Results workshop Tuesday 14 January 2014 – BEDNJA
EFFECTIVENESS
MEASURES

COST

REMARKS
HAZARD + RISK

Overall
Description
priority

1

Measures Operational
you can rules for weir
take
yourself - Trakošćan

€ / €€ /
f.i. drawbacks, side
% / %% / %%%
€€€
effects etc.

€

%%

€€€

%%(%)

~ 20 pieces on
tributaries : Traffic

- Kućan
- Bukojec
3a

Retention
basins

3b

Flash flood sill
€
(barrier)

-

~
100
Forestry

2

Maintenance of
€€
the riverbed

%

Downstream
settlements

4

Dike
construction

%

Near
buildings

%%

DHMZ – Rain and
snow forecast

%

Retaining
of
existing wetlands:
Nature protection

a1

a2

a3

€€

flood
Measures Early
forecasting
€
where
system
you need
others or
to
be Spatial planning €
taken by
others
Raising public
awareness

benefit:

of

existing

%%
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Combined prioritisation Kupa (blue), Neretva (green) and Bednja (red)

%

%%

€

€€

€€€

a2

a

45

24

4

b

3

1 a1
%%%

a

2

1
132
3a

Not assessed: b1, b2, b3
Not categorized: 5 (too high cost) 3b (no effect), a3 (no cost)

• Identification and design of flood protection alternatives
• Calculation of the costs of each alternative:
a. investments
b. maintenance
c. monitoring
d. other
• Modelling of flood scenarios with respect to identified protection alternatives and calculation
of economic benefits (risk reduction) for each alternative (see for further information the
guidance document on flood risk mapping).
• Make a cost-benefit analysis
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Annex 4 – List of abbreviations on Twinning project “Floods”
ENGLISH

CROATIAN

Act.

activity

aktivnost

AHN

Actueel Hoogtebestand
Nederland (The Up-to-date Height
Model of The Netherlands)

Digitalni model reljefa
Nizozemske

APSFR

Areas with Potential Significant
Flood Risk

Područja s potencijalno značajnim
rizikom od poplava

ASCII

American Standard Code for
Information Interchange

ASCII

Američki standardni znakovnik za
razmjenu informacija

AT

Austria

AT

Austrija

BC

Beneficiary Country

CEA

Croatian Environment Agency

AZO

Agencija za zaštitu okoliša

Bosnia & Herzegovina

BIH

Bosna i Hercegovina

Zemlja korisnica

CETE
Méditerranée

Le Centre d'Études Techniques de
l'Équipement (The Technical
Study and Engineering Centre)

Centar za tehničke studije i
inženjering (Francuska)

CL

Component Leader

Voditelj projektne komponente

CLC

Corine Land Cover

Corine baza podataka

CRO

Croatia

HR

Hrvatska

CW

Croatian Waters

HV

Hrvatske vode

dbf

DataBase File

dbf

DataBase File

DEM

Digital Elevation Model

DMR

Digitalni model reljefa

DGPS

Differential Global Positioning
System

DGPS

Diferencijalni globalni pozicijski
sustav

DLG

Dienst Landelijk Gebied (Dutch

Državna služba za upravljanje
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Government Service for Land and
Water Management)

zemljištem i vodama
(Nizozemska)

DSM

Digital Surface Model

Digitalni model površine

DTAP

Development, Testing,
Acceptance and Production

Razvoj, Testiranje, Prihvaćanje i
Proizvodnja

DTM

Digital Terrain Model

DMR

Digitalni model reljefa

DWG

DraWinG (a file format)

DWG

DraWinG

EC

European Commission

EK

Europska komisija

ETRS

European Terrestrial Reference
System

ETRS

Europski terestrički referentni
sustav

EU

European Union

EU

Europska unija

EUD

European Union Delegation

Delegacija Europske unije

FD

Floods Directive

Direktiva o poplavama

FR

France

FRM

Flood Risk Management

Upravljanje poplavnim rizicima

FRMP

Flood Risk Management Plan

Plan upravljanja poplavnim
rizicima

FTP

File Transfer Protocol

GDB

Geodatabase

GIS

Geographic Information System

HEC

Hydrologic Engineering Centre

HEC-RAS

Hydrologic Engineering Centre
River Analysis System

HEC-RAS

HEC-RAS (računalni sustav)

HEP

HEP (Group), Croatian national
electricity company

HEP

Hrvatska elektroprivreda

HIC

Hydrographic Institute of the
Republic of Croatia

HHI

Hrvatski hidrografski institut

Croatian Terrestrial Reference

HTRS

Hrvatski terestrički referentni

FR

FTP

Francuska

FTP protokol
Geografska baza podataka

GIS

Geografski informacijski sustav
Hidrološki inženjerski centar
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System

sustav

HQ

headquarters

središnjica

ICT

Information and Communications
Technology

IIS

Internet Information Services

IPA

Instrument for Pre-Accession
Assistance

IPPC

Integrated pollution prevention
and control

Integrirano sprječavanje i
kontrola onečišćenja

JPL

Junior Project Leader

Mlađi voditelj projekta

MHSC

Meteorological and Hydrological
Service of Croatia

MoA

Ministry of Agriculture

Ministarstvo poljoprivrede

MoSCoW

Must/Should/Could/Would

MoSCoW sistem

MS

Member State

država članica (EU)

NGO

Non-governmental organisation

NVO

Nevladina organizacija/udruga

NL

The Netherlands

NL

Nizozemska

NPRD

National Protection and Rescue
Directorate

DUZS

Državna uprava za zaštitu i
spašavanje

PA

Pilot area

Pilot područje

PFRA

Preliminary Flood Risk
Assessment

Prethodna procjena razine rizika
od poplava

PIP

Project Implementation Plan

Plan provedbe projekta

PL

Project Leader

Voditelj projekta

PPT

PowerPoint

RBD

River Basin District

Vodno područje

RBMP

River Basin Management Plan

Plan upravljanja vodnim

IKT

Informacijsko-komunikacijska
tehnologija
Internet Information Services
(web server aplikacija)

IPA

DHMZ

PP

Instrument za pretpristupnu
pomoć

Državni hidrometeorološki zavod

PowerPoint
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područjima
QA

Quality Assurance

Osiguranje kvalitete

QR

Quarterly Report

Kvartalno izvješće

QS

Quality Standards

Standardi kvalitete

RTA

Resident Twinning Advisor

Dugoročni savjetnik za Twinning

RTAA

Resident Twinning Advisor
Assistant

Pomoćnik Dugoročnog savjetnika
za Twinning

RTAI/T

Resident Twinning Advisor
Interpreter/Translator

Prevoditelj/Tumač Dugoročnog
savjetnika za Twinning

SGA

State Geodetic Administration

DGU

Državna geodetska uprava

SQL

Structured Query Language

SQL

Structured Query Language

STE

Short Term Expert

Kratkoročni stručnjak na projektu

TIN

Triangulated Irregular Network

Triangulirana nepravilna mreža

TNA

Training Needs Analysis

Analiza potreba za obukom

ToR

Terms of Reference

Opis poslova / projektni zadatak

Polytechnic of Zagreb

TVZ

Tehničko veleučilište u Zagrebu

TP

Testing, Production

TW

Twinning

WFD

Water Framework Directive

WISE

Water Information System for
Europe

WISE

Europski informacijski sustav za
vode i more

WMD

Water Management Department

VGO

Vodnogospodarski odjel

WMI

Water Management Institute

Testiranje, Proizvodnja
TW

Twinning
Okvirna direktiva o vodama

Zavod za vodno gospodarstvo
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