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Abstract. Directive 2007/60/EC of the European Parliament theory of risk management appear to be very effective for this
and of the Council of 23 October 2007 on the assessment anpurpose. The technical issues related to flood risk analysis
management of flood risks (the Flood Risk Directive) signi- have been studied by numerous authors (Klijn et al., 2008;
fies that flood risk analysis methods are gaining ground inSchanze et al., 2008; Hutter, 2007; Alphen and Passchier,
EC Member States and, therefore, also in the Czech Repul2007; Samuels et al., 2006).

lic (CR). Procedures of flood risk analysis have been devel- Above all, these methods enable the identification of en-
oped in the Czech Republic since the catastrophic floods oflangered areas and the consecutive, effective design of flood
1997 in line with European and worldwide trends and haveprotection measures (FPMs). FPM conception should be
been tested and applied in hundreds of case studies to datbased on effectiveness and efficiency assessment (Schanze
Currently, the Flood Risk Directive Guideline based on pastet al., 2008). For integrated flood risk assessment the multi-
experience with flood risk analysis applications is being pro-criteria approach can be applied (Meyer et al., 2007, 2009;
cessed. Kubal et al., 2009).

The aim of the paper is to present flood risk analysis proce- The Flood Risk Directive (ES, 2007) is calling for the de-
dures and specially developed techniques for the assembly afelopment of effective tools for appointing priorities in the
flood hazard, danger and flood risk maps. Methods related téaking of technical, financial and political decisions in flood
flood risk management plans are briefly mentioned as wellrisk management. The Flood Risk Directive requires three
The following particular problems are discussed in more de-stages of flood risk management (see details in Sect. 2):
tail: an application and extension of the “danger matrix” ap- o )
proach, the definition of residual danger, the formulation of 1. Preliminary flood risk assessment.
efficiency criteria a_nd preliminary multi-_criteria_flood risl_< 8S- 5 (reation of flood hazard and risk maps for various
sessment. These issues were tested in practical applications scenarios.
at pilot locations in the Czech Republic. Present experience
provides evidence that the flood risk analysis methods used in 3. Development of flood risk management plans.
the Czech Republic are in harmony with the requirements of
the Flood Risk Directive. The proposed and applied methodsl he Flood Risk Directive only defines general requirements
are based primarily on existing available data such as floodor these three stages. Member states themselves decide on
extent maps, cadastral maps, the Register of Census District§e appropriate methods needed for its implementation as ge-
and Structures and others. ographical, hydrological and social differences demand spe-
cific approaches. Therefore, the working group on floods
(WGF) was established in 2007 primarily to support the im-
plementation of the Flood Risk Directive. The WGF pro-
vides a platform for the exchange of information through a

Experience from extreme flood events in the Czech Repub_series of thematic workshops addressing particular issues on

lic during recent years has shown the necessity for a systet-he Flood Risk Directive to help member states with the im-

matic approach to flood protection. Procedures based on thelémentation process (WGF, 2007). .
The terminology of flood risk analysis is still not uni-

form worldwide and also not within Europe. In this paper,

Correspondence toA. Drab terminology according to Gouldby and Samuels (2005) and
BY

(drab.a@fce.vutbr.cz) ES (2007) has been used. The authors of this text follow
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the concepts of hazard, exposure and vulnerability as comassessment would be existing documentation. The basis for
ponents of flood risk. However, a few additional terms havethe floodplain protection issues in the Czech Republic are
been introduced and defined, namely in the context of thewhat are known as flood extent maps developed and main-
matrix for the “danger” classification (Zimmerman et al., tained according to legislative instructions (MV CR, 2002,
2005; FOWM, 1997) (see Sect. 2.2). In this context, dan-2001). In the CR, floodplains are defined as administra-
ger is understood as a convolution of hazard and exposurévely determined areas which can be inundated during a
and is expressed by means of danger maps. flood event. Floodplain boundaries are demarcated for maxi-
In our study, we focus on the process of implementingmum water levels on the basis of hydraulic calculations, doc-
the Flood Risk Directive in the Czech Republic. Particular umentation from extreme past flood events or alluvial soil
methods corresponding to the three above-mentioned stageseas.
of flood risk management are described in the text together The existing flood documentation according to MV
with a discussion of particular issues which were faced dur-CR (2002) contains flood scenarios corresponding to return
ing the implementation process. It is essential that the floodoeriods of 5, 20 and 100year®¥$, Q20, Q100). Extreme
risk assessment methods in the Czech Republic are foundduistorical flood extents and the extents of dam break floods
on existing and well-established data and procedures. Thigre displayed on the maps as well.
prerequisite principle has resulted in the necessity of modi- In some cases, so-called “active zones” are demar-
fying and adapting existing techniques, e.g. the “danger macated in the existing floodplain documentation according to
trix” approach, to define residual danger and to formulateMV CR (2001). These sub-areas in the floodplain represent
efficiency criteria. zones with high hazard and extensive flood damage potential
The objectives of the paper are to introduce the philosophy(high flow velocity, water depth, etc.). At present, the “ac-
of Flood Risk Directive implementation in the Czech Repub- tive zones” approach is being replaced by flood risk analysis
lic and to present the way in which the general requirementgnethods according to the Flood Risk Directive (ES, 2007)
have been met. More information is given about the pre-(see Sect. 2.2). Nowadays, floodplain boundaries are avail-
liminary flood risk assessment method, flood hazard and risiable as an element of thematic maps (Flood extent maps
map compilation for the given set of flood return periods, and1:10000) (T.G.M. WRI, 2009). Generally available flood-
also about the development of flood risk management planglain documentation serves as fundamental information:

using economic efficiency criteria and multi-criteria assess- _ ;¢ 4 decision-making tool for governmental institutions
ment techniques. The procedures are demonstrated in a case _ ’
study within the municipal area of the city of Brno. The — for urban planning,

paper is structured as follows: after introducing its aims in
Sect. 1, the three stages of Flood Risk Directive implemen-
tation are presented in Sect. 2, which is the most compre- — for flood emergency plans.

hensive part of the_text. Section ?’.'S C_oncerned with the €858 ese documents provide a starting point for preliminary risk
study. The conclusions and specifications for further researc'&ssessment in the area of interest and for the demarcation of

are in Sect. 4. watercourses in the Czech Republic with potential significant
flood risk. The following aspects have been considered:

— in the design of flood protection measures (structures),

2 Implementation of Flood Risk Directive 2007/60/ES ) ] ]
in the CR — the number of residents in the floodplain area,

. . . . o — the property in the urbanised areas,
During the implementation of the Flood Risk Directive (ES,

2007), currently used flood risk assessment methods will be — pollution sources,
employed. At present it is planned that a detailed description
of these methods will be part of the Guidelines (MA CR,

2009) which have recently been elaborated (see the following'he necessary data were taken from the Register of Cen-

— transport infrastructure.

sections). sus Districts and Structures (CSO, 2009) and ZABAGED
(COSMC, 2009). By combining the aforementioned aspects
2.1 Preliminary flood risk assessment using GIS techniques it was possible to preliminarily esti-

mate the endangered property and the number of affected
The aim of preliminary flood risk assessment is the definitioninhabitants in existing areas with the potential for flooding
of areas where more detailed risk-based methods should b@rbal andStépankowa, 2008). Based on the preliminary as-
applied. The Flood Risk Directive requires an assessment ofessment, a list of the most endangered areas where more
the unfavourable consequences of significant floods whichdetailed risk analysis is needed has been created. The proce-
have occurred in the past, and of potential future floods. Itdure resulted in the identification of 2494 km of watercourses
was proposed by authors of this text, in accordance with thign the CR which have high flood risk potential and for which
requirement, that the initial basis for preliminary flood risk more detailed evaluation is proposed (see Fig. 1).
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Fig. 1. Se[ected watercourses in the CR which have high flood risk (FR) potential and for which more detailed evaluation is proposed
(Drbal andStepankowa, 2008).
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Fig. 2. Flow chart for the development of flood hazard and flood danger maps for a given flood scenario (peak discharge).
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2.2 Flood hazard maps and flood risk maps — flood extent maps do not generally contain information

on water depth, which has to be subsequently evaluated
The second stage in the Flood Risk Directive implementa- using GIS tools. Usually, the information about flow
tion is the creation of flood hazard and risk maps for various velocity is not adequate or is completely missing.

flood scenarios corresponding to low, medium and high prob- ) ) ) L
Solving the above-mentioned problems is easier in cases

ability. For the construction of the danger and risk maps a h dated hvdrod ! deli ilable. This al
semi-quantitative method has been proposed based on a ma- ere an updated hydrodynamic model is available. This al-

trix for the determination of the danger level (Zimmerman '°WS the additional calculation of th@soo Scenario, and also
et al., 2005) which serves the purpose for the spatial evalull'® completion of missing data on water depths and veloci-

ation of corresponding quantities. The procedure originateé'es' For more significant watercourses in the CR, hydrody-

from the Swiss method (FOWM, 1997), adapted and tested1amic models maintained by river authorities are available.
for the conditions in the Czech I’?epubli,c. In the context of Based on the calculated flood intensity IP from Eq. (1), the

the matrix approach the concept “flood danger” — exposureﬂOOd d_anger is evalugted using the so—c_alled “dang(_ar matrix”
to hazard — is introduced in the following text. The authors (see Fig. 2). Appropriate recommendations according to Ta-
applied the following steps (see Fig. 2): ble 1 are taken into account during the determination of such

derived hazard values. In the Czech Republic the method de-
1. the quantification of flood hazard via hydraulic calcula- scribed is applied to the relevant flood scenarigs;, Q2o,

tions and the evaluation of flood intensity IP (FOWM, Q1o00, Qs00. The resulting danger level is assumed to be the
1997), maximum danger level obtained in individual flood scenarios

according to Eq. (5).

2. determination of exposure to flood hazard using the The procedure using the “danger matrix” (right side in
“danger matrix” (Zimmerman et al., 2005; de Moel et Fig. 2) represents a conceptual approach to the problem
al., 2009), and can be used in the case of manual interpretation of the

. . . method. Today, the procedure is algorithmized using GIS

3. the construction of flood risk maps by combining flood 65 thys, enabling the processing of digital maps and the

danger with the vulnerability of the area. final numerical evaluation of flood intensity and danger. For

In the first step, the flood hazard is expressed in termdNiS réason, the flood danggris defined as a product of the
of what is known as flood intensity IP. This is understood €XPOSUre represented by the exceedance probapilaya
to be a measure of the destructive ability of a flood and isflood scenario and the hazard represented by flood intensity
defined as a function of water depthand velocityv. Us- IP (see Eq. 2) (Beffa, 2000). The corresponding maps devel-

ing previously carried out experiments and expert assessmeﬁ’tped according to Fig. 2 then express the flood danger across

(FOWM, 1997) the flood intensity is expressed as follows: the whole floodplain regardlgss of the land us:_al. )
The flood dangeRr; for a given flood scenarid with the

0, h=0 exceedance probability; and a return period aV; years is
obtained by recalculating the boundaries of danger zones in

IP(h,v) = h, h>0m v=1m/s . ) the “danger matrix” (Fig. 2, Table 1). The following formula
h.v, v>1m/s holds (Beffa, 2000):
The flood hazard maps (maps of water depth and velocity)Xi = (0.3+1.35-1P;) - pi, 2

have to be primarily developed using existing flood extentyhere the exceedance probabiljtyof flood scenaria can
maps based on previously performed hydraulic calculationgye expressed as follows:
(see Sect. 2.1). The majority of older studies used a one- L
dimensional hydraulic model; only a few were performed p; =1—e¢ V. 3)
with the use of two-dimensional steady-state models. Thq:
crucial problems with the use of existing flood extent maps
are as follows: i~ Ni @)

1
he resulting local dangeR is expressed as the maximum
value of the individual dangerg®; corresponding to flood
scenarios represented by the return pengd

or N; > 5 the relation (3) can be approximated by:

— existing flood extent maps have usually been preparedl.
for flood scenarios corresponding with return periods of
5, 20 and 100 yeargJs, Q20, Q100) as required by cur-
rent Czech legislation (MV CR, 2002). Therefore, the
flood extent maps do not include the scenario defined byg — maxg;, (5)
the Flood Risk Directive (ES, 2007) “for floods with a i=1
low probability or extreme event scenarios”. In the CR wheren denotes the number of assessed flood scenarios. The
this scenario is defined as tkig;op discharge, for which  obtained flood danger valud® are classified according to
further hydraulic calculations are required, Table 1.
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Table 1. Danger classification and verbal description consistent with (Zimmerman et al., 2005; FOWM, 1997).

Danger levelR Danger level Recommendation
according to determined from

Beffa (2000) the matrix
determined (see Fig. 2)
from Eq. (2)
R>01or (4) High Do not permitnew or extend existing built up areas intended for people or animals.
IP>2 (red) Itis necessary to put forward designs for flood protection measures for existing buildings
in order to attain an acceptable risk level.
0.01<R<0.1 (3) Medium New construction is possibigth restrictionsbased on detailed assessment of potential flood
(blue) hazards for buildings. The location of sensitive structures, such as hospitals, fire departments,
etc., in this area is unsuitable. The expansion of current built-up areas is not recommended.
R <0.01 (2) Low Constructios possiblebut land parcel owners must be warned of the potential flood hazard.
(orange) Itis necessary to employ special flood measures for sensitive buildings.
p < 0.0033* (1) Residual It is recommended that questions associated with flooding be solved by means of urban
(N > 300) (yellow) planning, taking into account sensitive structures (health care institutions, fire departments,

historical landmarks, etc.) and other structures with high vulnerability to flood damage.

* The danger category in conjunction with land use information (Table 2) and accepted recommendations represents an acceptable level of flood risk.
** Residual danger level is determined regardless oftlrelue. Residual danger is represented by floods with very low exceedance probability.

The Spe_C'f'C prpblem was the d?f'n't'on and delimitation Table 2. An example of selected land use zones (MA CR, 2009).
of sub-regions with so-called “residual danger”. The ex-

tent of real past extreme floods with high return periods (e.g.
N > 300) was the basis for the estimation of the residual dan-
ger area (note: in the context of ES, 2007 these scenarios are ~ Residential

defined as “floods with low exceedance probability, or ex- Public services

Land use Acceptable risk

treme event scenarios”). Furthermore, the alluvial floodplain ~ |'nsportation and utility (2) Low

. . Industrial and manufacturing
morphology and the extent of alluvial loams in the area were Agriculture
taken into account. In the case of dams located upstream of . .
the area of interest, the surface inundated by a potential dam ~ SPortand recreation (3) Medium
break flood was also taken into account. The outer enve-  Water area
lope of the flood extents mentioned above has been defined  Parks and open spaces, gardens, woods (4) High

as the “residual danger” zone in danger maps. The proposed Arable land, meadows, pasture land
residual danger areas have to be verified by site investiga-
tions and comparison with a digital terrain model. Research
has proven that there is conformity between the mentioned Risk maps combine data about danger and vulnerability
approaches for most of the areas studied. in the exposed area. The Vulnerab”ity data can be derived
The results of the described analysis in the area of interesifom urban plans and maps, and should be verified by site
are maps of flood danger maps (see examples in Sect. 3). THBvestigation. Based on the available urban plans, it is pos-
maps of flood danger, which are not strictly recommendedsible to define classes of land use (Table 2 — column “Land
by (ES, 2007) but are a necessary intermediate step at thése”). Uniform classification is a completely new approach
procedure, express levels of flood danger and endangered di the CR and it required great effort to find a compromise
eas using a colour spectrum supplemented by explanationdnd negotiate towards it with urban planners.
according to Table 1. To categorize the danger enables the A value of maximum acceptable risk is assigned to each
assessment of the suitability of existing or planned land usélass according to Table 2 — column “Acceptable risk”. The
and the recommendation of restrictions on activities or onmaps of the areas, therefore, classified according to land use
the development of corresponding areas with higher dangetvulnerability maps) are “overlaid” by danger maps and are
rates. From this point of view, the danger maps completedProcessed by GIS analytical tools into risk maps in which ex-
with regard to recommendations according to Table 1 caristing or anticipated areas with exceeded acceptable risk are
be assumed to be maps of acceptable risk. The method déighlighted using a spectrum corresponding to Table 1. The
scribed can be used in the process of urban planning, duringpllowing logical step is a more detailed analysis of “risky

the preliminary proposals for flood protection measures, etcareas” from the point of view of risk management and risk
attenuation to an acceptable level.
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The described method using tailor-made software tools forelaborated in detail while the risk-based analysis relating to
GIS applications has been elaborated, tested and applied iother loss categories is still subject to research activities.
the CR since the year 2001 at about 25 municipalities whichTherefore, in the following text the category of economic

contain more than 400 km of watercourses. losses is discussed in more details, while MCA, including
other categories, is mentioned briefly at the end of this chap-
2.3 Flood risk management plans ter.

) o ) In the case of the evaluation of the economic effectiveness
The Flood Risk Directive requires that Member States es-f FpMs;, the following steps are followed:

tablish flood risk management plans on the basis of hazard
and risk maps. Flood risk management plans are primarily 1. estimation of the extent of endangered and protected
focused on prevention, protection and preparedness. property in the floodplain,

During the development of flood risk management plans,
existing hydraulic and feasibility studies are used as basic
documents. Hydraulic studies provide more detailed data in 3. quantification of flood risk using potential losses,
comparison with floodplain documentation. Their aim is the
comprehensive assessment of flood protection in a given area ™
and the indication of the course design floods could take. Hy-
draulic studies usually contain recommendations regardingrhe endangered property in the floodplain is estimated for
variants of appropriate structural flood protection measureshe existing state and for the state after the implementation
(FPMs) and assessments of their efficiency. On a more deef flood protection measures. Firstly, the processing of flood
tailed level are feasibility studies which, in comparison with hazards is carried out for flood scenarios corresponding with
hydraulic studies, focus on more detailed technical solutionsat least theQs, Q20 and Q1qo discharges. The estimation of
and on cost estimates for FPMs. Feasibility studies are ofteflood damage to property in the floodplain is performed us-
used as part of applications for financial allocations and aréng so-called damage functions which express the relation
based on the elaboration of more detailed designs. FPMgetween water depth and the percentage of damage. The
are involved to the same extent in general water managedamage functions were developed and tested for the floods in
ment audits and plans for urban areas. To date, the followinghe years 1997, 1998 and 2002 within the framework of prior
risk-based methods have been implemented in the CR in theesearch (Drbal et al., 2006) and were published as part of
studies mentioned: MA CR (2009) for the following elements of risk: residential
buildings, service buildings, industrial buildings, roads, rail-

) ) ways, bridges, paved areas, infrastructure, sport and recre-
etal., 2005; FOWM, 1997) is being used for the asseSSyion areas, farmland, forest land. For each element of risk
ment of floodplains from the viewpoint of flood hazard, 6 economic value of assets is estimated based on official
vulnerability and risk (see Sect. 2.2). The method en-gyasigtical data (CSO, 2009). Material flood losses in mon-
ables the general |dent|_f|cat|on of areas and structure%tary units are obtained by multiplying the economic value
where the acceptable risk has been exceeded and fols; ssets and the corresponding percentage of damage (see
lowing on from this, the design of flood protection mea- iy 4) The total potential economic flood laBsfor a given
sures, flood scenario with exceedance probabifitis calculated by

_ the method based on flood loss estimates described bes_ummarizing the losses across all elements in the analysed
low serves for an assessment of the economic efficiency|°°ded area. Based on the potential flood los3ehe eco-
of structural FPMs. For the estimation of flood losses "oMic flood risk is expressed as followisiba et al., 2005):
the available geographical data (COSMC, 2009) and PH
data from the Census District and Building Register R|=/D(p) dp, (6)
(CSO, 2009) are employed.

2. estimation of flood losses,

determination of quantitative economic criteria using
cost benefit analysis.

— the matrix for danger level determination (Zimmerman

0

In accordance with the requirements of the Flood Risk Di-where RI is the economic flood risk in monetary units
rective, the processing of flood risk management plans stem@CZK, EUR, .../yr.), p is the exceedance probability of the
from the results of spatial analysis using the matrix methodcorrespondingV-year peak flood discharge determined by
(Sect. 2.2) in which recommendations for further analysisggs. (3) or (4),D(p) represents the functional dependence of
and flood protection in areas with exceeded acceptable riskotential losses (CZK, EUR, etc.) on flood exceedance prob-
are introduced. For the complex assessment of FPM variability p and py is the exceedance probability of harmless
ants according to (ES, 2007), economic, environmental andlood discharge which depends on the flood protection level
social viewpoints are taken into account. For this purposejn the area. The dependence (6) is derived from the potential
multi-criteria analysis (MCA) is frequently used. At present, losses estimated for individual flood scenarios. A geometri-
the evaluation of the economic effectiveness of FPMs iscal interpretation of the integral (6) is shown in Fig. 3.
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Fig. 3. Scheme of a flood loss exceedance cung).

A practical procedure for the calculation of average annual

economic risk has been proposed as follows (see Fig. 4):

— the exceedance probability for individual flood scenar- ¢

ios represented by selectdtiyear flood discharges is
estimated using Egs. (3) or (4),

— the hydraulic characteristics of the flood, namely wa- ;

ter depth, are determined by hydraulic modelling of the
flow in related watercourses, including the floodplain,

— the direct economic losses in the area of interest are de-

rived using the damage curves (MA CR, 2009) from the
hydraulic characteristics for selected flood scenarios. A
graphical interpretation of the obtained functiox(p)

can be seen in Fig. 3,

— the numerical integration of Eq. (6) gives an estimate of

the annual average risk.

1983

Grid - water depth - /1 [m]

=
Ealea)

Vector data - object (structure)
categories - elements of risk

v

Object A Object B
% / Damage curves
h
v v
P Econ. value
Object | Depth | Damage of assets Loss
[m] [%)] [CZK] [CZK]

I A 1.5 50 2 500 000 | 1250 000 §
B 0.3 10 30000 000" 3000 000
C 0.1 5 8400000 | 420 000
D 1.1 40 575000 | 230 000
E 2.5 70 7 420 000 | 5194 000

Resultant flood loss D [CZK, EUR,..]
evaluated for various objects (structures) - elements of risk

Fig. 4. Flow chart for the evaluation of potential flood loss using

The method described was implemented into GIS using g; g
tailor-made application eliminating the routine manual re-
running of individual procedures. A flow chart of the pro-
cedure related to a given flood scenario is shown in Fig. 4.

The final value of RI serves for the evaluation of the

economic efficiency of proposed variants of structural flood/ is the investment cost and DR is the discount rate. The
protection measures. The following indicators (RE — re-flood protection arrangements are profitable if RE; the
lative efficiency, AE — absolute efficiency, RP — repay- economic efficiency increases with increasing AE and with
ment period) were proposed for the cost-benefit analysiglecreasing RP.

(Riha et al., 2005; MA CR, 2006):

_ Rloric—RINew

RE= ———-—, @)
AE — (R|ORIG— R'NEW) I ®)
DR
1
RP (9)

Rloric— RINEw

The method described has been widely applied in the as-
sessment of hundreds of anticipated flood protection mea-
sures financed from the funds of the European Investment
Bank within the framework of the project (MA CR, 2006).
During this assessment the economic risk was the only crite-
rion.

According to ES (2007), the flood protection measures and

their sub-sections related to individual areas should be pri-
oritized using multi-criteria analysis during which other im-

where Rbric and R\ew are average annual economic risks portant partial risks are taken into account. For the flood risk
before and after the application of flood protection measuresmanagement plans in the Czech Republic the partial risks RI

www.nat-hazards-earth-syst-sci.net/10/1977/2010/
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| Legend:
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Fig. 5. Layout plan with assessed watercourses in the city of Brno.

are related to the following loss categories:

— RI; — annual average loss — economic risk (see Eq. 6)P

(CzKlyr),

— RIl> —annual average affected population
(inhabitants/yr),

— RIl3 —annual average number of affected sensitive
buildings (buildings/yr),

currently being tested. A more detailed description of the
theoretical aspects of particular MCA methods including
ROMETHEE Il is outside the scope of this paper; we
refer the reader to available sources such as Brans and
Mareschal (2005), Meyer et al. (2007).

3 Case study

— RI4 — annual average affected area on which historicaIThe procedures mentioned above were applied in a flood

monuments are built (?v/lyr),

— RIs —annual average number of affected potential
pollution sources (sources/yr).

Quantification of partial risk Rlcan be performed using the
modified Eq. (6):

PH
Rl = / Di(p)dp. (10)
0

where R] is the risk for loss categoryand D; (p) represents

risk management study which was part of the General Wa-
ter Management Plan of the city of Brno (BCM, 2008). The
study comprises of an assessment of 13 watercourses with a
total length of about 87 km within the area of the city (Fig. 5),
which has a population of over 400 000 inhabitants. Part of
the General Water Management Plan was the proposal of
structural flood protection measures in the city of Brno based
on hazard, danger and risk maps (Figs. 6 and 7).

The conceptual proposal for structural FPMs was imple-
mented for the areas with exceeded levels of acceptable risk
(see Sect. 2.2). For preliminary prioritisation purposes the
system of FPMs in the urban area of Brno was divided into

the functional dependence of corresponding potential loss 0128 sub-sections. The sub-sections were demarcated regard-

flood exceedance probabiliy.

ing their hydraulic independence and their relation to the

For the MCA several techniques can be applied. Forflood protection measures in the sewer network.
the MCA in the Czech Republic procedures based on the To establish priorities for the progressive realization
PROMETHEE Il method (Brans and Mareschal, 2005) areof FPM sub-sections the efficiency indicators defined by

Nat. Hazards Earth Syst. Sci., 10, 1971987 2010
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o Legend: B % S ‘ Legend:
- | — - - stream centerline & (Areas with exceeded acceptable risk)
zone Q100 i Ve 4 = residential — -~ stream centerline qu
—-— zone Q20 : X 4 N transportation and utility T zone Q100
——- zone Q5 ) E industrial and manufacturing - high danger
- high danger ‘ VY y public services - medium danger
- medium danger ) B2 sport and recreation

[ tow danger
[ residual danger

Fig. 6. Example of a flood danger map for the rivers Svratka and Fig. 7. Example of a flood risk map for the rivers Svratka and Svi-
Svitava in Brno (original scale 1:10 000) (BCM, 2008). tava in Brno — areas with exceeded acceptable risk (original scale
1:10000) (BCM, 2008).

Egs. (7) and (8) were calculated for each sub-section. At this ]
point, the aim was to assess partial risks in the sub-sections it the Czech Republic. The procedures used for the devel-

terms of potential material losses. For the preliminary assess?Pment of flood hazard and flood risk maps are described to-
ment the relative efficiency (RE) indicator was used, whengether with the solution of particular problems such as the de-
FPMs at sub-sections for which RE1L were rejected as un- velopment of danger and vulnerability maps or residual risk
economical. For those sub-sections with RE a descend- assessment. It was proposed that the assessment of economic
ing sequence of FPMs ranked according to the value of R,:_efficiency, the application of Whiph was demonstrated here in
figured out using Eq. (7) was elaborated. In cases when th&ief, should be a part of flood risk management plans. _
RE ratings at consecutive sub-sections were approximately The research shows that the present methods of flood risk
the same, the absolute efficiency AE was used as the secorff@lysis in the CR are generally in accordance with the
indicator. The resulting graphical interpretation is shown in Flood Risk Directive (ES, 2007). From this viewpoint, the
Fig. 8. Czech Republic is well-prepared for the implementation of
Elaboration of detailed MCA study including sensitivity 1€ Flood Risk Directive, and long-term experience from re-
analysis is being anticipated in connection with the final de-S€&rch and numerous practical applications has recently been

cision regarding the priorities for flood protection measuresintegrated into the Guidelines (MA CR, 2009) to the Flood
in Brno. Risk Directive (ES, 2007).

However, it must be stated that further research into flood
risk analysis needs to be carried out to improve and refine in-
dividual techniques and outputs. It should be focused on the

In the paper the flood risk techniques corresponding to Flooc{:(;IIOWIng topics related to the implementation of the Flood

Risk Directive 2007/60/EC of the European Parliament and isk Directive:
of the Council on the assessment and management of flood

risks are discussed in the context of implementing the Flood

Risk Directive within the context of the conditions present

4 Conclusions and discussion
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*.4 Legend:
* | (Areas protected by the proposed FPMs)
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Fig. 8. Layout plan with ranked FPMs sub-sections in the city of Brno. Labels mean order of the corresponding FPM according the RE.

— more detailed multi-criteria flood risk assessment, attenuation measures, or alternatively measures for the main-
. tenance of risk at an acceptable level. The proposals are as-
— non-structural flood protection measures and the evalugegsed hased on the comparison of the present risk level with
ation of their effectiveness and efficiency, the acceptable level. At present, quantitative risk analysis
— inclusion of risks from the exposure of inhabitants to methods_ are dominantly based on the assessment of _direct
flood hazards; the assessment of individual and societaf €ONOMIC losses; the other aspects, such as human, social and
risk, environmental losses, are not taken into account in the Czech
Republic. Therefore, the future endeavour will involve test-
— assessment of environmental risks, e.g. extensive wateng methods of multi-criteria flood risk assessment and their
contamination due to the flooding of pollution sources, practical application.
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