GEOGRAFICKY CASOPIS / GEOGRAPHICAL JOURNAL 65 (2013) 1, 23-44

FLOOD RISK ASSESSMENT AND MANAGEMENT:
REVIEW OF CONCEPTS, DEFINITIONS AND METHODS

Lubomir Solin, Peter Skubiréan*

* Institute of Geography, Slovak Academy of Scien&sfanikova 49, 814 73 Bratislava
solin@savba.sk, geogskub@savba.sk

Flood risk assessment and management: review of a®pts, definitions and
methods

The article brings a brief overview of the curreonhcepts, definitions and meth-
ods of flood risk assessment and management. Thiemnmaoncept of flood risk
assessment is based on combination of flood hapaadhability and potential
negative consequences of floods for human heatttmamic activities, the envi-
ronment and cultural heritage. An assessment ofifloazard is focused on the
estimate of annual maximum discharges for differemtexceedance probabilities
and establishment of the corresponding flooding amed specific parameters of
flood (water level, flow velocity, etc.). Analysisf expected negative conse-
qguences of floods is based on the concept of vahildy of social, economic and
environmental systems. Methodological aspects patthdependent vulnerability
and hazard independent vulnerability assessmenéalacebriefly outlined. Two
approaches are analysed for optimal methodologybaung flood hazard and
vulnerability. The first expresses the absolutedloisk by the value of the overall
average annual damage. The second lies in expneskitood risk in a relative
way by an ordinal scale. The integrated flood manaent is based on the mix of
strategy to reduce flooding, strategy to reducaenalbility to floods and strategy
to mitigate the negative consequences.

Key words: flood hazard, flood risk, vulnerability, flood risknanagement,
multicriterion decision analysis

INTRODUCTION

The idea that emerged already in the 1970s thatehative and disastrous
effects of natural phenomena (floods, droughtghgaekes, volcanic eruptions,
etc.) are not only attributable to natural phenacmgself, but may also result
from the vulnerability of society and its infrastture (cf. Schneiderbauer and
Ehrlich 2004) progressively leads to a differenpra@ch to flood risk assess-
ment and flood risk management. Wisner et al. (@ddphasize that in evalu-
ating disaster risk, the social production of vudtndlity needs to be considered
with at least the same importance that is devatathtlerstanding and address-
ing natural hazards. The critical views concermimg exclusive application of
the engineering approach to flood defence througgulation of flood dis-
charges by technical means have gradually led nmulation of a new ap-
proach to flood defence — integrated flood risk agament, in which the flood
vulnerability paradigm plays an important role (8roand Damery 2002, Plate
2002 and Werrity 2006).

The aim of the paper is to present a brief overvidwhe current state-of-
the-art of flood risk assessment and current golasi of integrated flood risk
management. The article is organized into the ¥alig sections: section 1 —
flood risk: concepts and definitions, section 2riefboverview of the research
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into flood risk components, section 3 — methodflarid risk assessment, sec-
tion 4 — principles of integrated flood risk managt.

FLOOD RISK: CONCEPTS AND DEFINITIONS

Flood risk research concerns multiple disciplifregirology, sociology, eco-
nomics, geography and environmental science. Eathea approaches flood
risk assessment from their own viewpoints and dselt is variability of the ex-
pressed objective matter in terminology and methafdassessment and man-
agement.

Single-dimension concept

Quantification of the flood risk level requires mhition of flood risk in an
unambiguous way. Flood risk defined as pebability of the specified annual
maximum discharge in any year is the core of hydjichl research into flood
risk. This definition corresponds to the generdiniions of risk, where the
risk and the natural phenomenon (hazard) are irterg and used as synonyms
(e.g. Alwang et al. 2001). The principles of prahigbare applied to quantify
the risk that annual maximum dischar@ga.x Will not exceed the specified
valueq.

F(a)=P(Qu= 9, (1)

F(q is the cumulative distribution function of the dreency distribution. Its in-
verse function,q(F) expresses the annual maximum discharge of nonex-
ceedance probability; is usually of primary interest. The greater thek rithe
greater the nonexceedance probability. The congkepsk based only on the
estimate of the quantil functiag(F) of frequency distribution is referred to as
the single scaleconceptionof flood risk (cf. DETR 2000). Flood risk levelrta

be also expressed by the mean time (return peribdthat elapses before the
maximum discharge of a certain volugeoccurs.

Specification of the probability of maximum annufischarge occurrence
and the corresponding scope of flooding is thesuasizonation of flood plains
from the point of view of flood risk exposure. Dwadation of flood exposure
zones is relatively variable and depends on theqa# of flood exposure as-
sessment (Kron and Willems 2002). The probabilitpacurrence of specified
annual maximum discharge values is the primarysbfsi the assessment of
safety standards for any engineering structurearReters of dams, protecting
dikes and channel adjustment are designed to rétaid discharges with the
specified probability (for instance P = 0.01, 0.@@1less). The traditional ap-
proach to flood defence lies in the safety starslafdengineering structures.

Multidimensional concept

The basis of the new paradigm for preventive fldefence is the multidi-
mensional approach to research of flood risk. Afranin probability of flood
events it also takes into account potential advemesequences of floods on
human health, economic activities, the environnaamd cultural heritage. The
definition:
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“Risk is the expected loss (of lives, persons idjupeoperty damaged, and
economic activity disrupted) due to a particularzhed for a given area and
reference periot(UN 1992)",

is the widely accepted way of expressing the mufighsional nature of the
risk.

This conceptual and methodological framework obdaisk research is be-
ing developed as a link to all natural phenomermséveral sciences deal with
research of flood risk, certain differences eménghe formal expression of the
above general definition of risk (cf. Thywissen 8D0The following ways of
flood risk formalization have been described:

a) risk = hazard x vulnerability (UN 1992, UNDPOZ0 Birkmann 2006),

b) risk = probability x negative consequences (ins1988 and Meyer et
al. 2007),

c) risk = f (hazard, vulnerability, deficiencies preparedness) — Villagran
de Ledn (2004),

d)risk = f (hazard, exposure, vulnerability, cdpaand measures) — Bollin
et al. (2003),

e) risk = f (hazard, vulnerability, exposure) -icGton (1999), Hori et al.
(2002) and ADRC (2005).

These formalizations of flood risk, in spite of smterminological disparity,
contain two basic components: @tural phenomenon — flood hazaritbod
attributes determine the extent of exposure ofatbjef economic, social or en-
vironmental systems to flood and ¢)ncept of vulnerabilityanalysing the at-
tributes of objects of economic, social, and envimental systems from the
point of view of their susceptibility to damagesistance to the impact of a
flood and capacity to recover to the state thatteribefore the flood event.

Some methodological aspects of assessing basid flek components and
flood risk itself will be outlined in the next parof paper.

BRIEF REVIEW OF THE STATE-OF-THE-ART RESEARCH
ON FLOOD RISK COMPONENTS

Analysis of flood hazard

Analysis of flood hazard in general is focused anestimating the annual
maximum discharges for different exceedance prdikiabj b) estimating the
water levels for annual maximum discharges, c)bdistsing the area of flooded
territory corresponding to water levels of annualkimum discharges with dif-
ferent exceedance probabilities.

A wide range of methods is used for estimating maxn discharges. They
are divided into two basic groups: the first cotssisf precipitation-runoff mod-
els and the second is based on statistical proesdiihe span of the structure of
precipitation-runoff models is wide (cf. SealthumdaOberlin 1993, Smith and
Ward 1998, Beven 2000). The choice of an apprapmnabdel depends on the
spatial level for which the flood discharges arenested. For instance, empiri-
cal formulas with very simple structure, such aatanal formula, regional for-
mulas (e.g. Dub 1957) or regression equationsuarade for the national level.
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By means of empirical formulas as a rule, the valudhe annual maximum dis-
charge is a function of the area of the basin dmel basin’s physical-
geographical attributes. A more sophisticated wiatransformation of rainfall

into discharge is possible on the local level,dgample by the method of unit
hydrograph or by determinist models with spatiallgtributed or lumped pa-
rameters (cf. Beven 1985 and 2000, Blackie andsEE¥85). These precipita-
tion-runoff models simulate discharge values fonetiinterval of the whole
flood wave.

The basis of statistical methods is the probabiligory. The distribution of
annual maximum discharge probabilities or that istltarges exceeding tlae
priori set value is expressed by the distribution fumc{icf. Rao and Hamed
2000, Sealthun and Oberlin 1993 and FEH 2008). disibution function is
defined by parameters expressing the positionaldity, skewness and curto-
sis of the probability distribution. The estimatioh distribution function pa-
rameters is carried out by means of summed hydieabgtatistics of maximum
annual discharges. Several methods can be apgdlechethod of traditional
moments, 2) method of moments weighted by prolghiGreenwood et al.
1979), 3) method of linear moments (Hosking 19@d)] 4) method of maxi-
mum likelihood.

A reliable estimate of annual maximum dischargesetdaon distribution
functions requires long observations. However, hifgdrological observations
are only available from a limited number of gaugéth relatively short obser-
vation period. Therefore, the estimate of annuakimam discharges mainly
with low probability of occurence only from the daif gauging stations is not
reliable. This is the reason why the dischargevegts with different probabili-
ties for basins with short observation or withoyttological observation are
carried out by the method of regional frequencylymis The basic idea behind
the regional frequency analysis is that when tlietack of discharge data for
certain basin and there are other basins with armaiftributes, better results can
be achieved by analysing them together, instead s to speak — separately
(cf. Wiltshire, 1985 and 1986, Burn 1988, Cunnaf88l Hosking and Wallis
1993 and 1997, Burn and Goel 2000, Kohnova andg@yo2000 and 2002,
Solin 2002, 2005 and 2006).

Two approaches are applied to modelling of wateglkeof flood discharges.
The first is bound to real time and the water lasedimulated for the set time
intervals in the whole span of the flood wave. Satian is based on applica-
tion of 1D or 2D hydraulic models of unsteady flewpressed by Saint-Venant
equations (cf. Fread 1985). Software products HBEGRSIS or Mikell are
used to solve the equations of unsteady 1D flo8HALOOD-FP, TELEMAC -
2D) software products (Bates and de Roo 2000, Hand Bates 2002), for in-
stance offer solutions of more sophisticated 2Drawylic models. The second
type of modelling is not bound to real time andides not simulate the water
level in the whole span of a flood wave. It is \tifiocused on an estimate of
the maximum water level for flood discharge of sfied probability in profiles
along the stream. The problem formulated in thiy isaa typical one solved by
analysis of 1D steady flow applying the Manning &tpn (the slope area
method) or energy conservation equation (step-batdtwmethod), for details
see, for example, Chow et al. (1988).
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Accuracy of modelling itself and final delimitatioof the flooded area is
bound to the resolution level and accuracy of irgata from which the digital
elevation model (DEM) was created. The basic togoigic source most fre-
qguently used for creation of DEM are usually diggtl contours derived from
maps at scales from 1:10 000 to 1:50 000 (Kron\iltems 2002, Rodda and
Berger 2002 and JBA Consulting 2004), producedhigyrtational cartographic
and geodetic institutions. Use of Earth remote isgnechniques such as aerial
photography or LIDAR (Light Detection and Rangimngdhnologies, which pro-
vide topographic data with significantly better tieal accuracy (+/-5 cm, or
+/-10 cm) is limited to local or regional levelsedto a relatively high costs.

For example, at national level (mostely for finaheceasons), Sanders et al.
(2005) recommend use of the IFSAR (Interferome®ymthetic Aperture Ra-
dar) technology, which provides topographic datd wertical accuracy +/- 5m
(Space IFSAR), or 1m, +/- 0.50 m (Airborne IFSARpwever, using the DEM
with lower vertical accuracy than 1 m for flood bis#s and/or modelling is, at
least, questionable even on the national level.tWeroproblem considering
raster DEM’s (and consequently also TIN’s deriveahf raster DEM’s) is, that
their surfaces are basically “smoothed” and theesfmt very truthful represen-
tation of the real-world situation. This is a commissue, resulting from the na-
ture of how interpolation algorithms, used to ceetitese models, work. It is
highly recommended to use a point cloud acquirestqgrametrically, or by
LIDAR to construct TIN DEM'’s, as they are referrasl primary (or measured)
DEM'’s. Also very important features, to be presenDEM, used to flood haz-
ard modelling are terrain edges — natural or aidifi(created by man). A chan-
nel is typically represented by terrain edges weeyl and especially in small
basins, it can be of great help to have such irdtion to identify it precisely.
Terrain edges are also important when consideriagement of water through
a floodplain during the flood, as they can act@kerators, direction-changers
or natural barriers.

The state-of-the-art of vulnerability research
Definitions and concepts of vulnerability

The incentive to develop the concept of vulnergbith natural disasters has
come from the social sciences in the 1970s aspomes to the perception of
disasters caused by natural hazards only througibuaes of hazards them-
selves (Schneiderbauer and Ehrlich 2004). The garafevulnerability under-
lines the idea that flood damage is a function athb- the magnitude of the
flood and the vulnerability of the social, econoraitd environmental system.
Some authors including Wisner et al. (2004) repaat vulnerability refers only
to people and they avoid using the wondinerable regarding livelihoods,
buildings, settlement locations or infrastructurel aise instead terms such as
unsafe, susceptible, fragile, hazardous, hazamdeprAdger et al. (2004) also
propose for expression of vulnerability of otheartthuman systems to use the
term inherent vulnerability instead of social vuhaality, which concerns the
vulnerability of humans (human system) only.
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The concept of vulnerability is now developed ie gocial, environmental
and geographical sciences, which attribute it acigbe&ontent in connection
with the management of natural disasters and stk development. The lit-
erature brings different definitions and conceptisaineworks (e. g. Morrow
1999, Brown and Damery 2002, Tapsell et al. 20QR2teC et al. 2003, Sarewitz
et al. 2003, Turner et al. 2003, Adger et al. 2@B&en 2004, Schneiderbauer
and Ehrlich 2004, Wisner et al. 2004 and MessndrM@ayer 2005). Thywissen
(2006), for instance, prepared a summarizing revaéwefinitions of the term
and Birkmann (2006) presented a certain systentativaf views on vulner-
ability.

Vulnerability defined as:

"Inherent characteristics of a system that creat fbtential for harm but
are independent of the probabilistic of event ridkany particular hazard or
extreme eveht(Sarawitz et al. 2003), represents the minimurmemn basis
for the definition of vulnerability. Attributes ergssing the inherent predisposi-
tion (potential) of economic, social and environha¢isystems to damage and
loss (economic dimension of vulnerability) or irseaof human system liability
to drowning or injury are cores of tiseisceptibilityconcept Thesocial dimen-
sion of vulnerability is embodied in the conceptg@sistanceandresilience,
which characterize a person or group in terms efrthapacity to anticipate,
cope with, resist and recover from the impact nhtural hazard (e.g. Blaikie et
al 1994, Brown and Damery 2002 and Wisner et &d420Meanwhile, the con-
cept of susceptibility represents the passive (tinegacomponent of vulnerabil-
ity. Vulnerability increases with increasing suddgifity. On the other side, the
concepts ofresistanceandresilienceare active (positivexomponents of vul-
nerability and with increasing resistance and/ailiEnce, the vulnerability of
systems decreases.

Approaches to vulnerability assessment

As a rule, two basic approaches are applied toevability assessment. The
first general way of vulnerability assessment egpes propensity to damage by
floods, resistance to floods and capacity to regoweely in terms of properties
of social, economic and environmental systems. ikstance, earthen houses
are generally considered more prone to damagednddl than brick houses.
More damage is also expected in the case of sfigge-houses than the multi-
storeyed ones. Likewise, older and less agile gefapdl it more difficult to es-
cape the effects of floods than younger people Wtil-to-do people with sav-
ings and those insured against flood damage orl@emith social capital are
more capable of tackling the negative effects @bdls than the poor, uninsured
ones etc. General vulnerability assessment evalwadaerability regardless of
the flood event occurrence; it does not containeleenent of flood risk expo-
sure; hence it ibazard-independer(ddger et al. 2004, Damm et al. 2010). In
this context, vulnerability means a potential.

The concept of hazard independent vulnerabilityepiial) is applied to re-
search, which compares the general level of vubilsaof spatial units. These
spatial units can be, for instance, administratinits or delineated polygons
based on various criteria. This, rapidly developiegearch current, referred to
as “place based vulnerability” was presented bye€at al. (2003), Borden et
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al. (2007), Mayer et al. (2007), Simpson and Hun(®08), Damm et al.
(2010) and Solin (2012). It emphasizes that vubigta associated with place
is composed of the social, economic and environahectiaracteristics that
make a place more susceptible to hazards and muftu¢he ability to recover
from them. Knowing the spatial variability of floaiinerability is an important
part of flood risk assessment on the national |leaglwell as for application of
spatially differentiated approaches to flood deéesitategy.

The second approach analyses vulnerability inicglab the particular at-
tributes of the flood event, including flooding aréneight of water level and
flow speed. Therefore it ibazard dependentn this case vulnerability ex-
presses the size of expected negative effects ddnysthe concrete flood event
with specific attributes:

“Vulnerability is defined as the degree of loss tiveen element at risk (or
set of elements) resulting from given hazard atvargseverity levél(Coburn
et al. 1994).

However, in the case of the hazard dependent \albilgy concept, the
meaning of vulnerability is somewhat shifted frohe tposition where it ex-
presses the internal status of economic, sociakamtfonmental systems to the
meaning that corresponds to the definitions ofdleisk. The mutual overlap-
ping of vulnerability and risk definitions is thewce of confusion and misin-
terpretations — both of flood risk and vulnerapiliHowever, Coburn et al.
(1994) state that the risk combines the expectegtkfrom all levels of hazard
severity also taking into account their occurrepogbability and this remark
may contribute to a clearer discernment betweedflisk and vulnerability.

Methodological aspects of hazard-independent valoiéty

Proxy variables

It is not possible to measure vulnerability dirgctt can only be expressed
by means of proxy variables (Adger et al. 2004 &até 2012). Variables that
represent susceptibility should express the inmedigposition/potential of an
economic system to damage, and loss, that of sexséém to occurrence of in-
juries, discomfort and stress and that of the emvirental system to change of
its quality. Variables representing resistance @asilience should express the
capacity of a particular system to cope with adl@vent and capacity to re-
cover from a flood event, which means reachingstaée as it was before the
flood event.

The selection of vulnerability indicators is grgatfluenced by the spatial
research level (cf. Messner and Mayer 2005, Apeal.e2009 and Fekete et al.
2010). Generally, the detail and spatial accurdcinformation about vulner-
ability decreases with the increasing spatial dsi@mnfrom the local to regional
and national levels. The data sources for vulnétalbesearch on the national
and regional levels are those from census, natistadistics and land cover
maps. The data for vulnerability assessment on levals are obtained from
enquiries (questionnaire survey) and detailed fietskarch.

Selection of vulnerability indicators can be catra@ut either by deductive or
inductive means. The deductive approach is baseHeologically reasoned de-
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pendence between indicators and negative effeess@l et al. 2002, Simpson
and Human 2008, Meyer et al. 2009 and Damm et@&OR The inductive
method of indicator selection is based on the réolu®f the great number of
variables using methods of principal componentdyais to several latent fac-
tors representing vulnerability (Cutter et al. 2G0®] Borden et al. 2007). The
deductive way requires a concrete specificationegfative effects. They are, as
a rule, divided into two basic categories: the atiend indirect, which are fur-
ther broken up into tangible and intangible (cf.itBnand Ward 1998). For in-
stance, the direct tangible flood damage expressihl the monetary basis is
typical for the economic system. Socially negatffects of floods are prevail-
ingly intangible, difficult to express in money atiby include, for instance, the
loss of irreplaceable items, stress induced byltwel itself, temporary evacua-
tion of the home, disruption caused by the floodhe life of the individual
households and to the community as a whole andffaet on health (Tapsell et
al. 2002 and Floodsite 2005). The negative effe€ta flood on the environ-
mental system are also prevailingly intangible amadude drinking water pol-
luted by faeces and chemical substances and emémtial degradation
(erosion and accumulation of sediments).

Vulnerability indexes

Vulnerability indexes are established through coraton of normalized
variables that characterize vulnerability of ecoi@rocial and environmental
systems. For instance, Borden et al. (2007) estaddi the social vulnerability
index SoV), the built environmental vulnerability indeBEVI) and the hazard
vulnerability index Haz\M) of American cities based on the sum of factarsc
values of the corresponding principal componengsesenting individual vul-
nerabilities. Cutter et al. (2003) establishedgbeial vulnerability indexgoV)
by summing up the factor score values of the cpmeding principal compo-
nents of social vulnerability. Tapsel et al. (20@&}ablished theocial flood
vulnerability index §FV) from a combination of three social charactersstic
and four indicators of financial deprivation. Simmpsand Human (2008) ex-
pressed théazard vulnerability score of a census tract bytiplidation of the
exposure score by the hazard score. Exposure aaddchscore values were set
from summation of the population rank, propertyuearank, critical facilities
rank, social vulnerability rank, hazardous matenaalk, and transportation rank.
Hazard score rank is the result of area affectall oa occurrence rank. Social
susceptibility index $S), established by Damm et al. (2010) is the sinspie
of three indicators: fragility, socio-economic cdiah and regional condition.

Partial vulnerability indexes (economic vulnerakgilindex, social vulner-
ability index, and environmental vulnerability indeare combined mainly by
an additive method to give the overall vulnerapilitdex. If there is no specific
knowledge, the same effect (weight) of the paitidexes on the overall vulner-
ability index is usually presumed.

Methodological aspects of hazard dependent vulrilrab

The quoted approach is applied mainly in vulneigbéssessment of the
economic system. In this case the expected dansaged by a flood to assets,
infrastructure and economic activities can be esgwd in terms of money. An
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illustration of the methodological procedure of &akzdependent vulnerability
assessment is presented in Fig.1. The procedusist®of four steps analysing
dependencies: 1) probability vs. discharge, 2)hdisge vs. water level, 3) water
level vs. flood damage, 4) flood damage vs. prdigbi

R — E—

L ® ®

water level
water level

discharge damage

RO, §O

probability
probability

discharge damage

Fig. 1. lllustration of the methodology for hazatebendent vulnerability

Expected size of tangible damage (step 3) canthess®y therelative or ab-
solute damage functioKang et al. 2005 and Floodsite 200&he relative
damage functions express the portion of damagetab property value and the
absolute damage functions express the absoluterarmbdamage to property.
In both cases, damage functions express the defjdsmage to property more
in dependence on the water level and less on tedspf water flow (e.g., Mid-
delman-Fernandes 2010). An absolute damage funigtidarived either on the
basis of real flood damage data or based on syottheta (standardised typical
property types (Floodsite 2006)). Exactness of datpuisition for derivation of
damage functions has the result that the quotetbapp is applied mostly on
the local level (Herath 2003 and Biichele et al 6200he relative damage func-
tion expresses percentage damage to propertyfohethe total value of prop-
erty is needed in the process.

Many economic data are not available on the laaall Supplementing in-
formation, such as land cover/land use map, sharddar of those employed in
economic sectors is therefore used to spatiallggdisegate economic data from
the national level, to the level of spatial unité (Mayer et al 2009). For a de-
tailed review of disaggregation methods see Madej@010). The one often
used is dasymmetric mapping (Chen et al. 2004).
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METHODS OF FLOOD RISK ASSESSMENT

Methodological aspects of flood hazard and vulnétgtassessment were
briefly analysed in the previous part. This panmtains a brief introduction to
methods of mutual combination of flood hazard antherability components
to express flood risk. There are two groups of w@shfor setting the level of
flood risk. The first group consists of methodsressing flood risk in an abso-
lute way, for example, by expected damage valug iwhile the second group
includes the method expressing the flood risk ielative way by an ordinal
scale.

Expression of flood risk in an absolute way

Assessment of flood risk in an absolute way conbithe expected losses
from all levels of hazard severity also taking irgocount their probability
(Coburn et al. 1994). It means that flood risképresented by the area under
the damage-probability curve (Fig. 2).

damage

D4

D3

D2
D1

A Lo, ’,//%

1/100

excedence probability

Fig. 2. Damage-probability curve (FLOODsite 2006)

The size of this area expresses the ovenatrage annual damagéhe ex-
pected monetary value of overall average annuabdan&[X]) on the discrete
scale is set by summation:

E[x]:iz;“p)g, (2)

wherep; is flood event frequency probabilitg, is amount of damage caused by
flood event expressed for instance in €.

The average annual damage is the basic quantitehiaeacteristic of flood
risk to the economic system. It is the indispersabolurce for the assessment of
financial effectiveness of particular flood defemeasures via the cost-benefit
analysis. However and Haimes (2009) and Merz ef28i09) emphasize that
application of average annual damage as an indicédtfiood risk for the as-
sessment of flood defence measure efficiency i® quibblematic.
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According to Haimes (2009, p. 328), use of the etqm (average) annual
damage value as the only criterion of risk estimetehe principal source of
chaos in interpretation of flood risk and wrong mgement conclusions and
decisions. In fact, computation of the expectediaiadlue makes great nega-
tive effects that occur with small probability comnsurable with small nega-
tive effects, which occur with great probabilitynieans that on the one side the
same value of flood risk can express great negafifests with small probabil-
ity and the small negative effects with great philitg on the other, because
they participate in the expected average annuatftisk value with the same
weight. Hence, to base flood risk management orattegage annual damage
of flood risk does not lead to prudent decisiohss because the flood risk asso-
ciated with a flood event with small probabilitydamxtensive negative conse-
guences is perceived with much more apprehensam tie flood event with
great probability and small negative effects. Floisd management should take
this different perception of flood risk into accaumhis also is the reason why
the author introduced the concept obiditional expectatidhas a supplemen-
tary measure of flood risk assessment. A conditierpectation is defined as:
“the expected value of a random variable given thig value lies within some
prespecified probability range{Haimes 2009, p. 334). The axis of probability
as a rule is divided based on two values of excemdprobability 1e a 1-a,,
with negative consequencgsandp, respectively, into three parts:

— high exceedance probability for an extreme eaedtsmall negative con-
sequences

f,()=E[ X|X<4], ®3)

— medium exceedance probability for an extremenieaed moderate nega-
tive consequences

f;(.)=E[ X|B,< X< B,], 4)

— small exceedance probability for an extreme eaad great negative con-
sequences

f,()=E[ X|X>8,]. ®)

It means that apart from the traditional expectestlial values three addi-
tional measures of risk have been cre@¢d | X < 1], E[X | 1< X< 5] and
E[X[X<8].

Merz et al. (2009) analysed the proportion of highbability/low damage
and low probability/high damage in the overall \eabf average annual damage
using the example of three case studies. The seshitiwed that the low prob-
ability/high damage floods contribute only to a Hrdagree to average annual
damage and should therefore be of small importanfleod risk decision. On
the other side, they also point out that flood gaition measures are often initi-
ated as a consequence of low probability/high danflagds. They explain this
mismatch by the perception of risk. The concepavarage annual damage as-
sumes that decision makers and people are riskalgbut this assumption,
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however, is not valid because people tend to beatsrse. As authors stress,
people tend to dread events with large adverseecpiences, even if their prob-
ability is very small and consequently their damagpectation is very small,

too.

Expression of flood risk in a relative way

In spite of some progress achieved in the methbdisancial estimation of
social and environmental systems (cf. Parikh anikiPd4998 and Bouma et al.
2005) there are some problems connected with tiaadial expression of social
and environmental consequences (cf. Cochrane 2004Rase 2004). This is
the reason why instead of expressing flood rislarinabsolute way it is ex-
pressed relatively — on the ordinal scale, naméityedsionless values of the
vulnerability or negative consequences of econosucjal and environmental
systems are aggregated and than ranked into clespesssing high, moderate
or low level of risk. This process is the core lo¢ tspatial multicriterion deci-
sion analysis (MCDA) and was applied in connectidgth flood risk assess-
ment for instance by Raaijmakers et al. (2008)Magler et al. (2009).

The spatial MCDA is a relatively new and rapidlyadcing method that
develops with the development of the GIS systerfisMalczewski 1999 and
2006). The aim of the MCDA is to establish the alleorder of alternatives
from the most preferred to the least preferred tméerms of the nature of the
decision-making spacaliécrete and continuolisthere are two types of the
MCDA: multiattribute decision-making (MADM) and ntidbjective decision-
making (MODM). The MADM solves a problem by choasithe best alterna-
tives from the set of given alternatives. In MODM: thumber of alternatives is
not explicitly defined, therefore it is indefinittl ODM searches for optimal al-
ternatives regarding the objective function (Malegki 1999). While MODM
is predominantly “tied” to vector-based GIS and igesearch operations,
MADM is pretty much the opposite — mostly used aster-based GIS and
evaluation/choice decision operations. In the adsessessing the flood risk of
a given set of spatial units which means assessofdlifferent areas regarding
their flood risk status and finding the best sae and measures to reduce
flood risk to an appropriate level the MADM apprbas preferred (Meyer et al.
2007 and 2009). Figure 3 shows the scheme of thBMApplication.

The process of flood risk assessment by the MADMragch consists of
three main steps: standardization of variablesessting given criteria, weigh-
ing of variables and aggregation of weighed vabfabese variables.

Standardization is transformation of original vatés expressed by various
physical units to dimensionless units by matherahtiperations, while the re-
lationships, intervals and spans of values areepved. Standardization of vari-
ables is carried out by several methods such aknder transformationor by
the value/utility function Linear transformation is division of the originadlue
of variable by either its maximum score; or by thage of its values — differ-
ence between maximum and minimum value of the blid here are two vari-
ants for doing this. The first one, so-calleenefit is usually used when, the
higher value of a variable means the given areacige prone to be risky (e.qg.
ratio of elderly people in area — the higher theris, the greater the risk of that
area should be). The second oneost— is used when the higher value of the
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variable means the risk should be lower. This isedby subtracting the stan-
dardized value from 1. Typical examples for usihig vvariation are attributes
defining the resistance or resilience of spatiatsun the higher resistance or
resilience, the lower the risk of a certain areausth be (e.g. ratio households
with insurance against floods — the more householsisred, the greater is the
chance that they can recover after a flood mordy®aStandardization by the
value/utility curve of functionf((x) ) definitely sets its standardized valye<(f
(x) ) for the particular attribute. The key step is sloguisition of the correct and
sufficiently accurate function (e.g. midvalue aari).
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Fig. 3. Scheme of the multi-attribute decision-mak{MADM) approach
(Macharis 2004)

Weighting expresses the size of effects of theviddal variables on the
overall level of flood risk. This is a crucial andry delicate step of MCA be-
cause even a slight change of overall weights agem transform into relatively
important change of the analysis outcome. Estabkstt of weights can be car-
ried out by several methods: ranking, rating, peexcomparison, swing weight
approach, group decisions and also as one of #ps $tom the AHP process
(for more details see, e.g. Malczewski 1999 and éviey al. 2007). The com-
mon feature of all methods is that the weightssaamdardized and their sum
equals 1.

Aggregation of weighed values of individual varisbktonstitutes the core of
the MADM. Aggregated values establish the ovemitl of flood risk in spatial
units. Clustering algorithms are various. They banbased on comparatively
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simple decision-making rules (dominance stratedy digjunctive approach) or
other more sophisticated ones (different additivedets, analytic hierarchy
process — AHP, ideal point method and others).tk®rdetailed description of
individual algorithms see Malczewski (1999) and lglegt al. (2007).

PRINCIPLES OF INTEGRATED FLOOD RISK MANAGEMENT

According APFM (2004) integrated flood managemdmud address the
following five key elements: 1) management of thetev cycle as a whole; 2)
integration of land and water management; 3) adopaf a best mix of strate-
gies; 4) ensuring a participatory approach; 5) #dopof integrated hazard
management approaches. The ideas of the new appnase resounded at the
World Conference on Disaster Reduction (Hyogo, ddpa2005) and also ap-
peared in the UN/ISDR (2007) document from thisfemnce. Building the re-
silience of nations and communities to disasteniphasized by the applica-
tion of five priorities: 1) ensure that disasteskrreduction is a national and lo-
cal priority with a strong institutional basis fionplementation; 2) identify, as-
sess, and monitor disaster risks, and enhance warhlying; 3) use knowledge,
innovation, and education to build a culture oesatind resilience at all levels;
4) reduce the underlying risk factors, and 5) gitieen disaster preparedness for
an effective response at all levels.

Flood risk definitions show that flood risk managarcan be based on
three basic flood defence strategies:

— flood management strategy with the objectivesdiicing flooding,
— flood management strategy with the objectiveediicing vulnerability,

— flood management strategy with the objectivanitigating the negative
consequences.

Particular measures are bound to each flood maragestrategy (Tab. 1).
The proposal of optimal flood defence strategieg bweither a combination of
several flood defence strategies or a dominantigijuin of a single strategy.
The rationale behind the share in which strategiescombined is knowledge of
the spatial variability of flood risk and its sttuce. A different level of flood
risk also requires application of a different floainagement strategy or com-
bination of strategies.

It is very important to evaluate the effects oatgies and their measures on
the lowering of flood risk level and their overadfficiency. The above-
mentioned MADM approach and the cost/benefit amalf@GBA) are applied to
the assessment of efficiency of flood risk managems&ategies and measures.
However, these two tools yield different outputsol®ver and van Ek (2004)
emphasize that the results obtained by the quotdtiads are not comparable
to each other because of several reasons. Thepgainmeason is that “the out-
come of CBA can be interpreted in terms of theatfté a single alternative on
overall economic welfare, whereas the outcome ofAM@nnot. The outcome
of MCA allows one to decide whether one alternaiivepreferred over and
above another alternative, based on the pre-sdlestel weighted criteria.
Hence, CBA can be applied to one alternative amhile MCA requires at least
two alternatives.”
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Tab. 1. Strategies and options for flood managemeiAPFM 2004)

Strategy Option

Dams and reservoirs

Dikes, levees and flood embankments
Reducing flooding High flow diversions

Basin management

Channel improvements

Flood plain regulation

Development and redevelopment policies
Reducing susceptibility to damage Design and location facilities

Housing and building codes

Flood-proofing

Flood forecasting and warning

Information and education
Mitigating the Impacts of flooding Disaster preparedness

Post flood recovery

Flood insurance

Preserving the natural resources of flood plains oo lplain zoning and regulation

FINAL REMARKS

The first remark concerns flood hazard assessméithwis exclusively
based on establishment of the probability thatsfiecified maximum discharge
causing flooding would not be exceeded. Howevechsan assessment is a
considerably limiting one because it only take® iatcount the type of floods
caused by the natural overflow if the volume ofamd wave is bigger than the
channel capacity of a particular stream. But anféoe may also take place if
the volume of the flood wave is smaller than tharctel capacity under the ef-
fect of local hazard factors (improper dumps rtexstreams, solid wastes in
channels, tapering of the discharge stream prdillecking of culverts, block-
ing of passages under bridges etc.) causing impoantdand overflow. Such
flood events often occur in upstream basins. Theept of expressing flood
hazard via probability does not consider flood ¢évazaused by, for instance,
concentration of overland flow if the rain inteyséxceeds the soil infiltration
capacity. High speed of water causes comparatiaefie flood damage out of
floodplains. Brown and Damery (2002) report tha¥46f flood damage in the
UK occurs outside floodplains. Likewise, analysisrsured events caused by
floods in Slovakia in 2002-2011 indicates that ascimas 20-40% of flood
damage was not connected with an overflowing strddra probability concept
of flood hazard also fails to take into accounbéle caused by ice blocking a
stream and flooding due to increased groundwatet (@nner floods).

The above critical notes concerning the prevaitingent trend of flood haz-
ard assessment have perhaps made space for faonwétan alternative con-
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cept of flood hazard. In its core is the propertyadbasin referred to as the
flood predisposition of the basiifWeingartner et al. 2003) €ibod potential
determined by either systemic or random physidabates of the basin (Minar
et al. 2005 and Solin 2008 and 2011.

The flood predisposition of basins appears, fotainse, in flood events fre-
qguency. In basins with a high flood predisposit{bigh level of flood hazard),
frequency of flood events is expected to be mughdr than in basins with a
low flood predisposition (low flood hazard). Spatrariability in flood predis-
position or flood potential would clearly be masstied in the case of upstream
basins, which are less heterogeneous than bigsasterms of physical attrib-
utes (Solin 2008 and 2011).

The second remark concerns the efficiency of dkeanteassessment of
flood risk based on the average annual damageofirall regarding flood risk
on the national and regional levels. Applicationtlod probability concept as
part of the flood hazard assessment in the framewbthese spatial levels due
to the use of less accurate input data and thessiggeo apply simplifying steps
in hydraulic modelling of water table levels yielidsprecise maps. The charac-
ter of such maps is informative only. A very coaestimate of flooded area and
expected flood damage can be deduced using such. mbpy provide rough
information for the government on how large thaltt@mount of loss for the
nation and the economy would be or they servelmses for allocation of com-
pensation payments to flood victims (FLOODsite 206wever, they are use-
less for the operative management of flood riskher choice of optimal flood
defence strategies of integrated flood risk managran the national, regional
and local levels and the assessment of cost/barfifitiveness of the proposed
flood defence measures. The results of flood rsdeasment by combination of
flood hazard and vulnerability expressed in terrhghe potential provide a
wider and more efficient knowledge basis for foratidn of the optimal flood
defence strategy (which means establishment ofatie between strategies for
reduced flooding, reduced vulnerability and mitigat of negative conse-
guences) for individual flood risk classes pregiselconnection with the flood
risk management in small mountainous countries Wiluent occurrence of
floods in headwater basins (Solin 2008).

This article is one of outputs of the 2/0091/12j€cbFlood Risk in commu-
nities of Slovakia financially supported by the \V/EGrant Agency.
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Lubomir Solin, Peter Skubdan

_HODNOTENIE POVODNOVEHO RIZIKA A JEHO
MANAZMENTU: PREH ZAD KONCEPTOV, DEFINICII A METOD

Kritické nazory na vyltiné uplatiovanie inZinierskeho pristupu k protipovodej
ochrane viedli postupne k sformovaniu nového ppistk ochrane pred povodmi —
k integrovanému manaZmentu poxiodého rizika. Nova paradigma protipovmyej
ochrany si vyZaduje aj novy pristup k hodnoteniuqgaiiového rizika. Ciéom prispev-
ku je podd strwgny preffad s@asného stavu hodnotenia poxoudého rizika a zaklad-
nych principov jeho integrovaného manazmefqtanok je rozdeleny do piatickasti:
Prva sa zaoberd koncepciami a definiciami péwedho rizika, v druhegasti sa
analyzuji metédy hodnotenia zékladnych komponemovodiového rizika. Tretia
¢ag’ je venovana metodologickym aspektom stanoveniang@ovodového rizika.
V Stvrtej su nartnuté zakladné principy integrovaného manaZmemtvoghového
rizika a v zaverénej ¢asti st uvedené vlastné postrehy kesinému stavu hodnotenia
povodiového rizika.

V literatlre sa stretdvame s dvoma zakladnymi kopcieeni povodového rizika, a
to s jednorozmernou a viacrozmernou koncepciouaici prvej koncepcie je povod-
fové riziko funkciou len samotného povmyého javu a je definované ako pravdepo-
dobnos s akou maximalny kmy prietok Qmax neprekréi Specifikovani hodnoty.
Naproti tomu viacrozmerna koncepcia poio@dého rizika vychadza z definicie rizika,
ktora predstavuje dakavané straty na zivotoch, zranenie oséb, posSkedenjetku a
prerusenie ekonomickych aktivit v désledku prirdingavu. Tato definicia zd6ragje
myslienku, Ze negativne a katastrofické dosledisodnych javov nie je mozné pripi-
s& len na vrub samotnych prirodnych javov, ale Zeapudsledkom zranif@osti
spolanosti.

Z&kladom hodnotenia povadvého rizika je analyza povéidvého javu a zranite
nosti ekonomického, socialneho a environmentélrsistému Uzemia. Analyza povod-
fiového javu je zamerana na: a) na odhad hodrdtyeh maximalnych prietokov pre
rézne pravdepodobnosti vyskytu , b) odhad vySoldinlazodpovedajdcich toym
maximalnym prietokom rozdielnej pravdepodobnostskygu a stanovenie rozsahu
zaplaveného Uzemia. Pteldnym spdsobom su ¢rénuté zdkladné metodologické
postupy rieSenia uvedenych problémov. Pbkie o hodnotenie zraniteosti, su spra-
vidla uplatiované dva zékladné pristupy. V rdmci prvého pristupdnotenie zranife
nosti vyjadruje nachylngsna poskodenie a schopriogrovna’ sa s negativnymidin-
kami povodni s dfadom na atriblty objektov ekonomického, socialnglemvironmen-
talneho systému Uzemia. Vo vSeobecnosti tentoupriggjadruje zranittnos’ bez ofia-
du na atributy povatbvej udalosti a je v podstate nezavisly od pdwmsetho javu.
V slvislosti s hodnotenim zrariteosti su analyzované metodologické aspekty vyberu
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premennych reprezentujdcich ekonomicky, socialeyparonmentalny systém a stano-
vené indexy zranitmosti. Druhy pristup analyzuje zrardit®s’ vo vz'ahu k atribatom
povodiového javu, napr. k zaplavenej ploche, k vySke ihladlebo k rychlosti pra-
denia,cize je zavisly na povdsbvej udalosti. V tomto pripade zrarit®s vyjadruje
negativne désledky konkrétnej povosej udalosti na monetarnej baze. llustracia
metodologického postupu hodnotenia zrdimitsti je na obr. 1.

Samotné hodnotenie povitmiého rizika, t. j. stanovenie jeho Urovne, je gg&om
vzgjomnej kombinécie povddvého javu a zraniteosti. Analyzované su dva zdkladné
pristupy hodnotenia: kvantitativny a kvalitatividrvy pristup vyjadruje Growepovod-
nového rizika na zaklade stanovenia vysky priemero#jej Skody, ktorl reprezentuje
velkost’ plochy pod krivkou vyjadrujucou vah medzi Skodou a pravdepodobitsjej
vyskytu (obr. 2). Niektori autori vSak upo#aju na to, Ze aplikacia hodnoty priemernej
roénej Skody ako jediného indikatora powedého rizika je problematickd v pripade
hodnotenia efektivnosti protipovovych opatreni. Problemy, ktoré vznikaju pri
finanénom vyjadreni negativnych désledkov povodni na&noim a environmentalnom
systéme spOsobuju, Ze sa k stanoveniu Urovne povéto rizika pristupuje kvalita-
tivnym spdsobom na zéklade ordinalnej Skaly. Bemsyné hodnoty zranitaosti alebo
negativnych povatbvych dosledkov na ekonomickom, socialnom a enwviramalnom
systéme suU agregované a rozdelené do tried charafieich nizku, strednd a vysoku
Urover povodioveho rizika. Tento proces je jadrom metody, ktwm@ nazyva
priestorova multikriteridlna analyza.

Integrovany manazment povital/ého rizika obsahuje pakracovych krokov:

1) manaZovanie hydrologického cyklu ako celku, jBdmotenie manazmentu vodnych
zdrojov a krajiny, 3) prijatie optimalnej protipoditove] stratégie, ktora je kombinaciou
viacerych stratégii, 4) zapojenie vSetkych dotkahtgubjektov do rozhodovacieho pro-
cesu o optimalnej protipovédvej stratégii, 5) prijatie integrovaného pristdpmanaz-
mentu prirodnych javov ako celku.

V zaverénych pozndmkach je poukdzané na to, Ze hodnotewiedpového javu,
zalozené len na stanoveni pravdepodobnosti, Zedegtmekréena Specifikovana hod-
nota maximalneho tmého prietoku, sa obmedzuje len na jeden typ powogth
situacii, ktoré vznikaju v dosledku prirodzenéhdonezenia hladiny z koryta rieky.
Nezoladiuje v3ak cely rad’alSich povodovych situacii, ktoré st spésobené upchatim
koryta rieky'admi alebo vzdutim hladiny v désledku upachtia mys priepustov.
Uvedeny koncept taktieZ nezi@tiuje povodne v dosledku vzniku povrchového odto-
ku mimo nivhych Gzemi pri vysokej intenzite da&Z ktora prevySuje infiltkn(
kapacitu p6dy, alebo povodne spbésobené vystupomepalych véd na povrch pddy.

Tento prispevok vznikol s podporou softvéru ziskang ramci OP Vyskum a vyvoj pre projekt Centra
excelentnosti: ,Centrum pre rozvoj sidelnej infraktiry znalostnej ekonomiky* SPECTRA+ (ITMS
26240120002), spolufinancovany zo zdrojov Eurépskehdu regionalneho rozvoja.
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