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ABSTRACT: Loss of life is not explicitly consideréal the curent Dutch flood safety policy. This papee-

sents the results of a preliminary study in which nationwide risks of loss of life were estimat€de risks
of loss of life are expressed as individual andetatrisk. The first metric is defined as the aalnprobability
of death of an average unprotected person at &fimed location, the second as the cumulative poitibaof

the number of fatalities. This paper covers esiimmabf societal risks for all flood prone areas-¢sdled dike
rings) in the Netherlands.

1 INTRODUCTION The second risk metric that is being considered by
In the Netherlands, the government is currently inpolicymakers is individual risk. Individual risk dse-
vestiging how potential loss of life due to floodin fined as the probability of death of an average, un
can be taken into account in a revised, risk-baseprotected person that is constantly present atra ce
flood defence policy, see also “The potential uke otain location (note that evacuation could be inetlid
individual and societal risk criteria within the @b in an alternative definition). As levels of indival
flood safety policy (part 1): basic principles” (-  risk are highly dependent on local flood conditions
jan et al., 2009) for further background. and topography, it is troublesome to estimate indi-

These policy developments have led to a demanddual risks throughout low-lying regions, without
for quantitative estimates of the risks to lifeah  detailed information from flood scenario calcula-
flood prone areas in the Netherlands, the so-calletions available. No nationwide estimates are there-
dike rings. It would be preferrable to provide esti fore presented for individual risk.
mates based on detailed risk analyses see e.g.This paper is structured as follows. Section 2 pre-
(Jonkman et al., 2008) for an elaboration for tlke d sents the methodology for the estimation of soktieta
ring area South Holland. Such detailed analyses aresk and its calibration based on the results sihall
currently being carried out in the Flood risk andnumber of detailed existing risk analyses. Sec8on
safety (FLORIS) project that is executed by thepresents the input information for the nationwide
Dutch Ministry of Transport, Public Works and Wa- study: estimates of flooding probabilities and aver
ter Management in cooperation with water boardsge consequences by dike ring. Section 4 presents
and provinces. The results of the FLORIS projecthe societal risk estimates for all dike rings e t
will come available in the year 2011. Hence, well-Netherlands. Specific topics, such as the cumulatio
founded risk estimates for all flood prone areas irof risks within a hydrological system, and a com-
the Netherlands are unavailable at this stagerdaro parison with other risks are discussed in section 5
to give a first, crude indication of the level éddd
(fatality) risk in the Netherlands, it was therefate-
cided to use an approach that combines informatio APPROACH ON DETERMINING SOCIETAL
from a limited number of detailed risk analyseshwit
expert judgment.

Societal risk refers to the probability of an acci-One of the objectives of this study was to deteemin
dent with many fatalities and it is also used withi up to date estimates of the societal risks in The
the Dutch major hazards policy. Societal risk is-ge Netherlands, related to floods. For all dike rings,
erally depicted as an FN-curve, which shows theietal risk estimations had to be made, largelyhan
probability of exceedance of a certain number of fabasis of expert judgment. Three methods were iden-
talities. tified at the start of the project to estimate stadi

risks on the basis of only limited data.

2.1 Approach to determine Societal Risk



These methods are described in the following para-
graphs. Only one of the methods was selected an Method 2: Multiple point estimate
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2.1.1 Method 1: a frequentist approach

In this method, estimates of the number of fatiti
in a flood, and the flood probability are used ¢one
pute an FN-curve. Uncertainties are representesl by
confidence interval: upper and lower bounds. This
method results in a block shaped FN-curve. Figuré
2.1 shows an example of such an FN-curve, togethe —5— Muttiple Poimest‘imate\
with its confidence interval. Lo0E07
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Method 1: Point estimate Figure 2.2. FN-Curve based on multiple point estéva
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An advantage of this method is that its underlying
philosophy matches the one that underlies existing
1.00E-04 » risk estimates (from the FLORIS project)..
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1.00E-05 ] ] 2.1.3 Method 3: A simplified Bayesian approach
e ——" Constructing a_probability density function_ for the
LO0E-06 11 g \ean estimate number of fatalities from floods would require s t
—#— Lower boundary compute flood probabilities and consequences for a
10 100 1000 10000 vast number of flood scenarios. This is exactly wha
Number of fatalities is being done within the FLORIS-project for all dik
Figure 2.1. FN-Curve on basis of point estimate. rings in the Netherlands. The results of that mtoje
will come available by the end of 2011. But policy-
In method 1, the probabilities of exceedance showmakers needed insight into the severity of fatality
in The FN-curve are given a frequentist interpretarisks well before that date. A simplified procedure
tion: they should be interpreted as a relativedfesy was therefore designed to estimate societal risks
cies. The intervals around the probability of ex-from floods on the basis of only limited data. The
ceedance and the number of fatalities are thetresuimplified procedure rests on the following assump-
of the uncertainty related to the estimates ofréhe  tions:
tive frequencies and consequences of floods. An im- 1. The probability of flood equals the probabil-
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portant disadvantage of this method is that itseund ity of at least 1 fatality.
lying philosophy differs from the one that undeslie 2. The number of fatalitiegiven floodis (ap-
the existing curves (FLORIS-1). In the FLORIS- proximately) exponentially distributed.

project, probabilities are interpreted in a Bayesia
(subjective) sense, rather than as relative frequerThe first assumption seems relatively uncontrover-

cies. sial as failures of primary flood defenses are low-
probability, high-impact events. Yet the second as-
2.1.2 Method 2: A Bayesian approach sumption need not always be reasonable. It rests on

Method 2 differs from method 1 in that it treatsthe observation that the three available FN-curves
probabilities as subjective figures (a Bayesiaerint (from the first FLORIS project) match this assump-
pretation of probability), rather than as relative-  tion relatively well over the relevant range (thege
quencies. In method 2, the upper, mean, and lowdor which the slope of the FN-curve is between -1
values from figure 2.1 are assumed to belong to and -2; this has to do with typical formulations of
single probability density function. This probatyili FN-criteria). Figure 2.4 shows the comparison for
density function corresponds to a single FN-curvehe calculated FN curve for one dike ring area (Bou
(no bandwidths). This time, the FN_curve does noHolland) that is compared with the approximation.
show uncertain cumulative frequencies and consecomparison of the approximation with the calcu-
quences. Rather, it now represents the uncertaintyted FN curves for two other areas presents a
(related to consequences) itself. broadly similar picture. Although assumption 2 is
When estimating the probability density functionobviously coarse, an assumption regarding the shape
of the number of fatalities, it was assumed (f@-re of FN-curves is unavoidable if we are to estimate
sons of simplicity) that the smallest probabiliyeg  FN-curves for all dike rings on the basis of vény-I
with the largest number of fatalities and the latge ited data.
probability with the lowest number of fatalitieshi$
results in the FN-curve shown in figure 2.2.
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Estimating FN-curves now requires only two figures R

per dike ring: an estimate of the probability afdtl,
and an estimate of the average number of fatalities

a flood:
P(N=n)=P @_fnl (1) Figure 3.1. Flood probabilities.
= f

where:P(N>n) = probability ofn or more fatalites 3.1.2 Fatalities - _

[per year];P; = probability of flood [per year]y = The number of fatalities is determined by several

expected number of fatalities given flood [-]. variables. The key variables can be combined to es-
timate the number of fatalities in floods according
to:

3 INPUT PARAMETERS: FLOOD
PROBABILITIES AND FATALITIES

3.1 Approach

N = NPAR FEXP(l_ FE) FD (2)

where:N = number of fatalities [-]Npar = Number

of people in the dike ring [-Fexp = fraction of peo-
To determine the individual and societal risk fir a ple exposed to the flood [-Ee = fraction of people
dike rings in The Netherlands information wasevacuated [-]; Fp = mortality i.e. the percentage of
needed on the flood probability and number of fatal people killed by the flood.

ties due to flooding. This information was (andlsti For parameter values fblpar Fexp, Fe, information

is) not available for the majority of dike rings @t~ Was gathered from several studies: Klijn et al.
estimates had to be made on the basis of previo@€C07), Goudappel Coffeng (2008), FLORIS-1,

- : ORIS-2, and Jonkman (2007).
studies and expert judgment. For the estimation on the mortalitlyd) flood sce-

narios were grouped into three broad categories.
These are defined by the severity of the floodewat
epths and/or flow velocities, and to what extéet t

3.1.1 Flood probability

For estimates of the flood probabilities, infornoati E
was used from a large ongoing government projec o )
Water Safety in the 21Century (Kind, 2008). In ‘Il'?mcc)edthcrgreni;:ngr)i(gg(;t?eq’ with little or no warning.
that study, flood probabilities were determined for g '

SN . ... — Severe flood (large water depths, high flow ve-
all dike rings in The Netherlands. These probaeédit o . e .
formed the basis for this study. locities, unexpected): mortality is 1 percent;

coastal dike rings.

— Dike rings with some warning time but still ex-
tensive flooding: mortality is 0.7 percent; dike
rings that are both influenced by sea and river

— Dike rings with long warning time and to some
extent expected flood: mortality 0.5 percent; dike
rings along rivers.

Combining these variables according to equation (2)

yields the fatality estimates shown in figure 3.2.



1 4.2 Societal risk and cumulation

3 -
Fatalitles i In the determination of the national level of staiie
[ 10-50 . risk, the possibility that floods occur simultansiyu
B -2 in different die rings, should be taken into acdoun
= 500 - 1000 Experience from historical floods, both in the Neth

I 1000 - 2000 erlands and abroad, shows that it is likely thaltimu

ple dike rings will flood simultaneously during one
flood event, either during a storm surge at sea or
high river discharge. This effect is called cumiolat
and is relevant for the estimation and evaluatibn o
societal risks. Due to the simultaneous flooding of
multiple dike rings, the consequences of a flood
event will increase (but note that the probabititya
flood will be decrease).

Figure 4.2 shows the difference between the FN
curves for a simple system of two dike rings for a
b situation without cumulation (flooding of the aress
g " mutually exclusive) and with cumulation (flooding
ol of dike rings is fully dependent). Each dike rirgsh
flooding probability P and consequences N.

: ; ; Cumulation
(failure of dike rings ) .
mutually exclusive) (failures dependent):

Probability probability
A

Figure 3.2. Number of fatalities by dike ring. A
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A | p

4 RESULTS RISK ESTIMATION —

N Loss of life N 2N Loss of life

4.1 Societal risk _ _

Figure 4.2. The effect of cumulation on the FN-&urv
Based on the method presented in section 2.2 &nd th
input data for probabilities and consequences prefhe effects of cumulation have been analysed as fol
sented in section 3, FN curves were estimatedlifor aows. The dike rings in the Netherlands are located
dike rings in the Netherlands. The results are showin different hydrological systems that are subjécte
in figure 4.1. Each curve represents the FN cuove f to different flood threats. Dike rings in the caast

one dike ring. areas can be flooded by storm surges (different
. i Fatalities 1000 ood groups of dike rings were (_Jllstl_ngu_lshed in the rive

100E-01 ‘ E— systems). And dike rings in riverine areas can be
o008 Lo flooded by rivers. Storm surges and high river dis-

charges have different causes and can be treated a:
independent events. .Figure 4.3 shows the different
subsystems in the Netherlands and the groups of
dike rings within each subsystem. The effect of cu-
mulation has been estimated by assuming that all
dike rings within one subsystem will flood simulta-
P neously. Thereby, the consequences will be equal to
the sum of the consequences for the individual dike
= —=|  rings, whereas the flooding probability of this gim
Figure 4.1. FN-Curve of the Societal Risk, inclglihe Socie- _tane_ous event will be equal for all Q'ke_ rngs. §Fh|
tal Risk for The Netherlands. implies that the FN-curves for the individual dike
rings should be added horizontally. This is a some-
The national level of societal risk is shown ahilb What conservative approach, and further studies are
line and has been estimated by vertically addieg thneeded to determine the exact level of cumulation
FN-curves of the individual dike rings. This imgie Wwithin each subsystem.
that (as a first approximation), floods in differen
dike rings are assumed to be mutually exclusive
events.
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Figure 4.3. Dike rings in hydrological subsystemghe Neth-

erlands.

5 COMPARISON OF SOCIETAL RISK
BETWEEN DIKE RINGS

As part of the investigation, the societal riskdisv

of different dike rings were analyses and compared.
For purposes of decision-making it is relevant to
have an insight into the areas were societal 1as&s
higherss. Two dimensions, i.e. exceedance probabili
ties and consequences, determine the level of-socie
tal risk of a dike ring. In this study, the levél so-
cietal risk for a dike ring was characterized byamse

of one measure: the point where a tangent line with
guadratic steepness crosses the y-axis of the FN-
curve. A quadratic steepness was chosen because i
is expected that this level of risk aversion wié b
used in the discussion on potential safety starsdard
for flood defences. A similar criterion is used it

the Dutch major hazards policy that deals with the
risks to those living in the vicinity of hazardouns
stallations and transport routes (also see Jongjan
al., 2009 for further discussion). The tangent line
therefore has the following general formulation:
P(N=n)=C/n* (3)

where:P(N>n) = probability of exceedance offa-
talities [per year],C = constant that determines the

Figure 4.4 shows the FN curves for each subsysterROint where the tangent line crosses the y-axisef
and the total FN curve that would be found by ¢vert FN-curve [per year]. The value of constahtthus
cally) summing the risks for the subsystems (boldletermines the height of the tangent line. The¢righ

line). The resulting national societal risk linelgh)

the value ofC, the higher the societal risk level. Fig-

is compared with the national societal risk linatth ure 5.1 shows how the value of the constant Cs de
would result if cumulation would not be taken into termined.

account (the dashed grey line). It is clear that th

curve with cumulation shows higher consequences. P(N?n)

Especially if a risk averse evaluation criterion is

Tangent line (quadratic

used, such as an FN limit line with a quadratic ¢ /Steepness)

steepness, this could become very relevant in deci-

sion making.
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Figure 4.4. FN curve for subsystems (including clation
within subsystems) and at a national scale (asguftonds in

different subsystems are mutually exclusive events)

calculated
N curve

n=1 n

Figure 5.1 Determination of the tangent line andstant C for
a calculated FN curve.

The calculated levels of societal risk for all dike
rings were analysed using this approach. Based on
the estimated FN curves (see figure 4.1), Ge
values for the tangent line were determined. The
categories o€-values are depicted in figure 5.2. For
most of the dike rings, the events with fatalities

the range between 100 en 10,000 fatalities deter-
mined theC-values.
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Further detailed risk studies are necessary to
come to a more detailed and accurate understanding
of the level of fatality risks from floods througito
the Netherlands. The outcomes of the FLORIS pro-
ject are expected by the year 2011. These outcomes
will include estimates of the spatial distributioh
individual risks.

The outcomes of individual and societal risk es-
timates provide an important input for the discossi
on acceptable safety levels. As part of this discus
sion, it could be further investigated if and how
standards for individual and societal risk levels
could be used. Calculated risk levels can be com-
pared with existing frameworks for deciding on risk
acceptability, such as the one proposed by Vrijehg
al. (1998). Further studies are needed to see Ifew d
ferent measures influence fatality risks. Fataitks
e can be reduced through either prevention (stronger

e dikes) or a reduction of the potential consequences
of floods (spatial planning, evacuation, etc.).

The presented approach could be relevant for
other (European) countries. In general, risk assess
ments related to floods focus on potential economic

Figure 5.2:C-values for dike rings in the Netherlands (indicat- d@mage rather than loss of life. As shown, it is-po
ing the level of societal risk). sible to get insight into the severity of fataliigks
as well, with relatively little additional effort.

From figure 5.2 it can be seen that dike ringshim t

southwestern part of the Netherlands have relativel

high levels of societal risk. This is because thesREFERENCES
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