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Abstract. In recent years, the dealing with natural hazards1 Introduction: Dealing with natural hazards in

in Switzerland has shifted away from being hazard-oriented  Switzerland

towards a risk-based approach. Decreasing societal accep-

tance of risk, accompanied by increasing marginal costs oPue to economical (increasing marginal costs of protective

protective measures and decreasing financial resources caugeasures) and environmental reasons (negative ecological

an optimization problem. Therefore, the new focus lies onimpacts of the protective measures) as well as societal con-

the mitigation of the hazard’s risk in accordance with eco-cerns about hazardous events, dealing with natural hazards

nomical, ecological and social considerations. in Switzerland has recently shifted away from being hazard-
This modern proceeding requires an approach in whichoriented towards a more risk-based approach. The protection

not only technological, engineering or scientific aspects ofagainst hazardous events is no longer the primary guideline

the definition of the hazard or the computation of the risk arefor risk management, the new focus lies on the mitigation

considered, but also the public concerns about the acceptan& the hazard risk in accordance with economical, ecological

of these risks. These aspects of a modern risk approach e@nd social considerations. This newly introduced “culture of

able a comprehensive assessment of the (risk) situation andisk” is mainly characterized by PLANAT (the Swiss Natu-

thus, sound risk management decisions. ral Hazard AdViSOfy Committee under the authority of the
In Switzerland, however, the competent authorities sufferswiss government) and their paradigm: “From the avoidance

from a lack of decision criteria, as they don't know what risk Of hazards towards a culture of risk?llANAT, 2009.

level the public is willing to accept. Consequently, there ex-

ists a nged for the aut.horltles to know what the society thlnks2 State of the art: A risk-based approach or a new cul-

about risks. A formalized model that allows at least a crude !

. . o . ture of risk
simulation of the public risk evaluation could therefore be a

useful tool to support effective and efficient risk mitigation The modern swiss proceeding requires a comprehensive ap-
measures. proach of dealing with hazard risks. Not only technological,
This paper presents a conceptual approach of such an evaly gineering or scientific aspects of the definition of the haz-
uation model using perception affecting facté¥d F', evalu- 44 or the computation of the risk have to be considered, but
ation criteriaf’C and several factors without any immediate 55 the public concerns about the acceptable level of these
relation to thg .r|sk itself, but to the evaluating person. Fi- risks. Together, both aspects of a modern risk approach en-
nally, the decision about the acceptane of a certain risk g6 5 comprehensive assessment of the (risk) situation and,

i is made by a cpmparison of the perceived Wk, With ;5 4 sound decision about the necessary risk management
the acceptable risR; 4. measures.
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2.2 Problems of a risk-based approach

RISK ANALYSIS RISK EVALUATION
ientific characterisation of risk socio-political / moral-ethical . . .
sintife chrtriston o i B | rortas acceptance of risk Despite the large potepUaI of a rlslf—based approach for a
Rop; Roce sound and comprehensive dealing with natural hazards, there
: : are problems that have to be addressed. Risk managers, who
what can happen ? what may happen ?

have to decide what level of risk is acceptable are mostly
technological experts. But, very often they have to make
\ judgements about the way the “lay” public perceives and
evaluates the risks to account for societal concerns. As this
\ , information is usually not available, risk evaluation is often
a knowledge gap in the risk management process.

RISK MANAGEMENT A model that is able to simulate the public risk evaluation
comparison of Rgpj and Race could be a helpful tool for the risk managers. Therefore, one
> possible initial states: of the aims of the proposed project carried out by the Chair of
Robj = Race Land Use Engineering (LUE) of the Swiss Federal Institute
Robj = Race of Technology in Zirich (ETH Zirich) is, primarily, the de-
Robj < Ryce velopment of a conceptual framework of such a model and,
: : secondarily, the testing and validation of these framework us-
impementation of messies ing case studies. Within this paper, however, the main focus

lies on the conceptual framework.
Fig. 1. The three cornerstones in a modern risk-oriented approach D€veloping such an evaluation model, means addressing
defining the “risk triangle”: risk analysis, risk evaluation and risk Problems that can be summarized in the question: “What
management. level of risk is acceptableR,..) and how can it be calcu-
lated in a model?”. Although it is well documented what
factors affect the perception of risks, it is still not absolutely
2.1 The risk triangle clear which of these factors are relevant for the evaluation
of natural hazards. Most of the perception research within
It makes sense to base the swiss risk-based approach on tkige last thirty years was made in the field of technological
components risk analysis, risk evaluation and risk managehazards. The research is mainly based on the initial work
ment as mentioned bilollenstein(1997. These compo- of Farmer(1967 and Starr (1969 and was then improved
nents are interrelated and influence each other what can by e.g. Slovic (e.gSlovic et al, 1986 Slovic, 1987, Renn
illustrated using the picture of risk triangle’ (see Fig. (e.g.Renn 1998 2001, Renn and Klinke2002 and others
Risk analysis is the process of quantification of the prob-(e.g. Kasperson et 31.1988 Zwick et al, 200). Never-
abilities and expected consequences for identified risks antheless, during the last years, several research studies were
answers the question “What can happer&RA, 2005. The  also conducted in the field of natural hazard risk perception
resulting risk is often called the effective or objective risk (e.g.Litai et al, 1983 Rogers 1984 Fell, 1994 McDaniels
Ry»j and provides information about the extent and fre- et al, 1995 1996 Finlay and Fell 1997 DeChano and But-
guency of the expected damage of an event. The simpleder, 200 Plapp 2004 Siegrist et al.2004).
definition of R,,; is the product of frequency (or probability) Furthermore, there exist several attempts to integrate risk
of event occurrencé times the extenE of the associated perception findings in engineering approaches of risk evalu-

consequence, i.e. ation. So far, in Switzerland such integrative work was es-
sentially done in the field of technological hazards on be-
Ropj =F - E (2) half of companies or federal agencies (&ghneider1985

Bohnenblust and Troxletl987. In recent years, also pol-

Risk evaluation is a socio-political and moral-ethical pro- jcy guidelines and regulatory applications of swiss federal
cess in which judgements are made about the significancggencies integrating these approaches were developed (e.g.
and acceptability of risksSRA, 2009. It produces the in-  BUWAL, 1999 EDI, 1989.
formation that is need to determine the acceptable level of
residual riskR,... Therefore, it answers the question: “What 2.3  Current approaches of risk evaluation in switzerland
may happen?”.

Based on possible initial states comparing the results ofThere is a small number of approaches to define an accept-
risk analysis and risk evaluation (see Flg, risk manage- able level or riskR,.. applied in Switzerland. On the level
ment aims at reducing unacceptably high risks and preventef the individual risks are these the approaches of the abso-
ing other risks from becoming so by maintaining a safe statelute Threshold Values of risk (Risiko-Grenzwerte) and the
For this purpose, it combineR,,; and R, in a political Marginal Costs (Grenzkosten) that the society is willing to
process and implements measures based on economic apdy to prevent damage, e.g. one casualty (elerz et al,
technological principlesHeinimann 2002). 1995 Bohnenblust and Slovjd 998 BABS, 2005.



Th. Plattner: Modelling public risk evaluation of natural hazards 359

The evaluation of the collective risk and the definition of or an exponent
an acceptable level is sometimes done using the Boundary .
Line approach (e.gFarmer 1967 EDI, 1989. Due toits Rac=F-E (6)
comprehensibility, it is mainly applied in regulatory appli- . . .
catiopns. Howev>elr more imgortg%t is the gpproagh (F))fpthe The authqr calls the outcome of this approach "aversion-
Aversion Term (e.,gBohneanust 1985 Schneider 1985 correcteo_l” ”SkR.AC due t(? the fact tha_t only the extent of
Bohnenblust and Troxled987. This approach is used fre- dgmage Is considered using t_he ﬁi"erm”” curre?t prac-
quently in the field of natural hazards (eRIJWAL , 1999 t|.ce, however, the resulting risk is often called “perceived
BABS, 2009, although it was mainly developed in the field iSk” Rperc, although all the rest of the factors (e.g. men-

of technological hazards (e lgitai et al., 1983 Bohnenblust tioned n the proposed Ilte_rature n SeEtZ) affecting the
1985 Schneider1985. perception and the evaluation of risk are disregarded.

Both formal procedures of collective risk evaluation are This approach is often combined with the marginal costs

based on the same theoretical assumption: the difference bgpproach. The aversion-correctéid¢ (or even perceived

tween the effective riskR,;,; and the acceptable risk level risk Rl’m_) iS_ mostly multiplied with the margi_nal (.:OSt.S o fa
Race (Boundary Line) or the perceived rig,.. (Aversion damage indicator (i.e. the costs that the society is willing to

Term) is caused by the exteftof the direct damage of an pay to prevent that damage). The resulting value is called the

event. The extenk of the direct damage works as the basis monetarised, aversion-corrected (or even “perceived’) col-
for the risk aversiony, according to lective risk and enables the comparison of different risks and,

thus, the definition of a acceptable risk level (&/prz et al,
a= f(E)=a(E) 2 1995 BABS, 2009
Both in the case of the Boundary Line and the Aversion

Thus, according to these two approaches, risk aveksion Term, the relations

is the driving criteria of risk evaluation and is a surrogate for
the public concerns about the (large) extent of event damagg gy ~ 1 and da/dE > 0 (7
and the incalculable indirect costs following such an event.

The indirect costs contain a number of aspects, e.g. the cost®ld, i.e. risks with a greater extent of damage are artificially
of recovery, costs of medical care and the costs of destroyednd progressively increased.

infrastructure (e.gSchneider1985 Bohnenblust and Trox-

ler, 1987 Merz et al, 1995 Fuster 2009 that have to be
defined seperately for every event. 3 Principles of a conceptual approach of natural hazard

risk evaluation
2.3.1 Boundary line
The current risk evaluation approaches provide a wealth of
The two procedures differ in the way of including risk aver- knowledge for the development of a conceptual risk evalu-
siona. Within the approach of the Boundary Line constant ation approach regarding natural hazards. But it has to be
risk R.ons: iS represented on a double-logarithmic chart, plot- assumed that there are differences between the characteris-
ting the frequency and the extent of damage of events,  tics of technological and natural hazard risks that must be

by a line with the gradieng(B) taken into account in an evaluation approach. Therefore, the
Alog(F)) proposed concept is based on the following elements:
g§B)=———==-1 ®3) , o :
A(log(E)) — a mathematical formalization of the theoretical model

and risk aversion can, therefore, be accounted for by chang- ~ background,

ing the slope of the boundary line such that _ )
— a sound representation of the knowledge about risk per-

2(B)xa = g*(B) = g(F™) - @) ception and evaluation of natural hazard risks, and
A(log(E))

i.e., if the extent of damage doubles, the acceptable fre-
quency of an event is no longer half as high, but less than

half. In Switzerland, this approach is used e.g. in the Swiss3 1 The theoretical background of the conceptual approach
Ordinance on Technological Hazardl, 1989. However,

a prOblem of this approach is that it is often not obvious if Using the proposed Conceptua| approach' three different
and to what extent risk aversion has been integrated. types of risk are relevant (See F@_ The persona| estima-
tion of the effective risk,,; is the point of origin for the risk
perception. But as stated in Se22, there are several factors

The aversion term approach integrates the risk aversion in thlenfluencmg the perception that are not included in the figure

representation of the actual risk, either using a faet@r) of the objective risk.
' These factors are key elements for the calculation of the

Rac=F -E - -a(E) (5) perceived risk ., that either can be smaller or larger than

— the appropriate role and representation of the evaluating
person

2.3.2 Aversion term
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an amplification effect for e.g. the overBlA F when several
paf; change since the individudt A F components have a
multiplicative effect after

Tperc = TFopj * ((a1* pafixaz* pafa*...xay * pafy))(11)

wheregq; is the weight andpaf; the value of theth PAF
component. Thereby, the following relation holds

Probabilty of an event

paf; = 1 < neutral value opayf; (12)

For the acceptable risk.. the same combination rules are
valid, so that it looks like

Extent of damage

Face = TPperc * (a1 % ecy®ap sk eco * ... % ay xecy)) (13)
Fig. 2. The three different types of risk used in the proposed concep-

tual approach and the differena&g; andd E, which are caused by ~ whereg; is the weight andc; the value of theéth EC com-
the effects of the Perception Affecting Factérd F and Evaluation ~ ponent. Thereby, the following relation holds, too

CriteriaEC.
ec; = 1 & neutral value okc; (14)

The “person model”, finally, is used to create model evalu-

the ojective riskr,,;. In Fig. 2 it is assumed that the per- " th the helo of a Monte-Carlo-Simulation. Th
ceived risk is larger than the effective risk, depending on thedlorsme; Wi € help of a vionte-Larlo-simuiation. these
odel evaluators are supposed to be surrogates for the real

occurrence of the relevant perception affecting factors. Th ite individual d will then b ded with .
effective (or objective risk) and the perceived risk do not pro- e Individuals and wi then be provided with an appropri-
e weighting factog,; .

vide the necessary information about the acceptance of a ceft 2 N “ -

tain risk. Therefore, the acceptable rigk. has to be known. _The risk model” and the “person model” will be com-

In Fig. 2 it is assumed to be smaller than the perceived anubmed after

the objective risk. The differencesE; (betweenr,.. a}nd Fperc.me; = Tobj - PAF - e, (15)

rob;) andd E; (betweerr,,; andr,,.) are caused by differ- _ _ _ _

ent occurrence of the relevant factors. In the proposed apfor the perceived risk and in accordance with

proach, _these fact_ors with their specific occurrence are gallegacc’mei = Fperc  EC - gme, (16)

Perception Affecting Factor® AF and Evaluation Criteria

EC. for the acceptable risk. Consequently, the decision about the
The conceptual approach is based on two “models”. Onacceptancedcc of a certain individual risk; can now be

the one hand a “risk model” aiming at modelling the risk, made in accordance with EdL9)

and on the other hand a “person model” aiming at modelling 1if < _
the evaluating person. Acc = { 0if r””c””e' N r““””el @17
There are three relevant assumptions as a basis for the perc.mei = tacc.mei
“risk model”. Firstly, the perceived individual risk,,. does As the proposed risk evaluation approach aims at mod-
not comply with the objective individual risk,,; (see also elling the evaluation of the collective risk, this risk has to
Fig. 2), i.e. be calculated. In its easiest definition, the collective risk is
defined as the sum of all individual risksof a community
Fperc 7 Tobj (8) according to
Secondly, it is assumed that, using a set of perception af- n
fecting factorsP AF as well as the objective individual risk R = Zri (18)
robj, the perceived individual risk,,.. can be calculated ac- i=1
cording to Therefore, it is possible to compute the perceived collec-
Fpere = F(PAF, ropy) ) tive risk R ... as well as the acceptable collective riBk..

in accordance with Eql@), so that the acceptance:c of a
And thirtly, it is assumed that the acceptable individual certain collective risk can now be made after
risk r4cc can be calculated, in accordance with the opinion of Lif Rperc < Ruce
Hollenstein(1997), using the evaluation criteriaC and the ce= {0 ifR <R
. . .. . perc acc
perceived individual risk ¢,

(19)

If a certain collective riskr; is acceptable{cc=1), this
Face = fEC, pere) = f(EC, PAF, ropj) (10) risk R,cc.; can now be compared with the objective collec-

. . tive risk R,p; ; Within the risk management. This comparison
The general conceptual model approach is defined by th?hay provfgglthree possible statesgi o P

way the above mentioned model parameters are combined.
It seems to be useful to choose a geometric approach witlR,y; ; < Racc,i (20)
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Robji = Racc,i (21) Table 1. List of relevant perception affecting factoPsA F, incor-

orating a subjective measure of the components of the effective
Robj,i > Racc,i (22) P g ) p

risk rop;. The factors in the column on the right are those known
from literature. Note: The suggested selection of factors is work in

The states of Eqs2() and @1) only require monitoring, progress and subject to change.

whereas the state characterized by the 2g) (neans that

risk mitigating measures or measures increasing the accep-
tance of the risk have to be taken.

PerceptionAffecting Factor

represents

4 A proposition for the implementation of the current
knowledge about risk perception and evaluation

One of the major objectives of this study is to advance the
consideration of the current knowledge about risk perception
and evaluation of natural hazards in the approaches of risk
evaluation. Therefore, the use of perception affecting factors
P AF and evaluation criteri& C is suggested to compute the
perceived indidvidual risk,,,.. and the acceptable individual
risk race-

4.1 Perception Affecting Facto3A F and Evaluation Cri-
teriaEC

\oluntariness:
Reducibility:

Knowledge:

Endangerment:

Subjective measure of:

Voluntariness
Reducibility,
Predictability,

Avoidability

Familiarity,

Knowledge about risk,

Manageability
Controllability,

Number of people affected,

Fatality of consequences,

Distribution of victims

(spatio-temporal),

Scope of area affected,

Immediacy of effects,

Directness of impact

The PAF are the relevant driving factors of natural hazard
risk perception on the individual level. The determination of

Extent of damage:
Frequency of event:

Extent of damage
Frequency of event

the PAF is based on a survey of literature about risk percep-
tion in all fields of risks but a main focus of natural hazards
(e.gFarmer 1967 Starr, 1969 Slovic et al, 1986 Slovic,
1987 Fell, 1994 McDaniels et al. 1995 1996 Finlay and

Fell, 1997 Renn 1998 2001 Renn and Klinke2002 Zwick

et al, 2002 Plapp 2004). Subsequently, a qualitative selec-
tion process aiming at the elimination of collinearity effects
among the factors was conducted. The resulting set of factors
was submitted to a group of experts from technological, ad-
ministrative and social institutions dealing with natural haz-
ards. These experts assessed the relevance of the individual
factors for the perception of natural hazard risks and these
results were then compiled. Consequently, a smaller list of
relevant factors affecting the perception of risk resulted and

Probabilty of an event

was test_ed, again on a qualitative basis, a second time fOgjg. 3. The differencei £, andd E; between can, at least partly, be
collinearity, such that redundant factors could be groupedexplained by additional factors, as e.g. the voluntariness of a risk.

without significant loss of information (see Tallp
The PAF are used to calculatéE, after

Extent of damage

dE> = f(PAF) (23)
and thus
perc = Fobj — dE> (24)

The influence of a singl® A F' on the perception of a risk
can be illustrated with the example of the “voluntariness”. As

drawn the conclusion, that the acceptable level of an invol-
untary risk should be lower than the acceptable level of a
voluntary risk.

According toHollenstein(1997) the evaluation of a risk is
based on the perception of the risk. The key question is, what
are the criteria to define the level of the acceptable risk, i.e.
what are the relevant Evaluation Crite#ia’? These criteria

the literature shows, there is more willingness to accept vol-are important for the definition of the acceptable indivdual

untary than involuntary risks and involuntary risks are per-
ceived to be higher than voluntary risks (Starr, 1969.
Based on these facts, it can be assumed that a risk that
taken voluntarily may be larger than the effective rigk;,

risk rgce.

As a working hypothesis, it is assumed that the in Tdble
imentioned factors can also be used as Evaluation Crif&Tia
to calculatel E1 after

and, on the other hand, that an involuntarily taken risk should

be smaller than the effective risk (see F3y. Thus, it can be

dE1 = f(EC) (25)
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Table 2. The PAF andEC and their component values and weight- The proposed mpdel of natural haz?r,d, risk eYa'“a“O”
ing values. Note: the weighting value is the result of an expert WOrks, therefore, with an enhanced definition of risk aver-

workshop at the ETH @rich on 23.11.2004. sion. In addition to the expected extent of damagemore
aspects are included that are assumed to be important. These
PAF/EC Component Weighting are mainly the following items:
value valuew
— Expected extent of consequencgs,, of an event.
[0.5-2.0] [0.0-1.0] o _

- - — — “Speciality” of an event (extraordinary event vs. normal
\Ff)'gmat:',?ess !_(50555260] W(Vz(‘)oég? events): the speciality of an event can be measured us-
KﬁO\l/Jch:(Ia dlgltg re_>£—.[0_5—.2] q V\‘:\Eg};);o a5 ing a surrogate, e.g. the frequency (or the probability of
Endangerment d=[0.5-2.0] w(d)=0.667 occurrence) of the event.

Measured _ ~ — Perception Affecting Factor® AF: since the magni-
&Xéighfég?r”eseuqe“nences"f’ %j%‘éofaz'o] xcefl’l)‘l tude of the potential damage is relevant for the risk
quency =[0.5-2.0] €)= evaluation, the scale for judging this magnitude is
also important. The reluctance of an evennay be
stronger than that of an eveyiteven though the rela-
and thus tions Rpj i <Ropj, j aNdCeyp i <Ceyp,j May hold. This
can e.g. occur whehresults from an involuntary ang
Tacc = Tobj — dE1 (26) 9 Y ﬂ

from a voluntary activity. The influence of the percep-

Thus, a factor is not only relevant for the perception of a  tion affecting factor "Voluntariness’ results in the rela-
risk, but also for the evaluation of a risk after 0N Rperc,i>Rperc, -

EC = f(PAF) 27) Thus, within the propsed conceptual approach both the ex-
pected consequence€s,, and the frequency (or probabil-

and it can be assumed that the occurrence of a factor for thay p) of an event have to be integrated within thd F and

evaluation of risk is different from the occurrence of the sameEC (see Table).

factor for the perception of risk. Additional Evaluation Cri-  The relevant factors of risk perception and evaluation have
teria EC according to to be “transformed” into figures. When calculating a specific

risk, the PAF and EC receive a component value between
ce ECAcé¢ PAF (28) 0.5 and 2.0 (that is equal teuf; after Eq. (1) and Eq. {2)

or ec; after Eg. (3) and Eqg. 14) and a specific weighting

will only be defined if it appears to be required for the model. value (that is equal ta; within the Eq. (1) and Eq. (3))

4.2 Quantification o AF andEC that is currently based on an expert workshop hold atthe ETH
' Zurich (see Tabl®).

The quantification of the AF and EC is an important step. The extent of risk aversion can then be estimated e.g. us-

Several data sources are analysed with regard to quantitati89 the values of the expected consequerces (or, as an

values for theP A F and theEC: approximation, the extent of the direct damagp the fre-

quencyF (or the probability of occurrence) of an event as
— risk perception literature: explanation reports aboutwell as the weighting of the factors affecting the perception
risk perception studies (with a focus on studies accom-(P AF) and the evaluation{C) of a risk. Thus, the findings
plished in central Europe). of Kahneman and Tverskil 979 have to be taken into ac-
o count. The Prospect Theory reveals that human risk percep-
— data from a recently finished survey about the percepyjon is an asymmetric and non-linear process in which more
tion of natural hazards risks in Germarilgpp 2004. emphasis is put on the “losses” as a possible outcome of a
— data from a survey about the perception and evaluationdecISIon than on the pos§|ble gains™ (see M. .
. ; ) o The value (utility) function of the Prospect Theory is based
of natural hazard risks in Switzerlan&iégrist et al. . :
2004 on the assumption that changes are the carriers of value and
' these changes are made in relation to a reference point work-

In accordance with the findings of risk perception and ing as the zero point of the value scale
evaluation research, it has to be stated that risk aversion i% (x) =0 (29)
more than a function of the extent of direct damage. For
example, the indirect effects of hazardous events (e.g. costs As shown in Fig.4, the resulting value function is con-
of enacted laws, costs of psychological support of affectedcave for gains and convex for losses and is steepest at the
people, cost of recovery actions, etc.) have also to be consideference point itself. Furthermore, the value function for
ered. Both indirect and direct effects can e.g. be included ifosses is steeper than the value function for gains and the
the term expected consequencgs,. marginal value for both gains and losses are decreasing. But
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v Table 3. The terms “Loss” and “Gain” of the Prospect Theory are
used as surrogates for a specific set of the risk aversion charac-
area of gains teristics. They get the value of 2 (“Loss”), 1 (“Neutral”) and 0.5
(“Gain”) and work aspaf; or ec; within the Eqgs. 11) to (14).
reference point:
v(x)=0 Component  “Loss” “Neutral” “Gain”
Tosses' ™ x 'gains' PAF: Involuntary Neutral \oluntary
Reducible Neutral Irreducible
area of losses Experience with Neutral No experience with
Dreadful Neutral Without dread
Measure of large Measure of small
extent ofCexp Neutral extent o€y,
Measure of highF  Neutral Meassure of low
Value: 2 1 0.5
Resultsin:  Risk aversion Neutral No risk aversion
Fig. 4. The asymmetric and non-linear value function of the
Prospect Theoryahneman and Tversk§979 puts more empha-
sis on “losses” than on “gains”. 4.3 The representation of the evaluating person

The proposed risk evaluation approach aims at modelling the
evaluation of the collective risk,,;;. In its easiest definition,
the collective risk can be defined as the sum of all individual
finally, the value function can also be convex for gains andrisksr ., of a community according to Eql8).
concave for losses since, Eahneman and Tversk{1979 The riskr .. perceived by an individual not only depends
write, the derived value function of an individual does not on the above mentioneBA F factors and the effective risk
always reflect “pure” attitudes to money, since it could be r,,;, but also on factors that have no immediate relation to the
affected by additional consequences associated with specifidsk itself, but to the evaluating person. Among these factors
amounts. Such perturbations can readily produce convex reare for example:
gions in the value function for gains and concave regions in
the value function for losses. The latter case may be more
common since large losses often necessitate changes in life _ pis or her social environment (structural and cultural
style. properties of the community)

— the person’s economic perspectives

Using the findings of the Prospect Theory, a possible con- — his or her values and world views
cept for estimating the extent of risk aversion could be the
measure of the aversive and non-aversive impact8 Af
and EC. Such a measure can be done e.g. using a proceed-
ing like the one drafted in Tabld. The component values These individual factors should be accounted for in a
paf; and/orec; [0.5-2.0] describe the occurrence oPa F comprehensive approach of risk evaluation, even though the
and/or aEC in a certain risk situation. model aims at the collective acceptable risk leRgl.. How-

ever, considering these factors on a really individual basis is

The super-proportional weighting of the “losses” complies almost impossible, since it would in principle require that
with the assumption of risk aversion used in the introduceddata about each and every person is gathered. Instead, a sur-
approach: an outcome that does not comply with the ob+ogate “model evaluator” is introduced. For this purpose, a
jectives and the idea of a “gain” of the relevant people, isbroad classification for each of the above mentioned individ-
weighted as a “loss” and, thus, defined as an negative outdal evaluation factors is defined (e.g., limited/average/good
come. For example, according to the perception affectingeconomic perspectives, instable or poorly developed/stable
factors PAF, an involuntary activity causes risk aversion. and well developed social environment, etc.). Subsequently,
Thus, involuntariness has to be accounted for as a “loss” (du¢he frequency distribution of the population for all factors and
to the fact that, according to the Prospect Theory, “losses’classes is estimated (e.g. relying on national statistic data) to-
causes risk reluctance). This means that the term “loss” is gether with the qualitative effect that a certain class assign-
surrogate for involuntary, irreducible and dreadful risks andment has on the perception. For example, limited economic
those with a high extent of consequenegs, and a high  perspectives or a poorly developed social environment may
frequency. The term “gain”, consequently, reflects oppositemake all natural risks appear more (e.qg., twice as) severe than
aspects: it is a surrogate for voluntary, reducible and dreadgood economic perspectives or a well developed social envi-
less risks with a small extent of consequences and a low freronment, since it is more difficult for the individual to re-
quency. cover from. Once the frequency distribution and the effects

— his or her psychological and behavioral characteristics
(e.g. risk seeking vs. risk averse)
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are determined, a Monte-Carlo simulation can be used to inthe characteristics of the model parameters. Risk aversion is,
vestigate and aggregate a large number of 'model evaluators£ompared to the current practice, used in a clearly different
(each one having an 'individual’ accepted risk;) and thus  way and also with a different intention. One might argue that
also theR,.. can be computed and the acceptability judge-this should at least be reflected by using another terminol-
ment according to Eq1Q) can be made. This is currentwork ogy. However, it is the opinion of the author that the use of
in progress. aversion is justified by the very meaning of the word. This
would be a clear change in practice, and it remains to be seen
if such a change will be endorsed by the risk management
5 Discussion: The difficulties of the proposed approach  community.
A fourth issue is the use of “model evaluators” for repre-
Developing a model requires decisions about the relevance odenting individuals (and on an aggregate level also communi-
several parameters affecting the modelled process. On onges). Social classification has a tradition in psychology and
hand, the more parameters are considered, the better d0§§ciology, but it has probably not been operationally used
the model correspond to reality, but the more demanding itin a context similar to the present one. Currently, neither the
is to use this model. On the other hand, if fewer parame-sensible choice of the ideas nor the legitimacy of the assump-
ters are used, then the application of the model is easier angon that they can be aggregated to represent communities is
the results are generally more stable. However, this comes &flear. Additional work will be necessary to provide a more
the cost of an increased probability of having omitted rele-so|ig foundation for the inclusion of perception factors that
vant factors. The model building process is thus a trade-offyre not related to the risk characteristics.
between the applicability and the representativeness of the A final issue for discussion is certainly the accuracy of the
model. model predictions that can be achieved and the benefits that
From a risk management point of view, a model that al- can be derived
lows at least a rough, though still not completely accurate  from these predictions. Both factors will be difficult to es-
estimation of the risk evaluation is better than having noth-timate before the model can actually be applied to decision-
ing at all. In engineering terms, this means that the goal i gnaking situations. Even if the model application is easy (i.e.,
simple and sound mode rather than a sophisticated and conyt requiring a lot of effort for understanding or data procure-
plicated one. Therefore, the emphasis is on a small numbegent), it is still an additional step in the decision procedure
of relevant factors affecting the risk evaluation, allowing for \ith an initially unproven return. Thus, the benefits that im-
a certain inaccuracy of the mode results. proved information about risk evaluation provides in the risk
However, several critical points of the proposed modelmanagement process must be actively communicated at least

must be remain. First, the idea to derive a normative for-yntil the usage of the model is established in the risk man-
mulation from social and psychological factors originally de- agement community.

rived in a non-normative context and applying this formula-
tion within an engineering context may give raise to ques-
tions. However, managing risks involves making decisions,6 Conclusions
and while it is obvious that a perfect representation of the
real risk evaluation will never be possible, one should never-A new culture of dealing with natural hazards requires a risk-
theless try to improve the basis for the decision making. Thebased approach. But why is it necessary to introduce a new
goal is not to replace the evaluation process, but to facilitaterisk culture? What are the driving factors of this develop-
the selection of 'good’ options (i.e., those that are likely to ment?
be in line with the evaluation) within the framework of risk  In recent years, there is an increasing societal claim for
management. security and a decreasing level of risk acceptance. Further-
A second issue is the definition of theA F components  more, there are increasing marginal costs of risk protective
as suggested above (including their weights and scales). It imeasures, but decreasing financial resources for the man-
obvious that lay persons play a vital role in evaluating risks.agement of natural hazards. This results in an optimization
They should be represented in the definition of the factorsproblem and raises the questions “How can the financial re-
that drive the model. This was not possible due to time andsources be used most efficiently?” and “How can the most
budget constraints. This is a shortcoming of the chosen apeffective risk mitigation measures be achieved?”. Since fi-
proach, but the author hopes that he will be able to (partly)nancial resources are becoming more and more restricted, the
compensate it by using the results of recent and current inallocation of the money is regarded critically by the public.
vestigations about the public perception of natural risks fromTherefore, the competent authorities, working on behalf of
Switzerland and Germany for calibration and validation of the society, have to consider not only the scientific findings
the model. and methods for computing the risk, but must also include
A third issue is the inclusion of risk aversion in the evalu- the public concerns.
ation process. While aversion was the only factor considered One of the key problems is the lack of information about
so far in formal evaluation procedures, it may almost disap-what the societal risk acceptance ex-ante (i.e., before an
pear as a factor in the new model since it is expressed byvent). After an event, the society often simply requires that a
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similar event may never happen again. There are many casdé&armer, F.. Siting criteria — a new approach, in Containment and
of catastrophic events, mainly in the field of technological siting of nuclear power plants, edited by IAEA, pp. 303-329,
hazards, that resulted in societal risk acceptance levels. An International Atomic Energy Agency (IAEA), Wien, 1967.
example is the fire in a chemical storage facility in Schweiz- Fell, R.: Laqulide risk assessment and acceptable risk, Canadian
erhalle in 1986 that led to the development of the Swiss Ordi-_ Geotechnical Journal, 31, 261-272, 1994.

nance on Technological Hazardsd8allverordnung) EDI, Finlay, P..and Fell, R.: !_andslldes: risk perception and acceptance,
1989 that now regulates the handling of technological risks Canad'an.qeOteChn.'cal Journal, 34, 169_185’ 1997'

: . - . Fuster, T.: DiecOkonomie von Naturgefahren. Orientierungsmarken
in Switzerland and considers the_ acceptable level of risk (US- 4o Asiatischen Entwicklungsbank, Neueiirzher Zeitung

ing the approach of Boundary Line). However, examples of (NZZ), Nr. 305, 30. Dezember, p. 21, 2004.

a proactive defil’lition Of a SOCietaI Safety IeVeI are rare. InHeinimann’ H.: Risk Management — a framework to improve ef-
the field of natural hazards, the society never defined what fectiveness and efficiency of resource management decisions, in:
levels of risk are acceptable. Thus, the competent authorities 23rd session of the European Forestry Commission’s working
suffer from a lack of decision criteria, although the protec- party on the management of mountain watersheds, edited by:
tion of the public is one of their major tasks. Consequently, Greminger, P., pp. 16-19, Bundesarit fVald, Umwelt und
there exists a need for the authorities to know what the so- Landschait (BUWAL), Davos, 2002.

ciety thinks about risks and what level of risk the society is Hollenstein, K.: Analyse, Bewertung und Management von Natur-
willing to accept. A formalized model that allows the simu- Es'ken' Vde’) HOC(;'?FChUNe”a}E _ElTDHLZ'Ch’tZT‘rr]'Ch’ 1997. vsis of
lation of the public risk evaluation could be a useful tool to ahneman, D. and Tversky, A.: Prospect Theory: an analysis o

. - . e decision under risk, Econometrica, 47, 263-291, 1979.
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