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Abstract. Over the last ten years, a risk-based approach tavith complex technical systems such as nuclear power and
manage natural hazards — termed the risk concept — has beehemical industry facilities (seBtarr 1969. In the 1980s
introduced to the management of natural hazards in Switzerand 1990s, the risk concept was introduced to the manage-
land. Large natural hazard events, new political initiativesment of natural hazards in order to quantify the degree of
and limited financial resources have led to the developmenhazard. In Switzerland, results of the research program “Risk
and introduction of new planning instruments and softwareand Safety” (1990-1995) were the starting point for various
tools that should support natural hazard engineers and plarpublications and instruments (e.ylerz et al, 1995, which

ners to effectively and efficiently deal with natural hazards.were subsequently transferred to the field of natural haz-
Our experience with these new instruments suggests an imards (e.g.Heinimann et al.1998 Hollenstein 1997. Fur-
proved integration of the risk concept into the community of ther, publications by the public authorities provided guide-
natural hazard engineers and planners. Important factors fdines and recommendations on how natural hazards should
the acceptance of these new instruments are the integratiopeen accounted for in sustainable land use plannBigF(

of end-users during the development process, the knowledgand SLF, 1984 Loat and Petrascheck997 Lateltin et al,
exchange between science, developers and end-users as wei97). Towards the end of the nineties, based on the work of
as training and education courses for users. Further improveilhelm (1997, two federal guidelines presenting practical
ments require the maintenance of this knowledge exchangeriented methods for the risk analysis of gravitational natural
and a mindful adaptation of the instruments to case-specifihazards and the economic optimisation of mitigation mea-
circumstances. sures were published in SwitzerlanBofter, 1999 Borter

and Bart 1999 Wilhelm, 1999. On the international level,
the results of the International Decade for Natural Disaster
Reduction (IDNDR) paved the way for an increasing aware-
ness of natural hazard risks and several authors considered

Over the last ten years, integrated approaches to manage n P—e risk concept as a key component for dealing with natural

ural hazards have been developed in Switzerl&idA\NAT, azards (e.gIUGS, 1997).

2005 Ammann 2006 and other European countries (e.g., Natural hazard practitioners such as foresters, civil engi-
Jonkman et a].2008 Merz and Emmermanr2006. Com- neers and civil protection officers quickly realized that these
mon denominator of these approaches is the understanding €W methods for risk analysiBorter, 1999 Borter and Bart
natural hazard management as a threefold tislplan and 1999 Wilhelm, 1999 required a large amount of data that
Garrick 1981): (I) the analysis of risk, (Il) the evaluation of Was often not available. Therefore, an additional method
risk, and (111) the finding of appropriate mitigation strategies Was developed, which include the analysis of hazards on ex-
sometimes referred to as management of risk. Such a thredsting data as well as expert judgements and local experi-
fold conception of risk, hereafter called the risk concept, wasences gained in workshops with experts, practitioners, and

first developed as a decision support framework for dealing’®gional representatives of the population. Based on this
so-called “pragmatic approachBéhler et al. 2001), the

Swiss Federal Office for Civil Protection in collaboration

Correspondence tavl. Briind| with the Swiss Federal Office for the Environment devel-
BY (bruendl@slf.ch) oped an e-learning platform and a calculation tool provided

1 Introduction
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Fig. 1. lllustration of the risk concept.

on a CD-ROM that allows for a simplified risk analysis the last two years under the name “RIKO”, will be presented
(BUWAL, BABS, BWG, 2005. The success of this tool and in the next section of this paper.

its broad use in the education of students and practitioners Changes in the Swiss subsidy system, that came into oper-
in Switzerland and abroad (e.g. the tool was translated intoytjon with the 1st of January 2008, forced the Federal Office
Thai) led to the development of the online-software “Risk- tor the Environment and the Swiss cantons, as responsible
Plan 2 Online”. Risk-Plan 2 Online can after registration at eqa| podies for the protection against natural hazards, to pri-
www.riskplan.admin.clbe freely accessed. The background qitise among mitigation projects in order to respond to lim-
and the general setup of this tool, which is available in Ger-jieq financial resources. Therefore, they initialised in 2006
man, French, English and Chinese, are present¢®BN 1o development of a project assessment tool, which would

and FOCR2008 andBrindl et al.(2009. allow prioritising among natural hazard mitigation projects
In 1999, several severe natural hazard events occurre@iccording to their cost-effectiveness. This approach is well
in Switzerland Wilhelm et al, 200Q Brindl and Ricklj in line with the development in other Alpine countries, where

2002, which triggered the further development of refined decis_ion support tools are developed and introduced into
approaches and instruments for the risk based planning dpractice (e.gBLFUW, 2006 2009 Gamper et al.2006.
natural hazard mitigation. Under the impression of these hazJ NiS project assessment tool, named “EconoMe”, will be pre-
ard events that had cost more than CHF 3 billion, the swissented in the third section of this paper. We will demonstrate
government commissioned the National Platform for Deal-the application of the tool by a case study example to ease
ing with Natural Hazards PLANAT (in German, “Plattform the understanding of the workflow.

Naturgefahren”) and assigned it the mandate to develop a vi- First experiences with earlier guidelines by Borto(ter,

sion and a strategy for dealing with natural hazards in thel999 Borter and Bart1999 and Wilhelm @Wilhelm, 1999
future PLANAT, 2005. This strategy is based on the risk showed that the acceptance and particularly the subsequent
concept and aims at an optimised allocation of financial re-application by the practitioners have been limited and that
sources by reducing risk with a given relation of risk reduc- these guidelines have so far not been applied in a consistent
tion cost, also called the marginal-cost criteriddolinen-  manner. The results of risk analyses with these guidelines
blust and Slovic1998 Ammann 2006 Brundl et al, 2006 were not comparable to each oth&Vigkler, 2002 2003.
Fuchs et al.2007). Among other open issues the strategy These experiences suggest that a target-oriented and prag-
has suggested to develop a guideline, which illustrates thenatic introduction of the new tools is the most important
application of the risk concept to common natural hazards inpoint of successful risk assessment tools. A third goal ad-
Switzerland. This guideline, which has been developed ovedressed in the fourth section of this paper is therefore to
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report on the development of these instruments and to dis-
cuss the process of their introduction to the community of
natural hazard practitioners.

General presentation of the risk concept (Part A) ‘

2 The guideline RIKO
2.1 Introduction

RIKO provides a documentation of the theoretical back-
ground and a guideline to the practical application of the
risk concept (Figl), which serves as the basis of the Swiss
National Strategy against Natural HazarBE ANAT, 2005.
The guideline consists of two parts (Fig). Part A of the
guideline presents the risk concept in general and serves
as the theoretical backbone that facilitates the knowledgeig 2 content of the guideline RIKO.
required for the adequate use of the risk assessment tool
EconoMe. In Part B, peculiarities of different natural haz-
ard processes are described and their inclusion into the riskours per day that these persons are present in the building,
assessment and the evaluation of mitigation measures is ex-.g., for 18 hp(e);=0.75. The probability of exposed per-
emplified by corresponding case studies for all hazard prosons in mobile objectp(er) (e.g., in cars) is determined by
cessesHKrundl, 2009. the traffic frequency on roads or railway® D7), the ve-

The heart of the guideline is a very detailed step-by-stegocity of vehiclesv and the length of the endangered traffic
procedure for the risk-based planning and evaluation of natuline sectiong following p(et)=(M DT x g)/v (Rheinberger
ral hazard mitigation projects, which consists of three stepset al, 2009. The number of persons in objects varies in dif-
the risk analysis task, the risk evaluation task and the riskerent exposure situations (e.g., fully booked or empty hotel).
management task (Fid). Following Kaplan and Garrick The consideration of different exposure situations allows ac-
(1981), the risk concept is meant to answer the following counting for risk peaks.
guiding questions: “What can happen?”, “What may hap- )
pen?” and “What needs to be done?”. In the following sub-2-2-3 Consequence analysis

sections we will specify what we mean by these questions. . .
pecify y g The consequence analysis combines the hazard and exposure

Case study avalanche

Case study flood

Case study debris flow

Case study rock fall

Case study spontaneous landslide
Case study permanent landslide
Case study storm

Case study hail

Case study heatwave

Case study earthquake

2.2 Risk analysis analysis yielding the expected damage or loss including all
considered scenarios. In each scenario, the expected loss is
2.2.1 Hazard analysis calculated individually for every object at risk. In a second

step, the expected loss in this scenario is obtained by sum-

The key element of each risk analysis is the hazard analysigning over the expected loss of the individual objects. Gener-
Basic information upon the hazard process can be taken fronically, the expected loss of live4(N) in exposed buildings
terrain analysis, topographic and geological maps, aerials calculated as:

hotographs and satellite images as well as from event in-
Sentor?espand historical chronitg:]les. The physical impacts ofA(N)i’j’k = P($)j > ple)ik X Nik X Ai.j (1)
the hazard are derived from a process analysis, which can b&hereA(N); ; x = expected loss of objettin scenarioj and
enhanced by physical modelling. The results of the hazardexposure situatio; p(s); = spatial probability of the pro-
analysis are displayed in intensity maps for each hazard scesess in scenarig; p(e); x =probability of exposure of the
nario, which indicate at which locations a certain physical objecti in exposure situatiok; N; » = number of persons ex-
impact (e.g., pressure, velocity or inundation depth) is to beposed in object in exposure situatiok; and?; ; = mortality

expected during a reference period. rate of persons exposed in objeaue to the impact in sce-
_ nario j. If injured persons are considered, the mortality rate
2.2.2 Exposure analysis has to be replaced by a factor reflecting the probable degree

of injury at a defined intensity of the process. Both values

In the exposure analysis persons and assets at risk are idegan pe derived from experiences of comparable events in the
tified and their number, type, value and probability of ex- past.

posure is assessed. Exposure varies with different types of The total lossa( N); of scenarioj is then calculated by:
objects, which can be either permanent (e.g. buildings) or

mobile (e.g. persons on traffic routes). The probability of ex- A(N); = > > " A(N)i )
posure for persons in buildings is defined by the number of ki
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2.2.4 Calculation of risk are monetised by the value of statistical life (VSL), which
expresses the amount of money a society is willing to pay

The risk to a group of persons or objects in the hazard aregor averting a fatality (seelammitt 200Q for an overview).

under investigation is referred to as societal risk. Itrepresent$n Switzerland, we use VSL-values between CHF 5 and

the damage or the fatalities that are statistically expected dugo million per prevented fatalityRLANAT, 2009. This

to the hazard impact in scenarjoand is calculated as the value corresponds well with VSL values found in the eco-

product of the expected damage in a scengrémd the fre-  nomics literature Baranzini and Ferro Luzz2001; Leiter
quency of this scenario according to: and Pruckner2008.

Rj=pjx AN); with pj=Pj—Pjt1 @) o4 Planning and evaluation of mitigation strategies
with R; = societal risk of scenarig; p; =frequency of sce- _ _ _ _ _
narioj; P; = exceedance probability of scenajiandP; ;1= The goal of any risk assessment is to find an appropriate risk

exceedance probability of scenaria-1; A(N);= expected mitigation strategy. Starting from the initial risk, all cost-
loss of scenarig. Finally, the total societal risi® can be  effective measures or combination of measures are evaluated

obtained by summing over all scenarios: in a stepwise procedure (Fig). By adding risk reducing
measures to previous measures and by drawing the amount
R = Z R 4) of risk reduction of measures (effectiveness) and their yearly
J expected costs into a diagram, the risk-cost diagram can be

The individual risk for persons in highly endangered objectsderi\{eq- The evalua}tion. of effectiveness (i.e. _the technical
is also looked at. This individual risk expresses the prob_feasmlllty to reduce risk) is based on the analysis of expected

ability for the individuali to die during a reference period consequences after having realised distinct mitigation mea-

(mostly one year) by the specific hazard scengritiis cal- ~ Sures. The costs of mitigation measu€gs) are assessed as

culated by: annuity value of the initial investmerit0), the annual costs
for maintenance” (m) and operatiorC (o), a residual value

rij = pj X p(s)j x p(e)i X Ai,j (5) L(n) after the lifetimen and an interest rate for discounting

and the total individual risk to an individuais then: this annuity value followingVilnelm (1999 (Eq. 7):

1(0)—L(n) N 1(0)+L(n) y P
2 100

ri = rij 6)  C(y)=Cm)+C(o)+ )
J

with r;;= individual risk of persorni in scenarioj; p;=fre- I the risk-cost diagram the optimal mitigation strategy can

quency of scenarig; p(s) ;= spatial probability of the pro- be graphically derived at the tangent point of the risk-cost

cess in scenarig; p(e);= probability of exposure of person curve and the marginal-cost criterion line (F8). The slope
i; A;, j= mortality of person in scenarioj; r;= individual of this marginal-cost criterion line equals the ratio of the

risk of person. amount of risk reduction and the associated costs. If the
risk is monetised (units of risk reduction and annual cost
2.3 Risk evaluation of measures are the same, e.g. Euro per year), the slope of

the marginal-cost criterion ling should be equal te-1 or

The societal and the individual risks are compared with pre-steeper. In other wordsA R/A C>1 with A R being the
defined safety goals for both risk typeBLANAT, 2003.  risk reduction provided by a specific mitigation strategy and
The individual risk is controlled for whether it complies to A ¢ being the associated costs of this strateBgyhnenblust
the prescribed thresholds. The basic idea behind such thresland Slovig 1998 Briindl et al, 2006 Fuchs et al.2007).
olds is that the probability of death due to a natural hazard
risk beyond self-control should not be higher than 1% or2.5 Implementation process of the guideline
more of the lowest risk of death within a societyROM,
1988. For Western societies, these thresholds are in thélhe stepwise structure of the guideline was chosen (I) as it
probability range of 10%/year to 10°8/year (seeJonkman  follows the established risk concept and (lI) as it is believed
et al, 2003 for an overview). The Swiss strategy “Dealing that this workflow enables practitioners with different edu-
with natural hazards"HLANAT, 2005 suggests safety goals cational backgrounds to conduct risk assessments based on
no higher than 410 %<r; <3x107° for involuntarily taken ~ a comparable standard. Hence, the target audience of this
risks . guideline are experts in all kind of natural hazards, who work

The evaluation of societal risk is based on the concept thatainly with private companies but might also be staff mem-
risk can be reduced at proportional cost of mitigation mea-bers of the responsible cantonal and federal authorities. Our
sures Ammann 2006 Brundl et al, 200§. “Proportional  experiences made during the development of the guideline
cost” denotes a relation of risk reduction expressed in moneshow that this methodology provides a common mean for as-
tary units and the yearly cost of mitigation measures. Personsessing all kind of natural hazard processes in Switzerland,
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although the state of process knowledge and understanding
varies from hazard to hazard.

The goal of the guideline, providing a comprehensible
documentation of assumptions and methods for complex risk &
assessment and evaluation of mitigation measures for all
kinds of natural hazards, requires defining process specific.§

Initial Risk

CHF/year]

Alternative Mitigation
®  Optimal Risk Measures

and site specific values like e.g. the vulnerability of building vg < Red”m”.s”ategy ./ \
types or the mortality rate of persons in these buildings. The & °

. . . . . [ Risk-Cost
structured procedure outlined in the guideline serves as basisg / curve

for the development of software tools, like the tool EconoMe

. . AC "Marginal-Cost-Criterion
presented in the next section. ¢ e

>

Cost of Risk Reduction Measures [CHF/year]V

3 The online-tool EconoMe
Fig. 3. Exemplary risk-cost diagram which illustrates the optimi-
3.1 General setup of the tool sation of mitigation measures by using the marginal-cost-criterion.
Where the tangent touches the risk-cost curve the economical op-

EconoMe is an online-toolBAFU, 2009, which can be timised combination of measures under the given assumptions is
accessed by authorised users (e.g., experts of engineerirsyggested (according Bohnenblust and Slovjd998.
companies), who are involved in the planning of mitigation
projects subsidised by cantonal and federal resources. The
new regulation for subsidy of mitigation measures againstThe risk analysis (steps 3, 4, 5, and 6) is based upon intensity
natural hazards in Switzerland requires that projects withmaps of the investigated process for different scenarios (e.qg.,
an investment scope of more than CHF 1 million EUR 30-, 100-, and 300-year return periods according to Swiss
650 000) are proofed to be cost-effective. The Federal Officeguidelines BFF and SLEF1984 Loat and Petrascheck997,
for the Environment uses EconoMe for prioritising among Lateltin et al, 1997). The considered scenarios are fixed
mitigation projects and projects initiated after the 1st of Jan-in agreement with the contracting authorities and the inten-
uary 2008 have to be assessed by the use of EconoMe. sity maps are created aside from EconoMe. Exposed objects

The workflow of risk assessments in EconoMe follows the are identified individually. The potential damage is deter-
risk concept as it is described in the above section (Rect. mined for every single object as a product of the overlay of
Fig. 1). The user is guided step-by-step through the riskthe intensity maps with exposed objects considering the spa-
analysis task, the risk evaluation task and the evaluatioriial probability of the process, the probability of exposure
of an analysed mitigation project by its cost-effectiveness.of an object, the number of exposed persons or the value of
The mandatory working procedure consists of the following exposed objects, and the vulnerability of objects or the mor-

steps: tality rate of persons, respectively, according to H.iflen-
tical objects can be summarized to object groups. The values
1. initialisation of the project; for the vulnerability of objects, the mortality rate of persons
and the spatial probability of processes are predefined in the
2. description of the investigated site; tool and cannot be changed by the user. This guarantees that
users rely on the same basis values in their risk assessments
3. hazard analysis and definition of scenarios; and it facilitates the comparison between mitigation projects
for only one site and among different sites by the subsidising
4. determination of the damage potential; authorities. In the actual version of EconoMe only the struc-

tural vulnerability of objects is considered and other com-
ponents like socio-economic vulnerability is excluded. The
monetary values of objects are also predefined, but can be
adapted to regional or site-specific characteristics. However,
changing the input values must be referenced and are docu-
mented in the program.

5. consequence analysis before mitigation;
6. calculation of individual risk before mitigation;

7. definition of mitigation measure(s);

8. consequence analysis after mitigation; The total risk is calculated by integrating the potential
damages over all objects, all exposure situations and all con-
9. calculation of individual risk after mitigation; sidered scenarios following Eq®)( (3), and @). The calcu-

lated risk, denoted as societal or collective risk, is based on
10. comparison of risk reduction and cost and finalisationthe assumption that no mitigation measures are taken. Be-
of the assessment. side the societal risk, the individual risk is calculated for
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serbery

.. catchment area

_Samer y

Fig. 4. Overview on the catchment “Chummerbach”, Davos; (c) 2008 swisstopo (JD082774).

all objects in which persons are present. Values of indi- After the development and testing phase, EconoMe was
vidual risks above £10~* are indicated in red, values be- introduced to the end-users during several one-day educa-
tween 1x 10~ and 1x 10~ are indicated in yellow and val- tion and training courses. This was considered to be one es-
ues below k10-° are marked in green colour as an indica- sential part of the development process. Since March 2008,
tor whether the protection goals suggested by the NationaEconoMe has been used by practitioners and feedback on
strategy are violated or noPLANAT, 2005 Briindl, 2009. the usability of the tool has so far been positive. Particularly,
After this step, both types of risk are calculated under con-the structured application has been commended and this is
sideration of the regarded mitigation measures (steps 7, 8llustrated in the next section by a case study example that
9). The annuity costs of mitigation measures are calculatecdssesses the risk of a torrent prone to debris flows and floods.
according to Eq.q) (Wilhelm, 1999.

The result of a risk assessment consists of the benefit-cost
ratio, whereby the benefit is assumed to equal the risk reduc4 Application of EconoMe — case study “Chummer-
tion (step 10). Only mitigation projects that have a benefit-  bach”
cost ratio>1 are considered being cost-effective. In order to
improve the handling of the tool, the system automatically The Chummerbach is a torrent prone to debris flows near
documents the assumptions made and the results of each rigkavos, in the south-east of Switzerland (F). A previ-

assessment in a pdf-file. ous case study on this torrelRgmang 1999ab) provides
excellent data that can be used for presenting the structured
3.2 Implementation process of the tool risk assessment and the evaluation of cost-effectiveness of

mitigation measures.
EconoMe is an advancement of an existing tool to assess
the cost-effectiveness of mitigation projects based on earlied.1 Initialisation of the project
guidelines published by the Federal Office of the Environ-
ment Borter, 1999 Borter and Bart1999. Because the On the 15th of August 1998, a local storm event with a total
target group of EconoMe are natural hazard experts in conprecipitation of approximately 100 mm within 2 h (accord-
sulting companies and staff members of cantonal and feding to rainfall radar measurements by MeteoSwiss) triggered
eral authorities, representatives of these user groups were imeavy erosion in the Chummerbach channel leading to de-
volved in all phases of the development and the deploymenbris flows with a total volume of 50 000dnThe debris flow
of EconoMe within a project expert group. Frequent meet-deposition as well as the subsequent flooding and erosion on
ings with this project expert group ensured that the softwarehe alluvial fan caused severe damages to buildings, traffic
addresses the needs of the relevant actors and target groupbnes and agriculture, which summed up to CHF 4 million
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(~EUR26 miIIion). This evgnt initigted in-(;Jepth studies of Table 1. Water discharge and debris volume expected at the fan for
the hazards and risks associated with debris flows as well ag,;ce defined scenarios in Chummerbach.

of appropriate mitigation strategies.

statistical peak discharge total volume
4.2 Description of the investigated site return period [y] [n9/s] of debris [n¥]
. ) . 30 13 20000
The alluvial fan of the Chummerbach torrent is dominated 100 18 40 000—45 000
by agricultural use. It is rather sparsely populated (B)g. 300 24 50 000—60 000

especially in comparison to the nearby town of Davos. The
catchment area of 6 kfris covered mainly by pastures. Fur-
ther, the lower part of the catchment is covered by forests and
the upper part by rocks (Fig). The average altitude of the  _ 21 puildings (a restaurant, residential buildings, and
catchment is approximately 2300m a.s.l.; 80% of the area  agricultural buildings);

is inclined between 10 and 40%, with an average of 25%.

The channel of the torrent follows a geological border: the — 1.5km of roads (in particular, a principal road crossing
orographical right-hand side is dominated by limestone for- the fan on its lower end);

mations with karst phenomena and remarkable scree slopes,
whereas the left-hand side consists of Permian and Triassic
sediments with variable hydrogeological and geotechnical _ 5gnectares of agricultural land.

properties, covered mostly by moraines. As a consequence of

this geological setting, slope instabilities are widespread oriThese objects were classified directly in the field, and their
the left-hand side. In the 1998 event, these slopes contributedalues were obtained from predefined values in EconoMe,

— 0.7 km of a railway (with limited traffic); and

significantly to the debris load in the channel. summing up to a total of CHF 22 million.
The average total number of exposed persons in all build-
4.3 Hazard analysis and definition of scenarios ings was 65. It was supposed that people would be present

in the buildings for 18 h a day, which resulted in a probabil-

The hazard assessment was carried out on the basis of tH& Of presence of 0.75. In order to calculate the exposure of
Swiss recommendations for flood hazard mapplrgpt and ~ Persons on roads and in trains, dlffer.ent parameters such as
Petrascheckl997). Three scenarios with different statistical the daily frequency of traffic, the velocity of the vehicles, and
return periods were defined (Tatlp The peak discharge the length of the endangered sections were estimated.

was estimated by using different well-established estimation . I
formulas BWG, 2003. The potential volumes of debris 4.5 Consequence analysis before mitigation
flow scenarios were defined by an intensive field assessment
that considered the general geomorphological features in th
catchment and the channel as well as the results of the anai—
ysis of the 1998 event. The probability of the different sce-
narios was set on the basis of a back calculation of the 199
event. By comparing the characteristics of this event with

basic information such as the statistical analysis of precip—for a 30-year, a 100-year, and a 300-year event, respectively

itation data from the nearby gauging stations or the ScarCie:inally, the frequency-extent diagram was derived from the

information on past events, the statistical return period of theexpected losses and the frequency of the underlying scenar-
event was estimated to be at least 100 years.

) ) R ) ios. The total societal risk including all scenarios was calcu-
On the basis of the defined scenarios, intensity maps Wergyteq at CHF 86 000 per year, whereby the loss of lives was

created illustrating the degree of hazard for standard returfngnetised with CHF 5 million per fatality, which is a stan-

periods (Fig5). The intensity zones were delineated regard-garq value in Switzerland3giindl et al, 2008.

ing the geomorphology of the alluvial fan and the mapping of - pitferent hazard scenarios contributed similarly to the to-

the 1998 event. Models such as Flo-ZDgrienetal, 1993 (5 gocietal risk. However, although the expected loss was

were not yet commonly used at that time and were thereforggnsigerably smaller in the case of a 30-year event than in

he expected losses were calculated by combining the hazard
nd exposure analysis for each scenario. In addition, perma-
ent objects were distinguished from mobile objects and ma-
erial assets from persons. The vulnerabilities of the objects
ere obtained from EconoMe (Talig The expected losses
summed up to CHF 1.4 million, 4.3 million, and 7.1 million

not applied to Chummerbach. the other cases, it contributed most to the total risk due to its
o _ higher probability. In frequent as well as in rare events, the
4.4 Determination of the damage potential damage to material assets was dominating. Overall, the risk

for material assets was six times higher than the monetised
The damage potential within the endangered area on the aksk for persons. Hence, it can be concluded that the societal
luvial fan was limited to: risk for persons was rather low.
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4.6 Calculation of individual risk before measures The effectiveness of all these alternatives in terms of risk re-
duction was analysed by using an approach outlinedn
Individual risks were calculated for selected persons, whomang et al(2003 for the assessment of structural mitigation
are supposed to have a higher probability of exposure to hazmeasures. The result of this assessment are intensity maps.
ard events. The result showed that in a few buildings as elln addition, the cost of these alternatives was estimated on
as on highly exposed road sections the individual risks werehe basis of standard cost values for construction works, the
considerably higher thand10~°, which is the upper thresh- expected lifetime of measures, and on empirical values for
old for involuntary individual risks in SwitzerlandPLANAT, annual maintenance and repair costs.
2005.
4.8 Consequence analysis after mitigation
4.7 Definition of mitigation strategies
On the basis of the intensity maps (after mitigation), which
Several mitigation measures were studied, focussing mainlyvere elaborated for all the alternatives mentioned above, we
on structural mitigation measures. Finally, the following six calculated the expected risks while accounting for the corre-
alternatives were analysed in detail: sponding risk reductions brought about by the analysed mit-
igation alternatives. The risk reduction varied from 23% (al-
1. Construction of a series of check dams in the middleternative 4) to 93% (alternative 5) (Tal8k
reach of the channel in order to stabilise the bed and
prevent further erosion; 4.9 Calculation of individual risk after mitigation

2. Stabilisation of the banks and the slopes on the left-handrhe calculation of the individual risk showed that all alterna-
side in the lower reach of the channel in order to de-tives would reduce risks to a value below 10~° that com-

crease slope movements and prevent further erosion; plies with the Swiss safety goals.

3. Construction of a medium-sized retention basin 4.10 Overview of the risk reduction and costs and selec-
(30000 n?) at the fan apex in order to retain a consider- tion of the most appropriate mitigation strategy

able part of the debris load up to a 100-year event;
The benefit-cost ratio, which has to bd in order to fulfil

4. Local protection of the most exposed buildings in order the economic criteria of EconoMe, was calculated for all mit-

to increase their resistance and protect the people insiddgation alternatives described above (TaBJe The benefit
was calculated as difference of societal risk without consid-

5. Construction of a maximal-sized retention basin eration of mitigation measures minus the societal risk con-
(50000 n) at the fan apex in order to retain almost all sidering mitigation measures. The annual cost of mitigation
the debris up to a 300-year event; measures were calculated following E@).(

This risk assessment clearly showed that risk mitigation

6. Combination of a medium-sized retention basin and of strategies in the channel upstream (alternatives 1 and 2) don’t
local protection. fit the the economic criteria in EconoMe. Further, local
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Table 2. Parameters for vulnerability and mortality rates for different intensities for the processes flood and debris flow. The values have
been fixed based on experiences from comparable, past events. Soeuveeconome.admin.ch

flood
vulnerability mortality rate
weak middle strong weak middle strong
residential buildings ~ 0.02 0.2 03 xa07 2x10° 6x10°*
agricultural buildings ~ 0.05 0.3 04 807 3x10° 4x10*
restaurant 002 02 03 xA07 2x10° 6x1074
road 0 0.01 0.1 0 21010 0.001
railway 0.5 0.8 1 0 8109 1x10°8
debris flow
vulnerability mortality rate
weak middle strong weak middle strong

residential buildings ~ 0.02 0.4 06 xa0~7 4x1073 0.06
agricultural buildings ~ 0.05 0.2 05 807 2x10°3 0.05

restaurant 0.02 0.4 06 A0’ 4x10°3 0.06
road 0 0.2 0.5 0 0.1 0.4
railway 0.5 0.6 1 0 6104 0.01

mitigation measures (alternative 4) have the best benefit/costral new instruments were issued by the federal authorities in
ratio. The two different retention basins (alternatives 3 andSwitzerland. The guidelines for hazard mapping were pub-
5) are similar with regard to their cost-effectiveness; the de-ished in 1997. Only two years later, the first guidelines for
crease in risk with an increase in the size of the basin isrisk analysis for practitioners were published. Investigations
equalised by increasing costs. Hence, alternative 4 seemafter three to five years indicated that these methods were
to be the most favourable solution. However, it should noteither not used or that they were applied in an inconsistent
be forgotten that uncertainties in the whole risk assessmentanner, so that results from risk assessments could not be
procedure are quite remarkable and that probably not all otompared to each othe¥Wnkler, 2003 PLANAT, 2005.
the differences in Tablg are significant. Although, there were some instruments for risk-based plan-
Finally, alternative 6 was realised in the field. Besides thening available four years ago, investigations suggest that risk-
fact that this is a cost-effectiveness solution, the two argu-based planning was not anchored in the community of natural
ments that additionally supported this decision are the fol-hazard practitioners at that timelgllenstein et al.2004).
lowing: First, the risk reduction of alternative 6 (as well  One of the reasons might be that risk based planning was
as that of 3 and 5) is considerably higher than that of al-not required by federal and cantonal authoriti@és¢hof
ternative 4. Therefore, a considerably higher benefit can bet al, 2009. Another reason might be that these instruments
achieved implementing alternative 6 rather than alternative 4were not sufficiently well introduced to practitioners. Other
Second, the combination of measures in this example proexamples such as the current practice in avalanche warning
vides redundancy and additional safety. (Brundl et al, 2009 show that education courses are an es-
This is a welcomed effect, because it helps to reduce unsential part in introducing new methods and techniques to
certainties about the effectiveness of single mitigation meathe community of natural hazard practitioners. Education
sures. Alternative 6 is the only combination of measures incourses are one way of risk communication and may play a
the analysed portfolio. Hence, the choice and implementacentral role within integral risk managemetRGC, 2005.
tion of alternative 6 is reasonable. A second reason for the less consistent way in which the
instruments by Borter and WilhelmB6rter, 1999 Borter and
Bart, 1999 Wilhelm, 1999 were used might be, that they
5 Discussion were not available as software tools. A pre-defined clear
workflow as it is implemented in EconoMe allows a consis-
The introduction of new methodologies into the community tent application of the risk concept. Pre-defined values for
of natural hazard practitioners is a time-consuming processhe spatial probability, the vulnerability and the mortality rate
(White et al, 2007). At the end of the 20th century sev- for persons enable comparable results. The clear indication
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Table 3. Risk reduction and cost of six alternatives of structural mitigation measures in Chummerbach.

alternative risk reduction costs benefit / cost
CHFly % of initial risk  CHF/y ratio
1: check dams 29'000 34 65’000 0.45
2: bank stabilisation 22'000 26 25’000 0.88
3: medium-sized retention basin 63’000 73 55’000 1.15
4: local protection 20’000 23 15’000 1.33
5: maximum-sized retention basin 80’000 93 65’000 1.23
6: combination of 3 and 4 66’000 77 65’000 1.02

of changes in basic values by the user improves the cominto the natural hazard management practice in Switzerland
prehensible assessment of the results from the risk asseswill also take some more years.
ment. The case study “Chummerbach” demonstrated that the jith the development of the guideline RIKO and the soft-
structured workflow led to ComprEhenSible results. The ﬁnalware tool EconoMe, a know|edge exchange process was ini-
benefit-cost ratio depends on the assumptions and param@ated among scientists and practitioners with both groups
ters in the risk assessment and the estimated effectiveness geing integrated in the development process. During the
mltlgatlon measures. Examples from other studies indicaIECintroduction of EconoMe by education courses, some po-
that the benefit-cost ratio can vary up to several factors dugential for improvements and removing of teething troubles
to changed values for vulnerability and mortality reBel(ndl ~ was detected. It soon became clear that EconoMe signifi-
etal, 2009. In the actual version of EconoMe the uncertain- cantly contributed to the implementation of the risk concept
ties of input data are not considered. It will be one of the jnto practice. The fact that it is mandatory for projects with
next steps in the further development to integrate the unceran investment of-CHF 1 million ensures that practitioners
tainties of parameters and to communicate the effects to th@ave to deal with the application of the risk concept. The
end-users. use of EconoMe in their daily work helps also to improve
A third reason, which might support the introduction and the tool by practical experiences. Therefore, it is necessary
the application of instruments and guidelines into practicethat knowledge between developers and users are regularly
is simply that it is mandatory for new projects above anexchanged. This, and the integration of new functionalities
investment sum of=CHF 1 million, which forces all can- into EconoMe (like e.g., an illustration of uncertainties and
tonal authorities to use EconoMe for economic assessmerihe integration of spatial information using GIS-technigues)
of mitigation projects. One year after the introduction of will pave the way for an improved, widely accepted tool for
EconoMe over 300 projects could be found in the databaséhe risk-based planning and evaluation of mitigation projects.
(BAFU, 2009. The first experiences during the introduction  The goal of introducing the risk concept as a management
of EconoMe to the community of natural hazard practitionersbasis for dealing with natural hazards was to optimize the al-
indicate that practitioners start only to deal with risk based|ocation of financial resources. The argumentation for a pri-
decision making when they were obliged to. orisation of mitigation measures in certain regions becomes
Last but not least, every innovation or new technology comprehensible when they are based on comparable risk as-
takes some time for being app“ed The guide“ne for re_SessmentS. The architecture and the workflow in EconoMe
garding avalanche hazard in land use planning in SwitzerWith pre-defined factors for calculation allows that results
land was published in 1988FF and SLF1984 and those  Provided by different users can be better compared, although
for integrating flood and mass movement hazard into land uséincertainties especially concerning the hazard assessment
planning in 19971(oat and Petrascheck997 Lateltin et al, still remain. The application of the workflow of EconoMe
1997) The state of hazard mapp|ng in Switzerland on Jan_i”UStrated by the case StUdy Chummerbach indicated that the
uary 2008 shows that for 50% of the potential avalanche endecision on the realisation of mitigation measures becomes
dangered areas hazard maps are existing and integrated infaore obvious. However, results can be misleading when they
land use planning. However, this holds only for 20% of the are produced by insufficiently qualified users. This undesired
areas endangered by floods and mass movemmu, effect could be addressed by requiring that only persons, who
2008. This comparison supports the statement/dite have passed certain education courses, are permitted to eval-
et al. (200]) that long-term improvements in natural hazard uate mitigation projects with EconoMe.
management could be observed only over decades. Although Cost-benefit and cost-effectiveness analysis have become
their observations mainly refer to the situation in the United state-of-the-art for evaluating mitigation measures against
States, we can expect that the integration of the risk conceptatural hazards in many countries (see é/ghalen et al.
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2004 Gamper et a).2006 Pinelli et al, 2007 Holub and 6 Conclusions and outlook

Fuchs 2008 BLFUW, 2006 2009. One tool similar to

EconoMe is a calculation program used in Austria based onl he risk concept as a framework for risk-based planning and

Microsoft Excel ® BLFUW, 2006 2009. Both tools allow  evaluation of natural hazard mitigation has been introduced

the calculation of the economic efficiency, but there are somén Switzerland over the last ten years. New political con-

differences, which will be shortly described in the following ditions for the subsidy of mitigation measures and limited

paragraphs. public budgets have led to the development of the guide-

] o ) __ line RIKO and the software tool EconoMe in the last three

In the Austrian tool the initial assumptions are that miti- yoars Our experiences indicate that a user-friendly software

gation measures will f_ulfll their funct_|on e|ther_for 40 or 8Q tool with involvement of the end-users in the development

years and that they will protect against a design event with,.,cess and an introduction to practitioners with education

a recurrence interval of 150 years. The results of the hazg rses are crucial steps for a successful implementation of
ard analysis are approximated with an event faétoepre- 4 isk concept into practice.

senting the contribution of scenarios to the expected damage | is of major interest for the Federal Office for the En-

extent, and a process factéy estimating the part of haz- ;ronment FOEN, who is responsible for the development
ard zones, which is affected by the process. In ECOnoMeyt gconome, to continously improve the tool and to further
the service life of measures depend on the type of measure§yengthen the acceptance of EconoMe. The next steps will
which could be e.g., 80 years for an avalanche supporting,q the jntegration of missing components of the risk con-
structure or only 20 years for an alarm system. The resultCept (as presented in Se@tfor RIKO) and the considera-

of the hazard analysis is illustrated with intensity maps for;on of the requirements of users, mainly working in cantonal
different scenarios but with defined intensity classes accordz ,ihorities and engineering companies. An important issue
ing to the Swiss recommendations for hazard map@#H s the integration of confidence intervals for the benefit-cost
and SLF 1984 Loat and Petrascheck997 Lateltin etal,  r41ig reflecting the uncertainty of input data (e.g., vulnera-
1997). A second difference is the calculation of damage andyjjivy of puildings, mortality rate of persons). This would
risk. In the Austrian tool the damage is estimated based ooy decision makers at the federal and cantonal authori-
a damage factaf expressing the damage ratio related to the jes for petter interpreting the benefit-cost ratio of mitigation
estimated replacement value of an object. Hence, the risk 015 with respect to prioritisation. A further extension

expressed as probable annual damage is not calculated. Thg EconoMe could be the integration of further aspects of
damage factors are based on the values publishegbbier  honefit |ike e.g. less closing days for a traffic route because

(1999, Borter and Bar(1999, andRomang(2004. These protection measures. Finally, the integration of methods

values are also the basis for the vulnerability factors usedq, economic optimisation of mitigation measures can help
in EconoMe for the calculation of the probable annual dam-i, assure that the complete risk concept as outlined in the

age, i.e. the societal or collective risks. The risk is calculatedguide“ne RIKO will be available for practical application.
without and with consideration of measures, wheras only di-

rect damages are included. In the Austrian tool the benefit oicknowledgementsie thank the National Platform Natural
measures includes the reduction of direct and indirect damHazards PLANAT, the Federal Office for Environment FOEN and
ages (e.g. business interruption) and is directly put in relatiorthe Federal Office for Civil Protection FOCP for their financial
to the cost of measures yielding the cost-benefit-ratio. Bothsupport of this work. Parts of this paper were also supported by the
the benefit and the cost are discounted. However, preventeflV FP6 STREP project “IRASMOS” (Contract No. 081412). We
human fatalities are not explicitly considered as in EconoMe@cknowledge the excellent programming work by Peter Gutwein
(i.e., monetised with 5 million CHF per prevented fatality) (CRSOft, www.grsoft.cy and his patience in various difficult

but taken into account as intanaible benefit by a weigthin discussions of how a user-friendly risk management software
9 y 9 gcould be realised. We also want to thank Bernhard Krummenacher

factor as for other factors like e.g. safety feeling or availabil- | Fapian Dolf of GEOTEST AG. Cornelia Winkler of glenz
ity of traffic routes. walther und winkler AG and Hans M. Merz, Ernst Basler + Partner

In summary, the Austrian tool and EconoMe are Compa-AG for valuablg discussions. F.inally, we .thank J.-M. Tacnet, an
rable regarding their general goal but they mainly differ in anonymous reviewer and the editor for their helpful comments.
f[he way the_ results_ are produced. Thg definition of l_)ene_ﬁtEdited by: M. Mikos
in the Austrlan to_ol is more broad than in EconoMe, since it oo iewed by: J.-M. Tacnet and another anonymous referee
includes also indirect consequences. The setup of EconoMe
is to some extent more flexible. The only parameters which
are specific to Switzerland are the monetary values of objects
and the calculation factors vulnerability and mortality rates.

However, the general methodology is transferable to other
processes and to other countries. With slight modifications,
EconoMe could also be used outside of Switzerland.
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