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Summary 

The protection of society against natural hazards is an important public good. In contrast to 

other public goods, such as nature and landscape conservation, there has been no political 

opportunity for the Swiss people to express their preferences for protection against natural 

hazards. Thus, it is not clear to what extent the current protection of the public sphere against 

these hazards is in line with the preferences of the people. Yet, a welfare economic 

perspective on the allocation of mitigation measures against natural hazards considers not 

only the costs of mitigation, but also the societal willingness-to-pay for protection. 

It is the goal of this thesis to make a contribution to the measurement of the societal 

willingness-to-pay for protection against natural hazards. Unlike the individual demand for 

private goods, the societal demand for mitigation measures cannot be predicted by market 

observations. Therefore, alternative valuation methods, which are not based on market 

observations, are necessary to measure the societal willingness-to-pay. Survey methods offer 

a way to elicit preferences for public goods. This thesis reports on three survey-based 

experiments that analyze societal preferences for traffic safety on Alpine roads in Switzerland. 

These stated-preference experiments allow not only the estimation of the societal willingness-

to-pay for risk reductions, but also the analysis of other aspects of preferences for mitigation 

measures against natural and non-natural hazards on Alpine roads. 

The first experiment uses the discrete choice approach, which is a stated-preference 

method that has seen increasing use in environmental economics to valuate non-market goods 

(see Kanninen 2007). The choice experiment was conducted with respondents from the city of 

Zurich and the mountainous region around Davos. Respondents were given choices between 

various safety programs against avalanches, rockfalls and common road hazards that endanger 

traffic on public roads in the Alps. Each of these traffic safety programs was described by the 

following four attributes, whose levels varied over the alternative programs: (i) the risk 

reduction in terms of the fatalities per year that could be avoided by a particular program; (ii) 

the period over which this program could mitigate risks; (iii) the hazard type against which 

the program is intended to protect; and (iv) the cost that the respondents would incur if the 

program was actually implemented. Based on the stated choices, one is able to statistically 

estimate the willingness-to-pay for risk reductions.  

The individual willingness-to-pay for the implementation of the proposed traffic safety 

programs was, on average, between CHF 49.70 and 53.70, which implies a societal value of 

saving one statistical life in the range of CHF 7.64–8.26 million. Owing to the use of a 

conditional logit model with interaction effects, it was possible to identify statistical 

differences in the monetary valuation of the respondents. In particular, differences were found 
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between respondents from the two subsamples. Respondents from the city of Zurich were, 

ceteris paribus, willing to pay 30–36% more than respondents from the Davos region. 

Furthermore, respondents who had had a higher tax bill the previous year were willing to pay 

overproportionally more than respondents who had had a lower tax bill. By contrast, the 

description of the hazard type had only a marginal impact on the stated willingness-to-pay. 

The inclusion of a varying mitigation period even allowed the estimation of implicit discount 

rates for mortality risk reductions. These discount rates were in a range between 9 and 14%, 

depending on the model specifications. 

The survey included a second choice experiment, which confronted the respondents 

with choices between the protection of two roads that had different risk profiles. Based on the 

provided information about the expected number of accidents and the expected number of 

fatalities, the respondents were asked to balance the accident frequency against the accident 

consequences (in terms of fatalities) in order to decide which of the two roads should be 

protected. It became apparent that the respondents weighted the accident frequency more in 

their decisions about protecting a road. This result is consistent with findings of behavioral 

economics, which indicate that most people exhibit risk-seeking behavior in decisions about 

prospects in the loss domain. 

To validate the results of the second experiment, and to test whether hazard experts and 

lay people differ in their preferences for the reduction of mortality risks, a third experiment 

was conducted with Swiss natural hazard experts and natural scientists. This experiment used 

the tradeoff method developed by Wakker and Deneffe (1996), which allows the separation of 

the weighting of consequences and probabilities in utility tradeoffs between two uncertain 

prospects. Applied to a hypothetical disaster situation, the experiment reconfirms that most 

people assume the number of potential fatalities (i.e. the consequence of the prospect) as less 

important than the probability with which fatalities are to be expected. 

In conclusion, the present thesis has shown that choice experiments provide a powerful 

framework to measure the societal willingness-to-pay for protection against natural hazards. 

Not only did the discrete choice approach enable the estimation of the value of statistical life, 

but it also allowed the identification of heterogeneity in the preferences for mortality risk 

reductions. The results of the experiments provide valuable insights for the management of 

natural hazards. By means of a case study, it is shown how these results can be profitably 

applied in cost-benefit analyses of natural hazard mitigation programs. 
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Zusammenfassung 

Der Schutz der Bevölkerung vor Naturgefahren ist ein wichtiges öffentliches Gut. Im Gegen-

satz zu anderen öffentlichen Gütern, wie z.B. dem Natur- und Landschaftsschutz, hatte die 

Schweizer Bevölkerung in den letzten Jahren keine Möglichkeit, ihre Präferenzen für den 

Schutz vor Naturgefahren politisch zu äussern. Daher ist weitgehend unklar, inwiefern der 

heutige Schutz des öffentlichen Raums vor Naturgefahren den Präferenzen der Bevölkerung 

entspricht. Aus Sicht der Wohlfahrtsökonomie sind für die effiziente Bereitstellung von 

Schutzmassnahmen gegen Naturgefahren jedoch nicht nur deren Kosten, sondern auch die 

Zahlungsbereitschaft der Bevölkerung zu berücksichtigen.  

Ziel dieser Dissertation ist es, einen Beitrag zur Erfassung der gesellschaftlichen Zah-

lungsbereitschaft für den Schutz vor Naturgefahren zu leisten. Anders als bei privaten Gütern 

kann der von der Bevölkerung nachgefragte Schutz nicht vom Marktverhalten der Bürger und 

Bürgerinnen abgeleitet werden. Zur Erfassung der gesellschaftlichen Zahlungsbereitschaft 

sind daher alternative Bewertungsmethoden notwendig, die nicht auf Marktbeobachtungen 

angewiesen sind. Befragungsstudien bieten eine Möglichkeit, Präferenzen für nicht handelba-

re Güter zu erfassen. Basierend auf drei Befragungsexperimenten werden in dieser Dissertati-

on die Präferenzen der Bevölkerung für den Schutz vor Naturgefahren auf öffentlichen Stras-

sen in den Bergregionen der Schweiz untersucht. 

Das erste Experiment basiert auf der Discrete-Choice-Methodik, die in jüngerer Zeit 

häufig in der Umweltökonomik eingesetzt wird (vgl. Kanninen 2007). Dieses Choice-

Experiment wurde im Rahmen einer schriftlichen Befragung mit Teilnehmenden aus der Stadt 

Zürich und der Region Prättigau/Davos durchgeführt. Dabei wurden den Befragten verschie-

dene Programme zum Schutz vor Lawinen, Steinschlag und anderen Gefahren auf öffentli-

chen Strassen im Berggebiet zur Auswahl vorgelegt. Die Schutzprogramme waren jeweils 

durch vier Attribute beschrieben, die sich in ihrer Ausprägung von Programm zu Programm 

unterschieden: (i) die Risikoreduktion in Form der Todesfälle pro Jahr, die ein spezifisches 

Programm verhindern könnte; (ii) die Dauer, über die das Programm wirksam wäre; (iii) die 

Hauptgefahr, gegen die das Programm schützen würde; und (iv) die Kosten, die den Befragten 

durch die Implementierung des Programms entstehen würden. Anhand der Auswahlentschei-

dungen konnte die Zahlungsbereitschaft für Risikoreduktionen berechnet werden. 

Die individuelle Zahlungsbereitschaft für die Implementierung der vorgeschlagenen 

Schutzprogramme lag durchschnittlich zwischen 49,70 und 53,70 Franken, was einem gesell-

schaftlichen Wert zur Verhinderung eines statistischen Todesfalls von 7,64 bis 8,26 Millionen 

Franken entspricht. Durch die Verwendung eines Conditional-Logit-Modells mit Interakti-

onseffekten konnten statistische Unterschiede in der monetären Bewertung der Antwortenden 
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identifiziert werden. Es zeigten sich insbesondere Unterschiede zwischen den beiden Umfra-

geregionen. Befragte aus der Stadt Zürich hatten ceteris paribus eine um 30–36% höhere Zah-

lungsbereitschaft als Befragte aus der Region Prättigau/Davos. Des Weiteren unterschieden 

sich Befragte mit unterschiedlich hohen Steuerrechnungen hinsichtlich ihrer Zahlungsbereit-

schaft. Befragte mit höherer Steuerrechnung waren bereit, überproportional mehr zu bezahlen, 

als Befragte mit tieferer Steuerrechnung. Hingegen hatte die Nennung des Gefahrentyps einen 

unbedeutenden Einfluss auf die Zahlungsbereitschaft. Der Einbezug der Wirkungsdauer er-

laubte es, implizite Diskontraten für die Reduktion von Todesrisiken zu schätzen. Je nach 

Modellspezifikation schwankten diese Diskontraten zwischen 9 und 14%. 

Das zweite Choice-Experiment wurde im Rahmen derselben Befragung durchgeführt. In 

diesem Experiment wurden den Befragten Auswahlentscheidungen zu zwei Strassen mit un-

terschiedlichem Risikoprofil zur Bewertung vorgelegt. Die Befragten mussten anhand der 

Angaben zu der erwarteten Anzahl Unfälle und der erwarteten Anzahl Todesopfer die Unfall-

häufigkeit gegen das Unfallausmass gegeneinander gewichten und entscheiden, welche der 

beiden Strassen geschützt werden sollte. Im Durchschnitt legten die Befragten mehr Gewicht 

auf die Unfallhäufigkeit. Diese Ergebnisse bestätigen Beobachtungen aus der Verhaltensöko-

nomik, die zeigen, dass sich die meisten Menschen risikofreudig verhalten, wenn Sie mit ver-

lustversprechenden Lotterien konfrontiert werden. 

Um die Ergebnisse des zweiten Experiments zu validieren und um zu testen, ob sich 

Experten im Hinblick auf ihre Präferenzen bezüglich der Reduktion von Todesrisiken von 

Laien unterscheiden, wurde in einer weiteren Befragung mit Schweizer Naturgefahrenexper-

ten und Naturforschenden ein drittes Experiment durchgeführt. Bei diesem Experiment wurde 

die Tradeoff-Methode nach Wakker und Deneffe (1996) eingesetzt, welche es erlaubt, die 

Gewichtung von Ausmass und Wahrscheinlichkeit in der Nutzenabwägung zwischen zwei 

unsicheren Ereignissen zu trennen. Angewendet auf ein hypothetisches Katastrophenfallsze-

nario bestätigt das Experiment, dass die Anzahl potenzieller Todesopfer von den meisten 

Menschen als weniger wichtig eingeschätzt wird, als die Wahrscheinlichkeit, mit der es zu 

Todesopfern kommt. 

Insgesamt zeigt diese Dissertation, dass die Discrete-Choice-Methodik ein leistungsfä-

higes Gerüst darstellt, um die Präferenzen der Bevölkerung im Hinblick auf die Reduktion 

von Todesrisiken zu analysieren. Die Methodik erlaubt es nicht nur, den sogenannten Wert 

eines statistischen Lebens zu beziffern, sondern kann auch Heterogenitätsstrukturen in den 

Präferenzen der Befragten identifizieren. Die Resultate der Experimente bieten neue Erkennt-

nisse, die für das Management von Naturgefahren von grossem Wert sind. Anhand eines Fall-

beispiels wird gezeigt, wie diese Resultate in einer Kosten-Nutzen-Analyse für Schutzmass-

nahmen gegen Naturgefahren angewendet werden können. 
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Introduction 

Human land use in Europe has always been affected by natural hazards. Large-scale disasters, 

such as the 1999 avalanche winter in the Alps or the 2002 flood in central Europe, have 

demonstrated the vulnerability of modern society. The Alps are particularly exposed to natural 

hazards, and Alpine countries have therefore incurred large expenses to protect their citizens 

against floods, landslides, avalanches and rockfalls. Rather than focusing on the efficient use 

of public resources, these mitigation efforts have long been predominated by the concept of 

loss minimization. However, the expected increase in large-scale natural hazard events due to 

climate change in the Alps (Beniston 2007; OcCC 2003) and the limited public budgets for 

mitigation have caused a paradigm shift. This paradigm shift promotes a risk-based decision-

making approach, which integrates both the technical and the socio-economic aspects of 

natural hazards into the valuation of mitigation strategies (Merz & Emmermann 2006; 

McBean 2004; Ammann 2006). 

In Switzerland, the paradigm shift caused a reform of the subsidy mechanisms for 

natural hazard mitigation programs (BAFU 2008). The newly implemented subsidy scheme 

urges local and cantonal authorities to prioritize among intended mitigation programs based 

on detailed cost-effectiveness analyses, aiming at a more efficient use of public resources 

(Bründl et al. 2009). However, an optimal resource allocation requires more than just the cost-

efficient supply of mitigation. It must also consider the societal demand for protection against 

natural hazards (Weck-Hannemann 2006). Thus, efficiency in mitigating natural hazards can 

only be achieved when society’s preferences are considered. Contrary to other domains of the 

public sphere, there is limited scope for Swiss citizens to help shape the regulatory 

frameworks for natural hazard mitigation. In the past, policy changes concerning the 

financing of mitigation have been primarily made by experts. Direct democratic decisions, if 

any, were limited to local mitigation projects. Therefore, we do not know whether the current 

level of protection against natural hazards is in line with the preferences of the public. Nor do 

we know how much society as a whole is willing to pay for reducing their risks from natural 

hazards. 

This study investigates society’s preferences for mitigating natural hazards on Alpine 

roads. Since traffic safety on Alpine roads has the characteristics of a public good, these 

preferences cannot be inferred from market transactions. Survey-based methods are one 

alternative approach to learn about public preferences. The thesis is based on two choice 

experiments (Kanninen 2007) and one tradeoff lottery experiment (Wakker & Deneffe 1996), 

which allow not only the deduction of the societal willingness-to-pay for risk reductions, but 

also the analysis of heterogeneity in lay people’s and experts’ mitigation preferences. Further, 
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these experiments enable the analysis of whether specific characteristics, either of the 

decision-maker (demographic and socio-economic attributes, risk attitudes) or the risk (type 

of hazard, probability, expected consequences), influence the stated willingness-to-pay. The 

results presented in this thesis may contribute to the ongoing discussion on how much safety 

society can, and is willing to, afford. 

Research objectives 

The benefits of protecting the public sphere against natural hazards are non-excludable and 

non-rivalrous in consumption (Weck-Hannemann 2006). Consequently, they are subject to 

free-riding behavior. If mitigation programs were to be allocated by the market, this would 

result in a Pareto-insufficient provision of mitigation (Mueller 2003; Frey & Kirchgässner 

2002; Cornes & Sandler 1996). Governmental authorities in many European countries 

therefore have a constitutional mandate to protect their citizens against natural hazards. 

Although a number of shortcomings of public bureaucracy have been identified that may 

reduce the efficiency of governmental actions, such as budget-maximizing (Niskanen 1971), 

rent-seeking (Tollison & Congleton 1995), or over-concentrated spending in the aftermath of 

disasters (Kousky et al. 2006), the public provision of mitigation is widely accepted as the 

most effective way to protect society against natural hazards. 

From a welfare economic perspective, optimal allocation of resources requires 

governmental authorities to align the funding of natural hazard mitigation programs to the 

societal demand for protection. The provision of mitigation is consequently only justified if 

the social benefits of protection outweigh the incurred costs for mitigation. Cost-benefit 

analysis (CBA) has become the most common approach of governmental authorities to 

evaluate specific mitigation programs (Boardman et al. 2005; Just et al. 2004). Clearly, the 

adequacy of a CBA depends on how accurately one can measure both the social costs and 

benefits of such a program. While the social cost of mitigation programs can often be assessed 

based on market prices, the monetization of their social benefit is a thorny task. This benefit 

includes the prevention of loss of life and property. On a regional scale, mitigation programs 

may ensure the functioning of economies (Kunreuther & Rose 2004; Okuyama & Chang 

2004; Ganderton 2005) and foster society’s perceived trust in governmental authorities 

(Siegrist & Cvetkovich 2000), which in turn may support economic growth (Zak & Knack 

2001).  

While it is not possible to directly measure the benefits of mitigation, economic theory 

suggests that they can be approximated by related changes in the social surplus. Measuring 

the social surplus requires the valuation of the objects at risk, or surrogates of them. 

Whenever the benefit of mitigation includes the prevention of fatalities, CBA has to valuate 
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the potential reduction in mortality risk. Over the last decades, two key approaches have been 

developed to valuate reductions in mortality risks (Hammitt 2000). Revealed-preference 

methods are used when evidence is available on market choices that involve implicit or 

explicit tradeoffs between physical risk and wealth (or foregone consumption). Concentrating 

on the ex post willingness-to-pay (WTP), most of these revealed-preference studies have 

estimated compensating differentials for risk exposure in labor markets (Viscusi & Aldy 

2003). However, in many domains of environmental risk (natural hazards, air pollution, 

carcinogenic waste, etc.) there is no market available to study the tradeoffs between wealth 

and risk. Thus, stated-preference methods are increasingly used in environmental economics 

to estimate the ex ante societal WTP for a mitigation program as a proxy for its social surplus. 

Choice experiments are one popular stated-preference method that has been 

proliferating in environmental economics (Hanley et al. 2001; Adamowicz et al. 1998; Hanley 

et al. 1998).1 Only recently, they have been applied to value environmental (Alberini et al. 

2007a; Itaoka et al. 2006; Rodriguez & Leon 2004) and health risk reductions (Telser & 

Zweifel 2002; Tsuge et al. 2005; Bosworth et al. 2009). The fundamental conception of the 

discrete choice approach is that a specific risk mitigation program consists of a bundle of 

attributes, which together determine the utility derived from the program’s implementation. 

One of the attributes describes the costs of the program, presuming that cost is but one factor 

that affects the choice behavior of individuals (McFadden 2001). The other attributes 

characterize the benefit of mitigation by describing the expected risk reduction, the 

beneficiaries, and other perceptional factors of risk.  

By varying these descriptive attributes in a systematic way, the researcher is able to 

generate a number of alternative mitigation programs. These alternatives are presented to the 

respondents in the choice experiment, who then face a discrete choice from among the 

prompted alternatives. Economic theory suggests that respondents choose the program that 

entails the highest utility. Based on the stated choices, it is possible to calculate the implied 

marginal rate of substitution between the risk reduction and the cost of this risk reduction. 

Aggregated over the choices of all participants, one obtains an estimate of the marginal 

societal WTP for reductions in mortality risk, which is termed the Value of Statistical Life 

(VSL) in the economics literature (Viscusi 1993). The application of the VSL to a non-

marginal change in risk approximates the social surplus of the mortality risk reduction and 

can thus be used to valuate the social benefits of natural hazard mitigation programs. 

                                                 
1 Depending on the disciplinary background, choice experiments are also known as discrete choice, stated choice 

or conjoint choice experiments. In this thesis, I will apply the term choice experiment, commonly used in the 

environmental economics literature.  
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The thesis presents three experiments to analyze societal preferences for mitigating 

natural hazards. The first experiment evaluates hypothetical traffic safety programs to protect 

Alpine roads from natural hazards and other road risks. In this public good setting, mitigation 

is a commodity accessible to everyone traveling on these roads and its consumption is non-

rivalrous. The alternative traffic safety programs are described by four attributes: the number 

of avoided fatalities per year, the period of protection in years, the type of hazard against 

which measures are taken, and the individual cost for the mitigation programs. Together with 

information on socio-economic characteristics provided by the survey respondents, these 

attributes allow the investigation of the following research questions: 

 Willingness-to-pay: How much is society willing to pay for reductions in mortality risks 

on public roads in the Swiss Alps? 

 Decision-maker characteristics: How do people differ in their individual willingness-to-

pay depending on their exposure to, and experiences with, natural hazards and other 

socio-demographic characteristics? 

 Risk characteristics: What characteristics of the described risks and their hypothetical 

mitigation determine the societal willingness-to-pay? 

 Risk framing: Does the framing of the risk reduction in the survey questions affect the 

degree of the societal willingness-to-pay? 

Economic choices hardly meet the rational choice assumptions that underlie 

neoclassical welfare theory (McFadden 2001; Kahneman 2003). As established by Simon 

(1955), the ‘economic man’ is only bounded rational. In choices under risk and uncertainty, 

he rather pursues decision-making rules that are informed by perceptions and beliefs about the 

risks. Hence, economic choices are strongly influenced by psychological factors (Rabin 1998; 

Loewenstein et al. 2001; Kahneman & Tversky 2000). McFadden (1999) classifies these 

factors into affect (the emotional state of the decision-maker), attitudes (stable psychological 

tendencies in evaluating a particular outcome), motives (drives toward perceived goals) and 

preferences (tradeoffs between two or more outcomes). 

Given the importance of psychological factors in choices upon mortality risk (Chilton et 

al. 2002; McDaniels et al. 1992; Subramanian & Cropper 2000), the second experiment 

analyzes the attitudes of the respondents toward mortality risks that differ in their frequency 

and severity of fatal consequences. Specifically, this experiment is designed as a choice task 

in which respondents decide on the protection of avalanche prone roads.  

Since psychological research indicates that lay people may differ from hazard experts in 

their attitudes about mortality risks (Slovic 1999), the third experiment tests whether experts 
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evaluate decision tasks differently from non-experts. Based on the tradeoff method (Wakker 

& Deneffe 1996), the third experiment relies on a chained series of choices made by 78 

hazard experts and 26 non-experts on life-saving prospects. Together, the second and third 

experiments allow the exploration of the following research questions: 

 Mortality risk preferences: Do lay people have stable attitudes that transform objective 

mortality risk (expected outcomes) into subjective mortality risk (perceived outcomes)? 

 Lay people vs. experts: Do lay people differ from experts with regard to their mortality 

risk preferences? 

Outline of the thesis 

To address the above research questions in a structured way, the thesis is organized in five 

chapters. Each chapter represents a peer-reviewed manuscript that is either submitted to a 

working paper series (Chapters 2 and 3), under review with (Chapters 1 and 4) or published 

(Chapter 5) in a scientific journal. 

Chapter 1 is based on a manuscript under review with Natural Hazards, which presents 

a review of the concept of the value of statistical (VSL) and its application in natural hazard 

management. This manuscript provides the theoretical background of the economic valuation 

of mortality risk. The first part presents the standard model of the VSL and its extension to the 

multi-period and multi-agent context, supporting the interpretation of the experimental results 

described in Chapters 2–4. The second part anchors the concept of VSL in welfare economic 

theory and illustrates how the VSL can be used in applied cost-benefit analyses of natural 

hazard mitigation programs. The third part outlines a research strategy based on the method of 

stated choice experiments to empirically estimate the VSL in the context of natural hazard 

mitigation. 

Chapter 2 is based on a manuscript published in the working paper series of the 

Fondazione Eni Enrico Mattei (FEEM) and reports on the choice experiment to analyze public 

preferences for traffic safety on Alpine roads. These roads are, on one hand threatened by 

common road hazards and, on the other, they are also exposed to natural hazards such as 

avalanches and rockfalls. Stated choice data of respondents from a mountainous region and 

from an urban region of Switzerland enables not only the estimation of the VSL, but the 

exploration of how respondents differ in their individual willingness-to-pay based on their 

risk exposure and their personal characteristics. To address heterogeneity in preferences for 

risk reduction, a non-linear conditional logit model with interaction effects is used. 

Estimations of this model yield a VSL in the range of CHF 7.6 to 8.3 million, with distinct 

differences between the urban and the mountain sample groups. 
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Chapter 3 contains a manuscript presented at the 17th Annual Conference of the 

European Association of Environmental and Resource Economists (EAERE 2009). This 

manuscript analyzes whether, and by how much, risk framings affect the willingness-to-pay 

estimates derived from the above choice experiment. To this end, two different but logically 

equivalent risk framing treatments were used in the choice questions on traffic safety 

programs. The first framing asked a random half of the respondents how much they would be 

willing to pay for the reduction of up to 16 fatalities per year in reference to the 7.5 million 

residents of Switzerland. The other half of respondents received identical choice questions, 

except that the avoided fatalities were presented in reference to the 500 road fatalities 

occurring each year on Swiss roads. While choice experiments rely on the assumption of 

context-independence, the experimental results show that the latter framing resulted in a 15–

20% higher marginal utility of risk reduction, when all else was held the same. These findings 

are discussed and conclusions upon the appropriateness of risk framing formats for choice 

experiments on mortality risks are drawn. 

Chapter 4 is based on a manuscript under review with Risk Analysis that deals with the 

question of how societal impacts of fatal accidents can be integrated into the management of 

natural or man-made hazards. Today, many governmental agencies give extra-weight to the 

number of potential fatalities in their risk assessments to reflect society’s aversion to large 

accidents. However, it is not evident that lay people want public decision-makers to 

overweight infrequent accidents of large consequences against more frequent ones of smaller 

consequences. Furthermore, there is no evidence that hazard experts do overweight potential 

fatalities in their decision-making upon the mitigation of natural or technical hazards. The 

manuscript reports on the second and third experiment of this thesis, which required 

participants to evaluate negative prospects involving 1 to 100 potential fatalities. The results 

suggest that neither lay people nor hazard experts behave in a risk averse way in decisions on 

mortality risk reductions. 

Chapter 5 is an adapted version of a manuscript published in Risk Analysis, which 

demonstrates how the results of Chapters 2 and 3 can be applied in avalanche risk 

management. The manuscript discusses different mitigation strategies to protect Alpine traffic 

routes from snow avalanches and presents a cost-benefit framework for optimizing avalanche 

mitigation in terms of both their risk reduction impact and their net benefit to society. The 

application of this framework to a case study example suggests that site-specific 

characteristics of avalanche paths, as well as the economic importance of a traffic route, are 

decisive in the choice of optimal mitigation strategies. Moreover, it is shown that the 

uncertainty about the appropriate social discount rate has more impact on the net present 

value of the different mitigation strategies than the uncertainty in the estimated VSL values. 
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Chapter 1 

The Concept of the Value of Statistical Life 

Abstract. Large natural hazard events in the Alps are expected to increase but resources to 

mitigate them are scarce. Risk-based schemes that draw on cost-benefit analyses for the planning 

of mitigation programs and projects play an important role for managing natural hazards. In this 

review paper, we survey the concept of the value of statistical life (VSL) commonly used in 

environmental economics to value mortality risk reductions and to monetize the social benefits of 

natural hazard mitigation. First, we establish the standard model of the VSL and extend this model 

to the multi-period and multi-agent context. Second, we show how the VSL concept is anchored in 

welfare economic theory. Third, we outline a research strategy to empirically estimate the VSL in 

the context of natural hazards. To this end, we introduce the method of choice experiments, which 

we adapt to the valuation of mortality risks. The usefulness of this approach in applied natural 

hazard management is then discussed. 

1.1 Introduction 

Over the last decades, the economic and social costs of natural hazards have been increasing 

around the globe and millions of people have lost their lives in floods, droughts, storm surges 

and other natural disasters (Swiss Re 2009). Alpine countries are particularly threatened by 

natural hazards and have therefore incurred large expenses to protect their citizens against 

natural hazards. Switzerland, for example, is currently spending about 0.6% of its annual GDP 

on the mitigation of natural hazards (PLANAT 2005).  

So far, mitigation efforts have been focused on maximal risk reduction rather than on 

the efficient use of resources. However, the expected increase in losses due to climate change 

in the Alps (Beniston 2007; OcCC 2003) and the limited resources for mitigation forces 

public decision-makers to prioritize among natural hazard mitigation programs. These insights 

have led to a paradigm shift in natural hazard management that advances a risk-based 

decision-making approach to integrate the technical risk analysis and the socio-economic 

valuation of natural hazards (Merz & Emmermann 2006; Ammann 2006; McBean 2004).  

The risk-based perspective requires a common metric to enable decision-makers to 

compare the expected benefits and costs of natural hazard mitigation programs. Monetary 

values serve as this common metric. The comparison of the monetized benefits and costs of 

                                                 
A revised version of this chapter is under review with Natural Hazards. Helpful comments by Andrea Leiter and 

Roland Olschewski are gratefully acknowledged. 
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natural hazard mitigation allows stakeholders involved in the decision process (e.g. 

governmental agencies or communal authorities) to base their decisions on sound economic 

grounds; and it allows people not directly involved in the decision process (e.g. the general 

public) to reconstruct how decisions were made (Andersson & Treich 2009).Yet, monetizing 

the benefits and costs of natural hazard mitigation is not a straightforward task. As long as 

markets are in equilibrium, market prices for the implementation, operation, and maintenance 

of mitigation schemes adequately reflect their social costs (Ganderton 2005; Rose et al. 2007). 

In non-equilibrium markets, however, demand and supply decisions do not lead to market 

clearing and prices may reflect only part of society’s demand for mitigation. Further, the 

implementation and maintenance of mitigation programs may cause negative externalities for 

which no price exists (e.g. through negative impacts on the landscape, disturbance of water 

regimes or destruction of forest stands). These externalities of mitigation should be 

internalized in the cost analysis. 

Similarly, the expected benefits from mitigation have no market price and must be 

monetized through non-market valuation approaches, which capture the benefits of both the 

physical integrity (i.e. the use value of mitigation) and the perceived safety (i.e. the non-use 

value of mitigation) provided by a mitigation program. This confounding of use and non-use 

values makes monetizing reductions in mortality risk a particularly difficult task that has 

occupied economists for the last 40 years. Schelling (1968) was the first to recognize that, if 

one could not a priori identify the people endangered by a particular risk, the economic 

valuation of mortality risk should not address the prevention of specific deaths, but rather the 

statistical reduction in mortality risk across the population at risk. Many economists have 

since tried to value lifesaving interventions (see Hammitt 2000). Eventually, Jones-Lee (1992) 

coined the term Value of Statistical Life (hereafter abbreviated as VSL) for a marginal 

reduction in statistical mortality risk, which should be compared to the marginal social cost of 

this reduction. 

Today, the VSL is the common notation for the willingness-to-pay (WTP) for small and 

similar changes in mortality risk among a defined population at risk. The reasoning behind the 

concept of VSL can be illustrated by a simple example. Assume that an Alpine valley of 

50,000 residents plans a mitigation program to protect public roads from natural hazard 

impacts. In the past, each year an average of four individuals died in accidents caused by 

snow avalanches or rockfall events. The mitigation program is expected to halve the number 

of expected fatalities from four to two individuals per year. A referendum has revealed that 

every resident is willing to accept a tax increase of €200 per year. The corresponding VSL 

becomes €200/(2/50,000) = €5 million. 
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In the planning phase of mitigation programs, how much people are willing to pay for 

the expected risk reduction is not known. Hence, it is worth transferring the VSL from other 

spheres of safety to assess the scope of a particular program (Boardman et al. 2005). 

However, while benefit transfers allow the risk-based planning of mitigation programs and 

therefore help to optimize the allocation of resources in natural hazard management, it should 

be warned against a thoughtless transfer of VSL values across types of hazards and baseline 

risks. This imprudent practice of benefit transfer implicitly assumes that differences in the 

characteristics of two populations at different risk can be neglected (Smith et al. 2006). The 

appropriate transfer of the VSL from one valuation context to another requires adjusting the 

VSL, or else, severe biases can be induced by hidden characteristics of the risk. 

The VSL has been widely used as a decision criterion in environmental and health 

regulations in the US (Boardman et al. 2005; Robinson 2007). In recent years, it has become 

increasingly used in Europe (see Kluve & Schaffner 2008). Despite its growing importance, 

natural scientists have so far paid little attention to the concept of VSL. Instead, they have 

drawn on approaches that do not measure willingness-to-pay to valuate the social benefits of 

reductions in mortality risk. According to Stavins (2004), these approaches include (i) 

employing estimates of the “cost avoided” as proxy for the benefit of a mitigation program 

without considering the next most costly means of achieving this risk reduction; (ii) drawing 

inferences on the benefit of a mitigation program from the cost of previous regulatory actions; 

and (iii) using human capital measures that rely on explicit market costs of mortality risks. 

From an economic point of view, neither of these approaches provides valid measures of 

economic benefits and their application does not result in efficient decisions upon mitigation 

programs. 

Given the expected negative impacts of climate change in the Alps and elsewhere, the 

concept of VSL becomes relevant not only for economists, but also for decision-makers 

involved in the mitigation of natural and other environmental hazards. The intention of this 

review paper is threefold. First, the paper surveys the existing VSL literature to establish the 

standard model of the VSL and to extend this model to the multi-period and multi-agent 

context. This should provide non-economists with a fair understanding of what the VSL is 

and is not. Second, we show how the VSL concept is anchored in welfare economic theory 

and justify its application to cost-benefit analyses. Third, we outline a research strategy to 

empirically estimate the VSL in the context of natural hazards. To this end, we introduce the 

method of choice experiments (Louviere et al. 2000; Kanninen 2007) and adapt this method to 

estimate the VSL. We conclude with some remarks on the usefulness of this approach in 

applied natural hazard management. 
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1.2 Derivation of the VSL concept from welfare economic theory 

1.2.1 The standard model of the VSL  

We set out with the derivation of the VSL within the standard single-period model developed 

by Jones-Lee (1974) and Weinstein et al. (1980). This model assumes that an individual 

maximizes his or her expected utility U from wealth w and from the probability p to survive 

the current period: 

 

)()1()(),(max wvpwpuwpU  , (1.1) 

 

where u represents the utility of being alive as a function of wealth, conditional to surviving 

the current period; v denotes the utility that the individual is anticipating from a bequest in 

case he or she dies during this period. Evaluating the total differential of the utility function at 

the optimality condition dU = 0 yields the marginal rate of substitution between wealth and 

survival probability: 
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Some assumptions are commonly made on the form of the expected utility function U. 

Namely, U is defined as a twice differentiable, concave function whose marginal utility of 

wealth is positive but marginally diminishing: 
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The utility of a bequest is often assumed small compared to the utility of wealth, i.e. u >> v. 

Hence, v becomes negligibly small. Given these assumptions, the individual’s VSL is defined 

as the marginal rate of substitution between wealth and survival probability:1 
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The numerator in the right-hand side of Eq. (1.4) is simply the utility of wealth. The 

denominator equals the expected marginal utility of wealth, i.e. the marginal utility of wealth 

                                                 
1 This expression is derived from inserting Eq. (1.1) into Eq. (1.2) and by integrating out the partial utilities. 
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weighted by survival probability. Assuming that greater wealth is always preferred to less, the 

VSL is positive and the indifference curve between survival probability and wealth slopes 

downward (see Fig. 1.1). 

 

 

Fig. 1.1 Illustration of the VSL as the marginal rate of substitution between survival probability (p) and wealth 

(w) at the current risk/wealth endowment (Hammitt 2000). 

 

1.2.2 Effects of wealth and baseline risk on the VSL 

The above derivation has made clear that the VSL varies across individuals, since it depends 

on the levels of w and p with which an individual is endowed and on the shape of his or her 

utility functions u and v. This variation has led to the identification of two important effects. 

The dead-anyway effect (Pratt & Zeckhauser 1996) describes how the VSL increases with 

risk or decreases with survival probability p, respectively. This effect is illustrated in Fig. 1.2, 

where the marginal rate of substitution between wealth and survival probability is larger (i.e. 

the slope of the indifference curve is steeper) at point B than at point A. Intuitively, the larger 

the risk of death, the smaller are the incentives for an individual to accumulate wealth, e.g. for 

future consumption. The death-anyway effect can also be inferred from Eq. (1.4), since the 

numerator is independent of p and the denominator is decreasing in p (Hammitt & Treich 

2007). 
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Fig. 1.2 Illustration of the compensating variation q() for the risk reduction , the dead-anyway effect, and the 

wealth effect (Hammitt & Treich 2007). 

 

Second, the wealth effect causes the VSL to increase in wealth. This is again illustrated 

in Fig. 1.2, where the marginal rate of substitution between wealth and survival probability is 

larger at point C than at point A. Hammitt and Treich (2007) provide two reasons for the 

wealth effect. First, wealthier people lose more in absolute terms when they die (as a 

consequence of the assumptions in Eq. (1.3), the numerator in Eq. (1.4) grows with increases 

in w). Second, the utility cost of spending is smaller (or at least not larger) due to (weak) risk 

aversion with respect to wealth (Eeckhoudt & Hammitt 2004). In summary, both the dead-

anyway and the wealth effect cause the VSL to increase if one moves upward and left along 

the indifference curve. Consequently, the VSL is larger at point D than at point A. 

Based on the indifference curve analysis, one can show that the compensating variation 

q()for a variation in risk , i.e. the amount of money that an individual requires as positive 

or negative compensation to return to the same utility level that he or she enjoyed prior to the 

change in risk, can be approximated by   VSL.2 In the case of a risk reduction, i.e.  = p1 – 

p0 > 0, the individual would be willing to pay the compensating variation q() = w1 – w0 < 0 to 

move from the utility level U(p0,w0) at point D to the utility level U(p1,w1) at point A: 

                                                 
2 In what follows, we focus on the concept of compensating variation as defined by Hicks (1939). Hammitt and 

Treich (2007) also discuss the alternative use of the concept of equivalent variation for valuing mortality risks. 
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),())(()()(),( 11000000 wpUqwupwupwpU    with 0    1 – p0 and q() < 0. (1.5) 

 

Fig. 1.2 illustrates the meaning of Eq. (1.5) with three indifference curves. Suppose that the 

initial position of the individual is at point D with risk-wealth endowment (p0,w0). An external 

increase in survival probability would shift the individual to point C with risk-wealth 

endowment (p1,w0), which lies on a higher indifference curve than D since no change in 

wealth occurred. The compensating variation q() for the risk reduction  is given by the 

vertical distance |C – A| between the two indifference curves at p1, which is the very amount 

that the individual would offer as compensation for reaching the higher indifference curve. 

The same holds for an increase in risk. If the initial position of the individual is at point 

A with risk-wealth endowment (p1,w1), an externally caused decrease in survival probability 

would shift the individual to point B with risk-wealth endowment (p0,w1), which lies on a 

lower indifference curve. The compensating variation q() for the risk increase  is given by 

the vertical distance |B – D| between the two indifference curves at p0, which is the very 

amount that the individual would require as compensation for reaching the lower indifference 

curve (in this case the compensating variation is a measure of the individual’s willingness-to-

accept). One might ask how the compensating variation changes with changes in the baseline 

risk (Eeckhoudt & Hammitt 2001). To this end, Eq. (1.5) is differentiated with respect to . 

Rearranging it yields a measure of the marginal WTP: 
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Based on the conditions of Eq. (1.3), differentiating the compensating variation a second time 

with respect to  yields 2q()/2 < 0. This means that the marginal WTP for risk reduction 

is positive, but demand for risk reduction decreases with increasing survival probability.  

The decreasing demand for risk reduction is readily demonstrated by an indifference 

curve analysis of a change in the price P() of risk reduction. Fig. 1.3A represents an 

individual’s tradeoff between risk and wealth at three different price levels P1–P3 of risk 

reduction. Holding individual wealth fixed while varying the price P() of risk reduction 

yields three budget constraints, which reflect how much risk reduction the individual can 

afford at each price level. The tangent points A, B, and C between these budget constraints 

and the individual’s indifference curves between survival probability and wealth indicate 

three price-depending marginal rates of substitution between risk and wealth. 
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Fig. 1.3 Illustration of three indifference curves between risk and wealth for three different prices of mortality 

risk reduction P() in Panel A, and the corresponding demand schedule for mortality risk reduction in Panel B 

(adapted from Boardman et al. 2005: 65). 
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Fig. 1.3B displays the corresponding demand schedule through the points A', B', and C' 

at the three price levels P1–P3, illustrating that demand for risk reduction decreases as the 

price of risk reduction rises. This points out that mortality risk reduction is a normal good and 

the standard model of VSL is founded in consumer demand theory (Jones-Lee 1976).  

 

1.2.3 The multi-period model of the VSL 

So far, we have presented a single-period model of risk reduction in which individual i is 

willing to pay the compensating variation qi() for receiving the risk reduction  within the 

same period. In the real world, individuals have non-constant preferences about consumption 

levels at different periods in their lives. This has led to the development of life-cycle models 

of optimal consumption with uncertain lifetimes. Here, we outline the generic multi-period 

model of Cropper and Sussman (1990), where an individual of age j receives the expected 

utility Uj from consumption over his or her remaining lifetime up to the time of death T: 
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where u(ct) equals the utility of future consumption in each remaining life year t discounted to 

the present at the subjective rate of time preference  and multiplied by the conditional 

probability of surviving pj,t up to age t.3 In detail, the conditional survival probability is 

defined as pj,t = (1 – j)(1 – j+1)…(1 – t–1), with j denoting the conditional probability of 

dying (or the mortality risk) at age j. 

Now, assume that individual i maximizes utility Uj subject to his or her initial wealth wj 

and constrained by possible opportunities for borrowing and lending. Commonly, two cases 

are considered. Yaari (1965) proposed a model of actuarially fair annuities, while Cropper and 

Sussman (1990) assumed a more realistic situation in which the individual can borrow and 

lend at the riskless rate of interest r, but cannot become a net borrower. Thus, the present 

discounted value of wealth wt must not be negative in the beginning of any life period t: 
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where yt denotes income and ct denotes consumption in period t. One can relax this strict 

                                                 
3 Cropper and Sussman (1990) impose three conditions on the period utility u(ct): (i) it is bounded from below: 

u(ct) > 0, (ii) it increases with consumption: u'(ct) > 0, and (iii) it is concave: u''(ct) < 0. 
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assumption, assuming that the budget constraint is only binding at the end of life, i.e. wT = 0. 

The Lagrangian function L of the life-cycle model in Eq. (1.7) then becomes: 
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where  is the Lagrange multiplier associated with the wealth constraint. Consider an 

immediate reduction in the individual’s probability of dying. By definition, this reduction will 

increase the survival probability pj,t of the individual from age j onward through all remaining 

life years t. Therefore, the age-dependent VSLj is derived as the marginal rate of substitution 

between current wealth wj and the probability of dying j in period j: 

 

.)//()/(VSL jjjjjjj ddwwUU    (1.10) 

 

Applying the Envelop theorem4 to Eq. (1.9) allows deriving the following expression for the 

VSLj of an individual at age j (see Appendix A1 for the detailed derivation):  
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Eq. (1.11) expresses that the economic value of reducing the probability of dying at age j is 

equal to the loss in expected utility of future consumption from age j + 1 onward. This loss 

can be monetized by dividing by the marginal utility of consumption u(cj)/wj. 

While the probability of surviving unambiguously decreases with age, and therefore 

older people should be willing to pay more to reduce their risk of death (i.e. the first term on 

the right hand side of the equality increases with age), age-related changes in the present 

value of expected utility of consumption are theoretically ambiguous. On the one hand, older 

people have fewer expected life years to look forward to and might therefore spend more on 

risk reductions, on the other hand many scholars argue that the VSL might decrease over age 

since the remaining lifetime utility decreases (see Moore & Viscusi 1988). Alberini and 

colleagues (2004) studied empirically how the VSL changes with age and health. They found 

that individuals older than 70 years had a 20–30%-reduced WTP for risk reductions, while 

individuals with chronic diseases were willing to pay at least as much as healthy individuals 

to reduce their risk of dying. 

                                                 
4 The Envelope theorem implies that (L/j)/(L/wj) = (Uj/j)/(Uj/wj). 
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1.2.4 The multi-agent model of the VSL 

The discussion so far has pointed out that individual characteristics and preferences have a 

major effect on the WTP for risk reduction. The initial wealth endowment of an individual 

determines his or her initial indifference curve; the baseline risk, including the effects of age, 

health, and risk exposure, determines the initial position on this curve; and individual 

preferences determine the form of the utility functions reflected in the gradient of the 

indifference curve. Below, we introduce a model of public allocation of safety adapted from 

Andersson and Treich (2009), in which many individuals make a joint effort to reduce their 

statistical mortality risk. 

Let there be an economy of n heterogeneous individuals (or agents), whose budget for 

safety is a public good denoted by z. Increases in the budget for safety yield a gain in the 

survival probability pi(z) of each individual i. This risk reduction i(z)  pi(z)/z increases 

marginally with increasing levels of safety expenditure, i.e. pi(z)/z  0, 2pi(z)/z2  0. 

Through safety expenditures, each individual i enjoys an expected utility Ui given by: 

 

)())(1()()( iiiii wvzpwuzpU  , (1.12) 

 

where u represents the utility of individual i being alive as a function of personal wealth wi, 

conditional to surviving the current period, and v denotes the individual’s anticipated utility 

from a bequest. To determine the optimal public budget for safety z, the benevolent social 

planner maximizes the aggregated utility (i.e. welfare) in this economy together with the level 

of individual taxes ti levied to finance the risk reduction: 
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where i is a Pareto weight associated with each individual i (this Pareto weight could be used 

to weight the welfare of underprivileged people). The first-order conditions of the Lagrangian 

optimization problem are given by (see Appendix A1 for the detailed derivation): 
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where  is the Lagrange multiplier associated with the budget constraint. Condition (i) reflects 

the social marginal benefit criterion, while condition (ii) reflects the individual equalized 

marginal cost criterion. The elimination of the Pareto weights and the Lagrange multiplier in 

the n + 1 first-order conditions above results in 

 

1VSL)(
))(1()(

)()()(

1
)()(

1








 








i

n

i
i

w
twv

iw
twu

i

iiiiii
n

i

i z
zpzp

twvtwu

z

zp

i

iii

i

iii
 . (1.15) 

 

This efficiency condition determines the optimal public allocation of safety in our 

model economy. It corresponds to Samuelson’s condition (1954), which requires the sum of 

marginal rates of substitutions to equal the marginal rate of transformation (normalized to 

one). If the individual risk reductions i(z) are uncorrelated with the individual values of 

statistical life, i.e. nobody knows a priori whether and by how much he or she would benefit 

from the risk reduction, the efficiency condition can be rearranged as: 
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The interpretation of this efficiency condition is that the marginal social cost to save one life 

should equal the overall population arithmetic mean of VSL values. The efficiency condition 

of Eq. (1.16) is often brought up to justify the use of the arithmetic mean VSL value in 

applied cost-benefit studies. Andersson and Treich (2009) note that this condition relies on 

two critical assumptions. First, it is doubtful that governments have sufficient information to 

implement an efficient and fair transfer of individual tax payments ti in order to allocate the 

safety budget z. Second, it is in many cases unlikely that individual risk reductions and the 

individual VSL values are uncorrelated. 

To illustrate this, assume that a specific risk mitigation program mostly benefits people 

from a low-income class. Since the VSL tends to decrease in wealth, the use of Eq. (1.16) for 

valuating this program will lead to a downward bias originating from the negative correlation 

between the risk reduction (higher for poor people), and the amount to be paid for the risk 

reduction (lower for poor people). To avoid social imbalances, it has therefore been proposed 

to use a more robust measure such as the harmonic mean as a common VSL value for cost-

benefit applications (Baker et al. 2008). In European societies, however, social differences 

with respect to income and risk exposure are often relatively small (Baker et al. (2008) 

recorded a difference of 15% in the UK), so that the differences between the harmonic and 
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arithmetic mean VSL also become small. The arithmetic mean VSL may thus serve as a 

common VSL value for use in most applied cost-benefit analyses in Europe. 

 

1.2.5 Applying the VSL to evaluate natural hazard mitigation programs 

In recent decades, governmental agencies in the US and in Europe have increasingly required 

the conduct of cost-benefit analyses to see whether a specific risk mitigation program is worth 

implementing (Boardman et al. 2005; Robinson 2007). In cases involving mortality risk, the 

VSL serves as a measure of the mitigation program’s social benefit. For the purpose of 

illustration, let us assume a proposed risk mitigation program that provides i = 1, 2,…n 

individuals with the same risk reduction t = (1/n) for a period of t = 1, 2,…T years. Since the 

risk of all n individuals at risk is reduced by (1/n), one statistical life will be saved in each 

year during which the mitigation program is in place. Under this strict condition of risk 

equality, the social benefit of the mitigation program corresponds to the aggregated WTP for 

the annual risk reduction t, discounted to the present at the social discount rate r: 
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From Eq. (1.6), it follows that the individual marginal WTP for this risk reduction program 

decreases with diminishing baseline risk (2qi(t)/t
2<0), and so does the aggregated 

marginal WTP (2Q()/2<0). Fig. 1.4 explains the dependency of the benefit on the level 

of risk by illustrating the optimal expenditure against natural hazards in a two-good economy. 

Fig. 1.4A shows a community indifference curve Q(G) between risk reduction  and 

a composite good G, the corresponding production possibility curve (PP), and the first-best 

equilibrium at (*,G*).5 The production possibility curve requires that risk reduction is 

produced cost-efficiently, i.e. no level of  could be provided at a lower price. The first-best 

equilibrium attains a tangency of the production possibility curve and the community 

indifference curve, whose slope is a measure of the common VSL since it is given by the 

marginal rate of substitution between risk reduction and the composite good. 

                                                 
5 By focusing only on the market for risk reduction while assuming that equilibria in other markets are 

unaffected, we take a partial equilibrium approach (Just et al. 2004). However, one must bear in mind that 

equilibria in other markets might also be affected by a large-scale mitigation program or policy. 
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Fig. 1.4 Illustration of the VSL as the marginal rate of substitution between risk reduction and the composite 

good G at the intersection between the community indifference curve Q(,G) and the production possibility 

curve PP in Panel A, and the associated supply curve C'() and demand curve Q'() for risk reduction in Panel B 

(adapted from Just et al. 2004: 47). 
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Fig. 1.4B illustrates the supply and demand curves for risk reduction and the first-best 

equilibrium at *. The supply curve C'() is derived from Fig. 1.4A by varying the price of 

risk reduction P(, while holding the price of the composite good G constant. Technically, 

C'() is found by plotting the absolute value of the slope of the production possibility curve 

for each level of . This slope represents the social marginal cost of  in terms of G (Just et al. 

2004). Thus, the supply curve C'() is a marginal social cost curve reflecting the increasing 

costs per unit of risk reduction, while the baseline risk decreases along the x-axis. The demand 

curve Q'() displays the absolute value of the slope of the community indifference curve 

Q(,G) in Fig. 1.4A. At each point on Q(,G), this slope equals the maximum amount of G 

that society is willing to tradeoff against an additional reduction in risk. Given this social 

willingness-to-pay interpretation of the community indifference curve, the demand curve 

Q'() is a downward sloping marginal social benefit curve that reflects the diminishing 

societal demand for risk reduction, while baseline risk decreases along the x-axis. 

In the first-best equilibrium, marginal social benefits equal marginal social costs and it 

is impossible to obtain any further social gains by moving away from this optimality point. 

Therefore, the first-best equilibrium is said to be the Pareto optimal level of risk reduction *. 

To reiterate, the first-best equilibrium is the allocatively efficient level of risk reduction as 

anything that led society to allocate too few or too many resources to reducing risk will cause 

a loss in the social surplus given by the area ABC in Fig. 1.4B. If one varies the supply of risk 

reduction to levels 1 and 2, this loss becomes apparent. Consider a movement to 1 in which 

society faces more risk than accepted. In this case, the marginal WTP exceeds the marginal 

costs. Hence, moving from 1 to * generates a net benefit of size BDE. A movement to the 

right, say to 2, leads to a situation of oversupply in which the marginal costs of reducing risk 

are greater than the marginal WTP and a loss in social surplus of size BFG is therefore 

associated with moving from * to 2. 

 

1.3 A research strategy to empirically estimate the VSL 

1.3.1 Empirical approaches to estimate the VSL 

In the preceding sections, it has been argued that determining the optimal expenditure on a 

natural hazard mitigation program is possible, if one knows the social WTP for mortality risk 

reduction. The question arising from this conclusion is how the social WTP for mortality risk 

reduction should be empirically estimated. Two methodological concepts have evolved to 

estimate the VSL in empirical settings (see Hammitt 2000). Revealed-preference methods 

deduce the ex post WTP for risk reductions based on observations of people’s actual behavior 
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in surrogate markets, whereas stated-preference methods draw upon economic survey 

techniques to ask respondents for their ex ante WTP for a specified risk mitigation program. 

So far, mortality risk has been primarily studied using revealed-preference methods. In 

particular, the hedonic pricing method has been applied to estimate the VSL from 

compensating wage differentials based on labor market data (Viscusi 1993). These hedonic 

pricing studies have provided a wide spectrum of VSL values ranging from US$0.1 million to 

more than US$30 million (Viscusi & Aldy 2003; Mrozek & Taylor 2002). In the context of 

natural hazards, however, the hedonic pricing method seems less promising because there is 

often no surrogate market where risk-wealth tradeoffs related to the occurrence of natural 

hazards can be observed. Indeed, if any such market existed, it would be prone to information 

biases arising from the stochastic nature of hazards (Luechinger & Raschky 2009). 

For these reasons, stated-preference approaches may be preferable for studying the 

valuation of natural hazard mitigation (see Leiter & Pruckner 2009; Zhai & Ikeda 2006; 

Brouwer & Bateman 2005). Like most other studies that value mortality risks based on stated 

preferences, the mentioned studies rely on the contingent valuation (CV) approach (Bateman 

et al. 2002). This approach asks individuals directly if they are willing to pay a specific price 

for a specified change in mortality risk. Based on the stated choices, the analyst learns 

whether a respondent’s WTP is above or below the prompted price. 

Over the years, several problems with the CV approach have been identified (Baron 

1997a; Green et al. 1998; Green et al. 1994; Kahneman et al. 1993; Schkade & Payne 1994), 

which may cause biases in estimates of the VSL. The most severe drawback of the CV 

approach is that it relies on hypothetical choices where respondents may have incentives to 

over- or understate their willingness-to-pay. This so-called hypothetical bias is caused by 

strategic behavior, protest answers, response biases due to imprecise questions, or ignorance 

about income constraints (Diamond & Hausman 1994).  

Further, in many CV studies people seem to express a general preference for 

environmental spending but differ according to whether the good is valued in its own right or 

embedded as part of a bundle of goods (Kahneman & Knetsch 1992; McFadden 1994). A 

related phenomenon is that people tend not to value increases in the scope of a project 

consistently (Kahneman 1986; Frederick & Fischhoff 1998), leading to the paradoxical 

situation that reductions in the risk of a particular source are valued almost as worthy as 

reductions in the overall mortality risk. Finally, many people have difficulties in 

understanding small probabilities. However, this ability is relevant when eliciting preferences 

for small risk changes (Kunreuther et al. 2001; Hammitt & Graham 1999; Baron 1997b). 

Partly in response to these problems, choice experiments have proliferated in 

environmental economics as an alternative method to value mortality risks in the public goods 
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context (Alberini et al. 2007a; Rodriguez & Leon 2004; Itaoka et al. 2006; Bosworth et al. 

2009). In contrast to the CV approach, choice experiments confront survey respondents with 

competing risk mitigation options whose details are described as bundles of characterizing 

attributes that determine the utility derived from the option’s implementation (Louviere et al. 

2000). Rather than asking explicitly if respondents would be willing to pay a certain price for 

a specific risk mitigation program, they have to choose their preferred alternative among the 

prompted risk mitigation options. 

While choice experiments are also based on hypothetical choices, they add more realism 

to the hypothetical choices (Louviere et al. 2000). Repeating choices from the subset of 

possible mitigation options makes it more likely that undesired effects, such as embedding 

and scope neglect, can be detected (Adamowicz et al. 1998; Hanley et al. 2001) and it 

becomes cognitively difficult to pursue strategic answering behavior (Louviere et al. 2000). 

Given the above arguments, the discrete choice approach lends itself for valuing natural 

hazard mitigation programs (Ganderton 2005). In what follows, we outline how the approach 

could be used to empirically estimate the VSL. 

 

1.3.2 A framework for analyzing discrete choices 

Choice experiments are rooted in a non-deterministic model of economic choice, commonly 

referred to as the random utility maximization (RUM) model (McFadden 1999). With regard 

to choices about mortality risk reductions, the RUM model assumes that the utility of the risk 

mitigation programs to be selected can be split into a value-based deterministic component 

expressed by the indirect utility function V and a random component . This random 

component captures the moods, beliefs and other emotionally driven shortcuts (Payne et al. 

1999; Loewenstein et al. 2001) used by a decision-maker i to evaluate the risk reduction 

program k: 

 

ikikik VU  );( βX . (1.18) 

 

In this formulation, Xik denotes a matrix of explanatory variables describing program k and 

decision-maker i; β is a vector of the unknown coefficients to be estimated. The RUM model 

assumes that the random component is a vector of disturbances of an unknown distribution i,k 

~ D(), where  are the parameters of this distribution. 

The dichotomy of the stated choices allows a decision framework to be constructed by 

assuming that individual i prefers mitigation program k over the alternative mitigation 

program j (i.e. jk  ) if the utility entailed by program k is larger than that of any other 
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program j out of the set of choice alternatives J (i.e. Uik > Uij). The probability of choosing 

mitigation program k is thus given by: 

 

],,Pr[);;|Pr( kjJjVVk ijijikiki  βX . (1.19) 

 

The estimation of the coefficient vector β involves maximizing the likelihood of the stated 

choices. When N respondents are asked to engage in a series of Q choice tasks, and each 

choice task is comprised of J choice alternatives, the maximization requires defining a binary 

choice indicator ijq. This binary indicator takes on the value ijq = 1 if individual i chooses 

the program j in choice task q, and ijq = 0 otherwise. Accordingly, the log-likelihood function 

LL to be maximized over the pool of stated choices becomes: 
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Conventional statistical software packages can handle the maximization of these log-

likelihood functions using iterative search algorithms. 

 

1.3.3 Estimating the VSL within the conditional logit model 

Starting out from the general RUM model, assumptions on the distributional form of the 

random component lead to the class of General Extreme Value choice models (Walker & 

Ben-Akiva 2002). Here, we restrict the discussion to the conditional logit model, which is the 

standard choice model in applied environmental economics (Hanley et al. 2001). It should, 

however, be pointed out that there are more advanced choice models, which can add to 

behavioral realism in many empirical settings (see Louviere et al. 2000; Kanninen 2007). 

The conditional logit model assumes that the random component follows an extreme 

value distribution j ~ EV(). Solving Eq. (1.19) for j (the subscript i can be dropped without 

loss of information) yields an expression of the form: 

 

)](expexp[)](Pr[ jkkjkkj VVVV   . (1.21) 

 

Because j is assumed to be independently and identically distributed, the probability of 

choosing program k can be re-written as: 
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This expression is rearranged to obtain the conditional logit model (see Louviere et al. 2000): 
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In order to estimate the VSL from the stated choices, the indirect utility function of the 

conditional logit model has to be specified. The choice-based estimation of the coefficient 

vector β for the matrix of explanatory variables Xik has been described in the previous section. 

For ease of discussion, we may assume that this matrix consists of two explanatory variables; 

the average risk reduction k by mitigation program k and the cost Cik of this program to which 

every individual i would have to contribute. Characteristics of either the mitigation program k 

or the respondent i may also go into the indirect utility function. Since the covariates do not 

vary over the repeated choices of respondent i, their vectors denoted by Wk and Zi have to be 

interacted with either the risk or the cost attribute. An explicit form of the indirect utility 

function V(Xik; β) is then obtained as: 

 

)()( 321321 βZβWαZαW ikikikkik CV   , (1.24) 

 

where α1 and β1 are the direct coefficients of the risk and cost attribute; α2, α3, β2 and β3 are 

coefficient vectors of the interaction effects between these attributes and selected covariates. 

In line with Alberini et al. (2007a), we posit that the marginal utility of risk reduction 

for respondent i is given by the compound coefficient vector α = (α1 + Wkα2 + Ziα3) and the 

marginal utility of wealth is given by the compound coefficient vector β = (β1 + Wkβ2 + Ziβ3). 

Since the VSL is defined as the marginal WTP for a marginal decrease in risk, it results from 

the ratio of the estimated coefficient vectors: )ˆ/ˆ( βα  = (V/Rj)/(V/Cij)  VSL. By inserting 

Eq. (1.24) into Eq. (1.20), one may obtain the maximum likelihood estimates for α̂  and β̂ , 

which are for large samples normally distributed around the true vectors of the coefficients 

(Alberini et al. 2007b). 

In this way, it is not only possible to estimate the VSL but one also retains the ability to 

individuate this value based on the personal characteristics of the affected persons. Consider 

the case where, among other characteristics, exposure E is assumed to have an important 

impact on the demand for mortality risk reduction. For identification purposes, we may 



 26

rewrite the vector of personal characteristics as Zi = [Xi,…,Ei], where Ei is for simplicity a 

dummy that takes on the value 1 if respondent i is frequently exposed, and 0 otherwise; Xi 

denotes the vector of other personal characteristics (e.g. age, gender, income, etc.). Likewise, 

the (transposed) coefficient vectors can be rewritten as ],...,['2 EXαα   and ],...,['2 EXββ  , 

where αE and βE are the coefficients of the interactions between exposure and the risk and cost 

attribute. The VSL for exposed individuals is consequently estimated as (αβ = 1E 

XiαXWjα3)/β1 βE XiβXWjβ3), while the VSL for unexposed individuals is estimated 

as (αβ = 1 XiαXWjα3)/β1 XiβXWjβ3). Thus, depending on the exposure of the 

individuals, an exposure-specific VSL value is obtained. 

Individuating the VSL has proved useful to test the scope of valuation studies. Clearly, 

if respondents have been asked to make choices about risk reductions of different size, cost or 

duration of effect, these differences should be reflected in the height of the WTP in the 

expected economic manner. This can be empirically tested by examining whether the 

coefficients on the choice attributes that capture size, cost and duration of the proposed risk 

reductions are statistically significant and have the expected signs (Alberini et al. 2007b). If 

respondents merely express their approval for risk reductions without caring about the levels 

of baseline risk, residual risk and risk reduction, their valuations fail such a scope test. 

Heberlein et al. (2005) even differentiate three classes of scope: affective, cognitive, and 

behavioral scope. Applied to the valuation of mortality risk reductions, affective scope 

requires that respondents, who fear a specific risk more than others, should have a higher 

WTP for its reduction; cognitive scope requires that those who are more aware of a specific 

risk should have a higher WTP for its reduction; and behavioral scope requires that those who 

are more exposed to a specific risk should have a higher WTP for its reduction. Testing for 

these scope requirements may help the analyst in assessing the validity of the experimental 

results from choice experiments. 

 

1.4 Concluding remarks 

In this review paper, we have described how the social benefits of natural hazard mitigation 

should be monetized from an economic perspective in order to valuate mitigation programs in 

a theoretically proper way. We first surveyed the concept of VSL and how it is anchored in 

welfare economic theory. Starting out from the one-period standard model of the VSL, we 

stepwise extended the discussion to the multi-period and multi-agent context and to the use of 

the VSL concept in applied cost-benefit analyses. This survey has shown that the VSL is a 

well-defined measure of valuation grounded in the economic theory of supply and demand, 
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which may help policy makers in the areas of landscape planning, traffic safety, and hazard 

management to base their decisions upon public investments on economic principles. 

Although the VSL serves as an appropriate decision guideline in cost-benefit analyses 

of proposed natural hazard mitigation programs, it is clearly not a one-size-fits-all value that 

can be plugged into a valuation study without being refined for the specific purpose of 

analysis. As Viscusi and Aldy (2003) note, it remains an important task for the research 

community and the government agencies involved in natural hazard management to adapt the 

VSL to the characteristics of the people at risk. Applied in a responsible way, the VSL 

concept can result in more informed and transparent decisions, reducing inefficiencies in the 

mitigation of natural hazards.  

We propose the use of choice experiments to empirically estimate the VSL in the 

context of natural hazard mitigation. This discrete choice approach offers a promising way to 

value mortality risk reductions. It provides a decision framework that regards the sovereignty 

of the decision-maker while allowing for random deviations from rational choice behavior. 

This is a necessary requirement of any empirically valid preference elicitation approach 

because choice behavior in the context of life-threatening risks may be driven by personal 

attitudes, perceptions and beliefs, so that preferences cannot be elicited in isolation from the 

social context in which they are formed (McFadden 1999). It is a particular strength of choice 

experiments that they enable the estimation of such characteristic values for mortality risk 

reductions. 

It should, however, be noted that there are also some problems with the discrete choice 

approach. Hanley and colleagues (1998) name the often complex nature of the statistical 

design and the selection of appropriate attributes and levels as key problems. Some progress 

has been made with respect to the statistical challenges (Street & Burgess 2007), and today, 

commercial as well as non-commercial design generators are available to build generic 

designs for choice experiments. The problem of attribute and level selection is still a 

challenge (Hensher 2006), which is best addressed by doing in-depth exploratory research in 

the planning phase of the experiment in order to find out as much as possible about the 

relevance of attributes and levels to be included in the choice tasks. 

The use of choice experiments to value mortality risks is relatively recent and poses a 

number of problems. One major challenge is to test whether respondents value their own risk 

or the risk of others. Altruistic preferences can be important non-use values in choices 

involving mortality risks, but are difficult in their economic interpretation (Jones-Lee 1991). 

Other areas for further research include the appropriate framing of the risk reduction in the 

choice tasks, which may affect the estimation of the VSL. Finally, the external validity of 

VSL estimates derived from choice experiments is an issue that has not be resolved so far. 
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There is empirical evidence that stated-preference based valuation studies obtain significantly 

lower VSL estimates than hedonic pricing studies (Kochi et al. 2006). However, it is not yet 

possible to say whether this also holds true for VSL estimates obtained from choice 

experiments. 
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Chapter 2 

Paying for Safety: Preferences for Mortality Risk Reductions on Alpine 

Roads 

Abstract. This paper presents a choice experiment to value reductions in mortality risk on Alpine 

roads. Users of these roads are on one hand threatened by common road hazards, while on the 

other hand they are also endangered by natural hazards such as avalanches and rockfalls. Drawing 

on a survey of frequently exposed respondents from a mountainous region and barely exposed 

respondents from an urban region, we are not only able to estimate the value of statistical life 

(VSL) but can also explore how the respondents differ in their individual willingness-to-pay 

depending on personal characteristics. To address heterogeneity in preferences for risk reduction, 

we use a non-linear conditional logit model with interaction effects. The best estimate of the VSL 

in the context of fatal accidents on Alpine roads is in the range of CHF 7.6 to 8.3 million (€4.9–5.4 

million) with distinct differences between the urban and the mountain sample groups. We found 

the VSL to be significantly altered by socio-economic factors but only marginally altered by the 

type of road hazard, which implies that group-specific VSL values can be calculated based on the 

characteristics of particular societal groups. 

2.1 Introduction 

Alpine countries invest large amounts of money to mitigate natural hazards such as 

avalanches, floods, and rockfalls. Switzerland, for example, spends approximately 0.6% of its 

annual GDP on the mitigation of, and the recovery from, natural hazards (PLANAT 2005). 

While a part of these efforts is financed through private sources, public expenditures cover the 

lion’s share. Publicly funded mitigation programs have so far been focused on the cost-

efficient supply of mitigation. An optimal resource allocation would, however, not only 

consider the supply side but also the societal demand for safety improvements. 

Stated preferences provide an operational basis to deduce the societal demand for safety 

improvements. Surprisingly, few empirical studies have addressed these preferences in the 

context of natural hazards. Brouwer and Bateman (2005) studied society’s valuation of flood 

control measures in the Netherlands, Zhai and Ikeda (2006) analyzed the economic value of 

evacuations during flood events in Japan, and Leiter and Pruckner (2009) estimated the 

societal willingness-to-pay (WTP) for reductions in avalanche risk in Austria.  

                                                 
This chapter is published as working paper 77.2009 in the working paper series of the Fondazione Eni Enrico 

Mattei (FEEM). I thank Anna Alberini for helpful comments on an earlier draft of the manuscript. 
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All of these studies used the contingent valuation approach to elicit WTP measures. 

This paper contributes to the scarce literature by presenting a choice experiment to value 

improvements in traffic safety on Alpine roads. It has been shown that this stated-preference 

approach is well-suited to the study of societal preferences for mortality risk reductions and 

even allows individuating these preferences (see Alberini et al. 2007a; Tsuge et al. 2005; 

Bosworth et al. 2009). 

Three research objectives guide our experimental investigation. First, we want to find 

out how much society is willing to pay for reductions in mortality risk on public roads in the 

Swiss Alps. Users of these roads are on one hand threatened by natural hazards such as snow 

avalanches and rockfalls. On the other hand, road users face the common risk of car accidents, 

whether it be through poor road conditions or through the dangerous behavior of other 

drivers. Our experiment confronted survey respondents with discrete choices from among 

hypothetical traffic safety programs to protect against these hazards and to reduce mortality 

risks on Alpine roads. Based on their choices, we estimate the value of statistical life (VSL), 

which has become the common metric to value lifesaving programs and environmental 

regulations involving risks to human life (Hammitt 2000). 

Second, psychometric research on risk suggests that characteristics such as 

voluntariness, controllability, and origin of a hazard affect people’s risk perception (Slovic 

1987; Slovic et al. 2000). Presumably, these factors affect the economic valuation of mortality 

risk reductions (McDaniels et al. 1992; Subramanian & Cropper 2000), but empirical 

evidence for these effects is relatively small (Leiter & Pruckner 2009; Chilton et al. 2002). To 

broaden this evidence, we analyze how specific characteristics of the hypothetical traffic 

safety programs and their perceived benefits affect the size of the VSL estimates. 

Third, there is an ongoing discussion as to whether the VSL should be individuated 

according to age, wealth, health, and baseline risk (see Baker et al. 2008; Sunstein 2004; 

Alberini et al. 2004; Pratt & Zeckhauser 1996; Eeckhoudt & Hammitt 2001). We study how 

people differ in the WTP for risk reductions based on their socio-economic characteristics and 

their exposure to natural hazards. In other words, we analyze preference heterogeneity in the 

context of mortality risk, using a non-linear conditional logit model as introduced by Alberini 

et al. (2007a). 

To address these research objectives, the paper is organized as follows. Section 2.2 

begins with a brief overview of mortality risks on Alpine roads and compares these risks to 

other causes of death. We then describe the design of our survey, including the attributes and 

levels selected to characterize the choice tasks, and summarize the characteristics of the 

survey respondents. In Section 2.3, we theoretically deduce the VSL within the random utility 

framework of discrete choice analysis and explain our modeling approach to analyze 
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preferences for mortality risk reductions. Selected results of the model estimations are 

presented in Section 2.4. We first report the results for different specifications of the non-

linear conditional logit model. We then test the scope and sensitivity of these results. In 

Section 2.5, we summarize our results and their implications for valuing mortality risk 

reductions in the context of natural hazards. 

 

2.2 Survey development, choice task, and sample characteristics 

2.2.1 Overview of mortality risks on Alpine roads 

Alpine roads are frequently exposed to natural hazards such as snow avalanches and rockfalls. 

Within the last 15 years, three individuals per year have been killed on average in accidents 

caused by rockfall or avalanche events on Swiss roads, while approximately 500 individuals 

per year have died in car accidents (BFS 2007a). Although the population at risk is larger in 

the case of car accidents (only about one quarter of the Swiss residents frequently drive on 

Alpine roads), the probability of dying in a rockfall or avalanche accident on a road is 

statistically small compared to other causes of death (Fig. 2.1). 

 

 

Fig. 2.1 League table of statistical causes of death in Switzerland (compiled from BFS 2007a). 

 

Yet, many people experience feelings of dread when considering the risks from natural 

hazards since they are involuntarily borne and are out of self-control. Dread has been found to 

be a perceptional factor that tends to increase the WTP for mitigation (Subramanian & 

Cropper 2000; Chilton et al. 2002; Chilton et al. 2006). In comparison, car accidents are a 
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well-known risk and frequently analyzed in VSL studies (De Blaeij et al. 2003). In our 

survey, we used car accidents as a reference risk to see whether perceptional factors of natural 

hazards decrease or increase the societal WTP for traffic safety on Alpine roads. 

Since the individual risk of dying in rockfall or avalanche accidents is small and the 

occurrence of such accidents is hardly predictable, it is a priori unknown whose life will be 

saved by the implementation of a traffic safety program. Anybody traveling on Alpine roads 

may potentially benefit from the risk reduction and, as far as public roads are concerned, no 

one can be excluded from this benefit. Thus, traffic safety on Alpine roads is a public good. 

The valuation of mortality risk reductions in the public goods context implies three major 

challenges. First, the respondent’s WTP for risk reduction depends on the size of the affected 

population or on the size that the respondent thinks of when evaluating the choice tasks 

(Green et al. 1994; Kahneman et al. 1993). Second, the magnitude of the cost figures is used 

as a mental anchor. Green et al. (1998) showed that the anchoring of prompted costs 

systematically influences the responses in stated-preference studies. This can cause large 

biases in the valuation of public goods, particularly if respondents have strategic incentives to 

overstate or understate their true WTP. Third, respondents may have preferences for 

reductions in their own risk, in the risk to others, or in expressing mercy and solidarity with 

those people exposed to a risk (Viscusi et al. 1988; Jones-Lee 1991). 

We addressed the former two challenges by making the survey instrument as realistic as 

possible. We presented the risk reduction as a hypothetical referendum for financing the 

future maintenance of hazard mitigating infrastructure and clearly stated how many fatalities 

each traffic safety program could avert at which cost. To reduce strategic answering, we used 

a relative bid vehicle that personalized the cost of each of the alternative programs relative to 

a percentage of the respondent’s last tax payment. The advantage of this relative bid vehicle is 

that, when converted to absolute values, it corresponds to the cost incurred to the respondent 

if the program were to be eventually implemented (Schläpfer 2008).  

The third challenge can hardly be resolved because respondents’ preferences may be 

simultaneously composed of egoistic, altruistic and warm glow motives (Jones-Lee 1991; 

Kahneman et al. 1999; Kahneman & Knetsch 1992). In our study context, the individual risk 

is small and the benefits of the proposed traffic safety programs are concentrated on the most 

exposed people. We therefore conducted the choice experiment with respondents from two 

different regions of Switzerland. One sample consisted of people from the mountainous 

region around Davos, who are frequently exposed to natural hazards on Alpine roads. The 

other sample consisted of respondents from the city of Zurich, who are unlikely to be 

exposed. This split-sampling allows testing whether less exposed respondents may have 

altruistic values, resulting in concerns about the safety of others (Rodriguez & Leon 2004). 
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2.2.2 Choice attributes and levels  

In the design phase of the study, four focus groups, with participants from both sample 

regions, were held to explore the relevant attributes of traffic safety on Alpine roads, the 

understanding of the relative bid vehicle, and the use of various risk communication aids (see 

Corso et al. 2001). The exploratory research also assisted in specifying the levels of each of 

the relevant attributes so that respondents could understand improvements in traffic safety as a 

result of changing attribute levels. For this purpose, we discussed the current level of 

mitigation measures to protect Alpine roads against natural hazards with a number of natural 

hazard experts consisting of representatives of the responsible authorities, civil engineers, and 

scientists. These expert interviews provided a semi-quantitative assessment of the current 

level of traffic safety on Alpine roads, upon which we developed ‘what-if’ scenarios for the 

case that mitigation measures would no longer be maintained. 

The exploratory research resulted in the selection of four attributes to describe traffic 

safety programs for Alpine roads: (1) the number of fatalities per year that are averted by a 

specific traffic safety program; (2) the number of years over which the program would reduce 

the risk; (3) the type of road hazard against which this program is effective; and (4) the cost of 

this program to the taxpayer. Table 2.1 summarizes the selected attributes and levels used in 

the choice experiment. 

 

Table 2.1 Attributes and attribute levels in the discrete choice tasks. 

Attribute Levels of the attribute 

(1)  Number of avoided fatalities per year 10, 12, 14, 16 

(2)  Duration of protection in years 10, 20, 30 

(3)  Type of road hazard snow avalanches, rockfalls, car accidents 

(4)  Relative costs of the program as  

  percentage of the last tax payment 

1%, 2%, 3% 

 

 

Attribute (1) describes the benefit of the traffic safety programs in terms of averted 

fatalities. Based on the expert interviews, we assumed that the number of fatalities caused by 

natural hazards on Alpine roads would increase to 20 fatalities per year if current mitigation 

measures were no longer maintained, but could be kept at the current level if these measures 

were maintained into the future. Levels of the risk reduction were thus selected at 10, 12, 14, 

and 16 averted fatalities per year. 

Attribute (2) captures the permanence of the risk reduction. We attempted to suggest 

realistic periods of mitigation benefits based upon the life expectancy of different mitigation 

measures to protect roads. In the focus groups, we observed that participants had difficulties 
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in calculating the total number of averted fatalities over the proposed period of mitigation 

benefits. We therefore decided against presenting different mitigation periods between choice 

alternatives, but changed the period of mitigation between choice sets. 

Attribute (3) appoints the type of road hazard against which protection is provided. 

Avalanches and rockfalls were selected as natural hazards endangering traffic on Alpine 

roads, while car accidents were chosen as a reference risk to test for perceptional factors 

associated with these natural hazards. We explained that car accidents can be caused by blind 

curves, weak crash barriers, or speeding of other drivers to avoid emphasizing the self-

controlled factors of driving. 

Attribute (4) names the cost of each traffic safety program by describing it as a onetime 

payment proportional to the respondents’ last annual tax payment. We provided respondents 

with a conversion table through which they could easily derive their personalized cost-sharing 

for each of the programs (Fig. 2.2). Married respondents who have a joint tax invoice, were 

asked to divide their last tax payment by two in order to derive their personalized cost for 

each program. 

 

 

Fig. 2.2 Conversion tool to calculate absolute bid amounts from percentages of taxes. 

 

Two premises determined the size of the relative bids. First, the aggregated bids should 

cover future expenditures for maintaining the protection of cantonal and communal roads 

against avalanches and rockfalls over the next 30 years. Second, the prompted bid amounts 

should allow for a large range of possible VSL values (Alberini et al. 2007a). To comply with 

these validity requirements, we estimated the public mitigation expenditures for Alpine roads 

based on statistical data (PLANAT 2005; BFS 2006). Assuming that the annual mitigation 

expenditures will remain at their current level, the present value of mitigation expenditures 

over the next 30 years amounts to CHF 480–960 million, which is equal to 1.2–2.4% of the 
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annual tax payments in Switzerland (BFS 2007b).1 Consequently, the relative bid sizes were 

selected as 1%, 2%, and 3% of the last tax payment. 

Taking the average annual per capita tax payment of CHF 5,400 (BFS 2007b), the 

relative bids would mean a onetime payment of CHF 54 (€35), CHF 108 (€70), and CHF 162 

(€105).2 Using the basic VSL model outlined in Section 3 and assuming discount rates for 

mortality risks between 0 and 15% (Viscusi & Aldy 2003), the absolute bids for the average 

tax payer imply VSL values in the range of CHF 0.3–6.3 million; the absolute bids for the 

highest tax class imply VSL values in the range of CHF 0.8–20.9 million; and the absolute 

bids for the lowest tax class imply VSL values in the range of CHF 0.1–2.3 million. This 

range is in line with values found in two meta-analyses of VSL estimates (Viscusi & Aldy 

2003; Mrozek & Taylor 2002). 

 

2.2.3 Survey structure 

To collect the data, we developed a mail survey consisting of five parts. The first part opened 

with some attitudinal questions about the perception of natural hazards in general and their 

perceived threat to roads in particular. In the second part, respondents had to balance 

infrequent and severe avalanche accidents against frequent but less severe avalanche 

accidents. The third part contained the actual choice task, which prompted respondents to 

consider the hypothetical privatization of maintaining current mitigation measures against 

rockfall, snow avalanche and car accidents on cantonal and communal roads in the Swiss 

Alps. 

We introduced the choice task by stating that today only three individuals die each year 

in rockfall and avalanche accidents on roads, but that this number would quickly rise to 20 

fatalities per year if mitigation measures would no longer be maintained. Respondents were 

presented with the league table of annual mortality causes depicted in Fig. 1 to understand the 

mortality risks involved with avalanche, rockfall and ordinary car accidents and to align these 

risks with other causes of death.3  

Respondents were then asked to imagine a national referendum for financing a traffic 

safety program. They were told that every household would have to make such a onetime 

payment on condition that the referendum was passed. The alternative traffic safety programs 

were presented within six choice sets. For each choice set, respondents had to indicate which 

                                                 
1 For deriving these present values, we used a discount rate of 1.5% based on the inflation-adjusted ten-year spot 

interest rate on Swiss Confederation bonds. 
2 At the time of the data collection, one Swiss franc corresponded to 0.65 Euro. 
3 This was the risk communication aid most preferred by the participants of the focus group research. 
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of the three options they prefer: program A, program B, or neither program. The last option 

was a conditional status quo, whose choice implied the willingness to accept a rise in fatalities 

from currently three to 20 per year. 

Since we selected three attributes with three levels and one attribute with four levels for 

describing the programs, 108 (= 33
  4) different traffic safety programs were possible. 

Consequently, a full factorial design would have resulted in 1,944 different choice sets. 

(Remember that we did not vary the time attribute across alternatives in a specific choice set.) 

We used a shifted orthogonal experimental design built from conventional fractional factorials 

for linear models (Louviere et al. 2000) to reduce the number of choice sets. Based on this 

experimental design, we generated 54 pairs of alternative programs segmented into nine 

orthogonal blocks of six choice sets (see Appendix 2 for a detailed description of the survey 

design). According to Ferrini and Scarpa (2007), this experimental design is particularly 

appropriate when there is a high degree of uncertainty about the conditions that finally 

generate the choice-based dataset. 

The outlined procedure resulted in nine survey versions, each of which contained six 

different choice sets. To test whether different framings of the risk reduction attribute had an 

impact on the valuation of the traffic safety programs, we sent out two survey formats with 

different but logically equivalent framings. In this paper, we draw on the standard assumption 

that choice experiments are context-independent (Carlsson & Martinsson 2008). We therefore 

neglect the hypothesized framing effect in the discussion below, but will discuss it in a 

separate paper (see Chapter 3). 

Subsequent to the choice task, the fourth part of the survey posed some debriefing 

questions asking respondents to indicate how sure they were in their choices and whether they 

had applied specific decision heuristics. The survey closed with questions about the socio-

economic characteristics of the respondents. 

 

2.2.4 Respondents  

The survey was mailed to 900 individuals who had previously agreed in a phone recruitment 

to participate in the study. The sample was stratified by age and gender, with the number of 

respondents roughly reflecting the age distribution of the Swiss residential population. Half of 

the respondents were recruited in the mountainous region around Davos (the mountain 

sample) and the other half in the city of Zurich (the urban sample). We required respondents 

to be at least 18 years old, which is the minimum age for voting and for obtaining a driver’s 

license in Switzerland. Table 2.2 compares the socio-economic characteristics of our 

respondents to those of the Swiss residential population, confirming that our study sample is 
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representative. There is a good representation of all age groups, even though respondents 

older than 69 years are slightly underrepresented. With regard to the last tax bill, there is a 

under sampling of the lowest income group. This correlates with the observation that the 

sample has somewhat fewer respondents who have had only primary education. Overall, there 

is a fair match-up of the survey participants with the census data. 

 

Table 2.2 Comparison of the sample characteristics to the Swiss residential population. 

Variable Study sample (N =433) Swiss Population 

Respondents 

- Mountain Sample 

- Urban Sample 

 

49.0% 

51.0% 

 

 – 

 – 

Gender a 

- Women 

- Men 

 

49.1% 

50.9% 

 

52.0% 

48.0% 

Age a 

- 18–29 

- 30–39 

- 40–49 

- 50–59 

- 60–69 

- 70 or older 

 

14.6% 

17.9% 

27.3% 

14.6% 

15.4% 

10.3% 

 

17.0% 

15.5% 

19.4% 

16.9% 

14.2% 

16.9% 

Annual tax payments b 

- CHF 2,000 or less 

- CHF 2,000–6,000 

- CHF 6,000–10,000 

- CHF 10,000–14,000 

- CHF 14,000–18,000 

- More than CHF 18,000 

 

15.0% 

36.2% 

27.2% 

 8.9% 

 4.2% 

 8.6% 

 

 27% 

 36% 

 16% 

 12% 

 2% 

 7% 

Educational attainment a 

- Primary education  

- Secondary education 

- University education 

- Apprenticeship 

- Craftsman’s diploma 

 

 2.8% 

12.3% 

25.2% 

43.8% 

15.9% 

 

13.3% 

 8.3% 

23.1% 

45.0% 

10.3% 
a Based on (BFS 2007b). 

b Approximation of the annual tax payments of the Swiss population based on the distribution of the direct 

federal tax payments (BFS 2009a). 

 

In the choice analysis, we discarded respondents who had answered less than three of 

the six choice sets, assuming that they were either not willing or unable to respond. Three 

respondents chose only program A and one respondent chose only program B, even when this 

choice behavior was inconsistent with their earlier choices. These respondents were also 
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excluded from the choice analysis. The data cleaning left us with 2,572 valid choices from 

433 respondents, corresponding to a response rate of 48%. 

Since there are no official statistics of the number of people driving on Alpine roads, we 

asked respondents how often they travel on these roads. Based on this self-declared risk 

exposure and official census data for the mountainous and urban regions of Switzerland 

(Hornung & Röthlisberger 2005), we defined the baseline population at risk as those 2 million 

individuals who drive more than once a week on Alpine roads. As described below, we used 

this figure to quantify the annual statistical mortality risk reduction provided by each of the 

traffic safety programs. 

 

2.3 Discrete choice model 

2.3.1 Random utility framework for conditional logit models 

Discrete choice models are founded in random utility theory (McFadden 2001). Applied to 

mortality risks on Alpine roads, random utility theory assumes that the unobserved utility of a 

specific traffic safety program k can be split into a deterministic component expressed by the 

indirect utility function V and a random component  that captures moods, affects and other 

emotionally driven decision shortcuts used by individual i to evaluate the program k. Clearly, 

the indirect utility V from choosing program k is determined by the program’s attributes and 

the personal characteristics of individual i.  

Formally, let Xik denote a vector of explanatory variables describing program k and 

individual i, and β denote the corresponding vector of coefficients to be estimated. Then, the 

random utility perceived by individual i from choosing program k can be written as: 

 

ikikikikik VVU   );( βX , (2.1) 

 

where ik is the random component of an unknown distribution ik ~ D(), with  denoting 

the parameters of this distribution.  

The dichotomy of this random utility model (RUM) allows a decision framework to be 

constructed by assuming that individual i prefers mitigation program k over the alternative 

mitigation program j, if the utility entailed by this program k is larger than that of any other 

program in the choice set J. Formally, the probability of choosing mitigation program k over 

any other program j in the choice set is given by: 

 

].,Pr[),;|Pr( kjVVk ijijikikik  βX  (2.2) 
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Based on distributional assumptions on the random component, several specifications of the 

RUM model have been proposed (Walker & Ben-Akiva 2002). The widely used conditional 

logit specification assumes that the random component is independently and identically (IID) 

drawn from a Type-I extreme value distribution, i.e. ij ~ EV1(). The probability that 

individual i chooses the specific program k is: 

 





Jj

ijiki VVk )];(exp[)];(exp[),;|Pr( βXβXβX  , (2.3) 

 

where  is a scale parameter usually normalized to one, implying constant error variance 

(Louviere et al. 2000). 

The estimation of the coefficient vector β involves maximizing the likelihood of the 

stated choices. When N respondents are asked to engage in a series of Q choice tasks with J 

choice alternatives, the maximization requires defining a binary choice indicator ijq. This 

binary indicator takes the value ijq = 1 if individual i chooses the program j in choice task q, 

and otherwise takes the value ijq = 0. Accordingly, the log-likelihood function LL to be 

maximized over all stated choices becomes: 

 


  


N

i

J

j
i

Q

q
ijqii jLL

1 1 1

],;|ln[Pr(),;|(   βXβX . (2.4) 

 

2.3.2 Estimating the VSL from discrete choice data 

Estimating the VSL from discrete choices on alternative traffic safety programs requires 

specifying the indirect utility function given in Eq. (2.1). In our study, the indirect utility of 

any traffic safety program j depends on its risk reduction Rj and on its cost Cij, which varies 

for each individual i due to the use of the relative bid vehicle. Characteristics of the traffic 

safety program j, denoted by the vector Wj, and of the respondent i, denoted by the vector Zi, 

may also go into the indirect utility function. Since these covariates do not vary over the 

repeated choices of an individual, their vectors have to be interacted with either the risk or the 

cost parameter. A generic form of the indirect utility function );( βXijV  is then obtained as: 

 

),()( 321321 βWβZαWαZ jiijjijij CRV    (2.5) 

 

where 1 and 1 are the coefficients of the risk and cost parameter, and α2,α3, β2 and β3 are 

coefficient vectors of the interaction effects between these parameters and selected covariates. 
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The design of our choice task requires some additional specifications. While the cost Cij 

of each program j was implemented as a onetime payment to respondent i, the risk reduction 

was implemented as a stream of annual risk reductions provided by program j over the period 

of mitigation Tj. We used a constant exponential discounting model to discount the stream of 

risk reduction, defining the discounted risk reduction Rj as: 

 

 /)]exp(1[d)exp(
0

jj

T

jj TttR
j

  , (2.6) 

 

where  is the implicit discount rate and j denotes the annual risk reduction by program j, 

which is assumed to be constant over the period of mitigation.4 By inserting Eq. (2.6) into the 

indirect utility function of Eq. (2.5), we may estimate the discount rate  directly from the 

choice data. Technically, this makes our model a non-linear conditional logit model (see 

Appendix 3 for details of the estimation procedure). 

In line with Alberini et al. (2007a), we then posit that the marginal utility of risk 

reduction for respondent i is given by the compound coefficient vector α = (1 + Ziα2 + Wjα3) 

and the marginal utility of wealth is given by the compound coefficient vector β = (1 + Ziβ2 + 

Wjβ3). Since the VSL is defined as the WTP for a marginal decrease in risk, it results from the 

ratio of the estimated coefficient vectors: )ˆ/ˆ( βα  = (V/Rj)/(V/Cij). In the result section, we 

will make extensive use of this relationship. 

 

2.4 Results 

2.4.1 Qualitative results 

The respondents had relatively homogenous attitudes toward natural hazards in general and to 

their perceived threat to Alpine roads in particular. When asked about how they assess their 

own risk of being killed through an avalanche or a rockfall, 69% of the respondents felt barely 

endangered, 27% felt somewhat endangered, 2% felt strongly endangered, and 2% found it 

hard to tell. When comparing the risk of natural hazards to roads with common road hazards, 

84% of the respondents found the latter risk more threatening, 11% found both risks equally 

threatening, and 3% found the risk of natural hazards more threatening; again 2% found it 

hard to tell. With regard to the current level of protection against avalanches and rockfalls, 

67% of the respondents stated that roads are sufficiently protected while 33% would like to 

                                                 
4 Since the number of people at risk on Alpine roads was determined at 2 million people, the annual risk 

reduction j provided by a traffic safety program j lies in the range of 5  10–6 to 8  10–6. 
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see better protection. Against our expectations, answers to these perceptional questions by the 

mountain and the urban samples were not statistically different. 

Table 2.3 examines the choice frequencies for traffic safety programs against the 

different hazard types. Neither program was chosen in about 20% of the choice sets, 

suggesting that respondents were not rejecting the programs without due consideration. The 

choice frequency of programs against rockfall accidents was slightly higher than for programs 

that protect against car accidents or avalanche accidents. 

 

Table 2.3 Pattern of preferences for traffic safety programs against different road hazards. 

Preferred traffic safety program Percentage of choices 

- against snow avalanches 24.8% 

- against rockfalls 28.0% 

- against car accidents 26.3% 

- neither 20.9% 

 

2.4.2 The basic VSL model 

In the next sections, we report on selected results of the non-linear conditional logit model 

developed in Section 2.3. We begin by presenting two estimates of the basic VSL model 

(Model I), whose indirect utility function includes only the personalized cost and the 

discounted risk reduction as explanatory variables (see Table 2.4). The two estimates of 

Model I differ only in the number of choice observations. While the first estimate includes the 

observations of the full sample, the second is restricted to the observations of those 

respondents who also answered the attitudinal questions necessary to estimate the interaction 

models presented below (Models III–IV). 

The differences between the estimated coefficients are relatively small, indicating that 

the basic model is robust against restrictions in the sample size. All coefficients are significant 

and have the expected signs. The coefficient of the risk parameter is positive, indicating that 

the respondents valued risk reductions as benefits, while the coefficient of the cost parameter 

is negative showing that spending private money on traffic safety programs entails a disutility. 

The implied discount rates were pegged at 11.8% and 11.1% respectively, which is at the 

upper range of discount rates reported in market-based VSL studies (Viscusi & Aldy 2003). 

The coefficient estimates reported in Table 2.4 imply a VSL of CHF 8.26 million for the 

full sample and of CHF 7.64 million for the restricted sample.5 These values correspond to a 

                                                 
5 Technically, the VSL is estimated as ]ˆ/ˆ[ 11   × 1 million. The multiplication by one million is necessary 

since we coded the risk reduction as 5, 6, 7 and 8 instead of 5 × 10−6, 6 × 10−6, 7 × 10−6 and 8 × 10−6. 
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mean WTP of CHF 49.70–53.70 for the average traffic safety program.6 Standard errors 

around the VSL estimates were calculated at CHF 1.41 million for the full sample and at CHF 

1.32 million for the restricted sample, using the delta method (see Appendix 4). 

 

Table 2.4 Model I: Basic conditional logit model. 

Parameters Full Sample Restricted Sample 

 Coefficient a t-stat Coefficient a  t-stat 

Marginal utility of risk reduction (1)  0.02809 

(0.00481) 

 5.814  0.02656 

(0.00466) 

 5.700 

Marginal utility of cost (1)  – 0.00340 

(0.00031) 

 – 10.983  – 0.00348 

(0.00032) 

 – 10.824 

Discount rate (  0.11808 

(0.02580) 

 4.577  0.11102 

(0.02529) 

 4.390 

Number of observations (Q)  2,572   2,388  

Number of respondents (N)  433   402  

Log-likelihood function (LL1)  – 2,578.46   – 2,398.46  

Likelihood ratio index b  0.0875   0.0858  

a Standard errors in parentheses; 

b Calculated as 1 – LL1/LL0, where LL0 denotes the log-likelihood function of the constant-only model. 

 

2.4.3 The effect of wealth on the VSL 

The use of the relative bid vehicle allows exploration of how the VSL varies with wealth. 

Economic theory suggests that the VSL marginally increases with increasing wealth.7 

Hammitt and Treich (2007) provide two reasons for this wealth effect. First, wealthier people 

                                                 
6 The individual mean WTP for the average traffic safety program is calculated by multiplying the VSL value by 

the mean risk reduction provided by the programs, which is equal to 6.5 × 10−6. 
7 To prove this assertion, we draw on the definition of the VSL as the marginal rate of substitution between 

wealth and mortality risk. The standard model of WTP for changes in mortality risk defines the VSL as 

(Hammitt 2000): ,VSL )(')(')1(
)()(

wpvwup
wvwu

dp
dw


  where p is the individual’s probability of dying during a defined 

period and u(w) and v(w) denote the utilities derived from wealth conditional on surviving or dying in that 

period. (The primes indicate first derivatives with respect to wealth.) Some assumptions are commonly made on 

the form of the utility functions: (i) survival is preferred to death: u(w) > v(w); (ii) the marginal utility of wealth 

is non-negative and greater in life than in death: u'(w) > v'(w)  0; and (iii) individuals are risk averse with 

respect to wealth: u"(w)  0, v"(w)  0. Under these assumptions, the first derivative of the VSL with respect to 

wealth is always positive (VSL/w > 0) and the second derivative is always non-negative (2VSL/w2  0). 
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lose more in absolute terms when they die. Second, their utility cost of spending is smaller 

due to the standard assumption of decreasing marginal utility with respect to wealth. 

To test for this wealth effect, Model II includes an interaction between the personalized 

cost of the program Cij and the logarithm of the last tax bill i, i.e. Vij = 1  Rj + 1  Cij +   

Cij  ln(i), whereby ln(i) serves as a measure of the utility of wealth.8 The interaction term 

captures the difference between how much wealthier people and poorer people are willing to 

pay, relative to their wealth status. Table 2.5 presents the estimations of this model using both 

the full and the restricted sample of observations. 

 

Table 2.5 Model II: Conditional logit model with tax interaction. 

Parameters Full Sample Restricted Sample 

 Coefficient a  t-stat Coefficient a  t-stat 

Marginal utility of risk reduction (1) 

 

 0.03871 

(0.00619) 

 6.255  0.03706 

(0.00600) 

 6.180 

Marginal utility of cost (1)  – 0.01677 

(0.00158) 

 – 10.614  – 0.01718 

(0.00164) 

 –10.452 

Interaction with the cost parameter: 

- Log of last tax payment () 
 

 0.00502 

(0.00050) 

 

 10.122 

 

 0.00515 

(0.00052) 

 

 9.972 

Discount rate (  0.13948 

(0.02652) 

 5.258  0.13281 

(0.02590) 

 5.128 

Number of observations (Q)  2,572   2,388  

Number of respondents (N)  433   402  

Log-likelihood function (LL1)  – 2,538.99   – 2,360.06  

Likelihood ratio index b  0.1014   0.1004  
a Standard errors in parentheses;  

b Calculated as 1 – LL1/LL0, where LL0 denotes the log-likelihood function of the constant-only model. 

 

In line with theoretical expectations, we find that the VSL marginally increases with 

wealth, i.e. 2VSL/i
2 > 0. In other words, wealthier respondents are willing to pay 

proportionally more on the traffic safety programs than poorer respondents. Fig. 2.3 depicts 

the effect of the last tax bill on the size of the VSL estimates indicating that, at low wealth 

levels, the VSL is relatively inelastic toward changes in wealth (the elasticity of the VSL 

toward changes from CHF 2,000 to CHF 4,000 in tax payments is 0.53), but becomes 

increasingly elastic at higher wealth levels (the elasticity of the VSL toward changes from 

                                                 
8 We tested a broader isoelastic utility function of wealth [u(i) = (1–)–1i

(1–)], but the conditional logit model 

did not converge for this form. Hence, we chose the log utility function and estimated the tax-specific VSL(i)  

(Vij /Rj /Vij/Cij) = [1 /(1 +   ln(i))], whereby the tax payment i was coded as 2, 4, 8, 12, 16 and 18. 
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CHF 16,000 beyond CHF 18,000 in tax payments is 1.87). The arc elasticity of the VSL over 

the range of tax amounts is 1.01, but shrinks to 0.84 when weighted by the class-frequency of 

the taxpayers in the sample. It should, however, be warned that the estimation of VSL values 

of the second highest tax class was based on a limited number of respondents (N = 18). 

  

 
Fig. 2.3 Tax class-specific VSL values estimated based on Model II. 

 

The above reported elasticity measures cannot be directly converted to income 

elasticities because the Swiss tax law permits tax deductions, which depend on the home 

canton and individual characteristics that are not necessarily related to income and wealth. 

However, since Switzerland has a progressive tax regime, the corresponding income 

elasticities of the majority of respondents are larger than unity. This is in line with theoretical 

assertions by Kaplow (2005) that the elasticity of VSL is, under mild assumptions about the 

coefficient of relative risk aversion, likely to be less than unity. 

 

2.4.4 The effect of personal characteristics on the VSL 

Personal characteristics other than wealth also affect the WTP for traffic safety on Alpine 

roads. Table 2.6 presents two interaction models estimated with the restricted sample, which 

individuate the marginal utilities of risk reduction and wealth, as urged by Sunstein (2004). In 

this way, it becomes possible to identify sources of heterogeneity in preferences for mortality 

risk reductions. 
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Table 2.6 Models III–IV: Conditional logit model with personalized marginal utility of risk reduction and cost. 

Parameters Model III Model IV 

 Coefficient a  t-stat Coefficient a  t-stat 

Marginal utility of risk reduction (1)  0.03783 

(0.00668) 

 5.659  0.04475 

(0.00764) 

5.859 

Interactions with the risk parameter:     

- Age  – 0.00036 

(0.00007) 

 – 4.791  – 0.00039 

(0.00008) 

 – 4.900 

- Gender (female = 1)  0.00522 

(0.00229) 

 1.884  0.00469 

(0.00251) 

 1.871 

- University degree (yes = 1)  0.02649 

(0.00723) 

 3.454 

 

 0.02732 

(0.00787) 

 3.517 

- Sample affiliation (urban sample = 1)  0.01394 

(0.00358) 

 3.414 

 

 0.01272 

(0.00365) 

 3.484 

- Sample affiliation  university degree 

 (urban academics = 1) 

 – 0.02035 

(0.00687) 

 – 2.686  – 0.02021 

(0.00748) 

 – 2.703 

- Experience with natural hazards 

 (previous experience = 1) 

    – 0.00651 

(0.00237) 

 – 2.752 

- Avalanche accident (yes = 1)    – 0.00277 

(0.00123) 

 – 2.250 

- Rockfall accident (yes = 1)    – 0.00245 

(0.00225) 

 – 1.091 

Marginal utility of cost (1)  – 0.01706 

(0.00167) 

 10.229  – 0.01841 

(0.00171) 

 – 10.799 

Interactions with the cost parameter:     

- Log of last tax payment  0.00515 

(0.00053) 

 9.693  0.00535 

(0.00053) 

 10.172 

- Perceived safety on roads 

 (current protection is insufficient = 1) 

   0.00256 

(0.00062) 

 4.153 

Discount rate ()  0.11023 

(0.02150) 

 5.127 

 

 0.11071 

(0.02149) 

 5.152 

Number of observations (Q)  2,388   2,388  

Number of respondents (N)  402   402  

Log-likelihood function (LL1)  – 2,304.51   – 2,286.26  

Likelihood ratio index b  0.1216   0.1285  
a Standard errors in parentheses; 

b Calculated as 1 – LL1/LL0, where LL0 denotes the log-likelihood function of the constant-only model. 
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Model III interacts the risk parameter with the socio-economic characteristics and the 

cost parameter with the last tax payment of the respondent, so that the VSL becomes 

conditional on the respondent’s background. Below, these interaction effects are discussed. 

The significant coefficient of the interaction term between a sample affiliation dummy 

(mountain sample = 0; urban sample = 1) and the risk parameter indicates that, ceteris 

paribus, respondents from the urban sample had a 30% higher marginal utility of risk 

reduction (see Table 2.6). While surprising at first glance, we offer two possible explanations 

for this result. First, people who are more familiar with natural hazards might have a higher 

risk acceptance, as they see these risks as part of living in the mountains. Corresponding 

statements made by focus group participants from the mountainous region support this 

explanation. Second, respondents from the urban sample have altruistic motives that increase 

their marginal utility of risk reduction (Rodriguez & Leon 2004), although their personal 

benefit from traffic safety on Alpine roads is smaller than that of respondents from the 

mountain sample. This explanation is supported by answers made by respondents from the 

urban sample to the debriefing questions at the end of the survey. 

To further explore the first explanation, we included two interaction terms: a two-way 

interaction between the risk parameter and a dummy indicating whether the respondent holds 

a university degree, and a three-way interaction between this university dummy, the risk 

parameter and the sample indicator dummy. This revealed that respondents with an academic 

background generally had a higher marginal utility of risk reduction, and that this preference 

was particularly strong for academics from the mountain sample. Accordingly, non-academics 

from the mountain sample placed a distinctly lower value on risk reduction than the rest of the 

respondents. The debriefing questions revealed that these respondents feel entitled to the 

benefits of mitigation and are therefore not willing to directly contribute to its financing. 

The interaction term between the age of the respondent and the risk parameter indicates 

a decrease in the marginal utility of risk reductions by 0.9% per life year. This is in line with 

empirical observations that the VSL decreases with age (Viscusi & Aldy 2003). Alberini et al. 

(2004) propose two explanations for the age effect that could affect the valuation of reduced 

mortality riskthe individual risk exposure and the utility of wealth. As risk exposure on 

Alpine roads presumably declines with increasing age (older people tend to travel less), we 

tested a three-way interaction between risk, self-reported exposure and age. This interaction 

term had a negligibly small effect on the age coefficient, suggesting that the age effect is not 

caused by correlations between exposure and age but by decreasing utility of wealth. 

The interaction term between the gender of the respondent and the risk parameter was 

barely significant at the 5% level and further testing by means of a bootstrap re-estimation 

with 200 random resamplings resulted in a non-significant coefficient. This corresponds with 
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observations by Davidson and Freudenburg (1996) who found that women and men have 

similar perceptions of most environmental risks. Since, in both samples, men were more 

likely to hold a university degree than women, we tested for a three-way interaction effect 

between the gender, the risk parameter and the university dummy, which also turned out to be 

insignificant. Thus, gender had no significant impact on the valuation tasks in this study.  

The interaction term between the tax payment and the cost parameter resulted in 

qualitatively similar results to those in Model II. We additionally tested a three-way 

interaction between the cost parameter, the last tax payment and the sample indicator dummy, 

which rejected the hypothesis that the two samples differed with regard to wealth in a manner 

that influenced the valuation of the costs. 

 

2.4.5 The effects of perceptional factors on the VSL 

Model IV extends Model III by including further interaction terms between the risk parameter 

and the road hazard type, between the risk parameter and perceptional factors of risk, and 

between the cost parameter and the respondent’s appraisal of the current level of safety on 

Alpine roads. To this end, car accidents were coded as the reference risk, i.e. negative 

(positive) coefficients of the avalanche and rockfall dummies in Table 2.6 imply a decrease 

(increase) in the perceived risk compared to car accidents. 

The coefficient of the interaction term between the risk parameter and the rockfall 

dummy was not significant, indicating that the perceived risk from car accidents and rockfall 

accidents does not differ in a way that affects the demand for risk reduction. In comparison, 

the interaction term between the risk parameter and the avalanche dummy was significant and 

had a negative sign, suggesting that avalanche accidents were perceived as less worthy to be 

mitigated. One possible explanation for this different perception of the three road hazard types 

is that avalanche accidents are relatively rare whereas car accidents and rockfall accidents 

frequently occur, although they do not always cause fatalities. We tested an additional 

interaction effect between the risk parameter, the hazard type and the sample indicator 

dummy. This three-way interaction was not significant, indicating that the perception of the 

road hazard type was not systematically different between the sample groups. 

The interaction term between self-reported experience and the risk parameter showed 

that respondents, who stated that they or their relatives had prior experiences with natural 

hazards, valued the marginal utility of risk reductions less than respondents who had no prior 

experiences. The same effect was found for the self-declared exposure but we omitted this 

variable in the presented models due to its strong correlation with the sample affiliation of the 

respondent, which would have induced problems of multicollinearity (Greene 2008). In line 
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with observations from psychometric risk research (see Slovic et al. 2000), we conclude that 

respondents, who had more knowledge about natural hazards, perceived the risks on Alpine 

roads as less threatening than those who had no prior experiences. 

As expected, the interaction term between the cost parameter and the attitude toward the 

current protection on Alpine roads was significant. Respondents who stated that the current 

level of safety against natural hazards on Alpine roads was insufficient were willing to spend 

14% more on the traffic safety programs than those who felt that current safety was sufficient.  

The coefficients of the other interaction effects in Model IV were of comparable size to 

those estimated in Model III (see Table 2.6). A likelihood ratio test (LRT) showed that the 

inclusion of the additional interaction terms between the risk parameter and the hazard type 

and between the cost parameter and the attitude toward current safety did significantly 

improve the model (LRT: 2
13–9 = 36.50; P < 0.001).  

By applying the estimated coefficients to the actual choice observations of the 

respondents, one can generate distributions of the VSL values implied with these choices. The 

distributions in Fig. 2.4 illustrate that, depending on the respondents’ characteristics, the 

marginal rate of substitution between risk reduction and money varies within a broad range. 

The 95% percentile is CHF 16.4 million for the distribution based on Model III and CHF 19.2 

million for the distribution based on Model IV. The mean values of the distributions (Model 

III: CHF 5.7 million; Model IV: CHF 8.2 million) were substantially higher than the median 

values (Model III: CHF 4.2 million; Model IV: CHF 4.3 million), suggesting that wealthy 

taxpayers contribute over-proportionally to the VSL point estimate of Model I. 

 

Fig. 2.4 Distributions of the personalized VSL estimated based on Model III (Panel A) and Model IV (Panel B). 

The distribution mean VSL values are CHF 5.7 million (Model III) and CHF 8.2 million (Model IV), the 95% 

percentiles are CHF 16.4 million (Model III) and CHF 19.2 (Model IV). 
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2.4.6 Scope and sensitivity tests 

The validity of stated-preference studies is often challenged by opponents who argue that, 

being of hypothetical nature, the stated choices fail to be related to real transactions as 

observed in markets. It has therefore become standard to test the scope and sensitivity of the 

results obtained from stated-preference studies (Leiter & Pruckner 2009; Heberlein et al. 

2005). The basic requirement in every scope test of VSL estimates is that respondents receive 

a positive marginal utility from risk reductions and a negative marginal utility of costs, i.e. 

they are willing to pay for risk reductions, but not at any price. The results of Models I–IV 

conform to these requirements. 

To control for the reliability of our original estimates, we cross-validated these results 

using re-estimations with the bootstrap method (Efron & Tibshirani 1993). These re-

estimations relied on 200 replications of random resamplings with replacement from the 

sample of observations, where each of these replications consisted of Q = 2,388 draws. The 

bootstrap estimations yielded robust standard errors around the bootstrap coefficients, which 

allowed computing 95% confidence intervals by multiplying the bootstrap standard errors of 

the coefficient estimates by 1.96.  

We then re-estimated the models by dropping all observations (i) from those 

respondents who stated in the debriefing questions that they felt particularly uncertain about 

their choices and (ii) from the first and last choice set of every respondent. Neither of these re-

estimations altered the broad picture of the model results. The coefficient estimates of these 

restricted models were all within their corresponding 95% confidence intervals, though some 

of the interaction effects deviated substantially from the original model estimates. Table 2.7 

exemplifies this validity check for the re-estimations of Model IV, indicating that our original 

coefficient estimates are robust against confounding influences of hidden variables. 

The validity of stated-preference studies is not only determined by scope sensitivity, but 

also by the robustness of the valuation measures toward changes in specific attribute levels. 

We therefore analyzed the effects of marginal changes in the risk and cost parameters of the 

traffic safety programs. First, consider a marginal increase in the cost Cik of the traffic safety 

program k. We were interested in how much this increase would decrease the probability 

Pr(k|i) that individual i had chosen this program. 
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Table 2.7 Comparison of the coefficient estimates of the re-estimated Model IV with the 95% confidence 

intervals obtained from bootstrap standard errors. 

Parameters 95% confidence interval Restricted model coefficients 

 Lower limit Upper limit Coefficient a Coefficient b 

Marginal utility of risk reduction (1) 

Interactions with the risk parameter: 

- Age 

- Gender (female = 1) 

- University degree (yes = 1) 

- Sample affiliation (urban sample = 1) 

- Sample affiliation  university degree 

 (urban academics = 1)  

- Experience with natural hazards 

 (previous experience = 1) 

- Avalanche accident (yes = 1) 

- Rockfall accident (yes = 1) 

 0.02806 0.06374 

 

 – 0.00057 – 0.00022 

 – 0.00065 0.01048 

 0.01139 0.04663 

 0.00522 0.02131 

 – 0.03794 – 0.00412 

 

 – 0.01215 – 0.00115 

 

 – 0.00522 – 0.00047 

 – 0.00776 0.00261 

 0.04461 0.04688 

 

 – 0.00032 – 0.00038 

 0.00758 0.00555 

 0.02199 0.02934 

 0.00885 0.01163 

 – 0.01140 – 0.02124 

 

 – 0.00857 – 0.00672 

 

 – 0.00287 – 0.00209 

 – 0.00292 0.00028 

Marginal utility of cost (1) 

Interactions with the cost parameter: 

- Log of last tax payment 

- Perceived safety on roads 

 (current protection is insufficient = 1) 

 – 0.02203 – 0.01497 

 

 0.00430 0.00647 

 0.00139 0.00370 

 – 0.01687 – 0.01997 

 

 0.00478 0.00590 

 0.00258 0.00253 

Discount rate ()  0.06237 0.16703  0.10786 0.11643 

a Sample restriction by dropping observations of uncertain respondents. 

b Sample restriction by dropping observations of the first and of the last choice set for each respondent. 

 

By taking the partial derivative of the choice probability as defined in Eq. (2.3) with 

respect to the cost parameter, the marginal effect becomes (see Appendix 5 for the derivation 

of the marginal cost effect): 
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where β = (1 + Ziβ2 + Wjβ3) denotes the compound coefficient vector of the cost interactions. 

Similarly, the marginal effect of a change in the discounted risk reduction Rk on the choice 

probability of program k is given by (see Appendix 5 for the derivation of the marginal risk 

effect): 
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where α = (1 + Ziα2 + Wjα3)denotes the compound coefficient vector of the risk reduction 

interactions. 

Since the marginal effects differ across individuals and choice sets, we calculated the 

weighted marginal mean effects over all choice observations Q, using the weighting 

procedure outlined by Louviere et al. (2000) to adjust for outlying estimates of choice 

probabilities that could otherwise lead to overestimations of marginal effects.9 Table 2.8 gives 

the weighted mean marginal effects of changes in the risk and cost parameter for Models III–

IV. These mean marginal effects show that a unit change, either in the discounted risk 

reduction or in the cost of a program, has an insignificantly small impact on the choice 

probability of a traffic safety program. 

 

Table 2.8 Marginal effects and point elasticities of changes on the choice probability of traffic safety programs. 

Variable Model III Model IV 

Marginal mean effect of change in cost  – 0.00149  – 0.00151 

Point elasticity of cost  – 0.35096  – 0.35101 

Marginal mean effect of change in risk reduction  0.00727  0.00747 

Point elasticity of risk reduction  0.73851  0.74664 

 

Based on the marginal effects, it is straightforward to derive the (weighted) point 

elasticities of changes in risk reduction and in costs as E(Rk) = M(Rk)  Rk  Pr(k|i)–1 and 

E(Cik) = M(Cik)  Cik  Pr(k|i)–1, respectively (Greene 2008). These point elasticities measure 

the percentage change in the choice probability of a particular program with respect to a 1% 

change in either the risk reduction or the cost parameter of this particular program. For the 

most extensive Models III–IV, the choice probability was found to be relatively inelastic (–1 

< E(Cik) < 0, 0 < E(Rk) < 1; see Table 2.8), suggesting that the VSL estimations based on our 

non-linear conditional choice model are robust against small changes in the key attributes of 

the traffic safety programs. 

 

                                                 
9 Louviere et al. (2000) define the weighted marginal effect of changes in the attribute X for all observations Q 

as:   
Q

q
Q
qq qqXX

1 1 ])Pr()Pr()(M[)(M , where q denotes one choice observation, Mq(X) is the marginal 

effect of a change in X in this particular observation, and Pr(q) denotes the choice probability of every single 

choice observation q. 
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2.5 Discussion and conclusions 

This article has analyzed public preferences for mortality risk reductions on Alpine roads. 

Using a choice experiment, we asked respondents how much they would be willing to 

contribute in order to maintain the current level of traffic safety on these roads. The prompted 

tradeoffs between risk reduction and money imply a VSL in the range of CHF 7.6 to 8.3 

million (€4.9 to 5.4 million), which is in the ballpark of VSL estimates obtained from other 

stated preference studies in the context of public risk to life and limb (Alberini et al. 2007a; 

Hultkrantz et al. 2006). Our VSL estimates are somewhat above the figure of CHF 5 million 

(€3.2 million) currently used by the Swiss administration to evaluate mitigation programs 

against natural hazards (PLANAT 2005). On the other hand, they are distinctly lower than 

estimates of a Swiss labor market study (Baranzini & Ferro Luzzi 2001), which obtained 

inflation adjusted VSL values in the range of CHF 10.8 to 16.2 million (€7.0 to 10.5 million). 

Mortality risks on Alpine roads are predominantly borne by frequent road users and are 

thus unevenly spread over the population. We therefore recruited respondents from a 

mountainous region and from an urban region of Switzerland, representing more exposed and 

less exposed people. To our surprise, respondents from the mountain group were ceteris 

paribus willing to pay less for the proposed traffic safety programs, though they are more 

exposed and would hence benefit more from the reductions in risk. We find two explanations 

for this apparent violation of rational choice behavior.  

First, an interaction effect between the origin and the education of the respondents 

revealed that non-academics from the mountain sample had a significant lower marginal 

utility of risk reduction. As indicated by comments on returned survey questionnaires, this 

group of respondents felt that it was the duty of the government to take care of their safety on 

Alpine roads. They refused to make private contributions to the proposed safety traffic 

programs more often than the rest of the respondents. (The choice frequency of the neither 

option was at 25% for non-academics from the mountain sample, while it was at 16% for the 

remaining respondents.) We conclude that a withdrawal of public resources for the protection 

of Alpine roads, as hypothesized in the description of our choice task, caused protest behavior 

among respondents who feel entitled to safety on Alpine roads.  

Second, past research has found that preferences for public goods are determined by 

complicated patterns of egoistic and altruistic motives (Kahneman et al. 1999; Kahneman & 

Knetsch 1992). Altruism is a non-use value that becomes relevant for the economic valuation 

of mortality risk reductions if individuals are concerned about the safety of others but 

indifferent with respect to further determinants of welfare (Jones-Lee 1991). While our results 

suggest the existence of altruist values for road safety in the Alps, we could not determine 

whether these values are driven by such paternalistic motives. What we found is, however, 
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that respondents who are rarely or never exposed to hazards on Alpine roads were obviously 

concerned about the reduction of risks threatening the lives of others. Frequently exposed 

people showed a higher risk tolerance. In line with Chilton et al. (2006), we argue that the 

marginal utility of risk reduction of these respondents is smaller, because they are more 

familiar with natural hazards and feel therefore less threatened. 

Clearly, the perception of mortality risks involved with driving on Alpine roads played 

an important role in the valuation of the traffic safety programs. This is not astonishing, since 

the standard economic model of choice implies that preferences over levels of consumption of 

goods are made up of the individual’s subjective perceptions of these goods. The expressed 

preferences are functions of attitudes, experiences, and beliefs, including both observed and 

unobserved components (McFadden 2001). We find it, therefore, surprising that the hazard 

type played a minor role in the overall valuation of the alternative traffic safety programs 

although the attitudinal questions in the survey indicated that the respondents perceived the 

risk of car accidents as most threatening. In fact, the hazard type had an insignificant effect on 

the stated WTP, which was only about 6% lower for programs directed against avalanches 

than for programs against car accidents. There was no statistical difference between programs 

directed against rockfall or car accidents. We conclude that most respondents did not paid 

attention to the hazard type, but emphasized on the costs and expected risk reductions. 

The experimental design of our study allowed the investigation of several aspects of 

heterogeneity in preferences for mortality risk reductions. The results provide evidence for 

discerning the VSL based upon the personal background of the people at risk (Sunstein 2004). 

Besides personal characteristics such as the age or education of a respondent, the individuated 

VSL is mainly driven by the marginal utility of wealth. We found that the WTP for risk 

reductions increases over-proportionally with wealth. Though this observation corresponds 

with the assumption of marginally decreasing utility of wealth, the wealth effect is rather 

strong. We attribute the size of the wealth effect to the use of the relative bid vehicle, which 

implied high bid amounts to wealthy respondents. However, this practice reflects the 

progressive Swiss tax regime due to which public programs are foremost financed through 

taxes provided by wealthier citizens. 

In conclusion, we provide new insights to the valuation of road hazards on Alpine 

roads. By testing several interaction effects of personal characteristics and individual risk 

perceptions, we were able to identify sources of heterogeneity in preferences for mortality risk 

reductions. We found evidence that the utility of wealth plays a key role in the valuation of 

the proposed traffic safety programs. These results suggest that individuating the cost 

parameterand possibly also the risk parameteris a promising way to analyze differences 

in the individual WTP for mortality risk reductions. 
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Chapter 3 

On the Effects of Risk Framing in Choice Experiments 

Abstract. Environmental economists have made increasing use of choice experiments to value 

mitigation programs that reduce mortality risk. Yet, it has hardly been addressed how the framing 

of the attributes in such experiments affects the valuation of risk reductions. This paper examines 

how two different, but logically equivalent, framing treatments in otherwise identical choice 

situations affect the valuation of traffic safety programs for Alpine roads. A randomly selected half 

of the respondents were asked how much they would be willing to pay for the reduction of up to 

16 fatalities per year, with choices framed in reference to the 7,5 million residents of Switzerland. 

The other half of the respondents received identical choices except that the avoided fatalities were 

framed in reference to the 500 road fatalities that occur each year in Switzerland. Results show 

that, although the latter framing resulted in a 15–20% higher marginal utility of risk reduction, the 

willingness-to-pay for mitigation of the treatment groups was statistically not different. 

3.1 Introduction 

Over the last 15 years, choice experiments have proliferated in environmental and health 

economics (Hanley et al. 2001; 2003). Recently, choice experiments have been adapted to 

study public health (Tsuge et al. 2005; Bosworth et al. 2009) and environmental risk 

regulations (Itaoka et al. 2006; Rodriguez & Leon 2004; Alberini et al. 2007a). These studies 

valuate reductions in mortality risk by inquiring how survey respondents would trade their 

money against small changes in the likelihood of dying within a specified time period. The 

resulting marginal rate of substitution between individual risk and money, often referred to as 

the value of statistical life (VSL), has become a widely used decision guideline in 

environmental regulations and other lifesaving programs (Hammitt 2000). 

Occasionally, concerns are expressed about the validity of VSL estimates from stated-

preference studies (Alberini 2005; Hammitt & Graham 1999). A major reason for these 

concerns is the difficulty in explaining small changes in risk to survey respondents (Corso et 

al. 2001; Kunreuther et al. 2001; Baron 1997b). A lack of understanding of the offered risk 

reductions may affect the valuation, causing scope insensitivities and other undesired effects 

(Baron 1997a; Frederick & Fischhoff 1998). 

                                                 
This chapter is based on a manuscript presented at the 17th Annual Conference of the European Association of 

Environmental and Resource Economists (EAERE 2009). I thank Anna Alberini and participants of the Society 

for Risk Analysis Annual Meeting 2008 for helpful comments on earlier drafts of this manuscript. 
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While we share these concerns, we raise another issue that can affect VSL estimates 

from choice experiments. That is the specific framing of the risk reduction attribute. In the 

context of environmental or health risk valuations, participants of choice experiments are 

typically presented with choices among alternative risk mitigation programs described by a 

number of characteristic attributes, including at least the offered reduction in risk and its 

price.1 Based on the stated choices, the marginal tradeoffs between risk, money and other 

attributes can be deduced. Yet, it is unclear how much the representation of the choice 

problem, in this case the description of the risk mitigation programs and their relevant 

attributes, influences the preferences of the respondents (Bateman et al. 2004; Mathews et al. 

2007). 

One validity criterion of VSL estimates obtained from choice experiments is their 

sensitivity to such framing effects. Economic theory assumes that the individual willingness-

to-pay for a small mortality risk reduction is proportional to the magnitude of the risk 

reduction (Viscusi 1993), and thus framing effects should be insignificant. However, 

psychological research on the framing of choices has demonstrated that logically equivalent, 

but differently framed, information often leads to different evaluations of choice tasks 

(Kahneman & Tversky 2000; Levin et al. 1998; Kuhberger 1998). In other words, choice 

behavior in stated-preference studies is not independent of the information provided to survey 

respondents (Ajzen et al. 1996). 

In this paper, we study whether, and by how much, two specific framing treatments 

influence the valuation of mortality risk reductions. To this end, we conducted a survey-based 

choice experiment that asked respondents from two regions of Switzerland about their 

willingness-to-pay for traffic safety programs on Alpine roads. We used a split-sample design, 

asking half of the respondents how much they would be willing to pay for the reduction of up 

to 16 fatalities per year in reference to the 7.5 million residents of Switzerland. The other half 

of the respondents were confronted with identical choices except that the avoided fatalities 

were framed in reference to the 500 road fatalities that occur each year in Switzerland. Since 

the number of road fatalities is a subset of the residential population, the objective risk 

reduction is identical in both versions of the survey. However, we hypothesized that the 

perceived risk reduction is larger when the number of averted fatalities is framed in reference 

to the road fatalities, because both the size of the reference population and the provided 

context information enter the valuation of the traffic safety programs (Tversky & Kahneman 

1981; 1983; 1986). Consequently, respondents who received the latter framing format were 

assumed, ceteris paribus, to exhibit a larger willingness-to-pay for risk reductions.  

                                                 
1 Note that the restriction to only these two attributes results in a format equivalent to the dichotomous-choice 

contingent valuation approach. 
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In the following section, we first give a brief overview of the context in which our 

experiment examines the different risk framings. To this end, mortality risks on Alpine traffic 

roads are briefly described and compared to other causes of death. We then outline the 

experimental design of the choice experiment. In particular, we introduce the attributes used 

to characterize the traffic safety programs for Alpine roads and explain how the framing 

treatments were incorporated into the survey. Section 3.3 describes the sample selection 

process and the response structure, which shows that our sample has close parallels to the 

Swiss residential population in terms of age, gender, and wealth distribution. In Section 3.4, 

we formulate a non-linear conditional logit model with interaction effects (Alberini et al. 

2007a) to estimate the VSL from stated choices, and develop three model specifications that 

allow testing for framing effects. The empirical results of the model estimations are presented 

in Section 3.5. Based on these results, framing-specific VSL values and the standard errors 

around these values can be estimated and compared. In Section 3.6, we discuss our results in 

the light of the identified framing effect and draw some conclusions upon the appropriateness 

of risk framing formats for stated-preference studies. 

 

3.2 Survey development and choice task 

3.2.1 Defining traffic safety programs for Alpine roads 

Alpine roads are frequently exposed to natural hazards such as snow avalanches and rockfalls. 

During the last 15 years, three individuals per year have been killed on average in rockfall or 

avalanche accidents on Swiss roads.2 Within the same period, approximately 500 individuals 

per year have died in car accidents (BFS 2007a). Although the population at risk is larger in 

the case of car accidents, since only about one quarter of the Swiss residents live in the Alps, 

the chances of dying in a rockfall or avalanche accident on a road are statistically small 

compared to other common causes of death (Fig. 3.1). 

Yet, many people experience feelings of dread when they consider the risks from 

natural hazards, since they are involuntarily borne and out of the individual’s self-control. 

Dread has been found a perceptional factor that tends to increase the willingness-to-pay for 

risk mitigation (Chilton et al. 2002; McDaniels et al. 1992; Subramanian & Cropper 2000). In 

comparison, car accidents are a well-known risk and frequently analyzed in VSL studies (De 

Blaeij et al. 2003). We used car accidents as a reference risk in our study to test whether the 

perceptional impact of natural hazards would decrease or increase the societal willingness-to-

pay for traffic safety on Alpine roads. 

                                                 
2 This number was compiled from unpublished data of the WSL Institute for Snow and Avalanche Research. 
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Fig. 3.1 League table of statistical causes of death in Switzerland (compiled from BFS 2007a). 

 

In order to understand people’s perception of these risks, we did extensive exploratory 

research in the design phase of the survey. Feedback from four focus groups and several 

personal interviews suggested that people consider natural hazards as a real threat to Alpine 

roads. On the other hand, some of the focus group participants stated that they felt more 

endangered by other drivers. Most focus group participants stated a general willingness to 

contribute to a traffic safety program, on condition that all other citizens would also 

participate in financing this program. Upon inquiry, they indicated altruism as a leading 

motive for expressing their willingness-to-pay, while their own perceived risk played a 

marginal role. This seems to be a plausible motive given the small individual baseline risk. 

The focus groups were presented with different visual aids to communicate small risks 

including league tables, linear risk ladders, logarithmic risk ladders and arrays of dots (Corso 

et al. 2001). Participants stated that they best understood the league table displayed in Fig. 

3.1. Furthermore, we explored which attributes were found by focus group participants to be 

relevant for describing traffic safety programs for Alpine roads and how these attributes could 

best be implemented into the survey. Based on this exploratory research, we selected four 

attributes to describe the traffic safety programs in the survey and specified appropriate levels 

for each of these attributes (see the summary in Table 3.1), so that survey respondents would 

understand the specific risk reduction by a traffic safety program as a result of changes in the 

program’s attribute levels. 
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Table 3.1 Selected attributes and level specifications. 

Attribute Level 

(1) Annual risk reduction 10, 12, 14, 16 avoided fatalities per year 

(2) Period of protection 10, 20, 30 years 

(3) Type of hazard snow avalanche accident, rockfall accident, car accident

(4) Relative cost as a percentage  1%, 2%, 3% of the last annual tax payment 

 

Attribute (1) describes the benefit of the traffic safety programs in terms of averted 

fatalities. Based on the expert interviews, we assumed that the number of fatalities caused by 

natural hazards on Alpine roads would increase to 20 fatalities per year if current mitigation 

measures were no longer maintained, but would be kept at the current level if these measures 

were maintained into the future. Levels of the risk reduction attribute were thus selected at 10, 

12, 14, and 16 averted fatalities per year. 

Attribute (2) captures the permanence of the risk reduction. We paid attention to 

suggesting realistic periods of mitigation benefits based upon the life expectancy of different 

mitigation measures to protect roads against natural hazards. In the focus groups, we observed 

that participants had difficulties in calculating the total number of averted fatalities over the 

proposed period of mitigation benefits. We therefore decided against presenting different 

mitigation periods between choice alternatives and only changed the period of mitigation 

between choice sets. 

Attribute (3) appoints the type of road hazard against which protection is provided. 

Avalanches and rockfalls were selected as natural hazards endangering traffic on Alpine 

roads, while car accidents were taken as a reference risk to test for perceptional factors 

associated with these natural hazards. We explained that car accidents can be caused by blind 

curves, weak crash barriers, or speeding of other drivers to avoid emphasizing the self-

controlled factors of driving. 

Attribute (4) names the cost of each traffic safety program by describing it as a onetime 

payment relative to the respondents’ last annual tax payment on income and wealth. We 

provided the respondents with a conversion table (see Fig. 3.2) through which they could 

easily derive their personalized cost-sharing for each of the programs. Married respondents, 

who have a joint tax invoice, were asked to divide their last tax bill by two in order to derive 

their personalized cost for each program. 

Two premises determined the size of the relative bids. First, the aggregated bids should 

cover future expenditures for maintaining the protection against avalanches and rockfalls on 

cantonal and communal roads over the next 30 years. Second, the selected bid amounts should 

allow for a large range of possible VSL values (Alberini et al. 2007a). To comply with these 
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validity requirements, we estimated future public expenditures on mitigation measures for 

Alpine roads based on statistical data (BFS 2006; PLANAT 2005). Assuming that annual 

mitigation expenditures will remain at their current level, the present value of mitigation 

expenditures over the next 30 years amounts to CHF 480–960 million.3 This amount equals 

1.2–2.4% of the total annual tax payments in Switzerland (BFS 2007b). Consequently, the 

relative bid heights were selected at 1%, 2%, and 3% of the respondent’s last tax bill. 

 

 

Fig. 3.2 Conversion table to calculate the absolute bid amounts. 

 

Taking the average annual per capita tax of CHF 5,400 (BFS 2007b), the relative bids 

would mean absolute bids of CHF 54 (€35), CHF 108 (€70), and CHF 162 (€105). Using the 

basic VSL model outlined in Section 3.4, and assuming discount rates for mortality risks 

between 0 and 15% (Viscusi & Aldy 2003), the absolute bids for the average tax payer imply 

VSL values in the range of CHF 0.3–6.3 million (€0.2–4.1 million), the absolute bids for the 

highest tax class imply VSL values in the range of CHF 0.8–20.9 million (€0.5–13.6 million), 

and the absolute bids for the lowest tax class imply VSL values in the range of CHF 0.1–2.3 

million (€0.1–2.7 million). This range is in line with values found in two meta-analyses of 

VSL estimates (Viscusi & Aldy 2003; Mrozek & Taylor 2002), legitimizing the selected size 

of the relative bid amounts. 

 

3.2.2 Choice task 

The actual choice task started with a detailed introduction, explaining that Alpine roads in 

Switzerland are well protected against natural hazards and that currently only three people die 

on average per year in either rockfall or avalanche accidents on roads. It was stated that, 

                                                 
3 We used a discount rate of 1.5% based on the inflation-adjusted ten-year spot interest rate on Swiss 

Confederation bonds for deriving these present values. 
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without maintaining the current mitigation measures, accident rates would increase to 20 

fatalities per year. Respondents were asked to imagine a situation in which the government 

would only maintain traffic safety on national highways through the Alps. There would be a 

national referendum over a private onetime payment to finance a traffic safety program for all 

other public roads in the Alps and every household would have to contribute to this traffic 

safety program, if it passed the referendum. Respondents were prompted to consider six 

choice sets each framed as a referendum about alternative traffic safety programs. We asked 

them to vote, in each of these choice sets, for the most preferred option: program A, program 

B, or neither program. This last option was a hypothetical status quo, whose choice implied 

the willingness to accept a rise in fatalities from present three to the predicted 20 per year. 

Since every program was described by three attributes with three levels and one 

attribute with four levels, 33  4 = 108 alternative traffic safety programs were possible. We 

used a shifted orthogonal experimental design, built from conventional fractional factorials 

for linear models, to reduce the number of alternative programs (Louviere et al. 2000). A 

detailed account of the experimental design is given in Appendix 2. According to Ferrini and 

Scarpa (2007), this experimental design is particularly appropriate when there is strong 

uncertainty about the conditions that finally generate the choice-based dataset. The design 

procedure generated 54 triplets of traffic safety programs (i.e. program A, program B, or 

neither program), which allow estimation of all main effects and two-way interactions 

between the choice attributes. To reduce the time needed for completion of the survey, we 

then segmented the 54 choice sets into nine orthogonal blocks (i.e. different survey versions), 

each consisting of six choice sets. 

We incorporated two additional design features to address the hypothesized risk framing 

effect. First, we stratified our sample into two equally large subsamplesone from a 

mountain site to represent frequently exposed people and the other from an urban site to 

represent people who are rarely exposed. This stratification enables us to analyze variations in 

responses from two sub-populations, which are strongly contrasted in terms of their exposure 

to, and their experience with, natural hazards. Second, we applied two treatments with 

different, but logically equivalent, framings of the risk reduction attribute. A randomly 

selected half of the respondents of each subsample received choice sets in which the risk 

reduction was framed in reference to the 7.5 million residents of Switzerland (Fig. 3.3A). This 

is an intuitive reference value as it allows respondents to draw comparisons to other spheres 

of life. The other half received choice sets in which the risk reduction was framed in reference 

to the 500 road fatalities occurring each year on Swiss roads (Fig. 3.3B). The latter framing is 

in accordance with the request of the NOAA panel on contingent valuation (Arrow et al. 

1993) to describe prompted attributes in stated-preference studies as credible goods or 
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services. This split-sample design resulted in 18 different survey versions (nine versions for 

each framing treatment). 

 

 
Fig. 3.3 Example of one choice set under both risk framing treatments. In Panel A, the risk reduction is framed 

in reference to the residential population of Switzerland (FRAME = 1); in Panel B, the risk reduction is framed in 

reference to the annual number of road fatalities in Switzerland (FRAME = 0). The red marking in the choice set 

reminded respondents to transfer their personalized costs from the conversion table as displayed by Fig. 3.2. 
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To collect the choice data, we used a mail survey consisting of five parts. Part 1 opened 

with attitudinal questions about the respondent’s perceived risk of natural hazards and of car 

accidents. Part 2 comprised a short experimental task in which respondents were asked to 

balance infrequent and severe avalanche accidents against frequent but less severe avalanche 

accidents. The task helped respondents to focus on fatal accidents on Alpine roads and 

allowed analyzing attitudes toward different risk profiles (see Chapter 4). Part 3 comprised 

the actual choice experiment. In Part 4, respondents were asked to indicate, on a four-level 

ordinal scale, how certain they were about their choices and which decision heuristics they 

had used. Part 5 closed the survey with standard demographic and socio-economic questions. 

 

3.3 Sample characteristics  

The survey was sent to 900 individuals who had previously agreed in a phone recruitment to 

participate in the study. The phone recruitment was based on random draws of numbers from 

the phone directories of two regions of Switzerland. Half of the recruited people were from 

the Prättigau/Davos region in the Canton of Grisons (mountain sample), while the other half 

were from the city of Zurich (urban sample). The target individual in each contacted 

household was selected, so that the gender and age distribution in the subsamples were fairly 

close to census data. We required recruited people to be at least 18 years old, which is the 

minimum age for voting and for obtaining a driver’s license in Switzerland. 

The data collection took place between mid November 2007 and late January 2008. The 

return rate for the survey was 54.8% (N = 493). For the choice analysis, we discarded 

responses from individuals who (i) did not answer at least three choice sets because we 

assumed that they were not willing or able to complete the choice task (N = 60); who (ii) 

chose only program A or only program B, even if this was logically inconsistent with earlier 

choices (N = 4); and (iii) who did not answer the attitudinal questions used in the choice 

analysis (N = 27). The data cleaning left us with 2,388 choices from 402 respondents, which 

corresponds to a response rate of 44.7%.  

Table 3.2 shows the response rate in terms of both the number of respondents and the 

number of choices answered depending on the stratification by the framing treatment and the 

subsamples. A chi-square independence test revealed no significant effects of the framing 

treatment on the response rates of the subsamples (2
1 = 1.22, P = 0.27). 
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Table 3.2 Response rate in dependence on the stratification of the sample. 

Stratification by Risk framing treatment a 

 
… referred to residential population 

(FRAME = 1) 

… referred to road fatalities  

(FRAME = 0) 

Subsamples   

- Mountain sample  107 (631)  91 (538) 

- Urban sample  99 (591)  105 (628) 
a Main entries are numbers of respondents, numbers of choices are given in parentheses.  

 

Table 3.3 compares the distribution of the sample characteristics with census data of the 

Swiss population, indicating that the sample is representative. There is a good representation 

of all age groups, even though respondents older than 69 years are slightly underrepresented. 

With regard to the last tax bill, there is an under sampling of the lowest income group. This 

correlates with the observation that the sample has somewhat fewer respondents who have 

had only primary education. Overall, there is a reasonable match-up of the survey participants 

with the census data. 

We also analyzed whether there are differences between our subsamples. Chi-square 

independence tests revealed no significant differences between the subsamples with respect to 

gender (2
1 = 0.09; P = 0.76), age (2

69 = 75.6; P = 0.27), last tax payment (2
5 = 2.34; P = 

0.80), and the employment status (2
4 = 0.35; P = 0.99). We found (expected) differences 

with regard to the educational attainment (2
4 = 28.02; P < 0.001). More respondents from 

the urban sample hold a university degree. Altogether, the socio-demographic characteristics 

of the subsamples have close parallels. 

As expected, the subsamples significantly differed in their experience with natural 

hazards and their frequency of exposure on Alpine roads, with 45.8% of the mountain sample 

and only 28.2% of the urban sample having previously been affected by natural hazards. Even 

more pronounced were the differences with regard to the frequency of exposure. Only 5.4% 

of the urban sample stated that they travel once or more per week on Alpine roads, while 

84.8% of the mountain sample did so.  

Based on the self-declared exposure and official census data for the mountainous 

regions of Switzerland (Hornung & Röthlisberger 2005), the population at risk was 

determined to be 2 million individuals, with exposed people defined as those who travel at 

least once per week on Alpine roads. 
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Table 3.3 Comparison of the sample characteristics to the Swiss residential population. 

Variable Study sample (N = 402) Swiss Population 

Respondents 

- Mountain Sample 

- Urban Sample 

 

49.3% 

50.7% 

 

 – 

 – 

Gender a 

- Women 

- Men 

 

49.3% 

50.7% 

 

52.0% 

48.0% 

Age a 

- 18–29 

- 30–39 

- 40–49 

- 50–59 

- 60–69 

- 70 or older 

 

14.9% 

18.2% 

27.6% 

14.4% 

14.9% 

10.0% 

 

17.0% 

15.5% 

19.4% 

16.9% 

14.2% 

16.9% 

Annual tax payments b 

- CHF 2,000 or less 

- CHF 2,000–6,000 

- CHF 6,000–10,000 

- CHF 10,000–14,000 

- CHF 14,000–18,000 

- More than CHF 18,000 

 

14.9% 

35.1% 

28.1% 

 9.2% 

 4.0% 

 8.7% 

 

 27% 

 36% 

 16% 

 12% 

 2% 

 7% 

Educational attainment a 

- Primary education  

- Secondary education 

- University education 

- Apprenticeship 

- Craftsman’s diploma 

 

 2.5% 

12.4% 

25.1% 

43.8% 

16.2% 

 

13.3% 

 8.3% 

23.1% 

45.0% 

10.3% 

Employment status c 

- Employed  

- Self-employed 

- Unemployed 

- In education 

- Retired 

 

47.8% 

20.6% 

 6.2% 

 6.7% 

18.7% 

 

48.0% 

13.8% 

 5.0% 

 5.0% 

28.1% 
a Based on (BFS 2007b). 

b Approximation based on the distribution of the direct federal tax payments (BFS 2009). 

c Comparison with results of a recent study by Schmitt et al. (2005). Respondents, who stated to be both 

employed and self-employed, were categorized as self-employed. 
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3.4 Models and hypotheses 

3.4.1 Choice model 

To analyze the choice data, we draw on the random utility maximization (RUM) model 

(McFadden 2001). Applied to mortality risk reductions, the RUM model assumes that the 

utility U of avoiding or reducing a specific risk can be split in two parts: a value-based 

cognitive part that is expressed by the indirect utility function V and a random component  

that is influenced by perceptional factors of risk (Finucane et al. 2000; Slovic et al. 2000). 

Based on the standard conditional logit model, we assume that this random component 

ij is independent across alternative traffic safety programs j within the same individual i and 

follows an extreme value distribution. By fixing the scale parameter of the random 

component’s distribution to be unity, we assume that individual i chooses the specific risk 

mitigation program k with choice probability: 

 

,)(exp)(exp)|Pr( 



Jj

ijik VVik  (3.1) 

 

where J denotes the set of programs at choice. Eq. (3.2) presents our basic model, which has 

to be further specified to allow for the estimation of the VSL. The indirect utility function Vj 

of a traffic safety program j is assumed to depend on the discounted stream of risk reduction 

Rj, which the program provides over the mitigation period (i.e. the benefit of the program), 

and on the personalized cost Cij incurred to the respondent i, if the program were to be 

implemented: 

 

,ijjij CRV    (3.2) 

 

where  and  are the coefficients to be estimated. The discounted stream of risk reduction Rj 

is derived from a constant exponential discounting model: 

 

],/))exp(1[(d )exp(
0

 jj

T

jj TttR
j

   (3.3) 

 

where Tj is the period of mitigation,  is the implicit discount rate, and j denotes the 

individual annual reduction in mortality risk provided by program j.  

In accordance with the determined population at risk (2 million individuals), the annual 

individual probability of exposed people to die is reduced by 5  10–6 to 8  10–6. In other 
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words, the proposed traffic safety programs would avert between 10 and 16 fatalities per year 

by reducing the statistical mortality risk across frequent drivers on Alpine roads. By inserting 

Eq. (3.3) into Eq. (3.2), the basic VSL model is obtained as: 

 

,]/))exp(1([ ijjjij CTV    (3.4) 

 

Consequently, coefficient  denotes the time preference rate of mortality risk reduction, the 

coefficient  denotes the marginal utility of risk reduction, and the coefficient  denotes the 

marginal disutility of a wealth (or income) reduction (Alberini et al. 2007a). These 

coefficients are estimated by maximizing the log-likelihood function LL over all choice 

observations: 

 


N

i

J

j

Q

q
ijq qijLL )],|ln[Pr( , (3.5) 

 

where ijq is a preference indicator that becomes ijq = 1 if respondent i chooses program j in 

choice set q, and ijt = 0 otherwise. 

 

3.4.2 Hypotheses 

Since we are interested in the effects of the risk framing treatment on the willingness-to-pay 

for traffic safety on Alpine roads, we broaden the basic VSL model of Eq. (3.4) by four 

extended specifications of the indirect utility function: 

 
Model I: 

,1 ijijjij CFRAMERRV    (3.6) 

 

Model II: 

,])([ 321 ijiiijjij CUNIVUNIVFRAMERRV    (3.7) 

 

Model III: 

,])([ 54321 ijiiiiijjij CXPERSAMPLEUNIVUNIVFRAMERRV    (3.8) 

 

Model IV: 

,])([ 86971 ijjjjjijjij CRFALLAVALRFALLAVALFRAMERRV    (3.9) 
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with , ,  and 1–9: coefficients to be estimated; Rj: discounted risk reduction by program j 

over the mitigation period Tj; Cij: personalized cost for this risk reduction; FRAMEi: dummy 

that takes the value 1 if the risk reduction is described with reference to residential population 

and 0 otherwise; UNIVi: dummy that takes the value 1 if the respondent has a university 

education and 0 otherwise; SAMPLEi: dummy that takes the value 1 for respondents from the 

urban sample and 0 for respondents from the mountain sample; XPERi: dummy that takes the 

value 1 for respondents who indicated that they had previously been affected by natural 

hazards and 0 otherwise; AVALj: dummy that takes the value 1 if the hazard type is avalanche 

and 0 otherwise; RFALLj: dummy that takes the value 1 if the hazard type is rockfall and 0 

otherwise. 

Model I (Eq. 3.6) is the simplest model, including only the discounted stream of risk 

reduction, the corresponding personalized cost, and a two-way interaction term that tests 

whether the framing treatment influenced the valuation of the risk reduction. Since we 

hypothesized that the perceived risk reduction is larger for the treatment that frames the risk 

reduction in reference to the number of road fatalities, the sign of 1 should be negative. 

Model II (Eq. 3.7) includes a two-way interaction term between the risk reduction and a 

university dummy. Since better educated people tend to earn more, they were expected to 

exhibit a higher willingness-to-pay. The sign of 3 should thus be positive. Additionally, we 

included a three-way interaction term between the risk reduction, the framing treatment and 

the university dummy. We expected that respondents with a university degree would try to 

calculate the probability of dying, and hence the framing treatment would affect their 

valuation more strongly than the valuation of the other respondents. Therefore, the sign of 2 

should be negative. 

Model III (Eq. 3.8) extends Model II by including two-way interaction terms between 

the risk reduction and the sample affiliation, as well as between the risk reduction and the 

experience with natural hazards. We expected that respondents from the mountain sample, 

who are more exposed to mortality risks on Alpine roads, and would therefore benefit more 

from a traffic safety program, would have a higher willingness-to-pay (McDaniels et al. 

1992). The dummy variable indicating the sample affiliation was set so that the mountain 

sample was the reference group, so the sign of 4 should be negative. We assumed that people 

who had previously been affected by natural hazards would know more about these hazards. 

Since earlier research indicates that knowledge about a hazard makes it less dreadful (Slovic 

et al. 2000), we expected that experienced respondents would be willing to pay less than 

inexperienced people. Therefore, the sign of 5 should be negative. 

Model IV (Eq. 3.9) analyzes whether the framing treatment had an impact on the 

valuation of the different types of road hazards against which the traffic safety program would 
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protect. Thereby, car accidents are taken as the reference hazard. This specification is based 

on evidence from risk perception research, which predicts that less controllable and 

involuntarily taken risks are perceived to be more dreadful (Slovic et al. 2000). The focus 

group interviews indicated ambiguous perceptions of the three road hazard types. Some focus 

group participants perceived car accidents as being worst, while others feared rockfall 

accidents most. Thus, we had no prior expectations on the signs of  6, 7, 8, and 9. 

 

3.5 Results and discussion 

3.5.1 Test of hypotheses 

Estimates of the four model specifications are given in Table 3.4. In Model I, all coefficients 

are statistically significant and have the expected signs. The risk reduction coefficient Rj is 

positive and large compared to the interaction coefficient 1, indicating that improvements in 

risk reduction increase the perceived benefit of a traffic safety program, no matter how it is 

framed. The cost coefficient Cij is negative, proving that higher costs reduced the perceived 

benefit of a program. The coefficient of the framing effect is negative, indicating that people 

were willing to pay about 15% less when the risk reduction was framed in reference to the 

residential population compared to when the risk reduction was framed in reference to the 

total annual number of road fatalities.  

In Model II, the framing effect is even more pronounced. Under the two framing 

treatments, similar respondents differed by about 19% in their willingness-to-pay for risk 

reductions. The estimates of Model II also show that the framing effect did not significantly 

differ between academics and non-academics (although the sign of the interaction coefficient 

2 is, as expected, negative). Academics had, however, a significantly higher willingness-to-

pay for the traffic safety programs, i.e. the sign of the interaction coefficient 3 is positive. 

The correlation between educational attainment and last tax payment is too weak to explain 

the different valuations of academics and non-academics (Pearson correlation coefficient  = 

0.18). Based on the answers to the debriefing questions, we assume that academics were more 

concerned about public safety while non-academics focused on individual safety. 

Model III shows that, against our hypothesis, respondents from the mountain sample 

had a lower marginal utility of risk reduction than respondents from the urban sample, i.e. the 

sign of the interaction 4 is positive. We have two explanations for this unexpected effect. 
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Table 3.4 Estimated coefficients and their standard errors (in parentheses) of the Models I–IV. 

Parameters Model I Model II Model III Model IV 

 Coefficient (SE) Coefficient (SE) Coefficient (SE) Coefficient (SE)

Marginal utility of risk reduction ()  0.02920*** 

 (0.00525) 

 0.02319*** 

 (0.00411) 

 0.02176*** 

 (0.00414) 

 0.02943*** 

 (0.00540) 

Marginal utility of cost () – 0.00346*** 

 (0.00032) 

– 0.00371*** 

 (0.00033) 

– 0.00373*** 

 (0.00033) 

– 0.00348*** 

 (0.00032) 

Interactions with risk reduction:     

- R  FRAME () 
(1 = framing to residential population) 

– 0.00457* 

 (0.00211) 

– 0.00430* 

 (0.00206) 

– 0.00443* 

 (0.00210) 

– 0.00351† 

 (0.00252) 

- R  UNIV () 
(1 = respondent has university degree) 

  0.01994*** 

 (0.00595) 

 0.01655** 

 (0.00567) 

 

- R  FRAME  UNIV () 
(1 = respondent has university degree 
AND framing to residential population) 

 – 0.00171 

 (0.00535) 

– 0.00057 

 (0.00531) 

 

- R  SAMPLE () 
(1 = respondent is from urban sample) 

   0.00874** 

 (0.00302) 

 

- R  XPER () 
(1 = respondent is experienced with NH) 

  – 0.00519** 

 (0.00207) 

 

- R  AVAL () 
(1 = program against avalanches) 

   – 0.00157 

 (0.00181) 

- R  FRAME  AVAL () 
(1 = framing to residential population 
AND program against avalanches) 

   – 0.00131 

 (0.00260) 

- R  RFALL () 
(1 = program against rockfall) 

   – 0.00165 

 (0.00191) 

- R  FRAME  RFALL () 
(1 = framing to residential population 
AND program against rockfall)  

   – 0.00196 

 (0.00262) 

Discount rate ()  0.11226*** 

 (0.02561) 

 0.09794*** 

 (0.02212) 

 0.09750*** 

 (0.02202) 

 0.11351*** 

 (0.02586) 

Number of choice observations (Q)  2,388  2,388  2,388  2,388 

Number of respondents (N)  402  402  402  402 

Log-likelihood function (LL) – 2,396.10 – 2,365.82 – 2,350.59 – 2,392.96 

Likelihood ratio index a  0.0867  0.0982  0.1040  0.0879 

Akaike information criterion b  2.0101  1.9864  1.9762  2.0109 
† P < 0.1; * P < 0.05; ** P < 0.01; *** P < 0.001; NH = Natural Hazards. 

a Calculated as 1 – LL/LL0, where LL0 denotes the log likelihood function of the constant-only model. 

b Calculated as –2(LL– #)/Q, where # denotes the number of parameters included in the model. 
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First, respondents from the mountain sample might have a higher risk acceptance, 

perceiving hazards on Alpine roads as part of their daily life. Corresponding statements of 

focus group participants from the mountainous region support this explanation. Second, 

respondents from the mountain sample might feel entitled to the protection, causing a higher 

rejection rate of 25% than the rejection rate of 16% from the urban sample. This explanation 

is supported by comments in the debriefing section of the choice experiment. In line with our 

expectations, previous experience with natural hazards had a decreasing effect on the 

perceived benefit of the traffic safety programs, suggesting that more experienced respondents 

were less afraid of natural hazards on Alpine roads. A likelihood ratio test (LRT) revealed that 

the inclusion of these two interaction effects significantly improves the model fit compared to 

Model II (LRT: 2
8–6 = 30.46; P < 0.001). 

Model IV incorporates the perceptions of the three hazard types into the VSL model, 

ascertaining that they interfere with the framing treatment effect. As can be seen from Table 

4, none of the interaction terms are significant and the model fit, based on the likelihood ratio 

index and the Akaike information criterion, is worse than the fit of Models II and III. This 

indicates that the hazard type played a minor role in the valuation process and respondents 

focused on the discounted risk reduction and the cost of each program to make their choices. 

The mitigation period plays an important role in the valuation process. All of the models 

have a significant discount rate within the range of 9.8–11.4%, indicating that the respondents 

value a unit of risk reduction less if it occurs in the distant future. Thus, the perceived benefit 

of traffic safety programs is larger when they are effective for a longer time period, but does 

not grow linearly with the mitigation period. The estimated discount rates are somewhat 

higher than discount rates reported in earlier stated-preference studies on lifesaving programs, 

e.g. Alberini and colleagues (2006) found discount rates up to 8.6% in the context of health 

risks and discount rates around 7.4% in the context of waste disposal (2007a), but lie within 

the range of discount rates found in hedonic-pricing VSL studies (see Viscusi & Aldy 2003). 

 

3.5.2 Effects of the risk reduction framing on the VSL 

Since the above hypothesis tests suggest that the road hazard type played a less important 

role, we focus on the results of Models I–III. Based on their estimates (given in Table 3.4), 

one can calculate individuated VSL values for specific groups of respondents and test 

whether, and by how much, they differ with regard to the framing effect. Drawing on the 

definition of the VSL as the marginal rate of substitution between mortality risk and wealth 

(Hammitt 2000; Viscusi 1993), it is estimated as the ratio of the marginal utility of changes in 

risk and the marginal utility of changes in wealth (or income): VSL = (V/R)/(V/C). 
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Hence, the VSL of Model I (Eq. 3.6) amounts to CHF 8.44 million for those 

respondents for whom the risk reduction was framed in reference of the road fatalities, and 

CHF 7.12 million for those respondents for whom the risk reduction was framed in reference 

to the residential population.4 Using the delta method (see Appendix 4), the standard errors 

around the VSL values are CHF 1.51 million for the first group and CHF 1.26 million for the 

latter group of respondents. Since these standard errors are relatively large, the framing effect 

on the VSL values could be random despite the statistical significance of the interaction term 

between the risk reduction and the framing treatment. Indeed, a Wald test (WT) shows no 

statistical difference in the VSL values of the two treatment groups (WT: 2
1 = 0.451; P = 

0.502).5 In the same way, we computed the framing-specific VSL values of the extended 

model specifications, but did not find statistical evidence for the framing effect either. Table 

3.5 compiles these treatment comparisons for the VSL values calculated by Model III. Again, 

the Wald test statistics do not indicate statistically significant differences between the 

individuated VSL values of the two treatment subsamples. 

To further investigate the framing effects, we split the full sample of observations into 

the two treatment subsamples and analyzed them separately. Table 3.6 presents a modified 

version of Model III in which the two-way interaction terms between risk reduction and 

sample affiliation, between risk reduction and university degree, and between risk reduction 

and previous experience with natural hazards are estimated separately for both treatment 

subsamples. While these models do not provide a direct statistical test of whether the framing 

treatment systematically affected the valuation of the traffic safety programs, they provide a 

more detailed account of the choice-decisive attributes under both treatments. The comparison 

of the treatment subsamples revealed some interesting differences. Among the respondents 

who received the choice sets framed in reference to the annual number of road fatalities 

(FRAME = 0), the interactions between the risk reduction and the sample affiliation and 

between the risk reduction and the experience with natural hazards were non-significant, i.e. 

respondents from the urban and the mountain sample did not differ in their valuations of the 

traffic safety programs. The estimated discount rate for this treatment subsample was more 

than three percentage points higher than for the treatment subsample in which the risk 

reduction was framed in reference to the residential population (FRAME = 1). 

                                                 
4 Technically, the VSL is estimated as ]ˆ/ˆ[   × 1 million if FRAME = 0 and as ]ˆ/)ˆˆ[( 1    × 1 million if 

FRAME = 1. The multiplication by one million is necessary, since we coded the risk reduction in the 

econometric routine as 5, 6, 7 and 8 instead of 5  10−6, 6  10−6, 7  10−6 and 8  10−6. 
5 The tested null hypothesis is: VSL(FRAME = 1) = VSL(FRAME = 0). The Wald statistic is chi-square distributed with 

one degree of freedom. It is computed as: W = (VSL(FRAME = 1) – VSL(FRAME = 0))
2/[SE2

(FRAME = 1)
 + SE2

(FRAME = 0)], 

with SE denoting standard errors of the VSL values obtained by the delta method (see Greene 2008: 500–502). 
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Table 3.5 Framing-specific VSL values in million CHF based on Model III; standard errors are given in 

parentheses. (As the delta method uses the full covariance matrix for estimating the standard errors, we included 

the non-significant three-way interaction between risk reduction, framing treatment and university degree.) 

Stratification by Risk framing treatment 

VSL in million CHF for framing that… 

 

… referred to residential 
population 

(FRAME = 1) 

… referred to road 
fatalities  

(FRAME = 0) 

Wald test 
statistic a 

W~2
1)

  

Respondent: 

- has university degree (UNIV = 1); 

- is from urban sample (SAMPLE = 1); 

- is experienced with NH (XPER = 1). 

 

9.884 (1.490) 

 

11.224 (1.659) 

 

 W = 0.361 

 P = 0.548 

Respondent: 

- has no university degree (UNIV = 0); 

- is from urban sample (SAMPLE = 1); 

- is experienced with NH (XPER = 1). 

 

5.599 (1.082) 

 

6.788 (1.135) 

 

 W = 0.575 

 P = 0.448 

Respondent: 

- has university degree (UNIV = 1); 

- is from mountain sample (SAMPLE = 0); 

- is experienced with NH (XPER =1). 

 

7.540 (1.286) 

 

8.880 (1.475) 

 

 W = 0.469 

 P = 0.493 

Respondent: 

- has no university degree (UNIV = 0); 

- is from mountain sample (SAMPLE = 0); 

- is experienced with NH (XPER =1). 

 

3.255 (1.065) 

 

4.444 (1.095) 

 

 W = 0.606 

 P = 0.436 

Respondent: 

- has university degree (UNIV = 1); 

- is from urban sample (SAMPLE = 1); 

- is not experienced with NH (XPER = 0). 

 

11.274 (1.502) 

 

12.614 (1.691) 

 

 W = 0.351 

 P = 0.554 

Respondent: 

- has no university degree (UNIV = 0); 

- is from urban sample (SAMPLE = 1); 

- is not experienced with NH (XPER = 0). 

 

6.989 (1.088) 

 

8.178 (1.118) 

 

 W = 0.581 

 P = 0.446 

Respondent: 

- has university degree (UNIV = 1); 

- is from mountain sample (SAMPLE = 0); 

- is not experienced with NH (XPER = 0). 

 

8.930 (1.301) 

 

10.270 (1.514) 

 

 W = 0.451 

 P = 0.502 

Respondent: 

- has no university degree (UNIV =0); 

- is from mountain sample (SAMPLE =0); 

- is not experienced with NH (XPER = 0). 

 

4.645 (1.075) 

 

5.834 (1.081) 

 

 W = 0.608 

 P = 0.435 

a See Footnote 4 for details on the Wald test statistic W; NH = Natural Hazards. 
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Table 3.6 Estimated coefficients and standard errors of the modified Model III for both treatment subsamples. 

Stratification by Risk framing treatment 

 
… referred to residential population 

(FRAME = 1) 

… referred to road fatalities 

(FRAME = 0) 

Parameters  Coefficient (SE)  Coefficient (SE) 

Marginal utility of risk reduction ()  0.01786*** (0.00452)  0.02247*** (0.00626) 

Marginal utility of cost () – 0.00434*** (0.00047) – 0.00325*** (0.00048) 

Risk Reduction interactions:   

- R  UNIV () 
(1 = respondent has university degree) 

 0.01381** (0.00525)  0.02007* (0.00781) 

- R  SAMPLE () 
(1 = respondent is from urban sample) 

 0.01230** (0.00472)  0.00330 (0.00375) 

- R  XPER () 
(1 = respondent is experienced with NH) 

– 0.01030** (0.00329)  0.00254 (0.00361) 

Discount rate ()  0.08396** (0.02684)  0.11456** (0.03669) 

Number of choice observations (Q)  1,234  1,154 

Number of respondents (N)  210  194 

Log-likelihood function (LL)  – 1,205.42  – 1,132.68 

Likelihood ratio index a  0.1108  0.1066 

Akaike information criterion b  1.9634  1.9734 

* P < 0.05; ** P < 0.01; *** P < 0.001; NH = Natural Hazards; SE = Standard errors. 

a Calculated as 1 – LL/LL0, where LL0 denotes the log likelihood function of the constant-only model. 

b Calculated as –2(LL– #)/Q, where # denotes the number of parameters included in the model. 

 

These findings indicate that the respondents of the different treatment subsamples used 

different mechanisms to form their perceptions about the risk reductions that ultimately 

informed their choices. While the first treatment subsample clearly focused on the number of 

fatalities that a traffic safety program could avert per year, the latter treatment subsample gave 

more weight to its cost and its mitigation period and included personal background 

information into their choices. This is not very surprising. The framing in reference to the 500 

road fatalities provided more specific context information about the benefits of the traffic 

safety programs compared to the framing in reference to the 7.5 million residents. This 

enhanced information guided the choices of the former respondents (Kunreuther et al. 2001), 

whereas the latter respondents, for whom this information was not available, drew on further 

attributes to make their choices. These findings also correspond to considerations by Hammitt 

and Treich (2007), who theoretically show that information about the people at risk affects the 

willingness-to-pay for risk reductions but not social welfare. 
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As in the models with the pooled data, we find in both treatment subsamples that 

academics had a significantly increased willingness-to-pay for risk reductions. Indeed, 

academics were willing to pay about 80% more under both treatments, which reinforces the 

observation that the framing effect is not caused by an interaction between the educational 

attainment and the framing treatment. The corresponding VSL values derived from the 

estimates in Table 3.6 are of limited validity because they rely on non-significant coefficients 

in the choice models of the respective treatment subsamples. Admittedly, they suggest that the 

difference in the willingness-to-pay for mortality risk reduction under the two framing 

treatments might be even larger than found for the models in Table 3.4, but again the standard 

errors around the VSL values are relatively large. In summary, the above analysis indicates 

that the framing treatment had a distinct influence on the perceived risk reduction, but did not 

affect the valuation of the traffic safety programs in a statistically significant way. 

 

3.6 Conclusions 

In this paper, we draw on stated choice data from a representative survey to analyze the 

effects of different risk framings on the willingness-to-pay for traffic safety on Alpine roads. 

In contrast to previous stated-preference valuation studies on mortality risk reductions, we do 

not use a disembodied risk format, such as the one-in-a-million standard, to describe changes 

in mortality risk to the survey respondents. Instead, we examine two different, but logically 

equivalent, risk framings using a split-sample design. For this purpose, the first half of 

respondents received choice sets in which the risk reduction provided by the prompted traffic 

safety programs were described in terms of the annual number of averted fatalities in 

reference to the residential population of Switzerland. The second half received identical 

choice sets except that the risk reduction was described in reference to the annual number of 

road fatalities in Switzerland. The latter framing accepts that laypeople are better able to judge 

differences between low probabilities or small numbers when fairly rich context information 

is provided (Kunreuther et al. 2001). 

The split-sample approach makes it possible to estimate framing-specific VSL values. 

The choice analysis reveals that the framing treatment has a significant effect on the perceived 

risk reduction of the traffic safety programs. When all else is held the same, respondents to 

whom the risk reduction was described in reference to the annual number of road fatalities 

have a marginal utility of risk reduction, which is 15–20% larger than that of respondents to 

whom the risk reduction was described in reference to the residential population. The implied 

VSL values range from CHF 3.3 to 12.6 million (€2.1–8.2 million), depending on (i) the 

respondent’s personal background and (ii) how the risk reduction was framed. We take this as 
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further evidence for the frequently made observation that stated-preference studies are 

context-dependent and their results are influenced by the information provided to the survey 

respondents (Bateman et al. 2004; Mathews et al. 2007; Sugden 2005). 

Some caveats should be attached to these findings. First, the framing-specific VSL 

estimates are subject to relatively large standard errors and, therefore, they do not differ in a 

statistically significant way. We attribute the size of these standard errors to the design 

features of our study. The decision to not vary the mitigation period across the alternatives of 

the individual choice sets made it impossible to individuate the discount rate by interacting it 

with personal characteristics of the respective respondent as proposed in Alberini et al. 

(2007a). Doing so would probably have resulted in a behaviorally more accurate model that 

could include variations in the time preference across the respondents into the valuation 

process, thereby reducing the standard errors of the VSL estimates. Second, we have used 

only a limited number of explanatory variables and there may be other personal characteristics 

that affect the valuation of mortality risks (see Tsuge et al. 2005; Alberini et al. 2007a). The 

inclusion of additional interaction terms with such characteristics could be helpful to disclose 

unobserved relations between the respondents’ risk perception and their stated willingness-to-

pay for risk reduction. 

Given the above discussion, the question arises whether there is a preferable framing to 

be used in stated-preference valuation studies on mortality risk reductions. In our opinion, the 

answer is ‘yes’. We argue that if preferences for mortality risk reductions depend on the 

context in which they are presented to survey respondents, and in many cases they do, then 

the framing to be used should be the one which is closest to the payment mechanism actually 

used to finance the risk reduction under consideration. Sugden (2005) calls this the actual 

finance principle. In Switzerland and other direct democracies, publicly financed mitigation 

programs are commonly subject to a referendum. Thus, the framing should describe the 

mitigation programs, their provided risk reduction, and the associated cost in as much detail 

as possible, and provide at least the information that would be given in a real referendum 

(Arrow et al. 1993). Such a rich description of the risk reduction does not only enhance the 

external validity of the VSL estimates, it also helps survey respondents to better understand 

the tradeoffs between their personal risk reduction and money. 

It remains to say that the framing of attributes is a sensitive issue in the design of choice 

experiments in general, and in their application for estimating VSL values in particular. Our 

investigation of risk framing effects raise a variety of questions including examination of the 

understandability of small changes in risk under different framing treatments. One possible 

avenue for future research would be to compare the framing effects obtained from dependent 

samples of respondents who are given choice sets with more than one framing treatment. 
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Chapter 4 

Experimental Evidence against the Paradigm of Mortality Risk Aversion 

Abstract. This paper deals with the question of how societal impacts of fatal accidents can be 

integrated into the management of natural or man-made hazards. Today, many governmental 

agencies give additional weight to the number of potential fatalities in their risk assessments to 

reflect society’s aversion to large accidents. Although mortality risk aversion has been proposed in 

numerous risk management guidelines, there has been no evidence that lay people want public 

decision makers to overweight infrequent accidents of large societal consequences against more 

frequent ones of smaller societal consequences. Furthermore, it is not known whether public 

decision makers actually do such overweighting when they decide upon the mitigation of natural 

or technical hazards. In this paper, we report on two experimental tasks that required participants 

to evaluate negative prospects involving 1 to 100 potential fatalities. Our results show that neither 

lay people nor hazard experts exhibit risk-averse behavior in decisions on mortality risks. 

4.1 Introduction 

Twenty-five years ago, Paul Slovic and colleagues (1984: 464) posed the question: ‘How 

should a single accident that takes N lives be weighted relative to N accidents, each of which 

takes a single life?’ The question of how the societal impacts of fatal accidents can be 

integrated into hazard management is still looming today. In many countries, governmental 

agencies use consequence weighting functions to valuate mortality risks (see Horn et al. 2008; 

Stallen et al. 1996). A popular way of weighting the number of expected fatalities N in risk 

assessments is by the power function v(N) = N, which gives additional weight to large 

consequences (i.e.  > 1).  

The use of this weighting function is intended to reflect society’s aversion to large 

accidents, regardless of how unlikely they are. At the heart of the paradigm of mortality risk 

aversion lies the assumption that the societal costs of large accidents are never fully reflected 

by the expected direct losses (Bohnenblust & Slovic 1998). The weighting can thus be 

interpreted as a measure of precaution, hedging against major accidents and their direct and 

indirect societal costs. 

 

                                                 
This chapter is based on a manuscript under review with Risk Analysis. Markus Abrahamsson and Henrik 

Johansson are gratefully acknowledged for providing the computer program to conduct the experimental 

research. Thomas Epper gave valuable comments on an earlier draft of the manuscript. 
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In standard preference theory, the non-linear overweighting of consequences implies 

that the decision-maker exhibits risk averse behavior. Mortality risk aversion requires the 

decision maker to value the societal impact of hazards so that the weighting of the number of 

fatalities makes one single large accident more serious—and consequently its prevention more 

worthy—than many small accidents causing the same total number of fatalities. However, risk 

averse behavior may neither be appropriate for managing multiple-fatality accidents, nor 

necessarily of benefit to the public. As Keeney (1980) asserts: (i) a certain loss of N fatalities 

is generally perceived worse than a 50–50 chance of either 0 or 2  N fatalities; (ii) above a 

certain death toll, the marginal societal impact of each additional victim is likely to decline; 

and (iii) risk equity as prescribed by individual safety goals (Pate-Cornell 2002) leads to risk 

seeking decision behavior. 

With the exception of a recent study by Abrahamsson and Johansson (2006), little 

empirical work has been conducted that investigates risk preferences for mortality risks. 

Instead, the determination of weighting functions is commonly based on expert opinions. In 

this paper, we report on two experimental studies that explore how lay people and hazard 

experts weight accident frequencies vs. the number of involved fatalities in their judgments 

about mortality risk. We are particularly interested in societal hazards causing losses in the 

range of 1 to 100 fatalities, since risk valuations in this range might be less impacted by a 

marginally decreasing sensitivity to losses (Fetherstonhaugh et al. 1997). 

Study 1 addresses whether lay people want public hazard managers to overweight less 

frequent accidents of larger consequences against more frequent ones of smaller consequences 

in the context of avalanche risk on Alpine roads. To this end, we conducted a discrete choice 

experiment in which we asked lay people to play the role of a public hazard manager by 

choosing between competing safety policies for different roads prone to avalanches. The 

experiment emphasized on the weighting of accident frequencies vs. the associated number of 

fatalities. Study 2 analyzes whether experts overweight fatalities in comparative risk 

assessments of hazardous situations. The experimental task was done by a group of natural 

hazard experts and a reference group of well-trained non-experts. Participants valuated the 

prevention of unspecified accidents involving multiple fatalities and uncertain decision 

outcomes. The elicitation of risk preferences in this task was based on the tradeoff method 

developed by Wakker and Deneffe (1996). 

Since both experiments deal with expected fatalities, which constitute losses from the 

societal status quo perspective, we hypothesized that the majority of the study participants 

would exhibit risk seeking behavior (Tversky & Kahneman 1981). With regard to the 

weighting function, this means that the exponent must be smaller than one. Further, 

psychometric risk research suggests that personal experience with a specific hazard increases 
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the perceived risk, particularly in cases where strong emotional components are involved 

(Finucane et al. 2000; Slovic et al. 2004; Loewenstein et al. 2001). This motivated us to test 

whether subjects who are experienced with natural hazards give more weight to the 

consequences within their risk valuations than inexperienced subjects. Experts, by contrast, 

were assumed to be closer to risk neutrality than lay people (Slovic 1999). Their striving for 

objectivity in risk assessments was hypothesized because many safety-relevant education 

programs emphasize the number of expected fatalities as the core criterion of societal 

decision-making. 

The rest of this paper is organized as follows. In Section 4.2, we will present the 

research strategy of the discrete choice experiment. We will then develop a generic model to 

elicit mortality risk preferences based on different theories of decision making under risk, and 

we will discuss study-specific estimations of this model. In Section 4.3, we will present the 

tradeoff experiment and describe the estimation of mortality risk preferences using this 

chained valuation procedure. Again, we will discuss study-specific findings. In Section 4.4, 

we will discuss our findings based on cross-experimental comparisons and conclude with 

some implications for policy makers in the field of public hazard management. 

 

4.2 Study 1: Lay people’s preferences for avoiding fatal accidents 

4.2.1 Method 

Recently, economists have started to use discrete choice experiments for valuing mortality 

risk in the context of public goods (Alberini et al. 2007a; Itaoka et al. 2006; Rodriguez & 

Leon 2004). Adapted to the elicitation of mortality risk preferences, such an experiment 

endows its participants with discrete choices among risk reduction programs. Each risk 

reduction program is described by a bundle of attributes that determine the utility derived 

from the program’s implementation. By varying these attributes in a systematic way, a 

number of risk reduction programs are generated from which participants make their choices. 

In accordance with random utility theory (Louviere et al. 2000), it is assumed that the 

utility of a specific risk reduction program can be split into a value-based cognitive part 

expressed by the indirect utility function V and a random component . This random 

component incorporates affective heuristics (Finucane et al. 2000; Slovic et al. 2004) and 

other emotionally driven shortcuts in decision-making (Payne et al. 1993). The dichotomy of 

the random utility model allows the construction of a decision framework for risky choices by 

assuming that subject i will prefer choice alternative A over alternative B, if it holds that 

)()()()( BBVAAV iiii   . In our experiment, participants were confronted with four 

choices between avalanche mitigation projects for roads A and B that differed only with 
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regard to the number of expected accidents over the next 20 years and the associated number 

of fatalities per accident. In each of the four choice situations, participants were asked which 

road they would protect from avalanche hazards given that they were the responsible hazard 

manager and had only resources to protect one of the roads. Fig. 4.1 is an example of one of 

these choice situations. 

 

 

Fig. 4.1 Example of one choice task faced by participants. 

 

Formalized in the random utility framework, we can predict subject i’s preference for 

protecting road A over road B by: 

 

,)}()()()({Pr)|Pr( BBVAAVSA iiiii    (4.1) 

 

where Si denotes the set of subject i’s personal characteristics. To cover a broad spectrum of 

risk, the accident frequency and the associated fatalities per accident were changed iteratively 

among choice alternatives using an orthogonal design that segmented participants into nine 

orthogonal blocks (see Louviere et al. 2000). In this way, we collected choices on annual 

mortality risks ranging from 0.2 to 0.9 expected fatalities per year (i.e. 4 to 18 expected 

fatalities over the 20-year period). 

Each block of participants was asked to decide on two choice situations in which the 

expected number of fatalities was equal for both alternatives; one situation in which more 

fatalities were expected on the road more frequently affected by avalanches; and one situation 

in which more fatalities were expected on the road with larger consequences per accident. In 

every second choice situation, columns appeared in reversed order so that roads with more 

frequent but less severe accidents did not receive more prominence than roads with less 

frequent but more severe accidents. In total, nine blocks of participants made choices in 27 

different choice situations. 
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4.2.2 Survey 

We selected subjects from two areas of Switzerland based on random sampling from the 

telephone directory. Half of the participants were recruited from the mountainous region 

around Davos (referred to as the mountain group) and the remainder were recruited in the city 

of Zurich (referred to as the urban group). These samples were chosen to represent individuals 

with high and low exposure to avalanche risk. To collect the data, we posted a survey 

questionnaire, including a cover letter, to 900 people who had agreed in a phone recruitment 

to participate in this study. The experimental task was fully completed by 426 subjects. The 

response rates were 46% (n = 205) for the mountain group and 49% (n = 221) for the urban 

group. A description of the demographic characteristics of the survey samples is given in 

Table 4.1. The samples were well balanced for gender and income class and we found the 

expected differences in experience with natural hazards. As experience with natural hazards is 

assumed to increase the perceived risk (see Siegrist & Gutscher 2006), we asked participants 

whether they had ever been affected by any natural hazard and how frequently they travel on 

Alpine roads, thus exposing themselves to avalanche risk. 

 

Table 4.1 Descriptive statistics for the sample groups in Study 1. 

Setting     Mountain group    Urban group  

Participants (n) 205 221 

Age, M (SE) 49.0 (1.12) 48.4 (1.11) 

Gender 

- Males 52% 52% 

- Female 48% 48% 

Experience with NH  

- Yes 44% 29% 

- No 56% 71% 

Exposure to NH  

- High 85% 31% 

- Low 15% 69% 

M = Mean; SE = Standard error; NH = Natural hazards. 

 

The questionnaire comprised 16 pages and contained two different choice tasks (here 

we only report on one of them). In addition to the choice tasks, we asked several questions on 

the perceived risk from natural hazards and ordinary road accidents in mountainous regions of 

Switzerland. Participants provided answers on their familiarity with living in the mountains, 

past experiences with natural hazards, the severity of these threats, and some attitudinal 
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questions related to behavior under risk. Additionally, they evaluated how confident they felt 

in making their decisions and provided socio-demographic information. 

 

4.2.3 Data analysis 

Based on 1,704 decisions in 27 different choice situations, one can calculate the probability 

for road A (and similarly for road B) to be protected by subject i given the observed attributes 

of all protection options at choice, namely the frequency of accidents and the number of 

fatalities per accident, and the subject’s personal characteristics Si. The analysis of these 

choices calls for a flexible choice model such as the conditional logit model: 

 

,
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  (4.2) 

 

where the indirect utility function Vi may take on non-linear functional forms (Greene 2008). 

This flexibility allows the testing of different value functions and is therefore an appropriate 

model for our purpose. 

Estimations based on the conditional logit model require specifying an indirect utility 

function Vi that is in line with theoretical assumptions about decision-making under risk. 

Expected utility theory (EUT) is still the most commonly used prescriptive decision model for 

risky decisions and provides the analytical basis of the weighting function v(N) = N, which 

denotes the societal disutility caused by N fatalities. However, EUT has been shown to be 

problematic with regard to a number of aspects in risky choices, including the tendency of 

many people to overestimate small probabilities and to underestimate moderate and large 

probabilities (see Kahneman & Tversky 2000 and the contributions therein). In their 

cumulative prospect theory (CPT), Tversky and Kahneman (1992) incorporated deviations 

from linear probability perception through the inclusion of a non-linear probability weight 

transformation w(p) = p/[(p + (1 – p) )], wherein p is the objective probability and  is a 

decision weight parameter to be estimated. 

Using this function implies that an overweighting of small probabilities (i.e.  < 1) is 

attended by an underweighting of consequences (i.e.  < 1) and vice versa.1 To test the 

different decision schemes, we specified a generic indirect utility function: 

                                                 
1 There are a number of other probability weighting functions in use, including two-parameter specifications 

(Prelec 1998). However, as our choice alternatives cover only a limited range of probabilities we are only able to 

estimate one-parameter specifications. As an alternative to the classic CPT weighting function, we also tested the 

weighting function proposed by Karmarkar (1979), which led to qualitatively similar results. 
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,niV ii  γΧβR  (4.3) 

 

where β and γ coefficient vectors. R is a one-row vector of perceived risk defined as the 

product of the weighted accident probability w(p) and the weighted number of fatalities per 

accident v(N). If   1 and   1, the perceived risk is in line with CPT; if   1 and  = 1, 

the perceived risk is in line with EUT; and if  = 1 and  = 1, the perceived risk collapses into 

the statistical mortality risk per year. i denotes a vector of personal characteristics for each 

subject i out of the response population n. As these personal characteristics are invariant over 

the choices of a single subject, they were interacted with both the number of fatalities per 

accident N and the annual accident probability p to make i estimable. 

 

4.2.4 Results and discussion of Study 1 

Table 4.2 presents the estimation of coefficients for three specifications of the indirect utility 

function. The expected value (EV) specification defines each column entry in the perceived 

risk vector as expected value or ‘objective risk’: p  N. The expected utility (EU) 

specification defines each column entry in the perceived risk vector as expected disutility: p  

v(N) with ̂ = 0.82 obtained from maximizing the log-likelihood function over the range of 

possible -values. The cumulative prospect (CP) specification defines each column entry in 

the perceived risk vector as a negative prospect: w(p)  v(N) with ̂ = 0.67 and ̂ = 0.48 

obtained from jointly maximizing the log-likelihood function over the range of possible - 

and -values. 

A comparison of these specifications, based on the likelihood ratio test, shows that both 

CPT and EUT fit the data significantly better than EVT (CPT vs. EVT: 2
15–13 = 16.28, P < 

0.001; EUT vs. EVT: 2
14–13 = 11.22, P < 0.001). This suggests that lay people perceived 

avalanche risk neither as the mere number of expected fatalities ( = 1), nor did they 

overweight ( > 1) the number of fatalities as assumed by current public guidelines for the 

risk management of natural hazards (PLANAT 2005; 2009). Instead, the majority of subjects 

underweighted the number of fatalities compared with the probability of fatal accidents and 

thus display risk seeking behavior ( < 1). Comments by participants further indicated that 

the preference for avoiding frequent accidents is fostered by different perceptions of risk on 

roads A and B. Several participants stated that they feel it would be possible to temporarily 

close roads of type B, on which accidents are only expected in times of increased avalanche 

danger. Thus, they opted for protecting the road with multiple accidents, as these are more 

difficult to predict and less able to be avoided by road closures. 
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Table 4.2 Non-linear conditional logit estimates with individual characteristic interactions for the expected value 

specification, the expected utility specification, and the cumulative prospect specification. 

Variable EV-Specification EU-Specification CP-Specification 

 Coefficient (SE) Coefficient (SE) Coefficient (SE) 

Perceived Risk  5.121*** (1.122)  7.644*** (1.368)  17.343* (7.719)

- ̂   1.000†   0.822*** (0.056)  0.476*** (0.135)

- ̂   1.000†   1.000†   0.670*** (0.123)

Set of probability interaction       

- Age (if < 35 years =1)  9.775** (3.231)  8.932** (3.260)  7.678* (3.318)

- Gender (if female = 1)  – 1.806 (2.361)  – 2.746 (2.402)  – 4.012 (2.502)

- Average tax payment  0.074 (0.228)  – 0.047 (0.228)  – 0.183 (0.236)

- University Education (yes = 1)  7.286* (3.257)  6.724* (3.277)  5.978 (3.284)

- Experience with NH (yes =1)  9.555*** (2.742)  9.373*** (2.755)  8.589** (2.762)

- Exposure to NH (yes =1)  – 0.647 (2.315)  – 1.445 (2.367)  – 2.613 (2.463)

Set of consequence interaction       

- Age (if < 35 years =1)  0.400** (0.153)  0.398** (0.154)  0.351* (0.156)

- Gender (if female = 1)  – 0.147 (0.114)  – 0.143 (0.115)  – 0.186 (0.119)

- Average tax payment  – 0.010 (0.011)  – 0.010 (0.011)  – 0.015 (0.011)

- University Education (yes = 1)  0.248 (0.153)  0.251 (0.153)  0.225 (0.154)

- Experience with NH (yes =1)  0.328* (0.129)  0.344** (0.129)  0.313* (0.129)

- Exposure to NH (yes =1)  – 0.083 (0.111)  – 0.072 (0.112)  – 0.110 (0.117)

Log-likelihood function LL  – 949.259   – 943.647   – 941.121  

Correct choice prediction  75.06%   74.30%   74.53%  

Number of choice observations  1,704   1,704   1,704  

Number of participants  426   426   426  
† Fixed value based on model assumptions; *** P < 0.001; ** P < 0.01; * P < 0.05; SE = Standard error; NH = 

Natural hazards. 

 

When applied to predict the actual choices in our data set, the three specifications make 

equal predictions in 95% of the choice situations, with a prediction success rate of about 75% 

(Table 4.2).2 However, without knowing personal characteristics, the EV-specification would 

predict only 60.4% of the actual choices correctly, while both the EU- and CP-specifications 

would still predict 73.9% and 73.7% of the actual choices correctly. Thus, the latter 

specifications seem to be more robust than the EV-specification. 
                                                 
2 This rate was obtained by comparing actual and predicted choices. If Pr(A|Si)  0.5, subject i was assumed to 

prefer the protection of road A over the protection of road B; if Pr(A|Si) < 0.5, reversed preferences were 

assumed. 
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To explore further influences on the valuation of mortality risk, we looked for 

interaction effects between the risk dimensions and personal characteristics of the 

participants. In addition to the usual demographic variables such as age, gender, education 

and income, we included dummy variables to measure the individual’s personal experience 

with and exposure to natural hazards. The first set of interaction in Table 4.2 is with the 

probability of accidents (p) and the second set is with the consequences in terms of fatalities 

per accident (N). As increases in both p and N have a positive effect on the utility of 

protecting a road, positive interaction terms imply greater protection utility (or risk disutility) 

and negative interaction terms imply less protection utility. 

In the three specifications that we estimated, all statistically significant interactions had 

a positive interaction effect. Being younger than 35 years and being experienced with natural 

hazards were found to be significant in both the probability interaction and consequence 

interaction sets, while the university education was found to be significant in the probability 

interaction set. 

One property of the conditional logit model is that the marginal rate of substitution 

between two explaining variables equals the ratio of their coefficients. Making use of this 

property, we find that people younger than 35 years weight a marginal increase in the 

frequency of accidents significantly more than a marginal increase in the number of fatalities 

when compared to people older than 35 years. The interpretation of these interactions 

becomes easier if we convert probabilities into frequencies of accidents over the 20-year 

period.3 This means that for the younger people, increasing the frequency of accidents by one 

has a 1.10 to 1.22 times larger effect on their indirect utility function than increasing the 

number of fatalities by one. For older people the effect of these increments would be the 

same. Similar findings hold for people who are experienced with natural hazards compared to 

people who are inexperienced and for people holding a university degree compared to those 

without a university degree (Table 4.3). 

In order to test the robustness of these results, we re-estimated the three model 

specifications with the bootstrap method (Efron & Tibshirani 1993), which uses random 

samplings with replacement from the original observations. Based on 200 resamplings from 

the full set of observations, we confirm the size and signs of the estimated coefficient vectors. 

The analysis of interaction effects shows that people with different personal 

characteristics use the given risk descriptions differently in their decisions about the worth of 

protection. This finding confirms that lay people develop their own subjective risk assessment 

                                                 
3 Note that we could have directly estimated frequency-interaction coefficients for the EV and EU specifications, 

but not for the CP specification because the weight transformation w(p) is limited to values in the probability 

range [0,1]. 
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techniques (Slovic 1999). In summary, the results from Study 1 clearly challenge the idea that 

lay people incorporate risk averse behavior into mortality risk assessments of small scale 

hazards. 

 

Table 4.3 Marginal rate of substitution between frequency of accidents and number of fatalities for specific 

individual characteristics. 

Marginal rate of substitution EV-Specification EU-Specification  CP-Specification 

For age < 35 years  1.221  1.120  1.097 

For holders of an university degree  1.468  1.338  1.336 

For people experienced with NH  1.457  1.362  1.376 

NH = Natural hazards. 

 

4.3 Study 2: Experts’ preferences for avoiding fatal accidents 

4.3.1 Method 

Recent research from Sweden suggests that even hazard experts do not overweight the 

number of potential fatalities in their decisions about risky situations (Abrahamsson & 

Johansson 2006). Though this risk preference might be partly explained by their 

accountability and feelings of personal responsibility toward society in case of any fatal 

accident (Kahneman & Lovallo 1993), the Swedish experts did not follow the mortality risk 

aversion paradigm, but tended to be rather risk seeking in their hypothetical live saving 

interventions. This result motivated Study 2, wherein we replicated and extended the Swedish 

study. 

The task of this study consisted of a chained lottery using the tradeoff method (Wakker 

& Deneffe 1996). This method was originally developed to elicit expected utility functions for 

lottery gambles, but has also been used to evaluate uncertain prospects in CPT-settings 

(Fennema & Van Assen 1999; Etchart-Vincent 2004). Unlike most lottery methods for 

measuring risk preferences (see the extensive review by Farquhar 1984), the tradeoff method 

permits subjects to evaluate two uncertain prospects fX = (X, p; x1,1 – p) and fY = (Y, p; y1,1 – 

p), where the reference outcomes X and Y and the probability p are given (Fig. 4.2). In the first 

task, it holds that X > Y > x1 = 0 and each subject has to state the outcome y1 that makes her or 

him indifferent to both prospects (fX ~ fY). In the next task, x2 is set to be equal to the provided 

outcome y1. Following this procedure in all consecutive tasks ends up with a sequence of 

outcomes that are equally spaced in utility units: v(0) – v(y1) = v(y1) – v(y2) = v(yi – 1) – v(yi) 

(see the full derivation in Appendix 6). 
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Fig. 4.2 Illustration of the chained procedure of the tradeoff method. The red boxes contain the tradeoff value to 

be stated by the participants. 

 

As the outcomes of the lotteries are increasingly further away from the starting point at 

x1 = 0, this procedure is called the outward tradeoff procedure (OTP). The tradeoff method 

can be modified in a way that evaluated outcomes go toward zero as the experimental 

procedure progresses. The modified procedure is called the inward tradeoff procedure (ITP) 

and provides significantly more pronounced results than the OTP (Fennema & Van Assen 

1999). In this study, we used both procedures resulting in estimates for inward and outward 

outcome sequences. 

  

4.3.2 Survey 

Participants in Study 2 consisted of two groups. The first group contained 47 natural hazard 

experts, who were informed about the experiment at the annual meeting of the Swiss natural 

hazard experts association (FAN). The second group contained 57 employees of the Swiss 

Federal Research Institute for Forest, Snow and Landscape (WSL) of whom 31 subjects deal 

professionally with various environmental hazards. The remaining 26 subjects were used as a 

reference group, since they do not deal with hazards in their work.  

All members of the association and all employees of the institute were invited per email 

to participate in the online-experiment. Response rates for both groups were about 15%. 

Along with the actual experiment, we collected demographic characteristics of both sample 

groups (Table 4.4). The samples were clearly dominated by men, which reflects the fact that 

the majority of technical hazard experts are male (Slovic 1999). 
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Table 4.4 Descriptive statistics for the sample groups in Study 2. 

Setting     Natural hazard experts group  Research institute group 

Participants (n) 47  57 

Age, M (SE) 42.5 (1.6)  35.4 (1.36) 

Gender 

- Males 85%  63% 

- Females 15%  37% 

Working on topics related to NH  

- Yes 100%  54% 

- No –  46% 

Employed by 

- Research Institute  13%  100% 

- Public administration 38%  – 

- Private sector 38%  – 

- Self-employed 11%  – 

M = Mean; SE = Standard error; NH = Natural hazards. 

 

The experiment consisted of a self-administered online survey based on a computer 

program developed by Abrahamsson and Johansson (2006). The survey included a detailed 

description of the experiment, questions about the demographic background of the participant, 

the actual experimental task, and a follow up possibility to comment on the experiment. The 

survey was online from March through April 2008 for the natural hazard experts group and 

from May through June 2008 for the research institute group. Both groups differed with 

regard to the probability provided to elicit the prospects under valuation (we used p = 0.5 for 

the natural hazards experts group and p = 0.33 for the research institute group). Given the 

chained procedure of the tradeoff method, this should not impact the preferences of the 

subjects (Wakker & Deneffe 1996). We used this treatment as a test of experimental validity. 

One important difference between lotteries involving money losses and lotteries 

involving loss of lives lies in the feelings that are evoked by decisions upon life and limb 

(Slovic et al. 2004; Loewenstein et al. 2001). This had to be regarded within the framing of 

the experiment, since pressures of the accountability and personal responsibility that comes 

along with the role of a social decision maker might increase manifestations of loss aversion 

(Kahneman & Lovallo 1993). We tried to neutralize the stimulus of accountability and 

personal responsibility by framing the task in the following way: 
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Imagine: an unspecified emergency has occurred. The officer-in-charge knows that she 

has only two options to react in order to rescue as many lives as possible: options 1 and 

2. Based on experience, she estimates for both options how many fatalities will occur 

given a good or bad outcome of her action. The enclosed graphic presents her 

assessment of the options including the officer’s subjective likelihood estimations for 

each outcome. Option 1 is the reference action: your task is it to state how many 

fatalities the ‘better’ outcome of option 2 may cause at most to make you indifferent 

between option 1 and option 2. In other words: when can you not advise the officer-in-

charge anymore, as both options are equally good or bad, respectively? 

 

Participants went through the chained lottery as illustrated in Fig. 4.2. Starting with the 

OTP, the answer to each choice task provided the input to the next task. The computer 

program generated a proposition for yi in each choice task i to obtain the preference-switching 

value (i.e. the value that provokes indifference between fX and fY). By stating their preference 

of one prospect over the other, subjects could then narrow down the interval between the 

propositions until the indifference value for yi was found. It was also possible to directly 

indicate the indifference value. The OTP continued over a range from 0 to 100 fatalities, 

covering a loss size that is frequently bemoaned after severe natural hazards. The ITP started 

once the subject had provided a value for y higher than 100 fatalities. At this point, the values 

for the reference outcomes X and Y were switched so that Y > X > x1  100 and x1 was set at 

the final y-value that had been derived from the OTP. In this way, we obtained sequences of 

outcomes from both procedures that are equally spaced in disutility units. 

 

4.3.3 Data analysis 

The analysis of the experimental data used the property of the tradeoff method that 

differences in disutility between the subsequent tasks i – 1 and i are equal. Analogous to 

Abrahamsson and Johansson (2006), we assigned a utility value of 1 to the best and a utility 

value of 0 to the worst outcome. We then fitted a parametric weighting function, which was 

adapted from Tversky and Kahneman’s (1992) power function )()( xxv   for x < 0, to 

map the number of fatal outcomes N into each subject’s disutility space: 

 

.)]/()[(1)( minmaxmin
NNNNNv   (4.4) 

 

The -coefficient was estimated using the non-linear least square package (nls) in the 

statistical software R (Fox 2002). 
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4.3.4 Results and discussion of Study 2 

Based on the estimated -coefficients, we classified subjects as having risk seeking ( < 

0.95), risk averse ( > 1.05) or quasi-neutral (0.95    1.05) mortality risk preferences 

(Table 4.5). In both estimation procedures, the majority of subjects revealed risk seeking 

preferences in avoiding potential fatalities meaning that they were willing to put more people 

at risk in exchange for reducing the probability of a fatal accident (though the ITP revealed 

substantially more risk seekers). This result is in line with earlier studies on risk preferences 

involving uncertain but negative monetary prospects (Wakker & Deneffe 1996; Fennema & 

Van Assen 1999; Etchart-Vincent 2004) and with the results of the Swedish study on 

mortality risk preferences (Abrahamsson & Johansson 2006). 

 

Table 4.5 Number of subjects non-parametrically classified as risk seeking, risk averse or quasi-linear. 

Preference Classification Natural hazard experts group Research Institute group 

 ITP OTP ITP OTP 

Risk seeking 28 (70%) 23 (52%) 37 (74%) 24 (49%) 

Risk averse 2 (5%) 8 (18%) 3 (6%) 12 (24%) 

Quasi-linear 10 (25%) 13 (30%) 10 (20%) 13 (27%) 

 

Figure 4.3 depicts the variability of -coefficients within the preference classifications, 

highlighting the differences between the ITP and OTP estimations. A Mann-Whitney test 

confirmed that ITP estimates were significantly lower than OTP estimates (W = 6090.5, P < 

0.001). Since we used the last choice of the OTP as starting point for the ITP, one would 

expect that subjects show similar sequences of outcomes in both procedures and therefore 

equal -coefficients. However, this was not the case for the vast majority of the subjects, who 

seemingly violated the invariance of the elicitation procedure (Table 4.6). Fennema and Van 

Assen (1999) propose some explanations for this violation including effects of diminishing 

sensitivity as well as anchoring and adjustment effects. They conclude that the real -

coefficient of each subject must be somewhere between the ITP and OTP estimates as neither 

of the procedures is unbiased. 
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Fig. 4.3 Variability patterns of the -coefficient estimated by ITP (upper panel) and OTP (lower panel). These 

patterns indicate that only a small fraction of the respondents exhibited risk averse behavior. As predicted by 

findings of Fennema and Van Assen (1999), the OTP results on average in higher -values than the ITP. 
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Table 4.6 Medians, trimmed means (10%) and standard errors of -coefficients for the inward and outward 

tradeoff procedures. 

Descriptive Statistics    ITP      OTP  

Median     0.628     0.943 

Trimmed mean (10%)   0.699     0.923 

Standard error    0.030     0.057 

 

Fig. 4.4 shows the normalized disutility function of Eq. (4.4) based on the median, 5% 

percentile, and 95% percentile of the -coefficients as estimated by ITP and OTP. The shape 

of the utility function for the median -coefficient is convex under both estimation 

procedures, which reflects risk seeking preferences, although the OTP curve is far less 

pronounced than the ITP curve. We performed a Mann-Whitney test to see whether the 

probability information had a significant impact on the risk preferences of subjects from the 

two experimental groups. Under both estimation procedures, the test showed no significant 

differences between the hazard expert’s group and the research institute group (ITP: W = 

1141, P = 0.252; OTP: W = 945, P = 0.302), thereby confirming that the tradeoff method is 

able to elicit risk preferences independently of probability information (Wakker & Deneffe 

1996). 

We then ran a MANOVA on the -coefficients from the ITP and OTP estimations to 

see whether individual characteristics including gender, age, being a parent, or professional 

dealing with risks had an impact on individual mortality risk preferences. Surprisingly, this 

MANOVA showed no significant effects of individual factors, suggesting that the elicited 

mortality risk preferences were not determined by personal backgrounds as could be expected 

from research on accountability and personal responsibility (Kahneman & Lovallo 1993). 

Our results reconfirm Abrahamsson and Johansson’s (2006) observation that hazard 

experts, who are used to making decisions on behalf of the public, tend to be risk seeking in 

decisions involving multiple fatalities. We also compared participants who stated that they are 

not experts with those who stated that they are experts. However, the Mann-Whitney test did 

not indicate significant differences between these groups (ITP: W = 749, P = 0.925; OTP: W 

= 813, P = 0.697), thus causing rejection of our hypothesis that experts are closer to risk 

neutrality than lay people. At least in Study 2, the mortality risk preferences of experts do not 

differ from those of non-experts. 
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Fig. 4.4 Disutility curves of the parametric weighting function ,)]/()[(1)( minmaxmin
NNNNNv   based 

on the median, 95% and 5% percentiles of the -coefficient estimated by ITP (upper panel) and OTP (lower 

panel). 
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4.4 Discussion and conclusions 

In the preceding sections, we have approached the estimation of mortality risk preferences 

from two different pathways. In study 1, we estimated mortality risk preferences based on a 

discrete choice experimenta method, which constrains participants to make a choice 

between two competing risk reductions. In contrast, we used the tradeoff method in study 2, 

which required participants to declare under which conditions they are indifferent when 

deciding between two competing risk reductions and thereby separating utility from 

probability weighting. Despite the obvious dissimilarity of these methods, we find that neither 

lay people nor hazard experts display risk averse preferences in comparative assessments of 

mortality risks. 

Both studies derived best-fit estimates of the -coefficient in a rather close range 

(between 0.63 and 0.94). Personal characteristics had only a limited impact on stated 

mortality risk preferences. In the EU- and in the CP-specification of Study 1, personal 

characteristics accounted for an improvement in the prediction success rate of not more than 

one percent. In Study 2, personal characteristics had no significant impact on mortality risk 

preferences at all. This suggests that risk seeking is not only a widespread attitude in decisions 

upon uncertain monetary losses (Kahneman & Tversky 2000), but also when risks involve 

potential fatalities. Further, the results of Study 2 suggest that experts make use of these 

strategies in the same way lay people do. 

In general, people seem to evaluate different mortality risks differently, just as they 

evaluate different deaths differently (Sunstein 1997). They perceive those risks, which could 

be avoided, reduced or controlled with reasonable efforts, as particularly unacceptable. Most 

often, the risks of frequent accidents are detected with more ease than the risks of infrequent 

accidents. As indicated by comments of participants of the first experimental task, this might 

explain why frequent accidents involving one or few fatalities were judged to be far less 

acceptable than infrequent accidents involving four to six fatalities. This observation leads us 

to conclude that, in contrast to a study by Sjoberg (1999), the demand for risk reduction is not 

only driven by the severity of consequences but also by the frequency of consequences. 

What practical implications do these findings have for decisions about the reduction of 

mortality risks? To answer this question, let us consider the role of risk assessments in cost-

benefit analyses (CBA). Suppose that one would do a CBA for mitigation projects that 

eliminate the avalanche risk on the roads A and B in Fig. 1. The societal benefit of avoiding 

one fatality in the context of avalanche risk has been estimated at roughly CHF 5 million per 

life saved (Rheinberger et al. 2009). On both roads one expects 0.6 fatalities/yr during the 20-

year period and thus the undiscounted annual benefits of both mitigation projects are CHF 3 
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million/yr. Weighting the number of fatalities by the estimated coefficients does not only 

reduce these benefits significantly, it also places a different value on avoiding frequent but 

smaller avalanche accidents (as on road A) compared to avoiding larger but more infrequent 

avalanche accidents (as on road B). If we apply our experimental results as upper and lower 

bounds on (i.e.,   = 0.94,  = 0.63) the mitigation project on road A generates an 

undiscounted annual benefit that is CHF 0.1 to 0.45 million/yr larger than the one of the 

mitigation project on road B.4 It is clear that differences in the net present benefits over the 

20-year period become drastically large. Therefore, the question arises whether the 

underweighting of potential fatalities is in line with the welfare goals of CBA practice. 

From a normative perspective (and this is the perspective which any CBA eventually 

adopts) emphasis on a specific dimension of risk might be justifiable, if it reflects the 

preferences of the public (Sunstein 1997). However, it is not clear as to how the results of our 

experiments could be integrated into risk assessments for CBA. Should one use an average -

coefficient or should one set upper and lower bounds to define a reasonable range for the -

coefficient? There is no unambiguous answer to this question but, in any case, analyzing the 

sensitivity of CBA estimations is highly advisable. Even if one disagrees with the idea that a 

single coefficient can capture various attributes of risk (Slovic et al. 1984), it seems worthy to 

note that our experimental results provide support for emphasizing the frequency of fatal 

accidents as the main analytic factor for comparative risk assessments. 

The empirical evidence for these findings is based on stated choices, which might be 

biased for one reason or the other. A concern occasionally voiced at the results of stated-

choice experiments is that they would not adequately reflect decisions in real life situations 

because they were affected by strategic responses, protest answers, and effects of diminishing 

sensitivity (Payne et al. 1999; Baron 1997a). It is difficult, if not impossible, to remove this 

concern against stated choices on mortality risk. In contrast to laboratory experiments on 

decisions under risk and uncertainty, one simply cannot observe actual choices on public 

programs to mitigate mortality risks from natural or technical hazards and there is hardly an 

opportunity to study these preferences in the political arena or the market. 

Our results show that the multiple dimensions of mortality risk preferences should be 

studied using different experimental approaches. Important for the choice of the experimental 

method is that participants can make use of their ‘toolkit of qualitatively different modes of 

information processing’ (Finucane & Holup 2006). This toolkit comprises analytic and 

                                                 
4 On road A/B, the annual probability of an accident is pA = 0.2/ pB = 0.1, the number of fatalities expected in an 

accident is NA = 3/ NB = 6. The perceived risk R, obtained by weighting the consequences with the estimated -

coefficients, is 0.31-0.40 fatalities per year for  and 0.54-0.56 fatalities per year for  . 
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affective dimensions, which help individuals to evaluate the overall goodness or badness of 

the alternative outcomes at choice. As Finucane and Holup state, experimental results will 

thus be most accurate if the use of the toolkit meets the demands of the task and the attitudes 

of the decision maker. 

Future research on mortality risk preferences should have a closer look into affective 

and analytical factors of risk perception. Understanding how mortality risks that differ in 

probability and severity of consequences are processed by cognitive and affective factors 

might help to better interpret the risk preferences found in this paper. We re-emphasize 

Finucane and Holup’s (2006) call for experimental research using multiple measures and 

methods to provide converging evidence for the interplay of affect and analysis in decisions 

under risk and uncertainty. 

In conclusion, our contribution shows that policy makers dealing with natural and 

technical hazards are well advised to rethink the leading paradigm of mortality risk aversion. 

This paradigm neither leads to risk management decisions that are optimal from a societal 

perspective, nor does it capture different dimensions of risk equity and risk acceptability. 

Instead, our findings suggest that the demand for mortality risk reduction, at least in the range 

of 1 to 100 fatalities, is mainly driven by the frequency of these accidents. Thus, accident 

probability deserves a larger role in the risk assessment of hazardous activities. 
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Chapter 5 

Dealing with the White Death: Avalanche Risk Management for Alpine 

Roads 

Abstract. This article discusses mitigation strategies to protect traffic routes from avalanches. Up 

to now, mitigation of avalanches on many roads and railways in the Alps has relied on avalanche 

sheds, which require large initial investments resulting in high opportunity costs. Hence, avalanche 

risk managers have increasingly adopted organizational mitigation measures such as warning 

systems and closure policies instead. The effectiveness of these measures is, however, greatly 

dependent on human decisions. In this article, we present a method for optimizing avalanche 

mitigation for traffic routes in terms of both their risk reduction impact and their net benefit to 

society. First, we introduce a generic framework for assessing avalanche risk and for quantifying 

the impact of mitigation. This allows for sound cost-benefit comparisons between alternative 

mitigation strategies. Second, we illustrate the framework with a case study from Switzerland. Our 

findings suggest that site-specific characteristics of avalanche paths, as well as the economic 

importance of a traffic route, are decisive for the choice of optimal mitigation strategies. 

5.1 Introduction 

For more than 100 years, Alpine regions have relied on structural mitigation measures to 

protect traffic routes from snow avalanches. Beginning with simple terraces and permanent 

structures supporting the snowpack in avalanche release areas, road engineers soon started to 

cover the most endangered road sections with avalanche sheds. These constructions reduce 

avalanche risk to traffic almost completely, but imply large initial investments and high 

operational and maintenance costs. Additionally, they tie up capital over their lifespan 

resulting in opportunity costs, even though the risk of avalanches is limited to a few days per 

winter season. 

Today, many avalanche sheds in the Alps are reaching the end of their lifespan and need 

to be replaced. The number of people and goods crossing the Alps is, however, permanently 

increasing (BFS 2007) and many roads have dense traffic due to commuting between Alpine 

valleys and urban centers (Hornung & Röthlisberger 2005). With the decision to expand the 

Swiss railway infrastructure by the New Alpine Transversal, values at avalanche risk will 

experience further growth within the next decades.  

                                                 
This chapter is reproduced with minor adaptations from: Rheinberger, C.M., Bründl, M. & Rhyner J. (2009). 

Dealing with the White Death: Avalanche Risk Management for Traffic Routes, Risk Analysis 29(1), 76-94. The 

definitive version is available at www.blackwell-synergy.com. 
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As the budgets for replacing current structures have to compete with other public 

interests, a substantial need to rethink avalanche mitigation emerges. In Switzerland, this 

development has forwarded a risk-based approach to cope with natural hazards, referred to as 

integrated risk management (Ammann 2006; PLANAT 2005). This approach puts mitigation, 

intervention, and recovery on an equal footing, and emphasizes the interaction between 

structural and organizational mitigation. 

Recent technological improvements in forecasting and early warning systems have led 

to organizational mitigation strategies gaining in importance in avalanche risk management 

(Bründl et al. 2004). In particular, preventive closure policies and artificial releases by 

explosives have become a widely used alternative to protect road and railway traffic from 

avalanches (Wilhelm 1999). Unlike permanent mitigation structures, closure policies are only 

imposed for a restricted time. They therefore incur fewer costs than permanent measures, but 

their effectiveness depends greatly on accurate forecasting and reliable warning systems. 

Despite the efforts of forecasters, a residual probability remains that a traffic route will either 

be closed without an avalanche occurring or––worse––not be closed when an avalanche 

crosses the open traffic line (Blattenberger & Fowles 1995). 

For these reasons, road engineers have long perceived closure policies as 

complementary to, and less effective than, permanent mitigation structures. In recent years, 

this view has been challenged and current research has addressed the advantages and 

drawbacks of organizational mitigation in protecting traffic routes prone to avalanches 

(Wilhelm 1999; Blattenberger & Fowles 1995; Wilhelm 1997; Margreth et al. 2003; Mears 

1992; Kristensen et al. 2003).  

Starting from the premises of integrated risk management, this paper furthers the 

research on avalanche risk management by addressing the question of whether organizational 

mitigation does outperform structural mitigation in terms of net benefit to society. We 

therefore analyze three avalanche mitigation strategies for traffic routes: the use of structural 

mitigation measures, the use of organizational mitigation measures, and the use of a hybrid 

mitigation strategy that combines both types of measures. 

We assess these mitigation strategies within a generic framework to manage avalanche 

risk. The first building block of this framework consists of a quantitative risk analysis based 

on the probability of avalanche occurrences and the losses expected despite the actual 

mitigation strategy. The second building block involves the economic evaluation of risk 

reductions brought about by the alternative mitigation strategies. We then illustrate the 

outlined framework by means of a case study on a heavily traveled road in Switzerland. 
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5.2 A generic framework for avalanche risk management 

5.2.1 Systematic risk assessment 

The systematic assessment of risk is key for successfully managing avalanche hazards in 

general (Wilhelm 1997) and on traffic routes in particular (Wilhelm 1999). For this purpose, 

we propose a four-step risk assessment approach (Fig. 5.1): 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5.1 Components of the framework to assess avalanche risks to traffic routes. 

 

(i) The system under analysis has to be defined. Such a system can range from a short road 

or railway section crossed by a single avalanche path to the entire traffic system of an 

Alpine valley, and it may include short-term as well as long-term considerations. 

Consequently, defining and setting spatial and temporal system boundaries requires the 

risk analyst to consider patterns of land utilization, potential hazards, topography and 

climatic conditions as well as their change over time. 

(ii) A situation without any prior mitigation measures is hypothesized as the starting point 

of risk analysis. If available, the analyst reviews the inventory of relevant avalanche 

paths as well as the hazard intensity maps, and uses numerical runout models calibrated 

to local snow and friction conditions to assess potential hazard scenarios. The analyst 

also collects statistics on traffic, tourism, and other factors affecting people and property 

at risk. Based on the assessed likelihood of avalanche hazards and the analysis of 

consequences to values at risk, the baseline risk for the defined system is quantified. 

(iii) Adequate mitigation measures must be selected and analyzed with regard to their 

effectiveness in reducing the baseline risk. Different types of measures may interact, 

(ii) Baseline Risk Analysis 

- Hazard analysis 

- Consequence analysis 

- Risk calculation 

(i) Risk Mitigation Analysis 

- Choice of adequate mitigation strategies 

- Analysis of risk reduction 

- Determination of the residual risk 

(iv) Evaluation of Risk Mitigation 

- Cost analysis 

- Benefit analysis 

- Maximization of net present values 

(i) System Definition 

- Definition of spatial and temporal boundaries 

- Definition of the system’s inputs and outputs 

- Definition of stakes and stakeholders 
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making simple impact summation deficient or even conceptually wrong. The main 

challenge is thus to quantify the risk reduction by compound mitigation measures. 

Concepts from risk and reliability engineering enable the analyst to deal with artifacts, 

such as redundancy effects or uncertainties about the effectiveness of mitigation 

measures (Pate-Cornell 2002; Pate-Cornell et al. 2004). Relying on these concepts, the 

analyst may assess the overall risk reduction as well as the residual risk that remains 

after implementing a set of mitigation measures. 

(iv) Single measures are then combined into a mitigation strategy for the system. Their joint 

risk reduction is evaluated to determine the optimal trade-off between the costs involved 

and the benefits provided by this strategy. Therefore, relevant costs and benefits must be 

monetized and discounted to a common reference period. By maximizing the net benefit 

of the analyzed mitigation strategies over their lifespan, the analyst eventually obtains 

the strategy that benefits society most. 

 

5.2.2 System under analysis 

Defining the system under analysis is often a thorny task. It requires determining the spatio-

temporal conditions under which the occurrence of natural hazards, the exposure of values 

and the vulnerability of exposed values are analyzed. The two most important system features 

of traffic routes at avalanche risk are that people locate within a spatially definable section of 

the hazard area and that their exposure is limited to the time it takes to pass this area. 

Collecting data on traffic volumes, average speed of vehicles, and lengths of hazardous 

sections is a prerequisite for establishing what is at risk. In the same manner, data must be 

collected on the relevant avalanche paths within the system including the sizes of potential 

avalanche starting zones, average snow depths, and past avalanche occurrences. This data is 

the basis upon which any quantitative analysis of avalanche risk builds. 

 

5.2.3 Establishing the baseline avalanche risk 

Avalanche risk results from the temporal and spatial overlap of avalanche hazards and human 

land use interests. For a spatially separable system, the avalanche risk equals the expected 

losses during a reference period. In a generic form, this risk R is calculated as: 

 

,),(
j

jj VELpR  (5.1) 
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where pj is the occurrence probability of an avalanche on the avalanche path j, and Lj(E,V) 

denotes the corresponding loss as a function of the exposure E and the vulnerability V of the 

values at risk. Both components of risk must be thoroughly analyzed to answer the crucial 

questions of quantitative risk analysis (Kaplan & Garrick 1981): What can happen? What are 

the consequences if it happens? How likely are these consequences? 

 

Hazard analysis––what can happen? 

Avalanche hazards can be predicted by numerical modeling of their runouts, which depend on 

snow depths, potential release areas, and site-specific avalanche dynamics (Salm et al. 1990; 

McClung & Mears 1991; Ancey et al. 2004). Two major types of avalanche hazards are 

differentiated: dense flow avalanches whose motion is primarily flowing, sliding, or slipping; 

and powder snow avalanches, which are spearheaded by a turbulent cloud of snow particles 

often associated with strong pressure waves that can cause damage in front of the deposition 

area. 

Building hazard zones for predefined return intervals has become the standard approach 

to capture seasonal variability in snow depths and to integrate the results of modeling and 

expert estimations into avalanche hazard maps (Barbolini et al. 2002; McClung 2005). For 

this purpose, multiple runout scenarios for both hazard types are condensed into discrete 

hazard zones, combining estimates of expected impact pressures and return periods in the 

runout area (Salm et al. 1990; McClung 2005). Each of these runout scenarios represents a 

specific runout distance xi to be exceeded once within the corresponding return period Ti. 

Consequently, the hazard zone i delimits the runout area to be affected during the return 

interval Timin  Ti  Timax. 

We draw on the assumption that avalanche runouts are extreme value distributed to 

estimate the annual probability pi of an avalanche occurring in the hazard zone i (McClung 

& Mears 1991; Keylock 2005). The conventional distribution function for the runout distance 

is a Type-I extreme value distribution with the scale parameter b and the location parameteru 

(McClung & Mears 1991). The probability of any avalanche not to exceed the specific runout 

distance xi is thus defined as: 
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Making the standard assumption of an exponential exceedance distribution, the annual non-

exceedance probability may also be written as P(X  xi) = exp(–1/Ti), which by inserting into 

Eq. (5.2) and solving for xi yields: 
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This relationship between the runout distance xi and the corresponding exceedance 

probability 1/Ti is used to estimate the annual avalanche probability pi in the hazard zone i. 

For this purpose, i is decomposed into n = (Timax – Timin) runout scenarios (Fig. 5.2). 

Adjacent runout scenarios represent the increase in the runout distance xi = (xi – xi–1) 

associated with the increase in the return period by one year (i.e. Ti = 1 year). 

As the runout distance xi increases non-linearly with increasing return periods, it is 

necessary to define the weighting factor: 
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by which the exceedance probabilities of all runout scenarios representative for the hazard 

zone i have to be adjusted, before they are summed to obtain the annual avalanche 

probability in zone i by i

i

i ii Txp /)(
max

min  . Inserting Eq. (5.3) into Eq. (5.4) yields pi as: 
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Fig. 5.2 Decomposition of the avalanche hazard zone i into n (= Timax – Timin) runout scenarios (Wilhelm 1997); 

each runout scenario is characterized by the doublet: return period Ti, corresponding runout distance xi. Thus, 

the hazard zone i is defined by the set of doublets: Ti, xi. 
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In principle, Eq. (5.5) could be used to estimate the annual probability of avalanche 

occurrences in hazard zones as defined by any hazard mapping standard (see McClung (2005) 

for differences in the Canadian, the Austrian, and the Swiss standards). Table 5.1 gives the 

annual avalanche probabilities for hazard zones as defined by the Swiss hazard mapping 

standard, which defines three hazard zones based on expected return intervals and specified 

pressure limits for both avalanche types (BFF/SLF 1984). However, the outlined approach––

if not bounded below––would overestimate the annual avalanche probability in the most 

frequently affected hazard zone because Eq. (5.5) associates short runouts with short return 

periods and long runouts with long return periods. As very short runout distances are caused 

by small release volumes, which are less frequent than average release volumes, we follow 

Wilhelm’s (1997) suggestion to set a lower bound for the most frequently affected hazard 

zone: 5 years  Ti < 30 years. 

 

Table 5.1 Calculations of the annual probability of avalanche occurrences in the hazard zone i as defined by 

the Swiss hazard mapping standard (BFF/SLF 1984). 

Hazard zone 

 (i) 

Return interval 

(Timin  Ti  Timax) 

Impact pressure 

(pr in kPa) 

Annual occurrence probability 

(pi) 

Dense flow avalanches:    

- Red hazard zone 

 

5 years  Ti  30 years 

30 years  Ti  300 years 

 pr  30 kPa 

 pr > 30 kPa 

 9.95  10–2 

  1.31  10–2 

- Blue hazard zone 30 years  Ti  300 years  pr  30 kPa   1.31  10–2 

- Yellow hazard zone Ti > 300 years  pr > 0 kPa   1.94  10–3 † 

Powder snow avalanches:    

- Red hazard zone 

 

5 years  Ti  30 years 

30 years  Ti  300 years 

 pr > 3 kPa 

 pr > 30 kPa 

  9.95  10–2 

  1.31  10–2 

- Blue hazard zone 

 

5 years  Ti  30 years 

30 years  Ti  300 years 

 pr  3 kPa 

3 kPa < pr  30 kPa 

  9.95  10–2 

  1.31  10–2 

- Yellow hazard zone Ti > 300 years  pr  3 kPa   1.94  10–3 † 

† To calculate the annual avalanche probability by Eq. (5.5), the definition of the Swiss hazard mapping standard 

was modified, assuming 1000 years  Ti > 300 years as bounds for the return interval in the yellow hazard zone. 

 

Consequence analysis––what are the consequences if it happens? 

The consequences of avalanches largely vary as their resultant loss Lj(E,V) depends on the 

exposure E, describing the coincidence of an avalanche on path j with the presence of values 

at risk, and on the vulnerability V of these values. Mitigation measures reduce either the 

exposure (e.g. by evacuating people) or the vulnerability to avalanches (e.g. by reinforcing 
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buildings). For the analysis of avalanche risk to traffic routes, the functional form of Lj(E,V) 

must be specified. As the exposure and the vulnerability are by definition mutually 

independent, the expected loss on path j becomes: Lj(E,V) = Ej  Vj.  

Following Wilhelm (1999), the exposure E on the avalanche-prone road S is calculated 

according to the daily traffic volume F, the mean number of passengers per vehicle , the 

speed of vehicles v, and the length of the road section sj exposed to avalanche path j: 
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The vulnerability V is set equal to the probability of death that passengers face if hit by 

an avalanche. The death rate k differs depending on the type of avalanche hazard k. 

Frequency analyses of avalanche accidents on Swiss roads (Margreth et al. 2003) indicate that 

death rates for car passengers hit by powder snow avalanches (PS = 0.09) are three times 

lower than those of passengers hit by dense flow avalanches (DS = 0.27). Moreover, the death 

rate should be decreased to min = 0.05 for low pressure avalanches (pr < 3kPa), and increased 

to max = 0.3 – 0.4, for fall hazards on traffic routes running along steep slopes (Wilhelm 

1999). 

 

Calculation of risk––how likely are these consequences? 

The different pieces of information on avalanche hazards have to be brought together to 

calculate the baseline risk R(0). Following Kaplan and Garrick (1981), this is best done by 

thinking of each avalanche hazard as a triplet of the form: hazard zone i, annual avalanche 

probability pi, corresponding loss Li. Hence, the risk triplet of each avalanche path j can be 

aggregated over the set of triplets to obtain the baseline risk R(0) = i,j, pi, Li,j. If we 

assume the death rate j,k to vary with the characteristics of the avalanche path j and the 

hazard type k, the baseline risk over the entire road S becomes: 
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5.2.4 Assessing the impact of mitigation on avalanche risk 

What can be done about a specific hazard? This question stands at the center of each risk 

mitigation analysis. To answer the question means considering all feasible mitigation 

measures at first. This pre-assessment limits the measures to be analyzed in detail to those that 
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are technically adequate. In a second phase, promising combinations of mitigation measures 

and their joint risk reduction are assessed. In this paper, we exemplify our concept of risk 

mitigation analysis by means of three strategies to reduce avalanche risk to roads: the 

construction of avalanche sheds, the use of a closure policy that includes artificial avalanche 

releases, and a hybrid strategy consisting of both structural and organizational mitigation 

components. The concept presented is, however, transferable to other mitigation measures 

such as permanent supporting structures or protective dams. Moreover, it can be adapted to 

other types of natural hazards such as rock fall or debris flow and to other types of traffic 

routes such as railways. 

The main task of assessing the mitigation impact is to calculate the residual risk R(1) that 

remains after implementing the specific measures. This residual risk may be written as R(1) = 

(1 – M)  R(0), where R(0) denotes the baseline risk and M denotes the expected mitigation 

impact to which we refer as the effectiveness of the mitigation strategy M. The effectiveness 

equals the complementary failure probability: M = 1 – Pf (M|X)  P(X), whereby Pf (M|X) is 

the conditional failure probability of the mitigation strategy M, given that one or more 

avalanches X affect the system. Based on this definition, the risk reduction by mitigation 

strategy M is defined as: M = R(0) – R(1). In the next section, we will show how this generic 

formulation is adapted to assess the residual risk of the mitigation strategies to be scrutinized. 

 

Structural mitigation strategy 

The structural mitigation strategy (SMS) analyzed here implies the construction of avalanche 

sheds that permanently cover those road sections exposed to avalanches. If SMS is employed, 

the residual risk is calculated as: 
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where )0(
yR  denotes the baseline risk on each partial section y covered by sheds, )0(

zR  the 

baseline risk on each partial section z not subject to mitigation, and SMS the effectiveness of 

sheds. Sheds are designed to sustain a design load. The probability that one or more 

avalanches will exceed this design load during a shed’s lifespan is P(X > xDL). The probability 

of no exceedance is then: 1 – P(X  xDL) = 1 – (1 – 1/ TDL), with TDL denoting the expected 

return period of the design load and  denoting the lifespan. For example, the probability of 

exceedance for a 100-year design load during 50 years is P(X > x100) = 0.605. The conditional 

probability of a structural failure Pf (SMS|X > xDL) of sheds is usually very small, as these 

structures feature large safety margins (Platzer & Margreth 2007). It is therefore assumed that 



 106

sheds, which meet the requirements of the Swiss structural codes, reduce the baseline risk on 

covered road sections by at least SMS  0.99 (Margreth et al. 2003). As a side note, we 

mention that spillovers at the entrance portals of a shed may artificially increase the 

probability of an avalanche to flow onto not covered sections. This increase in risk to 

neighboring road sections must be accounted for in decisions about the length of a particular 

shed (Margreth et al. 2003; Mears 1992). 

 

Organizational mitigation strategy 

Organizational mitigation strategies (OMS) for traffic routes consist of a closure policy 

applied by the local authorities in times of increased avalanche hazard (Wilhelm 1999; 

Blattenberger & Fowles 1995; Mears 1992). This policy includes road or railway closures 

(passive control) as well as preventive artificial avalanche releases (active control). The 

residual risk for OMS is obtained by: 
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where OMS denotes the effectiveness of the closure policy, decreasing the baseline risk )0(
yR  

on each subsection y of a traffic route. Unfortunately, few records are kept on the performance 

of closure policies. Analysis of available records shows that their effectiveness largely varies, 

depending on organizational aspects of the responsible avalanche warning service. 

Precautionary behavior, attitude toward failures, and communicative practices in risky 

situations determine the effectiveness of a closure policy (Pate-Cornell 1990).  

Uncertainties associated with these aspects might be described by the anticipated 

success rate i of OMS (Kaplan et al. 1981). To this end, the prior probability of frequency 

P(i) for each class i1,…,10 of the success rate is specified. We use a triangular 

distribution, implying that the success rate lies somewhere between 0–10% (= 1) and 90–

100% (= 10), with 70–80% (= 8) being the most expected success rate (Margreth et al. 

2003). As the effectiveness of a closure policy is of the form: x successful road closures on n 

avalanches, one can draw on records of a particular closure policy to assess the conditional 

probability P(OMS|i) that the closure policy has the success rate i . Given that the 

underlying likelihood function follows a Poisson process this probability becomes: 
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By Bayes’ theorem, the posterior probability of the class frequency P(i|OMS) becomes: 
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In Fig. 5.3, this approach is illustrated for two closure policies, from which we know the 

number of successful closures and the number of avalanche occurrences over a period of 15 

and 25 years, respectively. The posterior probability distributions for these showcase policies 

from Switzerland (Rheinberger 2009) and from the US (Blattenberger & Fowles 1995) take 

on mean values of 0.79 and of 0.62, respectively. 

 

 
Fig. 5.3 Success rate distributions of road closure policies; the dashed lines depicture the prior probability of 

frequency distribution classes  i with  1 = 0–10%, … , 10 = 90–100%. The expected risk mitigation impact of 

the two showcase policies from Utah, US (Blattenberger & Fowles 1995) and Goms, Switzerland (Rheinberger 

2009) are depictured by circles and triangles, respectively. 

 

Hybrid mitigation strategy 

The hybrid mitigation strategy (HMS) combines a closure policy with the use of avalanche 

sheds. On road sections protected by HMS, avalanche accidents may only occur if the road is 

not closed and the shed fails to withstand the avalanche load. This parallel configuration of 

HMS causes a redundancy effect: 
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where m denotes the effectiveness of each component m, and M denotes the joint 

effectiveness of all components. This redundancy effect decreases the cost-effectiveness of 

the mitigation strategy M because:  


M

m mM 1
 for m  2. However, the overall costs of the 

strategy CM equal the summed costs of the components:  

M

m mM C=C
1

. The crucial task of 

designing risk mitigation strategies becomes to decide, whether the costs of redundant 

measures are justified by the increased risk reduction (Pate-Cornell et al. 2004). 

In our example, HMS consists only of two parallel components and the joint 

effectiveness HMS derives straightforwardly from Eqs. (5.9) and (5.12): 
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where )0(
zR  denotes the baseline risk on each partial section y subject to structural and 

organizational mitigation, and )0(
zR  denotes the baseline risk on each partial section z only 

subject to organizational mitigation. 

 

5.2.5 Evaluating risk mitigation using cost-benefit analysis 

The evaluation of risk mitigation strategies requires the use of economic evaluation methods. 

Cost-benefit analysis (CBA) is the most common method to evaluate natural hazard 

mitigation (Kunreuther & Rose 2004; Rose et al. 2007; Ganderton 2005). It monetizes all 

mitigation impacts before discounting costs and benefits of competing mitigation strategies to 

their present values to find the net benefit-maximizing alternative. However, the assignment 

of costs and benefits to mitigation impacts is often ambiguous as a benefit for one affected 

person might be a cost for another. Consequently, it is important to define whose stakes count.  

In most European countries, public resources finance natural hazard mitigation. 

Therefore, costs for and benefits of mitigation should reflect first and foremost society’s 

needs. For these, we refer to the quantitative safety goals that are used in Switzerland for 

evaluating natural hazards (PLANAT 2005). They set the annual individual mortality risk 

target for activities involving limited self-determination to 2  10–4. In contrast to the cost-

benefit approach, the achievement of this target follows the decision rule: minimize the costs 

to reach the safety goal. Beyond this target, however, the costs and benefits of mitigation 

should be balanced, making their thorough analysis imperative (Pate-Cornell 2002). 
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Cost analysis 

In the cost analysis, the expenditure on a mitigation strategy is monetized at its utility 

maximizing use. The costs of mitigation include resources directly invested into the 

implementation, operation, and maintenance of mitigation measures as well as indirect costs 

of mitigation caused by reductions in property values or by business interruptions and the 

foregone resultant revenues (Ganderton 2005). As long as the labor, material and transport 

required for the implementation of a mitigation strategy are traded under market conditions, 

prices of these goods and services adequately reflect the costs of this strategy. In non-

competitive markets, however, prices do not lead to market clearing and therefore reflect only 

a part of society’s demand for mitigation. While welfare losses from market failures are often 

important in the context of large natural disasters (Kunreuther & Rose 2004; Kousky et al. 

2006), they are less important in the context of snow avalanche hazards. As Nöthiger (2003) 

shows, their influence on the local economy is limited to short-term income losses. 

Therefore, we focus on costs derived from market prices for avalanche mitigation 

measures. At the start of any project adopting the mitigation strategy M, a large initial 

investment C0 is required. In the course of the project, direct costs (D)
,tmC  to operate and 

maintain each mitigation measure m incur in each year t. Road closures may additionally 

cause indirect costs (I)
tC  due to business interruptions. Both types of costs are a priori 

uncertain, as we neither know the damages caused by avalanche occurrences nor the number 

of closure days within a certain year t. It is therefore common practice in natural hazard 

engineering to rely on the average annual direct costs (D)
mC  and the average annual indirect 

costs (I)C . Although this simplifying assumption may underestimate the variation in the 

present value of costs (Todinov 2006). 

To obtain the present value of costs PV(CM) of the mitigation strategy M, the average 

annual costs per measure m are compounded and discounted over the term of mitigation  at 

the social discount rate r: 
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Whenever different mitigation measures are combined, variations in their life expectancy 

make it necessary to let the term of mitigation  equal the longest physical lifespan within the 

set of measures and to account for replacement costs of the other measures during that term. 

For example, HMS may rely on avalanche release systems and release control systems, which 
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last for about 15 years. As sheds have a life expectancy of about 50 years, costs for replacing 

these systems (R)
*tC  after t* = 15, 30, and 45 years must be factored into the cost analysis. 

 

Benefit analysis 

While the costs of avalanche mitigation can be estimated at market prices, benefits are often 

difficult to monetize. Particularly when the benefits involve averting risk to life and limb, 

referring to market prices is inadequate and alternative concepts are needed to elicit 

preferences for risk reductions. A large body of literature has developed over the last decades, 

proposing different methods of valuing life-saving investments (Hammitt 2000). None of 

these attempts has however led to a standardized valuation. This divergence may be attributed 

to differences in people’s perception of various risks (Slovic et al. 2000), which affects their 

willingness-to-pay (WTP) for mitigation efforts. 

Theoretically, one would assess the willingness of each affected person to pay for a 

reduction in the specific risk, and would then sum these preferences to obtain the societal 

willingness to pay. In practice, however, a complete survey of WTP is not feasible. Instead, 

economists have developed stated-preference techniques that statistically deduce the value of 

statistical life (VSL) based on a sample of the affected population. Defined as the marginal 

rate of substitution between small and equal changes in mortality risk and money, the VSL 

serves as a benefit measure in applied CBA of environmental and health programs (Boardman 

et al. 2005).  

Given that the mitigation strategy M provides a reduction in mortality risk that is 

equally spread among the population at risk, the expected annual benefit of this strategy can 

be approximated by multiplying the risk reduction by the VSL: M  VSL = B . To be 

consistent with the present value of costs, the derived annual benefit B  must be discounted 

over the mitigation term  at the social discount rate r yielding the present value of benefit 

PV(BM): 
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Net present value of mitigation 

The net present value (NPV) of a mitigation project equals the difference between its present 

value of benefit and its present value of costs, i.e. NPVM = PV(BM) – PV(CM). However, this 

aggregated value hardly reflects the uncertainties accompanying the valuation process. For 

this reason, it is good practice to not only calculate the expected NPV, but also to test the 



 111

robustness of the CBA by analyzing the sensitivity of the results toward variations in the input 

parameters entering the analysis. 

The debate over the Stern Review (2007) has highlighted the key role of the social 

discount rate for valuating long-term environmental projects. The lower this real interest rate 

is, the more value is given to a project’s future costs and benefits. In a seminal paper, 

Weitzman (2001: 266) asked 2,160 economists about their best-estimate of the real interest 

rate to “be used to discount over time the (expected) benefits and (expected) costs of projects 

being proposed to mitigate the possible effects of global climate change”. The mean estimate 

of the real interest rate in Weitzman’s study amounted to 3.96% with a standard deviation of 

2.94%. Though derived in a slightly different context than the one treated in our paper, we 

here assume that this range of estimates is transferable to our application.  

In order to analyze the impact of the social discount rate on the NPV of avalanche 

mitigation strategies, we propose evaluating the NPV of each mitigation strategy M at social 

discount rates in the range of r = 0–7%, using the continuous discounting function: 
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where is the mitigation term, *
MB  denotes the expected annual benefit, and )(* rCM  denotes 

the annuity cost, which depends on the corresponding discount rate.1 This is necessary as the 

costs incurred by strategy M are not constant in each year of the mitigation term.  

This sensitivity analysis results in a NPV curve as illustrated in Fig 5.4. Given that 

sufficient data is available, the analysis can be extended to study the impact of uncertainties 

inherent to the benefit estimates. This is done by evaluating the NPV function at 

{ CMMBMM CCBB    ** ; } and { CMMBMM CCBB    ** ; }, whereby B  and 

C
  denote the standard errors of the estimated benefits and costs. Analogous to exceedance 

probability curves used in insurance risk management (Kunreuther 2002), this procedure 

allows constructing a confidence interval around the NPV curve to visualize how the NPV of 

a mitigation strategy varies with the social discount rate and the uncertainty in the benefit and 

cost estimation.  

 

                                                 
1 The annuity cost is an equivalent annual payment (Boardman et al. 2005) derived by dividing the present value 

of costs by the annuity factor at the corresponding discount rate, i.e. )(* rCM = PV(CM)/[(1– (1+r)–)r –1]. 
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Fig. 5.4 Example of net present value (NPV) curve with a confidence interval of one standard deviation in both 

the cost and benefit estimates. 

 

5.3 Application of the avalanche risk management framework to a case study 

5.3.1 System under analysisthe Leukerbad road 

For the purpose of illustration, we applied the avalanche risk management framework to the 

two-lane road, connecting the ski resort of Leukerbad with the main valley of Canton Valais, 

Switzerland. This road is exposed to five avalanche paths along a total length of 3.2 km and it 

is heavily traveled during winter season. Traffic related to tourism constitutes up to 80% of 

the average daily traffic volume of 4,500 vehicles (Walther 2004), which means that a 

considerable proportion of the avalanche risk endangers guests traveling to and from the 

resort. Leukerbad registers about 470,000 overnight stays per winter season and 

approximately 450,000 day visitors (Nöthiger 2003; LBT 2004). Based on their average 

length of stay, we calculated that about 140,000 people are exposed to avalanche risk along 

the Leukerbad road each winter. Table 5.2 summarizes the parameters of the Leukerbad road. 
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Table 5.2 Road-specific input parameters for calculating the baseline avalanche risk. 

Input parameter Default value Source 

Average speed in km/h (v)  60 (Walther 2004) 

Number of occupants per vehicle () 2 (Wilhelm 1999) 

Average daily traffic volume (F) 4,500 (Walther 2004) 

Death rates for cars hit by avalanches (k): 

- for low pressure avalanches (pr  3 kPa) 

- for powder snow avalanches 

- for dense flow avalanches 

- for road sections running along steep slopes 

 

0.05 

0.09 

0.27 

0.35 

(Wilhelm 1999) 

 

5.3.2 Baseline risk analysis for the Leukerbad road 

The baseline risk for the Leukerbad road was calculated drawing on the cantonal avalanche 

hazard map (NHDVS 2005), which in accordance with the Swiss hazard mapping standard 

(BFF/SLF 1984) divides the Leukerbad road into 16 road sections, belonging either to the red, 

blue, or yellow hazard zone (see Fig. 5.5).  

The main avalanche hazard to this road is due to powder snow avalanches. At the 

“Russengraben” path, powder snow and dense flow avalanches endanger the road, making 

this section (marked in Fig. 5.5) particularly dangerous. Moreover, the first 1.5 km of the 

Leukerbad road runs along a steep slope. Therefore, we increased the expected death rate on 

these road sections to max = 0.35, to reflect for the fall hazard. 

Based on Eq. (5.7), we then calculated the baseline risk for the Leukerbad road using 

the road-specific parameters given in Table 5.2. By assuming a joint deviation of  5% in all 

parameters, we constructed a confidence interval that encompasses uncertainties of the risk 

assessment. The baseline avalanche risk on the endangered road aggregated to R(0) = 1.71  

10–1 expected fatalities per year.  

Following the procedure outlined by Kaplan and Garrick (1981), we rearranged the set 

of hazard triplets i,j, pi, Li,j in descending order of potential losses and calculated the 

cumulative probability Pi,j = Pi,j–1 + pi,j to obtain the Frequency-Number curve and its 

confidence interval (see Fig. 5.6). 
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Fig. 5.5 Avalanche hazard map of the Leukerbad road (NHDVS 2005); the main avalanche hazard is due to 

powder snow avalanches. Red areas represent avalanches with impact pressures of pr > 3 kPa and return periods 

of 5 years  Ti  30 years. Blue areas represent either avalanches with pr  3 kPa and 5 years  Ti  30 years, or 

3 kPa < pr  30 kPa and 30 years  Ti  300 years. Yellow areas represent rare avalanches with Ti > 300 years. 

The road section at the 2nd avalanche path “Russengraben” is affected by powder snow and dense flow 

avalanches (see the black rectangle). Reproduced with permission of swisstopo (JA082265). 
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Fig. 5.6 Frequency-Number diagram of the baseline risk R(0); the number of potential fatalities per year Li,j on the 

x-axis (log scale) is plotted against the cumulative frequency of probability Pi,j on the y-axis (log scale). The 

dashed lines show the confidence interval for joint deviations of  5% in all risk estimation parameters. 

 

5.3.3 Mitigation impact analysis for the Leukerbad road 

On the Leukerbad road, the application of the structural mitigation strategy (SMS) would 

involve constructing avalanche sheds to cover selected road sections. Based on Eq. (5.8), we 

calculated the risk reductions achieved in a step-by-step procedure by assuming the 

implementation of SMS on (1) those road sections endangered by the “Russengraben” path, 

(2) on all sections within the red hazard zone, and (3) on all sections within the red and blue 

hazard zones (see Table 5.3). 

The application of the organizational mitigation strategy (OMS) would require the 

installation of an avalanche warning service to close the road and to artificially release 

avalanches in times of increased hazard. Based on Eq. (5.9), we calculated the risk reduction 

provided by OMS as given in Table 5.3. Since records of the closure policy for the Leukerbad 

road were not available, we estimated the expected effectiveness of OMS to be OMS = 0.8.  

The application of the hybrid mitigation strategy (HMS) would involve the construction 

of sheds on those road sections particularly at risk as well as the installation of an avalanche 

warning service to close the road and to artificially release avalanches in times of increased 

hazard. Using Eq. (5.13), we calculated the risk reductions provided by HMS in a step-by-step 

procedure, assuming the construction of sheds to cover the road sections endangered by the 

“Russengraben” path, and all sections within the red hazard zone (Table 5.3). 
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Table 5.3 Residual risk and risk reductions derived from implementing the analyzed mitigation strategies. 

Mitigation strategy 

 

Absolute risk reduction M

(fatalities/year) 

Percent risk reduction 

(in % of R(0)) 

Residual risk R(1)

(fatalities/year) 

SMS on road sections: 

- at the “Russengraben” path 

- in the red hazard zone 

 

6.02  10–2 

1.21  10–1 

 

35.2% 

71.0% 

 

1.11  10–1 

4.96  10–2 

OMS: 1.37  10–1 80.0% 3.42  10–2 

HMS on road sections: 

- at the “Russengraben” path 

- in the red hazard zone  

 

1.52  10–1 

1.61  10–1 

 

88.8% 

94.2% 

 

1.92  10–2 

9.92  10–3 

 

5.3.4 Applied cost-benefit analysis 

Costs and benefits for the varying implementations of the alternative mitigation strategies 

were calculated at discount rates ranging from r = 0–7% to account for uncertainties related to 

the assessment of time preferences involving long time lags (Viscusi et al. 1997; Cropper et 

al. 1994). A zero discount rate totally ignores people’s preferences to receive a reduction in 

mortality risk now rather than sometime in the future, while the 7% discount rate values 

averted fatalities 25 years from now, which is half of a mitigation project’s expected lifetime, 

at only about 20% of their present value. 

The cost analysis relied on inflation adjusted real prices of avalanche mitigation 

measures (Table 5.4) to estimate the average direct costs (D)
mC . For OMS and HMS, average 

indirect costs (I)C due to business interruptions were estimated by a calculation tool (Nöthiger 

2003) that multiplies the mean number of closure days  per winter by the expected forgone 

revenue per closure day .(I)C 2 Calculations with this tool yielded indirect costs (I)C  of CHF 

0.26 million per closure day (Table 5.5). 

Over the last decade, the Leukerbad road was closed for one day on average per winter.3 

OMS would thus cause indirect costs between CHF 3.5–12.8 million depending on the social 

discount rate in use. Further, we assumed that the use of HMS would reduce the number of 

closure days proportionally to the relative risk reduction on those road sections (si,j,k) covered 

by sheds, i.e. (I)C   C(I)[1– (R(0)(si,j,k) – R(1)(si,j,k))/ R(0)(si,j,k)]. For example, sheds on all 

sections in the red hazard zone would induce a 71% reduction in indirect costs as the road 

                                                 
2 A closure day was defined as a day, on which the road stays closed for more than 4 hours. 
3 Personal communication by the head of the Leukerbad avalanche warning service. 
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would have to be only closed in cases where the avalanche danger also threatens the 

uncovered road sections. 

 

Table 5.4 Real prices (in 2008 CHF) of avalanche mitigation measures in Switzerland (based on Wilhelm 1999). 

Mitigation measures 

 

Life expectancy 

(years) 

Installation costs 

(CHF/unit) 

Maintenance costs 

(CHF/year) 

Operation costs 

(CHF/year) 

Avalanche shed 50  26,000 per m’ 220 per m’ 890 per m’ 

Avalanche warning service 10  17,000 per service 37,500  41,500  

Forecasting system 10  135,000 per system 14,600  30,000  

Artificial release system 15  150,000 per system 32,000  112,500  

Release control system 15  86,500 per system 5,700  14,600  

Road-closing installation 30  19,000 per system 2,800  5,200  

 

Table 5.5 Input parameters for calculating the average annual indirect costs caused by road closures. 

Input parameter  Default value Source 

Average number of daily visitors per winter [1] 

- average daily visitors per day [2] 

- average number of visits per winter [3] 

- days on which the avalanche danger reaches or exceeds the 
 second level on the European avalanche danger scale [4] 

 71,500 

 3,250 

 5 

 110 

 

Calculated from: [2]  [4] / [3] 

(Nöthiger 2003) 

(Nöthiger 2003) 

(Wilhelm 1999) 

 

Average number of staying guests per winter [5] 

- average overnight stays per day [6] 

- average length of stay in nights [7] 

- days on which the avalanche danger reaches or exceeds the 
 second level on the European avalanche danger scale [8] 

 63,000 

 3,150 

 5.5 

 110 

 

Calculated from: [6]  [8] / [7] 

(LBT 2004) 

(LBT 2004) 

(Wilhelm 1999) 

 

Local people [9] 

- inhabitants of Leukerbad [10] 

- suppliers of the tourism industry [11] 

 5,500 

 5,000 

 500 

Calculated as: [10] + [11] 

 

(based on Nöthiger 2003) 

Total people at avalanche risk per winter (N)  140,000 Calculated as: [1] + [5] + [9] 

Forgone revenue per road closed day (in 2008 CHF) (C(I)) 

- by the ski resort 

- by catering or retailing 

- by other services 

 254,700 

 89,000 

 148,700 

 17,000 

(based on Nöthiger 2003) 

Number of closure days per year (): 

- when OMS is applied 

- when HMS is applied only at the “Russengraben” path 

- when HMS is applied throughout the red hazard zone 

 

 1.00 

 0.65 

 0.29 

 

Assumptions based on 
experiences with the current 
road closure policy in 
Leukerbad. 
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The benefit analysis relied on a stated-preference study that elicited the societal WTP 

for traffic safety on Alpine roads (see Chapter 2).4 A benefit transfer from this study seems 

justifiable since the risk reduction is to be achieved in the same context, and the individual 

risk reduction on the Leukerbad road is in a comparable risk range as analyzed by the stated-

preference study. The study provided a VSL estimate of CHF 8.3 million. To monetize the 

social benefits of avalanche mitigation on the Leukerbad road, we first multiplied this VSL by 

the annual risk reduction of each mitigation strategy and then discounted the obtained annual 

social benefit of each strategy over the mitigation term ( = 50 years) at social discount rates 

ranging from 0–7%. Depending on the mitigation strategy, this yielded present values of 

benefits, ranging from CHF 6.9–18.5 million at r = 7% to CHF 25.0–66.8 million at r = 0%.  

The NPV curves of the different avalanche mitigation strategies are depicted in Fig. 5.7. 

With an increasing discount rate, the NPV of all mitigation strategies rapidly decreases, 

indicating that the benefit of risk reductions that occur in the future declines faster than the 

costs of mitigation. As long as the social discount rate is lower than 3.5%, all strategies result 

in social net benefits. However, OMS and HMS applied to the “Russengraben” path are in 

terms of their NPV above and beyond the other strategies. HMS outperforms OMS as long as 

the discount rate is below 2.7%. Beyond that rate, OMS performs better since future indirect 

costs incurred by road closures are given less weight. 

  

 
Fig. 5.7 Net present value (NPV) curves for the different avalanche mitigation strategies based on the VSL point 

value of CHF 8.3 million estimated in Chapter 2. 

                                                 
4 In the original paper, we used a life-cycle consumption model to valuate the benefits of mitigation. 
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5.3.5 Sensitivity of the NPV toward changes in the Value of Statistical Life 

In the sensitivity analysis of this case study example, we focus on the uncertainty in the 

benefit analysis and ignore potential uncertainty in the cost analysis. In particular, we assume 

that the baseline risk and the risk reduction by OMS and HMS can be predicted with 

sufficient accuracy. Under these assumptions, only the selected VSL value induces 

uncertainty into the cost-benefit analysis. Fig. 5.8. compares OMS and HMS for the 

Leukerbad road by constructing a confidence interval based on the estimated standard error of 

CHF 1.4 million around the VSL point estimate of CHF 8.3 million (see Chapter 2).  

Obviously, the level of the VSL has a significant impact on the NPV of the two 

avalanche mitigation strategies (at the zero discount rate, the choice of the VSL can decrease 

or increase the NPV by up to CHF 10 million), which however declines with an increasing 

social discount rate (at the 7% discount rate, the choice of the VSL can decrease or increase 

the NPV by only about CHF 3 million). The confidence intervals around the benefit estimates 

of the two mitigation strategies are largely overlapping for most parts of the discounting 

range, but help to narrow the range in which the discount rate can change the rank order of the 

two mitigation strategies (r = 2–3.5%). 

 

 
Fig. 5.8 Net present value (NPV) curves and confidence intervals of OMS (black curve) and HMS (red curve) 

with sheds constructed at the “Russengraben” path. The dashed lines correspond to a confidence interval of one 

standard error ( CHF 1.4 million) around the VSL value (CHF 8.3 million) obtained in Chapter 2. 
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5.4. Summary and conclusions 

Mitigation of avalanche-prone roads in the Alps has long relied on avalanche sheds. The up-

coming renewal of many of these structures evokes ongoing discussion in Switzerland and 

other Alpine countries, because their replacement costs are very high. Today, closure policies 

have become an alternative mitigation strategy to protect traffic routes from snow avalanches. 

However, it is far less clear by how much these policies reduce avalanche risk, as their 

effectiveness depends on adequate human decisions. This paper outlines a framework to 

assess avalanche mitigation strategies in terms of both their impact on the baseline risk and 

the net benefits they provide to society. The framework draws on a quantitative comparison of 

pre- and post-mitigation avalanche risk and monetizes the benefits of the risk reduction by 

applying the VSL estimate of a recent stated-preference study (see Chapter 2), whose values 

are well in range with a recent review of VSL studies (Viscusi & Aldy 2003). 

The case study example provided insights into the efficiency and effectiveness of 

alternative mitigation strategies for avalanche-prone roads. At the 2% social discount rate, 

which is currently used by the Swiss administration to evaluate mitigation projects (PLANAT 

2009), the application of SMS on the road sections at the “Russengraben” resulted in a net 

benefit of CHF 10.2 million, but reduced the baseline risk by only 35%. Extending the 

application of SMS to road sections in the red hazard zone doubled the risk reduction, but 

decreased the net benefit to CHF 7.8 million. Covering further road sections by sheds resulted 

in net losses. We conclude that––although very effective––the use of sheds is only cost-

efficient on short road sections at high avalanche risk.  

OMS, by contrast, resulted in a net benefit of CHF 22.0 million while providing an 

80%-reduction in risk. Supplementing OMS with structural measures, i.e. the use of HMS on 

the road sections at the “Russengraben” path reduced the baseline risk by 88% and increased 

the net benefit of mitigation to CHF 22.8 million. Extending the use of sheds to all sections in 

the red hazard zone reduced the baseline risk by 94%, but decreased net benefit to CHF 9.3 

million. This significant difference arises from two competing processes. On one hand, 

redundancies of combining structural and organizational measures lead to a reduction in the 

cost-effectiveness compared to OMS. On the other hand, supplementary structural measures 

reduce the number of closure days, lowering the indirect costs of road closures. Due to this 

feedback effect of HMS on the indirect costs of closures, section-by-section optimization does 

not necessarily result in the optimal allocation of mitigation resources. 

Our findings suggest that site-specific risk properties are decisive for optimizing the 

protection of avalanche-prone roads. If it is possible to attribute the avalanche risk to only few 

spatially distinct avalanche paths, the use of SMS to reduce these point sources is most 

efficient. If the risk sources are not clearly separable or if many sources accumulate to a risk 
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corridor, e.g. along a road endangered by several avalanche paths, OMS generally 

outperforms SMS in terms of cost-efficiency. Whenever road closures lead to interruptions of 

business, forgone revenues have to be accounted for as indirect costs of mitigation. In cases 

where either the stakes at risk are high, e.g. on heavily traveled roads, or the indirect costs of 

road closures are substantial for the tourism or transport industries, HMS becomes the best 

mitigation strategy. It results in lower indirect costs than OMS, compensating for the 

redundancy costs it implies. The expected number of closure days and their corresponding 

costs are therefore crucial for choosing the optimal mitigation strategy. 

The sensitivity analysis of the case study example illustrated that the choice of the 

social discount rate is decisive for the evaluation of long-term mitigation projects. In the range 

of r = 0–2%, the NPV reacts particularly sensitive so that a change of 1% in the social 

discount rate alters the NPV of most mitigation strategies by more than CHF 10 million (Fig. 

5.7.). Changes in the discount rate may even cause rank order reversals, i.e. the choice of the 

appropriate mitigation strategy depends on the social discount rate used by the analyst. 

Further, the sensitivity analysis showed that the level of the VSL has a large impact on 

the NPV of the mitigation strategies. Indeed, increases or decreases of the applied VSL value 

by one standard error (CHF 8.3  1.4 million) did not alter the rank order of the mitigation 

strategies, but resulted in differences of up to 60% in the net benefits achieved by the 

individual mitigation strategies. We conclude that a thorough sensitivity analysis of long-term 

risk mitigation projects has to investigate two aspects of uncertainty; the uncertainty inherent 

to the efficiency of a mitigation project and the uncertainty induced by the choice of the social 

discount rate. 

We have shown that the use of sheds to protect avalanche-prone roads is only 

appropriate where the risk is particularly high––either because there are very frequent 

avalanche occurrences or because the stakes at risk are very high. Hence, the renewal of an 

existing shed may only be justified to avert such expected high losses. In all other cases, 

closure policies have proven to be a cost-effective alternative to sheds. However, establishing 

avalanche warning services and training avalanche forecasters takes time and requires support 

from skilled professionals. Our experience in Switzerland indicates that particular attention 

should be paid to the organizational aspects of avalanche warning services, as the 

performance of organizational mitigation relies ultimately on human decisions. 
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Synthesis 

Protection against natural hazards is a public good that is traditionally provided by the 

government. In contrast to private risk reduction or mitigation strategies, the benefits of 

protection against natural hazards cannot be observed in the market. Survey-based valuation 

studies are one of the few ways to learn about citizens’ preferences for particular safety 

improvements.1 In this thesis, I have presented a series of experiments to elicit preferences for 

mitigating natural hazards on public roads in the Swiss Alps. The context of traffic safety is 

particularly suited to the analysis of the public good characteristics of risk mitigation on 

public roads because protection against avalanches, rockfalls, and other road hazards is (i) 

non-excludable, i.e. anybody traveling on these roads may benefit from the improved 

protection, and (ii) non-rivalrous in consumption, i.e. the benefit that a person derives from 

his or her reduced risk does not affect the benefit of others. 

The choice experiment presented in Chapters 2 and 3 is one of the first attempts to 

empirically measure the societal willingness-to-pay (WTP) for reductions in mortality risk 

from natural hazards. The discrete choice approach has offered a powerful framework, not 

only for estimating the value of statistical life (VSL) but also for analyzing heterogeneity in 

the preferences of the respondents. The experiments described in Chapter 4 have provided 

new insights into the construction of mortality risk preferences, revealing that attitudes for 

mitigating mortality risks differ with respect to the frequency and severity of fatal accidents. 

To illustrate how the results from the experimental research can be made useful, Chapter 5 

has outlined a cost-benefit approach to evaluate avalanche mitigation strategies for an Alpine 

road in Western Switzerland. 

The results of the three experiments are summarized below, first in detail enabling a 

discussion of the major findings and their validity, and then more broadly presenting the 

limitations of the thesis, future avenues of research, and the main lessons for natural hazard 

management. 

 

Results of the first experiment 

Based on the choices of more than 400 respondents from two sample areas in Switzerland, 

this choice experiment analyzed preferences for mitigating mortality risks on Alpine roads. 

The use of a non-linear conditional logit model with interaction effects allowed heterogeneity 

in the preferences of the respondents to be addressed. The major findings are listed below. 

                                                 
1 Chapter 1 provides a detailed motivation for the discrete choice approach to valuate mortality risk reductions. 
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Willingness-to-pay for mortality risk reduction 

The VSL, as the common measure of the WTP for small and homogenous changes in 

mortality risk, has become an important criterion in the evaluation of risk mitigation 

programs. The VSL point estimates in this experiment range from CHF 7.6 to 8.3 million 

(€4.9–5.4 million), depending on the restrictions made on the sample of observations. 

Standard errors around these VSL estimates were determined to be in the range of CHF 1.3 to 

1.4 million, which corresponds to a 17% deviation from the point estimates.2 These results are 

consistent with other risk valuation studies in the public good context (see Alberini et al. 

2007a; Hultkrantz et al. 2006; Carthy et al. 1999) and close to the figure of $6.1 million used 

by the U.S. Environmental Protection Agency in policy decisions (Robinson 2007). 

 

Decision-maker characteristics 

The choice analysis provided further evidence that the VSL can be individuated, in that it is 

made contingent on the observable individual characteristics (see Alberini et al. 2007a). Not 

surprisingly, individual wealth is among the most important explanatory variables to 

individuate the VSL. In line with empirical evidence from meta-analyses of VSL estimates 

(Mrozek & Taylor 2002; de Blaeij et al. 2003; Viscusi & Aldy 2003), this choice experiment 

finds that the WTP for mortality risk reductions increases with the level of wealth. The use of 

a relative bid vehicle to individuate the costs of the choice alternatives led to VSL values 

between CHF 2.7 million (€1.8 million) for the lowest and CHF 17.1 million (€11.1 million) 

for the highest tax class. In contrast to hedonic wage studies (Viscusi & Aldy 2003), these 

figures suggest that the income elasticity of VSL is larger than unity. This finding 

corresponds with theoretical assertions by Kaplow (2005), who shows that under reasonable 

assumptions about the size of the coefficient of relative risk aversion the income elasticity of 

VSL is very unlikely to be smaller than one. 

Economic theory is undecided about the effect of age on the VSL. The results of my 

experiment support the assumption that the VSL declines with age (Viscusi & Aldy 2003). In 

the broader econometric models, the VSL declined by about 0.9% per life year. The 

educational attainment of the respondents was even more important. Respondents with 

university education had, ceteris paribus, a 60% higher marginal utility of risk reduction. 

Since the correlation between the last tax bill and the educational attainment of the 

respondents maintained a low value, I attribute this effect to different perceptions of risks.  

                                                 
2 According to a personal communication by Prof. Anna Alberini, University of Maryland, one would expect 

standard errors to be no larger than 20%. The results are in line with experiences from earlier research on 

mortality risk reductions. 
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The standard model of the VSL predicts that the WTP increases with the level of 

baseline risk, i.e. the more exposed an individual is, the more he or she should be willing to 

pay for reductions in risk. Empirical evidence to support this prediction is however 

ambiguous. While some studies confirm a positive relationship (de Blaeij et al. 2003; Persson 

et al. 2001), others find negative (Viscusi & Aldy 2003; Andersson 2007) or non-monotonic 

(Mrozek & Taylor 2002) relationships. This choice experiment found a negative relationship 

between risk exposure and WTP, i.e. respondents who are more exposed are willing to pay 

less for reducing the risks on Alpine roads.3 While this is in the first place incommensurate 

with theoretical expectations, I argue that this result can be explained by the frequently made 

observation that the subjective risk, as perceived by a survey respondent, differs from the 

objective risk as statistically observed by the analyst (Andersson & Lundborg 2007). 

The first explanation is that respondents from the mountain sample were much more 

likely to be exposed to mortality risks on Alpine roads, but focus group interviews also 

indicated that these people have a higher risk acceptance and thus placed a distinctly lower 

value on risk reductions on Alpine roads than respondents from the urban sample. This 

preference was particularly strong for non-academics from the mountain sample. Survey 

comments suggest that these respondents felt entitled to traffic safety and were not willing to 

directly contribute to its financing. A second explanation for the negative relationship 

between risk exposure and WTP is that respondents from the urban sample had altruistic 

motives, which increased their marginal utility of risk reduction although their personal 

benefit from improved traffic safety would be comparatively small. This explanation is 

supported by comments made in response to the debriefing questions of the survey. 

 

Risk characteristics 

Characteristics of risks are widely assumed to affect the valuation of risk reductions, but there 

is relatively little empirical evidence for these effects (Chilton et al. 2002; McDaniels et al. 

1992). The present choice experiment tested whether the hazard type affects the valuation of 

traffic safety programs for Alpine roads. Indeed, the results show that avalanche accidents 

were perceived to be less dreadful than car accidents, which lowered the WTP for programs 

directed against avalanches by about 6%. There was no statistical difference between the 

valuation of programs directed against rockfall or car accidents. While important in direct 
                                                 
3 The risk exposure of the individual respondent was strongly correlated with the sample affiliation, i.e. 

respondents from the mountain sample were much more likely to be exposed to mortality risks on Alpine roads 

than respondents from the urban sample. In the econometric analysis, only one piece of information can be used 

without introducing a severe estimation bias. Since information on the sample affiliation was unequivocally 

available from the survey administration, I decided to use this information as a proxy variable for exposure. 
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comparisons between otherwise identical programs, the hazard type played a minor role in the 

overall valuation of the choice alternatives (cf. Subramanian & Cropper 2000). 

Another risk characteristic was the period over which the proposed traffic safety 

programs could mitigate risks. The inclusion of this attribute into the econometric analysis 

allowed the elicitation of implicit discount rates for mortality risk reductions. These rates 

were in the range of 11–13%, which is at the upper end of discount rates reported in market-

based VSL studies (Viscusi & Aldy 2003). They imply that the WTP for future risk 

reductions sharply decays. For example, at a 12% discount rate, the VSL for averting a 

fatality exactly 10 years from now amounts to only CHF 2.7 million. However, the implicit 

discount rate must not be confused with the social discount rate as it only expresses the 

aggregated individual time preferences of the respondents, which are most likely to change 

with age and health (Alberini et al. 2006). 

 

Risk framing 

To examine how framing effects affect the valuation of the traffic safety programs, the choice 

experiment used a split-sample design. Respondents were randomly assigned to two different, 

but logically equivalent, risk framings in otherwise identical surveys. The first framing asked 

one half of the respondents how much they would be willing to pay for the reduction of up to 

16 fatalities per year in reference to the 7,5 million residents of Switzerland. The other half of 

the respondents received identical choice sets, except that the avoided fatalities were framed 

in reference to the 500 road fatalities occurring each year. The choice analysis showed that, 

with all else held the same, the latter framing results in a 15–20% higher marginal utility of 

risk reduction. This indicates that the risk framing does affect choices on mortality risk 

reductions. However, due to relatively large standard errors in the estimates, the treatment-

specific VSL values did not differ statistically from each other. 

 

Results of the second and third experiment 

The second and third experiments examined how respondents with different personal and 

professional backgrounds evaluate uncertain prospects involving multiple fatalities. The 

experiments approached this objective from two different pathways. While the second 

experiment estimated mortality risk preferences based on discrete choices between two 

competing risk reductions, the third experiment required the respondent to declare under 

which conditions they were indifferent between two competing risk reductions. Despite the 

obvious dissimilarity of these approaches, I found in both experiments that decision-makers 

display risk-seeking behavior. Again, the major findings are listed below. 
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Mortality risk preferences 

Stated-preference studies on the valuation of mortality risk assume that survey respondents 

are rational decision-makers who, by stating their WTP, make a tradeoff between risk 

reduction and money. The standard model used in these studies implies that the risk reduction 

is understood as the expected reduction in risk, i.e. the reduced probability of dying. However, 

when one assumes that people not only hold preferences over their individual risk but also 

over the risk of others, risk attitudes are likely to become more complex. 

The choice analysis of the second experiment focused on how respondents trade the 

frequency of fatal accidents against the number of involved fatalities during a 20-year period. 

The results show that (i) the perceived risk is calculated by underweighting the number of 

fatalities per accident and overweighting the frequency of accidents; (ii) the higher the 

perceived risk on a particular road is the more respondents are likely to support the mitigation 

of this road. These results are consistent with Kahneman and Tversky’s prospect theory 

(1979), which assumes that people exhibit risk-seeking behavior in lotteries over negative 

prospects. 

Attitudes toward mortality risks can be further individuated by inclusion of interaction 

terms between the socio-economic characteristics of the decision-maker, the accident 

frequency attribute, and the accident consequence attribute. The analysis of these interactions 

showed significant effects of age and previous experience with natural hazards. With all else 

held constant, respondents younger than 35 years of age gave significantly more weight to the 

frequency of accidents than respondents who were more than 35 years old. The same 

observation was made for respondents who are experienced with natural hazards in 

comparison to non-experienced respondents. These findings suggest that people with different 

personal backgrounds develop different subjective risk assessment techniques (Slovic 1999) 

to make decisions about lifesaving interventions. 

 

Lay people vs. experts 

Technical experts are assumed to assess risks by focusing on the expected outcomes (Slovic et 

al. 1985), which enables them to assess risks more accurately than lay people (Slovic 1999). 

The third experiment allowed the comparison of the elicited risk preferences of experts in the 

field of natural hazards with those of non-experts. The comparison did not indicate significant 

differences between the sample groups. Both experts and non-experts exhibited risk-seeking 

behavior when determining the disutility of fatal accidents, i.e. the frequency had more 

influence on the perceived disutility of an accident than the number of involved fatalities. This 
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result provides further evidence against the hypothesis that risk experts are closer to risk 

neutrality than lay people in evaluating risk mitigation programs (see Wright et al. 2002). 

 

Validity of the experimental findings 

Although sometimes criticized for their hypothetical nature, choice experiments can provide 

detailed insights into the demand for public goods for which no market exists (Louviere et al. 

2000). However, their results are only reliable when the respondents understand and are 

willing to answer the choice task. Therefore, it is of utmost importance to assess the validity 

of the experimental results with regard to three aspects: sample, content, and construct (Telser 

& Zweifel 2007; Schläpfer 2008; Smith 2007). 

Sample validity requires that the surveyed sample is representative of the societal 

group(s) about which conclusions are to be drawn. Having close parallels to the population 

census data, the sample surveyed for the first and second experiment fulfills this criterion with 

respect to most socio-economic and demographic factors. The sample was also balanced with 

respect to subsamples and framing treatments. I therefore conclude that the sample validity in 

these experiments is given. 

The goal of the third experiment was to see whether hazard experts had similar or 

diverging attitudes toward mortality risks of different frequencies and outcomes. Thus, an 

expert sample was recruited from the Swiss natural hazard experts association and a 

comparison sample was recruited from among the employees of the Swiss Federal Research 

Institute for Forest, Snow and Landscape. The expert sample had slightly fewer self-employed 

respondents than one could have expected. Otherwise, both samples seem quite representative 

of their corresponding background population. 

Content validity requires that the choice task is set in an appropriate context, which 

provides respondents with sufficient information about the public good to be valued and the 

mechanisms of financing the provision of this good. In the first experiment, the choice sets 

were framed as a hypothetical referendum about traffic safety programs, invoking respondents 

to select their preferred proposition. Respondents were askedin their role as citizensto 

state which level of protection on Alpine roads society ought to have. As Sugden (2005) 

points out, these preferences are not necessarily identical to the preferences that respondents 

might have as consumers. However, mitigating natural hazards entails both use values, i.e. the 

reduced risk to die or be harmed, and non-use values, e.g. altruistic values for public safety. 

While the former values are best assessed using a consumer perspective (Sugden 2005), the 

latter are preferably assessed using a citizen perspective (Mitchell & Carson 1989). Therefore, 

the citizen perspective seems more appropriate to value the proposed traffic safety programs. 
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Although no monetary values were involved in the second and third experiments, they 

took a somewhat similar perspective. Instead of assigning the role of citizens, respondents 

were asked how they would decide, either in the role of the responsible decision-maker 

(second experiment) or as adviser of the decision maker (third experiment). In both roles, the 

respondents were assumed to focus on the characteristics of mortality risks that they regard as 

decisive from a societal perspective. In conclusion, the design of all three experiments is 

targeted to the elicitation of societal preferences rather than of individual preferences. 

Construct validity refers to the consistency of the results with (i) alternative measures of 

the analyzed trade-off and (ii) with theoretical assumptions. As discussed above, the first 

experiment obtained VSL point estimates well in line with other recent valuation studies on 

mortality risk reductions in the public good context. Moreover, the findings of the choice 

experiment mostly agree with theoretical expectations about the role of socio-economic and 

demographic factors, indicating the construct validity of the first experiment. 

For the second and third experiment, only limited reference studies were available. 

However, I could replicate the findings by Abrahamsson and Johansson (2006), who used the 

tradeoff method in a similar setting with Swedish hazard experts. Comparisons with 

applications of the tradeoff method to elicit risk preferences for monetary prospects (Etchart-

Vincent 2004; Wakker & Deneffe 1996; Fennema & Van Assen 1999) even suggest analogies 

between risk preferences for negative monetary prospects and for mortality risks. It thus 

seems fair to say that the construct validity of these experiments is given. 

 

Limitations and future avenues of research 

The preceding discussion has spelled out how complex the empirical analysis of preferences 

for mortality risk reduction is. This complexity is due to the abstract nature of risk. Namely, it 

has been shown that people have difficulties in understanding and evaluating changes in small 

risks (see Kunreuther et al. 2001). It is also likely that people have heterogeneous preferences 

for mitigating risks. While the conditional logit model with interaction effects gives some 

account to heterogeneity in preferences, more advanced choice models that have been 

specifically developed to deal with the issues of heterogeneity do exist (see Louviere et al. 

2000; Swait 2007; Train 2003). Acknowledging these limitations, I allow that there is a way 

to improve the empirical work presented in this thesis. In particular, future research should 

address the following caveats. 
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Research design issues 

One major limitation of the first experiment derives from the design of the choice sets. Based 

on the observation that participants of the focus groups had difficulties in calculating the risk 

reduction over the mitigation period, I decided against varying the mitigation period across 

the alternatives of one choice set. In retrospect, this decision made it impossible to individuate 

the discount rate by interacting it with personal characteristics of the respondents, as proposed 

in Alberini et al. (2007a). Doing so would probably have resulted in a behaviorally more 

accurate model that could include variations in the time preference across the respondents into 

the valuation process. 

Recent research by Carlsson and Martinsson (2008) indicates that the number of choice 

sets has only limited, if any, impact on the estimated marginal WTP. Thus, I conclude that 

one could have presented respondents with more than six choice sets. E.g., if every 

respondent had received nine choice sets, this would have reduced the number of survey 

versions to twelve (six versions with two framing treatments), and thereby decreased random 

effects of non-response. 

Apart from including more choice sets, one could also include more attributes. In fact, 

the selection of the attributes to describe the traffic safety programs was by no means 

exhaustive. For instance, one could have subdivided the category of car accidents into at-fault 

accidents and third-party accidents. Further, it might be useful to describe the benefit of traffic 

safety programs not only in terms of avoided fatalities but also in terms of their prevention of 

non-fatal injuries. This could help to better delimit the value attributed to the reduction of 

mortality risk from the non-use values of perceived traffic safety.  

In summary, there is broad scope to extend the current analysis to additional aspects of 

mortality risks. In principle, it would be a small effort to implement such extensions into the 

statistical design of the choice experiment. The enduring question is, however, whether the 

inclusion of more attributes would make the choice experiment unmanageable for the 

respondents. Further, recent research on decision making under risky choices suggests that 

people might make use of priority heuristics to decide in complex choice tasks (Brandstätter 

et al. 2006; Katsikopoulos & Gigerenzer 2008). This would imply that information appraised 

as irrelevant is completely ignored by the decision-maker, which in turn would introduce 

large biases into estimates of the standard random utility maximization (RUM) model.  

 

Choice modeling issues 

The first and second experiment drew on the conditional logit model that has become widely 

used in environmental economics (Hanley et al. 1998; 2003; Kanninen 2007). While this 
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discrete choice model is very flexible and allows the specification of linear and non-linear 

indirect utility functions (see Greene 2008), several limitations come along with its strict 

assumption of an independently and identically distributed random component. The most 

severe assumption arises from the so-called property of independence from irrelevant 

alternatives. This property implies that the ratio of choice probabilities of two alternatives is 

independent from any other alternative in the choice set. This so-called IIA assumption is in 

many situations behaviorally unrealistic (see Train 2003).  

One way to overcome the limitations of the IIA assumption is the use of the mixed logit 

(or random parameter) model. This model has several advantages over the conditional logit 

model. Most important, it allows random taste variations, unrestricted substitution patterns 

and correlation among unobserved factors over repeated choices (Train 2003). While testing 

mixed logit models for the presented choice experiments, I learned that the non-linear nature 

of the indirect utility functions (Eqs. (2.5)–(2.6) in Chapter 2, Eq. (3.4) in Chapter 3 and Eq. 

(4.3) in Chapter 4) makes it difficult to estimate mixed logit models with standard statistical 

software. Moreover, while the non-linear coefficients could be theoretically implemented in 

special source codes (e.g. in the GAUSSTM environment), their interpretation would remain an 

almost impossible task.4 Against these drawbacks, I decided to use the conditional logit 

model, which meant allowing possible biases in the estimations. 

One important lesson learnt with regard to future experiments is that the intended 

objectives of the choice analysis have to be balanced against considerations of the survey 

credibility. I could have asked survey respondents whether they were willing to pay an annual 

fee for traffic safety programs, avoiding thereby the necessity to discount the benefits in the 

choice modeling. However, this would have most probably damaged the credibility of the 

choice task. For example, respondents of the lowest income class would have had to be asked 

whether they would be willing to pay an amount of less than one Swiss franc to avoid sixteen 

fatalities. 

 

Theoretical limitations 

The experimental research presented in this thesis is based on quantitative survey methods. 

Although the design of the survey was preceded by extensive exploratory research, including 

face-to-face interviews, focus groups, and a pretest with a convenience sample, it remains a 

fundamental problem of quantitative studies to assess how the respondents constructed their 

preferences in the decision process. The analysis of the debriefing questions presented in 

                                                 
4 According to a personal communication by Prof. Anna Alberini, University of Maryland, the mixed logit model 

is not of great additional value in this kind of application. 
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Appendix 2 allowed an extraction of the most important features of the choice process. In 

order to gain an even better understanding of what survey respondents find relevant, it might 

have been worthwhile to carry out additional interviews following the experiments. However, 

I decided against this course of action for two reasons. First, the whole data collection process 

was anonymous. Therefore, while knowing who received a copy of the survey instrument, I 

did not know who had actually participated in the experiment. Second, while one could have 

randomly contacted recruited target people and asked whether they had participated, the 

actual choice situation would have to have been very recent and fresh in the respondents’ 

memories in order to learn more about the choice relevant attitudes, beliefs and preferences. 

 

Main lessons for natural hazard management 

This thesis provides several lessons that may help policy makers in the areas of natural hazard 

management, landscape planning, and road safety, to base their decisions on sound economic 

principles. Here, I highlight the three most important ones. 

 

Cost-benefit vs. cost-effectiveness approach 

Natural hazard management in Switzerland has relied on a cost-effectiveness approach to 

evaluate mitigation programs involving mortality risk reductions (PLANAT 2009; Bründl et 

al. 2009). This approach is unlikely to meet the welfare economic first-best condition of 

equality between the marginal WTP for reducing risk and the marginal productivity of risk 

mitigating activities (Freeman 2006; Weck-Hannemann 2006). By contrast, the choice 

experimental approach taken in this thesis allows the determination of the marginal WTP for 

reductions in mortality risk, thereby providing information on the demand for risk mitigation 

that can be used for applied cost-benefit analyses of mitigation programs.  

The VSL condenses this information into a single value that can be adapted according 

to the requirements of a specific valuation study (see Boardman et al. 2005). Moreover, the 

presented choice analysis suggests that the VSL can be discerned, based on the personal 

background of the people at risk. While ethically controversial, this might make sense in some 

cases. For instance, consider the protection of a building against avalanche risks. Most people 

will agree that it should matter in the assessment of the benefits of protection whether this 

building is a kindergarten or a retirement home. The individuated VSL enables the analyst to 

attach a different economic value to the same statistical risk reduction, whereas the cost-

effectiveness approach cannot handle context information on risk.  
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In conclusion, this thesis has shown that the cost-benefit approach is theoretically 

superior to today’s cost-effectiveness approach (see Freeman 2006) and the difficulties in 

monetizing mortality risk reductions can be overcome by appropriate valuation studies. The 

discrete choice approach seems particularly suited for this task. 

 

Uncertainty in the valuation of long-term mitigation programs 

The application study presented in Chapter 5 has pointed out that the benefits of long-term 

natural hazard mitigation programs are subject to uncertainties related to (i) the monetized 

value of risk reduction and (ii) the social discount rate in use. More precisely, the case study 

example has illustrated that, while the uncertainty about the size of the VSL is an important 

factor to be controlled by testing the sensitivity of cost-benefit analyses, the choice of the 

discount rate is most decisive for the net present value of the alternative mitigation strategies. 

This is not new for economists, but reflects the ongoing debate about the discounting of long-

term projects related to climate change (Arrow et al. 2003; Dasgupta 2008; Stern 2008).  

In summary, since natural hazard mitigation programs commonly have a lifespan of 30 

or more years, the choice of the social discount rate has more impact on the net present value 

of these programs than the VSL value in use. I conclude that future research on the role of the 

social discount rate is needed to further improve the valuation of publicly financed mitigation 

programs for natural hazards and other environmental risks. 

  

Weighting of mortality risks 

Only recently, the Swiss National Platform for Natural Hazards (PLANAT 2009) has initiated 

the development of a new disaster aversion function. This function is meant to attach extra 

weight to the number of potential fatalities in governmental risk assessments in order to 

reflect society’s aversion to large-scale accidents. The findings of the second and third 

experiment presented in this thesis advise against the overweighting of potential fatalities in 

risk assessments. The experimental results indicate that most experts and lay people do not 

attach extra weight to the number of fatalities when evaluating negative prospects involving 

one to one hundred potential fatalities. On the contrary, most participants exhibited risk-

seeking behavior, which is in accordance with findings from behavioral economics that show 

that many people have risk-seeking preferences for losses (cf. Kahneman & Tversky 2000).  

In conclusion, these findings challenge the paradigm in which society is risk averse with 

respect to mortality risks. At least in the evaluation of mitigation programs intended to reduce 

risks that do not have catastrophic potential, the overweighting of potential fatalities leads to 

decisions that are not optimal from a societal perspective. 
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Appendix A1 

Full derivation of the Lagrange optimization problems 

Optimization of the multi-period model of VSL 

The optimization of the multi-period model of VSL by Cropper and Sussman (1990) starts out 

from the Lagrangian function: 
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To reconstruct the derivation, one may write this function out in full: 

 

].)1)()(1)...(1()...)(1)(1())(1([

)1)(()1)...(1(...)1)(()1)(1()()1(
)1(

111111

)1(
11

)1(
11













tj

tttjjjjjjjjj

tj
ttj

jj
jjjjj

rcycycyw

cucucuL





 (A1.2) 

 

Thus, the first-order conditions of the optimization problem are: 
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or in compressed notation: 
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and 
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Solving condition (ii) for  and inserting into condition (i) obtains Eq. (1.11). 
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Optimization of the multi-agent model of VSL 

The optimization problem of the multi-agent model of VSL (Andersson and Treich, 2009) 

requires maximizing two optimization functions at the same time, namely the social welfare 

function: 
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and the individual utility functions of each member of society: 
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This implies two Lagrangian functions: 
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The first-order conditions of the optimization problem are: 
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By inserting condition (ii) into condition (i) one eventually obtains Eq. (1.15). 
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Appendix A2 

Survey design and sample characteristics 

A2.1 Overview 

The data collection for the choice analyses presented in Chapters 2–4 evolved in an iterative 

process. The initial version of the survey was developed after an extensive review of the 

existing literature and the conduction of several expert interviews during the summer of 2007. 

Over the course of five months, the survey was revised several times. Revisions were based 

on insights gained from focus group interviews and a pretest with a convenience sample of 

about 30 respondents.1 We conducted four focus groups with participants who were 

representative for the universe of the target population. Apart from testing preliminary 

versions of the survey instrument, the focus groups discussed various aspects of natural 

hazards on Alpine roads including the baseline risk, the perceived risk, the exposure and the 

voluntariness of exposure, and the controllability of various road hazards. 

Early in the design phase, it became apparent that respondents were able to make trade-

offs between various traffic safety programs, given that these programs were sufficiently 

described. In the focus group interviews, we spent ample time to determine relevant attributes 

for characterizing traffic safety programs for Alpine roads. Having identified the most 

relevant attributes, we looked for ways to appropriately describe them so that survey 

respondents would understand the involved tradeoffs. This was a more challenging task than 

it first appeared, because people often had difficulties to evaluate the small individual 

mortality risks involved with natural hazards on Alpine roads. We therefore tested various 

question formats and visual risk communication adds as proposed by Corso et al. (2001). 

During the design phase, we discussed the survey questionnaire with other researchers 

in the field of environmental valuation, who provided extensive feedback on earlier versions 

of the survey.2 The final survey format was guided by the research questions of this thesis. 

One major objective was to determine how much society is willing to pay for reductions in 

mortality risks on public roads in the Swiss Alps and how the individual willingness-to-pay 

depends on the characteristics and risk perceptions of the respondents. To address these 

questions, the survey was structured into five parts. 

                                                 
1 The focus group interviews followed a script that was generously provided by Victor Adamowicz, University 

of Alberta. They were held between June and July 2007.  
2 We thank Michael Bründl, Stefanie Engel, Stefan Lauber, Felix Schläpfer, Renate Schubert, Irmi Seidl, Eva-

Maria Tschurenev and Christian Wilhelm for their constructive advices. 
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In Part 1, respondents were asked general questions about their personal experiences 

with natural hazards, the perceived threat of natural hazards, the risk of natural hazards on 

Alpine roads and how these risks compare to other road hazards. These questions document 

the respondent’s beliefs about and attitudes toward mortality risks on Alpine roads.  

Part 2 addressed how people tradeoff the frequency of fatal avalanche accidents on 

Alpine roads against the severity of these accidents. In other words, we tried to understand 

how respondents weight a single accident that takes N lives relative to N accidents, each of 

which takes a single life (Slovic et al. 1984). For this purpose, Part 2 consisted of a task of 

four choice questions in which respondents decided about the protection of roads with 

different risk profiles. The analysis of this task allowed investigating whether people have 

stable preferences that transform objective risk into perceived risk. 

Part 3 contained the actual choice experiment to valuate traffic safety on Alpine roads. 

Since a reliable valuation requires that respondents understand not only the metrics of the 

descriptive attributes but also the context in which a public good is valuated, the choice task 

was carefully introduced and accompanied by a detailed description of the risk of natural 

hazards on roads. After this introduction, respondents were confronted with six choices over 

two potential traffic safety programs that were described by their expected risk reduction, the 

period over which this reduction is provided, the type of road hazard against which measures 

are taken and the costs of these measures.  

Part 4 contained some debriefing questions and gave respondents the opportunity to 

comment on decision heuristics and other issues that appeared to them while filling in the 

survey. Based on a semi-qualitative assessment of how confident respondents felt about their 

responses and qualitative remarks by some of the respondents, the experimental results could 

be further validated.  

Part 5 completed the survey with questions about the socio-economic characteristics of 

the respondents, the personal risk exposure and the attitudes toward some traffic risks. 

Additionally, it provided a field for comments. 
The final mail survey was sent out in November 2007 to 900 persons, who had agreed 

participating in the study in a previous phone recruitment. The initial contacting was done by 

the market research institute DemoSCOPE, which was advised to recruit respondents in two 

sample regions of Switzerland. To participate in the study, respondents were required to be 

Swiss residents older than 18 years. Further, the recruited samples were balanced with regard 

to gender and age in order to represent the Swiss residential population. The following 

sections describe each part of the final survey questionnaire in detail and describe the sample 

characteristics. One example of the complete survey questionnaire is given in Appendix 7. 
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A2.2 Part 1: Natural hazardsexperiences, beliefs and attitudes 

The survey opened with five general questions about natural hazards that encourage 

respondents to think about the risks they face when traveling on Alpine roads. The first 

question documented the respondent’s experience with natural hazards. Respondents were 

asked to rate the perceived threat of snow avalanches and of rockfalls. In the third question, 

we introduced the context of road safety by asking respondents to compare the avalanche and 

rockfall risk on roads to the risk of ordinary car accidents. This man-made hazard was used as 

a reference risk against which the traffic safety programs in the choice task would 

alternatively take measures. 

Next, we directly asked respondents whether the level of current mitigation measures to 

protect roads against avalanches and rockfalls was sufficient or whether it should be 

improved. In the empirical choice analysis, we used the answers to this question as a validity 

check hypothesizing that respondents, who felt that protection should be improved, were 

willing to pay more for the traffic safety programs, all else the same. Finally, respondents 

were interviewed about their assessment of climate change and its effects on the occurrence of 

avalanches and rockfalls.  

Table A2.1 presents the results of this introduction part, revealing that respondents had 

a relatively homogenous perception of rockfalls and avalanches as risks that do not pose a 

direct risk to them. Compared to other road hazards, most respondents valued these hazards as 

less threatening and two third of the respondents felt that the current protection against them 

was sufficient. Finally, there was little doubt among the respondents that climate in 

Switzerland is going to change over the next 50 years. Many respondents expected the 

frequency of rockfall and avalanche occurrences to also increase over the next 50 years.  

 

Table A2.1 Introductory questions on the perception of natural hazards. 

Question  Distribution of responses in % Respondents DN/NAa 

EXPERIENCE WITH NATURAL HAZARDS 

Have you or a close person ever been damaged by natural hazards such as floods, storms, avalanches or rockfall?

  Yes No   

  37.2% 62.8% 423 10 

PERCEIVED THREAT OF SNOW AVALANCHES 

How do you generally perceive your personal risk through snow avalanches? 

  Small Moderate Large   

  71.5% 26.9% 1.6% 415 18 
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Table A2.1 …continued. 

PERCEIVED THREAT OF ROCKFALLS 

How do you generally perceive your personal risk through rockfalls? 

  Small Moderate Large   

  67.6% 29.9% 2.5% 409 24 

COMPARISON TO ORDINARY ROAD HAZARDS 

How do you judge the risk of snow avalanches and rockfall on roads compared to ordinary road hazards? 

Snow avalanches and rockfalls are... 

  Less threatening Equally threatening More threatening   

  85.4% 11.2% 3.4% 417 16 

CURRENT LEVEL OF PROTECTION 

Is the current level of mitigation measures to protect roads against snow avalanches and rockfalls sufficient? 

  Yes, protection is sufficient No, more protection is needed   

  67.3% 32.7% 410 23 

CLIMATE CHANGE 

Do you think that climate in Switzerland is going to change over the next 50 years? 

  Yes No   

  93.8% 6.2% 405 23 

IMPACT OF EXPECTED CLIMATE CHANGE ON AVALANCHE OCCURRENCE 

Suppose that climate is going to change, how does this affect the frequency of avalanche occurrences? 

Avalanches occur… 

  Less frequent Equally frequent More frequent   

  18.2% 28.6% 53.2% 366 67 

IMPACT OF EXPECTED CLIMATE CHANGE ON ROCKFALL OCCURRENCE 

Suppose that climate is going to change, how does this affect the frequency of rockfall occurrences? 

Rockfalls occur… 

  Less frequent Equally frequent More frequent   

  0.2% 5.1% 94.7% 400 33 

a DN/NA: This refers to respondents who either selected the “do not know option” or did not answer the 

question. 

 

A2.3 Part 2: Frequency vs. severity of fatal avalanche accidents (Chapter 4) 

The second part consisted of a choice task to make respondents aware of different risk profiles 

that natural hazards could pose to roads. We introduced the task by stating that the risk of 

snow avalanches to roads may vary from road to road. We then gave an example of two 

avalanche prone roads, on which the expected fatality risk over 20 years is equal but differs 
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with regard to the number of expected accidents and the associated number of fatalities per 

accident. Then the choice task was set out as follows.  

First, respondents were asked to imagine being the responsible natural hazard manager 

of a mountain area to establish a frame of reference. They were told that the budget for natural 

hazard mitigation measures to protect roads was scarce and that they had to decide between 

two competing mitigation projects. One project would mitigate avalanche risk on road A 

where more frequent but less severe accidents (in terms of fatalities) are expected, the other 

project would mitigate avalanche risk on road B where less frequent but more severe 

accidents are expected. It was made clear that on the protected road no accident would happen 

during the 20-year period. 

Then, respondents were presented with four choice sets, each describing roads A and B 

in terms of the number of expected accidents over 20 years and the number of fatalities per 

accident. On road A, the number of expected accidents over 20 years varied between 4 and 6, 

the number of fatalities per accident varied between 1 and 3. On road B, the number of 

expected accidents over 20 years varied between 1 and 3, the number of fatalities per accident 

varied between 4 and 6. One possible choice set is exemplified in Fig. A2.1. (Note that using 

this design, respondents were forced to choose from an explicit set of alternatives rather than 

being offered a “neither” option.) 

 

 
Fig. A2.1 Exemplary choice set as used in the task to valuate the frequency vs. the severity of fatal accidents. 

 

The choice sets were constructed from a full factorial design (Street & Burgess 2007), 

in which all possible level combinations are enumerated (Table A2.2). This design resulted in 

27 choice sets, which were blocked into nine survey versions that are orthogonal to each other 

(see Hensher et al. 2005: 100-160). Each of these blocks contained three choice sets plus an 

introductory choice set (A: 5,1; B: 1,5) that was equal for all but one block. In this block, the 
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introductory set would have been presented twice. We deliberately replaced it by A: 6,1; B: 

1,5. In the survey, the columns of every second choice set appeared in reversed order; i.e. in 

50% of the choice sets, roads with more frequent but less severe accidents were labeled as 

road A, in the other 50% as road B. This shifting was done to avoid that one of the risk 

profiles received more prominence than the other. 

 

Table A2.2 Full factorial design used to set up the stated choice task of Part 2. 

Block  
  

Expected Accidents 
on Road A 

Fatalities per Accidents 
on Road A 

Expected Accidents 
on Road B 

Fatalities per Accidents 
on Road B 

1 3 4 5 3 

1 2 6 5 2 

1 1 5 5 1 

2 2 5 4 2 

2 3 4 6 3 

2 1 4 4 1 

3 2 6 4 2 

3 3 5 6 3 

3 1 6 6 1 

4 1 5 6 1 

4 2 6 6 2 

4 3 6 4 3 

5 2 5 5 2 

5 3 6 5 3 

5 1 4 5 1 

6 3 5 4 3 

6 2 4 4 2 

6 1 4 6 1 

7 1 5 4 1 

7 2 4 6 2 

7 3 4 4 3 

8 1 6 4 1 

8 2 5 6 2 

8 3 6 6 3 

9 2 4 5 2 

9 1 6 5 1 

9 3 5 5 3 
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A2.4 Part 3: Valuation of traffic safety programs for Alpine roads (Chapters 2 and 3) 

The third part of the survey contained the principal valuation task, addressing societal 

preferences for mitigating natural hazards on Alpine roads. The design of this task was 

particularly difficult and elaborated. Since there are several issues involved with designing a 

discrete choice experiment (Hensher et al. 2005; Kanninen 2007), we structure their 

description into six subsections that outline the design, implementation and conduct of the 

task. 

 

Selection of attributes and specification of levels 

The exploratory research in the initial phase of the survey design improved our understanding 

of the aspects and characteristics that lay people perceive as relevant or irrelevant for valuing 

the mitigation of natural hazards. This helped to select the descriptive attributes of the traffic 

safety programs. In order to be considered, we required the descriptive attributes to meet with 

the following criteria (Schmitt et al. 2005).  

First, they are perceived as important to evaluate mitigation programs against natural 

hazards and can therefore reflect societal preferences for these programs. Second, they are 

clearly defined and can be described in a comprehensible way, keeping the cognitive burden 

of survey respondents as low as possible. Third, the described traffic safety programs can be 

altered by policy-makers, who have at least limited control over the levels of the selected 

attributes. Fourth, the selected attributes can be implemented into the experimental design as 

either quantitatively or qualitatively measurable variables. 

Eventually, we selected four attributes to describe the traffic safety programs: (A1) the 

number of avoided fatalities per year; (A2) the duration of effect over which a specific 

mitigation program would reduce the risk; (A3) the type of road hazard against which the 

mitigation program is effective; and (A4) the individual cost of the program that would have 

to be paid by each participant in order to implement the program. The selection of appropriate 

levels further specified these attributes (see Table A2.3). 

 

Table A2.3 Selected attributes and level specifications. 

Attribute Level 

(A1) Number of avoided fatalities per year 10, 12, 14, 16 fatalities 

(A2) Duration of protection in years 10, 20, 30 years 

(A3) Type of hazard snow avalanche accident, rockfall accident, car accident 

(A4) Relative costs as percentage of annual tax 1%, 2%, 3% 
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The specification of the levels was based upon the outcomes of an expert interview with 

the Head of the Natural Hazard Office of the Canton Grisons.3 In this interview, we discussed 

the status quo of traffic safety on Alpine roads and developed scenarios for the hypothetical 

abandoning of current mitigation measures against natural hazards. An important point in the 

level specification is that the chosen levels are not unrealistic, since otherwise survey 

respondents could be prevented from stating their “true” preferences (Louviere et al. 2000). 

We complied with this requirement in the following ways.  

We assessed the number of potential fatalities in a scenario, in which current mitigation 

is not maintained any longer. Based on expert interviews, we assumed that the number of 

fatalities caused by natural hazards on Alpine roads in Switzerland would rise from now 3 to 

then about 20 fatalities per year, but would stay on its current level if mitigation measures 

were maintained beyond today. Levels of the risk reduction attribute were consequently 

selected at 10 to 16 averted fatalities per year. 

We were unable to find a direct estimate of the population exposed to natural hazards on 

Alpine roads. We calculated an estimate of the baseline risk by assuming that only people 

who live in mountainous areas would frequently travel on Alpine roads. By official census 

data, about 23.7% of the Swiss population or 1.8 million people live in mountainous regions 

(Hornung & Röthlisberger 2005).  

However, it was not clear how many of these people frequently drive on Alpine roads. 

Further, we could not determine how many of the people officially not living in mountainous 

regions do frequently use these roads. We settled for an estimate of approximately 2 million 

people at risk. When the levels of the risk reduction attribute are divided by this figure, we 

obtain risk reductions between 5 × 10–6 and 8 × 10–6 fatalities per year, which we posit to be 

our annual risk reduction. 

Attention was paid to suggest realistic durations of mitigation effects based on road-

engineering experiences with various mitigation measures (see Wilhelm 1999). Levels of the 

time attribute were selected at 10, 20, and 30 years of effectiveness. The main risks of natural 

hazards to roads are caused by rockfalls and snow avalanches. Apart from these two hazard 

types, we also selected car accidents as a reference risk. The comparison with this non-natural 

risk allows testing for perceptional factors associated with natural hazards. 

The cost attribute was implemented as a one-time payment relative to the respondent’s 

last annual tax payment, i.e. the individuated absolute cost corresponds to the cost that the 

respondent would have to pay if the program was eventually implemented. The use of this 

                                                 
3 The interview took place on July 13, 2007 at the Natural Hazard Office of the Canton Grisons, Chur. 
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relative bid vehicle reduces strategic answering and effects of ignoring the personal budget 

constraints (see Schläpfer 2008).  

The height of the relative bids was selected so that the aggregated absolute amount 

would cover the present value of expenditures for maintaining the current mitigation measures 

over the maximum period of protection. Based on current annual mitigation expenditures (see 

PLANAT 2005; BFS 2006), we estimated the present value of mitigation expenditures over 

30 years at a range of CHF 480–960 million,4 which is equal to 1.2–2.4% of the annual tax 

payments in Switzerland (BFS 2007b). Thus, the relative bid levels were selected at 1%, 2%, 

and 3% of the individual’s last tax payment. 

 

Introduction and description of the choice experiment to the survey respondents 

The actual choice experiment began by an introduction, explaining the respondents that 

currently Alpine roads in Switzerland are well protected against natural hazards and only 

about 3 persons die per year either in rockfall or avalanche accidents. Respondents were then 

asked to imagine the hypothetical situation where the government would only maintain traffic 

safety on national highways through the Alps. There would be a national ballot over a private 

onetime payment to finance a traffic safety program for all other public roads in the Alps.  

Importantly, it was mentioned that every household would have to contribute if the 

traffic safety program passed the ballot. Johansson (1995) showed that requiring the 

contribution of everyone to finance a public good helps avoiding aggregation problems in 

cost-benefit analyses, which are induced by different forms of altruism. We informed the 

respondents that on the following pages they would find six hypothetical ballots on competing 

traffic safety programs that would reduce the risk of fatal accidents on Alpine roads. The four 

attributes to describe the traffic safety programs were introduced as follows. 

(A1) The risk reduction; instead of describing the risk reduction attribute as a small 

change in the individual probability of death, we provided the number of fatalities per year 

that a mitigation program would avert. To help respondents understanding the statistical risk 

of dying in an avalanche, rockfall or car accident on Alpine roads, we presented them with a 

league table (Fig. A2.2) that visualizes the most common causes of death and their frequency 

among the Swiss population.5 It was then stated that experts assume the number of expected 

fatalities in avalanche or rockfall accidents to increase up to 20 fatalities per year, if current 

mitigation measures were no longer maintained. 

                                                 
4 We used a discount rate of 1.5% based on the inflation-adjusted ten-year spot interest rate on Swiss 

Confederation bonds for deriving these present values. 
5 In the focus groups, we tested different risk communication tools such as the risk ladder approach and the risk-

grid approach (Corso et al. 2001) but found that participants best understood the league table approach.  
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(A2) The duration over which the specific traffic safety program would reduce the risk; 

we sought to ensure that respondents clearly understood the temporal range of risk reductions. 

To exemplify the importance of the duration of the traffic safety programs, the survey 

described that the benefit of a program that averts 10 fatalities over 20 years amounts to 200 

averted fatalities. Since we observed that focus group participants had difficulties to calculate 

the total number of averted fatalities over the proposed duration of mitigation benefits, we did 

not present different durations in the alternatives of one choice set but changed the time 

attribute only in-between choice sets. 

 

 
Fig. A2.2 League table of statistical causes of death in Switzerland (compiled from BFS 2007a). 

 

(A3) The type of road hazard against which the specific mitigation program is effective; 

we told respondents that the privately funded traffic safety program could protect either 

against snow avalanche, rockfall or ordinary car accidents. Car accidents were taken as a 

reference risk to test for perceptional factors associated with natural hazards. We focused the 

respondent’s attention on uncontrollable hazards of driving such as blind curves, weak crash 

barriers or speeding by other drivers. 

(A4) The individual cost of the program to the respondent; the bid vehicle for each 

traffic safety program was presented as a one-time payment relative to their last tax payment. 

We provided a conversion table as displayed in Fig. A2.3 to convert relative bids into 

absolute bids. Respondents were asked to consider their last annual tax payment (married 

respondents were asked to divide their common annual tax payment by two) and to fill in the 

conversion table. They could then transfer these absolute costs to the choice sets.  
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Fig. A2.3 Conversion table to calculate absolute bid amounts. 

 

Statistical design and implementation of the choice sets 

The choice sets were constructed based on an orthogonal fractional factorial design (Street & 

Burgess 2007). This design was generated starting from the LMA approach (Louviere et al. 

2000), which defines the minimum number of attribute combinations for orthogonal fractional 

factorials by the number of levels L, the number of attributes A and the number of alternatives 

in the choice set M. In our case, a traffic safety program (i.e. one alternative in the choice set) 

is described by three attributes with three levels and one attribute with four levels. 

Accordingly, 33  4 = 108 alternative programs are possible. Since the programs differ only in 

their level specification, they are said to be unlabeled or generic, implying that one does not 

have to require orthogonality across the M alternatives in the choice sets as they are 

interchangeable (see Hensher et al. 2005: 150). 

An experimental design that allows estimating the four main effects of our traffic safety 

programs and all two-way interaction effects between the attributes requires 40 degrees of 

freedom (d.f.): 9 main effects d.f., 30 two-way interaction d.f., and one d.f. for the random 

error component of the model (Hensher et al. 2005).6 This would have meant to present 

respondents with 40 choice sets, which we assumed too large an effort. We introduced 

another orthogonal column to the design, whose attribute levels were used to segment the 

choice sets into 9 orthogonal blocks of 6 choice sets. Accordingly, we had to extend the 

number of possible programs to preserve the orthogonal balance of the design. In line with 

these requirements, the experimental design was generated using the Orthogonal Design 

Generator in the statistic software SPSS 15.0 (see Hensher et al. 2005). Using this procedure, 

                                                 
6 According to Hensher et al. (2005), main effect d.f. are determined by: (LAi – 1)  Ai = (3  1) + (2  3) = 9 d.f.; 

two-way interaction d.f. are determined by: (LA2 – 1)  (LA2 – 1) + (LA2 – 1)  (LA3 – 1) + (LA2 – 1)  (LA4 – 1) + 

(LA2 – 1)  (LA3 – 1) + (LA2 – 1)  (LA4 – 1) + (LA3 – 1)  (LA4 – 1) = (3  2)  3 + (2  2)  3 = 30 d.f. 
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we generated 54 traffic safety programs to be presented as program A in the choice sets. 

Through shifting (Bunch et al. 1994) of the risk reduction attribute (A1), the risk type attribute 

(A3) and the cost attribute (A4), the same design could be used to construct another 54 traffic 

safety programs to be presented as program B. The period of mitigation effects (A2) was kept 

constant within the choice sets. Table A2.4 shows the final design of the choice experiment. 

 

Table A2.4 Orthogonal fractional factorial design used to set up the stated choice task of Part 3. 

Block 
 

Program 
Duration 

Risk 
Reduction 

Hazard 
Type 

Cost 
 

Risk 
Reduction 

Hazard  
Type 

Cost 
 

1 
 

20 years 
 

12 avoided 
fatalities 

Car  
accidents 

3% of last 
tax payment 

16 avoided 
fatalities 

Rockfall 
accidents 

1% of last  
tax payment 

1 
 

10 years 
 

14 avoided 
fatalities 

Avalanche 
accidents 

2% of last  
tax payment 

10 avoided 
fatalities 

Car  
Accidents 

3% of last  
tax payment 

1 
 

30 years 
 

16 avoided 
fatalities 

Rockfall 
accidents 

1% of last  
tax payment 

12 avoided 
fatalities 

Avalanche 
accidents 

2% of last  
tax payment 

1 
 

10 years 
 

10 avoided 
fatalities 

Avalanche 
accidents 

3% of last  
tax payment 

14 avoided 
fatalities 

Car  
Accidents 

1% of last  
tax payment 

1 
 

20 years 
 

16 avoided 
fatalities 

Car  
accidents 

2% of last  
tax payment 

14 avoided 
fatalities 

Rockfall 
accidents 

3% of last  
tax payment 

1 
 

30 years 
 

12 avoided 
fatalities 

Rockfall 
accidents 

1% of last  
tax payment 

10 avoided 
fatalities 

Avalanche 
accidents 

2% of last  
tax payment 

2 
 

10 years 
 

12 avoided 
fatalities 

Car  
accidents 

3% of last  
tax payment 

10 avoided 
fatalities 

Rockfall 
accidents 

1% of last  
tax payment 

2 
 

30 years 
 

14 avoided 
fatalities 

Avalanche 
accidents 

2% of last  
tax payment 

16 avoided 
fatalities 

Car  
Accidents 

3% of last  
tax payment 

2 
 

20 years 
 

12 avoided 
fatalities 

Rockfall 
accidents 

1% of last  
tax payment 

10 avoided 
fatalities 

Avalanche 
accidents 

2% of last  
tax payment 

2 
 

20 years 
 

10 avoided 
fatalities 

Rockfall 
accidents 

2% of last  
tax payment 

12 avoided 
fatalities 

Avalanche 
accidents 

3% of last  
tax payment 

2 
 

10 years 
 

16 avoided 
fatalities 

Car  
accidents 

3% of last  
tax payment 

14 avoided 
fatalities 

Rockfall 
accidents 

1% of last  
tax payment 

2 
 

30 years 
 

16 avoided 
fatalities 

Avalanche 
accidents 

1% of last  
tax payment 

14 avoided 
fatalities 

Car  
Accidents 

2% of last  
tax payment 

3 
 

10 years 
 

16 avoided 
fatalities 

Rockfall 
accidents 

3% of last  
tax payment 

12 avoided 
fatalities 

Avalanche 
accidents 

1% of last  
tax payment 

3 
 

30 years 
 

10 avoided 
fatalities 

Car  
accidents 

1% of last  
tax payment 

14 avoided 
fatalities 

Rockfall 
accidents 

2% of last  
tax payment 

3 
 

20 years 
 

16 avoided 
fatalities 

Avalanche 
accidents 

2% of last  
tax payment 

14 avoided 
fatalities 

Car  
accidents 

3% of last  
tax payment 

3 
 

30 years 
 

12 avoided 
fatalities 

Car  
accidents 

3% of last  
tax payment 

10 avoided 
fatalities 

Rockfall 
accidents 

1% of last  
tax payment 

3 
 

20 years 
 

14 avoided 
fatalities 

Avalanche 
accidents 

2% of last  
tax payment 

10 avoided 
fatalities 

Car  
accidents 

3% of last  
tax payment 

3 
 

10 years 
 

12 avoided 
fatalities 

Rockfall 
accidents 

1% of last  
tax payment 

16 avoided 
fatalities 

Avalanche 
accidents 

2% of last  
tax payment 
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Table A2.4 …continued. 

4 
 

30 years 
 

12 avoided 
fatalities 

Rockfall  
accidents 

2% of last  
tax payment 

16 avoided 
fatalities 

Avalanche 
accidents 

3% of last  
tax payment 

4 
 

20 years 
 

16 avoided 
fatalities 

Car  
accidents 

1% of last  
tax payment 

12 avoided 
fatalities 

Rockfall 
accidents 

2% of last  
tax payment 

4 
 

10 years 
 

12 avoided 
fatalities 

Avalanche 
accidents 

3% of last  
tax payment 

10 avoided 
fatalities 

Car  
accidents 

1% of last 
tax payment 

4 
 

30 years 
 

10 avoided 
fatalities 

Rockfall 
accidents 

3% of last  
tax payment 

14 avoided 
fatalities 

Avalanche 
accidents 

1% of last  
tax payment 

4 
 

10 years 
 

16 avoided 
fatalities 

Avalanche 
accidents 

2% of last  
tax payment 

14 avoided 
fatalities 

Car  
accidents 

3% of last  
tax payment 

4 
 

20 years 
 

14 avoided 
fatalities 

Car  
accidents 

1% of last  
tax payment 

10 avoided 
fatalities 

Rockfall 
accidents 

2% of last  
tax payment 

5 
 

30 years 
 

12 avoided 
fatalities 

Avalanche 
accidents 

3% of last  
tax payment 

10 avoided 
fatalities 

Car  
accidents 

1% of last  
tax payment 

5 
 

20 years 
 

12 avoided 
fatalities 

Rockfall 
accidents 

2% of last  
tax payment 

10 avoided 
fatalities 

Avalanche 
accidents 

3% of last  
tax payment 

5 
 

10 years 
 

14 avoided 
fatalities 

Car  
accidents 

1% of last  
tax payment 

16 avoided 
fatalities 

Rockfall 
accidents 

2% of last  
tax payment 

5 
 

10 years 
 

10 avoided 
fatalities 

Car  
accidents 

2% of last  
tax payment 

12 avoided 
fatalities 

Rockfall 
accidents 

3% of last  
tax payment 

5 
 

30 years 
 

16 avoided 
fatalities 

Avalanche 
accidents 

3% of last  
tax payment 

14 avoided 
fatalities 

Car  
accidents 

1% of last  
tax payment 

5 
 

20 years 
 

16 avoided 
fatalities 

Rockfall 
accidents 

1% of last  
tax payment 

14 avoided 
fatalities 

Avalanche 
accidents 

2% of last  
tax payment 

6 
 

30 years 
 

14 avoided 
fatalities 

Car  
accidents 

1% of last  
tax payment 

10 avoided 
fatalities 

Rockfall 
accidents 

2% of last  
tax payment 

6 
 

20 years 
 

12 avoided 
fatalities 

Avalanche 
accidents 

3% of last  
tax payment 

16 avoided 
fatalities 

Car  
accidents 

1% of last  
tax payment 

6 
 

10 years 
 

12 avoided 
fatalities 

Rockfall 
accidents 

2% of last  
tax payment 

10 avoided 
fatalities 

Avalanche 
accidents 

3% of last  
tax payment 

6 
 

30 years 
 

16 avoided 
fatalities 

Car  
accidents 

3% of last  
tax payment 

12 avoided 
fatalities 

Rockfall 
accidents 

1% of last  
tax payment 

6 
 

10 years 
 

16 avoided 
fatalities 

Rockfall 
accidents 

2% of last  
tax payment 

14 avoided 
fatalities 

Avalanche 
accidents 

3% of last  
tax payment 

6 
 

20 years 
 

10 avoided 
fatalities 

Avalanche 
accidents 

1% of last  
tax payment 

14 avoided 
fatalities 

Car  
accidents 

2% of last  
tax payment 

7 
 

30 years 
 

16 avoided 
fatalities 

Rockfall 
accidents 

2% of last  
tax payment 

14 avoided 
fatalities 

Avalanche 
accidents 

3% of last  
tax payment 

7 
 

20 years 
 

10 avoided 
fatalities 

Car  
accidents 

3% of last  
tax payment 

14 avoided 
fatalities 

Rockfall 
accidents 

1% of last  
tax payment 

7 
 

10 years 
 

12 avoided 
fatalities 

Avalanche 
accidents 

1% of last  
tax payment 

16 avoided 
fatalities 

Car  
accidents 

2% of last  
tax payment 

7 
 

30 years 
 

14 avoided 
fatalities 

Rockfall 
accidents 

3% of last  
tax payment 

10 avoided 
fatalities 

Avalanche 
accidents 

1% of last  
tax payment 

7 
 

20 years 
 

12 avoided 
fatalities 

Car  
Accidents 

2% of last  
tax payment 

10 avoided 
fatalities 

Rockfall 
accidents 

3% of last  
tax payment 

7 
 

10 years 
 

16 avoided 
fatalities 

Avalanche 
accidents 

1% of last  
tax payment 

12 avoided 
fatalities 

Car  
accidents 

2% of last  
tax payment 
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Table A2.4 …continued. 

8 
 

20 years 
 

14 avoided 
fatalities 

Rockfall 
accidents 

3% of last  
tax payment 

16 avoided 
fatalities 

Avalanche 
accidents 

1% of last  
tax payment 

8 
 

30 years 
 

12 avoided 
fatalities 

Avalanche 
accidents 

1% of last  
tax payment 

10 avoided 
fatalities 

Car  
accidents 

2% of last  
tax payment 

8 
 

10 years 
 

12 avoided 
fatalities 

Car  
Accidents 

2% of last  
tax payment 

10 avoided 
fatalities 

Rockfall 
accidents 

3% of last  
tax payment 

8 
 

20 years 
 

16 avoided 
fatalities 

Rockfall 
accidents 

3% of last  
tax payment 

14 avoided 
fatalities 

Avalanche 
accidents 

1% of last  
tax payment 

8 
 

30 years 
 

10 avoided 
fatalities 

Avalanche 
accidents 

2% of last  
tax payment 

12 avoided 
fatalities 

Car  
accidents 

3% of last  
tax payment 

8 
 

10 years 
 

16 avoided 
fatalities 

Car  
Accidents 

1% of last  
tax payment 

14 avoided 
fatalities 

Rockfall 
accidents 

2% of last  
tax payment 

9 
 

10 years 
 

10 avoided 
fatalities 

Rockfall 
accidents 

1% of last  
tax payment 

14 avoided 
fatalities 

Avalanche 
accidents 

2% of last  
tax payment 

9 
 

20 years 
 

16 avoided 
fatalities 

Avalanche 
accidents 

3% of last  
tax payment 

12 avoided 
fatalities 

Car  
accidents 

1% of last  
tax payment 

9 
 

30 years 
 

16 avoided 
fatalities 

Car  
accidents 

2% of last  
tax payment 

14 avoided 
fatalities 

Rockfall 
accidents 

3% of last  
tax payment 

9 
 

30 years 
 

12 avoided 
fatalities 

Car  
accidents 

2% of last  
tax payment 

16 avoided 
fatalities 

Rockfall 
accidents 

3% of last  
tax payment 

9 
 

20 years 
 

12 avoided 
fatalities 

Avalanche 
accidents 

1% of last  
tax payment 

10 avoided 
fatalities 

Car  
accidents 

2% of last  
tax payment 

9 
 

10 years 
 

14 avoided 
fatalities 

Rockfall 
accidents 

3% of last  
tax payment 

10 avoided 
fatalities 

Avalanche 
accidents 

1% of last  
tax payment 

 

Prior to presenting the choice sets, we reminded the respondents to take the six choices 

as independent ballots and to mark the preferred program in each choice set. Each respondent 

was then confronted with a sequence of six choice sets, containing two alternative traffic 

safety programs and the option to choose neither program. The option to choose neither 

program is a hypothetical status quo, whose choice implies the acceptance of the risk increase. 

The inclusion of this status quo option is necessary to allow calculating the willingness-to-pay 

for each alternative (see Bateman et al. 2002: 251) and makes intuitively sense, since this 

option is most often offered in a real ballot. In order to prevent effects of learning or fatigue, 

that could particularly affect the valuation of the first and last choice sets (Louviere et al. 

2000), we shifted the order of choice set sequences in a random half of the surveys. 
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Risk framing 

We used two different framings to present the risk reductions in the choice sets to the 

respondents. A random half of the respondents received choice sets in which the risk 

reduction was framed in reference to the 7,500,000 residents of Switzerland. This is an 

intuitive reference value, because respondents can draw comparisons to other spheres of life. 

The other half of the respondents received choice sets in which the risk reduction was framed 

in reference to the annual 500 road fatalities occurring on average in Switzerland. Since the 

number of road fatalities is a subset of the residential population, the objective risk reduction 

is identical in both framing versions. Indeed, this is a variant of one of the conjunction fallacy 

problems described in Tversky and Kahneman (1983), which we included to directly test the 

impact of risk framing on the valuation of mortality risk reductions.  

Fig. A2.4 displays both framing formats for the same choice set. The choice sets were 

designed as column entries, so that the attributes of the two alternative traffic safety programs 

and the option to choose neither program could be compared row-wise. Further, a reminder 

(marked by the red field) prompted people to insert the absolute costs as obtained from the 

conversion table. This presentation format was selected based on the feedback from the focus 

groups. 
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Fig. A2.4 Example of one choice set under both risk framing treatments. In Panel A, the risk reduction is framed 

in reference to the Swiss residential population of Switzerland (FRAME = 1); in the Panel B, the risk reduction is 

framed in reference to the annual number of road fatalities in Switzerland (FRAME = 0). The field marked red in 

the choice set reminds respondents to transfer their individualized costs. 
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Theoretical stratification of the sample 

Respondents were deliberately recruited from two different regions of Switzerland. The 

sample was stratified in two equally sized sub-samples; one from the Davos/Prättigau region 

in the Canton Grisons and the other one from the city of Zurich. The sub-samples were chosen 

based on the assumption that their respondents would most likely differ with regard to their 

exposure to road hazards on Alpine roads. The approach to ask exposed as well as unexposed 

people about their willingness-to-pay for the traffic safety programs allows testing for 

altruistic motives in the valuation of mortality risk reductions (Rodriguez & Leon 2004). 

Finally, the experimental design included the orthogonal fractional factorial design of 

the choice task, the sample stratification in two sub-samples, and the random assignment of 

the risk framing treatment. This resulted in 36 equally large strata as displayed in Fig. A2.5. 

  

  Urban sample  Mountain sample 

  Block 1  Block 1 

  Block 2  Block 2 

  Block 3  Block 3 

FRAME = 0: Risk reduction framed in 
reference to the 500 annual road 
fatalities occurring in Switzerland 

 Block 4  Block 4 

 Block 5  Block 5 

 Block 6  Block 6 

  Block 7  Block 7 

  Block 8  Block 8 

  Block 9  Block 9 

  Block 1  Block 1 

  Block 2  Block 2 

  Block 3  Block 3 

FRAME = 1: Risk reduction framed in 
reference to the 7,500,000 Swiss 
residents 

 Block 4  Block 4 

 Block 5  Block 5 

 Block 6  Block 6 

  Block 7  Block 7 

  Block 8  Block 8 

  Block 9  Block 9 

Fig. A2.5 Schematic representation of the experimental design including sample stratification, the risk framing 

treatment and orthogonal design of the choice tasks. 

 

Respondents were selected in a two-stage process to obtain a sample representative of 

the residential population. First, random samples were drawn from the phone directory of the 

survey areas. A market research institute contacted these persons using a computer assisted 

telephone interview (CATI) system that allowed to record the number, age, and gender of all 
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potential respondents in a household (we required participants to be Swiss residents older than 

18 years). A random sample of individuals was drawn from the potential target respondents of 

each contacted household. The CATI system ensured that the age and gender distribution in 

the sub-samples were close to the census distributions. 

In this way, 900 persons were recruited and received the survey plus a prepaid replay 

envelope per mail within one week after the phone contact. After three weeks, we sent out a 

combined thank-you/reminder note. Totally, 493 persons returned the survey over the course 

of two months. This corresponds to a return rate of 54.8%. Not all of the returned surveys 

were however completed, so that the actual response rate dropped to 48.1%. Table A2.5 

describes the structure of the completed surveys. A independence test suggests no 

statistical differences in the response structure of the two sub-samples with regard to the risk 

framing treatments (2 = 2.47; 2
1 = 3.84). 

 

Table A2.5 Experimental design with stratification by sub-samples and treatment effects. 

Stratification Risk framing treatment 

 Framing in reference to the 
residential population 

(FRAME = 1) 

Framing in reference to the 
number of road fatalities 

(FRAME = 0) 

Mountain sample 590 (100) 661 (112) 

Urban sample 664 (111) 657 (110) 

Note: Entries are number of choices and number of respondents (in parentheses). 

 

The orthogonality of the choice task design was hardly affected by the uncontrollable 

response structure of the mail survey. independence tests suggest neither statistical 

differences in the response structure of the block segments with respect to the risk framing 

treatment (2 = 1.84; 2
8 = 15.51) nor with respect to the sub-samples (2 = 3.02; 2

8 = 

15.51). 

 

A2.5 Part 4: Debriefing questions 

The debriefing questions addressed two issues. First, respondents were asked to state how 

certain they felt when answering the tasks of Part 2 and Part 3. To encourage a mindful self-

rating, it was stated that even experts had a hard time to answer these questions. The results of 

this self-rating are given in Table A2.6. Additionally, we analyzed the qualitative comments 

provided by several of the respondents. To this end, we used an open-coding approach to 

group these qualitative answers. Table A2.7 provides an overview about the clustered 

decision heuristics stated by the survey respondents. 



 155

Table A2.6 Self-rating of answer certainty in both decision tasks. 

Question  Distribution of responses in % Respondents DN/NAa 

DECISIONS ON PROTECTING AVALANCHE PRONE ROADS 

How certain do you feel about your decisions on the protection of avalanche prone roads (Part 2 of the survey)? 

  Certain rather certain rather uncertain uncertain   

  19.8% 47.3% 27.3% 5.6% 414 12 

DECISIONS ON TRAFFIC SAFETY PROGRAMS  

How certain do you feel about your decisions on the various traffic safety programs (Part 3 of the survey)? 

  Certain rather certain rather uncertain uncertain   

  12.8% 38.3% 39.9% 9.0% 425 8 

a DN/NA: These refers to respondents who either selected the “do not know option” or did not answer the 

question. 

 

Table A2.7 Table of clustered decision heuristics for the choice task of Part 3. 

Decision heuristic Number of mentions % of all mentions 

Number of averted fatalities  118  26% 

Cost-benefit ratio  63  14% 

Gut feeling  57  12% 

Prioritizing the mitigation of natural hazard accidents  41  9% 

Minimal costs  28  6% 

Duration of mitigation effects  27  6% 

Prioritizing the mitigation of car accidents  23  5% 

Prioritizing the mitigation of rockfall accidents  25  5% 

Own risk exposure  16  3% 

Prioritizing the mitigation of avalanche accidents  16  3% 

Rational decision  13  3% 

Self-reliance of car drivers  11  2% 

Prioritizing the mitigation of rockfall accidents over the 
mitigation of avalanche accidents  11  2% 

Other decision heuristics  9  2% 
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A2.6 Part 5: Socio-economic characteristics 

Table A2.8 reports on the socio-economic characteristics of the total sample. The sample is 

well balanced with respect to gender and the gender distribution does statistically not differ 

from the gender distribution of the Swiss population (2 = 0.71; 2
1 = 3.84). We observe 

significant differences with regard to the age structure of the respondents. In particular, our 

sample contains too many respondents between 40–49 years and too few respondents older 

than 70 years (2 = 15.11; 2
5 = 11.07). The undersampling of old respondents can be 

explained by the difficulty of the survey. Indeed, several older respondents sent the survey 

back with the remark that they were not able to understand the task. We also observe 

significant differences with regard to the education level of the respondents (2 = 38.84; 2
4 

= 9.47). Not surprisingly, our sample contains too few respondents with only basic education 

(primary school education). Official census data on the employment structure of the Swiss 

population are not available for comparison, but the employment structure conforms well to 

the results of a recent valuation study conducted in the Canton of Zurich (Schmitt et al. 2005). 

The distribution of annual tax payments of the Swiss population is not directly 

available. Thus, we had to approximate it by data on the distribution of the direct federal tax 

(BFS 2009a). Based upon these raw data, we constructed the cumulative distribution of the 

per capita net income. We then used the online tax calculation tool of the Swiss Federal Tax 

Administration7 to derive the income heights that correspond to the tax classes used in the 

survey. While the accuracy of this approach is limited (it depends on crucial assumptions 

regarding the income tax rate, which varies throughout the Swiss cantons and communities, 

and it neglects property taxes), it allows calculating a ballpark estimate of the percent shares 

of taxpayer classes corresponding to the classes used in the survey. The comparison of the so 

derived tax classes with the tax classes in our sample reveals two major deviations. First, our 

sample contains too few respondents from the lowest tax class (annual tax payment up to 

CHF 2,000) and too many respondents from tax class 3 (annual tax payment between CHF 

6,000 and 10,000). This deviation leads to a somewhat higher sample mean annual per capita 

tax payment of CHF 7,200 compared to the population mean annual per capita tax payment of 

CHF 5,400 (BFS 2009b). Given the data quality, we resign to present a 2 independence test. 

                                                 
7 This calculation tool can be accessed under: 

http://www.estv.admin.ch/e/dienstleistungen/steuerrechner/steuerrechner.htm 
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Table A2.8 Comparison of the sample population and the Swiss residential population. 

Variable Study sample (N = 402) Swiss Population 

Respondents 

- Mountain Sample 

- Urban Sample 

 

49.3% 

50.7% 

 

 – 

 – 

Gender a 

- Women 

- Men 

 

49.3% 

50.7% 

 

52.0% 

48.0% 

Age a 

- 18–29 

- 30–39 

- 40–49 

- 50–59 

- 60–69 

- 70 or older 

 

14.9% 

18.2% 

27.6% 

14.4% 

14.9% 

10.0% 

 

17.0% 

15.5% 

19.4% 

16.9% 

14.2% 

16.9% 

Annual tax payments b 

- CHF 2,000 or less 

- CHF 2,000–6,000 

- CHF 6,000–10,000 

- CHF 10,000–14,000 

- CHF 14,000–18,000 

- More than CHF 18,000 

 

14.9% 

35.1% 

28.1% 

 9.2% 

 4.0% 

 8.7% 

 

 27% 

 36% 

 16% 

 12% 

 2% 

 7% 

Educational attainment a 

- Primary education  

- Secondary education 

- University education 

- Apprenticeship 

- Craftsman’s diploma 

 

 2.5% 

12.4% 

25.1% 

43.8% 

16.2% 

 

13.3% 

 8.3% 

23.1% 

45.0% 

10.3% 

Employment status c 

- Employed  

- Self-employed 

- Unemployed 

- In education 

- Retired 

 

47.8% 

20.6% 

 6.2% 

 6.7% 

18.7% 

 

48.0% 

13.8% 

 5.0% 

 5.0% 

28.1% 
a Based on (BFS 2007b). 

b Approximation based on the distribution of the direct federal tax payments (BFS 2009a). 

c Comparison with results of a recent study by Schmitt et al. (2005). Respondents, who stated to be both 

employed and self-employed, were categorized as self-employed. 

 

 

 

 

 



 158

 

 

 

 

 



 159

Appendix A3 

GAUSS Code for non-linear conditional logit models 

The following code exemplified for Model IV of Chapter 2 was programmed in GAUSS 9.0 

using the cmlmt routine:1 
 
library cmlmt; 
 
#include "c:\\gauss9.0\\src\\cmlmt.sdf"; 
proc lpr(struct PV p, struct DS d, ind); 
local alpha, beta, delta, xper, sample, age, tax, sex, aval, rfall, protect, ia_e_s, 
frame, educ, m1, m2, m3, m4, m5, m6, m7, m8, choicA, choicB, choicC, probA, probB, 
probC; 
struct modelResults mm; 
 
/*define parameters*/ 
 alpha = pvUnpack(p,"alpha");/* marginal risk */ 
 beta = pvUnpack(p,"beta"); /* marginal utility of income */ 
 delta = pvUnpack(p,"delta"); /* discount rate */  
 age = pvUnpack(p,"age"); /* age */  
 sex = pvUnpack(p,"sex"); /* gender dummy */  
 educ = pvUnpack(p,"educ"); /* university dummy */  
 sample = pvUnpack(p,"sample"); /* sample affiliation dummy */  
 tax = pvUnpack(p,"tax"); /* tax classes */  
 aval = pvUnpack(p,"aval"); /* avalanche dummy */  
 rfall = pvUnpack(p,"rfall"); /* rockfall dummy */  
 protect = pvUnpack(p,"protect"); /* protection attitude dummy */ 
 xper=pvUnpack(p,"xper"); /* experience with natural hazards dummy */ 
 ia_e_s = pvUnpack(p,"ia_e_s"); /* interaction between education and sample */ 
 
/*data*/ 
 choicA = d[9].dataMatrix; 
 choicB = d[15].dataMatrix; 
 choicC = d[21].dataMatrix; 
 
/*choice model*/ 
 m1 = d[10].dataMatrix*alpha; 
 m1 = m1.*(1-exp(-delta*d[8].dataMatrix))/delta;  
 m3 = m1.*(d[28].dataMatrix.*age +d[27].dataMatrix.*sex + d[29].dataMatrix.*educ 
 +  d[26].dataMatrix.*home + d[29].dataMatrix.*d[26].dataMatrix.*ia_e_s + 
 d[11].dataMatrix.*aval + d[12].dataMatrix.*rfall+ d[22].dataMatrix.*xper); 
 m5 = d[14].dataMatrix.*beta; 
 m7 = m5.*(ln(d[32].dataMatrix).*tax+d[24].dataMatrix.*protect); 
 m1 = m1 + m3 + m5 + m7; 
 
 m2 = d[16].dataMatrix*alpha 
 m2 = m2.*(1-exp(-delta*d[8].dataMatrix))/delta; 

m4 = m2.*(d[28].dataMatrix.*age +d[27].dataMatrix.*sex + d[29].dataMatrix.*educ + 
d[26].dataMatrix.*home +d[29].dataMatrix.*d[26].dataMatrix.* ia_e_s + 
d[17].dataMatrix.*aval +d[12].dataMatrix.*rfall+ d[22].dataMatrix.*xper); 

 m6 = d[20].dataMatrix.*beta; 
 m8 = m6.*(ln(d[32].dataMatrix).*tax+d[24].dataMatrix.*protect); 
 m2 = m2 + m4 + m6 + m8; 
 
/*logit estimation*/ 
 if ind[1]; 
 probA = exp(m1)./(exp(m1)+exp(m2)+exp(0)); 
 probB = exp(m2)./(exp(m1)+exp(m2)+exp(0)); 
 probC = exp(0)./(exp(m1)+exp(m2)+exp(0));   
 mm.function = ln((probA^choicA).*(probB^choicB).*(probC^choicC)); 
 endif; 
 
/*maximum likelihood routine*/ 

retp(mm); 
endp; 
 

                                                 
1 See http://www.aptech.com for detailed information about GAUSS 9.0. 
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/*give starting values for maximization procedure*/ 
 struct PV p0; 
 p0 = pvPack(pvCreate,0.044,"alpha"); 
 p0 = pvPack(p0,-1.8,"beta"); 
 p0 = pvPack(p0,0.1,"delta"); 
 p0 = pvPack(p0,-.007,"age"); 
 p0 = pvPack(p0,.6,"educ"); 
 p0 = pvPack(p0,.28,"home"); 
 p0 = pvPack(p0,.10,"sex"); 
 p0 = pvPack(p0,-.3,"tax"); 
 p0 = pvPack(p0,-.05,"aval"); 
 p0 = pvPack(p0,.01,"rfall"); 
 p0 = pvPack(p0,-.13,"protect"); 
 p0 = pvPack(p0,-.43,"ia_e_S"); 
 p0 = pvPack(p0,-.13,"xper"); 
 
/*define model estimation requirements*/ 

struct cmlmtControl c0; 
c0 = cmlmtControlCreate; 
c0.covpartype=2;/* uses robust method for covariance matrix estimation*/ 
c0.title = "MODEL_IV"; 

 
/*read in the data*/ 

struct DS d0;/*read in the data*/ 
d0 = reshape(dsCreate,33,1); 
z = loadd("dataset"); /*dataset is the data file containing the choice data*/ 
d0[1].dataMatrix = z[.,1]; /*na*/ 
d0[2].dataMatrix = z[.,2]; /*na*/ 
d0[3].dataMatrix = z[.,3]; /*na*/ 
d0[4].dataMatrix = z[.,4]; /*framing dummy*/ 
d0[5].dataMatrix = z[.,5]; /*na*/ 
d0[6].dataMatrix = z[.,6]; /*na*/ 
d0[7].dataMatrix = z[.,7]; /*tax class*/ 
d0[8].dataMatrix = z[.,8]; /*time duration*/ 
d0[9].dataMatrix = z[.,9]; /*choice program A*/ 
d0[10].dataMatrix = z[.,10]; /*fatalities A*/ 
d0[11].dataMatrix = z[.,11]; /*avalanche A*/ 
d0[12].dataMatrix = z[.,12]; /*rockfall A*/ 
d0[13].dataMatrix = z[.,13]; /*percentage cost A*/ 
d0[14].dataMatrix = z[.,14]; /*individualized cost A*/ 
d0[15].dataMatrix = z[.,15]; /*choice program B*/ 
d0[16].dataMatrix = z[.,16]; /*fatalities B*/ 
d0[17].dataMatrix = z[.,17]; /*avalanche B*/ 
d0[18].dataMatrix = z[.,18]; /*rockfall B*/ 
d0[19].dataMatrix = z[.,19]; /*percentage cost B*/ 
d0[20].dataMatrix = z[.,20]; /*individualized cost B*/ 
d0[21].dataMatrix = z[.,21]; /*choice C neither program*/ 
d0[22].dataMatrix = z[.,22]; /*xper*/ 
d0[23].dataMatrix = z[.,23]; /*hazard perception*/ 
d0[24].dataMatrix = z[.,24]; /*protection*/ 
d0[25].dataMatrix = z[.,25]; /*certainty ranking*/ 
d0[26].dataMatrix = z[.,26]; /*home*/ 
d0[27].dataMatrix = z[.,27]; /*sex*/ 
d0[28].dataMatrix = z[.,28]; /*age*/ 
d0[29].dataMatrix = z[.,29]; /*educ*/ 
d0[30].dataMatrix = z[.,30]; /*expo*/ 
d0[31].dataMatrix = z[.,31]; /*T3*/ 
d0[32].dataMatrix = z[.,32]; /*TAX */ 
d0[33].dataMatrix = z[.,33]; /*TAX 2*/ 

 
/*require output*/ 

struct cmlmtResults out1; 
out1 = CMLmtprt(CMLmt(&lpr,p0,d0,c0)); 
out1.covpar; 

 
Adaptations of the code allow the estimation of all models presented in Chapters 2 and 3. 
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Appendix A4 

Delta method for estimating the standard errors around the VSL 

The delta method is a widely used method for deriving standard errors of a continuously 

differentiable function )ˆ(θg  of coefficients estimated by the maximum likelihood procedure 

(Greene 2008: 68–70). Under the assumptions of (i) a large sample and (ii) a correctly 

specified model, the maximum likelihood estimates from the conditional logit model are 

normally distributed around the true vector of parameters and the asymptotic variance-

covariance matrix of the maximum likelihood estimator is estimated as: 12 )()ˆ(  XX'θΣ s . 

We are interested in finding the asymptotic variance-covariance matrix of the VSL 

estimates: 
θ

θ

θ

θ XX'θΣ ˆ
)ˆ(12

'ˆ
)ˆ( ])([)]ˆ([





 gg sg . To this end, we define the VSL by the function 

)ˆ(θg   (V/Rj)/(V/Cij). E.g. for Model I of Chapter 3, the VSL is )ˆ(θg  =  ˆ/)ˆˆ( 1 . 

The partial derivatives of this function with respect to the parameters in this model are: 
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Drawing on the above definition of the asymptotic variance-covariance matrix of the VSL 

estimates, the standard errors around the VSL estimate from Model I are calculated as: 

 

gg Δ)ˆ,ˆ,ˆ,ˆ('Δ(VSL) SE 1Σ . (A4.2) 

 

Analogously, the standard errors around the VSL estimates of all models presented in 

Chapters 2 and 3 can be calculated. 
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Appendix A5 

Full derivation of the marginal effects 

A5.1 Marginal effect of a cost change on the choice probability of a mitigation program 

The marginal effect of a change in the cost parameter Ci,k on individual i’s probability Pr(k|i) 

to choose the mitigation program k is derived as: 
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 (A5.1) 

 

where β =1Ziβ2 Wjβ3 denotes the compound coefficient vector of the cost interactions. 
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A5.2 Marginal effect of a risk change on the choice probability of a mitigation program 

The marginal effect of a change in the risk parameter Rk on individual i’s probability Pr(k|i) to 

choose the mitigation program k is derived as: 
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 (A5.2) 

 

where α =1Ziα2 Wjα3 denotes the compound coefficient vector of the risk reduction 

interactions. 
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Appendix A6 

Tradeoff method by Wakker and Deneffe (1996) 

The choice task in Fig. 4.2 of Chapter 4 can be formalized as: 

 

),()1()()()()1()()( 11 yvpwYvpwxvpwXvpw   (A6.1) 

 

and choice tasks in each subsequent round i can be written as: 

 

)()1()()()()1()()( ii yvpwYvpwxvpwXvpw  . (A6.2) 

 

By rearranging Eqs. (A6.1) and (A6.2), one obtains: 

 

)),()(()1())()(()( 11 xvyvpwYvXvpw   (A6.3) 

 

and 

 

)).()(()1())()(()( ii xvyvpwYvXvpw   (A6.4) 

 

Combining (A6.3) and (A6.4) and canceling out common terms yields the desired expression: 

 

).()()()( 11 ii xvyvxvyv   (A6.5) 
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Appendix A7 

Survey questionnaire 

Totally, 18 different versions of the survey questionnaire were sent out following the 

statistical design described in Appendix 2. In the following, the cover letter and one 

exemplary version of the original survey is presented. 

 

Umfrage: Schutz vor Naturgefahren auf Schweizer Strassen 

Sehr geehrter Herr Muster 

Sie haben in den letzten Tagen einen Anruf vom Marktforschungsinstitut Demoscope bekommen und sich bereit 

erklärt, an einer Umfrage des Eidg. Instituts für Schnee- und Lawinenforschung SLF teilzunehmen. Durch diese 

Umfrage möchten wir erfassen, wie die Bevölkerung Naturgefahren auf Schweizer Strassen wahrnimmt.  

Um die Umfrage durchführen zu können, sind wir auf Ihre Unterstützung angewiesen. Wir bitten Sie, den 

beiliegenden Fragebogen aufmerksam durchzulesen und die Fragen vollständig zu beantworten. Für das 

Beantworten der Fragen werden Sie etwa 20 Minuten benötigen. Es gibt dabei keine richtigen oder falschen 

Antworten. Wichtig ist vielmehr, dass Sie Ihre Meinung ausdrücken. Ihre Antworten bilden die Grundlage für 

unsere wissenschaftliche Arbeit und sind deshalb sehr wertvoll. 

Wir möchten Sie darauf hinweisen, dass Ihre Antworten absolut anonym behandelt werden. Rückschlüsse auf 

einzelne Teilnehmende der Befragung sind nicht möglich. 

Ihrem Fragebogen liegt ein Antwortcouvert für den Rückversand bei. Falls Sie Fragen oder Anregungen zu 

dieser Umfrage haben, können Sie uns gerne kontaktieren. 

Wir möchten Ihnen nochmals herzlich für Ihre Hilfe bei dieser Umfrage danken. Sie leisten damit einen 

wichtigen Beitrag, um den Schutz vor Naturgefahren weiter zu verbessern. 

Mit freundlichen Grüssen 

Christoph Rheinberger Dr. Jakob Rhyner 

Umfrageleiter Standortleiter SLF 
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Eine Befragung des  
 

Eidgenössischen Instituts für Schnee- und Lawinenforschung, Davos 
 

 
 

 
 

 

Schutz der Bevölkerung  
vor Naturgefahren auf Strassen 
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 Es gibt keine richtigen oder falschen Antworten! Wichtig ist, dass Sie bei den Antworten 
Ihre persönliche Meinung ausdrücken. 

 Für das Beantworten der Fragen werden Sie etwa 20 Minuten benötigen. Bitte lesen und 
beantworten Sie die Fragen sorgfältig. Ihre Antworten bilden die Grundlage für unsere 
Arbeit und sind deshalb sehr wertvoll. 

 Der Fragebogen besteht aus fünf Teilen. Sie können jeder Zeit zurückblättern. Nehmen 
Sie sich insbesondere im zweiten und dritten Teil Zeit, Ihre Antworten abzuwägen. 

 Ihre Antworten werden absolut anonym behandelt. Bei der Auswertung wird für uns in 
keiner Weise ersichtlich, wer wie geantwortet hat. 

 Wenn Sie fertig ausgefüllt haben, falten Sie bitte den Fragebogen und schicken ihn im 
beiliegenden Antwort-Couvert an uns zurück. 

 Im nächsten Frühling finden Sie eine Zusammenfassung der Studienergebnisse auf 
unserer Homepage: http://www.slf.ch. Wenn Sie genauer informiert werden wollen, können 
Sie mit der beiliegenden Adresskarte eine Zusammenfassung der Ergebnisse bestellen. 

 
 
Kontakt 

Falls Sie Rückfragen oder Anregungen zu dieser Umfrage haben, wenden Sie sich bitte an: 

Christoph Rheinberger (Umfrageleitung) 

Eidg. Institut für Schnee- und Lawinenforschung SLF 
Flüelastrasse 11, 7260 Davos Dorf 
Telefon: 081 417 03 57 
E-Mail:  rheinberger@slf.ch 

Hinweise zum Ausfüllen des Fragebogens 
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Das Institut für Schnee- und Lawinenforschung ist auf Ihre Hilfe angewiesen, um zu 
verstehen, wie die Bevölkerung Naturgefahren auf Strassen wahrnimmt. Im ersten Teil 
möchten wir Sie bitten, einige allgemeine Fragen zu Gefahren durch Lawinen und Stein-
schläge zu beantworten. Wenn Sie möchten, können Sie eigene Anmerkungen machen. 

 

1.1 Erfahrung mit Naturgefahren  

Wurden Sie oder eine Ihnen nahestehende Person schon einmal durch Naturgefahren 
(Überschwemmungen, Sturm, Steinschlag, Lawinen etc.) geschädigt? 
 

□ ja , durch  

□ nein 

 

1.2 Allgemeine Gefährdung durch Steinschlag und Lawinen 

Wie beurteilen Sie ganz allgemein Ihre eigene Gefährdung durch Lawinen und Steinschlag? 

Ich fühle mich durch Lawinen... Ich fühle mich durch Steinschlag... 

□ kaum gefährdet □ kaum gefährdet 

□ mässig gefährdet □ mässig gefährdet 

□ stark gefährdet □ stark gefährdet 

□ Das kann ich nicht beurteilen □ Das kann ich nicht beurteilen 

 

1.3 Vergleich mit allgemeinen Unfallgefahren im Strassenverkehr 

Wie beurteilen Sie die Gefahr durch Lawinen und Steinschlag auf Strassen im Vergleich zu 
den allgemeinen Unfallgefahren im Strassenverkehr? 

Lawinen- und Steinschlagereignisse auf Strassen sind für mich... 
 

□ … bedrohlicher als andere Unfallgefahren im Strassenverkehr 

□ … gleich bedrohlich als andere Unfallgefahren im Strassenverkehr 

□ … weniger bedrohlich wie andere Unfallgefahren im Strassenverkehr  

□ Das kann ich nicht beurteilen  

 

Teil 1: Wahrnehmung von Naturgefahren 
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1.4 Heutiger Schutz vor Lawinen und Steinschlägen auf Strassen 

Finden Sie, dass die heutigen Schutzmassnahmen gegen Lawinen und Steinschläge auf 
Schweizer Strassen ausreichen? 

□ ja , die heutigen Schutzmassnahmen reichen aus 

□ nein, es braucht mehr Schutzmassnahmen 

 

1.5 Einfluss der Klimaveränderung 

A) Glauben Sie, dass sich das Klima bei uns in den nächsten 50 Jahren verändern wird? 
 
□ ja  

□ nein 

B) Angenommen das Klima bei uns verändert sich in den nächsten 50 Jahren: Wie wirkt 
sich das Ihrer Meinung nach auf die Häufigkeit von Lawinen und Steinschlägen aus? 

Lawinen... Steinschläge... 

□ ... werden seltener □ ... werden seltener 

□ ... bleiben gleich häufig □ ... bleiben gleich häufig 

□ ... werden häufiger □ ... werden häufiger 

□ Das kann ich nicht beurteilen □ Das kann ich nicht beurteilen 

 

Ihre Anmerkungen zu Teil 1: 
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Einleitung: 

Die Unfallgefahr durch Lawinen ist nicht immer gleich. Stellen Sie sich zwei Strassen vor, die 
im Winter von Lawinen bedroht sind: 

Auf Strasse A kommt es an verschiedenen Stellen jedes Jahr zu kleineren Lawinen. Die 
Experten wissen, dass bei einem Lawinenunfall auf dieser Strasse durchschnittlich 1 Mensch 
stirbt. Man erwartet, dass in den nächsten 20 Jahren bis zu 5 Lawinenunfälle passieren. 

 

Auf Strasse B gibt es eine Stelle, die nur bei grossen Schneehöhen gefährlich ist. Die 
Experten wissen, dass bei einem Lawinenunfall an dieser Stelle durchschnittlich 5 Menschen 
sterben. Man erwartet, dass in den nächsten 20 Jahren 1 Lawinenunfall passiert. 

 

Aufgabe: 

Stellen Sie sich nun vor, Sie sind der zuständige Naturgefahren-Experte eines Bergkantons. 

 Mit dem Geld, das Ihr Kanton für Schutzmassnahmen gegen Lawinen zur Verfügung hat, 
können Sie nur eine der beiden Strassen absichern lassen. 

 Auf der von Ihnen abgesicherten Strasse wird es während diesen 20 Jahren keine 
Unfälle mehr geben. 

 Bitte beurteilen Sie diese Situation und entscheiden, welche der beiden Strassen Sie 
absichern lassen würden. 

2.1 Welche Strasse würden Sie absichern lassen? 

 Strasse A Strasse B 

Erwartete Unfälle während 20 Jahren: 5 1 

Erwartete Todesfälle pro Unfall: 1 5 

Ich sichere:  
Strasse A 

 
Strasse B 

Teil 2: Häufigkeit und Ausmass von Lawinenunfällen auf Strassen

 Strasse A: 5 Unfälle in 20 Jahren, je ein Toter pro Unfall  5 Todesfälle in 20 Jahren 

 Strasse B: Ein Unfall in 20 Jahren, 5 Tote bei einem Unfall  5 Todesfälle in 20 Jahren
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Im Folgenden finden Sie drei weitere Gefahrensituationen, in denen Sie entscheiden sollen, 
welche Strasse Sie absichern lassen würden: 

2.2 Welche Strasse würden Sie absichern lassen? 

 Strasse C Strasse D 

Erwartete Unfälle während 20 Jahren: 1 6 

Erwartete Todesfälle pro Unfall: 5 1 

Ich sichere:  
Strasse C 

 
Strasse D 

2.3 Welche Strasse würden Sie absichern lassen? 

 Strasse E Strasse F 

Erwartete Unfälle während 20 Jahren: 6 2 

Erwartete Todesfälle pro Unfall: 2 6 

Ich sichere:  
Strasse E 

 
Strasse F 

2.4 Welche Strasse würden Sie absichern lassen? 

 Strasse G Strasse H 

Erwartete Unfälle während 20 Jahren: 3 4 

Erwartete Todesfälle pro Unfall: 6 3 

Ich sichere:  
Strasse G 

 
Strasse H 
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Einleitung: 

Durch die bestehenden Schutzmassnahmen sind die Schweizer Strassen heute relativ sicher 
vor Lawinen- und Steinschlaggefahren. Nehmen Sie einmal an, dass der Staat den Unterhalt 
von Schutzmassnahmen gegen Lawinen und Steinschläge in Zukunft nur noch auf National-
strassen (Autobahnen) finanziert.  

Stellen Sie sich nun vor, es gibt eine Abstimmung darüber, ob jeder Haushalt in der Schweiz 
einen einmaligen Beitrag bezahlen muss, um den Unterhalt dieser Schutzmassnahmen auf 
den Kantons- und Gemeindestrassen in den Bergregionen auch in Zukunft zu finanzieren.  

Vorbereitung: 

Um die nächste Aufgabe so realistisch wie möglich zu machen, bitten wir Sie, die folgende 
Tabelle mit Ihren persönlichen Angaben zu ergänzen: 

 Suchen Sie dazu in der  blauen Spalte  den Betrag, den Sie letztes Jahr insgesamt an 

Steuern (Staats-, Gemeinde- und Bundessteuer) bezahlt haben. Wenn Sie als Ehepaar 
eine gemeinsame Steuerrechnung erhalten, teilen Sie diesen Betrag bitte durch zwei.  

 Lesen Sie dann aus der Zeile, die Ihren Steuern im letzten Jahr entspricht, Ihre Beiträge 

ab und übertragen Sie diese Beiträge in die  roten Felder  unter der Tabelle. 

 Beispiel 1: Sie sind nicht verheiratet und letztes Jahr haben Sie etwa 12'000 Franken 
Steuern bezahlt. Ihre Beiträge finden Sie also in der Zeile (4): 120, 240, 360 Franken. 

 Beispiel 2: Sie sind verheiratet und ihre letzte gemeinsame Steuerrechnung war etwa 
14'000 Franken. Sie teilen diesen Betrag durch zwei und erhalten 7'000 Franken. Ihre 
Beiträge finden Sie also in der Zeile (3): 80, 160, 240 Franken. 

Tabelle: 

 Wie viel Steuern haben Sie 
 letztes Jahr insgesamt gezahlt? 

1%-Beitrag 
entspricht: 

2%-Beitrag 
entspricht: 

3%-Beitrag 
entspricht: 

(1) weniger als 2'000 CHF 20 40 60 

(2) zwischen 2'000 und 6'000 CHF 40 80 120 

(3) zwischen 6'000 und 10'000 CHF 80 160 240 

(4) zwischen 10'000 und 14'000 CHF 120 240 360 

(5) zwischen 14'000 und 18'000 CHF 160 320 480 

(6) mehr als 18'000 CHF 180 360 540 

 Ihre Beiträge entsprechen:  1%: ______ CHF  2%: ______ CHF  3%: ______ CHF 

Teil 3: Zahlungsbereitschaft für Schutzmassnahmen 
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Aufgabe: 

Auf den nächsten Seiten finden Sie sechs Entscheidungssituationen, in denen Sie über ver-
schiedene Vorschläge zum Unterhalt von Schutzmassnahmen auf Kantons- und Gemeinde-
strassen in Bergregionen abstimmen sollen. 

Die Vorschläge unterscheiden sich durch... 

... die Anzahl der verhinderten Todesfälle pro Jahr: 

Je nachdem, welche Schutzmassnahmen unterhalten werden, verhindert ein Vorschlag 
unterschiedlich viele Todesfälle pro Jahr. 

... die Wirkungsdauer der unterhaltenen Schutzmassnahmen: 

Die Vorschläge betreffen den Unterhalt verschiedener Schutzmassnahmen, die unter-
schiedlich lange wirken.  

Die Wirkungsdauer hat einen grossen Einfluss darauf, wie viele Todesfälle insgesamt 
verhindert werden: Schutzmassnahmen, die 10 Todesfälle pro Jahr verhindern und 20 Jahre 
lang wirken, verhindern insgesamt 200 Todesfälle. 

... den Schutz gegen verschiedene Gefahren: 

Neben den Schutzmassnahmen gegen Lawinen und Steinschläge könnte Ihr Kostenbeitrag 
auch verwendet werden, um andere Verkehrsunfälle wie zum Beispiel durch unübersicht-
liche Kurven, schwache Leitplanken oder überhöhte Geschwindigkeit zu reduzieren. 

... die Höhe Ihres Beitrags: 

Der Unterhalt verschiedener Schutzmassnahmen kostet unterschiedlich viel. Daher müssten 
Sie je nach Vorschlag einen unterschiedlich hohen Beitrag bezahlen. 

 

Vorgehen: 

 Betrachten Sie jede der folgenden Entscheidungssituationen als eine unabhängige 
Abstimmung. Entscheiden Sie sich bei jeder Situation für den Vorschlag, den Sie besser 
finden. 

 Damit Sie wissen, wie viel Sie für einen Vorschlag jeweils bezahlen müssten, verwenden 

Sie bitte die Beiträge aus den entsprechenden  roten Feldern  auf Seite 7. 

 Als Entscheidungshilfe finden Sie auf Seite 15 einige Hintergrundinformationen zu der 
Gefahr durch Lawinen und Steinschläge auf Schweizer Strassen. Sie können entweder 
aufgrund dieser Informationen oder aus dem Bauch heraus entscheiden. 
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3.1 Welchen dieser Vorschläge zum Unterhalt von Schutzmassnahmen auf Kantons- 
und Gemeindestrassen in Bergregionen würden Sie wählen?  

 Vorschlag A Vorschlag B Keinen von Beiden 

Verhinderte Todesfälle pro Jahr: 
12 von 7'500'000 

Einwohnern der Schweiz 

16 von 7'500'000 

Einwohnern der Schweiz 

Beide Vorschläge 
überzeugen mich 

nicht. 

Ich bin daher nicht 
bereit einen Beitrag 

zu bezahlen.  

Wirkungsdauer des Schutzes: 30 Jahre 30 Jahre 

Unterhalt von Massnahmen gegen: Steinschlag Lawinen 

Mein einmaliger Beitrag: 

(  rotes Feld  S.7) 

 

2%: ______ CHF 

 

3%: ______ CHF 

Ich wähle:  
Vorschlag A 

 
Vorschlag B 

 
Keinen von Beiden 

3.2 Welchen dieser Vorschläge zum Unterhalt von Schutzmassnahmen auf Kantons- 
und Gemeindestrassen in Bergregionen würden Sie wählen?   

 Vorschlag A Vorschlag B Keinen von Beiden 

Verhinderte Todesfälle pro Jahr: 
16 von 7'500'000 

Einwohnern der Schweiz 

12 von 7'500'000 

Einwohnern der Schweiz 

Beide Vorschläge 
überzeugen mich 

nicht. 

Ich bin daher nicht 
bereit einen Beitrag 

zu bezahlen. 

Wirkungsdauer des Schutzes: 20 Jahre 20 Jahre 

Unterhalt von Massnahmen gegen: Andere Verkehrsunfälle Steinschlag 

Mein einmaliger Beitrag: 

(  rotes Feld  S.7) 

 

1%: ______ CHF 

 

2%: ______ CHF 

Ich wähle:  
Vorschlag A 

 
Vorschlag B 

 
Keinen von Beiden 
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3.3 Welchen dieser Vorschläge zum Unterhalt von Schutzmassnahmen auf Kantons- 
und Gemeindestrassen in Bergregionen würden Sie wählen? 

 Vorschlag A Vorschlag B Keinen von Beiden 

Verhinderte Todesfälle pro Jahr: 
12 von 7'500'000 

Einwohnern der Schweiz 

10 von 7'500'000 

Einwohnern der Schweiz 

Beide Vorschläge 
überzeugen mich 

nicht. 

Ich bin daher nicht 
bereit einen Beitrag 

zu bezahlen. 

Wirkungsdauer des Schutzes: 10 Jahre 10 Jahre 

Unterhalt von Massnahmen gegen: Lawinen Andere Verkehrsunfälle 

Mein einmaliger Beitrag: 

(  rotes Feld  S.7) 

 

3%: ______ CHF 

 

1%: ______ CHF 

Ich wähle:  
Vorschlag A 

 
Vorschlag B 

 
Keinen von Beiden 

3.4 Welchen dieser Vorschläge zum Unterhalt von Schutzmassnahmen auf Kantons- 
und Gemeindestrassen in Bergregionen würden Sie wählen? 

 Vorschlag A Vorschlag B Keinen von Beiden 

Verhinderte Todesfälle pro Jahr: 
10 von 7'500'000 

Einwohnern der Schweiz 

14 von 7'500'000 

Einwohnern der Schweiz 

Beide Vorschläge 
überzeugen mich 

nicht. 

Ich bin daher nicht 
bereit einen Beitrag 

zu bezahlen. 

Wirkungsdauer des Schutzes: 30 Jahre 30 Jahre 

Unterhalt von Massnahmen gegen: Steinschlag Lawinen 

Mein einmaliger Beitrag: 

(  rotes Feld  S.7) 

 

3%: ______ CHF 

 

1%: ______ CHF 

Ich wähle:  
Vorschlag A 

 
Vorschlag B 

 
Keinen von Beiden 
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3.5 Welchen dieser Vorschläge zum Unterhalt von Schutzmassnahmen auf Kantons- 
und Gemeindestrassen in Bergregionen würden Sie wählen? 

 Vorschlag A Vorschlag B Keinen von Beiden 

Verhinderte Todesfälle pro Jahr: 
16 von 7'500'000 

Einwohnern der Schweiz 

14 von 7'500'000 

Einwohnern der Schweiz 

Beide Vorschläge 
überzeugen mich 

nicht. 

Ich bin daher nicht 
bereit einen Beitrag 

zu bezahlen. 

Wirkungsdauer des Schutzes: 10 Jahre 10 Jahre 

Unterhalt von Massnahmen gegen: Lawinen Andere Verkehrsunfälle 

Mein einmaliger Beitrag: 

(  rotes Feld  S.7) 

 

2%: ______ CHF 

 

3%: ______ CHF 

Ich wähle:  
Vorschlag A 

 
Vorschlag B 

 
Keinen von Beiden 

3.6 Welchen dieser Vorschläge zum Unterhalt von Schutzmassnahmen auf Kantons- 
und Gemeindestrassen in Bergregionen würden Sie wählen? 

 Vorschlag A Vorschlag B Keinen von Beiden 

Verhinderte Todesfälle pro Jahr: 
14 von 7'500'000 

Einwohnern der Schweiz 

10 von 7'500'000 

Einwohnern der Schweiz 

Beide Vorschläge 
überzeugen mich 

nicht. 

Ich bin daher nicht 
bereit einen Beitrag 

zu bezahlen. 

Wirkungsdauer des Schutzes: 20 Jahre 20 Jahre 

Unterhalt von Massnahmen gegen: Andere Verkehrsunfälle Steinschlag 

Mein einmaliger Beitrag: 

(  rotes Feld  S.7) 

 

1%: ______ CHF 

 

2%: ______ CHF 

Ich wähle:  
Vorschlag A 

 
Vorschlag B 

 
Keinen von Beiden 
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Auf den vorangegangenen Seiten haben Sie einige Entscheidungen getroffen, die nicht 
einfach waren. Die Erfahrung zeigt, dass sich auch Experten bei einigen dieser Ent-
scheidungen schwer tun. Es interessiert uns daher, wie Sie Ihre Entscheidungen getroffen 
haben und wie sicher Sie sich dabei gefühlt haben. 

 

4.1 Entscheidungen zu verschiedenen Schutzmassnahmen (Teil 3, S. 9–11) 

Wie sicher haben Sie sich beim Beantworten der Entscheidungssituationen in Teil 3 gefühlt? 

□ sicher 

□ eher sicher 

□ eher unsicher 

□ unsicher 

Wie sind Sie beim Treffen Ihrer Entscheidungen im Teil 3 vorgegangen? 

 
 
 
 
 
 
 
 
 

4.2 Entscheidungen zum Absichern gefährlicher Strassen (Teil 2, S. 5–6) 

Wie sicher haben Sie sich beim Beantworten der Entscheidungssituationen in Teil 2 gefühlt? 

□ sicher 

□ eher sicher 

□ eher unsicher 

□ unsicher 

Wie sind Sie beim Treffen Ihrer Entscheidungen im Teil 2 vorgegangen? 

 
 
 
 
 
 

Teil 4: Sicherheit in den Entscheidungssituationen 
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Zum Schluss bitten wir Sie um einige Informationen zu Ihrer Person. Die Angaben sind für 
uns wichtig, um Aussagen über unterschiedliche Bevölkerungsgruppen machen zu können. 
Wir möchten nochmals betonen, dass Ihre Antworten anonym in die Datenauswertung 
einfliessen. Aus den Antworten sind keine Rückschlüsse auf einzelne Personen möglich. 

 

5.1 Geschlecht 

Sie sind… 

□ weiblich

□ männlich 

 

5.2 Alter 

Wie alt sind Sie? 

Jahre 

 

5.3 Zivilstand 

Sind Sie verheiratet? 

□ ja 

□ nein 

 

5.4 Kinder 

Haben Sie Kinder? 

□ ja 

□ nein 

 

5.5 Leben in Bergregionen 

Haben Sie länger als 10 Jahre in einer Bergregion gelebt? 

□ ja 

□ nein 

 

Teil 5: Statistische Angaben zu Ihrer Person 
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5.6 Ausbildung und Beruf 

A) Was ist Ihr höchster Schulabschluss? 

□ Berufslehre / Berufsschule / Handelsschule 

□ Gymnasium / Berufsmatura / Diplommittelschule / Lehrerseminar 

□ Fachausweis / Fachdiplom / Meisterprüfung 

□ Universität / ETH / Fachhochschule / HWV 

□ anderes: 

B) Sie sind momentan... 

□ angestellt 

□ selbstständig 

□ nicht erwerbstätig 

□ in Ausbildung 

□ pensioniert 
 

5.7 Fahrgewohnheiten 

Wie häufig fahren Sie auf Kantons- und Gemeindestrassen in Bergregionen – egal ob als 
Fahrer oder Mitfahrer eines privaten Autos oder als Passagier in einem öffentlichen Bus? 

□ selten (weniger als 2 Mal im Jahr) 

□ manchmal (6–7 Mal im Jahr) 

□ gelegentlich (1–2 Mal im Monat) 

□ regelmässig (mehr als 1 Mal pro Woche) 
 

5.8 Sicherheitsverhalten 

A) Wie oft schnallen Sie sich an, wenn Sie im Auto auf dem Rücksitz mitfahren? 

□ nie 

□ manchmal 

□ meistens 

□ immer 

B) Wie oft tragen Sie beim Velofahren einen Helm? 

□ nie 

□ manchmal 

□ meistens 

□ immer 
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In den letzten 5 Jahren starben in der Schweiz durchschnittlich etwa 500 Personen pro Jahr 
bei Verkehrsunfällen. Nur wenige dieser Unfälle wurden durch Steinschlag oder Lawinen 
verursacht. Im Durchschnitt sterben in der ganzen Schweiz jedes Jahr 3 Personen bei 
Lawinen- oder Steinschlagunfällen auf Strassen. Mit Hilfe der folgenden Abbildung können 
Sie verschiedene Todesursachen vergleichen. 
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Durchschnittliche Anzahl Todesfälle pro Jahr

Heute sterben jedes Jahr  durchschnittlich 3 Personen bei 
Lawinen- und Steinschlagunfällen auf Schweizer Strassen

 

Wie Sie sehen, ist die Gefahr, durch Lawinen oder Steinschläge auf Strassen zu sterben, im 

Vergleich zu anderen Todesursachen sehr klein. Wenn man die bestehenden Schutz-

massnahmen auf Kantons- und Gemeindestrassen jedoch nicht mehr unterhält und repariert, 

schätzen Experten, dass es in Zukunft bis zu 20 Todesfälle pro Jahr durch Lawinen und 

Steinschlag auf diesen Strassen geben wird. Dadurch würde die Gesamtzahl von 

Todesfällen im Schweizer Strassenverkehr von heute 500 auf 520 Tote pro Jahr steigen. 

Wie gross ist dieses Risiko in Bezug auf die gesamte Schweizer Bevölkerung? 

Ohne den Unterhalt der bestehenden Schutzmassnahmen 

sterben durch Lawinen oder Steinschläge auf Strassen jährlich: Einwohner 7'500'000

Personen 20
 

Im Vergleich dazu: von einem Blitz erschlagen werden jährlich: 

Einwohner 7'500'000

Personen 5
 

Im Vergleich dazu: bei einem Velounfall sterben jährlich: 

Einwohner 7'500'000

Personen 40
 

Hintergrundinformationen 
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Vielen Dank, dass Sie sich die Zeit für unsere Fragen genommen haben! 

Falls Sie noch Anmerkungen zum Fragebogen haben, können Sie entweder das 
untenstehende Feld benutzen oder sich persönlich mit uns in Verbindung setzen. Für Ihre 
Anregungen sind wir Ihnen dankbar! 

 

 

 

 

 

 

 

 

Kontakt 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Kontakt 

Falls Sie Rückfragen oder Anregungen zu dieser Umfrage haben, wenden Sie sich bitte an: 

Christoph Rheinberger (Umfrageleitung) 

Eidg. Institut für Schnee- und Lawinenforschung SLF 
Flüelastrasse 11, 7260 Davos Dorf 
Telefon: 081 417 03 57 
E-Mail:  rheinberger@slf.ch 



 184

 



 185

References 

Abrahamsson, M. & Johansson, H. 2006. Risk Preferences Regarding Multiple Fatalities and 

Some Implications for Societal Risk Decision Making – An Empirical Study. Journal of 

Risk Research 9(7): 703–715. 

Adamowicz, W., Boxall, P., Williams, M. & Louviere, J. 1998. Stated preference approaches 

for measuring passive use values: Choice experiments and contingent valuation. 

American Journal of Agricultural Economics 80(1): 64–75. 

Ajzen, I., Brown, T.C. & Rosenthal, L.H. 1996. Information bias in contingent valuation: 

Effects of personal relevance, quality of information, and motivational orientation. 

Journal of Environmental Economics and Management 30(1): 43–57. 

Alberini, A. 2005. What is a life worth? Robustness of VSL values from contingent valuation 

surveys. Risk Analysis 25(4): 783–800. 

Alberini, A., Cropper, M., Krupnick, A. & Simon, N.B. 2004. Does the value of a statistical 

life vary with age and health status? Evidence from the US and Canada. Journal of 

Environmental Economics and Management 48(1): 769–792. 

Alberini, A., Cropper, M., Krupnick, A. & Simon, N.B. 2006. Willingness to pay for 

mortality risk reductions: Does lattency matter? Journal of Risk and Uncertainty 32(3): 

231–245. 

Alberini, A., Tonin, S., Turvani, M. & Chiabai, A. 2007a. Paying for permanence: Public 

preferences for contaminated site cleanup. Journal of Risk and Uncertainty 34(2): 155–

178. 

Alberini, A., Longo, A. & Veronesi, M. 2007b. Basic Statistical Models for Stated Choice 

Studies. In B.J. Kanninen (ed.), Valuing Environmental Amenities Using Stated Choice 

Studies: A Common Sense Approach to Theory and Practice 203–227. Dordrecht: 

Springer. 

Ammann, W.J. 2006. The Risk Concept. In S. Dannenmann et al. (eds), Risk 21 – Coping 

with Risks due to Natural Hazards in the 21st Century: 3–23. London: Taylor & 

Francis. 

Ancey, C., Gervasoni, C. & Meunier, M. 2004. Computing extreme avalanches. Cold Regions 

Science and Technology 39(2–3): 161–180. 



 186

Andersson, H. 2007. Willingness to pay for road safety and estimates of the risk of death: 

Evidence from a Swedish contingent valuation study. Accident Analysis & Prevention 

39(4): 853–865. 

Andersson, H. & Lundborg, P. 2007. Perception of own death risk. Journal of Risk and 

Uncertainty 34(1): 67–84. 

Andersson, H. & Treich, N. 2009. The Value of a Statistical Life. In A. De Palma et al. (eds), 

Handbook in Transport EconomicsCheltenham, UK: Edward Elgar. 

Arrow, K. et al. 1993. Report of the NOAA Panel on Contingent Valuation. Federal Register 

58: 4601–4614. 

Arrow, K.J., Dasgupta, P. & Maler, K.G. 2003. Evaluating projects and assessing sustainable 

development in imperfect economies. Environmental and Resource Economics 26(4): 

647–685. 

BAFU 2008. Handbuch NFA im Umweltbereich, Mitteilung des BAFU als Vollzugsbehörde 

an Gesuchsteller. Bundesamt für Umwelt BAFU. Bern, pp. 283. 

Baker, R., Chilton, S., Jones-Lee, M.W. & Metcalf, H. 2008. Valuing lives equally: 

Defensible premise or unwarranted compromise? Journal of Risk and Uncertainty 

36(2): 125–138. 

Baranzini, A. & Ferro Luzzi, G. 2001. The Economic Value of Risks to Life: Evidence from 

the Swiss Labour Market. Swiss Journal of Economics and Statistics 137(2): 149–170. 

Barbolini, M., Natale, L. & Savi, F. 2002. Effects of release conditions uncertainty on 

avalanche hazard mapping. Natural Hazards 25(3): 225–244. 

Baron, J. 1997a. Biases in the quantitative measurement of values for public decisions. 

Psychological Bulletin 122(1): 72–88. 

Baron, J. 1997b. Confusion of relative and absolute risk in valuation. Journal of Risk and 

Uncertainty 14(3): 301–309. 

Bateman, I.J. et al. 2002. Economic Valuation with Stated Preference Techniques: A Manual. 

Cheltenham, UK: Edward Elgar. 

Bateman, I.J. et al. 2004. On visible choice sets and scope sensitivity. Journal of 

Environmental Economics and Management 47(1): 71–93. 

Beniston, M. 2007. Linking extreme climate events and economic impacts: Examples from 

the Swiss Alps. Energy Policy 35(11): 5384–5392. 



 187

BFF/SLF 1984. Richtlinen zur Berücksichtigung der Lawinengefahr bei raumwirksamen 

Tätigkeiten [Guidelines for avalanche hazard mapping], Bundesamt für Forstwesen BFF 

und Eidg. Institut für Schnee- und Lawinenforschung SLF. EMDZ. Bern. 

BFS 2006. Strassenrechnung der Schweiz, Definitive Resultate 2006. Electronic Source 

Number: su-d-11.4.2_STR_2006. Accessed on December 1, 2008 under 

http//:www.bfs.admin.ch. 

BFS 2007a. Sterbeziffern für 30 wichtige Todesursachen nach Geschlecht. Electronic Source 

Number: je-d-14.02.05.08. Accessed on January 20, 2008 under 

http//:www.bfs.admin.ch. 

BFS 2007b. Statistical yearbook of Switzerland 2006. Swiss Federal Statistical Office BFS. 

Zürich: Verlag Neue Zürcher Zeitung. 

BFS 2009a. Direkte Bundessteuer: Steuerpflichtige und Steuerertrag nach 

Einkommensklassen 1995–2005. Electronic Source Number: je-d-18.02.02.01.01. 

Accessed on February 1, 2009 under http://www.bfs.admin.ch. 

BFS 2009b. Haushaltseinkommen und -ausgaben nach Einkommensklasse. Electronic Source 

Number: T20.02.01.06. Accessed on February 1, 2009 under http://www.bfs.admin.ch. 

Blattenberger, G. & Fowles, R. 1995. Road Closure to Mitigate Avalanche Danger – a Case-

Study for Little Cottonwood Canyon. International Journal of Forecasting 11(1): 159–

174. 

Boardman, A.E., Greenberg, D.H., Vining, A.R. & Weimer, D.L. 2005. Cost-benefit analysis: 

concepts and practice. Upper Saddle River, NJ: Prentice Hall. 

Bohnenblust, H. & Slovic, P. 1998. Integrating technical analysis and public values in risk-

based decision making. Reliability Engineering & System Safety 59(1): 151–159. 

Bosworth, R., Cameron, T.A. & DeShazo, J.R. 2009. Demand for environmental policies to 

improve health: Evaluating community-level policy scenarios. Journal of 

Environmental Economics and Management 57(3): 293-308. 

Brandstätter, E., Gigerenzer, G. & Hertwig, R. 2006. The priority heuristic: A process model 

of risky choice. Psychological Review 113(2): 409–432. 

Brouwer, R. & Bateman, I.J. 2005. Temporal stability and transferability of models of 

willingness to pay for flood control and wetland conservation. Water Resources 

Research 41(3): W03017. 

Bründl, M. et al. 2004. IFKIS – a basis for managing avalanche risk in settlements and on 

roads in Switzerland. Natural Hazards and Earth System Sciences 4(2): 257–262. 



 188

Bründl, M., Romang, H.E., Bischof, N. & Rheinberger, C.M. 2009. The Risk Concept and Its 

Application in Natural Hazard Risk Managament in Switzerland. Natural Hazards and 

Earth System Sciences 9(3): 801–813. 

Bunch, D.S., Louviere, J.J. & Anderson, D. 1994. A Comparison of Experimental Design 

Strategies for Multinomial Logit Models: The Case of Generic Attributes, Working 

paper, Graduate School of Management, University of California, Davis. 

Carlsson, F. & Martinsson, P. 2008. How Much is Too Much? An Investigation of the Effect 

of the Number of Choice Sets, Context Dependence and the Choice of Bid Vectors in 

Choice Experiments. Environmental and Resource Economics 40(2): 165–176. 

Carthy, T. et al. 1999. On the Contingnent Valuation of Safety and the Safety of Contingent 

Valuation: Part 2 – The CV/SG "Chained" Approach. Journal of Risk and Uncertainty 

17(3): 187–213. 

Chilton, S. et al. 2002. Public perceptions of risk and preference-based values of safety. 

Journal of Risk and Uncertainty 25(3): 211–232. 

Chilton, S., Jones-Lee, M., Kiraly, F., Metcalf, H. & Pang, W. 2006. Dread risks. Journal of 

Risk and Uncertainty 33(3): 165–182. 

Cornes, R. & Sandler, T. 1996. The theory of externalities, public goods, and club goods. 

Cambridge: Cambridge University Press. 

Corso, P.S., Hammitt, J.K. & Graham, J.D. 2001. Valuing mortality-risk reduction: Using 

visual aids to improve the validity of contingent valuation. Journal of Risk and 

Uncertainty 23(2): 165–184. 

Cropper, M.L., Aydede, S.K. & Portney, P.R. 1994. Preferences for Life Saving Programs – 

How the Public Discounts Time and Age. Journal of Risk and Uncertainty 8(3): 243–

265. 

Cropper, M.L. & Sussman, F.G. 1990. Valuing Future Risks to Life. Journal of 

Environmental Economics and Management 19(2): 160–174. 

Dasgupta, P. 2008. Discounting climate change. Journal of Risk and Uncertainty 37(2–3): 

141–169. 

Davidson, D.J. & Freudenburg, W.R. 1996. Gender and Environmental Concerns: A Review 

and Analysis of Available Research. Environmental Behavior 28(3): 302–339. 

De Blaeij, A., Florax, R.J.G.M., Rietveld, P. & Verhoef, E. 2003. The value of statistical life 

in road safety: a meta-analysis. Accident Analysis & Prevention 35(6): 973–986. 



 189

Diamond, P.A. & Hausman, J.A. 1994. Contingent Valuation – Is Some Number Better Than 

No Number? Journal of Economic Perspectives 8(4): 45–64. 

Eeckhoudt, L.R. & Hammitt, J.K. 2001. Background Risks and the Value of a Statistical Life. 

Journal of Risk and Uncertainty 23(3): 261–279. 

Eeckhoudt, L.R. & Hammitt, J.K. 2004. Does risk aversion increase the value of mortality 

risk? Journal of Environmental Economics and Management 47(1): 13–29. 

Efron, G. & Tibshirani, R.J. 1993. An Introduction to the Bootstrap. New York: Chapman & 

Hall. 

Etchart-Vincent, N. 2004. Is probability weighting sensitive to the magnitude of 

consequences? An experimental investigation on losses. Journal of Risk and 

Uncertainty 28(3): 217–235. 

Farquhar, P.H. 1984. Utility-Assessment Methods. Management Science 30(11): 1283–1300. 

Fennema, H. & Van Assen, M. 1999. Measuring the Utility of Losses by Means of the 

Tradeoff Method. Journal of Risk and Uncertainty 17(3): 277–295. 

Ferrini, S. & Scarpa, R. 2007. Designs with a priori information for nonmarket valuation with 

choice experiments: A Monte Carlo study. Journal of Environmental Economics and 

Management 53(3): 342–363. 

Fetherstonhaugh, D., Slovic, P., Johnson, S.M. & Friedrich, J. 1997. Insensitivity to the value 

of human life: A study of psychophysical numbing. Journal of Risk and Uncertainty 

14(3): 283–300. 

Finucane, M.L., Alhakami, A., Slovic, P. & Johnson, S.M. 2000. The affect heuristic in 

judgments of risks and benefits. Journal of Behavioral Decision Making 13(1): 1–17. 

Finucane, M.L. & Holup, J.L. 2006. Risk as Value: Combining Affect and Analysis in Risk 

Judgements. Journal of Risk Research 9(2): 141–164. 

Fox, J. 2002. Nonlinear Regression and Nonlinear Least Squares, Appendix to An R and S-

PLUS Companion to Applied Regression. 

Frederick, S.W. & Fischhoff, B. 1998. Scope (In)sensitivity in Elicited Valuations. Risk, 

Decision, and Policy 3(2): 109–123. 

Freeman, A.M. 2006. Valuing environmental health effects – An economic perspective. 

Environmental and Resource Economics 34(3): 347–363. 

Frey, B.S. & Kirchgässner, G. 2002. Demokratische Wirtschaftspolitik: Theorie und 

Anwendung. München: Vahlen. 



 190

Ganderton, P. 2005. Benefit-Cost Analysis Of Disaster Mitigation: Application As a Policy 

And Decision-Making Tool. Mitigation and Adaptation Strategies for Global Change 

10(3): 445–465. 

Green, D.P., Jacowitz, K.E., Kahneman, D. & McFadden, D. 1998. Referendum contingent 

valuation, anchoring, and willingness to pay for public goods. Resource and Energy 

Economics 20(2): 85–116. 

Green, D.P., Kahneman, D. & Kunreuther, H. 1994. How the Scope and Method of Public 

Funding Affect Willingness-to-Pay for Public-Goods. Public Opinion Quarterly 58(1): 

49–67. 

Greene, W.H. 2008. Econometric Analysis. Upper Saddle River, NJ: Prentice Hall. 

Hammitt, J.K. 2000. Valuing mortality risk: Theory and practice. Environmental Science & 

Technology 34(8): 1396–1400. 

Hammitt, J.K. & Graham, J.D. 1999. Willingness to pay for health protection: Inadequate 

sensitivity to probability? Journal of Risk and Uncertainty 18(1): 33–62. 

Hammitt, J.K. & Treich, N. 2007. Statistical vs. identified lives in benefit-cost analysis. 

Journal of Risk and Uncertainty 35(1): 45–66. 

Hanley, H., Mourato, S. & Wright, R.E. 2001. Choice Modeling Approaches: A Superior 

Alternative for Environmental Valuation? Journal of Economic Surveys 15(3): 435–462. 

Hanley, N., Ryan, M. & Wright, R. 2003. Estimating the monetary value of health care: 

lessons from environmental economics. Health Economics 12(1): 3–16. 

Hanley, N., Wright, R.E. & Adamowicz, V. 1998. Using choice experiments to value the 

environment – Design issues, current experience and future prospects. Environmental 

and Resource Economics 11(3–4): 413–428. 

Heberlein, T.A., Wilson, M.A., Bishop, R.C. & Schaeffer, N.C. 2005. Rethinking the scope 

test as a criterion for validity in contingent valuation. Journal of Environmental 

Economics and Management 50(1): 1–22. 

Hensher, D.A. 2006. Revealing Differences in Willingness to Pay due to the Dimensionality 

of Stated Choice Designs: An Initial Assessment. Environmental and Resource 

Economics 34(1): 7–44. 

Hensher, D.A., Rose, J.M. & Greene, W.H. 2005. Applied Choice Analysis - A Primer. 

Cambridge: Cambridge University Press. 

Hicks, J.R. 1939. Value and capital: An inquiry into some fundamental principles of 

economic theory. Oxford: Clarendon Press. 



 191

Horn, M.E.T., Fulton, N. & Westcott, M. 2008. Measures of Societal Risk and Their Potential 

Use in Civil Aviation. Risk Analysis 28(6): 1711–1726. 

Hornung, D. & Röthlisberger, T. 2005. Die Bergregionen der Schweiz. Statistik der Schweiz. 

Neuchâtel: Swiss Federal Statistical Office. 

Hultkrantz, L., Lindberg, G. & Andersson, C. 2006. The value of improved road safety. 

Journal of Risk and Uncertainty 32(2): 151–170. 

Itaoka, K., Saito, A., Krupnick, A., Adamowicz, W. & Taniguchi, T. 2006. The effect of risk 

characteristics on the willingness to pay for mortality risk reductions from electric 

power generation. Environmental and Resource Economics 33(3): 371–398. 

Johansson, P.O. 1995. Evaluating Health Risk. An Economic Approach. Cambridge: 

Cambridge University Press. 

Jones-Lee, M.W. 1974. Value of Changes in Probability of Death or Injury. Journal of 

Political Economy 82(4): 835–849. 

Jones-Lee, M.W. 1976. The Value of Life: An Economic Analysis. Chicago: Chicago 

University Press. 

Jones-Lee, M.W. 1991. Altruism and the value of other people's safety. Journal of Risk and 

Uncertainty 4(2): 213–219. 

Jones-Lee, M.W. 1992. Paternalistic Altruism and the Value of Statistical Life. Economic 

Journal 102(410): 80–90. 

Just, R.E., Hueth, D.L. & Schmitz, A. 2004. The welfare economics of public policy. A 

practical approach to project and policy evaluation. Cheltenham: Edward Elgar. 

Kahneman, D. 1986. Comments on the Contingent Valuation Method. In R. Cummings et al. 

(eds), Valuing Environmental Goods. An Assessment of the Contingent Valuation 

Method: 185–194. Totowa: Rowman & Allanheld. 

Kahneman, D. 2003. Maps of bounded rationality: Psychology for behavioral economics. 

American Economic Review 93(5): 1449–1475. 

Kahneman, D. & Knetsch, J.L. 1992. Valuing Public-Goods – the Purchase of Moral 

Satisfaction. Journal of Environmental Economics and Management 22(1): 57–70. 

Kahneman, D. & Lovallo, D. 1993. Timid Choices and Bold Forecasts: A Cognitive 

Perspective on Risk Taking. Management Science 39(1): 17–31. 

Kahneman, D., Ritov, I., Jacowitz, K.E. & Grant, P. 1993. Stated Willingness-to-Pay for 

Public-Goods – a Psychological Perspective. Psychological Science 4(5): 310–315. 



 192

Kahneman, D., Ritov, I. & Schkade, D. 1999. Economic preferences or attitude expressions? 

An analysis of dollar responses to public issues. Journal of Risk and Uncertainty 19(1–

3): 203–235. 

Kahneman, D. & Tversky, A. 1979. Prospect Theory – Analysis of Decision under Risk. 

Econometrica 47(2): 263–291. 

Kahneman, D. & Tversky, A. (eds), 2000. Choices, values and frames. New York: Cambridge 

University Press. 

Kanninen, B.J. (ed.), 2007. Valuing Environmental Amenities Using Stated Choice Studies: A 

Common Sense Approach to Theory and Practice Dordrecht: Springer. 

Kaplan, S. & Garrick, B. 1981. On the Quantitative Definition of Risk. Risk Analysis 1(1): 

11–27. 

Kaplan, S., Garrick, B.J. & Bieniarz, P. 1981. On the Use of Bayes' Theorem in Assessing the 

Frequency of Anticipated Transients. Nuclear Engineering and Design 65(1): 23–31. 

Kaplow, L. 2005. The value of a statistical life and the coefficient of relative risk aversion. 

Journal of Risk and Uncertainty 31(1): 23–34. 

Karmarkar, U.S. 1979. Subjectively weighted utilities and the Allais paradox. Organizational 

Behavior and Human Performance 24(1): 67–72. 

Katsikopoulos, K.V. & Gigerenzer, G. 2008. One-reason decision-making: Modeling 

violations of expected utility theory. Journal of Risk and Uncertainty 37: 35–66. 

Keeney, R.L. 1980. Evaluating Alternatives Involving Potential Fatalities. Operations 

Research 28(1): 188–205. 

Keylock, C.J. 2005. An alternative form for the statistical distribution of extreme avalanche 

runout distances. Cold Regions Science and Technology 42(3): 185–193. 

Kluve, J. & Schaffner, S. 2008. The Value of Life in Europe – A Meta Analysis. Sozialer 

Fortschritt – German Review of Social Policy 57(10–11): 279–287. 

Kochi, I., Hubbell, B. & Kramer, R. 2006. An empirical Bayes approach to combining and 

comparing estimates of the value of a statistical life for environmental policy analysis. 

Environmental and Resource Economics 34(3): 385–406. 

Kousky, C., Luttmer, E.F.P. & Zeckhauser, R.J. 2006. Private investment and government 

protection. Journal of Risk and Uncertainty 33(1–2): 73–100. 

Kristensen, K., Harbitz, C.B. & Harbitz, A. 2003. Road traffic and avalanches – Methods for 

risk evaluation and risk management. Surveys in Geophysics 24(5–6): 603–616. 



 193

Kuhberger, A. 1998. The influence of framing on risky decisions: A meta-analysis. 

Organizational Behavior and Human Decision Processes 75(1): 23–55. 

Kunreuther, H. 2002. Risk analysis and risk management in an uncertain world. Risk Analysis 

22(4): 655–664. 

Kunreuther, H., Novemsky, N. & Kahneman, D. 2001. Making low probabilities useful. 

Journal of Risk and Uncertainty 23(2): 103–120. 

Kunreuther, H.C. & Rose, A.Z. (eds), 2004. The economics of natural hazards. Cheltenham, 

UK: Edgar Elgar. 

LBT 2004. Annual Statistic 2003/2004. Leukerbad: Leukerbad Tourism LBT. 

Leiter, A.M. & Pruckner, G.J. 2009. Proportionality of Willingness to Pay to Small Changes 

in Risk: The Impact of Attitudinal Factors in Scope Tests. Environmental and Resource 

Economics 42(2): 169–186. 

Levin, I.P., Schneider, S.L. & Gaeth, G.J. 1998. All frames are not created equal: A typology 

and critical analysis of framing effects. Organizational Behavior and Human Decision 

Processes 76(2): 149–188. 

Loewenstein, G.F., Weber, E.U., Hsee, C.K. & Welch, N. 2001. Risk as feelings. 

Psychological Bulletin 127(2): 267–286. 

Louviere, J.J., Hensher, D.A. & Swait, J.D. 2000. Stated choice methods: analysis and 

applications. Cambridge: Cambridge University Press. 

Luechinger, S. & Raschky, P.A. 2009. Measuring the Effects of Natural Hazards on Society: 

The Life Satisfaction Approach. Journal of Public Economics 93(3–4): 620–633. 

Margreth, S., Stoffel, L. & Wilhelm, C. 2003. Winter opening of high alpine pass roads – 

analysis and case studies from the Swiss Alps. Cold Regions Science and Technology 

37(3): 467–482. 

Mathews, K.E., Freeman, M.L. & Desvousges, W.H. 2007. How and How Much? The Role 

of Information in Stated Choice Questionnaires. In B.J. Kanninen (ed.), Valuing 

Environmental Amenities Using Stated Choice Studies: A Common Sense Approach to 

Theory and Practice 111–133. Dordrecht: Springer. 

McBean, G. 2004. Climate change and extreme weather: A basis for action. Natural Hazards 

31(1): 177–190. 

McClung, D.M. 2005. Risk-based definition of zones for land-use planning in snow avalanche 

terrain. Canadian Geotechnical Journal 42(4): 1030–1038. 



 194

McClung, D.M. & Mears, A.I. 1991. Extreme Value Prediction of Snow Avalanche Runout. 

Cold Regions Science and Technology 19(2): 163–175. 

McDaniels, T.L., Kamlet, M.S. & Fischer, G.W. 1992. Risk Perception and the Value of 

Safety. Risk Analysis 12(4): 495–503. 

McFadden, D. 1994. Contingent Valuation and Social Choice. American Journal of 

Agricultural Economics 76(4): 689–708. 

McFadden, D. 1999. Rationality for Economists? Journal of Risk and Uncertainty 19(1–3): 

73–105. 

McFadden, D. 2001. Economic choices. American Economic Review 91(3): 351–378. 

Mears, A.I. 1992. The East Riverside Avalanche Accident of 1992: Engineering and Snow-

Safety Considerations, International Snow Science Workshop. Breckenridge, Colorado, 

pp. 246–257. 

Merz, B. & Emmermann, R. 2006. Dealing with natural hazards in Germany: From reaction 

to risk management. Gaia 15(4): 265–274. 

Mitchell, R.C. & Carson, R.T. 1989. Using Surveys to Value Public Goods: The Contingent 

Valuation Method. Washington: Resources for the Future. 

Moore, M.J. & Viscusi, W.K. 1988. The Quantity-Adjusted Value of Life. Economic Inquiry 

26(3): 369–388. 

Mrozek, J.R. & Taylor, L.O. 2002. What determines the value of life? A meta-analysis. 

Journal of Policy Analysis and Management 21(2): 253–270. 

Mueller, D.C. 2003. Public Choice III. Cambridge: Cambridge University Press. 

NHDVS 2005. Avalanche hazard map for the Leukerbad road, Natural Hazard Department of 

Canton Valais NHDVS. Canton Valais. Sion. 

Niskanen, W.A. 1971. Bureaucracy and representative government. Chicago and New York: 

Aldine Atherton. 

Nöthiger, C.J. 2003. Naturgefahren und Tourismus in den Alpen untersucht am 

Lawinenwinter 1999 in der Schweiz. Davos: Swiss Federal Institute for Snow and 

Avalanche Research. 

OcCC 2003. Extreme Events and Climate Change. Berne: Advisory Board on Climate 

Change OcCC. 

Okuyama, Y. & Chang, S.E. (eds), 2004. Modeling Spatial and Economic Impacts of 

Disasters. Berlin: Springer. 



 195

Pate-Cornell, M.E. 1990. Organizational Aspects of Engineering System Safety – the Case of 

Offshore Platforms. Science 250(4985): 1210–1217. 

Pate-Cornell, M.E. 2002. Risk and uncertainty analysis in government safety decisions. Risk 

Analysis 22(3): 633–646. 

Pate-Cornell, M.E., Dillon, R.L. & Guikema, S.D. 2004. On the limitations of redundancies in 

the improvement of system reliability. Risk Analysis 24(6): 1423–1436. 

Payne, J.W., Bettman, J.R. & Johnson, E.J. 1993. The Adaptive Decision Maker. Cambridge: 

Cambridge University Press. 

Payne, J.W., Bettman, J.R. & Schkade, D.A. 1999. Measuring constructed preferences: 

Towards a building code. Journal of Risk and Uncertainty 19(1–3): 243–270. 

Persson, U., Norinder, A., Hjalte, K. & Gralen, K. 2001. The Value of a Statistical Life in 

Transport: Findings from a New Contingent Valuation Study in Sweden. Journal of 

Risk and Uncertainty 23(2): 121–134. 

PLANAT 2005. Strategie Naturgefahren Schweiz. Bern: Swiss National Platform for Natural 

Hazards PLANAT. 

PLANAT 2009. Risikokonzept für Naturgefahren – Leitfaden. Bern: Swiss National Platform 

for Natural Hazards PLANAT. 

Platzer, K. & Margreth, S. 2007. Experimentelle Untersuchung der Lawinenkräfte auf 

Galeriedächer. VSS Nr. 613: Swiss Federal Road Office ASTRA. 

Pratt, J.W. & Zeckhauser, R.J. 1996. Willingness to pay and the distribution of risk and 

wealth. Journal of Political Economy 104(4): 747–763. 

Prelec, D. 1998. The probability weighting function. Econometrica 66(3): 497–527. 

Rabin, M. 1998. Psychology and Economics. Journal of Economic Literature 36(1): 11–46. 

Rheinberger, C.M. 2009. Using Signal Detection Theory to Improve Avalanche Warnings for 

Roads. Submitted to Risk Analysis. 

Rheinberger, C.M., Bründl, M. & Rhyner, J. 2009. Dealing with the White Death: Avalanche 

Risk Management for Traffic Routes. Risk Analysis 29(1): 76–94. 

Robinson, L.A. 2007. How US Government Agencies Value Mortality Risk Reductions. 

Review of Environmental Economics and Policy 1(2): 283–299. 

Rodriguez, M.X.V. & Leon, C.J. 2004. Altruism and the economic values of environmental 

and social policies. Environmental and Resource Economics 28(2): 233–249. 



 196

Rose, A. et al. 2007. Benefit-Cost Analysis of FEMA Hazard Mitigation Grants. Natural 

Hazards Review 8(4): 97–111. 

Salm, B., Burkard, A. & Gubler, H.U. 1990. Berechnung von Fliesslawinen. Eine Anleitung 

für Praktiker mit Beispielen. Mitteilungen des Eidg. Instituts für Schnee- und 

Lawinenforschung, Nr. 47. Davos: Swiss Federal Institute for Snow and Avalanche 

Research. 

Samuelson, P.A. 1954. The theory of pure provision of public expenditures. Review of 

Economics and Statistics 36(4): 387–389. 

Schelling, T.C. 1968. The Life You Save May Be Your Own. In S.B. Chase (ed.), Problems 

in Public Expenditure AnalysisWashington, DC: Brookings. 

Schkade, D. & Payne, J. 1994. How People Respond to Contingent Valuation Questions: A 

Verbal Protocol Analysis of Willingness to Pay for an Environmental Regulation. 

Journal of Environmental Economics and Management 26(1): 88–109. 

Schläpfer, F. 2008. Contingent valuation: A new perspective. Ecological Economics 64(4): 

729–740. 

Schmitt, M., Schläpfer, F. & Roschewitz, A. 2005. Bewertung von Landschaftsveränderungen 

im Schweizer Mittelland aus Sicht der Bevölkerung. Birmensdorf, ZH: Eidg. 

Forschungsanstalt WSL. 

Siegrist, M. & Cvetkovich, G. 2000. Perception of hazards: The role of social trust and 

knowledge. Risk Analysis 20(5): 713–719. 

Siegrist, M. & Gutscher, H. 2006. Flooding Risks: A Comparison of Lay People's Perceptions 

and Expert's Assessments in Switzerland. Risk Analysis 26(4): 971–979. 

Simon, H.A. 1955. A behavioral model of rational choice. Quarterly Journal of Economics 

69(2): 99–118. 

Sjoberg, L. 1999. Consequences of perceived risk: Demand for mitigation. Journal of Risk 

Research 2(2): 129–149. 

Slovic, P. 1987. Perception of Risk. Science 236: 280–284. 

Slovic, P. 1999. Trust, emotion, sex, politics, and science: Surveying the risk-assessment 

battlefield (Reprinted from Environment, ethics, and behavior, pg 277–313, 1997). Risk 

Analysis 19(4): 689–701. 

Slovic, P., Finucane, M.L., Peters, E. & MacGregor, D.G. 2004. Risk as analysis and risk as 

feelings: Some thoughts about affect, reason, risk, and rationality. Risk Analysis 24(2): 

311–322. 



 197

Slovic, P., Fischhoff, B. & Lichtenstein, S. 1985. Characterizing perceived risk. In R. W. 

Kates et al. (eds), Perilous progress: Managing the hazards of technology: 91–125. 

Boulder, CO: Westview. 

Slovic, P., Fischhoff, B. & Lichtenstein, S. 2000. Facts and Fears: Understanding Perceived 

Risk. In P. Slovic (ed.), The Perception of Risk: 137–154. London: Earthscan. 

Slovic, P., Lichtenstein, S. & Fischhoff, B. 1984. Modeling the Societal Impact of Fatal 

Accidents. Management Science 30(4): 464–474. 

Smith, V.K. 2007. Judging Quality. In B.J. Kanninen (ed.), Valuing Environmental Amenities 

Using Stated Choice Studies: A Common Sense Approach to Theory and Practice 297–

333. Dordrecht: Springer. 

Smith, V.K., Pattanayak, S.K. & Van Houtven, G.L. 2006. Structural benefit transfer: An 

example using VSL estimates. Ecological Economics 60(2): 361–371. 

Stallen, P.J.M., Geerts, R. & Vrijling, H.K. 1996. Three conceptions of quantified societal 

risk. Risk Analysis 16(5): 635–644. 

Stavins, R.N. 2008. Environmental Economics. In L. Blume & S. Durlauf (eds), The New 

Palgrave Dictionary of Economics: . Basingstoke: Palgrave Macmillan Ltd. 

Stern, N. 2007. The Economics of Climate Change: The Stern Review. Cambridge: Cambridge 

Unviersity Press. 

Stern, N. 2008. The economics of climate change. American Economic Review 98(2): 1–37. 

Street, D.J. & Burgess, L. 2007. The construction of optimal stated choice experiments: 

theory and methods. Hoboken: Wiley-Interscience. 

Subramanian, U. & Cropper, M. 2000. Public choices between life saving programs: The 

tradeoff between qualitative factors and lives saved. Journal of Risk and Uncertainty 

21(1): 117–149. 

Sugden, R. 2005. Coping with Preference Anomalies in Cost-Benefit Analysis: A Market-

Simulation Approach. Environmental and Resource Economics 32(1): 129–160. 

Sunstein, C.R. 1997. Bad deaths. Journal of Risk and Uncertainty 14(3): 259–282. 

Sunstein, C.R. 2004. Valuing life: A plea for disaggregation. Duke Law Journal 54(2): 385–

445. 

Swait, J. 2007. Advanced Choice Models. In B.J. Kanninen (ed.), Valuing Environmental 

Amenities Using Stated Choice Studies: A Common Sense Approach to Theory and 

Practice 229–293. Dordrecht: Springer. 



 198

Swiss Re 2009. sigma No2/2009. 

Telser, H. & Zweifel, P. 2002. Measuring willingness-to-pay for risk reduction: an application 

of conjoint analysis. Health Economics 11(2): 129–139. 

Telser, H. & Zweifel, P. 2007. Validity of discrete-choice experiments evidence for health 

risk reduction. Applied Economics 39(1): 69–78. 

Todinov, M.T. 2006. Reliability Analysis Based on the Losses from Failures. Risk Analysis 

26(2): 311–335. 

Tollison, R.D. & Congleton, R.D. (eds), 1995. The economic analysis of rent seeking. 

Aldershot: Edward Elgar. 

Train, K.E. 2003. Discrete Choice Methods with Simulation. Cambridge: Cambridge 

University Press. 

Tsuge, T., Kishimoto, A. & Takeuchi, K. 2005. A choice experiment approach to the 

valuation of mortality. Journal of Risk and Uncertainty 31(1): 73–95. 

Tversky, A. & Kahneman, D. 1981. The Framing of Decisions and the Psychology of Choice. 

Science 211(4481): 453–458. 

Tversky, A. & Kahneman, D. 1983. Extensional Versus Intuitive Reasoning – the 

Conjunction Fallacy in Probability Judgment. Psychological Review 90(4): 293–315. 

Tversky, A. & Kahneman, D. 1986. Rational Choice and the Framing of Decisions. Journal of 

Business 59(4): 251–278. 

Tversky, A. & Kahneman, D. 1992. Advances in Prospect-Theory – Cumulative 

Representation of Uncertainty. Journal of Risk and Uncertainty 5(4): 297–323. 

Viscusi, W.K. 1993. The Value of Risks to Life and Health. Journal of Economic Literature 

31(4): 1912–1946. 

Viscusi, W.K. & Aldy, J.E. 2003. The value of a statistical life: A critical review of market 

estimates throughout the world. Journal of Risk and Uncertainty 27(1): 5–76. 

Viscusi, W.K., Hakes, J.K. & Carlin, A. 1997. Measures of mortality risks. Journal of Risk 

and Uncertainty 14(3): 213–233. 

Viscusi, W.K., Magat, W.A. & Forrest, A. 1988. Altruistic and Private Valuations of Risk 

Reduction. Journal of Policy Analysis and Management 7(2): 227–245. 

Wakker, P. & Deneffe, D. 1996. Eliciting von Neumann-Morgenstern Utilities When 

Probabilities Are Distorted or Unknown. Management Science 42(8): 1131–1150. 



 199

Walker, J. & Ben-Akiva, M. 2002. Generalized random utility model. Mathematical Social 

Sciences 43(3): 303–343. 

Walther, S. 2004. Lawinensprenganlagen rechte Talseite Inden-Leukerbad. Canton Valais: 

Natural Hazard Department Canton Valais NHDCV. 

Weck-Hannemann, H. 2006. Efficiency of Protection Measures. In S. Dannenmann et al. 

(eds), Risk 21 – Coping with Risks due to Natural Hazards in the 21st Century: 147–

154. London: Taylor & Francis. 

Weinstein, M.C., Shepard, D.S. & Pliskin, J.S. 1980. The Economic Value of Changing 

Mortality Probabilities – a Decision-Theoretic Approach. Quarterly Journal of 

Economics 94(2): 373–396. 

Weitzman, M.L. 2001. Gamma Discounting. American Economic Review 91(1): 260–271. 

Wilhelm, C. 1997. Wirtschaftlichkeit im Lawinenschutz – Methodik und Erhebungen zur 

Beurteilung von Schutzmassnahmen mittels quantitativer Risikoanalyse und 

ökonomischer Bewertung. Davos: Swiss Federal Institute for Snow and Avalanche 

Research. 

Wilhelm, C. 1999. Kosten-Wirksamkeit von Lawinenschutz-Massnahmen an Verkehrsachsen 

1999. Vorgehen, Beispiele und Grundlagen der Projektevaluation. Bern: BUWAL. 

Wright, G., Bolger, F. & Rowe, G. 2002. An Empirical Test of the Relative Validity of Expert 

and Lay Judgments of Risk. Risk Analysis 22(6): 1107–1122. 

Yaari, M.E. 1965. Uncertain Lifetime, Life Insurance and the Theory of the Consumer. 

Review of Economic Studies 32(2): 137–150. 

Zak, P.J. & Knack, S. 2001. Trust and growth. Economic Journal 111(470): 295–321. 

Zhai, G.F. & Ikeda, S. 2006. Flood risk acceptability and economic value of evacuation. Risk 

Analysis 26(3): 683–694. 

 

 

 

 

 

 

 



 200

 

 

 

 

 

 



 201

Curriculum vitae 

Christoph Matthias Rheinberger 

Born December 12, 1978 in Berlin, Germany 

Citizen of the Principality of Liechtenstein and of Germany 

 

Academic Education 

10¦2006 – present  Doctoral studies 

 Institute for Environmental Decisions, ETH Zurich 
 

03¦2007 – 06¦2008  Postgraduate studies in applied statistics 

 Seminar for Statistics, ETH Zurich 
 

04¦2005 – 10¦2005  Studies in economics 

  Dept. of Economics, University of St. Gallen 
 

10¦1998 – 4¦2004 Studies in forest science 

 Dept. of Environmental Sciences, ETH Zurich 

 

Working Experience 

07¦2009 – present Post-doc researcher 

 WSL Institute for Snow and Avalanche Research SLF, Davos 
 

11¦2005 – 05¦2009 Research assistant 

 WSL Institute for Snow and Avalanche Research SLF, Davos 
 

06¦2004 – 10¦2005 Freelancing engineer 

 NEMOS Engineering, Liechtenstein 
 

04¦ 2002 – 09¦2002 Internship 

 Natural Hazard Department, Canton Glarus 
 

09¦2001 – 02¦ 2002 Internship 

 Swiss Agency for Development and Cooperation SDC,  

 Andhra Pradesh, India 



 202

Cover: Rockfall accident on the Gotthard highway, Gurtnellen, Switzerland. 

Copyright © 2006 by Keystone 


