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Abstract

This paper examines the influence of implicit information on will-
ingness to pay (WTP) values for prevention of the risk of dying in an
avalanche. We present the results of a contingent valuation (CV) study
carried out in Austria in two different periods (fall 2004 and winter 2005).
The comparison of WTP results between the two waves allows identifica-
tion of whether the immediate occurrence of avalanches and their atten-
dant fatal accidents affect individual risk evaluations. Individuals state
a lower WTP in winter despite the fact that avalanche accidents are pre-
dominant at that time. Personal responsibility for risk exposure and its
associated voluntariness are the main reasons for the decrease in WTP
from the fall to the winter period. Preferences for alternative protective
measures (against car accidents and food poisoning) also lead to a de-
crease of WTP, while a higher risk perception and personal experience
of avalanches reveal a positive influence. We conclude that the change
in WTP across seasons is not arbitrary but can be explained by specific
risk characteristics.

Keywords : Contingent valuation, willingness to pay, risk prevention, risk

perception.

JEL classification: D81, J17, Q51, Q54.



1 Introduction

Different disciplines examine the influence of information on individual

assessment, consumer decisions and behavior and illustrate its impor-

tance for decision making. Sources of information are multi-purpose, and

the individual process of gathering and processing information is com-

plex. This paper examines the influence of information about risk expo-

sure on the individual valuation of protective measures to prevent fatal

avalanche accidents. The underlying Contingent Valuation (CV) data

were collected in Austria in two different periods (September/October

2004 and February 2005) which differ in the frequency of avalanches.

While avalanches do not occur in fall, they are common in winter. The

second wave of data collection started after a period of heavy snowfall

(February 2005) which contributed to a number of fatal avalanche acci-

dents. Five individuals died in avalanches in the Austrian province of

Tyrol in the first week of February 2005 alone – the equivalent of one

fifth of all fatal avalanche accidents between December 2004 and March

2005 (ASI-Tirol, Alpine Safety & Information Center 2005). Local and

national media report such fatalities for informative and/or preventive

reasons. This raises the question as to what drives WTP for reduced risk

of avalanche fatalities.

The potential for observed differences in individual risk assessment

is extensive. Previous studies find that risk perception plays a decisive

role for designing proper risk regulation policies. It has been argued

that perception of risk is a complex process which is sensitive to cul-

tural, social, and economic influences (Huang 1993, Slovic, Fischhoff and

Lichtenstein 2000).

Moreover, apart from information provided by the CV survey, in-

dividuals are expected to derive implicit information from the current

occurrence of avalanches and the associated media coverage. It seems

reasonable that updating risk perceptions using information on current

risks matters in individual valuation; an assumption that is supported

by different studies. For example, Tversky and Kahneman (1982) argue

that the ease with which an event can be brought to mind influences
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individual assessments. Frequent, familiar, salient, imaginable, and/or

recent occurrences are more available and increase subjective perception

(= “availability heuristic”). Liu, Hammitt, Wang and Tsou (2005) esti-

mate values of statistical life (VSL) based on the risk reduction of dying

from SARS and find - in comparison to earlier studies - higher values.

They conclude that available information on current risks may be an

explanation for their results. Signalling effects of events and the cor-

responding media coverage provide information on various levels which

different people understand differently.

Slovic (1987) and Slovic et al. (2000) argue that the cause of harm

matters and find that people include hazard characteristics such as dread,

catastrophic potential, voluntariness, familiarity, or controllability, in

their assessments. Kahneman, Ritov, Jacowitz and Grant (1993) show

that WTP is higher for the correction of man-made harm than damage

from natural causes because the former seems to be considered more up-

setting by the individual (“outrage effect”). Walker, Morera, Vining and

Orland (1999) state that the responsibility for damage can influence WTP

in the opposite way: they find lower WTP to undo problems caused by

humans compared to naturally occurring events (“responsibility effect”).

This paper focuses on three research questions. First, we examine

whether perceived risk influences the valuation process for avalanche

risks. Second, with reference to the above-mentioned literature, we ana-

lyze whether attributes such as voluntariness, controllability or fairness

determine individual risk assessment of fatal avalanche accidents. And

third, the salience of avalanche dangers and the update of prior risk as-

sessment due to new (implicit) information about risks may cause differ-

ences in individual risk-related characteristics between the periods. By

comparing the responses in the two samples, we test whether the new

survey circumstances and the associated signals have an impact on risk

perception, risk attitude, and WTP.

The paper is organized as follows: Section 2 describes the survey de-

sign, the willingness to pay scenario, and the relevant risk characteristics.

Section 3 explains the econometric estimation model and presents WTP

2



figures. Section 4 discusses the time dependence of welfare measures and

provides VSL estimates. Section 5 concludes.

2 Survey design

The study was carried out in the Austrian province of Tyrol. The total

population of Tyrol is about 680,000, and its area is 12,600 km2. It

is situated in the middle of the Alps, and one third of its area is not

habitable (glaciers, rocks, mountain pastures). Residential areas are often

located in rather steep terrain and generally surrounded by mountains.

Residents are therefore familiar with natural hazards such as landslides

and avalanches and the exposure of inhabited areas to such dangers.

The familiarity with avalanche risks may also arise from the fact that

the average annual number of fatalities (over the last decade) due to

avalanches totals 16 people.

A randomized quota sample was drawn from among the Tyrolean

population aged over 17 years.1 In personal interviews conducted at

their permanent places of residence, the respondents were asked about

their WTP to prevent an increase in the risk of dying in an avalanche.

The data were collected in two waves, the first in September/October

2004, and the second in February 2005. Almost 1,600 observations (953

in fall and 634 in winter) have been used to examine the influence of

current avalanche occurrence on WTP for protective measures.2

2.1 Socio-economic characteristics

Table 1 shows the socio-economic characteristics of the respondents and

compares them with the attributes of the Tyrolean population. It can

be seen that 53 percent of the respondents are female and 38 percent are

single. The average respondent is 39 years old and lives in a household

with 2.8 members. 86 percent of the interviewees were born in Austria

and 51 percent smoke. The personal monthly take-home income is AC

1The quota applied to the subjects’ district of residence and size of domicile.
Within the quota, random sampling was used.

2For the winter period, an additional sub sample consisting of 333 individuals who
evaluated a quadruplication of the baseline risk is available. This data is used to test
for scope effects (see Leiter and Pruckner (forthcoming) for further details).
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1,120 on average.3 Employment status, educational achievement, and

(self-reported) health status are measured by categories ranging from

“full-time employment” to “other”, “elementary/junior high school” to

“university”, and “healthy” to “seriously disabled”, respectively.4 A com-

parison of the sample characteristics with the Census shows a good repre-

sentation of population characteristics in terms of sex, birthplace, marital

status, household members, health status, and income, while we observe

differences in age, children per capita, smoking behavior, and in several

items relating to education and employment.5

2.2 The WTP scenario

The survey focuses on WTP for the prevention of an increase in the risk

of dying in an avalanche. After the respondents received a detailed de-

scription of the good in question, they were asked about their individual

valuation. The wording of the CV question was as follows:

Protective measures against avalanches on roads and in residential

areas have been implemented in Tyrol. On average, 2.35 people out of

100,000 inhabitants are killed by avalanches at present. Assume that all

public funds to maintain protective measures will be cut and henceforth

servicing costs have to be paid exclusively by private funds. If aggregate

private contributions are too small, maintenance is not carried out, and

the probability of a fatal avalanche doubles. Then, on average 4.7 people

out of 100,000 inhabitants die in the snow bulk (see Figure 1). Would

you – given your income constraint – be willing to pay a monthly insur-

357.9 % (32.0 %) of respondents in the fall (winter) sample did not answer the
income question.

4Health categories were provided and described by functionality examples (healthy:
no diseases or only occasional short-lived diseases such as flu; moderate illness: chronic
diseases such as hay fever and allergies; severe illness/severe disability: severe chronic
illness or severe physical impairment, in need of long term care). The given categories
are standard in self-reported health questions and therefore allow for comparison
between different studies.

5Part of the discrepancy between sample and Census characteristics is due to dif-
ferent age classifications of variables in the two data sources. Moreover, selection
effects cannot be ruled out. As an example, since the interviews took place at the re-
spondents’ residences people raising children had a higher chance of being encountered
compared to childless interviewees.
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ance premium of AC 2.5/5/10 to maintain the effect of previous protective

measures to save human lives?

Figure 1: Causes of deaths in Tyrol in the year 2002

Depending on the answer to this initial question, the respondent was

asked whether she would also pay AC 5/10/20 to avoid the risk increase

if the first bid was accepted, or AC 1.3/2.5/5 if the first bid was rejected.6

If the interviewee answered “no - no” or “do not know - no” she was

asked whether she would be prepared to pay any positive amount. In the

event of a negative reply interviewees were also asked why they refused

to contribute.7 Of the zero WTP responses, answers indicating a gen-

eral refusal of payments for protection against natural hazards or stating

that it was the government’s responsibility to care about the protection

6Answers from an open-ended pretest were used to define the range of the bid
vector.

7A “do not know” category was accepted as a response.
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of citizens were classified as protest responses. This definition applies

to 177 (100) out of 953 (634) answers in the fall (winter) sample. The

payment vehicle “insurance premium” was used since Austrian respon-

dents are familiar with monthly premiums to be paid in other (health)

risk-related markets (voluntary and obligatory health insurance). More-

over, the obviously negative attitude of respondents towards taxes can

be avoided. Hackl and Pruckner (2005) and Olsen, Kidholm, Donaldson

and Shackley (2004) discuss the advantages of insurance premiums over

alternative payment vehicles.

Several questions preceded the payment question to familiarize re-

spondents with the topic and the good to be valued. First, the respon-

dents’ comprehension of the probability concept was tested.8 Second,

the interviewees were introduced to the notion of mortality risks and

subsequently asked how many people they thought died on average in an

avalanche per year. And finally, they were given information about the

actual annual risk of dying in an avalanche in Tyrol. Moreover, in winter

particularly the media address the issues by reporting current avalanche

accidents and by informing residents and tourists about the actual danger

of avalanches so that they can take reasonable precautions.

Respondents showed little difficulty answering the valuation question

– only 43 respondents from the fall sample and 25 from the winter sample

did not answer the payment question. Several plausibility checks did not

reveal any problems regarding comprehension of the valuation scenario.

In addition, based on their interactions with respondents, the interviewers

reported few, if any, respondent difficulties.9

8Our questionnaire starts with issues on probability comprehension. Respondents
were confronted with two questions: first, they were asked to choose the higher chance
of winning (15:10,000 vs. 20:100,000). Secondly, they were shown the annual mortality
risk of two persons (5:10,000 vs. 10:10,000) and were then asked to state which of the
two faced the higher risk of dying. Each question was followed by an explanation of
the correct solution.

9Prior to the implementation of the survey studies, the questionnaire was pre-
tested by 200 economics and management students at the University of Innsbruck
(Austria).
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2.3 Risk characteristics and individual attitudes in
risk valuation

Information was collected not only about socio-economic variables, but

also on risk-related attitudes and behavior to test for internal validity of

WTP. Furthermore, the implementation of two waves allows analysis of

changes over time. We investigate whether the occurrence of avalanches

in winter influences stated WTP and test such influences by including

a time dummy and interaction terms with specific risk characteristics

(e.g. voluntariness, subjective risk estimates). The sampled risk-related

factors are:

• Risk perception: To help them visualize the risk, respondents were

presented with a risk ladder (see Figure 1).10 The bottom and

top of this graph indicate the lowest and highest risk (= death),

respectively. Different mortality risks, such as cancer, AIDS or

car accidents are plotted along this logarithmic scale to show the

relative magnitudes of different risks. Moreover, the dimension of

the risks is stated as the number of affected persons in differently

sized populations. Before they were presented with the current

avalanche risk, respondents were asked to draw a bar where they

thought the average risk of dying in an avalanche would be. The

corresponding variable percept ranges between 0 (= lowest risk)

and 131 (= death) and denotes the distance from the bottom to

the self-plotted line, measured in millimeters on the scale. The

variable represents the individual risk assessment of avalanches in

relation to other mortality risks. Although the respondents receive

identical information about the current baseline risk and the future

change in risk, the subjective baseline risk assessment may influence

individual WTP. We expect an increase in WTP with a higher

assessment of the average avalanche risk.

Table 2 shows the individual assessment of the average risk of be-

ing killed in an avalanche in Tyrol. The winter sample evaluates

10The layout of Figure 1 is based on the results of Corso, Hammitt and Graham
(2001).
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this risk as significantly higher (at a 1 percent level) than the re-

spondents in the fall sample. Even though the mean of winter

respondents is higher than in fall (26.61 vs. 23.23), it still under-

estimates the true risk of fatal avalanche accidents (30). Several

studies (Hanley, Shogren and White 1997, Viscusi 1990) find that

people overestimate small risks. Although the risk level for deadly

avalanches is comparably small (1/42,500), the overestimation hy-

pothesis cannot be supported by our data.

Table 2: Perception of average avalanche risk

Fall Winter

Observations 922 628

Median 20.00 22.00

Mean 23.23 26.61

• Subjective avalanche risk (lowrisk): In addition, respondents were

asked how they estimate their subjective risk of dying in an avalanche

as compared to the average risk. When respondents state a below-

average personal risk we expect a lower WTP, as this group might

suppose any benefit from prevention of avalanche risks to be lower.

Table 3 summarizes the responses concerning the personal risk of

dying in an avalanche. Shanteau and Ngui (1989) point out that

people tend to believe they are inviolable and therefore underesti-

mate their vulnerability to specific risks. While the proportion of

those who estimate their personal risk to be higher (equal) than

the average is smaller (higher) in the winter sample, the percent-

ages for the category “lower” is almost the same in both waves.

Analogous to Slovic, Fischhoff and Lichtenstein (1982), it can be

argued that reports about avalanche accidents may provide indirect

confirmation of lower personal risk: if those who initially regarded

themselves as highly endangered are not affected by the reported

events, they may infer that greater confidence is warranted and

reduce their risk estimates.
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Table 3: Assessment of individual risk com-
pared to average risk

Fall Winter

Individual risk Freq. Percent Freq. Percent

higher 76 7.97 34 5.36

equal 166 17.42 139 21.92

lower 672 70.51 448 70.66

missing 39 4.09 13 2.05

Total 953 100.00 634 100.00

• Skiing (skiing): Skiers are expected to show a higher WTP as they

benefit especially from avalanche protection.

• Risk aversion: Seven different questions in the survey instrument

capture individual behavior in risky situations. Respondents were

asked whether they (1) wear seat belts when they travel by car,

(2) use sun screen, (3) wear cycle helmets, (4) gamble, (5) would

prefer a high-risk lottery to a lower-risk one, (6) would defend an

unpopular opinion, and (7) would pass a friend’s/team mate’s work

or idea off as theirs. The answers to these questions (e.g. always,

mostly, sometimes, never), reflecting the frequency of such behav-

ior, are subsequently transformed into values from 0 to 3 for each

question, with 0 representing a risky and 3 a risk-averse behavior.

Hence, the variable riskaversion ranges between 0 (risk loving) and

21 (risk averse).11

Eeckhoudt and Hammitt (2004) examine the influence of financial

risk aversion on WTP for a reduction of mortality risks. They

find that the relationship between risk aversion and the VSL is

ambiguous in many cases and depends on the characteristics of

11(Almost) everyone is either a driver or front seat passenger, so that all individuals
are confronted with wearing seat belts in a car or not. In Austria, bikes are frequently
used as means of transportation and for sporting activities (e.g. mountain biking).
Again, the question of wearing cycling helmets seems to be relevant for the vast
majority of respondents. Descriptive statistics confirm this supposition: 1,580 (1,418)
out of 1,587 individuals answered the question on whether or not they wear seat belts
(cycling helmets).
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the utility function which are held constant (when risk aversion

changes), as well as on the assumptions about marginal utility for

wealth conditional on death. The authors show the ambiguity of

the aversion effect particularly in the case of a partial reduction of

mortality risks, i.e., depending on the local concavity of the utility

function, risk aversion may either lead to an increase or a decrease

in WTP. We examine the influence of risk aversion on prevention

of avalanche risk (1/42,500) specifically.

• Preferences for alternative protective measures: Respondents were

asked whether they value alternative protective measures, for ex-

ample against fatal car accidents, air pollution, food poisoning,

rockfalls, floods, and radiation as more/equal/less important than

measures against avalanches, even if these different measures would

save the same number of people. A lower WTP is anticipated as

the respondents prefer alternative protective measures.

Table 4 shows that in both sub-samples more than 50 percent of

respondents would prefer protection against fatal car accidents.

Moreover, for most risk categories the percentages of those who

prefer alternative measures are higher in the fall sample as com-

pared to the winter respondents. Interviewees are apparently more

concerned about avalanche protection in winter, a fact that may

be attributed to the frequent occurrence of avalanches in this pe-

riod. The two important categories which do not comprise natural

hazards are included in the regression analysis: traffic risks and

food poisoning. We create a dummy variable impalter indicating

preferences for alternative protective measures. It takes a value of

1 if respondents value mitigating car accidents and food poisoning

as more important than protective measures against avalanches.

• Personal experience of avalanches (famexp): We asked the respon-

dents whether they or their dependents had been affected by avalan-

ches in the past, as in this case we assume a stronger concern and

therefore higher WTP to prevent avalanche risks among these in-

dividuals.
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Table 4: Importance of alternative protective measures com-
pared to avalanche risks

Traffic Air Food Rockfall Flood Radiation

Accidents Pollution Poisoning

% % % % % %

Fall

more 63.69 34.63 24.45 25.81 22.67 16.16

equal 31.48 48.79 40.61 63.27 57.40 41.24

less 3.15 13.64 31.37 8.29 16.37 39.14

missing 1.68 2.94 3.57 2.62 3.57 3.46

Total 100.00 100.00 100.00 100.00 100.00 100.00

Winter

more 50.63 37.07 21.14 20.50 16.09 11.20

equal 44.01 47.63 41.96 61.51 57.10 40.38

less 4.10 13.72 34.23 13.88 23.19 44.32

missing 1.26 1.58 2.68 4.10 3.63 4.10

Total 100.00 100.00 100.00 100.00 100.00 100.00

• Origin of deadly avalanches : The questionnaire provides informa-

tion as to who or what is seen as responsible for avalanche acci-

dents. Respondents were asked whether they think that avalanches

are always/mostly/seldom/never caused by humans, by nature or

by acts of God/fate. We create two dummies, anthropogen and

natural, which indicate whether the respondents regard avalanches

as being caused by humans or occurring naturally. The dummy is

one if the respondents state that avalanches are always caused by

humans (nature), and zero for the categories mostly/seldom/never.

According to Sunstein (1997), who points out that the voluntariness

of risk exposure may be connected with who is seen as responsible

for deadly avalanches, the variables anthropogen and natural are

interpreted as indicators of voluntary and manageable risks. Those

who state that people themselves are responsible for fatal avalanche

accidents probably assume that individuals can choose their level of
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exposure to that risk. Hence, the probability of affirmative answers

from this group may be expected to be lower.

The opposite is expected for those who consider avalanches to be a

natural phenomenon. If they assume that risk exposure is not vol-

untary and/or not manageable protective measures against avalan-

ches should become more valuable, inducing a positive influence

on the probability of a “yes” answer. These arguments are in line

with Walker et al. (1999), who discuss the importance of “moral

responsibility” for damage in the individual valuation process. The

authors find higher WTP values for undoing damage caused by

natural events compared to anthropogenic damage when someone

else can be blamed for the loss. Cookson (2000), Lesser, Dodds

and Zerbe (1997), Slovic et al. (2000), and Sunstein (1997) have

examined these hypotheses too. For example, Lesser et al. (1997)

argue that the possibility of a choice between different risk levels

considerably influences the individual risk valuation. If no option

is available and risk-averse people face a given and uniform risk

level, they state a higher WTP for a risk reduction in comparison

to situations where they can choose the extent of risk exposure.

In contrast, Kahneman et al. (1993) predict a higher (lower) WTP

for anthropogenic (natural) events according to the“outrage effect”.

This argument challenges the economic interpretation of WTP as

a measure to reveal economic preferences. However, another eco-

nomic explanation may be provided for such impacts: effectiveness

considerations may influence the individual valuation process. Re-

spondents may consider protective measures against forces of na-

ture as ineffective and a waste of money, whereas, in cases of human

failure and/or human misbehavior, risk prevention seems to be fea-

sible and reasonable.

Table 5 shows that 37 percent of respondents in the winter sample

think that humans always cause deadly avalanches, whereas this

proportion is significantly lower (32 percent) in the fall. This may

be explained by the fact that in the winter of 2004/2005 each of the
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25 fatal avalanche accidents occurred out of the way of the pistes

on the land, i.e. neither on traffic routes nor in residential areas.12

Table 5: Perceived origin of deadly avalanche accidents

Nature Humans Fate

Freq. Percent Freq. Percent Freq. Percent

Fall

always 328 34.42 308 32.32 142 14.90

mostly 367 38.51 524 54.98 178 18.68

seldom 208 21.83 102 10.70 365 38.30

never 34 3.57 5 0.52 243 25.50

missing 16 1.68 14 1.47 25 2.62

Total 953 100.00 953 100.00 953 100.00

Winter

always 206 32.49 236 37.22 99 15.62

mostly 247 38.96 352 55.52 112 17.67

seldom 146 23.03 33 5.21 242 38.17

never 23 3.63 4 0.63 170 26.81

missing 12 1.89 9 1.42 11 1.74

Total 634 100.00 634 100.00 634 100.00

3 WTP for risk prevention

The aim of this study is to calculate and analyze individual WTP for

risk variation which can be introduced in a cost-benefit analysis (CBA).

In the underlying valuation process the risk increase can be avoided by

maintaining existing protective measures. Risk-averse individuals per-

ceive prevention of risk as an improvement in their welfare. Hence, their

WTP to obtain the less risky status should be non-negative. A WTP

distribution which only allows zero or positive values therefore seems ap-

propriate. The Weibull and the log-normal are common distribution func-

tions for positive WTP values (Alberini 2004, Haab and McConnell 1997)

12Even though the two categories “nature” and “fate” appear to be similar, percep-
tion of fateful or “act of God” events seems to be dominated by indefinable and divine
forces.
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and are used to estimate mean and median WTP. Our empirical analysis

is based on a double-bounded dichotomous choice format (DBDC). The

underlying specification reads as:

WTP ∗
i = Xiβ + εi (1)

with WTP ∗
i representing the latent individual WTP for the prevention

of an increase in risk and Xi is the vector of individual socio-economic

and risk-related attributes. β is the vector of coefficients to be estimated,

and εi denotes the error term. In a DBDC format we use the following

dummy variables to capture the sequence of “yes(y)” and“no(n)”answers

for individual i:

dyy
i = 1 if WTP ∗

i ≥ BH
i ;

dyn
i = 1 if BI

i ≤ WTP ∗
i < BH

i ;

dny
i = 1 if BL

i ≤ WTP ∗
i < BI

i ;

dnn
i = 1 if WTP ∗

i < BL
i ;

(2)

where BH
i , BI

i , BL
i represent the higher, the initial, and the lower bid

an individual is confronted with. A maximum likelihood procedure is

used to estimate the coefficients in the WTP function. In the likelihood

function each response is represented with its probability

Pr(Xiβ + εi ≥ BH
i )dyy

i ∗ Pr(BI
i ≤ Xiβ + εi < BH

i )dyn
i ∗

Pr(BL
i ≤ Xiβ + εi < BI

i )
dny

i ∗ Pr(Xiβ + εi < BL
i )dnn

i

(3)

which is equivalent to

[1− F (BH
i ; τ)]d

yy
i ∗ [F (BH

i ; τ)− F (BI
i ; τ)]d

yn
i

∗[F (BI
i ; τ)− F (BL

i ; τ)]d
ny
i ∗ F (BL

i ; τ)dnn
i

(4)

where F (•) denotes the cumulative distribution function (cdf) and τ the

parameter vector to be estimated. In accordance with Cameron and
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James (1987), let αi = Xiβ/σ and γ = −(1/σ).13 Substituting the corre-

sponding cdf of the log-normal distribution for F (•) in (4) and combining

it with (2) leads to the following log likelihood function:

LogLlogn =
N∑

i=1



dnn
i ln[Φ(αi + γ lnBL

i )]+

dyy
i ln[1− Φ(αi + γ lnBH

i )]+

dyn
i ln[Φ(αi + γ lnBH

i )− Φ(αi + γ lnBI
i )]+

dny
i ln[Φ(αi + γ lnBI

i )− Φ(αi + γ lnBL
i )]


(5)

where Φ(•) denotes the cumulative density for the log-normal. Under the

assumption of a Weibull distribution F (WTP ∗
i ) = 1 − exp(−(B•

i /λi)
ρ)

with shape parameter ρ and scale parameters λi the log likelihood func-

tion can be written as:14

LogLweib =
N∑

i=1



dnn
i ln[1− exp(−(

BL
i

λi
)ρ)]+

dyy
i ln[exp(−(

BH
i

λi
)ρ)]+

dyn
i ln[exp(−(

BI
i

λi
)ρ)− exp(−(

BH
i

λi
)ρ)]+

dny
i ln[exp(−(

BL
i

λi
)ρ)− exp(−(

BI
i

λi
)ρ)]


(6)

Depending on the chosen distribution function, mean and median

WTP are calculated (Model 1) as:

meanlogn = exp[−(αi

γ
) + 0.5 ( 1

γ
)2]

medianlogn = exp[−(αi

γ
)]

(7)

meanweib = λiΓ(1
ρ

+ 1)

medianweib = λi[−ln(0.5)]
1
ρ

(8)

with Γ(•) representing the Gamma function. Those respondents who

accepted neither the initial nor the lower bid were subsequently asked

13σ represents the standard deviation of the log-normal.
14In the Weibull variant the error term follows the Type I extreme value distribution.

Hence, the scale parameter varies across individuals: λi = exp(Xiβ).
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whether they would be willing to pay any positive amount. This allows a

distinction to be made between the two sub-groups: respondents whose

WTP is definitely zero and individuals with a positive WTP that falls

below the lower bid. Utilizing this information we estimate a second

model (Model 2) with mean and median WTP being calculated as the

weighted sum of the mean and median for sub-group 1 with zero WTP

(mean = median = 0) and for the group of respondents with positive

WTP, again following the log-normal and the Weibull distribution. De-

scriptive results from the surveys can be used directly to estimate the

weighted welfare measures: 48.5 percent (49.4 percent) state a positive

WTP in the fall (winter) sample. Multiplying these percentages by the

mean WTP of this group (positive WTP statements) of respondents, we

get mean values which account for the significant number of observable

zero responses. Thus, “spike models” that assign some positive probabil-

ity to zero WTP (spike at 0) represent a more appropriate approximation

of the true WTP distribution.

The following Table 6 illustrates the sequence of answers to the WTP

questions.15 As expected, both the fall and the winter sample show a

decrease (increase) in the number of positive (negative) responses for in-

creasing bids. However, the proportion of “yes-yes” statements in the

winter sample is always slightly lower than in the first wave. The per-

centages in the last row of Table 6 show that the observed differences

between the two sub-samples are modest.

The estimation of mean WTP is based on the answers of 953 respon-

dents in fall and 634 persons in winter. First, only the bid structure, a

constant term, and the period dummy winter are included as explanatory

variables, which means that WTP within the yy, yn, ny and nn groups

is the same for each respondent. The corresponding means and medians

are listed in Table 7. Depending on the chosen model and on the dis-

tribution function, mean (median) WTP for protective measures varies

between 3.60AC and 6.17AC (0AC and 1.71AC) per month. Moreover, the

results show that mean and median WTP is lower in winter as compared

15The first (second) letter indicates the response to the initial (following) question.
yn means a positive “yes” answer is followed by a negative “no” reply.
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Table 6: Response sequence to payment questions

initial Fall Winter

bid yy yn ny nn Tot yy yn ny nn Tot

2.5 54 74 36 148 312 45 53 22 145 265

17.3 23.7 11.5 47.4 100.0 17.0 20.0 8.3 54.7 100.0

5.0 34 55 39 201 329 18 26 30 109 183

10.3 16.7 11.9 61.1 100.0 9.8 14.2 16.4 59.6 100.0

10.0 21 48 33 210 312 9 37 20 120 186

6.7 15.4 10.6 67.3 100.0 4.8 19.9 10.8 64.5 100.0

Total 109 177 108 559 953 72 116 72 374 634

11.4 18.6 11.3 58.7 100.0 11.4 18.3 11.3 59.0 100.0

to the fall period; however, the differences are not statistically significant.

As was mentioned before this may be associated with a changing influ-

ence of specific risk characteristics over time – an issue to be discussed

in detail in the next section.

Table 7: Mean and median WTP in AC per
month: bid and constant

Weibull Log-normal

Fall Winter Diff.a Fall Winter Diff.a

Observations 953 634 953 634

Mean – Model 1 4.67 4.36 0.31 6.17 5.66 0.51

(0.30) (0.34) (0.43) (0.56) (0.57) (0.57)

Mean – Model 2 3.85 3.60 0.25 4.28 4.05 0.23

(0.18) (0.20) (0.27) (0.25) (0.27) (0.31)

Median – Model 1 1.64 1.53 0.11 1.71 1.57 0.14

(0.13) (0.14) (0.15) (0.12) (0.13) (0.16)

Median – Model 2 0 0 0 0 0 0
a Difference between fall and winter values.
Standard errors (delta method) in parentheses.
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4 Time dependence of WTP and the VSL

Table 8 depicts the full model regression results for the Weibull and

log-normal WTP distribution and provides a short description of all the

variables included. The focus of the empirical analysis is on the influence

of socio-economic characteristics on WTP and on the effect of risk-related

attributes and changes in these over time. Time dependence of valuations

is captured by including a dummy winter for the February 2005 sub-

sample and several interaction terms of risk-specific characteristics with

this seasonal dummy.

It can be seen that the influence of the variables is quite robust for

the different distribution assumptions. The coefficients for age age, ed-

ucation level alevel, assessment of avalanches as a natural event natural,

preference for other protective measures impalter, and whether a per-

son is of normal weight normalweight show significantly negative signs.

The negative coefficient of impalter meets expectations as it indicates

a lower WTP for those who prefer alternative protective measures over

protection against avalanches. A reasonable explanation for the nega-

tive impact of education is that highly educated people may believe that

they could reduce their individual risk at low cost by avoiding dangerous

areas.16 The negative coefficient on natural (significant in the Weibull

model) supports the validity of the aforementioned effectiveness hypothe-

sis. Individuals may suppose that effective reduction of avalanche risks is

not possible in the case of natural events.17 This assumption is strength-

ened by the positive and significant impact of anthropogen. Respondents

seem to be willing to support the prevention of man-made risks, which

is also in line with the “moral responsibility” hypothesis if it is assumed

that involved persons feel responsible for the loss or damage occurring

(Walker et al. 1999).

The variables female, lnincome, famexp, percept, and skiing show a

significantly positive influence. Women state a higher WTP. The same

16See Alberini, Cropper, Krupnick and Simon (2004).
17If we pool the“natural”and“fateful”events and include the corresponding dummy

– which is one if respondents think that avalanches are always caused by nature or
are always an act of God – the effect is still negative but no longer significant.
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is true for skiers and people who have had personal experience of avalan-

ches. Moreover, the affirmation of payment increases with an increase

in income18 and with a higher risk perception. Other positive and sig-

nificant variables are: whether a person volunteers volunteer, whether a

person faces risks at work jobrisk, and whether a respondent gets regular

exercise weeklysport.19

The positive sign of lowrisk is unexpected at first glance. It shows that

people are willing to support protective measures even if they assess their

personal risk of dying in an avalanche as below average. However, both

the positive sign of volunteer and lowrisk may indicate the importance

of altruistic preferences.20

The most surprising result is the negative (although statistically not

significant) coefficient of the winter dummy. As was seen before in Table

7 the salience of avalanche accidents in winter and the associated media

coverage do not cause an exogenous shift in willingness to pay; the ob-

served differences between the two waves can rather be explained by a

change in risk characteristics over time.

Our data allow us to gain deeper insight into which variables may

cause the observed variation in WTP between the periods. The coeffi-

cient of the interaction term perceptw reveals that the positive impact

of risk perception is more pronounced in winter. Whereas the variable

indicating whether avalanches are regarded as anthropogenic events an-

thropogen shows a positive sign, its interaction with the period dummy

anthropogenw is significantly negative. In other words, the occurrence of

avalanche accidents in winter causes a change in respondents’ attitudes

towards self-responsiveness. This strengthens the psychological view that

(deadly) avalanches – when seen as anthropogenic events – are being im-

18As the indicator variable for missing income missincome depicts, the effect of
income on WTP is significantly lower for those respondents who refused to provide
information about their personal income.

19The variables jobrisk, normalweight and weeklysport are introduced to test for
the “background risk hypothesis” (Eeckhoudt and Hammitt 2001). Eeckhoudt and
Hammitt (2001) find that if the marginal utility of bequest is positive and high com-
petitive risks (background risks) occur, WTP for reducing a specific mortality risk is
smaller due to lower benefits from risk reduction when respondents still face a high
remaining risk level.

20The interaction term lowriskvol is significantly negative. People seem to be willing
to volunteer or to pay for socially desirable projects, but do not support both.
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Table 8: Estimated Coefficients for the DBDC
model (Weibull and Log-normal)

Dependent variable: bid interval

WEIBULL LOG-NORMAL

Variable Coef. Std. Err. Coef. Std. Err.

winter 0.013 0.263 −0.006 0.275
age −0.007∗∗ 0.003 −0.007∗∗ 0.003
female 0.119 0.095 0.162∗ 0.098
lnincome 0.240∗∗∗ 0.092 0.210∗∗ 0.093
missincome −0.209∗∗ 0.097 −0.189∗ 0.100
alevel −0.295∗∗∗ 0.101 −0.400∗∗∗ 0.107
housemember 0.045 0.028 0.029 0.025
volunteer 0.556∗∗∗ 0.189 0.574∗∗∗ 0.184
famexp 0.344∗∗∗ 0.116 0.385∗∗∗ 0.114
percept 0.009∗∗∗ 0.003 0.008∗∗∗ 0.003
lowrisk 0.320∗∗ 0.146 0.266∗ 0.152
lowriskvol −0.541∗∗ 0.227 −0.612∗∗∗ 0.226
anthropogen 0.300∗∗ 0.126 0.298∗∗ 0.128
natural −0.226∗ 0.122 −0.204 0.127
skiing 0.241∗ 0.128 0.252∗ 0.134
riskaversion 0.021 0.018 0.030 0.019
missaversion 0.220 0.261 0.240 0.271
impalter −0.363∗∗ 0.151 −0.274∗ 0.158
perceptw 0.009∗∗ 0.005 0.010∗∗ 0.004
anthropogenw −0.546∗∗∗ 0.192 −0.508∗∗ 0.197
naturalw 0.193 0.195 0.220 0.202
impalterw −0.138 0.253 −0.109 0.269
lowriskw −0.104 0.206 −0.148 0.211
skiingw −0.383∗∗ 0.187 −0.370∗ 0.193
jobrisk 0.167∗ 0.098 0.206∗∗ 0.101
normalweight −0.263∗∗∗ 0.096 −0.248∗∗ 0.099
nosmoke −0.140 0.095 −0.097 0.098
weeklysport 0.372∗∗∗ 0.099 0.382∗∗∗ 0.104
constant −1.245∗ 0.725 −1.694∗∗ 0.741

Observations 1508 1508
Wald− χ2(28df) 140 157
Log Likelihood -1626 -1636

*, ** and *** indicate statistical significance at the 10% level, 5% level and
1% level.
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Variable Description

age Age of respondent in years.
alevel Dummy = 1 if respondent has a university entrance diploma; 0

otherwise.
anthropogen Dummy = 1 if respondent always regards avalanches as an an-

thropogenic event; 0 otherwise.
famexp Dummy = 1 if respondent has had personal experience with

avalanches; 0 otherwise.
female Dummy = 1 if respondent is female; 0 otherwise.
housemember Number of persons in the respondent’s household.
impalter Dummy = 1 if the respondent prefers alternative protective mea-

sures; 0 otherwise.
jobrisk Dummy = 1 if respondent states that she faces workplace risks; 0

otherwise.
lnincome Logarithm of personal monthly take home income; missing obser-

vations replaced by mean income.
lowrisk Dummy = 1 if respondent assesses her personal risk of dying in

an avalanche below average.
lowriskvol Interaction term: lowrisk and volunteer.
missincome Dummy = 1 if income is missing; 0 otherwise.
missaversion Dummy = 1 if riskaversion is missing; 0 otherwise.
natural Dummy = 1 if respondent always regards avalanches as a natural

event; 0 otherwise.
normalweight Dummy = 1 if respondent is of normal weight; 0 otherwise.
nosmoke Dummy = 1 if respondent does not smoke; 0 otherwise.
perceptw
anthropogenw
naturalw Interaction terms: risk characteristics and the period dummy.
impalterw
lowriskw
skiingw
riskaversion Respondent’s behavior in risky situations. Ranges between 0 (risk

lover) and 21 (risk averse); missing observations replaced by zero.
percept Respondent’s perception of deadly avalanche risks. Ranges be-

tween 0 (no risk) and 131 (death).
skiing Dummy = 1 if respondent is a skier; 0 otherwise.
volunteer Dummy = 1 if respondent volunteers; 0 otherwise.
weeklysport Dummy = 1 if respondent goes in for sport at least once a week;

0 otherwise.
winter Dummy = 1 if the survey took place in February 2005; 0 otherwise.

plicitly interpreted as voluntary and controllable risks, and this leads, as

a consequence, to a reduced concern for their prevention. This also com-
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plies with the findings in Walker et al. (1999), who observe lower WTP

to reduce damage if someone else can be made responsible for the loss.

The interpretation seems appropriate, as all fatal avalanche accidents in

the winter of 2004/2005 happened to occur out of the way of the pistes.

Hence, respondents may think that the accidents could easily have been

prevented by avoiding unsecured (ski) routes, and they are therefore less

willing to spend money on avalanche protection. The same argument

seems to be relevant even for skiers, as their interaction term skiingw in

the Weibull regression indicates a significantly lower valuation for this

group too. The coefficients of the remaining variables are not significant.

Mean and median WTP based on the full model can be seen in Ta-

ble 9. In support of our previous findings, the welfare measures for the

fall sample are again higher as compared to the WTP figures in the win-

ter sample.21 However, the difference is only statistically significant for

Model 1.

Table 9: Mean and median WTP in AC per
month: complete structure

Weibull Log-normal

Fall Winter Diff.a Fall Winter Diff.a

Observations 903 605 903 605

Mean – Model 1 7.99 4.54 3.45** 10.02 5.38 4.64**

(1.50) (1.03) (1.56) (2.00) (1.25) (1.94)

Mean – Model 2 4.99 3.80 1.19 5.39 4.48 0.91

(0.73) (0.68) (0.85) (0.82) (0.83) (1.00)

Median – Model 1 3.31 1.88 1.43** 3.36 1.80 1.56**

(0.63) (0.43) (0.64) (0.64) (0.41) (0.64)

Median – Model 2 0 0 0 0 0 0
a Difference between fall and winter values; ** indicates statistical
significance at the 5% level.
Standard errors (delta method) in parentheses.

These figures – to be used in the subsequent calculation of VSLs

– represent conservative estimates as protesters have been included and

21The estimates refer to an average respondent with mean (mode) values being used
for continuous (indicator) variables.
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treated as if they had responded“no”. As mentioned, protesters are those

respondents who indicate a general refusal of payments or who express

the government’s responsibility for the protection of citizens.22

• The value of statistical life

The VSL is defined as the rate at which people are willing to exchange

income for a reduction in mortality risks. It is calculated by dividing the

annual mean or median WTP by the corresponding risk variation. As

Table 9 shows, monthly mean WTP ranges between AC 3.80 and AC 10.02

and median WTP goes from AC 0 to AC 3.36, depending on the underlying

WTP distribution and the time period. The equivalent WTP per year

lies between AC 46 and AC 120 (mean values), and AC 0 and AC 40 (median

values), respectively. The underlying risk variation is 1/42,500. Hence,

mean (median) VSL is in an interval between AC 2.0 and AC 5.1 million

(AC 0 and AC 1.7 million).

A cursory comparison shows that these estimates lie within the range

of VSLs found in other studies. For example, Alberini et al. (2005) es-

timate a mean VSL of AC 2.9 million. Alberini, Hunt and Markandya

(2004) calculate a value of AC 2.3 million based on a three-country sam-

ple. Viscusi and Aldy (2003) review about 60 studies on mortality risk

premiums based on labor data and report that the VSL ranges between

AC 3.4 and AC 7.7 million. In two Austrian studies the VSL ranges from

AC 1.8 to AC 4.9 (Maier et al. 1989) and from AC 4.4 to AC 7.4 (Weiss

et al. 1986). These and further related studies are summarized in Table

10. Each study is based on a different valuation design (e.g. difference in

risk variation, risk category, region, valuation method), so any attempt

at more precise comparison may cause misleading inferences.

5 Conclusions

This paper discusses the influence of current risk events on WTP for

prevention of a risk increase. In a CV study conducted in the Austrian

22As an alternative, the protesters could have been removed from the sample as
part of the data cleaning process. In doing so, the calculated WTP figures would
have increased.
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Table 10: The value of statistical life (in 2005ACa)

Authors Country Method VSL

Alberini, Scasny and Braun
Kohlova (2005)

Czech Republic CV AC 2.86 m

Alberini, Hunt and
Markandya (2004)

France/Italy/UK CV AC 2.31 m

Alberini, Cropper, Krupnick
and Simon (2004)

Canada CV AC 0.77 - 3.05 m

Alberini, Cropper, Krupnick
and Simon (2004)

U.S. CV AC 1.28 - 4.01 m

Baranzini and Ferro Luzzi
(2001)

Switzerland Wage risk
studies

AC 5.02 - 6.3 m

European Commission (2000) EU different AC 0.72 - 3.11 m

Maier, Gerking and P. (1989) Austria CV AC 1.76 - 4.9 m

Persson, Norinder, Hjalte and
Gralen (2001)

Sweden CV AC 2.61 m

Spengler (2004) Germany Wage risk
studies

AC 1.69 m

Viscusi and Aldy (2003) U.S. Wage risk
studies

AC 3.41 - 7.68 m

Weiss, Maier and Gerking
(1986)

Austria Wage risk
studies

AC 4.41 - 7.35 m

a Austrian values are converted into 2005AC using the domestic CPI (consumer price index) series
(Statistics Austria). For indexation of VSLs for EU members the EICP (European Index of
Consumer Prices) is applied. Conversions for non EU members are based on PPP (purchasing
power parity) factors from the Penn World Table (Heston, Summers and Aten 2006), on the CPI-U
deflator series, and on the Euro-Dollar reference rates from the European Central Bank.

federal state of Tyrol, individuals were asked in two waves (fall 2004 and

winter 2005) to state their WTP for preventing an increase in the risk

of dying in an avalanche. The question was worded as a double-bounded

dichotomous choice format. Using an interval data model and assuming

a Weibull and a log-normal distribution, WTP is estimated by a max-

imum likelihood procedure. Depending on the underlying distribution

function of WTP, on the treatment of zero responses, and on included

observations, mean VSL ranges between AC 2.0 and AC 5.1 million while

median VSL goes from AC 0 to AC 1.7 million.

The occurrence of avalanches, associated fatalities, and media cover-

age of these seem to represent important factors in monetary risk valu-
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ation. We estimate the impact of new (implicit) information on WTP

for prevention of deadly avalanches by comparing responses in the two

periods. Descriptive analysis indicates higher perceived risk among the

respondents in the winter sample. Furthermore, differences between the

fall and the winter responses are observed with respect to the assessment

of individual avalanche exposure, the perceived causes of deadly avalan-

ches, and preferences for alternative protective measures. The inclusion

of socio-economic and risk-specific characteristics in the regression model

allows us to gain deeper insight into the process of individual risk valua-

tion.

The magnitude of perceived risk reveals a significantly positive im-

pact on WTP; in other words, although all respondents are provided with

identical information about the baseline risk and the change in risk to

be evaluated their subjective assessment of the average baseline risk has

an influence on their monetary valuation. However, further risk-specific

attributes exist which play a role in the valuation process. Personal expe-

rience of avalanches in the past, a lower personally sensed avalanche risk,

and an individual’s classification of avalanches as representing anthro-

pogenic events induce a higher WTP, while characterization of deadly

avalanche accidents as natural and existing preferences for other protec-

tive measures indicate a negative influence. Women tend to have a higher

willingness to pay, and an increase in income also leads to higher WTP.

Respondents’ age and higher educational level reveal a negative impact.

The observation that WTP figures are lower in winter despite the fact

that avalanches occur more frequently at that time seems surprising. One

would have expected the occurrence of fatal avalanche events and associ-

ated media coverage in winter to considerably increase affirmative WTP

responses in CV surveys. We control for changes in risk valuation over

time by including a time dummy and different interaction terms. The

variation in WTP over time can then be explained by the interaction of

the period dummy with the variables indicating risk perception, whether

avalanches are being characterized as anthropogenic, and whether a per-

son is skiing. Hence, we infer that the presumed origin of risk matters,

and that WTP tends to be lower when the risk is characterized as volun-
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tary and controllable. The change in the influence of voluntariness and

controllability of risk exposure over time are the main reasons for the

lower WTP in winter.

These results show that WTP figures fluctuate between the time pe-

riods, but that this variation is not arbitrary. Our findings weaken any

objections that their sensitivity to external influences, such as the salience

of an event or the point in time of a survey, would invalidate WTP figures

from CV studies as proper measures for individual economic preferences.
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