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Chapter 5

Reference Points for the
Valuation of Risk Changes in
Discrete Choice Experiments1
5.1

Introduction

Prospect theory and its variant, cumulative prospect theory, are the most established choice theories that accommodate empirical findings which contradict expected utility theory (Kahneman and Tversky, 1979; Tversky and Kahneman,
1991, 1992). The main elements of prospect theory are: (1) the distinction between an editing and a valuation phase in the choice process; (2) the s-shaped
utility curve that determines the utility of an outcome; and (3) a weighting function that assigns weights to risky outcomes (Stommel, 2013; Tversky and Kahneman, 1992). The s-shaped utility curve is defined relative to a reference point that
is characterized during the editing phase. It is concave for gains and convex for
losses, implying diminishing sensitivity to both, and it is steeper for losses than
for gains, reflecting loss aversion (Kahneman and Tversky, 1979). Some argue
that dependency on reference points, i.e. stimuli that other stimuli are seen in
relation to (Rosch, 1975), is the most novel element of prospect theory compared
with earlier theories of choice behavior (Wakker, 2010).
The general acknowledgment of the importance of reference points, and the
extensively investigated question of how people react to changes from an assumed reference point, stands in contrast to the lack of theory that explains the
formation and determination of reference points (e.g. Koszegi and Rabin, 2006;
1 This

chapter has been submitted to a journal for review.
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Schmidt, 2003; Stommel, 2013). Most of the literature focuses on the effect of
a specific reference point on choice. The reference point is usually defined in
advance and assumed to be exogenously given (Stommel, 2013). A common
problem of studies on reference points is that, in general, the reference point is
unknown. Even if a hypothesis on the nature of a reference point exists in a specific situation, it may be difficult to empirically test for it, since the reference point
itself is usually not directly observable. Most of the studies furthermore simply
assume that the reference point equals the status quo (Arkes et al., 2008; Chen
and Rao, 2002; De Moraes Ramos, Daamen, and Hoogendoorn, 2013; Genesove
and Mayer, 2001; Hansson and Lagerkvist, 2014; He and Zhou, 2014; Hess, Rose,
and Hensher, 2008; Heyman et al., 2004; Koetse and Brouwer, 2015; Odean, 1998;
Seiler and Luchtenberg, 2014; Weber and Camerer, 1998). More recent theoretical advances focus on reference points that are based on subjective expectations
about outcomes (Koszegi and Rabin, 2006), although a majority of the empirical studies that investigate expectations about outcomes precede this theoretical
foundation (Abeler et al., 2011; Bartol and Martin, 1998; Chapman, 2000; Crawford and Meng, 2011; Hack and Bieberstein, 2014; Medvec, Madey, and Gilovich,
1995; Mellers, Schwartz, and Ritov, 1999; Ordóñez, 1998; Post et al., 2008; Saqib
and Chan, 2015; Winer, 1986). Other studies define reference points as, among
others, aspiration levels (Bogliacino and González-Gallo, 2015; Camerer et al.,
1997; Fehr and Goette, 2007; Hack, Bieberstein, and Kraiczy, 2015; Heath, Huddart, and Lang, 1999; Heath, Larrick, and Wu, 1999; Lant and Mezias, 1992;
Park, 2007; Sullivan and Kida, 1995); social comparisons (Fafchamps, Kebede,
and Zizzo, 2015; Fiegenbaum, 1990); historical peaks (Annaert et al., 2008; Baker,
Pan, and Wurgler, 2010; Gneezy, 2005; Phillips and Pohl, 2014); norms and ideals
(Gómez-Mejía et al., 2007); or self-esteem (Gau and Viswanathan, 2008).
This study explores the existence of reference points other than the status quo
in the context of a discrete choice experiment (DCE) involving the valuation of
risk changes. Reference points in DCEs have frequently been studied in terms
of the specifications of attribute levels and choice alternatives. Some studies, for
example, have focused on attribute levels that are pivoted around an actual experience of respondents (e.g. Hess, Rose, and Hensher, 2008; Rose et al., 2008).
Another stream of literature has examined the effect of a monetary attribute that
is framed as either a cost or a gain (e.g. De Borger and Fosgerau, 2008; Koetse
and Brouwer, 2015; Lanz et al., 2010; Stathopoulos and Hess, 2012; Viscusi and
Huber, 2012). In contrast to the bulk of the literature, our study explores the
importance of reference points that are induced independently before the actual
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choice task. More specifically, we display two different risk ladders to two samples of respondents before asking them to value changes in risks in a DCE. We
postulate that design features of these risk ladders serve as reference points. Risk
ladders depict the risk in question together with other risks, covering different
magnitudes of risk probabilities. These other risks serve for comparison and
facilitate the assessment of the risk in question.
The use of risk ladders, and visual aids more generally, for the communication of risk probabilities to survey respondents is underresearched in the context
of DCEs (Logar and Brouwer, 2017). It has been shown that graphical displays
of actual risk levels enhance risk understanding, especially for risks with low
probabilities (e.g. Bier, 2001; Viscusi, 1998). Various devices for the visual representation of risk have been tested in the stated preference literature (e.g. Corso,
Hammitt, and Graham, 2001; Dekker et al., 2011; Lipkus and Hollands, 1999;
Loomis and DuVair, 1993), of which the use of a risk ladder proved to be one
of the most promising in terms of providing information on relative risks (e.g.
Botzen and Bergh, 2012; Loomis and DuVair, 1993). Only a few studies examine
the effect of different characteristics of risk ladders. Examples include Keller,
Siegrist, and Visschers (2009), who study the effect of risk ladders that contain
comparative risks compared with ladders that do not, and Sandman, Weinstein,
and Miller (1994), who examine the effect of the relative location of the risk in
question on the ladder. Although the latter authors found this effect to be significant, they were unable to distinguish this location effect from the effect of using
different comparative risk levels, since both the location of the risky events and
the range of comparative risk probabilities were altered simultaneously.
Our study setup allows us to isolate the effect of using different ranges of
probabilities of comparative risks in risk ladders. The status quo probabilities
of the risks to be valued are the same for both ladders that are shown to respondents, while the range of probabilities of the comparative risks varies. This
enables us to attribute any possible differences between the two samples of respondents to the ranges of probabilities of comparative risks shown on the risk
ladders, while controlling for the status quo risk level as a reference point. In
this sense, the experiment tests for reference points other than the status quo.
We hypothesize that other, comparative risks shown on the risk ladders serve as
reference points, and hence argue for the existence of multiple reference points
besides the status quo risk level of the actual risk valued.
The remainder of this study is structured as follows: Section 5.2 explains the
theoretical background and specifies the hypotheses. Section 5.3 describes the
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case study and the DCE design. Section 5.4 presents the econometric modeling
framework and Section 5.5 the results. Finally, Section 5.6 closes with a discussion and conclusions.

5.2

Theoretical framework and hypotheses

Following the original text of Kahneman and Tversky (1979), which states that
reference points do not necessarily have to coincide with the status quo, but can
be influenced by offered prospects, expectations, comparisons and contextual
factors (Carter and McBride, 2013), we posit that the comparative risks shown
in a risk ladder serve as reference points, as suggested by Keller, Siegrist, and
Visschers (2009) and Lipkus and Hollands (1999). Therefore, we expect that also
the comparative risks influence individuals’ perception of the risk in question
and hence the welfare estimates for a change in this risk.
Figure 5.1 schematically illustrates how different risk ladders may provide
different reference points. The risk ladders in Figure 5.1 differ with respect to the
range of comparative risks they display. Risk ladder (a) in Figure 5.1 has a wide
range of comparative risks and reaches a high risk endpoint (the risk shown on
top of the ladder), whereas risk ladder (b) has a narrow range of comparative
risks and only rises to a low risk endpoint. Both ladders start from the same risk
levels depicted at the bottom of the ladders. Since we argue that comparative
risks serve as reference points, we expect to find differences in public preferences
and welfare estimates of the risks in question between individuals who are subjected to a risk ladder as in (a) and respondents presented with a ladder as in (b).
A comparison of the two risk ladder treatments allows us to isolate the effect of
comparative risks from the positioning of the risks that are to be valued in the
risk ladders, which are kept constant in both risk ladders. This is in contrast to
the experiment by Sandman, Weinstein, and Miller (1994), who simultaneously
change the range of risk probabilities shown in the ladder and the location of the
risks that were valued.
Figure 5.2 illustrates the effects that different risk ladders, as shown in Figure
5.1, are expected to have on utility. Graph (a) represents the situation in which
the status quo is used as a reference point, and graphs (b) and (c) show the cases
of high and low comparative risk probabilities which serve as reference points.
The graphs in Figure 5.2 depict our main hypothesis for the case of an increase
and a reduction in risk that is to be valued. The main driver of differences between the graphs is the position of the reference point, i.e. the intersection of the
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F IGURE 5.1: Schematic illustration of two risk ladders that differ
in the range of comparative risks
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same s-shaped utility curve with the x-axis (RPSQ , RPH , RPL ). Although the
reference points separate gains from losses in all graphs, their magnitudes, i.e.
the associated risk probabilities, differ between the graphs. Graph (a) depicts the
changes in utility that are expected under the traditional assumption that the status quo of the risk to be valued serves as a reference point (RPSQ ). An increase
in risk from RPSQ to r1 results in a deterioration compared with the status quo,
i.e. the increase in risk is perceived as a loss. The opposite holds for a decrease
in risk from RPSQ to r2 . The latter is a positive change from the SQ reference
point, and is therefore located in the gains domain. In other words, such a reference point divides not only mental gains from losses, but also the actual risk
gains (decrease in risk) from the actual risk losses (increase in risk). The differences in the risk ladders as schematically shown in Figure 5.1 are not expected
to affect the utility in graph (a) of Figure 5.2, since the ladders do not differ with
respect to the status quo levels of the valued risks. Our alternative hypothesis
is schematically depicted in graphs (b) and (c) in Figure 5.2. The comparative
risks of the risk ladders are assumed to serve as reference points for the valuation of changes in the risks of importance. High and low comparative risks are
hence expected to have different impacts on utility. UH in graph (b) represents
the utility function that corresponds to (a risk ladder with) a high risk reference
point (RPH ) (such as risk ladder (a) in Figure 5.1). A decrease in risk from SQ
to r2 and an increase in risk from SQ to r1 result in a change in utility equal to
the magnitude u3 − u4 and u4 − u5 , respectively. In contrast, UL in graph (c)
is associated with (a risk ladder with) a low risk reference point (RPL ), that is,
the risk has a relatively low probability of occurrence (such as risk ladder (b) in
Figure 5.1). In this case, a decrease and an increase in risk result in a change of
utility of u6 − u7 and u7 − u8 , respectively. The comparison of graphs (b) and (c)
shows that equal changes in risk (r1 − SQ and SQ − r2 ) are expected to result in
stronger effects on utility in the case of a low risk reference point compared with
a high risk reference point, i.e. u6 − u7 > u3 − u4 and u7 − u8 > u4 − u5 . In order
to empirically assess this effect, we first test for equality of the entire vector of
estimated preference parameters between the samples using the Swait-Louviere
test procedure:
H01 : β̂RPH = β̂RPL .
(5.1)
More specifically, a larger change in utility is expected to be reflected in a higher
marginal willingness-to-pay (MWTP) for a change in risk. Therefore, we subsequently also test the hypothesis, applying the Poe, Girarud, and Loomis (2005)
test procedure, that the wider the range of probabilities of comparative risks on
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F IGURE 5.2: Expected changes in utility associated with a status
quo reference point (a), a high risk reference point (b), and a low
risk reference point (c)
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a risk ladder, with the position of the status quo risk remaining fixed, the lower
the MWTP for a change in risk, ceteris paribus. The null hypothesis is specified
as follows:
H02 : M W T PRPH ≥ M W T PRPL .
(5.2)

5.3
5.3.1

Case-study description
Choice experiment

An online DCE was developed that was directly related to Swiss energy policy
which aims to replace nuclear power with other energy sources, including hydropower (SFOE, 2012). The DCE pivots on the external effects of a hypothetical
expansion of hydropower, which is the most established renewable source of
electricity in the country. The set of choice attributes reflects direct environmental externalities associated with hydropower, and indirect external effects caused
by the phasing out of nuclear power.
The DCE design includes three choice alternatives: two hydropower expansion scenarios and a status quo alternative. The expansion scenarios are unlabeled. The alternatives are characterized by four attributes with the corresponding attribute levels as summarized in Table 5.1.
The first attribute describes the type of hydropower expansion, i.e. whether
the expansion is based on constructing new hydropower plants or extending existing facilities. This attribute is closely related to the negative environmental
impacts of hydropower. It was explained to respondents that new constructions
result in stronger environmental externalities than the extension of existing facilities. Two attributes describe the expected lifetime risk of dying resulting from
an accident in an electricity production facility. The first is the (increase in the)
risk of a dam breach that would result if hydropower electricity production were
expanded. It was explained to the respondents that the risk of a dam breach
would be higher if the expansion were based on hydropower plants involving
only dams (40% increase), whereas a smaller risk increase would result if the
expansion were based on a combination of plants with and without dams (20%
increase). The second risk attribute is the (decrease in the) lifetime risk from a
nuclear accident, which is an indirect externality of expanding hydropower production. Again, two levels are included in the expansion alternatives. A decrease
in nuclear risk by 30% implies that the three oldest (out of a total of five) nuclear
power stations in Switzerland are switched off. A decrease in nuclear risk by 60%
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TABLE 5.1: Attributes and attribute levels in the DCE
Attribute

Attribute levels in hypothetical
alternatives

Attribute levels in
status quo alternative

Type of hydropower
expansion

Extending existing hydropower
plants

No hydropower
expansion

Construction of new hydropower
plants
Lifetime risk of death
from a dam breach

20% increase in risk (1 in 750,000
people are expected to die)
40% increase in risk (1 in 650,000
people are expected to die)

Lifetime risk of death
from a nuclear accident

60% decrease in risk (1 in 7 million
people are expected to die)
30% decrease in risk (1 in 4 million
people are expected to die)

Increase in household’s
annual electricity bill
(CHF)

100, 200, 300, 400, 500, 600

Current risk (1 in
900,000 people are
expected to die)

Current risk (1 in 3
million people are
expected to die)

No change in the
annual electricity bill

means that all five Swiss nuclear power reactors are switched off. Since there are
two reactors in France that are located within a distance of less than 40km to
the Swiss border, the resulting lifetime risk levels from a nuclear accident do not
reduce to zero. The lifetime risk levels are calculated based on risk estimates
provided by Burgherr and Hirschberg (2008, 2014) and Hirschberg et al. (2016).
Adjusting these estimates for the GWyr of electricity produced in Switzerland by
hydropower and nuclear power, as well as for the size and life expectancy of the
Swiss population, gives the estimates of the lifetime risk of dying for an average
Swiss person from a hydropower or a nuclear power accident. The final attribute
is an increase in a household’s yearly electricity bill, with levels ranging from 100
Swiss Francs (CHF) to 600 CHF2 . Figure 5.3 shows an example of a choice task.

5.3.2

Risk ladders

Figure 5.4 shows the two actual risk ladders that were developed and presented
to the two samples of respondents in order to enhance their understanding of the
current risks of a dam breach and a nuclear accident. The ladders were shown
2 1 CHF equaled roughly 1 United States Dollar (USD) in 2016 (OECD, 2017). The average annual
electricity bill per household in Switzerland was 930 CHF in 2015 (Elcom, 2014).
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A) Expansion

B) Expansion

C) No expansion

New construction

Extension

No expansion

+40% risk

+20% risk

Current risk

(1 in 650,000 people)

(1 in 750,000 people)

(1 in 900,000 people)

-30% risk

-60% risk

Current risk

(1 in 4,000,000 people)

(1 in 7,000,000 people)

(1 in 3,000,000 people)

+200 CHF/year

+300 CHF/year

+0 CHF/year

F IGURE 5.3: Choice task example
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before the DCE and used in combination with textual information, as this has
proven to be one of the most effective forms to communicate the risks involved
(Connelly and Knuth, 1998). The textual information explained that the risks
shown on the risk ladder are scientific estimates of average risks that consider
both the immediate and the long-term effects. The same risk ladder was shown
to respondents three times: (i) when the current risk level of a nuclear accident
and a dam failure was introduced; (ii) when the change in hydropower risk resulting from a hydropower expansion was explained; and (iii) again when the
change in nuclear risk due to such an expansion was described. In the last two
cases, an arrow next to the current hydropower or nuclear risks indicated the
direction of a risk change in case a hydropower expansion would take place, as
shown in Figure 5.4.
(a) Risk ladder with a high
reference point (sample 1)
1 in 10

1 in 10 people

Risk of death from
cancer

(b) Risk ladder with a low
reference point (sample 2)
1 in 35,000

1 in 35,000 people

Risk of death from
a lightning strike

1 in 150,000 people

Risk of death from
a severe
earthquake

1 in 100

1 in 100,000
1 in 1000

1 in 10,000
1 in 35,000 people

Risk of death from
a lightning strike

1 in 100,000

1 in 1 Million

1 in 900,000 people
1 in 3 Mil people

Risk of death from
a dam failure

Risk of death from
a nuclear accident

1 in 1 Million

1 in 900,000 people
1 in 3 Mil people

Risk of death from
a dam failure

Risk of death from
a nuclear accident

F IGURE 5.4: Risk ladders shown to sample 1 (a) and sample 2
(b)

Since we aim to isolate the effect of the range of probabilities of the comparative risks presented on the risk ladders, half of the respondents received risk
ladder (a) in Figure 5.4 (sample 1) and the other half was shown risk ladder (b)
in Figure 5.4 (sample 2). Both risk ladders apply a logarithmic scale, and show
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the lifetime risk from a dam failure and a nuclear accident in the same location,
i.e. at the bottom of the ladder. Both also compare the status quo risks of dying from a dam failure and a nuclear accident with two other commonly known
risks, one of which is positioned at the top of the risk ladder (endpoint risk) and
another at an intermediate level between the upper endpoint and the status quo
levels of hydropower and nuclear risks (middle point risk). The main difference
between the two risk ladders is the range of probabilities of these comparative
risks. The endpoint risk probabilities on the risk ladders are 1 in 10 and 1 in
35,000 in sample 1 and 2, respectively, while the midpoint risk probabilities are 1
in 35,000 and 1 in 150,0003 , respectively.
The comparative risks on the two risk ladders differ with respect to the nature of the risks involved. In order to ensure that the risk ladders are comparable
and that the findings can be traced back to the intended treatment effect, i.e. the
differences in the range of probabilities of the comparative risks, we carefully
selected comparative risks that are as similar as possible in terms of other factors
that explain public risk perception. One such key determinant is controllability
(Slovic, 1987). We control for this by asking respondents about their perceived
degree of controllability of the comparative risks shown on the risk ladders. Although there is some evidence in the value of statistical life (VSL) literature that
respondents may be willing to pay a cancer premium (e.g. Alberini and Ščasný,
2011, 2013; Van Houtven, Sullivan, and Dockins, 2008; Viscusi, Huber, and Bell,
2014), just as many studies have failed to find such an effect or found mixed results (see McDonald et al. (2016) or Tsuge, Kishimoto, and Takeuchi (2005) for a
review). Cancer was included as a high endpoint risk because it is commonly
known.
Hence, with the exception of the two different risk ladders, all other features
of the DCE and the accompanying survey were identical.

5.3.3

Covariates

In addition to the stated choice data and respondents’ sociodemographic characteristics and environmental behavior, and following Hartmann et al. (2013),
the survey gathered information on risk attitudes, perceptions and fears of hydropower and nuclear power accidents. Hartmann et al. (2013) link perceived
threat level, coping efficacy, fear arousal, and fear control associated with opposition to nuclear power and support for green energy based on the psychological
frameworks of Protection Motivation Theory (PMT) (Maddux and Rogers, 1983;
Rogers, 1983), the Extended Parallel Processing Model (EPPM) (Witte, 1992), and
3 These risks were calculated based on data from the Swiss Federal Statistical Office (2014), the
Swiss Seismological Service (2016), and a review paper on lightning risks (Ritenour et al., 2008).
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theories including affective drivers (e.g. Dillard, 1994; Peters and Slovic, 1996;
Slovic et al., 2007). There exists a large number of other studies focusing on the
relationship between the perceived threat of nuclear power and nuclear power
adoption (e.g. Greenberg and Truelove, 2011; Hartmann et al., 2013; Stoutenborough, Sturgess, and Vedlitz, 2013; Tanaka, 2004; Visschers, Keller, and Siegrist,
2011; Whitfield et al., 2009) and the role of affect associated with nuclear power
acceptance (e.g. Finucane et al., 2000; Peters and Slovic, 1996, 2007; Slovic et al.,
2007; Visschers, Keller, and Siegrist, 2011). However, Hartmann et al. (2013)
is the only study we know that considers the relationship between attitudes,
perceptions and fear associated with nuclear power and the preferences for renewable sources of energy. Contrary to Hartmann et al. (2013), we assess the
influence of these factors on hydropower expansion choices in a DCE. The most
important variables that are used in the choice models are described in Table 5.2.

5.3.4

Design generation and data collection

A series of pretests were conducted before the main survey. First, a sample of 20
participants were asked to answer a paper-and-pencil version of the survey followed by a personal interview. In the second stage of the pretest series, a representative sample of 220 respondents from the German-speaking part of Switzerland were asked to complete a first version of the online survey, followed by a
second final online pretest round with a new sample of 350 respondents. The
respondents for the pretests and the main survey were recruited by Intervista
AG, a market research company with a panel of 50,000 registered individuals
throughout Switzerland. Apart from testing public understanding of the survey
as a whole, and the DCE in particular, the main goal of the online pretests was to
derive prior estimates for the attribute coefficients.
A D-efficient DCE design was generated for the final survey in Ngene version
1.1.2. Efficient designs have been shown to be superior to orthogonal designs in
terms of either improving the reliability of the estimated parameters given a certain sample size or reducing the sample size needed for a given reliability of
parameter estimates (e.g. Hensher, Rose, and Greene, 2015; Rose and Bliemer,
2013). Bayesian priors were used, which follow a random instead of a fixed distribution, bounded by the priors obtained from the pretests. In total, two blocks
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TABLE 5.2: Explanatory variables included in the choice models
Variables

Questions asked in the survey

Coding of variables

Perceived threat of
a dam breach

a) How likely is in your view a
dam breach in Switzerland?
b) How strongly would you be
affected by a dam breach?

0-20 scale constructed by
summing up a) and b), both
measured on a 0-10 scale where
0=’very unlikely/not at all’ and
10=’very likely/very much’

Perceived threat of
a nuclear accident

a) How likely is in your view a
nuclear accident in Switzerland?
b) How strongly would you be
affected by a nuclear accident?

0-20 scale constructed by
summing up a) and b), both
measured on a 0-10 scale where
0=’very unlikely/not at all’ and
10=’very likely/very much’

Fear of a dam
breach

How concerned are you about a
dam breach?

0-10 scale where 0=’not at all’
and 10=’very much’

Fear of a nuclear
accident

How concerned are you about a
nuclear accident?

0-10 scale where 0=’not at all’
and 10=’very much’

Self-reported effect
of risk ladder on
hydropower risk
perception

Has the risk ladder changed your
perception of hydropower risk?

1=yes; 0=no

Self-reported effect
of risk ladder on
nuclear risk
perception

Has the risk ladder changed your
perception of nuclear risk?

1=yes; 0=no

Risk attitude

Do you consider yourself, in
general, a person who takes risks
or do you prefer to avoid taking
risks?

0-10 scale where 0=’not at all
willing to take risks’ and
10=’very willing to take risks’

Endpoint taken
into consideration

Have you compared the risks of
dying from a dam breach and a
nuclear accident with the risk
depicted at the endpoint of the
risk ladder?

1=yes; 0=no

Middle point taken
into consideration

Have you compared the risks of
dying from a dam breach and a
nuclear accident with the risk
depicted in the middle of the risk
ladder?

1=yes; 0=no

Member of an
environmental
organization

Do you or anyone in your
household financially support an
environmental organization?

1=yes; 0=no

Income

What is your household’s gross
annual income?

1=higher than the sample
average; 0=sample average or
lower

Female

What is your gender?

1=female; 0=male

Age

When were you born?

15-84
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of choice tasks were designed. These were randomly assigned across respondents. Each respondent answered seven choice tasks. The final DCE was administered in June 2016 to a representative sample of 495 respondents belonging to
the German- and French-speaking Swiss population.

5.4

Econometric models and testing procedures

Choice models have their roots in Lancaster’s theory of consumer choice, which
posits that utility from a good is derived from the good’s characteristics or attributes (Lancaster, 1966). Based on this theory, the utility of an alternative in
a choice model is defined in terms of its attributes included in the choice tasks
(and other variables). The usual econometric specification follows McFadden’s
random utility theory (McFadden, 1974), which assumes informational asymmetry between the respondent and analyst. More formally, the utility derived
by respondent n from alternative i in choice situation t is:
Unit = Vnit + εnit ,

(5.3)

where the error term εnit is unknown to the analyst. The unknown error term is
responsible for the difference between the respondent’s actual utility Unit and the
utility Vnit observed by the analyst. Distributional assumptions about the error
term drive the distinction between the different types of models. For our analysis, we use the most commonly assumed iid extreme value distribution. The
standard probability representation of the multinomial logit (MNL) is obtained
by defining a probabilistic condition for an individual n to choose alternative i
over alternative j and combining this condition with equation 5.3. The result is
shown in equation 5.4:
eβ0n xnit
(5.4)
Pnit (β) = P β0n xnjt ,
je
where the observed utility Vnit of equation 5.3 is replaced by a linear specification
of a vector of parameters β and observed variables xnit . We estimate mixed
logit (MXL) models, which relax the restrictive assumptions that unobservable
factors are uncorrelated across alternatives and choice tasks, and allow for taste
heterogeneity between respondents:
Z  β0n xnit 
e
P β0 x
Pnit (β) =
f (β)dβ.
n njt
je

(5.5)
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The density f (β) can follow any distribution specified by the analyst. We assume
f (β) to follow a normal distribution, as this can be motivated by the central limit
theorem (Hensher and Greene, 2002). Estimation of equation 5.5 requires simulation. For a predefined number of draws, a value of β is estimated, and a
choice probability is calculated. The average of these probabilities is then taken
to estimate equation 5.5 (Hensher, Rose, and Greene, 2015; Train, 2009). Finally,
the MXL model is estimated employing maximum likelihood estimation on the
simulated log-likelihood function.
We apply the test procedure suggested by Swait and Louviere (1993) to test
our first hypothesis. The Swait-Louviere procedure tests for equality of the entire
vector of preference parameters between our two samples. To assess the second
hypothesis: whether the different risk ladders have an effect on welfare estimates
for a change in risk, we use the Poe procedure (Poe, Girarud, and Loomis, 2005)
to test for differences between MWTP values for a change in hydropower and
nuclear power risk derived from the two samples (see Appendix 5.A for details).

5.5
5.5.1

Results
Descriptive statistics

Both samples are drawn from the German- and French speaking population in
Switzerland, accounting for roughly 95% of the total Swiss population. 25 respondents who chose the status quo option in all choice tasks were identified
as protest responses (e.g. Brouwer and Martín-Ortega, 2012). After excluding
these respondents from the analysis, the remaining two samples consist of 470
individuals in total. The survey response rate is 16.3%. Table 5.3 compares the
characteristics of the two samples and the target population from which they
were drawn. The sociodemographic characteristics of samples 1 and 2 are very
similar and representative of the general population due to the applied sampling
strategy, which ensured representativeness and similarity with respect to gender,
age, linguistic background, and education. There are only minor differences between the two samples and the population from which the samples were drawn,
such as the share of students and the share of respondents holding a university
degree, which are slightly higher in the two samples compared with the target
population, and the slightly lower unemployment rates in the two samples.
The samples’ general risk attitudes and hydropower and nuclear power risk
perception are presented in Figure 5.5. Figure 5.5 provides two main insights into
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TABLE 5.3: Sociodemographic characteristics of the study samples and target population

Female (%)
Average age
French-speaking origin (%)
Average household size
University degree (Bachelor’s,
Master’s, PhD) (%)
Average annual gross household
income (CHF)
Unemployed (%)
Retired (%)
Student (%)
N

Sample 1
(High reference
point)

Sample 2
(Low reference
point)

Populationa

53.2
47.2
22.6
2.5
34.5

49.8
47.9
25.5
2.5
37.4

50.5
41.5
23.0
2.3
27.1

98,174b

101,523b

120,624

1.7
20.0
10.6
235

2.1
23.4
7.7
235

4.3
17.9
5.7
7,887,303

Notes: a SFOE (2016).
b This is an approximation based on midpoint estimates as respondents were asked
to indicate in which income group their gross household income falls.

8
Sample 1 (high risk endpoint)
Sample 2 (low risk endpoint)
6

4

2

0

Willingness to
Perceived
Perceived
Affected by a Affected by a Worried about a Worried about a
take risks
likelihood of a likelihood of a dam breach nuclear accident dam breach nuclear accident
dam breach nuclear accident

F IGURE 5.5: Descriptive statistics of risk attitudes and perceptions, from 0 (very unlikely / not at all) to 10 (very likely / very
much)4
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public perception of hydropower and nuclear risk. First, the differences between
sample 1 and sample 2 seem to be small. The non-parametric Mann-Whitney
test cannot reject the equality of all variables between the two samples at the
10% significance level, except for the perceived threat severity of a dam breach
(affected by a dam breach). Second, the perceived threat severity, the perceived
probability of threat occurrence (likelihood of a dam breach/nuclear accident),
and the fear of an accident (worried about a dam breach/nuclear accident) are
significantly higher for nuclear power than for hydropower. Respondents’ perceived controllability of the comparative risks on the risk ladders was measured
on a 5-point Likert scale, and are presented in Table 5.4.
TABLE 5.4: Perceived controllability of the comparative endpoint and middle point risks
To what extent do you agree with the following statement?
‘There is nothing I can personally do to reduce the following risks’
Endpoint
risk
Sample 1
(cancer)

Endpoint
risk
Sample 2
(lightning
strike)

Middle point risk

Middle point risk

Sample 1
(lightning strike)

Sample 2
(severe
earthquake)

Strongly disagree
(%)

20.9

21.7

14.9

3.0

Disagree (%)

44.7

40.0

33.6

8.9

Neither agree nor
disagree (%)

15.7

9.4

15.3

14.5

Agree (%)

14.0

17.9

21.7

23.4

Strongly agree (%)

4.7

11.1

14.5

50.2

Table 5.4 compares the perceived controllability of the endpoint and the middle point risks displayed on the risk ladders. Although the two endpoint risks
differ with respect to their type and probability, the controllability of the two
hazards is perceived to be similar: 65.6% and 61.7% of the respondents disagree
or strongly disagree with the statement that they cannot do anything to reduce
the risk of dying of cancer and dying from a lightning strike in sample 1 and
2, respectively. The share of participants who agree or completely agree with
the statement is slightly higher for the risk of a lightning strike (29.0%) than for
the risk of cancer (18.7%). More respondents neither agree nor disagree with the
statement for the latter risk.
4 Error

bars reflect one standard deviation.
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A somewhat different pattern emerges when comparing the middle point
risks of the two risk ladders. More respondents agree or completely agree that
they can influence the risk of dying from a severe earthquake than the risk of
dying from a lightning strike. The opposite result holds for participants who disagree or strongly disagree with the statement, whereas the share of respondents
who neither agree nor disagree is similar for both risks. In conclusion, these results suggest reasonable comparability of the risks shown to the two samples,
although the endpoint risks seem to be more comparable than the middle point
risks.
After displaying one of the two risk ladders, we asked the survey respondents whether the ladder had changed their perception of hydropower and nuclear power risks. The majority of respondents in both samples stated that the
risk ladder had no effect on their risk perception. A similar share of respondents
in samples 1 and 2 reported a change in nuclear risk perception induced by the
risk ladders: 24.3% and 22.1%, respectively. However, the risk ladder with a
wide range of comparative risks (high risk endpoint) had a somewhat stronger
effect on hydropower risk perception (21.7% of the respondents report a change
in risk perception) than the risk ladder with low comparative risk probabilities
(14.9% report a change).

5.5.2

Choice model results

The results of the estimated MXL models are shown in Table 5.5. The second and
third column report the results estimated for sample 1, and the fourth and fifth
column for sample 2. Both models are estimated using 5,000 Halton draws.
TABLE 5.5: Estimated mixed logit models

Variables

Sample 1:
Risk ladder with a
high reference point

Sample 2:
Risk ladder with a
low reference point

Coeff.

Coeff.

s.e.

s.e.

Mean estimates of random and non-random parameters
Alternative-specific constant (ASC)

-2.701**

1.162

-0.483

1.477

Construction of new hydropower plants

-0.446***

0.156

-0.540***

0.157

Increase in risk of dying from a dam breach
by 40%

-0.928***

0.282

-1.172***

0.259

Decrease in risk of dying from a nuclear
accident by 60%

0.531**

0.252

1.127***

0.287

Increase in annual electricity bill (in 100 CHF)

-0.408***

0.047

-0.354***

0.049
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Sample 1:
Risk ladder with a
high reference point

Sample 2:
Risk ladder with a
low reference point

Variables

Coeff.

s.e.

Coeff.

s.e.

Increase in annual electricity bill ∗ Income
above sample average

0.007

0.061

-0.035

0.065

Perceived threat of a dam breach (before the
risk ladder)

-0.112*

0.067

-0.161*

0.084

Perceived threat of a nuclear accident (before
the risk ladder)

-0.016

0.077

0.142*

0.086

How concerned are you about a dam breach?
(before the risk ladder)

-0.235*

0.129

-0.231

0.184

How concerned are you about a nuclear
accident? (before the risk ladder)

0.194

0.119

0.304**

0.142

Has the risk ladder changed your perception
of the risk of a dam breach? (1=yes, 0=no)

1.631***

0.627

0.032

0.846

Has the risk ladder changed your perception
of the risk of a nuclear accident? (1=yes,
0=no)

-1.158**

0.566

-0.260

0.732

Endpoint risk taken into consideration
(1=yes, 0=no)

0.284

0.574

0.199

0.967

Middle point risk taken into consideration
(1=yes, 0=no)

0.817

1.041

-0.573

0.915

Risk attitude

0.120

0.101

0.095

0.126

Member of an environmental organization
(1=yes, 0=no)

1.243***

0.472

2.416***

0.635

Member of an environmental organization ∗
Construction of new hydropower plants

-0.563**

0.231

-0.728***

0.238

Female (1=yes, 0=no)

-0.638

0.477

-1.469**

0.605

Age

0.012

0.014

0.029

0.018

Age ∗ Increase in risk of dying from a dam
breach by 40%

0.013**

0.006

0.019***

0.005

Age ∗ Increase in risk of dying from a
nuclear accident by 60%

0.004

0.005

-0.008

0.005

Standard deviations of random parameters
ASC

2.434***

0.285

3.186***

0.357

Construction of new hydropower plants

1.298***

0.140

1.292***

0.144

Increase of risk of dying from a dam breach
by 40%

0.847***

0.130

0.555***

0.154

Decrease of risk of dying from a nuclear
accident by 60%

0.567***

0.142

0.811***

0.137

Model characteristics
Number of observations
Log-likelihood (restricted)

1645
-1807.217

1645
-1807.217
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Sample 1:
Risk ladder with a
high reference point

Sample 2:
Risk ladder with a
low reference point

Variables

Coeff.

Coeff.

Log-likelihood (unrestricted)
AIC/N
BIC/N
McFadden’s pseudo R2

-1259.635
1.562
1.644
0.303

s.e.

s.e.

-1202.615
1.493
1.575
0.335

Notes: ***p<0.01, **p<0.05, *p<0.1.
AIC: Akaike Information Criteria; BIC: Bayesian Information Criteria.

The two choice models perform generally well according to the AIC, BIC, and
pseudo-R2 statistics, although the model based on sample 2 has a slightly better
fit. The standard deviations of the random parameters are highly significant in
both models, suggesting that preferences for the non-monetary choice attributes
vary across individual respondents.
Many of the coefficients are similar between the two samples, and reveal
common drivers of preferences for the hydropower expansion scenarios. All
attributes have the expected signs and are highly significant. Compared with
extending existing plants, the construction of new hydropower plants decreases
the likelihood of choosing a hydropower expansion scenario, since the construction of new facilities has a stronger detrimental environmental effect than the extension of existing facilities. An increase in the risk of dying from a dam breach
by 40% compared with an increase of 20% has a negative effect on the choice
probability, whereas a decrease in the risk of dying due to a nuclear accident
by 60% compared with 30% increases the probability of choosing a hydropower
expansion scenario. Although the price attribute is, as expected, negative and
statistically significant, its interaction with a binary variable that equals 1 if a respondent’s income is above the sample average is not statistically significance.
In other words, the price sensitivity does not seem to depend on a respondent’s
income, i.e. the choices of respondents with a high income are not significantly
differently affected by an increase in the annual electricity bill than choices of respondents with an average or lower than average income. Although the signs of
the significant coefficients are as expected, the coefficients for a perceived threat
of hydropower and nuclear risks are only weakly significant, or insignificant
in the case of a perceived threat of a dam breach in sample 1. They are negative if they relate to hydropower (risk increase) and positive if they relate to nuclear power (risk reduction). Respondents who perceive a dam breach (nuclear
power accident) as a high threat are hence less likely (more likely) to choose a
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hydropower expansion scenario because it involves an increase (decrease) in hydropower (nuclear power) risk. The same logic holds for the coefficients for how
concerned respondents are about a dam breach or a nuclear accident, although
this effect is not significant in either sample. Contrary to the perceived risks,
general risk attitudes have no significant impact on respondents’ choices in the
two samples. The higher importance of risk perception than risk attitude has
also been reported in previous studies (e.g. Slovic and Weber, 2011; Weber and
Milliman, 1997). In order to control for the effect of reference points other than
the status quo, we included two binary variables that indicate whether respondents considered the endpoint or middle point risk shown on the risk ladder in
their choice process. Neither of these variables has a significant effect on stated
choices.
The sociodemographic characteristics reveal that female respondents in sample 2 prefer the status quo to the expansion scenarios. Note that this effect persists even when gender-specific risk effects are controlled for by including interaction terms between gender and the hydropower and nuclear risk attributes,
and while controlling for interaction effects between gender and the self-reported
effect of the risk ladder on respondents’ risk perceptions. All of these interaction
terms never reach significance and are not included in the final models. Age
interacted with the increase in the risk of a dam breach results in a significant
positive coefficient, indicating that older respondents are less concerned about
an increase in hydropower risk than younger respondents, possibly reflecting a
higher level of trust in hydropower by older generations. Members of an environmental organization have a higher preference for hydropower expansion
scenarios than for the status quo. This holds even if an interaction term between
membership of an environmental organization and the construction of new hydropower plants (involving stronger negative environmental effects) is included.
This latter interaction term is, as expected, significant and negative.
Turning to the main differences between the two samples, first, the ASC is
highly significant and negative for sample 1, but not significant for sample 2.
This indicates that respondents in sample 2 are indifferent between the expansion scenarios and the status quo, and made their choice exclusively on the basis
of the presented attributes. In contrast, since the ASC was part of the status quo
utility specification, respondents in sample 1 prefer an expansion of hydropower
over the status quo. This may be an indication for the status quo to be of importance as a reference point in sample 1 but not in sample 2. Second, with the
exception of the price attribute, the magnitudes of the attribute coefficients are
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higher for sample 2 than for sample 1, suggesting a choice process that is more
strongly influenced by the attributes. Nevertheless, the coefficients and their
standard errors overlap with the exception of the nuclear risk attribute.
Finally, the coefficients for the variables indicating whether the risk ladder
has changed respondents’ risk perception are only significant in sample 1. This
means that the impact of the risk ladder on risk perception is more relevant for
the choice process of respondents in sample 1 than in sample 2, although the difference in the share of respondents who reported a change in risk perception due
to the risk ladders is small between the two samples and negligible in the case
of nuclear risk (see Section 5.5.1). The change in risk perception induced by the
risk ladders has a positive effect on the probability of choosing an expansion scenario in the case of hydropower risk and a negative effect in the case of nuclear
risk. This is most likely because a higher share of respondents stated that the
risk ladder decreased their risk perception than those who stated the opposite.
This holds for both hydropower and nuclear risks. That is, more respondents
seemed to initially overestimate the actual risk levels. As a result, if the risk ladder decreased the perception of hydropower risk, a positive effect on choosing
an expansion scenario is expected. The opposite effect is expected for nuclear
power risk.

5.5.3

Hypotheses test results

Our main hypothesis states that a change in risks depicted on a risk ladder with
a narrow range of comparative risks (sample 2) has a larger effect on utility and
choices than a change in risks shown on a risk ladder with a wide range of comparative risks (sample 1). As a first test for the equality of the parameters between the two samples, we ran the Swait-Louviere test procedure. The results
show that neither the equality of preference parameters nor the equality of scale
parameters between samples 1 and 2 can be rejected (the outcome of the LR test
statistic is 28.27 and 0.51 with corresponding p-values of 0.35 and 0.47 for the
first and second test stage, respectively).
As mentioned, the magnitude of the attribute coefficients are higher for both
risks in sample 2 than in sample 1, albeit significantly larger only for the case of
nuclear risk. A more formal test of our hypothesis is based on the comparison
of MWTP values, since we expect the MWTP for changes in nuclear and hydropower risk to be significantly higher for sample 2 than sample 1. The MWTP
values estimated in preference-space based on the choice models are reported
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in Table 5.6. The MWTP values correspond to an increase in an average household’s annual electricity bill of between 14% and 34%.
TABLE 5.6: MWTP estimates for the risk attributes (CHF per
household per year)
Sample 1:
High risk reference
point ladder

Sample 2:
Low risk reference
point ladder

Choice attributes

MWTP

s.e.

MWTP

s.e.

Increase if the risk of dying from a dam
breach by 20% relative to 40%

227.33***

73.95

313.39***

86.80

Decrease in the risk of dying from a nuclear
accident by 60% relative to 30%

130.01**

65.42

318.62***

96.63

Notes: ***p<0.01, **p<0.05, *p<0.1.
Standard errors are based on the Krinsky and Robb (1986) method using 10,000 draws.

At first sight, Table 5.6 supports our hypothesis, since the MWTP values for
the risk attributes in sample 2 are consistently higher than those of sample 1.
To test whether the differences are statistically significant, we apply the complete combinatorial method suggested by Poe, Girarud, and Loomis (2005). The
outcome of this test indicates that our null hypothesis of equality of the MWTP
values between the two samples can be rejected for the nuclear risk attribute
(p=0.061) but not for the hydropower risk attribute (p=0.239). Therefore, the two
different risk ladders only seem to have a significantly different effect on MWTP
for a change in nuclear risk.

5.6

Discussion and conclusions

The results obtained in this study are partly in line with our theoretical expectations of comparative risk probabilities in risk ladders to serve as reference points.
Specifically, we expect the effect of a risk ladder with a wide range of comparative risks (sample 1) to have a smaller effect on respondents’ choice than a risk
ladder with a narrow range of comparative risks (sample 2). This is confirmed by
the MWTP values for identical changes in risk which are smaller in sample 1 than
in sample 2. However, the differences in estimated coefficients and MWTP values between the two samples are only significant for the nuclear risk attribute.
The estimated choice models suggest a possible explanation for this outcome:
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the reduction in risk perception induced by the risk ladder with high comparative risks affects respondents’ choices more strongly, and hence results in lower
MWTP values than the reduction in risk perception induced by the risk ladder
with low comparative risks. The Swait-Louviere test is not able to reject the null
hypothesis of equality of preference parameters between the two samples, but
this is considered a weaker test in view of the fact that this test refers to differences in the full set of preference coefficient estimates.
A further interesting finding is that the ASC is highly significant in the model
based on sample 1 but does not reach significance in the model based on sample 2. This suggests that, at least for sample 1 and its high comparative risks,
the status quo also serves as a reference point. Note that this result needs to
be interpreted with care for two reasons: First, the coefficient for the ASC reflects the impact of the status quo levels of all attributes included and not only
of the risk-related attributes; and, second, it may be confounded with the effect
of omitted variables not captured by the choice attributes and other explanatory
factors. In conclusion, our null hypothesis of equal MWTP values irrespective of
the relative risks displayed on the risk ladder is rejected for the change in nuclear
risk, but not for the change in hydropower risk. At the same time, and at least
for the sample with the wide range of comparative risks, it is unlikely that the
comparative risks on the risk ladders serve as unique reference points.
The conclusions that can be drawn from this study highlight the prevalence
of multiple reference points in DCEs besides the status quo. This contradicts
part of the existing literature that typically focuses on a single reference point.
We find empirical support for the untested expectation in Sandman, Weinstein,
and Miller (1994) that not only the location of the risk that is valued matters, but
also the range of values on the risk ladder. We are unable to conclude whether
a risk ladder with comparative risks that are more or less similar in probability
to the risk in question performs better in terms of risk communication, but our
results indicate that comparative risks which are closer in probability to the risks
in question result in higher MWTP values.
The implications of our main findings for the valuation literature which investigates reference points highlight the need for a broader perspective. Contrary to the common notion that design elements of DCEs serve as reference
points and introduce procedural bias, we show that there may be additional elements related to the accompanying survey that also serve as reference points,
in casu, the role of risk ladder design. However, the importance of comparative risks as reference points may also be valid for situations involving other,
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graphical or textual, risk communication devices. Hence, a careful construction
and pretesting of such devices seems necessary. More research is needed to determine the relative importance of the different possible reference points in risk
communication devices. A promising path for future research may be to combine research on the effects of risk communication device specifications with a
tool to monitor the visual information acquisition process of respondents, such
as eye-tracking or mouse-tracking.

5.A. Poe-test

5.A
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Poe-test

The complete combinatorial approach suggested by Poe, Girarud, and Loomis
(2005) is based on the more complex convolution approach (Ohdoko, 2008; Poe,
Severance-lossin, and Welsh, 1994), but similarly provides an unbiased assessment of the statistical significance of differences in two simulated distributions.
In order to calculate the Poe-test statistic, we start with simulating a distribution
of the MWTP values for a change in risk for sample 1 and sample 2, denoted
by X̂ and Ŷ , respectively. Both distributions are based on 1000 random and
normally distributed draws with the means and standard deviations of the estimated MWTP values. The null hypothesis that is to be tested is the following:
H0 : X̂ − Ŷ = 0.

(5.6)

The test statistic for H0 is the empirical cumulative distribution function at zero:

Ŷ = #(xi − yj ≤ 0) /(m ∗ n),

(5.7)

with # denoting the number of differences that meet the contained condition
and m and n to equal the number of draws of X̂ and Ŷ ; respectively (Ohdoko,
2008; Poe, Girarud, and Loomis, 2005). The test statistic in equation 5.7 functions
identically as a p-value: It indicates the probability that expresses the rejection
area of the null hypothesis (Ohdoko, 2008).
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