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ARTICLE INFO ABSTRACT

Keywords: This paper presents the results of a stated choice study for estimating the Willingness-To-Pay of respondents in

Value four European countries (Belgium, France, Germany and the Netherlands) to reduce the risk of fatal and serious

C,OSt injuries in road crashes. Respondents were confronted with hypothetical route choices that differ in respect of

;:11: travel costs, travel time and crash risk. The survey was completed by 8,002 respondents, equally spread over the

Road injury four participating countries and representative for each country with regards to gender, age and region. Possible

WTP biases caused by problematic choice behaviour such as inconsistent, irrational or lexicographic answers were
addressed.

The resulting values were estimated by means of a mixed logit model allowing to account for the panel nature

of the data. The Value of a Statistical Life (VSL) was estimated at 6.2 Mill EUR, the Value of a Statistical Serious

Injury (VSSI) at 950,000 EUR, and the Value of Time (VoT) at 16.1 EUR/h. Consequently, the relative value of

avoiding a fatal injury is estimated to be around 7 times higher than the value of an avoided serious injury. The

study revealed differences between countries with France showing values that are significantly lower than the

average and Germany showing values that are significantly higher. The estimated VSL values are considerably

higher than the values currently used in the four countries, but they are within the range of values found in

similar stated choice studies. The results can be used as an input in a broad range of socioeconomic studies

including cost-benefit analysis and assessments of socioeconomic costs of road crashes.

1. Introduction

Estimates of socioeconomic road crash costs are frequently used in
road policy-making. These costs represent the negative consequences of
road crashes' on society and can be used as an input for budget allo-
cation, to justify road safety investments or for cost-benefit analyses
(CBA) of projects with road safety impacts. Socioeconomic road crash
costs consist of economic costs (such as medical costs, production loss,
property damage and administrative costs) and intangible costs or

* Corresponding author.

“human costs”. The latter have no explicit market value since they
represent the pain, grief and the loss of (quality of) life that is caused by
(fatal) injuries due to road crashes (Bahamonde-Birke et al., 2015).
Different methods exist to estimate the monetary value of human costs
of which Willingness-To-Pay (WTP) is the most commonly used method
when the values are used as an input for CBAs (Freeman et al., 2014). A
WTP study estimates the amount a potential victim is willing to pay for a
reduction of personal risk (Bahamonde-Birke et al., 2015). Most WTP
studies are dedicated to calculating the Value of a Statistical Life (VSL)

E-mail addresses: annelies.schoeters@vias.be (A. Schoeters), laurent.carnis@univ-eiffel.fr (L. Carnis), frits.bijleveld@swov.nl (F. Bijleveld), martijn.vander.horst@

minienw.nl (M. van der Horst).

1 In accordance with the recommendations by Stewart and Lord (2002) we use “crashes” instead of “accidents” because the term crash includes a larger variety of

potential causes than accidents.
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and thus the estimation of the costs of fatalities. Despite the increased
importance of addressing serious injuries in road safety policy, only few
WTP studies (a.o. O’Reilly et al., 1994; De Brabander, 2006; Persson,
2004) have addressed the monetization of the immaterial costs caused
by injuries (Schoeters et al., 2020).

Cost estimates that are used in official guidelines are often outdated,
not estimated using recommended methods or based on standardized
figures such as those developed in Bickel et al. (2006). It has been rec-
ommended (Wijnen et al., 2019) to improve the quality and compara-
bility of crash cost estimates. Since human costs of fatalities and serious
injuries constitute a major share in the total crash costs, this study
focusses on the estimation of human costs of fatalities and serious in-
juries. In accordance with the existing literature, it makes use of the WTP
method.

Two methodologies are available to conduct a WTP study: in
Revealed Preference (RP) methods WTP values are derived from peo-
ple’s actual behavior (e.g. the price paid for safety options in cars) and in
Stated Preference (SP) methods surveys are used to ask people how
much they are willing to pay for a hypothetical risk reduction
(Boardman et al., 2017). While SP methods suffer from different types of
bias due to the hypothetical and intentional nature of the survey, they
have several advantages over RP methods. The main advantage is the
broader applicability due to the flexibility of using questionnaires.
Different types of road safety issues can be assessed simultaneously and
the method is not dependent on the availability of data on the amount of
money people actually pay for safety. Moreover, SP methods provide the
opportunity to explain small risk reductions and test the respondents’
risk understanding, while RP methods assume that individuals correctly
understand the changes in (very small) risks associated with their
choices (Boardman et al., 2017; Freeman et al., 2014; de Blaeij, 2003). In
general there are two types of SP methods: while Contingent Valuation
(CV) surveys ask directly how much respondents are willing to pay for a
risk reduction compared to a reference situation, Stated Choice (SC)
surveys use a more indirect way to elicit respondents’ WTP by asking
them to make choices in hypothetical situations. Comparisons of both
methods in the literature have shown that SC is regarded as superior to
CV, mainly because the indirect way of asking people’s preferences re-
duces several types of bias (de Blaeij, 2003; Bahamonde-Birke et al.,
2015; Rizzi & Orttzar, 2006). Most SC surveys have been dedicated to
estimating the Value of Time (VoT) and the application to estimate the
VSL is relatively new. Bahamonde-Birke et al. (2015) have identified 13
SC studies that estimated the VSL in the context of road safety. These
studies mention different challenges in the practical application of the
SC method, such as the hypothetical character of the survey, difficulties
in risk understanding and problematic choice behaviour (such as irra-
tional, inconsistent or lexicographic answers), and propose approaches
how to deal with these issues.

The main objectives to set up the current study were (a) to provide an
update of the VSL based on current preferences in four European
countries, (b) to include serious injuries in the estimation of human
costs, (c) to use the best method available according to current knowl-
edge, (d) to take stock of the knowledge developed in previous SC
studies to create a robust design, and (e) to produce results that can be
used for applications outside the setting of this study by applying a value
transfer method.

This paper presents the results of a SC study conducted in four Eu-
ropean countries (Belgium, France, Germany and the Netherlands) with
the objective to estimate the WTP of respondents for reducing the risk of
fatal and serious injuries in road crashes. This study provides updated
estimates of the VSL (Value of a Statistical Life), the VSSI (Value of a
Statistical Serious Injury) and the VoT (Value of Time) for each of the
participating countries and common values for all countries combined.
The rest of this paper proceeds as follows. The next section describes the
empirical model that is used to analyse the data resulting from the SC
survey. The third section describes the survey design, including the
valuation context and the selection of choice sets. The fourth section
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explains how we dealt with problematic choice behaviour such as irra-
tional and lexicographic answers. The fifth section describes the data
collection process and presents descriptive statistics of the sample. The
sixth section provides the resulting model estimates that are discussed in
the seventh section. The final section presents our conclusions.

2. Empirical model

In a SC study respondents don’t state the amount they are willing to
pay directly, they have to indicate their preference by making choices in
different hypothetical choice sets. Each choice set consists of two or
more alternatives, that each consist of different attributes with varying
attribute levels (Louviere et al., 2000). In our survey respondents were
presented with 8 choice sets in a hypothetical route choice scenario”.
Each choice set consisted of two alternatives that had four attributes:
travel cost, two risk attributes representing the risk of having a fatal
injury and the risk of having a serious injury, and travel time. The un-
derlying empirical model is a Random Utility Model (RUM) which as-
sumes that individuals maximize their utility when making choices
(Thurstone, 1927; McFadden, 1974). By successively choosing the
alternative that gives them the highest utility, respondents reveal their
preferences and implicitly their WTP (Bahamonde-Birke et al., 2015).

2.1. Random utility model

In a RUM, utility is modelled as a function of preference weights and
the levels of the attributes. The choices of a sample of respondents are
aggregated to generate statistically reliable parameter estimates, which
are used to determine the independent influence of the attributes on
utility. These parameter estimates reflect the marginal disutility of a
higher crash risk, a higher travel time and a higher travel cost. WTP
values can consequently be estimated by dividing the parameter esti-
mate for risk or time by the parameter estimate for travel cost, which is
the marginal rate of substitution between income and risk or income and
time (Louviere et al., 2000).

A RUM can be specified as (1) where V;; represents the deterministic
utility of individual n, which is a function of X;, the attributes of route j
and of Z,, the individual characteristics of individual n. The error term
&g is unknown and randomly distributed.

U, =Vy(X;,Z,) + €, @

In our study the RUM is specified as (2). The vector X; includes the
risk of being fatally injured (f;), the risk of being seriously injured (1),
the travel cost (¢;) and the travel time (t;). Given that a linear specifi-
cation is assumed, the different preference parameters (4, y, 6 and p)
describe the marginal disutilities of the different travel attributes.

Vij = a+pfi+vl+0c +pt + ¢Z, 2

In the case where individual n would prefer route 1 over the alter-
native route 2, the probability (P;,) of observing this choice is given by
(3), where individual characteristics Z, disappear because they remain
constant across alternatives.

P =P —f2) +7(h = B) +6(c1 — ) +p(t1 — 1) > & — €m2) @)

Assuming that the error terms are IID (independent and identically
distributed) and Type 1 extreme value distributed, a simple Multinomial
Logit (MNL) model can be determined by (4) where o, is a scale
parameter normalized to 1 (Train, 2009).

exp(6, V1) exp(Vor)

Py, = = 4
! exp(6, V) +exp(6,Vi2)  exp(Vu) +exp(Vin) Q)

2 Out of the 8 choice sets that were presented to respondents, only 7 could
effectively be used for analysis. One choice set included a dominant alternative
in order to test for irrational behavior.
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according to:

You have to pay yourself for these costs.
e  The time to make the trip

Imagine that you have to make a trip of 50 km by car for a leisure activity. You make this trip alone, there are no
passengers in the car. You can choose between two routes, both routes go over a motorway where there is usually a lot
of traffic, but rarely traffic jams. On both routes there are 20 million cars per year, this equals 55,000 cars per day.

All characteristics of these routes are similar, for example the driving comfort and the scenery. These routes only differ

e The costs to make the trip (operating costs, fuel, toll, etc.).

e  The risk you personally face to be hit by another driver:
o The number of fatal car drivers per year. I
o The number of seriously injured car drivers per year. @

Someone who is seriously injured must be hospitalised for treatment. The injuries have short and/or
long term consequences for daily functioning and are sometimes even life-threatening. For example

concussion with loss of consciousness, (partial) amputations, skull fracture, open fractures, spinal
cord contusion or severe organ injuries.

Fig. 1. Description of the choice context.

WTP values are then calculated as the ratio between the non-
monetary coefficients (f,y and p) and the cost coefficient (0) (5). In
the choice experiment the risk values are presented in absolute values
instead of probabilities. Therefore it is necessary to multiply the average
WTP values of avoiding one fatality or one serious injury by the number
of trips that is considered in the choice experiment (20 million) in order
to define the VSL and VSSI values.

VSL = 20Million x ’g

VSSI = 20Million x g 5)
p
VoT = 60 x 2
o X 9

2.2. Considering preference heterogeneity

The simple MNL model assumes that all observations are indepen-
dent and that preferences are homogenous between individuals, how-
ever this is not a valid assumption for SC data where one respondent is
responsible for multiple observations (Iraguén & Ortiizar, 2004). An
alternative is the Mixed Logit (ML) model in which heterogeneity in
preferences is considered. ML models allow for taste variations between
respondents by adding an error component, specific for each respon-
dent, to the coefficient of the preference parameters. With regards to the
marginal disutility of the risk of being fatally injured, the parameter can
be described as (6) where f is the constant part of the marginal disutility
of being fatally injured and & is the random component that differs
among the N individuals.

B.=P+e )

By using random parameters, for which a distribution (e.g., normal,
log-normal, zero-bounded triangular) needs to be specified, the ML
model allows for correlation among the choices by the same respondent.
In this way the panel structure of the data is taken into account and
dependencies in the error terms of the RUM are allowed (&, in (1))
(Train, 2009; Sillano & Orttizar, 2005). The probability function of the
ML model is presented in (7) and shows that the probability that indi-
vidual n would prefer route 1 in choice t is conditional on the random
parameter (f3).

exp(Vai)

= v et 7
exp(Vu) + exp(Vaar) @

Plnt(ﬂ)

The unconditional choice probability Py, is calculated in (8) by
integrating over the distribution f().

Po = / PA)f (B)dp ®

3. Survey design

The design of the survey was based on a literature review of SC
studies that were carried out in the field of transport safety, and was
further improved during discussions between experts from the partici-
pating countries. Feedback was received from researchers from TU
Dresden who implemented a similar pilot study in 2018 (Obermeyer &
Hirte, 2020). Early 2020 focus groups were organized in Belgium,
France and Germany to test the wording and understanding of the
questions®. >30 people with different sociodemographic backgrounds
participated. Subsequently a pilot survey was conducted with a repre-
sentative sample of 400 respondents, 100 per country. Both the feedback
from the focus groups and the analysis of the pilot survey data showed
potential weaknesses which lead to a revision of the survey. The ques-
tionnaire was initially developed in English and in a final stage trans-
lated to German (DE), French (FR), French (BE), Dutch (BE) and Dutch
(NL). A thorough comparison of the different language versions was
done to ensure that all questions would be interpreted in the same way.

Apart from the choice experiment, the questionnaire included
questions regarding sociodemographic variables, travel behaviour,
experience with road crashes, attitudes and opinions towards risk-
taking, spending money and dealing with time pressure, the credi-
bility of the SC exercise, the perception of road safety on motorways and
the potential influence of the COVID-19 pandemic.

3.1. Valuation context

A crucial part of a SC study is the design of the valuation scenario in
which the respondents have to make hypothetical choices. According to
Pearce & Ozdemiroglu (2002) the validity of SC studies depends highly
on the credibility and realism of the valuation scenarios. A description of
the choice context that was presented to respondents in our survey is
illustrated in Fig. 1. As in most SC studies that are conducted in the field

3 At that time the Dutch partner did not join the project yet, so there were no
focus groups organized in the Netherlands. The pilot survey was conducted in
all four countries.
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Table 1
Trip motives presented in the choice scenarios.

Trip motive % of respondents

Going to work 17%
Going to school 5%

Leisure activities 17%
Dropping someone off/picking someone up 10%
Running errands/services 17%
Visiting someone 17%
Vacation 16%

of road safety (a.o. Rizzi & Ortlizar, 2003; Henscher et al., 2009; Veisten
et al., 2013; Gonzalez et al., 2018), a route choice scenario was used.

While the purpose of the study is to determine general WTP values, it
appeared to be difficult to design a valuation context that was applicable
to all road users. Previous SC studies that used a route choice scenario
were mostly designed from the perspective of car drivers. A Norwegian
study (Fliigel et al., 2019) compared the WTP values between bus pas-
sengers and car drivers and found no significant differences. For our
study a context of a car driver on a motorway was chosen. The advan-
tage of a car driving scenario is that it’s generally familiar to most road
users in the participating countries and that real world payment vehicles
such as toll and operating costs exist. To decrease the hypothetical
character of the choice experiment, only respondents that had driven on
a motorway at least once during the past 12 months were selected to
participate in the survey.

Respondents were presented with 8 choice sets in a hypothetical
route choice scenario. Each choice set consisted of two alternatives that
both covered a 50 km trip on a motorway and only differed with respect
to four attributes: the travel cost, two risk attributes and travel time. To
increase the realism of the choice scenario, a trip motive was added
based on a previous question in which respondents had to indicate their
two most frequent trip motives when driving a car on a motorway
(Table 1). The trip motive that was presented in the choice scenarios
only differed over respondents, but remained the same for both alter-
natives and for all 8 choice sets. The motives”other” and “professional
trips” were not used since “other” was meaningless to program in the
text, and for “professional trips” some respondents may not pay them-
selves, which is an important prerequisite for a WTP study. In these cases
the trip motive was replaced with another one from the list of available
options. If there was no suitable alternative, the motive “leisure activity”
was used.

3.1.1. Presentation of risk attributes

A challenge for WTP studies in general is to deal with the fact that
people have problems understanding small risks (de Blaeij et al., 2003).
When risks are explicitly expressed as probabilities, it is likely that re-
spondents cannot interpret such risks correctly. Therefore, most SC
surveys use absolute values instead of probabilities (Rizzi & Ortizar,
2003). However to be able to calculate VSL and VSSI, it’s necessary to
have the probability of a fatal (or serious injury), i.e. the absolute
numbers related to an exposure variable. Previous studies have calcu-
lated the actual risk (probability of dying) afterwards by making as-
sumptions about the traffic volume on the roads that were presented in
the scenario (Henscher et al., 2009) but do not include this in the sce-
nario that is presented to the respondent. Obermeyer & Hirte (2020, p.7)
argued that “people should at least be informed about the objective level
of risk, even if the concept is difficult for some people to understand”
and included therefore both the absolute number of victims per year and
the probability (one victim per number of trips) in their SC survey.

In our study the risk is presented in absolute values as the number of
fatally (or seriously) injured car drivers per year. Information about the
volume of the total traffic flow (20 million vehicles per year) was pre-
sented as well, so that respondents were correctly informed about the
objective risk level (number of fatalities or serious injuries per year
divided by the annual traffic flow) of the routes. The number of trips is
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an estimated average of the real traffic flow on motorways in the four
participating countries. This estimation is based on the length of mo-
torways (Eurostat, 2020a) and the number of kilometres driven by ve-
hicles on motorways per year (OECD, 2020). The traffic situation was
described as “usually a lot of traffic, but rarely traffic jams” and the
traffic flow per day was mentioned. In that way respondents have
intuitively a more or less correct idea about the number of trips.

Some studies show that the preference for safety increases when
there is a passenger (Rizzi & Orttizar, 2003). Therefore, in our survey it
is clearly stated that a respondent has to make the trip alone, to make
sure that they will only take the WTP for their personal risk reduction
into account. Furthermore the attribute description emphasizes that it
concerns a risk “you personally face to be hit by another driver” to avoid
that respondents think they can control the risk by driving more
carefully.

3.1.2. Definition of seriously injured victims

Serious injuries can be defined in several ways, for example by
hospital admission or by injury severity levels. The use of different
definitions in European countries was identified as one of the potential
causes for the large variation in crash cost estimates (Schoeters, et al.,
2020). In our survey seriously injured victims are defined as MAIS3 +
victims, according to the definition that the European Commission
established in 2013. This definition includes (hospitalized) traffic vic-
tims with injuries that have a score of 3 or more on the Abbreviated
Injury Scale (AIS) (European Commission, 2013)*.

To our knowledge, there exists no official definition that gives spe-
cific information or examples about the impact and the consequences of
these injuries for the MAIS3 + victims. However, a correct under-
standing by respondents of what the risk attributes entail is an important
feature of WTP studies. Therefore we developed an operational defini-
tion of serious injuries that was presented to respondents. An exami-
nation of the population of MAIS3 + victims (Nuyttens & Van
Belleghem, 2014) showed that this population is very diverse regarding
their injuries and the consequences for their daily functioning. Since
most of the MAIS3 + victims are MAIS3, the probability of death is not
extremely high and should not be over-emphasized.

The operational definition of serious injuries therefore included:

e Hospitalisation;

e Impact: the injuries have short and/or long-term consequences for
daily functioning;

e Probability of death: the injuries are sometimes life-threatening.

Some examples of injuries are added to the definition (see Fig. 1),
which are derived from the AAAM/EC conversion table for ICD10 to AIS
(AIS3 + ) (Loftis et al., 2016).

3.1.3. Other attributes

In order to calculate WTP values, a SC scenario should minimally
include a payment vehicle. According to Pearce & Ozdemiroglu (2002)
appropriate payment vehicles are credible, relevant, acceptable and
coercive. Different route choice surveys have used a road toll, however,
except in France, most respondents in the participating countries are not
familiar with tolls and this could provoke some aversion which could

4 The AIS scores are developed by the Association for the Advancement of
Automotive Medicine (AAAM) and the scale is “an anatomically based,
consensus derived, global severity scoring system that classifies an individual
injury by body region according to its relative severity on a 6-point scale
(1=minor and 6=maximal). The MAIS is the highest (i.e. most severe) AIS code
in a patient with multiple injuries.” (AAAM, 2020). The scores are determined
by a group of experts and are mainly based on the probability of death, but also
take consequences of the injuries into account such as permanent impairment,
treatment period and energy dissipation (MacKenzie et al., 1988).
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52 minutes 28 minutes

1 fatally injured car drivers / year *

)

22 fatally injured car drivers / year *
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a. a.
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138 seriously injured car drivers / year *
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*20 million cars per year

*20 million cars per year

Fig. 2. Example of a choice scenario.

Table 2
Attribute levels, prior parameter estimates and corresponding expected varia-
tion of utility per level difference.

Level Level Level Level Prior Expected
1 2 3 4 estimate variation in
utility
Travel cost 5.50 7 8.50 10 / 1.50 EUR
Travel time 28 36 44 52 11.50 1.53 EUR
EUR/
hour
Number of 1 8 15 22 4.586 1.60 EUR
fatally Mill EUR
injured car
drivers
Number of 3 48 93 138 0.688 1.55 EUR
seriously Mill EUR
injured car
drivers

potentially lead to strategic behavior (Hess & Rose, 2009). Ultimately
the payment vehicle is defined in a more general way as “the costs to
make the trip (operation costs, fuel, toll, etc.)” and it is specified that
respondents have to pay themselves for the travel costs. Furthermore
travel time was included as a fourth attribute since it’s mostly an
important variable when choosing a route and would thus increase the
realism of the choice experiment. Moreover, including travel time en-
ables us to calculate the Value of Time (VoT) as well.

3.1.4. Visualisation

Studies have shown that visualisation can help people understand
small changes in the attribute levels which results in more reliable es-
timates (Lindhjem et al., 2010; Wiktor et al., 1998). During the focus
groups we experienced that respondents had difficulties to correctly
grasp the differences in the attribute levels, especially for the time and
risk attributes. Differences in travel cost were easier to understand since
people in real life are more familiar with comparing costs than with
comparing the levels of the other attributes. For that reason different

symbols were added in the choice scenarios to visualize the levels of
travel time, the risk of a fatal injury and the risk of a serious injury, as
shown in Fig. 2.

3.2. Experimental design

The choice sets in our survey are composed of two alternative routes
that have four attributes, each attribute can have four different levels. In
total there are 256 possible routes and 32,768 combinations of two
different routes®. A selection of these combinations was done by
applying an experimental design. In our survey a Bayesian D-efficient
design was created using the “idefix” package (Traets et al., 2020) in R
4.0.1. The experimental design consisted of 14 choice sets, divided over
two groups of 7 sets (see Appendix). The groups of choice sets were
randomly assigned to respondents. In D-efficient designs choice sets are
selected that have the lowest D-error which is a measure for the in-
efficiency of the design. The D-error is based on the determinant of the
variance—covariance matrix, and requires to have prior information on
the parameter estimates. The prior estimates are based on a literature
review and presented in Table 2. Based on these parameter estimates,
choice sets were selected that force respondents to make trade-offs and
that maximize the information that is gained from every choice (Traets
et al., 2020).

3.2.1. Prior parameter estimates

The prior estimate for the risk of a fatal injury was based on rec-
ommendations made by OECD (2012) about the use of VSL estimates in
CBAs. Based on a meta-analysis of SP studies, OECD recommends to use
3,614,506 USD (2005) as a base value to calculate national VSL esti-
mates in EU-27 countries. Applying the formula for value transfer that is
proposed by OECD using data on GDP per capita and Purchasing Power
Parities (Eurostat, 2020b) and an income elasticity of 0.8, the VSL was

5 256 possible routes A multiplied by 256 possible routes B divided by 2
equals 32,768.



A. Schoeters et al.

7,557 rational
respondents

8,002 respondents

445 irrational
respondents
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2,030 respondents
that show non-
compensatory

behaviour

483 respondents that
show compensatory
behaviour

2,513 lexicographic
respondents

5,044 non-
lexicographic
respondents

5,527 respondents in
analysis sample

Fig. 3. Selection of the sample for the empirical analysis.

estimated for each of the participating countries. This lead to an average
VSL estimate for the four countries of 4.586 Million EUR (2019). Sub-
sequently the prior estimate for the risk of a serious injury was defined
by looking at the ratio of VSL and VSSI in other studies. Values presented
in the European HEATCO project (Bickel et al., 2006), the European
‘Handbook of external costs of transport’ (Korzhenevych et al., 2014)
and a study in the United States (Blincoe et al., 2015) varied around
15%. Applying this ratio to the prior VSL estimate results in a VSSI es-
timate of 688,000 EUR (2019).

The prior parameter estimate for travel time was based on values
from the HEATCO project (Bickel et al., 2006). In this project a meta-
analysis was conducted to determine a standard VoT for European
countries, which were also used in the subsequent ‘Handbook on esti-
mation of external costs in the transport sector’ (Maibach et al., 2007).
The unweighted mean of the VoTs of long and short distance trips, as
well as commuting and leisure trips per country is used. Calculating a
weighted mean was not possible due to the lack of data on distance
travelled or number of trips by trip length and travel motive. Subse-
quently the standard values are updated to income and price level 2020
using GDP per capita (Eurostat, 2020b) and an income elasticity of 0.7 as
recommended by HEATCO. The resulting average VoT for the four
countries is 11.5 EUR per hour or 0.19 EUR per minute (2020).

3.2.2. Atribute levels

In our survey each attribute can have four different levels which are
presented in Table 2. While some SC studies (Veisten et al., 2013; Nir-
oomand & Jenkins, 2016; Gonzalez et al., 2018) have pivoted their
choices on actual travel behavior by asking about a recent trip, this
approach is not used in our survey since there is a risk that these designs
induce respondents to exhibit inertia or non-trading behaviour which
causes model estimation problems (Hess & Rose, 2009), as was the case
for the SC study by Gonzalez et al. (2018). According to Pearce &
Ozdemiroglu (2002) the attribute levels in a SC survey should include
both the current situation and realistic levels above and below the
current levels. However, in the case of road safety, actual variation of
risk levels is too small to include them with enough variation to
encourage respondents to make a trade-off. Since respondents mostly
don’t know the actual risk figures, presenting a higher number of fa-
talities and serious injuries would not influence the realism of the
experiment. Therefore only the lowest risk attribute levels are based on
realistic numbers of fatalities and serious injuries and the higher attri-
bute levels are chosen in order to promote trade-offs. This means that the
lowest level of fatalities (which is 1) and the lowest level of serious in-
juries (which is 3) are based on an average of real crash figures of car
drivers per 50 km of motorways in the participating countries (European
Commission, 2020).

Respondents do however have a realistic idea about the actual time
and - to a lesser extent — cost of a certain trip. For these attributes an
estimation of the actual values is used. We looked into gas prices in the
four countries (ANWB, 2020) and the average gas consumption for a 50
km car trip on a motorway (Milieu Centraal, 2020) and estimated that

fuel costs equal to 5.25 EUR. We added 0.25 EUR for operating costs. To
estimate a realistic value for travel time we made the assumption that
the average speed of a car on a trip on a motorway without congestion is
100 km/h. A trip of 50 km would then result in a travel time of 30 min.
As both travel costs and time can easily increase during a trip, our es-
timates for the travel cost and time are used as the lowest attribute
levels.

The other attribute levels were determined using the prior parameter
estimates that were calculated for the experimental design (see Section
3.2.1). To increase the likelihood that respondents will make a trade-off
by considering all four attributes, the differences between the attribute
levels reflect a variation in the expected utility that is similar for all
attributes. This means that an increase of 8 min travel time generates a
similar decrease in utility as an increase of 1.5 EUR travel costs or an
increase of 7 fatally injured car drivers or 45 seriously injured car drivers
(for a total traffic flow of 20 million trips).

4. Dealing with problematic choice behaviour

Models that are used to analyse choice data assume utility maxi-
mizing respondents who are fully informed and are able to assign utility
levels to alternatives and choose the alternative with the highest utility
(Sazzlensminde, 2006). Choice behaviour that is not in line with these
assumptions has been a source of criticism for SC studies (Elvik, 2016).
The occurrence of problematic choice behaviour is however a common
problem in SC studies. When individuals face complex choice situations,
in which the exercise of utility maximization is difficult, they tend to
resort to “heuristics”. These are mental strategies aimed to reduce the
complexity of a decision process (Kahneman & Tversky, 1972). In our
study we have analysed the impact of three types of heuristics, i.e.
inconsistent behaviour, irrational behaviour and lexicographic behav-
iour. Irrational respondents and lexicographic respondents that show
non-compensatory behaviour are identified and removed from the
sample (Fig. 3). The impact of inconsistent behaviour will be discussed
in Section 6.2.

4.1. Irrational behaviour

Respondents that made irrational choices were identified by means
of an extra choice set in which one of the route alternatives was clearly
superior over the other one. This approach was recommended by Pearce
& Ozdcmiroglu (2002) and conducted by Burge & Rohr (2004). In the
sample, 445 out of a total of 8,002 respondents (5.6%) chose the inferior
route and were considered as showing irrational behaviour. Since
random utility models assume rational decision making, these re-
spondents could bias the results (Hess et al., 2010) and were excluded
from the sample. The dominated choice situation was removed from the
estimation data for the other respondents.
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Table 3
Descriptive statistics of the base sample and the analysis sample.
Variables Base sample Analysis sample Difference
(8,002 (5,527
respondents) respondents)
Country
Belgium 25% 24.8% —0.2%
France 25% 25.1% +0.1%
Germany 25% 26% +1%
Netherlands 25% 24.1% —0.9%
Gender
Female 49.1% 48.5% —0.6%
Age
18-19 1.7% 1.7% 0%
20-29 15.2% 15.1% —0.1%
30-39 17.1% 16.6% —0.5%
40-49 15.3% 15.3% 0%
50-59 17.8% 17.5% —0.3%
60-69 20.8% 21% +0.2%
> 69 12.1% 12.8% +0.7%
Average income per 1760.3 EUR 1762.3 EUR +2.0 EUR
capita (+0.1%)
Professional occupation
White collar or office 29.5% 29.7% +0.2%
employee
Blue collar or manual 15.1% 14.8% —0.3%
worker
Executive 10.7% 10.4% —0.3%
Self-employed/ 6.3% 6.3% 0%
independent
professional
Currently no professional 38.3% 38.8% +0.5%
occupation
Number of km travelled by car over the last year
< 10,000 km 43.1% 43.9% +0.8%
Between 10,000 km and 40.5% 40.3% -0.2%
20,000 km
Between 20,001 km and 11.2% 10.8% —0.4%
30,0000 km
> 30,000 km 5.2% 5% —0.2%

4.2. Lexicographic behaviour

Subsequently 2,513 out of 7,557 respondents (that did not show ir-
rational behaviour) have been identified as showing lexicographic
behaviour. These are respondents that systematically evaluate the al-
ternatives on the basis of the same attribute. Their share (33.3%) is
comparable to the percentage found in other SC studies (Veisten et al.,
2013; Hojman et al., 2005; Iraguén & Ortiizar, 2004). The number of
lexicographic respondents is not equally distributed over the attributes:
991 respondents (13.1%) always chose the alternative with the lowest

Table 4
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travel time, 548 respondents (7.3%) always chose the cheapest alter-
native, 705 respondents (9.3%) always chose the alternative with the
lowest number of fatalities and 269 respondents (3.6%) always chose
the alternative with the lowest number of serious injuries. The total
share of lexicographic respondents was similar in all four countries.

For that reason most SC studies exclude all respondents that show
lexicographic behaviour from the analysis. However, some authors state
that these respondents are not always behaving in a non-compensatory
way (Szlensminde, 2006; Elvik, 2016; Hess et al., 2010). While lexico-
graphic choice patterns can be the result of simplification, to reduce the
mental effort of the choice task, other causes have been identified in the
literature. Lexicographic choices can result from strategic behaviour,
which is especially prominent when politically sensitive attributes such
as a road toll are presented. These respondents hope to influence po-
litical decisions by their responses. Like respondents who use simplifi-
cation, they are also not making a trade-off between the attributes.
Besides lexicographic behaviour can also be caused by the experimental
design. Respondents with an extreme preference for a certain attribute
show apparent lexicographic behaviour simply because their individual-
specific thresholds are not presented in the choice sets. For these re-
spondents the attribute level differences are not adapted to show the
upper or lower boundary of their valuations of the attributes. As opposed
to respondents who use simplification or strategic behaviour, re-
spondents with extreme preferences are behaving in a compensatory
way (Hess et al., 2010).

Very few SC studies have investigated the motivation of lexico-
graphic respondents. Elvik (2016) advises however to look into these
motivations, because simply excluding all lexicographic respondents
could bias the results. In our study we applied two approaches to
distinguish the lexicographic respondents that are behaving in a
compensatory way and those that are not. Only the latter group is
excluded from the sample.

Firstly lexicographic respondents were asked an additional question
about the reason for their lexicographic choices. Out of 2,513 lexico-
graphic respondents, 370 respondents (15%) indicated that they used a
simplification strategy. Additionally 1,203 respondents (48%) chose the
option “I would always take the [safest] route, even if the [cost or travel
time] would be (very) high” which indicates that they are unwilling to
make a trade-off. Both groups are not showing utility-maximizing
behaviour and are excluded from the sample.

Secondly the motivation of the group of lexicographic respondents
that indicate to have an extreme preference for one of the attributes
(768) is tested by means of a comparison with a CV question. This test
that is based on Szzlensminde (2006) and recommended by Elvik (2016),
entails a comparison of respondents’ individual WTP values based on a
SC survey and the values based on CV questions. Two closed CV

Results of the MNL and ML models, applied to all respondents and to the country-specific samples.

MNL - All ML - All ML - Belgium ML - France ML - Germany ML - The Netherlands
Sample size 5,527 5,527 1,368 1,385 1,333
Cost —0.148%** —0.240%** —0.241%* —0.263%* —0.232%%*
Time —0.042%** —0.065%** —0.069%* —0.057%** —0.071%** —0.064***
Fatality —0.047%** —0.074%** —0.072%** —0.071%** —0.082%** —0.073%**
Serious injury —0.008%** —0.011%** —0.011%** —0.011%** —0.012%** —0.011%**
VSL (M€) 6.29 6.19 5.94 5.35 7.35 6.29
[Min, Median, Max] [3.21, 6.20, 8.98] [3.12, 5.92, 8.44] [3.07, 5.38, 7.69] [3.78, 7.34, 10.44] [3.38, 6.35, 8.95]
St. deviation 0.86 0.79 0.76 1.04 0.87
VSSI (M€) 1.02 0.95 0.94 0.83 1.10 0.98
[Min, Median, Max] [0.43, 0.95, 1.37] [0.48, 0.94, 1.33] [0.42, 0.83, 1.16] [0.55, 1.09, 1.56] [0.48, 0.97, 1.37]
St. deviation 0.19 0.19 0.19 0.23 0.19
VoT (€/h) 17.0 16.1 17.2 12.9 19.0 16.4
[Min, Median, Max] [-6.8, 14.7, 36.6] [-7.1, 16.3, 37.3] [-4.4, 12.2, 29.5] [-8.6,17.2, 41.9] [-5.8, 14.6, 35.9]
St. deviation 129 10.9 8.1 12.4
10.0
Adjusted AIC 51,619 48,734 12,029 12,433 12,396 11,788
Adjusted Log-likelihood —25,805 —24,362 —6,010 —6,212 —6,193 —5,889

Significance levels: *** < 0.001, ** < 0.01, * < 0.05.
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Table 5
Robustness tests of the ML model.
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Benchmark ML model including
lexicographic respondents

ML model

ML model excluding potential
hypothetical bias

ML model excluding
inconsistent respondents

ML model excluding
potential free-riders

Sample size

Cost

Time

Risk of death —0.074%** g —0.076%**

Risk of injury —0.011%** —0.012%** —0.010%** —0.019%** —0.012%**

VSL (M€) 6.19 6.35 6.40 5.91 6.06
[Min, Median, [3.21, 6.20, [2.44, 6.39, 9.45] [3.34, 6.40, 9.08] [2.51, 5.90, 8.96] [3.49, 6.05, 8.57]
Max] 8.98] 1.06 0.88 1.08 0.87
St. deviation 0.86

VSSI (M€) 0.95 0.81 0.97 0.92 0.94
[Min, Median, [0.43, 0.95, [0.38, 0.80, 1.22] [0.49, 0.97, 1.36] [0.34, 0.91, 1.37] [0.45, 0.93, 1.33]
Max] 1.37] 0.17 0.18 0.23 0.19
St. deviation 0.19

VoT (€/h) 16.1 16.9 16.3 15.9 15.7
[Min, Median, [-6.8, 14.7, [-12.5, 14.1, 42.0] [-8.3, 14.6, 38.4] [-4.7, 15.0, 32.1] [-6.4, 14.0, 35.2]
Max] 36.6] 12.9 11.2 9.1 10.0
St. deviation 12.9

Adjusted AIC 48,734 46,880 48,924 47,350 48,629

Adjusted Log- —24,362 -23,436 —24,455 -23,668 —24,309
likelihood

Significance levels: *** < 0.001, ** < 0.01, * < 0.05.

Table 6
Responses to additional questions regarding the impact of the COVID-19
pandemic.

Do you have the feeling that road safety in [country] has decreased, increased or has
remained the same in comparison with the period before the outbreak of COVID-19?
Decreased 16%

Increased 23%
Remained the same  53%
I don’t know 8%

Has road safety become more, less or equally important to you personally since the
outbreak of COVID-19?

More important 11%

Less important 4%

Equally important 80%

I don’t know 5%
Table 7

VSL, VSSI and VoT estimates.

respondents were kept in the sample. Ultimately the sample that is used
for the analysis consisted of 5,527 respondents that show rational,
utility-maximizing behaviour®.

5. Data collection and descriptive statistics

The sample for our study was drawn from an internet panel by an
external panel provider, Profacts. For each country the panel consisted
of 100,000 or more possible respondents, aged 18 years or older. The
sample was drawn based on a simple random probability sampling
method, taking into account different criteria for representativeness. By
assigning quotas prior to the further selection the raw sample was
representative with regards to age, gender and region’. The survey was
conducted between 22nd of October and 13th of November 2020
simultaneously in the four participating countries. The average duration
to fill in the questionnaire was 14 min and 8 s (median 10 min and 12 s).

The final sample consists of 8,002 respondents including 2,005
Belgian, 2,000 French, 2,000 German and 1,997 Dutch respondents. By
means of a selection question at the start of the survey only respondents

VSL (Mill EUR) VSSI (Mill EUR) VoT (EUR/h) ; )
- that had driven a car on a motorway at least once in the past 12 months
Four countries 6.19 0.95 161 were included in the final sample. Even though the quotas were assigned
Belgium 5.94 0.94 17.2 h 1 . he furth lecti based h lecti
France 535 0.83 12.9 to t e sample prior to the furt er se ection ased on the se ectl.on
Germany 7.35 1.10 19.0 question, the final sample was still representative in the respective
The Netherlands 6.29 0.98 16.4 countries with regards to gender and age, and with regards to re-

questions were added to the survey from which WTP values are calcu-
lated for the remaining 768 lexicographic respondents. If their choice
pattern is the result of an extreme preference, we expect their individual
WTP values to be above the average WTP of the group that did not
answer lexicographically towards that specific attribute. Out of 343
respondents that systematically chose the fastest route, 244 were
excluded from the sample because their VoT based on the CV question
was lower than the average of the respondents that did not answer
lexicographically towards time. The same was done for 59 out of 178
respondents that always chose the alternative with the lowest number of
fatalities.

By means of these questions, we were able to identify 483 re-
spondents, out of 2,513 respondents that were initially identified as
showing lexicographic behaviour, that appeared to be motivated by
extreme preferences and were behaving in a compensatory way. These

spondents’ geographic origin.

6 The ultimate sample size per country varied between 1,333 (Netherlands)
and 1,441 (Germany). According to Orme (2010), a sample size between 200
and 300 respondents is sufficient to conduct robust discrete choice analysis.
More formally, according to Johnson & Orme (2003) the minimum sample size
can be calculated as 500*c/(t*a) where c is the largest number of attribute
levels (which is 4 in our study), t is the number of choice tasks per respondent
(7 in our study) and a is the number of alternatives per choice task (2 in our
study). Applying this formula, we can conclude that a sample of around 150
respondents would have been sufficient for our design.

7 These quotas include 12 categories in which gender (male, female) and six
age categories (18-24, 25-34, 35-44, 45-54, 55-64, 65+) are crossed. Addi-
tionally soft quota were assigned to the regions in the different countries. The
quotas are based on the most recent statistics provided by the United Nations
(2018) or a national source (Statbel, 2019; INSEE, 2019; CBS Statline, 2019;
Genesis Census, 2011).
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Based on the identification of problematic choice behaviour dis-
cussed in the previous section, 445 respondents were removed from the
sample for the analysis because they showed irrational behaviour and
2,030 were removed because they showed non-compensatory lexico-
graphic behaviour. Consequently the sample that was used in the anal-
ysis consisted of 5,527 respondents. A comparison of the
sociodemographic composition of the base sample and the analysis
sample is presented in Table 3 shows that both samples only differ very
slightly with regards to country, age, gender, income and occupation.
Also respondents’ car travel behaviour, indicated by the reported
number of kilometer driven in a person car during the last year, was
similar in both samples.

6. Results
6.1. Main results

Different econometric models have been estimated using the “mlo-
git” package (Croissant, 2020) in R 4.0.1. The results of two models,
MNL and ML are presented in Table 4. In the simple MNL model all
coefficients are statistically significant at the 1% level and, as they
represent marginal utilities associated with additional travel time, travel
cost and injury risks, they all have a negative sign. WTP values are
calculated as the ratio between the non-monetary coefficients and the
cost coefficient. For the time attribute this gives a corresponding mean
VoT of 0.28 EUR/minute or 17.0 EUR/hour. Since the risk values are
presented in absolute values instead of probabilities, it is necessary to
multiply the average WTP values of avoiding one fatality or one serious
injury by the number of trips that is considered in the choice experiment
in order to define the VSL and VSSI values. For each country the same
number of trips was used (20 million) which was based on the average of
the real traffic flow on motorways in the four participating countries.
According to the MNL model the mean VSL is 6.3 Million EUR and the
mean VSSI is about 1 Million EUR.

Secondly preference heterogeneity has been taken into account by
estimating a ML model® in which an error term is introduced in the
coefficients. The distribution of the error terms in the risk coefficients is
defined by a triangular distribution bounded by zero” and the error term
in the time coefficient is defined by a normal distribution'®. The cost
coefficient is assumed to be non-random'’, in order to avoid having
positive marginal utilities and to simplify the calculation of the WTP
values. The results show that all coefficients remain negative and sig-
nificant at the 1% level. Both the AIC criterion and the log-likelihood
improve significantly compared to the MNL model which indicates a
better fit of the ML model. The WTP values decrease slightly compared
to the MNL model. The average VSL is estimated at 6.19 Million EUR,

8 Every ML model is modelled using 500 Halton draws.

9 This distribution is bounded by zero on the right and twice the mean on the
left, and does not allow to have positive coefficients. This distribution was
preferred to the log-normal distribution because, since the latter is bounded on
the left but not on the right, the mean coefficients obtained were pulled up-
wards by the extreme values.

10 For the time coefficient the normal distribution was preferred over the
triangular distribution. The choice of these distributions of the random pa-
rameters resulted in a better fit of the model (log-likelihood = —24,362 and AIC
= 48,734) compared to models in which the random parameters were all
normally distributed (log-likelihood = —27,033 and AIC = 54,079) or models
with only triangular distributions bounded by zero (log-likelihood = —24,716
and AIC = 49,439).

11 Assuming a non-random cost coefficient is common practice when ana-
lysing choice data. The reasons therefore are explained by Giergiczny et al.
(2012). One of the reasons is that when a random cost coefficient is assumed,
this could result in “exploding” WTP values because the share of denominators
that approximate zero increases when the variance of the cost coefficient
increases.
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with a confidence interval between 3.21 and 8,98 Million EUR, the
average VSSI is estimated at 0.95 Million EUR, with a confidence in-
terval between 0.43 and 1.37 Million EUR and the average VoT is esti-
mated at 16.1 EUR/hour, with a confidence interval between —6.8 and
36.6 EUR/hour. The negative values in the VoT can be explained by the
fact that a normal distribution was applied to the error term of the time
attribute.

The same ML model was applied to the specific samples of each
participating country in order to elicit national VSL, VSSI and VoT
values. Based on a Wilcoxon-Mann-Whitney test we can conclude that
the distributions of the WTP values differ significantly between the four
countries. German respondents have significantly higher WTP values
than respondents in the other three countries: the VSL is 19% higher
than the average, the VSSI is 16% higher and the VoT is 18% higher.
French respondents on the other hand have significantly lower WTP
values than respondents in the other three countries. Their VSL is 14%
lower than the average, the VSSI is 13% lower and the VoT is 20% lower.

6.2. Robustness tests

Several robustness tests were performed on the ML model and the
results are presented in Table 5. The application of the ML model to the
sample of 7,557 respondents including lexicographic respondents yields
results that are very similar to those of the sample omitting lexico-
graphic respondents. A Wilcoxon-Mann-Whitney test showed that the
distribution of individual values of both groups is not significantly
different. While some differences can be observed, they remain limited.
A second test investigated the potential impact of hypothetical bias on
the results. After they assessed the different hypothetical choices in the
survey, respondents were asked if they thought parts of the presented
choice situations were not realistic. 1,908 out of 5,527 respondents
(34.5%) of the analysis sample considered (parts of) the scenarios as
unrealistic. Excluding these respondents from the sample appears to
have a minor impact on the results, with a very moderate increase in
WTP values.

The impact of inconsistent behaviour was also analysed. Inconsistent
behaviour is defined as respondents that make choices that are incon-
sistent with previous or subsequent choices and can be problematic since
it constitutes a violation of the transitivity axiom (Szlensminde, 2002).
In the benchmark sample 1,137 out of a total of 5,527 respondents
(20.6%) were identified as showing inconsistent choice behaviour.
Since it was impossible to distinguish whether these mistakes result from
real inconsistent behaviour or from learning effects, we decided not to
exclude these respondents from the sample for the analysis. A compar-
ison between the benchmark sample and the sample excluding these
respondents shows no significantly different results.

Finally the impact of a potential free-riding strategy is examined. The
survey contained a question about who normally pays the costs of the
respondents’ car trips. In order to get reliable WTP estimates, it’s
important that respondents believe they have to pay for the risk or time
reduction themselves. While it has been emphasized in the description of
the choice scenarios that the travel costs are borne by the respondent,
respondents who don’t have the experience of paying for car trips
themselves might have difficulties empathizing with this hypothetical
situation. Excluding these 711 respondents from the sample did not have
an impact on the results either.

12 The scenarios were compared two by two. In some comparisons, alterna-
tives A and B of the first scenario and alternatives C and D of the second sce-
nario were such that: A < D and B > C. If individuals declare that they consider
that A > B then we can deduce that: A>B >CandasD > AwehaveD > A >B
> C which makes it inconsistent to simultaneously prefer A to B and C to D.
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7. Discussion

By applying two different econometric models (MNL and ML), two
sets of WTP values are estimated. While the results of both models are
close to each other, the ML model is preferred since the panel dimension
of the data is taken into account and it has a better fit than the MNL
model. The resulting estimates for the whole sample based on the ML
model are a VSL of 6.19 Million EUR, a VSSI of 0.95 Million EUR and a
VoT of 16.1 EUR. The cost ratio between the VSL and VSSI is about 1 to
7. By addressing the influence of lexicographic respondents, inconsistent
respondents, potential hypothetical bias and potential free-riders, the
robustness of the model and the reliability of the results is demonstrated.
National WTP values are calculated by applying the ML model to the
country-specific samples. The WTP values in France (VSL of 5.35 Mill
EUR, VSSI of 0.83 Mill EUR and VoT of 12.9 EUR) appear to be signif-
icantly lower than the values for Germany (VSL of 7.35 Mill EUR, VSSI of
1.1 Mill EUR and VoT of 19 EUR). The values for Belgium and the
Netherlands lie in between.

Since the same sampling procedure and the same SC design have
been applied in all four countries, the differences in WTP values cannot
by explained by systematic differences between the samples or differ-
ences in methodology. There are several possible explanations for these
differences. The lowest WTP values are observed in France, which is the
only country in which road users have experience with toll roads.
Possibly French respondents attach more importance to the cost attri-
bute because they have real life experience with taking costs into ac-
count when choosing a route. In addition there are other observable
differences between countries that could explain the differences in WTP
values, such as income, travel habits or the share of company cars. Next
to that also cultural differences could explain different values, such as
different attitudes towards risk-taking, time loss or spending money. An
examination of interaction effects between these variables and the
preference parameters could provide more explanations for the differ-
ences between countries.

For each country the estimates from this study are considerably
higher than the values that are currently used by national governments.
However, comparing the new estimates of this study with official values
of the participating countries is difficult because different methodolo-
gies are used. Official values in Germany (Baum et al., 2010) are based
on a combination of restitution costs and human capital loss, which are
known to yield much lower values. In France (CGSP, 2013) and Belgium
(RebelGroup, 2013) a value transfer has been applied, which means that
WTP values from other countries have been used. The use of WTP as the
most appropriate method for assessing the human costs of road casu-
alties has been widely recommended, for example by COST 313 (Alfaro
et al., 1994), since the monetary value of safety should reflect the
preferences of those affected (de Blaeij, 2003). Only in the Netherlands
the official estimates are based on a national WTP survey using a similar
survey design (de Blaeij, 2003). These values are still much lower than
the estimates of this study and only a small part of the difference can be
explained by inflation and income growth. The results of our study
might indicate that people’s preferences have changed in the last twenty
years and that the importance of road safety has increased.

Earlier academic studies on VSL using WTP show a broad dispersion
in estimates. Bahamonde-Birke et al. (2015) give an overview of VSL
estimates in the context of road safety from WTP studies in several
countries, including 13 SC studies. The VSL values found in SC studies
range from 548,000 to 7,3 million EUR (price level 2020)'°. We can
conclude that the VSL estimates in this study are at the higher end of the
range of VSL estimates found in similar studies. In the United States,
Viscusi (2018) found that estimates of the VSL in wage-risk studies are
around 10 million USD (price level 2017), which is in the same order of

13 A VSL of 32 million EUR (2020) that was found in a Spanish study was
considered implausible.
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magnitude of the value found in our study. With regards to the VSSI,
Wijnen (2021) provided an overview of WTP estimates of preventing
serious injuries in the literature, including six SC studies. This overview
shows a wide variation of VSSI estimates, from 1% to 47% of the VSL.
The ratio between VSL and VSSI in our study is 16% which lies within
this range and is consistent with values recommended in European
studies on the external costs of transport (van Essen et al., 2019).

There are some well-known challenges in the practical application of
the SC method to estimate the WTP such as the hypothetical nature of
the experiment, the ability of individuals to deal with small risk changes,
behavioural bias, protest answers and respondents’ propensity to ignore
income constraints (Bahamonde-Birke et al., 2015). When designing the
survey, considerable efforts have been made to take these issues into
account. Different meta-analyses find an influence of the size of the
change in the risk on the VSL, with a smaller risk reduction leading to
higher WTP values (Elvik, 2016).The differences between attribute
levels in our survey are based on a reference value of VSL that was
recommended by OECD (2012). For future research we recommend a
study on the sensitivity of the results with regards to the attribute levels
and their differences.

The survey was conducted in October and November 2020 during
the COVID-19 pandemic. It was assumed that the high number of COVID
victims and the prevention measures that resulted in a decrease in
mobility, could affect the preferences of individuals regarding risk and
their perception of road safety. On the one hand we can hypothesize that
individuals give less importance to road safety because of the perception
that crash risks decreased due to the decrease in traffic. On the other
hand, we can hypothesize that road safety became more important
during the pandemic because of the overall increased attention to health
risks. To investigate the potential influence of the pandemic on the
response behaviour in our study, two additional questions were included
in the survey. The results are presented in Table 6 and show that the
majority of respondents (53%) don’t think road safety has increased or
decreased since the pandemic. While there is still an important share of
respondents that perceive a change in road safety, there is no clear trend
with regards to the direction of the change. The same is observed for the
importance that respondents attach to road safety: only a moderate
share of respondents (15%) reports a change in importance, without a
clear trend. This analysis does not support the hypothesis that the
pandemic had a big influence on the response behaviour in our survey.

The results of this study can be used for two main purposes in policy-
oriented research and applications. Firstly, VSL and VSSI values are an
important input for estimating the socioeconomic costs of road crashes
since they reflect the human costs related to fatalities and serious in-
juries as well as consumption loss. Usually, the loss of consumption
resulting from road fatalities is included in the calculation of production
loss (known as ‘gross production loss’), and therefore consumption loss
should be deducted from the VSL to arrive at the human costs (Evans,
2001; Wijnen et al., 2009). Reviews show that human costs take up a
major share of road crash costs. Wijnen et al. (2019) estimated that
human costs amount to 54-94% of the costs per fatality and 51-91% of
the costs per serious injury in European countries that use the WTP
approach. Future research could be dedicated to estimate the human
costs of slight injuries and the economic costs of road crashes in order to
have a complete estimate of the socioeconomic costs of road crashes.

Secondly, the VSL and VSSI are needed for cost-benefit analysis
(CBA) of road safety measures or broader transport projects with road
safety impacts. In CBA, estimates of the socioeconomic costs per casualty
or per crash are used to translate casualty reductions into monetary
benefits (which are equal to the road crash cost savings). The outcomes
of CBAs of road safety measures show whether the socioeconomic return
is positive or negative, which can support decision-making about road
safety investments and prioritizing road safety measures. Since human
costs, and thereby the VSL and VSSI, are essential elements of the so-
cioeconomic cost, the VSL and VSSI have an important impact on the
results of CBAs. Higher VSL and VSSI estimates translate into greater
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safety benefits, and thus into more favourable benefit-cost ratios (if
there is a positive impact on road safety). In general, most road safety
investments are found to be (very) cost-beneficial (Daniels et al., 2019).
This is partly explained by the fact that the socioeconomic costs of road
crashes, and therefore the benefits of safety improvements, are usually
high, as confirmed by results of this study.

More specifically, the results of this study can be incorporated in
international studies on the external costs of transport, aiming to update
the currently used values of road crash costs. The latest study (van Essen
et al., 2019) uses a VSL found in a meta-analysis of OECD countries
(including non-European countries) and a VSSI which is based on a
study from the late 1990 s (ECMT, 1998). Additionally, the results of this
research may be useful for other countries which do not have their own
country-specific estimates of the VSL and VSSI based on a WTP method.
These results can serve as a good source for value transfer (Freeman
et al., 2014) applying GDP and price level adjustments.

8. Conclusions

In the present study a common methodology was applied to estimate
the human costs of road crashes in four European countries: Belgium,
France, Germany and the Netherlands. By means of SC survey that was
simultaneously conducted in the four countries, the study provides
common VSL, VSSI and VoT values for the four participating countries
together, and updated national estimates for each country separately
(Table 7).

The national estimates can be used to update the socioeconomic costs
of road crashes in the four countries and they can be included in national
guidelines for conducting CBAs of transport projects. The average values
of the four countries together can be used for international purposes
such as European or bilateral transport investments.

Further research can be dedicated to explain the differences between
countries by examining the interaction effects between individuals’
observable characteristics and the marginal disutilities of the attributes,
or by examining the latent variables that are based on attitudes and
opinions included in the questionnaire. Also the impact of the estimates
on the outcomes of CBAs of transport projects can be investigated.
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Appendix
Table Al
Table Al
Experimental design
Alternative Cost Time Fatalities Serious
injuries
s1 A 10.0 52 1 3
B 5.5 28 22 93
$2 A 7.0 28 22 138
B 10.0 52 1 3
© g o w1 128
BLOCK 1 S4 A 8.5 28 1 138
B 7.0 44 22 3
S5 A 5.5 52 1 138
B 10.0 28 22 48
6 A 10.0 52 15 3
B 5.5 44 22 138
s7 A 10.0 28 8 138
B 5.5 52 15 3
s1 A 5.5 52 22 93
B 10.0 36 1 138
s2 A 10.0 28 15 3
B 7.0 52 1 138
s3 A 5.5 52 1 138
B 10.0 28 22 3
A 10.0 52 1 48
BLOCK 2 s4 B 5.5 28 15 138
S5 A 10.0 44 1 138
B 5.5 52 22 3
6 A 5.5 52 1 138
B 10.0 28 22 93
s7 A 5.5 44 22 138
B 10.0 52 8 3
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