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Abstract

This study analyzes how the willingness to pay (WTP) for a risk reduction for traffic accidents
varies depending on the specific traffic safety measures and whether they are framed as pub-
lic or private goods. Building on previous studies, we designed and conducted a contingent
valuation survey targeting a representative sample of the Swedish population, assessing WTP
for eight different measures aimed at increasing the safety of vulnerable road users. Our find-
ings reveal that while keeping the risk reduction constant, WTP is higher for well-established
traffic safety measures, such as anti-slip treatments and improved lighting. Conversely, new
technologies, like mobile apps and sensors, elicit lower WTP. However, respondents express a
higher WTP when these technological measures are provided as a public good. These results
suggest that acceptance and perceived reliability of the measures significantly influence WTP.
The findings have important implications for cost-benefit analyses and evidence-based policy-
making in transportation safety, particularly regarding the implementation of new technology

in road safety infrastructure.
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1 Introduction

This study analyzes how the willingness to pay (WTP) for a risk reduction for traffic accidents
among unprotected road users varies across different intervention types and their framing
as public or private goods. In cost-benefit analysis (CBA) of public interventions in health,
transportation, environment, and labor protection, non-market valuations such as the Value
of a Statistical Life (VSL) are frequently applied. Policy guidelines often provide ”off-the-
shelf” valuations for standardized implementation. Therefore, practical applications typically
rely on value transfer, i.e., the use of existing valuation estimates to new contexts that differ
from the original estimation setting (Atkinson et al., 2018). |{US Office of Management and
Budget| (2023)) emphasizes that consistent use of value transfer requires contextual similarity
between the original valuation study and the new policy context. However, this requirement
is rarely met in practice. For example, many studies estimating the VSL have focused on
the WTP for private goods, such as airbags, even though these estimates may be used in
CBA of public investments in road infrastructure or fire safety interventions.

Previous literature has mainly focused on how the value of safety depends on whether
the risk reduction is framed as a private or public good, typically finding that the valuation
of safety is higher in the former framing (Svensson and Vredin Johansson) 2010; Andersson
and Lindberg, 2009; Hultkrantz et al., 2006). However, these studies rarely maintain consis-
tency in the safety measures themselves when comparing public and private settings. This
inconsistency may affect the differences in the valuation of public versus private goods if
respondents consider other attributes of the goods in addition to the safety improvements.
For instance, even though the size of the risk reduction is stated to be constant, respondents
may perceive that some measures or goods are less effective at reducing risks, or they may
not only value the reduction of risk but also how it is achieved. Indeed, when keeping the
good constant, |Andersson Jarnberg et al. (2024)) found no evidence that a risk reduction
provided by a private good was valued higher than when the reduction in risk was delivered

by any framing of the public good. However, they included only one safety measure, which



the respondents had little experience with. The present study aims to advance this research
by exploring further how the WTP for a risk reduction for traffic accidents varies not only
between public and private framings, but also across different types of safety measures, in-
cluding those with which the respondents have varying levels of experience. Building upon
Andersson Jarnberg et al. (2024), we evaluate different types of measures, including both
those that the respondents have experience with and those that they do not. We conducted a
contingent valuation survey to assess WTP for several different measures aimed at increasing
the safety of vulnerable road users. The survey was designed to consist of some scenarios
where we frame a single measure that reduces the risk of an accident as either private or
public, allowing us to compare WTP for the same measure in private versus public settings.
In other scenarios, we vary the good while keeping it either as a private or a public good,
enabling us to explore whether the valuation varies across different measures.

Several studies have found that the value of safety varies across policy contexts. For
example, |Johansson-Stenman and Martinsson| (2008)) found that respondents value pedes-
trian safety higher than the safety of car drivers, and |Carlsson et al. (2010) found a higher
willingness to pay for reducing fire and drowning accidents compared to traffic accidents.
Furthermore, within the health economics literature, a common finding is that respondents
are willing to pay more to reduce the risk of dying from cancer than from other causes of
death (Jones-Lee et all [1985; McDonald et al., [2016; Viscusi et al., [2014; Olofsson et al.
2016).

While previous literature has mainly focused on the differences in valuation across policy
contexts, the present study advances the research field by analyzing the extent to which the
value of a risk reduction varies within a given policy context. If respondents place value on
how safety is improved, we expect to find differences in valuation not only between public
and private goods but also across different types of goods within both public and private
settings.

Our study addresses two key research questions: First, does WTP for a risk reduction



depend on the specific good or measure used to deliver the safety improvement, and second,
does WTP also differ between private and public measures? Our findings confirm both
hypotheses: WTP for risk reduction varies across different measures, even when they are
all private or all public measures. Furthermore, for measures with which respondents have
limited experience and that depend on new technologies, such as a mobile phone app, the
WTP is higher when framed as a public good, contrary to earlier findings. However, for
conventional safety measures, specifically, anti-slip treatment and better lights, our results
show higher WTP for a risk reduction in the private setting. These results may imply that
people have varying confidence in whether different measures reduce risk to the extent that
was stated.

This paper is organized as follows: Section 2 presents the study design and survey method-
ology, Section 3 discusses the econometric framework, Section 4 presents some descriptive
statistics, Section 5 presents the empirical findings, including main hypothesis tests and

robustness tests, and Section 6 concludes and discusses policy implications.

2 Study Design

The data used in this paper were collected through a contingent valuation web survey admin-
istrated to a sample of the Swedish population aged 18-80. The complete survey is presented
in Appendix B, and the sampling procedure aligns with previous studies (Olofsson et al.
2019alb; Andersson Jarnberg et al.| [2024). The sample was drawn to be representative of the
population regarding gender, age, and geographic distribution across northern, middle, and
southern Sweden; see Table Al in Appendix A. The survey was distributed in December 2021
to 20,067 individuals from the Userneeds web panelE] In total, we received 2,667 complete
answers. While low response rates are common in web panel surveys and necessitate caution

in drawing inference outside of the sample, quality control measures were implemented. To

1Userneeds web panel is since 2022 part of Norstat web panel https://norstat.co/company/ Our sampling
was managed by the survey company Attityd Karlstad AB.



ensure that it was a real individual and not a bot answering, the respondents had to answer
some questions to test their logical thinking before the real survey started.

The survey began with demographic questions regarding age, gender, and residential
region, followed by questions about their habit of traveling by bicycle, traffic conditions,
worriedness about being in an accident, and what traffic safety precautions they use when
walking or bicycling. In addition, there was a text explaining the baseline accident risks for
pedestrians and cyclists.

To examine whether the WTP for risk reduction not only differs between the private
and public setting but also whether it depends on the specific measure, we identified eight
different measures for reducing accident risks among unprotected road users, three private
and five public. The selection of different safety measures was based on statistics about traffic
accidents involving cyclists in Sweden (Niska and Eriksson, 2013)). To enable meaningful
comparisons, we designed the study to compare the difference in WTP for risk reduction
between private and public measures where the risk situation itself is as similar as possible.
Therefore, the safety measures were chosen to ensure that the type of risk (e.g., slip hazard)
remained the same across both the private and public measures (see Table 1). For two public
measures and one private measure, we selected measures that the respondents have limited
experience with and involve new technologies. Specifically, we included a mobile phone app,
both as a public and private safety measure, and sensors at intersections that detect when
cyclists or pedestrians are approaching and warn motorists to reduce the risk of collision (see
Table 1).

Before answering the WTP questions, the respondents were asked about their attitudes
toward all eight measures, rating each of them on a 1-5 scale going from “very bad” to
“very good”. The respondents were then asked to state their WTP for four different traffic
safety measures, two of which were public measures and two were private. We varied the
order in which the respondents received the questions, first in terms of a block of either

public or private measures and second in terms of measures within each block. This means



Table 1: Measures reducing risk of traffic accidents for pedestrians and bicyclists

Safety measure

Description of safety measure

Public safety measure
Slip_Pu

Better anti-slip treatments during wintertime on walk-
ing and cycling paths.

Light_Pu Improved lighting on walking and cycling paths.

Lane_Pu Separate lanes for pedestrians and cyclists.

App_Pu An app in the mobile phone that everyone can download
without charge and that sends signals to cars to reduce
the risk of collisions with pedestrians and bicyclists.

Sensor_Pu Sensors at intersections and exits that detect when cy-

clists or pedestrians are approaching and warn motorists
to reduce the risk of collision.
Private safety measure

Slip_Pr Studded tires on bicycles and/or studded shoes that are
easy to remove and put on.

App_Pr An app in the mobile phone that sends signals to cars
to reduce the risk of collision with pedestrians and bi-
cyclists.

Light_Pr Better lights on the bicycle, helmet, or clothes.

that half of the sample started with questions about two public measures that appeared in
random order, and half of the sample started with questions about two private measures
in random order. Each respondent received two randomly assigned private measures, one
randomly assigned public measure, in addition to the public measure Sensor_Pu, which all
respondents received. Theory predicts that WTP should increase with the size of the risk
reduction (r) but at a decreasing rate (Jones-Lee, [1974). To assess internal validity through
scale (scope) sensitivity, we employ a split-sample design in our survey, and half of the
respondents received scenarios for a 50% risk reduction and the other half received scenarios
for a 10% risk reduction. The sample structure is illustrated in Figure 1.

Since respondents often struggle to interpret a change in small probabilities (Hammitt
and Graham) 1999), we included a text explaining how many actual accidents the measure
would prevent if implemented in a city with 10,000 inhabitants: “Suppose that by improving
lighting on pedestrian and cycling paths, one can halve the risk of pedestrians and cyclists

being involved in a serious accident. This means that in a city of 10,000 inhabitants, the



Total sample: 2,667
Each respondent answered four WTP questions: 2 public measures and 2 private measures

| 1. Random assignment: risk-reduction |

H"‘--u.
T --Rh'“““'“-ﬁ,_“
10-percent risk reduction: n'® = 1,335 ‘ [ 50-percent risk reduction: n°° = 1,332
2. Random block order: public first or private first 2. Random block order: public first or private first
3. Random measure order: 2 public and 2 private 3. Random measure order: 2 public and 2 private
Public measure Private measure Public measure Private measure
n;?ip_Pu =338 n;‘Pip_Pr' =887 n.?ﬂ'p_Pu =326 n;ﬂpﬁr =892
Niigntpu = 343 Wipp.pr = 873 Ny igne pu = 337 Nagp pr = 900
ni}%ﬂe_.i—"u =302 n}.?ght_Pr =910 nfgne_Pu = 359 ng?_ght_.ﬂr = 872
Napp_pu = 352 n;’.gp_Pu =310
n,}gnsor_Pu = 11335 nggnsor_,;u = 1,332

Figure 1: Survey and sample structure

number of serious accidents among pedestrians and cyclists will decrease from 20 to 10 per
year.

The payment vehicles differ across the private and the public measures with a uniform
tax, evenly distributed among all taxpayers for the public measures. For each measure the
respondents were asked to choose the highest tax increase (for the public safety measure)
or maximum cost (for the private safety measure) they would be willing to pay from a
payment card that showed eight different alternatives (see Figure 2)E| To reduce the risk of
hypothetical bias we reminded the respondents that it is common to overestimate the WTP
in these kinds of situations and asked them to think about what they could afford and really

would like to pay. This kind of “cheap talk” is commonly used and has been shown to reduce

the hypothetical bias (Penn and Hu, [2019). Individuals who stated 0 SEK as their highest

WTP for the safety improvement received follow-up questions about the reason for this.

After the WTP questions, the respondents were asked some standard background ques-

2The pilot based on an open-ended format of the WTP question, and a previous similar survey by
|Andersson Jarnberg et al.| (2024), informed us about the range of probable payment.




0 SEK per month (0 SEK per year)

5 SEK per month (60 SEK per year)
10 SEK per month (120 SEK per year)
25 SEK per month (300 SEK per year)
50 SEK per month (600 SEK per year)
75 SEK per month (900 SEK per year)

N N ) I O

Figure 2: Payment card

tions, including household size, education, occupation, country of birth, and income; their
experience with traffic accidents, either personally or involving a family member or near
friend; their subjective well-being and their attitudes about several dimensions of publicly
provided goods. To control for consequentiality (Zawojska et al., 2019; |/Andersson Jarnberg
et al., 2024), we asked the respondents if they thought that the results from this survey

would influence which traffic safety measures would be implemented in Sweden.

3 Econometric Framework

Our model design is intricately motivated by the challenge of understanding and quantifying
individual ¢’s willingness to pay for distinct traffic safety measures s, associated with risk
reduction r. The complexity arises from the unobservable nature of the individual’s expected
utility from the traffic safety improvements included in the scenarios, making it difficult to
directly measure preferences and valuations. To address these issues, we employ a latent
variable model, which can handle the inherent challenge of observing individual utility when
assessing preferences and monetary valuations for different traffic safety measures. The
latent outcome variable, WT P*", represents the individual’s willingness to pay for safety,
which is not directly measurable but influences the observed responses. The structural model
describes how variations in latent willingness to pay affect the observed responses to different

safety measures, incorporating a diverse set of factors:



WTPS" = X;3+ " (1)

7 )

where X is a vector of explanatory variables that includes socio-demographic characteristics,
attitudes toward safety measures, worriedness about traffic risks, past accident experiences,
perceived consequentiality, and dummy variables for each but one safety measure. The er-
ror term €;” accounts for unobserved factors affecting an individual’s response to a safety
measure. Since attitude variables and variables reflecting worriedness and accident experi-
ences may be endogenous, we estimate the model excluding these explanatory variables in a
sensitivity analysis.

Given that our data are interval-censored, the outcome variable is not precisely observed,
but rather lies within certain intervals: i) a closed interval with two fixed endpoints (interval-
censored data), ii) an interval with a fixed upper endpoint and an open (possibly infinite)
lower endpoint (left-censored data), iii) an interval with a fixed lower endpoint and an
unknown upper endpoint (right-censored data). With this data design, we use an interval
regression model. Table 2 shows the payment card, the relevant interval for each bid and what
this implies for the outcome variable which in the interval regression consists of two variables,
i.e., the lower and upper bounds of the interval utilized to account for the discretized nature

of the WTP variable.

Table 2: The outcome variable

Payment card Interval Lower bound Upper bound
0 SEK per month (0 SEK per year) —co<x<H . 4

5 SEK per month (60 SEK per year) 5 <z <10 5 9

10 SEK per month (120 SEK per year) 10<z<25 10 24

25 SEK per month (300 SEK per year) 25 < x < 50 25 49

50 SEK per month (600 SEK per year) 50<x <75 50 74

75 SEK per month (900 SEK per year) 75 < x <100 75 99

100 SEK per month (1200 SEK per year) 100 <z < 101 100 100
More than 100 SEK per month (1200 SEK per year) 101 <z < oo 101

To estimate the model, we employ an interval regression framework, which uses a like-

lihood function formulated based on the probability that the true unobserved WTP falls



within the given intervals. Let WT P, represent the lower bound and WT' P,,, represent the
upper bound of the interval for observation i, and x; be the vector of explanatory variables.

The likelihood function for the interval-censored data is given

L(B | WT Py, WT Py, ;) = | [[FOWT P | Xi, 8) = F(WTPy | z;, )], (2)
i=1
where F'(-) is the cumulative distribution function of the error term €. This specification

allows for the estimation of WT P while accounting for the censored nature of the data.

4 Descriptive Statistics

Description and summary statistics of the explanatory variables used in the analysis are
reported in Table A2 in Appendix A. There are no significant sub-sample differences in the
socioeconomic variables gender, age, household income, and size. Prior to the valuation ques-
tions, all respondents were asked about their attitudes toward the eight different measures
that could be used to increase the safety for cyclists and pedestrians. The overwhelming
majority of respondents stated that the suggested safety improvements were fairly good or
very good (see Table 3). The exception is the measure that requires the use of a mobile
phone app, both when it is framed as a public good and as a private good. In the two
app measures, approximately one third of the respondents were indifferent toward the app
measures, one third perceived it as bad (very bad or fairly bad), and one third perceived it
as good (fairly good or very good). The attitudes toward the other measures are similar,
and most respondents perceived them as good (fairly good or very good), ranging from 67%
for Sensor_Pu to 87% for Light_Pr.

Table 4 presents the descriptive statistics of the WTP for a 50% risk reduction, with all
responses shown in columns 1-4, and only non-zero responses in columns 5-7. The descriptive
results for the WTP align with the attitudes presented in Table 3. Though there appears to

be significant differences in mean WTP between measures, the median values remain rela-



Table 3: Proportion of attitude responses across the eight measures, in percent

Measure Very bad Fairly bad Indifferent Fairly good Very good

Slip_Pu 2 4 14 34 46
Light_Pu 2 3 15 33 47
Lanes_Pu 2 4 19 29 46
App_Pu 17 15 33 19 16
Sensor_Pu 6 6 21 34 33
Slip_Pr 1 3 15 37 43
App_Pr 16 15 34 21 14
Light_Pr 1 2 10 34 53

tively stable, suggesting that differences are driven by extreme values rather than the central
tendency. This indicates that differences across measures are driven by valuations toward the
end of the distributions. Table 5 reports pairwise Wilcoxon rank-sum (or alternatively, sign-

rank) tests for equality of the full sample distribution of WTP across the different measures.ﬂ

Table 4: WTP in SEK for a 50% reduced risk of accident by measure

Full sample WTP=0 (%) WTP 0
Mean SD  Median Mean SD  Median
Measure (1) (2) (3) (4) (5) (6) (7)
Slip_Pu 11.81 17.18 5 95 (29.14) 16.67 18.32 10

Light Pu  12.92 18.91 5 76 (22.55) 16.69 19.98 10
Lane_Pu 13.03 21.32 5 116 (32.39) 19.26 23.49 10
App_Pu 10.77  19.42 5 119 (38.39) 17.49 22.25 10
Sensor_.Pu  12.34 19.69 ) 408 (30.63)  17.68 21.48 10
Slip_Pr 18.41 26.20 5 228 (25.56) 27.52 27.84 10
App_Pr 7.86 16.02 0 485 (53.89)  17.04 20.02 10
Light Pr 18.82  23.80 10 175 (20.07)  23.55 24.44 10

Note: SD stands for standard deviation. The proportion of WTP=0 is reported as share of the number
of respondents for the measure. The complete sample number of observations for the measure with a 50%
risk reduction are: nf’ghpipu) = 326?”?Eig}1t,Pu) = 337;”?Eane,l:’u) = 3595”?219;,}11) = 310;n?§ensmipu) =
1,332 108y, pry = 892 (R pppry = 9005 10005 0s pyy = 872-

Focusing first on the five public measures: the WTP for a reduced risk of accidents is

fairly consistent across the five public measures. Anti-slip treatment, improved lights, and

3Both a Shapiro-Wilk test and a joint test of skewness and kurtosis indicate that valuations for the
different measures are not consistent with normal distribution, and hence motivates using Wilcoxon ranksum
tests.
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Table 5: Unconditional tests of equality of distributions for WTP in the different scenarios,
complete sample

Slip_Pu Light_Pu Lane_Pu App_Pu Sensor_Pu Slip_Pr App_Pr
(1) (2) (3) (4) (5) (6) (7)
(1) -3.68 (0.00)
(2) 0.72 (0.47) -3.65 (0.00)
(3) 1.48 (0.14) 0.82 (0.41) -1.35 (0.18)
(4) 5.66 (0.00) 5.13 (0.00)  4.15 (0.00) 8.67 (0.00)
(5) -4.88 (0.00) -5.74 (0.00) -6.28 (0.00) -10.56 (0.00) -11.40 (0.00)
(6) 11.86 (0.00) 11.36 (0.00)  9.98 (0.00) 5.02 (0.00)  15.33 (0.00) 20.19 (0.00)
(7) -6.17 (0.00) -7.10 (0.00) -7.58 (0.00) -11.92 (0.00) -13.62 (0.00) -1.34 (0.18) -21.98 (0.00)

Note: z-value (p-value) reported. Comparisons are conducted using the Wilcoxon rank-sum test
with unmatched samples (also known as the Mann—Whitney two-sample statistic), while compar-
isons with Sensor_Pu are conducted using the Wilcoxon matched-pairs signed-ranks test.
separate lanes do not show statistically significant differences in the WTP for risk reduction,
while the sensor measure yields a lower WTP, and the app results in a much lower WTP.
Among the private measures, the differences are more pronounced. The anti-slip measure
and better lights yield much higher WTP for risk reduction compared to the mobile phone
app, which ranks lowest among both private and public measures. Hence, the two measures
based on new technologies, which respondents have less experience with, receive lower WTP
values.

Column 4 of Table 4 shows the proportion of zero responses. Looking at non-zero bids,
we observe a similar pattern for both public and private measures, with the main difference
being that the increase in WTP for the mobile phone app is larger than the increase for
the other measures, due to a higher proportion of zero bids. This is especially notable for
the private app. This may suggest that many respondents do not trust the app’s ability to
reduce risk.

Next, we compare public and private measures, ensuring the risk context is as similar
as possible between the public and private setting and find the usual pattern: the WTP is
higher for private measures. However, for the app, the opposite is true. Examining only

non-zero bids, we again find a similar pattern.

11



5 Results

5.1 Main Hypotheses Tests

Table 6 presents two model specifications for panel data random effects interval regressions,
with column (1) showing a short model that includes only dummies for the different safety
measures and column (3) displaying the full model presented in Equation (1)@ Due to few
observations in the highest bid levels, collapsing the three upper bid levels is necessary for
some of the robustness tests, especially when we conduct analysis with observations where
WTP; > 0. The benefit of this approach is that it uncovers the full WTP distribution,
which is essential for an unbiased estimate of the mean (Fosgerau, 2007). For consistency,
all results are based on the same collapsing of the upper bid levels, and the point estimates
of the dummy variables for the different measures are therefore expected to be lower than if
the upper bid levels were not collapsed.

The public safety measure Sensor_Pu, which was assigned to all respondents, is used as
the reference measure. The coefficients are similar in columns (1) and (3), which is reassuring
and suggests that potential endogeneity of the attitudinal variables is limited.

The willingness to pay for a reduced risk of accidents varies across the five public mea-
sures, similarly to the unconditional tests in Section 4. Among the public measures, a Wald
test shows that the WTP for anti-slip treatment, better lights, and separate lanes is not
significantly different from one another (x? = 1.50, p-value = 0.47), consistent with the un-
conditional tests. Additionally, in line with the unconditional tests, the app tends to yield
a much lower WTP, while the sensors yield a somewhat lower WTP. Among the private
measures, the differences again align with results in Table 5, where the app produces a much
lower WTP for a risk reduction compared to both anti-slip treatment (x? = 784.38, p-value
= 0.00) and the better lights measure (y* = 885.54, p-value = 0.00). The mobile app ranks

lowest in both private and public good valuations. Therefore, a tentative conclusion is again

4Table C1 in Appendix C presents estimations where we stepwise introduce blocks of controls.

12



that the WTP for an increase in traffic safety is higher for goods that respondents have
experience with and therefore trust more, which is not the case for sensors or mobile apps.

The last three rows of Table 6 compare the public and private measures, keeping them
as similar as possible across contexts, specifically comparing Slip_Pu with Slip_Pr, Light_Pu
with Light_Pr, and App_Pu with App_Pr. These results allow us to reject the hypothesis
that the WTP for risk reduction is the same when the measure is framed as a public good
versus a private good, confirming that framing influences WTP. In the first two cases, we
observe the familiar pattern of a higher WTP for the private measure, which aligns with
findings in many previous studies (Svensson and Vredin Johansson, [2010; Andersson and
Lindberg, 2009; Hultkrantz et al., 2006). However, for the mobile phone app, we see the
opposite. A tentative conclusion is that whether the WTP for an increase in traffic safety
is higher for a public or private good may be influenced by the good itself. It may reflect
differences in the respondents’ belief about how effectively the good functions depending on
whether it is a private or public good. For example, the respondents may place higher trust
in a public mobile app compared to a private one.

The long model (column 2) reports how the various characteristics of the respondents af-
fect valuations directly. First, we look at the attitudinal variables. We find that respondents
who do not think that taxes are too high (Tax attitude) and those who think that the public
sector should prioritize lowering the gap between rich and poor in society (Distribution)
state a higher WTP. Second, our results show that respondents who believe that the results
of our survey will have an impact on actual traffic safety policy (Projectcons) have a higher
WTP. A high self-rated degree of worry about being in a traffic accident (Ownworry) is also
related to a higher WTP. Among the demographics we find that the middle-aged group has
a lower WTP than both the younger (Agel829) and the older (Age6580) groups, but female
and male respondents do not express differences in WTP.

Third, theory predicts that WTP should increase with the size of risk reduction, at a

decreasing rate (Jones-Lee, |1974). As an internal validity test of scale (scope) sensitivity,

13



Table 6: Panel interval regression with dummy variables for the
different measures and covariates

Short model Long model
Coef. S.E. Coef. S.E.
1 2) (3) (4

Slip_Pu 27085FF  (0.84)  2.7187F  (0.84)
Light_Pu 3.069*** (0.84) 3.034%4* (0.84)
Lane_Pu 1.675% (0.86) 1.714%* (0.86)
App_Pu 6673 (0.88)  -6.608%FF  (0.88)
Slip_Pr 8.64TFF%  (0.57)  8.670%%F  (0.57)
App_Pr 10.26%%F  (0.61)  -10.31%%%  (0.61)
Light_Pr 9.81 5% (0.57) 9.848%+* (0.57)
Risk -0.262 (0.92) -0.343 (0.89)
Order2 -5.392%**  (0.50)  -5.385%**  (0.50)
Order3 STTBORRE(0.50)  -T.TA9FE (0.50)
Order4 9.931FFF  (0.50)  -9.920%%*  (0.50)
Agel829 4.303%%%  (1.48)
Age6580 2.882%%%  (1.06)
Female -0.535 (0.93)
IncLow -3.164** (1.28)
IncHigh 2.631%%  (1.05)
InHHsize -2.238 (1.43)
Children 34470 (1.54)
Urban 0.820 (0.95)
Ownworry 3,177k (0.92)
Expcar 2.441%* (1.38)
Expbike 2.082 (1.53)
Expped 3.780* (1.97)
Expfamilycar 0.498 (1.01)
Expfamilybike 2.541%* (1.13)
Expfamilyped 0.875 (1.39)
Projectcons 7.901%%* (1.31)
Effectiveness 1.268 (1.08)
Privatization 2.212* (1.33)
Tax attitude 7.678%H* (1.10)
Distribution 4.132%** (0.93)
Public regulation 1.035 (0.96)
Constant 16.93*** (0.78) 5.7TTHRAE (1.84)
sigma_u 2L.65%%%  (0.40)  20.62%%*  (0.38)
sigma_e 16.11%%** (0.09) 16.12%** (0.09)
No. of observations 10668 10668
Log lik. -17517.9 -17408.2
rho 0.644 0.621
LR-test panel 4051.8 3685.2
Difference and Wald tests
WT Psiip_pu = WT Paiip_pr -5.94 45 53 -5.95 45.76%**
WT Pright pu = WT Prignt_pr -6.75 58.88*H* -6.81 60.13%**
WT Papppu = WT Papp.pr 359  14.44%F% 361 14.63%%%

Notes: Standard errors (S.E.) in parentheses. * p < 0.10, ** p < 0.05, ***

p < 0.01. The Wald test reports the chi2 value of a two-sided test.
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we make use of the split sample design of our survey to test whether WTP is sensitive to
a risk reduction of 10% versus 50%. The coefficient for the dummy variable Risk (= 1
if 50% risk reduction, zero otherwise) is not statistically significant in Table 6, indicating
scale insensitivity. One reason for this could be that the respondents do not value the risk
reduction, but the good itself.

Finally, we see that the order of the valuation questions matters and valuations decline
across questions (Order). For that reason, we will include a robustness test in sub-section
5.3 only including responses from the valuation questions that were presented first.

To further explore heterogeneity in WTP we run the estimations including a dummy
variable indicating cycling habit as well as its interactions with the measure dummies; see
Table C2 (column 1) in the Appendix. We do not find any significant coefficients on these
interactions, although the coefficient on the variable Bicyclist, which indicates respondents
who bicycle often rather than just sometimes, seldom or not at all is positive and significant.
For most cases we see no difference between cyclists and non-cyclists in terms of our hy-
potheses, except for when both the public and private safety measure are based on a mobile
phone app. In this latter case the Wald test shows that we cannot reject the hypothesis of
equality in WTP between the public and private measures for cyclists at the 1-% significance
level; see Table C2.1 in Appendix. We also interact age with the measures for the mobile
app, but neither of the coefficients are significant. According to a Wald test the valuation
difference between the public and private app is driven by individuals older than 30; see

Table C2 (column 2) and Table C2.1 in the Appendix.

5.2 Robustness Tests

Results on several robustness tests are reported in Tables C3 to C7 in Appendix C and

discussed here.

Estimations using first answers only
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In sub-section 5.2 we reported that all three dummy variables for order have a significant
negative direct effect on WTP and may indicate that respondents do not behave consistently
throughout the survey. To check the robustness of the results we therefore run the mod-
els using the first answer only; see Table C3. The results on the hypothesis tests remain
unchanged; see Table C3.1. The private app is still the least preferred and the other two
private solutions are the most preferred. Most of the results on the characteristics variables
are qualitatively similar to when we include all four scenarios answered by the respondent,
except that now there is a significant income effect: high-income earners have a higher WTP,

and in the long model (column 6) low-income earners have a lower WTP.

Zero-bids

A large proportion of the respondents stated that they were not willing to pay anything for
the risk reduction (see Table 4). A zero-bid is not problematic per se if it is an expression
from respondents who truly think that the risk reduction isn’t worth anything. However,
a zero-bid is of concern if the respondents do value the measure positively but for some
reason, e.g., as a protest, state an untrue zero WTP. A common procedure to address this
issue is to exclude so-called protest bids based on the answer to follow-up questions to the
zero-bid (Bateman et al. 2002)H Following the literature we therefore restrict the sample
by excluding respondents who stated a zero WTP with the reason being: “I think taxes
already are high enough”, “I don’t believe the measure has any effect for me personally”,
“I don’t believe the measure has any effect for anyone”, “The question doesn’t feel real to
me” H The results based on this sample are reported in Table C4 with corresponding Wald
tests in Table C4.1. With this sample restriction we no longer find any statistical support

for a difference in WTP between a public and a private safety measure when the good used

5A protest-bid is an expression from a respondent who does not agree to “play the game” and is not
necessarily confined to zero bids, but could also manifest e.g., as a non-response to the valuation question
or an extremely high WTP.

6We include respondents who give the reason for a zero WTP as “I cannot afford to pay more in tax”
(public measures), “I cannot afford” (private measures) and/or “I believe the safety is already high enough”.
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is a mobile phone app. Our previous results on the other hypotheses are robust. Also, this
sample shows a significant income effect, a gender effect (females have a lower WTP) and
age effect (individuals aged 65-80 have a higher WTP).

An alternative to analyzing the importance of the zero-bids and that allows us to report
all the data is to estimate two models: one for the zero WTP responses and one for the
non-zero WTP responses. The results of these two models are reported in Table S5 with
corresponding Wald tests in Table C5.1. The results on our hypotheses tests based on the
second model (including non-zero WTP responses only) are similar to those reported in Ta-

ble C4 when excluding zero bids classified as protest-bids.

Certainty calibration

Another robustness test is with respect to how certain respondents are of their stated WTP.
We create a dummy variable Certain which takes the value 1 for a reported certainty with
a value of at least 8 on the 10-point scale, and zero otherwise (Champ et al., [1997; Champ
and Bishop, 2001). We run the models including Certain as a separate variable and find that
respondents who express certainty have a lower WTP; see Table C6. The empirical evidence
for our hypotheses remains robust to the main results reported in Table 6; see Wald tests in
Table C6.1. As an alternative, we drop uncertain answers; see Table C7 and corresponding
Wald tests in Table C7.1. The evidence for our hypotheses remains unchanged with this

sample.

6 Discussion and Conclusion

This study has explored two key questions regarding the valuation of a risk reduction in
the context of traffic safety: (1) whether the willingness to pay (WTP) for a constant risk
reduction depends on the specific safety measure used to deliver the safety improvement,

and (2) whether WTP differs between public and private measures, and depends on the
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specific measure. For this purpose, we identified eight different safety measures for vulnerable
road users, five public and three private measures. To facilitate meaningful public-private
comparisons of WTP, the study was designed to keep the risk situation itself as similar as
possible between the public and private measures. Data was collected from a contingent
valuation web survey in Sweden.

The first question is to what extent the willingness to pay (WTP) for a constant risk
reduction differs among private measures and among public measures. Among public mea-
sures, we find that the WTP for a risk reduction is not significantly different for traditional,
non-high-tech measures, such as anti-slip treatments, separate lanes, and improved lighting
on walking and biking paths. However, the WTP is significantly lower for sensors at intersec-
tions and exits that detect when cyclists or pedestrians are approaching and warn motorists
to reduce the risk of collisions. It is also much lower for a mobile app that everyone can
download for free, which sends signals to cars to reduce the risk of collisions with pedestrians
and cyclists. This indicates that the WTP for a public risk reduction decreases if respondents
are not familiar with the measure and possibly do not trust that it will achieve the stated
risk reduction.

Among private measures, we observe a similar effect: the WTP for a risk reduction is
comparable for studded tires on bicycles and/or studded shoes, and for better lights on
bicycles, helmets, or clothing. However, WTP is much lower for a mobile app that sends
signals to cars to reduce the risk of collisions with pedestrians and cyclists. Hence, a key
conclusion is that acceptance and perceived reliability of the measures significantly influence
WTP.

The second question we investigated is whether the difference in WTP for risk reduction
between private and public measures, as found in previous literature, depends on the specific
measure. Again, we find this to be true. For the measures with which respondents are
familiar, we arrive at the common result that the WTP for the private measure is higher than

for the public measure. The differences in WTP between the private and public measures are
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consistent across the two measures familiar to respondents (anti-slip treatments and better
lights). However, for measures that respondents are not familiar with and that are based
on technology, we observe the opposite trend. A tentative conclusion is that respondents
place more trust in a mobile phone app supplied by the authorities than one provided by a
private company, in line with findings by |Andersson Jarnberg et al. (2024). The fact that the
app and sensors are unfamiliar to the respondents may also introduce uncertainties in the
responses, explaining why we find slightly different results from [Andersson Jarnberg et al.
(2024), who found no statistically significant difference in WTP for risk reduction based
on a mobile phone app framed as a public good versus a private good when controlling for
public vs. private provider. This reinforces the conclusion that for a fair and meaningful
comparison of the WTP for similar private and public measures, analysts should ensure that
respondents believe the measures can reduce the risk of accidents as stated.

Our findings highlight the necessity of considering not only whether a safety measure is
public or private but also the specific characteristics and familiarity of the measure when
estimating WTP for risk reduction. Policymakers should exercise caution when transferring
valuations from one context to another, especially if the measures differ in familiarity or
technological complexity. Future research could further explore the underlying reasons for
these preferences, perhaps by examining the role of perceived effectiveness, ease of use, or
privacy concerns associated with technology-based measures.

In conclusion, our findings suggest that the specific safety measure indeed matters in
determining WTP. To effectively utilize value transfer in cost-benefit analyses, as emphasized
by the |US Office of Management and Budget| (2023)), policymakers must ensure that the safety
measures considered are comparable not just in their public or private framing but also in
their characteristics and the public’s perception of them. Understanding these nuances can
lead to more accurate valuations and better-informed decisions that enhance public safety

and welfare.
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Appendix Al

Table Al: Survey representativeness in terms of gender, age, and resi-
dential region compared to the Swedish population, in percent

Survey Sweden

East South North FEast South North

Female

18-34 4.13  4.95 1.40 593 6.11 2.20
35-49 4.68  4.64 1.83 521 5.31 1.93
50-80  10.48 1247 4.72 855 988  4.29
Male

18-34 4.44  4.95 1.56  6.23 6.53  2.50
35-49 4.68  5.57 1.91 541 552 201
50-80  10.02 1255 5.03 833 9.7 431

Note: Information obtained from Attityd Karlstad AB.
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Table A2: Description and summary statistics of explanatory variables

Variable

Description

Mean (S.D.)

Socio-economic variables
Agel829

Age6580

Female

IncLow

IncHigh

InHHSize

Children

Urban

Attitude variables

=1 if respondent is aged 18 to 29

=1 if respondent is aged 65 to 80

=1 if respondent is female or identifies as other

=1 if respondent’s household monthly pre-tax income is <30,000 SEK
=1 if respondent’s household monthly pre-tax income is >50,000 SEK
Natural logarithm of number of household members (1, 2, 3, 4, 5, >5)
=1 if respondent’s household includes children under the age of 18

=1 if respondent lives in urban area

PC=participation coercion, TC=tax coercion, Priv=Private companies, FA=financial altruism

Publ. reg. (PC)

Tax attitude (TC, FA)

Effectiveness (Priv)

Privatization (Priv, PC)

Distribution (FA)

=1 if strongly disagree or disagree to “The Swedish Alcohol Retailing
Monopoly should be abolished.”

=1 if strongly disagree or disagree to “Taxes in Sweden are too high.”

=1 if strongly agree or agree to “Private agents are in general more

effective than public.”

=1 if strongly agree or agree to “More government agencies (activities)

should be privatized.”

=1 if strongly agree or agree to “The central government and munici-
pality should prioritize to reduce the difference between rich and poor

in society.”

Risk assessment and accident experience

Ownworry

Expcar

Expbike

Expped

Expfamilycar

Expfamilybike

Expfamilyped

Consequentiality

Projectcons

=1 if respondent rates own worry of being injured in a traffic accident
as pedestrian or bicyclist /5 on a scale 1 (not worried at all) to 10 (very

worried)

=1 if respondent has experience of serious injury due to traffic accident

in car, irrespective of how many times

=1 if respondent has experience of serious injury due to traffic accident

as bicyclist, irrespective of how many times
=1 if respondent has experience of serious injury due to traffic accident

as pedestrian, irrespective of how many times

=1 if a family member or close friend of respondent has been involved

in a traffic accident in car with either fatal outcome or serious injury

=1 if a family member or close friend of respondent has been involved
in a traffic accident as a bicyclist with either fatal outcome or serious
injury

=1 if a family member or close friend of respondent has been involved in
a traffic accident as a bicyclist or pedestrian with either fatal outcome

or serious injury

=1 if respondent rates the likelihood >3 (on a scale 1 to 5) that the
results of the survey will have any effect on whether any of the suggested

interventions will be implemented

0.117 (0.321)
0.387 (0.487)
0.493 (0.500)
0.212 (0.409)
0.387 (0.487)
0.651 (0.472)
0.228 (0.420)
0.662 (0.473)

0.529 (0.499)

0.256 (0.436)
0.346 (0.476)

0.187 (0.390)

0.514 (0.500)

0.424 (0.494)

0.132 (0.338)

0.100 (0.300)

0.059 (0.235)

0.349 (0.477)

0.248 (0.432)

0.151 (0.358)

0.135 (0.341)
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