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Abstract

Passenger car transportation is a major contributor to global carbon emissions. Despite a
range of policy measures, the European passenger car fleet remains largely running on fos-
sil fuels. It is questionable whether the lack of emission reductions can be attributed to a
lack of consumer preferences for low-emission cars because consumers may have imper-
fect information about cars’ emissions and the availability of clean cars remains limited.
This paper investigates the preferences of consumers for emission reductions in passenger
car transport. We estimate the willingness to pay of passenger car buyers for CO, emission
reductions by means of a choice experiment amongst a sample of 1471 individuals that
represents the Dutch adult population with the intention to buy a car. The main results are
that the mean willingness to pay for emission reductions equals €199 per tonne, and that
the majority of individuals is willing to pay more than the current market premium for two
selected hybrid types. These results suggest there is a large market potential for emission
reductions in passenger car transport. Our findings imply that providing consumers with
trustworthy information can be considered a key policy tool for achieving emission reduc-
tions in passenger car transport.

Keywords CO, emission reductions - Consumer preferences - Discrete-choice experiment -
Passenger car transport - Willingness to pay

1 Introduction

More and more, a consensus is emerging on the need to reduce greenhouse gas emissions.
Failing to do so will result in climate change, associated with significant economic and
social damages (e.g. IPCC 2014; Nordhaus 2006; Stern 2007). Acknowledgement by gov-
ernments of the need to reduce emissions has recently resulted in an international agree-
ment to limit the average temperature increase to two degree Celsius above pre-industrial
levels (United Nations 2015).
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Passenger car transportation is a major contributor of harmful emissions. As the fleet of
passenger cars remains running predominantly on gasoline and diesel, the sector accounted
for 12% of total emissions in the European Union in 2016 (EEA 2018). Moreover, while
total emissions have fallen since 1990 in every other sector, emissions in transport have
increased by 17% since then (EEA 2018).

In order to reverse this trend, governments in many parts of the world have implemented
a number of policy measures. Within the EU, CO, standards are imposed on car manu-
facturers and a CO,-labelling scheme has been introduced to inform car buyers about the
emissions of cars. On a national level, governments have introduced a variety of measures,
including CO, taxes on the purchase of cars, taxes on fossil fuels, fuel-blending require-
ments for renewable fuels and subsidies on alternative-fuel cars, often combined with each
other. Despite all these measures, 97% of the existing EU fleet in 2016 and 91% of the new
cars in the Netherlands in 2018 were gasoline and diesel cars (ACEA 2018).

It is clear that the market for clean cars remains underdeveloped but the question is to
what extent this can be attributed to the preferences of consumers for polluting cars. At
least two other reasons hamper the development of the market for clean cars. The first is
an information asymmetry problem. In the EU, consumers obtain information about the
level of a car’s emissions through CO, labels, which are based on laboratory measurements
(Haq and Weiss 2016). It is becoming increasingly apparent that real-world emissions of
cars deviate from lab-tested emissions and that this gap has increased over time (Fontaras
et al. 2017), partly caused by cheating behaviour on the emission measurements by some
car manufacturers (Paton 2015). As a result, these labels are untrustworthy and, therefore,
consumers may not express their intrinsic willingness to pay (WTP) for clean cars in the
market. The second reason is caused by the fact that alternative-fuel cars remain emerging
technologies. In addition to a limited number of models to choose from, consumers worry
about the unavailability of refuelling stations for alternative fuels (Ziegler 2012; Hackbarth
and Madlener 2016) and long refuelling times in case of electric vehicles (Egbue and Long
2012; Hackbarth and Madlener 2016). This leads these type of cars not to be considered
as serious alternatives to many consumers. To be able to assess the potential for emission
reductions in passenger car transport, the intrinsic willingness to pay of consumers needs
to be understood.

Studies that have assessed the WTP of consumers for cars with lower emissions
find a wide range of estimates. These studies include Hackbarth and Madlener (2016),
Achtnicht (2012), Tanaka et al. (2014) and Hidrue et al. (2011), where the last two
focus only on electric cars. These studies report a WTP a one-time premium ranging
from €5 to €1432 to reduce a vehicles emissions by 1% (Hackbarth and Madlener 2013,
2016; Tanaka et al. 2014; Hidrue et al. 2011) or from €13 to €127 to reduce a vehicles
emissions with 1g of CO, per kilometre for the median person (Achtnicht 2012). This
translates to minimum estimates of the WTP per tonne of CO, of €89 and €256 for two
reference groups (Achtnicht 2012). Also related to this paper are studies that use vari-
ous other applications to study the valuation of consumers for climate change mitiga-
tion. These include Alberini et al. (2018) and Longo et al. (2008) (policy scenarios),
Roe et al. (2001) (green electricity), Brouwer et al. (2008) and MacKerron et al. (2009)
(airfare), and Loschel et al. (2013) and Diederich and Goeschl (2014) (EU ETS). The
estimates of these studies for the WTP to reduce CO, emissions by one tonne range
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from €6 to $967 (approximately €780).! An overview of the estimates for CO, emission
reductions in the stated-preference literature is included in Alberini et al. (2018). In
contrast to the previously mentioned studies, Bigerna et al. (2017) estimate the WTP for
emissions based on revealed preference data (converted from elasticities of demand for
conventional fuels) and find a mean WTP of €7 per tonne.

Almost all papers that study the WTP within transport estimate the WTP for clean cars,
except for Achtnicht (2012). From a policy perspective, however, it is more relevant to
know the WTP for emission reductions because it are the emissions that lead to climate
change and should therefore be targeted by policies. Not surprisingly, the benefits of cli-
mate change mitigation policies are typically denoted as the avoided damages in euros/
dollars per tonne of emissions (i.e. the social cost of carbon).

This paper investigates the preferences of consumers for emission reductions in pas-
senger car transport. Our main research question is: how much are consumers willing to
pay to reduce CO, emissions in passenger car transport? In addition, based on our WTP
estimates, we specifically investigate the distribution of the WTP for hybrids, a promising
clean car type. Lastly, we want to understand the socio-economic factors that contribute to
the heterogeneity in preferences for emissions, and the implied required pay-back period
for lower fuel costs.

The contribution of this paper is the estimation of the WTP for emission reductions
in passenger car transport, expressed in euros per tonne of emissions (which is the con-
ventional unit of measure in the climate policy debate). We follow a similar approach as
Achtnicht (2012) but this paper uses a somewhat different method to translate the WTP for
clean cars into WTP for emission reductions. Also, this paper makes an important differ-
ent assumption about the distribution of the WTP for emissions, generally leading to more
realistic WTP estimates. In addition, we have detailed socio-economic information about
respondents that we relate to preferences for emission reductions, including income, age,
gender and education. Lastly, we investigate the stated preferences for hybrids based on
two real-life cars and compare the stated preferences with actual vehicle sales records.

We analyse preferences by adopting a discrete-choice experiment. Participants make
trade-offs between cars that differ in four attributes: the purchase price, emissions, fuel
type and fuel costs. Our sample consists of 1471 participants that represent the Dutch adult
population with the intention to buy a passenger car. Participants were confronted with 10
choice questions, resulting in 14,638 observed choices. Choices are modelled based on a
mixed logit approach to take into account that preferences may vary between individuals
(Train 1998). In addition, the paper uses the WTP estimates to analyse the driving costs
of and WTP for two real-life hybrids that are also available in a nearly identical gasoline
version.

We find a strong preference for emission reductions in passenger car transport. Our
main estimate of the WTP for emission reductions equals €199 per tonne. In addition, the
majority of consumers appears to be willing to pay at least the prevailing market premium
for two selected hybrid cars. This implies a large potential for emission reductions in pas-
senger car transport. We also find considerable differences in preferences amongst socio-
economic groups along the lines of age, gender and education but not income. Finally, the
results suggest that the average consumer has a short implicitly required pay-back period
for expenditure on a vehicle’s fuel cost attribute. For government policy, our findings

! Using the average annual US dollar/euro exchange rate in 2005, the study’s (Longo et al. 2008) survey
year, according to Eurostat.
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suggest that policies that successfully reduce information asymmetry in passenger car
transport can make a considerable contribution to achieving emission reductions.

The remaining of this paper is structured as follows. Section 2 discusses the theoretical
framework. In Sect. 3, we describe the methods that we applied, particularly the set-up
of the choice experiment, survey design and data. Section 4 provides the result. Finally,
Sect. 5 provides the discussion and conclusion.

2 Theoretical Framework

To analyse consumer preferences, we depart from the microeconomic theory of consumer
behaviour and utility maximization. The central idea in this theory is that consumers
choose a good within a set of alternatives that maximizes their utility. Basically, a budget-
constrained consumer chooses the good that is most valuable to him.

Lancaster (1966) proposes that the utility someone derives from consuming a good is
not driven by the good itself but by the good’s attributes. Accordingly, selected alternatives
represent the ‘best’ combinations of attributes to the decision maker in the sense that they
yield the highest utility.

Choice experiments involve asking respondents to choose their preferred alternative out
of a set of alternative options. The alternatives typically represent the same good (e.g. cars)
that differ in certain attributes (e.g. emissions). By asking individuals to choose between
alternatives that differ in attributes, the trade-offs that respondents make between these
attributes are revealed.

The observed choices from the respondents are modelled according to Random Utility
Theory (RUT). RUT posits that consumers maximize their utility (derived from a good’s
attributes), but exhibits a random component in the utility function to consider that the
true utility functions of the observed decision makers are unknown. The utility function
(U) therefore consists of two parts, a systematic part V and a random part e. Utility of indi-
vidual i for alternative j can be written as:

U=V +e; (1
Assuming a linear utility function, the systematic part can be written as:
_
Vi = BiX;; )

where X is a vector of product attributes. Together with (1) and the assumption that ¢;; is
LLD. extreme value type 1 distributed, this yields the mixed logit model:*

U; = ﬁl'XU +¢; 3)

Importantly, this model considers that decision makers differ in their taste parameters (the
f’s) (Train 1998), as indicated by the subscript i. Intuitively, this reflects that individuals
differ from each other and have their own respective utility function. Other studies con-
firm that people differ in their preferences for environmental goods, such as renewable
electricity (Bollino 2009). However, we do not observe exactly how preferences differ
between individuals, i.e. the true distributions of the taste parameters f(f#|60) are unknown.

2 In a setting where individuals make repeated choices, an additional subscript () in the utility function is

appropriate: Uy, = B! Xy, + €.
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Therefore, to estimate a model based on (3), the researcher has to assume a distribution for
the random parameters. The chosen distributions can significantly affect the results of the
model (Hensher and Greene 2003). For a given distribution, the probability that alternative
Jj is chosen out of the k available alternatives is given by (see e.g. Train 2009):

P(j) = / exp( X/ iexp(B/Xy).f(B10)dp “4)

No closed-form solution exists for this expression but an option is to estimate an approxi-
mate solution using simulated maximum likelihood.

Train and Weeks (2005) propose a reformulation of the model in (3) such that the
researcher can assume distributions directly for the WTP coefficients rather than for the coef-
ficients of the utility function. This reformulated model is referred to as the model in WTP
space. An important advantage of this WTP-space model is that it enables specifying the dis-
tribution of the WTP directly, resulting in more convenient (Train and Weeks 2005) and less
“counter-intuitive” (Scarpa et al. 2008) distributions for the WTP. Additional conveniences of
the WTP-space model is that the estimates can be directly interpreted as marginal WTPs and
that the standard errors of the WTP need not be simulated or approximated (Scarpa and Willis
2010). For these reasons we estimate the model in WTP space rather than in preference space.
The WTP-space reformulation is now briefly discussed.

To arrive from (3) at the model in WTP space, Train and Weeks (2005) assume € is
extreme value distributed with variance equal to /,tiz(;r2 /6), where y; is referred to as the indi-
vidual-specific scale parameter. This scale parameter reflects that different individuals with
the same preference parameters may be associated with different degrees of variance in the
random part of the utility function. As an example, Train and Weeks (2005) note that in a
repeated choice situation, unobserved factors may differ for each choice question. Separating
the product attributes into a price attribute p (with taste parameter 6) and non-price attributes
x (with taste parameters «) and dividing (3) by the scale parameter, which leaves behaviour
unaffected (Train and Weeks 2005), results in the utility function:

U; = (ai/:ui),xij - (5i/”i)pij tég; 5)

which has a new error term € which is L.ID. extreme value type 1 distributed and has con-
stant variance 72 /6. Let ¢; = (%) and 4; = %, then this utility function (still in preference

i

space) can be written as:

Uy = cixj = dipy + € 6)

Here, the WTP for an attribute is given by the marginal rate of substitution between the
non-price attribute and the price attribute, i.e. the ratio of the attribute’s coefficient to the
price coefficient: w; = ¢,/ 4;. Finally, this definition of the WTP is used in Eq. (6) to arrive
at the model in WTP space:

Uy = (Aw) x; = Apy + €. 7

@ Springer



904 D. Hulshof, M. Mulder

Table 1 Attributes and their levels

Attribute Number of Levels
levels
Purchase price 5 60%, 80%, 100%, 120%, 140% of reference (in €)
Fuel type 7 Gasoline, diesel, CNG, biofuel, full-electric,
hybrid-electric, hydrogen
CO, emissions per kilometre (including 5 0g*90g,130g,170g,250 g
emissions from fuel production)
Fuel costs per 100 km 3 €5, €15, €25

“Not combined with gasoline and diesel

3 Methods
3.1 Choice Experiment

In this choice experiment, participants choose between two alternative cars that differ in
four attributes. The survey was randomly administered to 2395 adult-aged Dutch persons.
Prior to the actual choice questions, participants encountered a short text explaining the
goal of the survey, the choice questions, and the attributes and corresponding levels.

The four attributes in the survey are the (1) purchase price, (2) fuel type, (3) CO, emis-
sions per kilometre and (4) fuel costs per 100 km. The CO, emissions attribute is our main
attribute of interest. The survey includes the purchase price as this enables estimating the
WTP for the other attributes in monetary terms. The survey includes the fuel type and fuel
costs per 100 km because we are interested in the intrinsic preferences for emissions and
want to exert explicit control over these two attributes in order to prevent respondents from
associating low emissions with certain fuel types (e.g. electric) or low/high fuel costs.

Table 1 lists the attributes and corresponding levels. The levels of the purchase price
depend on the participant’s self-declared reference price for a new vehicle, as is common
practice in the transportation literature (e.g. Ito et al. 2013). This ensures that the survey
offers prices which the respondent would consider in practice. We include seven fuel types
including the dominating fossil fuels and five primary alternative fuels that are currently on
the market in the Netherlands. Five levels of emissions are shown, which are in line with
papers from the transportation literature (e.g. Achtnicht 2012). During pre-testing, some
participants struggled with combinations between positive emissions and full-electric or
hydrogen. Therefore, the survey clearly explains to participants that emissions from fuel
production and transport are included (i.e. are based on a well-fo-wheel approach). The lev-
els of fuel costs per 100 km are also based on the literature (e.g. Hackbarth and Madlener
2016).

Regarding our experimental design, we only restrict combinations between
zero emissions and the fuel types gasoline and diesel in order to display real-
istic combinations. This results in a total possible number of combinations of
4Xx(Tx5%3)+1x(5x5x%x3) =495, which were all included in the final experiment.
Figure 4 in Appendix 1 provides a screenshot of one of the choice sets.

Many relevant car attributes for car purchases are not included in this survey, such
as reliability, size, body type and power (e.g. Train and Winston 2007). If respondents
would make implicit assumptions about omitted attributes in relation to attributes that are
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included (for instance that hydrogen vehicles are always large and luxurious), our estimates
for the attribute associated to such omitted attributes would be biased. To prevent this, the
introductory text of the survey and the actual choice questions contain explicit instructions
to regard the alternatives as identical beyond the described characteristics. A transcript of
these instructions can be found in “Appendix 1”.

Frequently, an attribute or one of its levels represents a number of (omitted) inherently
related attributes or characteristics. While it prevents associations with omitted non-inher-
ently related attributes (e.g. body type, power, colour, reliability, brand, transmission type
or size), the survey’s instruction to regard cars as identical beyond the described attributes
does not prevent respondents from making assumptions about omitted inherently related
characteristics. For example, diesel is inherently associated to more harmful NO, emis-
sions and full-electric to a currently relatively limited refuelling-station availability. The
trade-offs by respondents are expected to reflect the preferences of consumers for inher-
ently related characteristics. Importantly, by explicitly including fuel types and fuel costs
as attributes, the survey design prevented respondents from making assumptions about fuel
types and fuel costs and their inherently related characteristics when they encountered dif-
ferent levels of emissions. Moreover, beyond mitigating climate change, there appear to be
no other inherently related characteristics of CO, emissions in passenger car transport. As a
result, the estimates for the WTP for emission reductions reflect the consumer preferences
for climate-change mitigation. This was verified during survey pre-testing, as interviews
did not suggest that participants were choosing on the basis of implicit assumptions about
(non-inherently related) omitted characteristics. “Appendix 2” provides details on the pre-
test procedure of the survey.

The survey starts by announcing the goal of the survey (to study consumer preferences
for different types of cars) and asking several preliminary questions. We ask (1) to indicate
a reference price for the next vehicle, (2) to indicate the type of car (e.g. small or SUV)
that is owned (or driven most in case they own more than one), and (3) to indicate the
approximate annual mileage.® As we are interested in car purchases, we discarded respond-
ents that indicated they do not intend to buy a car again at question (1) in our statistical
analysis (n = 252). Therefore, our final sample represents the Dutch adult population with
the intention to buy a car. Summary statistics of the responses to question (1) are included
in Table 2. We used the second question to investigate a possible relationship between car
types and preferences for emissions.

In the introductory text, we also briefly discuss the relation between fuel types, fuel
costs and emissions. In addition, we explain the attributes and the levels. The survey then
explains that the respondent is asked to choose ten times between two cars that differ in
these four attributes. We also explain to the respondents that some of the fuel types are
not yet widely available (e.g. hydrogen) but may become so in the near future. The actual
choice question asks the respondent which car he/she would buy, taking into considera-
tion his/her own budget. The last part is added as “cheap talk” strategy to minimize the
hypothetical bias, referring to the tendency of people to overstate their true WTP in stated-
preference research (e.g. List and Gallet 2001).

3 Specifically, in the survey, people are asked to indicate what segment their car belongs to based on the
following car segmentation proposed by the European Commission: A: mini cars, B: small cars, C: medium
cars, D: large cars, E: executive cars, F: luxury cars, J: sport utility cars (including off-road vehicles), M:
multi-purpose cars, S: sports cars (CEC 1999). For each car segment, three (popular) example cars are
shown based on the segment’s Wikipedia pages (see https://en.wikipedia.org/wiki/Euro_Car_Segment).
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Table 2 Descriptive igta.ﬁStiCS of Variable Sample (%) Population (%)
respondent characteristics
Female? 54.6 50.8
Age
18-39 years 27.8 33.8
40-64 years 40.6 43.1
65-79 years 27.4 17.5
80+ 4.2 5.6
Education®
Lower education 28.2 314
Middle education 34.6 38.2
Higher education 37.1 28.9
Unknown 0.1 1.5
Income (gross per year)®
Less than €10,000 15.7 16.0
€10,000-€19,999 20.0 26.3
€20,000-€29,999 20.5 18.0
€30,000—€39,999 18.1 14.3
€40,000-€49,999 9.7 9.5
€50,000-€99,999 9.3 134
€100,000 and more 0.7 24
Unreported 6.0
Vehicle reference price
€0-€20,000 62.4
€20,001-€40,000 19.3
€40,001-€60,000 3.1
More than €60,000 0.6
Will not buy a car 14.5

Source: Sample: CentERdata, own calculations. Population: CBS
“Dutch population of 18 years and above;

"Dutch population of 15 years and above. Schooling levels according
to ISCED standard;

“Dutch population

Another concern with stated-preference surveys is that the questions are not incentive
compatible because, depending on the type of good (public/private), payment obligation,
question format and (expected) reaction of the relevant agency to the responses, respond-
ents may have an incentive to respond strategically and not according to their true prefer-
ences (Carson and Groves 2007). Particularly important is how the respondent expects the
survey results will be used. We note that, although the survey is administered by a univer-
sity, car manufacturers in particular have a great interest in consumer preferences. There-
fore, if respondents anticipated this, they may have felt that they exerted influence over the
type of cars that will be produced in the future. In our binary choice setting, in case the
choice questions were regarded independently, no incentive compatibility problem would
have been present because participants chose between two private goods and may have
expected that selecting an alternative resulted in a higher probability of the selected type
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Table 3 Characteristics of Dutch households and their cars. Source: CBS, Eurostat, RDW

Avg. number of cars per household 0.95

(2019)
Avg. household expenditure share
Dedicated to (operation of) car(s) 9.7%
(2015)
Avg. annual mileage (2015) 13,000 km
Avg. car ownership duration (2016) 4.1 years
Percentage of households with (2015) 1 car 2 cars 3 or more
48.2% 18.8% 4.2%
Avg. emissions of new car (g/km) 2015 2016 2017
101 106 109
Share in vehicle sales by fuel type Gasoline Diesel Hybrid Full-electric Biofuel
(2018) 77% 14% 6% 4% 0%
CNG LPG Hydrogen
0% 0% 0%
Share in fleet of hybird and full-electric 18-29 years 30-49 years 50-64 years 65-74 years 75+ years
cars by age group (2016) 0.4% 1.1% 1.4% 1.7% 1.5%

being produced in the future. Respondents probably have not regarded the choice ques-
tions independently such that our repeated structure could imply some scope for making
strategic choices. However, two reasons as discussed by Carson and Groves (2007) sug-
gest this was not highly problematic in our survey. Firstly, car manufacturers are likely to
produce a range of vehicle types such that respondents may have expected that only a few
alternatives will not be produced. Secondly, strategic behaviour requires knowledge about
the distribution of preferences and we believe that expectations about this distribution are
highly uncertain. Carson and Groves (2007) note that meeting one of these two conditions
is sufficient to induce responses close to the true preferences.

The survey is randomly administered to 2395 members of age 18 and above of the
CentERpanel in December 2017. The CentERpanel is a high-quality sample, representing
the Dutch population (CentERdata 2018).* Out of 2395 invites, 1736 persons responded
(72.5%) to the survey. Because socio-economic characteristics of all individuals in the
sample are known to the research institute administering the CentERpanel, we do not need
to ask additional questions.

Table 2 describes socio-economic characteristics of our sample and the Dutch adult
population. The gender structure of our sample is similar to that of the adult population.
The age structure of our sample tends to resemble the Dutch adult population as well,
although the age group 65-79 years is somewhat overrepresented. The educational struc-
ture of the sample is also quite close to the structure of the population, although the share
of higher educated people is about nine percentage points higher in the sample.’ Finally,

4 Members are not included based on self-selection but are randomly drawn from the pool of national
addresses and invited to join the panel. Panel members are not required to own a computer or have an inter-
net connection.

3 Classification according to the ISCED (International Standard Classification of Education): lower educa-
tion represents primary education and lower secondary education (basisonderwijs, VMBO and havo/vwo
klas 1-3); middle education represents higher secondary education and post-secondary non-tertiary educa-
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the income structure of our sample is not very different from the income structure of the
Dutch population. For 6% of the respondents, income is unknown.

Table 3 provides several key characteristics of Dutch households and their cars, and the
Dutch passenger car fleet. The majority of households owns at least one car and the average
household dedicates 10% of expenditure on cars. Regarding Dutch vehicle sales in 2018,
hybrid and full-electric have reached market shares of 6% and 4%, respectively. Other alter-
native fuel technologies remain without significant market shares. The share of fossil fuel
cars in sales remained high at 91%. Regarding the existing car fleet, hybrids and full-elec-
tric cars have higher shares amongst older people when compared to younger generations.

3.2 Model Specification

In order to analyse the observed choices, several specification choices need to be made.
We need to determine which parameters are randomly distributed and we need to assume a
distribution for those parameters.

To determine the random parameters, we applied Lagrange Multiplier tests as proposed
by McFadden and Train (2000) and log-likelihood ratio tests (as in e.g. Wang et al. 2007).
These tests unambiguously suggest including all parameters as random coefficients. How-
ever, when we estimate the model with all random parameters, the simulated-maximum
likelihood estimator does not converge to a global maximum, a known problem within
simulated-maximum likelihood estimation that comes without a generally accepted solu-
tion (e.g. Myung 2003). We overcome this by estimating the final model with only the
coefficients of the purchase price, CO, emissions and hybrid fuel type as random. Inclusion
of more random parameters is computationally not possible with simulated maximum like-
lihood estimation. The analysis retains the emissions parameter as random because it is the
main parameter of interest. We retain the price attribute as random because fixing the price
coefficient would imply that the scale parameter is constant over individuals (Train and
Weeks 2005). If in fact scale varies between individuals, and one fixes the price coefficient,
the variation in scale would be “erroneously attributed to variation in WTP” for the other
attributes (Scarpa et al. 2008). The coefficient for hybrid is allowed to be random to be able
to analyse the driving costs and distribution of WTP for hybrid vehicles. The drawback of
this solution is that we will not derive distributions for the WTP coefficients of the fuel cost
and other fuel type attributes.®

After selecting the random coefficients, a distribution has to be assumed for these
parameters. For our random coefficients, we considered the two most commonly applied
distributions in practice, the normal and log-normal distributions (Train 2009). The log-
normal distribution is often assumed for coefficients that have a strong a priori assumption

Footnote 5 (Continued)

tion (havo/vwo klas 4-6, MBO); and higher education represents bachelor’s, master’s and doctoral (HBO
and WO).

® Another solution would be to assume a constant coefficient for the price and link this attribute to income.
This would facilitate including random coefficients for the fuel types and fuel costs and accommodate dif-
ferences in the marginal utility of money to differ between income levels. The latter implies differences
in scale between but not within income groups. However, as the marginal utility of money probably also
differs in other respects than income, including “factors that are independent of observed socioeconomic
covariates” (Scarpa et al. 2008), the drawback of this approach is that variation in scale due to these other
factors may still affect our estimates for the (distribution of the) WTP for emission reductions. Given our
focus on estimating the WTP for emission reductions, we opted for the current WTP-space model with a
random price parameter.
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on the sign, typically following from economic theory (e.g. the price coefficient). This way,
the coefficients are forced to be either strictly positive or negative. In contrast to the coef-
ficient for hybrid, for both the signs of the coefficients of the purchase price and CO, emis-
sions we have prior expectations. A negative coefficient is expected for the purchase price
because utility decreases if the price of an ordinary good rises.” With respect to emissions,
the environmental benefits of reducing emissions provide reasons to expect that some peo-
ple prefer lower emissions. In contrast, it is hard to justify an expectation that some people
prefer higher emissions since there appear to be no benefits at all.® Hensher and Greene
(2003) propose an empirical approach to guide the decision on which distributions to
assume. Their approach involves estimating empirical distributions for each of the random
parameters based on kernel density plots and inspecting the shape of these distributions.
Appendix 3 discusses this approach in more detail and provides the kernel density plots
(Fig. 5) and two descriptive measures (Table 7). From these plots, the hybrid coefficient
appears to be normally distributed, the price coefficient appears to be log-normally distrib-
uted and the distribution for emissions is not unambiguously normal or log-normal. Con-
sidering our reservations to assume a log-normal distribution for the emissions parameter
(see Appendix 3), we assume a normal distribution for this coefficient.
Our final specification of the utility function is:
Uy = aFy +y,HY,

i« + B;COy + 0,PPy, + 5CKM,

it ije T €ijt ®)
where F is a vector of fuel type dummies (excluding hybrid), HY refers to the fuel type
hybrid, CO, refers to CO, emissions, PP refers to the purchasing price and CKM refers to
fuel costs. The dummy for gasoline is omitted in the estimation procedure and serves as
reference case for the other fuel types. Random coefficients are denoted with a subscript
i. The subscript ¢ represents the panel structure of our data, i.e. that respondents choose
repeatedly. We estimate the model with the user-written Stata command mixlogitwtp,
using 600 Halton draws.

In order to investigate the relationship between socio-economic characteristics and prefer-
ences for emissions, we estimate a second model that includes interactions of CO, emissions
with gender (female = 1), age, education, income and car-type dummy variables. Regarding
age, we divide the sample in three groups: 18-39, 40-64 and 65+. Regarding education, indi-
viduals are assigned to groups representing lower, medium and higher education based on
the ISCED classifications. Regarding income, we distinct between five (gross yearly) income
groups: low (€0—€19,999), medium (€20,000-€39,999), high (€40,000-€59,999), very high
(€60,000—€79,999) and top (€80,000+). Lastly, we investigate a potential relationship between
the car type someone owns and preferences for emissions. Based on self-reported information
about the car type owned, respondents are assigned to one of three car segment groups: small
segment (A, B and C segments), upper segment (D, E and M) or luxury segment (F, J and S).
For each of these interaction variables, the first group is omitted in the estimation stage (18-39
years old, lower education, low income and small car segment respectively). Variance infla-
tion factors do not suggest the presence of multicollinearity in the interaction variables (not
reported here, factors are below 3.6), which could be a worry due to an expected relationship
between income and car type ownership.

7 We assume cars are ordinary goods, i.e. that, conditional upon a set of characteristics, the probability that
someone will buy a car decreases if the price increases.

8 Based on anecdotal evidence, it appears that, in certain parts of the US, some individuals prefer polluting
vehicles as a form of protest against liberalism. For the Dutch population, we are not aware of such prefer-
ences amongst subgroups of the population.
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Table 4 Mixed logit model estimation results

Variable MXL model MXL with interactions
Coefficient Standard error  Coefficient Standard error
CO, emissions (g/km) — 36.70%** 1.82 —21.62%** 4.84
Standard deviation of CO, emissions ~ 30.81%%%* 2.04 29.56%%* 2.02
(g/km)
CO, * Female — 6.84* 3.03
CO, * Age40-64 —2.80 3.42
CO, * Age65+ — 17.19%** 391
CO, * Medium education —-4.16 3.90
CO, * Higher education — 12.26%* 4.29
CO, * Medium income —0.68 3.76
CO,*High income —1.49 5.03
CO,*Very high income —-4.70 6.95
CO,*Top income 9.28 6.17
CO, * Upper segment car 2.15 3.24
CO, * Luxury segment car 16.46 10.40
Fuel costs (€/100 km) — 433.84%** 16.66 —430.97%** 15.48
Diesel —3173.19%**  321.45 —3200.46%**  309.97
CNG — 1937.15%**  298.05 —1939.38***  202.36
Biofuel — 837.45%* 281.67 — 872.13*%* 272.83
Full-electric — 25691 281.79 —270.40 272.29
Hybrid-electric 811.58%* 319.34 771.33* 310.24
Standard deviation of Hybrid-electric ~ 3271.69%%%* 453.31 3296.97%** 328.78
Hydrogen — 885.04%* 276.67 —914.51** 272.15
Purchase price — 8.57#** 0.05 8.57#** 0.04
Standard deviation of purchase price ~ 1.10%** 0.05 1.10%%* 0.05
Observed choices 29,276 29,276
Log-likelihood —7605.20 —7583.83

Standard error in parentheses
*p < 0.05; **p < 0.01; ***p < 0.001

4 Results

4.1 Estimation Results

Table 4 reports the estimation results. The estimated coefficients can be directly interpreted
as mean estimates of the WTP, except for the coefficient of the purchase price, which is the
estimated mean of the log of the price coefficient. The estimates are in line with economic
theory. A higher price, higher fuel costs or higher emissions are associated with lower lev-
els of utility. The associated coefficients of these attributes are all statistically significant.
Regarding fuel types, the coefficients for diesel, CNG, biofuel and hydrogen are nega-
tive and statistically significant. This implies that these fuel types are, on average, valued
less than gasoline (the reference fuel type). The least preferred fuel type is diesel with a
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WTP per vehicle that is €3230 lower than gasoline.” The coefficient for full-electric is
negative but insignificant while only the coefficient for hybrid-electric is positive and sig-
nificant. The mean WTP for a hybrid-electric vehicle, the most favoured fuel type, is €812
higher than a gasoline counterpart. The estimated standard deviation for hybrid of €3272
suggests there exists a very large degree of heterogeneity in preferences. Overall, consum-
ers appear to favour gasoline and electric fuel types. These results may be driven by factors
that are inherently related to (and therefore represented by) the respective fuel type but
omitted in our model, such as harmful NO, emissions for diesel or the relatively limited
availability of refuelling stations for full-electric and hydrogen cars.

Regarding fuel costs, the average respondent values a decrease of €1 in fuel costs per
100 km at €434 at the moment of vehicle purchase. At an average annual mileage of
13,000 km, this implies a required pay-back period of only 3.3 years. It appears that car
buyers with respect to fuel costs do not display far-forward looking behaviour, apply very
high discount rates or use decision rules that are not based on valuation principles which
a rational agent would use. This finding is very much in line with the mean required pay-
back periods for US car drivers estimated by Greene et al. (2013). On the other hand, the
results of Espey and Nair (2005) imply that US car buyers apply much lower discount rates,
more accurately reflecting the outcome of valuation based on the (discounted) net present
value. Compared to the results of Achtnicht (2012) and Hackbarth and Madlener (2013,
2016) for German car buyers, our estimates for the WTP to reduce fuel costs are somewhat
lower. The subsequent driving cost analysis in Sect. 4.3 further illustrates the short implic-
itly required pay-back periods in the context of driving a hybrid car.

The mean WTP to reduce a vehicle’s emissions with 1 g per kilometre is €36.70. This
coefficient is highly significant. All else equal, the average consumer prefers a car with
lower emissions. The degree of preference heterogeneity in emissions is large, considering
the estimated standard deviation of €30.81.

The estimation results of the second model yield insights in the relationship between
socio-economic characteristics and preferences for emission reductions. Particularly, we
find differences in WTP along the lines of gender, age and education but not income and
car segment. The mean WTP to reduce a vehicle’s emissions with 1 g per kilometre of the
reference group in this model is €21.62 (male, age 19-39, low education and a small seg-
ment car; the group with the lowest WTP). Females have a significantly higher WTP than
males. Regarding age, we do not find differences between groups 19-39 and 40-64 while
the WTP amongst individuals older than 64 is €17.19 higher. With respect to education, we
do not find a significant difference between lower and medium education groups while the
higher education group has a significantly higher WTP. Regarding income, we do not find
statistically significant differences between groups. Finally, we do not find a statistically
significant relationship between car segment and the WTP for emissions. '°

° In practice, diesel cars tend to be more expensive than gasoline cars in the Netherlands. However, despite
the higher price and a lower WTP, diesel cars still have a market share of 14% in new car sales 2018. This
may be explained by the considerably lower fuel price for diesel than gasoline in the Netherlands due to
differences in fuel tax. l.e. in practice, the fuel type diesel is combined with low fuel costs. In addition, the
estimate reflects the mean WTP for diesel whereas the distribution for this fuel type may be highly dis-
persed.

10 These results are robust to omitting the interactions between emissions and car segments or specifying
the marginal utility of emissions to depend linearly on income rather than the reported dummy specifica-
tion.
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Fig. 1 Distribution of individual-level WTP for emission reductions

4.2 Willingness to Pay for Emission Reductions

To translate the WTP for emission reductions per kilometre into the WTP for emission
reductions, we need to consider the effect of the purchase on the car’s emissions.!! From
the perspective of the car buyer, there is a direct effect on emissions during the period of
ownership over the car. After re-selling the car, future owners are accountable for the car’s
reduced emissions. This complicates estimating the WTP for emission reductions based on
the WTP for emissions per kilometre because we do not know after how many kilometres
the car is sold and the emission-attribute’s resale value at that point in time. By making
the assumption that, during its entire lifetime, a car bought by individual i is owned by
individuals that have the same WTP as individual i (and this WTP is fully paid), we can
obtain an estimate for the WTP for emission reductions. Under this assumption, the WTP
for emission reductions (WTP""*¢) equals the WTP for emission reductions per kilometre
(—=WTPperibuie § e minus the emissions parameter estimate), divided over the car’s expected
lifetime mileage E[Tkm], which in turn is divided by one million to transform grams into
tonnes:

_ WTqutribule
WTP;unne —_ ]

"~ E[Tkm]/1000000 ®

' Archsmith et al. (2017) report a substitution effect between the emissions of different vehicles within a
household, i.e. an indirect effect of the purchase of a vehicle with certain emissions on the total emissions
of the household’s vehicle portfolio. We do not explicitly consider this indirect effect in our paper but we
have tested whether there is an impact of the number of vehicles in the household on the WTP for the emis-
sions attribute and there appears to be no statistically significant effect. In addition, this substitution effect
does not influence our proposed translations of the WTP for the emissions attribute into WTP for emission
reduction (Eqgs. 9 and 10).
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Assuming an expected total mileage of 184,000 km for cars (Ricardo-AEA 2015), this
results in a mean WTP per tonne of emission reductions of €199 and, since equation five is
distributed according to the distribution of WTP4#ibute a standard deviation of €167.

Based on the method proposed by Revelt and Train (2000), we calculate individual-level
coefficients for the emissions parameter. Figure 1 provides a graphical description of the
WTP distribution using kernel density estimates, based on these individual level-estimates
and equation nine. As a result of assuming a normal distribution for the emissions attribute
and the fact that equation nine does not affect the shape of this distribution, the distribution
of WTP for emission reductions appears normal, has a mean of €199 and a minimum and
maximum of — €94 and €562, respectively.'” This highlights the considerable heterogene-
ity in preferences for emissions that we estimate.

In practice, people will not sell cars to others with a similar WTP because they have no
incentive to do so nor can they differentiate between buyers on the basis of their WTP. Tak-
ing this into account, we could determine the WTP for emission reductions according to:
_WTP?tlrtbute + E[ PaEl[t]:;'Il)Ele]

WTPt,(mne —
! E[km;]/1000000

(10)

where E [P‘g[’]:)’flib]”g] refers to the expected resale value of the attribute after buyer i’s expected
mileage E[km;]. This equation says that the WTP for emissions reductions is equal to the
net WTP for the attribute, divided over the individual’s mileage, which in turn is divided
by one million to transform grams into tonnes. Unfortunately, information about individual
mileage and expected resale value of the attribute is unavailable. By making several
assumptions, we can get an estimate of the WTP for emission reductions based on this
equation. For the expected mileage, we take the average annual mileage in the Netherlands
(13,000 km) and multiply by the average ownership duration (4.1 years) to arrive at an
assumption for E[km] equal to 53,300 km (CBS 2017). Considering that we have very little
information about the resale value of the attribute after 53,300 km, our assumptions for this
parameter are arbitrary. Suppose the resale value of the attribute decreases linearly in the
mileage.'® Let us further assume that the value of the attribute after 0 km (i.e. with
184,000 km remaining) is equal to €36.70, the mean WTP for the attribute. The expected
resale value after 53,300 km then equals €26.07.14 According to (10), the mean WTP under
these assumptions equals €199.'> The most pessimistic assumption for the attribute’s resale
value would be to set it equal to €0 at any remaining mileage, resulting in an estimated
mean WTP for emission reductions equal to €689.'°

12" A negative WTP for emission reductions is not in accordance with economic theory. However, we esti-
mate a negative WTP for less than 1.4% of the individuals in the sample. This is the result of selecting the
normal distribution for the emissions parameter, which does not force the parameter to be of a particular
sign. Given that it concerns only a very small number of people, we are not highly worried about the rel-
evance of our WTP estimates.

13 For example, if the market price of the attribute is €10 at an expected remaining mileage of 184,000 km,
the resale value at an expected remaining mileage of 92,000 km equals €5.

" The car is sold with 71% of the expected mileage left (FXMI=2300km) (.71 €36.70 = €26.07.

15 These assumptions yield the same outcome as the WTP estimate based on (9) as they imply scaling the
numerator and denominator by the same factor of 53,300 km/184,000 km.

16 This follows from (10): with emissions, we do not attribute the (expected) future revenue from reselling
the attribute to someone else to the individual’s WTP for emission reductions. If you have a positive WTP
only because you can sell the attribute at a later point to someone else for the same amount as your WTP,

@ Springer



914 D. Hulshof, M. Mulder

4.3 A Driving Cost and WTP Comparison of Hybrid and Gasoline Types

While there appears to be a latent preference for lower emissions, reductions will only
materialise if actually available clean car types will be purchased. In that respect, hybrid
cars seem to be promising considering that they generally emit less CO, and have lower
fuel cost. Moreover, compared to gasoline, hybrid is the only fuel type for which we esti-
mate a positive WTP. In addition, the number of actually available hybrid models in the
Netherlands has increased from 13 in 2011 to 71 at this moment (November 2019). This
subsection aims to further the understanding of the preferences for (non-plug-in) hybrid
cars and of the degree of forward looking behaviour of buyers of hybrids. We make pair-
wise comparisons of the driving costs and WTP of two actually available models that are
sold with both a hybrid and gasoline engine. Importantly, the hybrid and gasoline types
that we compare are nearly identical in the attributes for which we did not estimate the
WTP.

Specifically, for the two hybrid-gasoline pairs, we estimate the (distribution of the) will-
ingness to pay a premium for the hybrid versus the gasoline type based on the WTP esti-
mates for emissions, fuel costs and fuel type. Consequently, we compare the WTP for the
hybrid with (i) the estimated savings from lower fuel costs, and (ii) the actual market pre-
mium and vehicle sales records. By comparing the WTP for the hybrid with the estimated
fuel savings we gain further insight into the degree of forward looking behaviour of car
buyers. By comparing the distribution of the WTP for the hybrid with the actual market
premium and vehicle sales records we obtain anecdotal evidence of whether our stated-
preference results appear aligned with revealed-preference data.

We compare the hybrid and gasoline types of a Toyota C-HR and Toyota Yaris.!” These
models are available with highly comparable gasoline and hybrid engines and are nearly
identical in other respects. This analysis assumes that consumers regard the hybrid and
gasoline types as identical, except for the fuel type, fuel costs and emissions. A drawback
of using real-life models is that the reported emissions and fuel consumption levels are
based on laboratory tests, which cannot be trusted. This is further complicated by the dif-
ference in accuracy of lab-tests for hybrid and gasoline types (ICCT 2019). However, the

Footnote 16 (Continued)

then this can hardly be considered a willingness to contribute to the environment. Therefore, (10) does not
attribute the expected resale value to the individual’s willingness to pay for the emission reductions that
materialised during the period of ownership.

17 Vehicle selection is based on a case-by-case inspection of all available hybrid models with a price below
€60,000 (96% of respondents indicated a reference price below €60,000). Ideally, two models are identi-
cal except for the hybrid engine, which is why hybrid models that are not available with a gasoline engine
do not qualify (e.g. Ford Mondeo, Kia Niro, Toyota Prius, Hyundai Ioniq). These two restrictions yield 8
potential models to be analysed. Consequently, hybrid models for which no comparable gasoline engine in
terms of performance is available are excluded (Citroen C5 Aircross). Hybrid models for which a compara-
ble gasoline engine is available but which are only available with different transmission or drive types are
also excluded (Hyundai Kona). Further, as it appears more interesting to compare a hybrid alternative that
is more expensive than the gasoline alternative, models for which vice versa is true are excluded (Honda
CR-V). Finally, hybrid models with officially reported CO, emissions below 50 g/km based on laboratory
tests are not considered as it is generally acknowledged that these values greatly exaggerate the true level
of emissions, and because (despite that fact) these models qualify for a 50% reduction in the Dutch fixed
monthly vehicle tax (Audi A3). This results in four models to be considered for inclusion, all Toyota’s:
C-HR, Corolla, RAV4 and Yaris. The Corolla and RAV4 are excluded because the vehicle sales records
are annual figures and the Corolla hybrid has only been on the market for a few months (as opposed to the
Corolla gasoline) whereas the RAV4 was completely updated in the middle of 2019. This leaves the Toyota
C-HR and Yaris to be included in the analysis.
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differences in fuel consumption and emissions of the models in our comparison are some-
what reflective of the real-world performance increase of hybrids compared to gasoline
cars of 23% in the EU, as estimated by Emissions Analytics (2019). The hybrid’s reported
emissions and fuel consumption are 36% and 15% lower for the C-HR and Yaris, respec-
tively. In addition to the results presented in the current subsection, we have repeated the
analysis for two hypothetical hybrid-gasoline pairs. The results of this sensitivity analysis
are reported in Table 8 and Figs. 6 and 7 in “Appendix 4. The outcomes are comparable to
the results reported here.

Table 5 and Fig. 2 report the results of the driving cost comparison for the Toyota
C-HR (first column) and Toyota Yaris (second column). The calculation of the WTP for
the hybrid’s lower fuel cost, lower emissions and hybrid fuel type attributes are based on
the estimated mean WTP for those attributes, as reported in Table 4. For example, the
WTP for the improvement in the hybrid C-HR’s fuel cost (row b) is calculated as the esti-
mated mean WTP for a decrease in fuel costs of €1 per 100 km (€433.84) multiplied by
the difference in fuel costs (in € per 100 km) between the gasoline and hybrid types (i.e.
€1.65/1x (6.1 — 3.8)[/100km), which equals €1646. The bottom of Table 5 shows the
annual fuel savings at various annual mileages and reports the implied pay-back period of
the WTP for the hybrid’s fuel cost attribute (corresponding to row (b)), and the emissions
and hybrid fuel type attributes (corresponding to row (c)) in between brackets. For exam-
ple, at an annual mileage of 13,000 km, the annual fuel savings of the C-HR hybrid are cal-
culated as the difference in litres of fuel consumption per 100 km (i.e (6.1 — 3.8)//100 km)
times the fuel price per litre (€1.65/1), multiplied by the annual mileage (13,000 km), which
equals €493.35. This implies a required pay-back period of 3.3 and 5.5 years for the fuel
cost (row b), and fuel type and emissions attributes (row c), respectively.

For the Yaris, one important difference in the gasoline and hybrid type is the higher
monthly vehicle tax (MRB) of the hybrid type (€7.33 per month) due to its slightly higher
weight (+ 35 kg).!® The reported annual fuel savings for the Yaris are net of these higher
taxes. Panel a and b of Fig. 2 show the implied pay-back period in mileage terms for the
hybrid C-HR and for the Yaris at an annual mileage of 13,000 km (this only matters for the
Yaris due to the difference in fixed monthly taxes).

The results for the C-HR display the short required pay-back period from fuel savings.
For the mean respondent, the WTP for lower fuel costs is earned back after 43,300 km or
3.3. years. The total premium (fuel costs, fuel type and emissions) is earned back after
115,000 km, well below the expected lifetime mileage of a gasoline car (184,000 km). For
the Toyota Yaris, pay-back from ‘gross’ fuel savings takes slightly longer. When account-
ing for the higher MRB taxes, pay-back takes much longer."”

On the basis of the method proposed by Revelt and Train (2000), we can use the WTP
estimates for the various characteristics from Sect. 4.1 to estimate the approximate distri-
bution of the WTP for the hybrids. For the Yaris, we use the estimates for the WTP for fuel
costs to control for the higher MRB taxes.?° Figure 3 shows kernel density estimates of the

18 The C-HR hybrid is also slightly heavier than the gasoline version but falls in the same weight-depend-
ent tax bracket as the gasoline type.

!9 For the Toyota Yaris, the total WTP premium in the graph excludes the negative WTP for higher MRB
taxes to facilitate readability and to demonstrate the implied required pay-back periods under the assump-
tion that the hybrid and gasoline types are identical beyond emissions and fuel consumption.

20 We use the model’s estimates of the WTP for savings of €1/100 km in fuel costs and combine this with
self-reported information about individuals’ annual mileage. Specifically, we (2) estimate a separate model
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Fig.2 Fuel savings by mileage of a hybrid Toyota C-HR (a) and Toyota Yaris (b)

distribution of the WTP for the hybrid types of the C-HR (panel a) and Yaris (panel b),
respectively. The solid lines provide the distribution for the full sample whereas the dotted
lines provide the distribution for individuals that currently own a similarly sized vehicle
and indicated a reference price in the neighbourhood of the listing price, i.e. this concerns
individuals who appear likely to be in the market for the respective vehicle. The vertical
dash-dotted line indicates the actual price premium for the hybrid type.

Taking the actual price premium in consideration, our results indicate that nearly all
respondents (98%) prefer the hybrid type of the C-HR over the gasoline type. In case of
the Yaris, approximately two-thirds (67%) of the respondents prefers the hybrid over the
gasoline type. Based on this, we would expect the share of hybrids in actual total sales to
be higher for the C-HR than for the Toyota Yaris, which is also observed. Interestingly,
despite that our model and results are not tailored for analysing revealed preferences, the
actual share of the hybrid types in total sales (97% for the C-HR and 74% for the Yaris; see

Footnote 20 (Continued)
with the fuel costs as random parameter (due to the earlier mentioned convergence issue we are not able

to obtain these estimates from a single model), (2) use this to generate individual-level estimates of the
WTP to reduce fuel costs by €1 per 100 km, and (3) combine this with information about respondents self-
reported annual mileage to obtain an estimate of the WTP for a reduction in monthly taxes. For example, if
an individual’s WTP to reduce fuel costs by €1 per 100 km is €400 and this individual drives 1000 km per
month, this analysis imputes that the individual is WTP €40 to reduce monthly taxes by €1.
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Fig. 3 Distribution of individual-level WTP for hybrid instead of gasoline type of a Toyota C-HR (a) and
Toyota Yaris (b), compared with the actual market premium. Note: Subsamples consist of respondents
who indicated a reference price similar to the actual price and who currently own a similarly-sized vehicle:
between €20k—€40k and medium-sized car for the C-HR (a); and below €40k and small car for the Yaris (b)

Table 5) quite closely matches the estimated share of respondents who are WTP at least
the hybrid’s actual premium. It is particularly interesting to note that, despite the higher
purchase price and MRB taxes for the hybrid Yaris, which cause long pay-back periods,
it is still the preferred type by most consumers, both in practice and based on this stated-
preference analysis. For these two highly specific cases, the stated-preference results do not
appear to be misaligned with revealed-preference data.

5 Discussion and Conclusion

Passenger car transport is a major contributor to greenhouse gas emissions and the only
key sector where emissions have not fallen since 1990 (EEA 2018). Whether this can be
attributed to a lack of WTP for lower emissions from car buyers is questionable for two
reasons: (1) consumers cannot observe emissions themselves and emissions reported in
CO, labels do not accurately reflect the true level of emissions (Fontaras et al. 2017), and
(2) alternative-fuel cars remain very much emerging technologies. This paper analyses the
WTP for emission reductions from passenger car buyers on the basis of a choice experi-
ment amongst a sample of Dutch adults with the intention to buy a passenger car.

We find that people prefer cars with lower emissions per kilometre (mean WTP of €36.70
per g/km). Translated to emission reductions, we find that Dutch passenger car buyers are will-
ing to pay €199 to reduce CO, emissions by one tonne and that there is a very considerable
degree of heterogeneity in preferences amongst individuals. Our estimates appear to be in the
lower range of the reported WTP estimates in Achtnicht (2012). The relatively lower estimates
in this paper may be the result of studying a different population (Dutch vs. German passenger
car buyers) and due to a number of different modelling decisions: this paper assumes a nor-
mally instead of a log-normally distributed emissions parameter, assumes a random instead of
a fixed price coefficient, and estimates the model in WTP instead of preference space.

Despite our somewhat lower WTP estimates, our findings still indicate a considerable WTP
for emission reductions. Based on these findings, we conclude that there is a large potential for
voluntary contributions to emission reductions in passenger car transport in the Netherlands.
This conclusion is confirmed by our analysis of preferences for two real-life cars that are avail-
able with very similar hybrid and gasoline engines. The majority of respondents is willing to
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pay more than the actual market premiums of the two existing hybrid types. This finding is
reflected in actual vehicle sales of the two models.

This paper also analysed to what extent the WTP is related to personal characteristics. We
find differences in the WTP for emission reductions along the lines of gender, age and educa-
tion but not income. The results show that females have a higher WTP than males; people
aged 65+ have a higher WTP than people aged 18—64; and that individuals with higher educa-
tion have a higher WTP than individuals with lower or medium education.

Our results regarding the relationship with personal characteristics are both supportive and
contradictory to the results of several other papers. For a comparison with other findings in
the literature, see Diederich and Goeschl (2014) for an overview. Particularly noteworthy is
that our finding for the positive effect of age on the WTP for emission reductions contrasts the
findings of most other studies on the WTP for emission reductions or climate-policy support.
However, our results seem to be in line with a study into the attitudes of the Dutch population
by the Institute for Social Research (SCP). The SCP finds that older and younger generations
in the Netherlands are equally worried about climate change but older generations are more
inclined to behave environmentally friendly and have a higher probability to contribute to a
better environment (Verbeek and Boelhouwer 2010).

Several caveats of this paper need to be mentioned. First, we tried to eliminate the hypo-
thetical bias, referring to the tendency of people to overstate their true WTP in stated-pref-
erence research, by means of a “cheap talk™ strategy (e.g. List and Gallet 2001). We are not
able to measure the hypothetical bias and, therefore, if our cheap talk did not fully eliminate
the hypothetical bias, our WTP estimates may be biased upwards. Secondly, as we do not pos-
sess data for all relevant aspects (e.g. for the future resale value of a car’s emission attribute),
we required a number of assumptions to calculate the WTP for emission reductions. While
we mostly based our assumptions on findings of others, changing the assumptions affects the
WTP estimates.

From a policy perspective, our findings imply that providing consumers with trustworthy
information can be considered a key policy tool for achieving emission reductions in passen-
ger car transport. Given that a large portion of the Dutch passenger car buyers has a consider-
able WTP for emission reductions, there appears to be a substantial market potential for volun-
tary contributions to emission reductions. If the information asymmetry in the passenger car
market can be reduced, less financial support is required to promote the use of cars with lower
carbon emissions.
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Appendix 1: Example Choice Question and Transcript of Survey
Instructions
Instruction in introductory text:

“In this survey, we ask you to choose between two cars that differ in four characteristics.
The four characteristics are:

1 Fuel type

2 CO, emissions per kilometre (including emissions from fuel production)
3 Fuel costs per 100 km

4 Purchase price

There are probably other characteristics than the four previously mentioned that are
important to you when choosing a car. You should assume that the presented cars in this
survey are, except for the described characteristics, identical to each other” (Fig. 4).

The choice question, including instructions:

“Imagine you are about to buy a car. Which car would you choose, car A or car B?
Please, mind your own budget. You should assume that the presented cars are, except
for the described characteristics, identical to each other.”

Keuze 1

Stelt u zich voor dat u op het punt staat een auto te kopen. Welke auto zou u dan kiezen, auto A of auto B? Houd hierbij
rekening met uw eigen budget. U kunt er vanuit gaan dat de auto’s behalve voor de beschreven kenmerken identiek aan elkaar
zijn.

Auto A

Brandstofkosten per 100
kilometer

Brandstoftype

CO,-uitstoot per kilometer

(inclusief uitstoot van
brandstofproductie)

Aanschafpriis

Als ik een nieuwe auto zou kopen, dan kies ik:

Auto A
Auto B

Vorige |

LISS

PANEL

« €15

« Volledig elektrisch

« 130 gram per kilometer

« 10.000 euro

Verder

TILBURG #

Fig.4 Example of a choice question from the survey

Auto B
. €25

« Waterstof

« 90 gram per kilometer

« 14.000 euro
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Appendix 2: Pre-test Procedure and Post-Survey Evaluation

The pre-testing of this survey consisted of three waves of one-to-one interviews, corre-
sponding to three iterated versions of the survey. The first version was discussed with four
other university staff members, including two colleagues with extensive experience in
choice experiments.

In the second and third rounds, respectively nine and fourteen individuals participated,
which were invited either personally or through acquaintances and relatives. Invitees were
selected such that the groups reflected heterogeneity in age, education, income, profession
and place of residence in the Netherlands.

The invitation to participate in the second and third pre-test rounds indicated to the
participant that it concerned a pre-test and that the goal was to solicit feedback about the
survey from the perspective of the respondent. Feedback was solicited face-to-face or via
email or telephone, depending on the participant. The invitation further asked the respond-
ent to pay particular attention to anything that is unclear, ambiguous or vague. Following
the survey, we first gathered their general comments. Consequently, we specifically asked:

— Whether the task was sufficiently clear.

— What they thought the goal of the survey was.

— If the language in the survey in general and the questions in particular were clear, and if
any specific words or terms were unclear.

— Whether it was difficult to answer the questions.

— Whether they had enough information to answer the choice questions.

— What they thought of the number of choices they had to make.

— Why they made the specific choice for A or B for several of their choices.

— Whether they thought the combinations were realistic.

— If they though it was realistic that they were forced to choose between two alternatives.

— If they regarded full-electric or hydrogen with zero emissions as a realistic combination
(only the third round).

In addition, the survey was language-checked by an external communication expert and
a survey researcher from the university administering the LISS panel with a focus on
clarity and comprehensibility.

After the second round of pre-testing, three participants indicated that they did not
understand why combinations of full-electric (all three participants) or hydrogen (one
participant) with zero emissions were provided. To clarify this, the explanation of the
emissions attribute more pronouncedly discussed that emissions from fuel production
were included and the name of the attribute was changed to “CO, emissions per kilo-
metre (including emissions from fuel production)” everywhere, where the part between
parentheses was added. In the third pre-test round, this issue appeared resolved. Fur-
thermore, after the second round of pre-testing, a participant indicated that the page
that introduced the four attributes, together with the instruction to regard vehicles as
identical in other respects and an explanation of the attributes and their levels contained
a lot of information. The subsequent version of the survey split this into two pages, one
containing the introduction of the four attributes and the instruction to regard vehicles
as identical in other respects, and a separate page that explained the attributes and the
levels. Another participant indicated after the second round that she thought it would
be helpful if the attribute definitions and levels were visible while answering the choice
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Table 6 Summary statistics of final survey evaluation question

Question 25th per- Median Mean 75th
centile percen-
tile

Was it difficult to answer the questions? 1 2 2.54 4
Were the questions sufficiently clear? 3 4 3.92 5
Did the questionnaire get you thinking about things? 2 3 3.09 4
Was it an interesting subject? 3 3 3.45 4
Did you enjoy answering the questions? 3 4 3.62 5

1—certainly not, 5S—certainly yes

questions. To accommodate this, the subsequent version showed the attribute and levels
information when participants clicked on the respective attribute name (these were blue
and underlined to highlight that they could be clicked on). Based on the suggestions of
the communication and survey experts, several language adaptations were done. The
interviews with the pre-test participants gave no further reasons to change the survey.

Upon completion of the choice questions, the survey finally asked the following five
evaluation questions:

“Finally; what did you think of this questionnaire?

1 Was it difficult to answer the questions? [1 Certainly not; 2; 3; 4; 5 Certainly yes]
Were the questions sufficiently clear? [1 Certainly not; 2; 3; 4; 5 Certainly yes]

3 Did the questionnaire get you thinking about things? [1 Certainly not; 2; 3; 4; 5
Certainly yes]

4 Was it an interesting subject? [1 Certainly not; 2; 3; 4; 5 Certainly yes]

5 Did you enjoy answering the questions? [1 Certainly not; 2; 3; 4; 5 Certainly
yes]”

Table 6 provides summary statistics of the responses to these questions. In particular, most
respondents thought the questions were not very difficult, thought the questions were clear
and did not seem to derive dissatisfaction from participating in the survey.

Appendix 3: Determining distributions for the random parameters

Hensher and Greene (2003) propose an empirical approach to guide the decision on which
distributions to assume for the random parameters in a mixed logit model. They suggest to
inspect the profile of preference heterogeneity by estimating n + 1 models, where n is the
number of individuals in the sample. Apart from the full model, the model is estimated
n times where each time a different individual is removed. The difference between the
parameter estimate of the full model and the estimates of the reduced models represents
the contribution of a specific individual to the mean parameter estimates. Consequently,
kernel-density plots of the estimates of the reduced models are estimated to obtain an idea
of the empirical profile of the parameters.

Figure 5 provides these graphical descriptions of the empirical profiles of the price,
hybrid and emissions parameters. Table 7 reports two descriptive measures of the empirical
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Kernel density estimate for price

Density
20000 40000 60000 80000
200

Density

100

Kerel density estimate for emissions Kernel density estimate for hybrid

T v s e TR s e e e - P

price emissions hybrid

05

Fig. 5 Empirical profile for distributions of random parameters using kernel density estimates

Table 7 Skewness and

kurtosis measures of empirical Price Emissions Hybrid
distributions Measures of distribution
Skewness - 3.66 -0.72 0.12
Kurtosis 23.27 4.18 4.19

distributions. The price coefficient appears to be log-normally distributed with an early
peak and a very long tail. The hybrid coefficient appears normally distributed. The dis-
tribution for emissions is less apparent from this figure. The distribution is quite symmet-
ric, while it also appears to have a somewhat longer tail. Both the normal and log-normal
distributions do not appear to represent the true distribution. However, because we are
somewhat reluctant to assume the log-normal distribution for the emissions parameter we
assume it is normally distributed. Our reluctance is for two reasons: Firstly, a log-normally
distributed coefficient takes strictly positive values and hence not zero. A number of papers
find that (sometimes a considerable) part of the population is not willing to contribute
anything to reducing emissions (e.g. Diederich and Goeschl 2014). From that perspective,
excluding zero as possible value of the coefficient is undesirable. Second, the log-normal
distribution is characterized by a long right tail, possibly resulting in a too-large standard
deviation and a mean that is biased upward (Sillano and de Dios Ortazar 2005). The draw-
back of assuming a normal distribution for a parameter with a strong expectation about the
sign is that this quite commonly results in WTP estimates for some individuals that have
the ‘incorrect’ sign (Murdock 2006).

Appendix 4: Driving Cost Comparison for Two Hypothetical
Hybrid-Gasoline Pairs

Table 8 and Fig. 6 report the results of a replication of the driving cost/WTP analysis in
Sect. 4.3 for two hypothetical gasoline-hybrid vehicle pairs. The first column (Hypothetical
Model X) compares an otherwise-identical gasoline type with a hybrid type that has 23%
lower fuel consumption, emissions and fuel costs. This corresponds to the average real-
world performance increase of existing hybrid engines compared to their closest gasoline
equivalent in the EU (Emissions Analytics 2019). The level of emissions are chosen such
that the average level of emissions of a new Dutch passenger car (109 g/km) is approxi-
mately in between the levels of the hybrid and gasoline type. The second column (Hypo-
thetical Model Y) calibrates the levels of emissions, fuel consumption and fuel costs at the
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Fuel savings of hybrid vs.

gasoline, hypothetical car (a)
€2698 |- - mmmmm s f (Avg. total WTP premium)
i
|
€1839-------5 fe---bmmmam (Avg. WTP for hybrid + emissions attribute)
i
: |
€859 3 : (Avg. WTP for fuel cost attribute)
L
43 93 136 mileage (x1000km)

Fuel savings of Prius vs.

Golf (b)
€334 -y - (Avg. total WTP premium)
1

€2169F------+ -- f‘r fffffff (Avg. WTP for hybrid + emissions attribute)
|
L

€1145 1 | (Avg. WTP for fuel cost attribute)
! i
|
L

43 83 126 mileage (x1000km)

Fig.6 Fuel savings by mileage of a hypothetical hybrid versus gasoline (a) and calibrated for a Toyota
Prius hybrid versus Volkswagen Golf gasoline (b)

reported levels of a Toyota Prius hybrid model and the most comparable Volkswagen Golf
gasoline model in terms of engine performance. For both vehicles, the reported fuel con-
sumption levels are 0.3 lower than the real-world levels according to Emissions Analytics
(2019), which means that the outcome of this analysis based on the real-world estimates
would be identical.

The results display the short implied required pay-back period from fuel savings at vari-
ous levels of annual mileage. At 50% of the average annual mileage, the implied required
payback period is less than 7 years while at double the average annual mileage, the implied
required payback period is even less than 2 years. For the mean respondent, the WTP for
lower fuel costs is earned back after 43,300 km. The combined WTP premium for the
hybrid fuel type and improved emissions attribute is earned back only after an additional
92,900 km for the 23% more efficient hybrid and 82,200 km for the Prius. The implied pay-
back period of the total WTP premium for both hypothetical hybrids is at 136,300 km (23%
more efficient hybrid) and 125,500 km (Prius), well below the expected lifetime mileage of
a gasoline car (184,000 km). Furthermore, the vast majority of respondents appears willing
to pay a premium for the hypothetical hybrid and Prius, compared to their gasoline equiva-
lents. However, despite the improvement in fuel costs and emissions of the hybrid, a small
minority of individuals still prefers the gasoline type. This illustrates the considerable het-
erogeneity in preferences for the hybrid and emissions attribute that we estimate (Fig. 7).

@ Springer



Willingness to Pay for Emission Reductions in Passenger... 927

Density
0002 .0003 .0004
1 1 1

.0001
1

0

T T T T T
-2000 0 2000 4000 6000 8000

Hypothetical hybrid
————— Prius

Fig. 7 Distribution of individual-level WTP for a Prius and hypothetical hybrid versus a VW Golf and
hypothetical gasoline respectively, under the assumption that the gasoline alternative is otherwise identical
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