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There is increasing interest in the concept of tradable driving credits (TDC) as an alternative road pricing
measure. To a considerable extent, this interest is inspired by the belief that TDC will address some major equity-
related concerns, which are often raised in the case of traditional road pricing, because the measure is revenue-
neutral, offers an opportunity for individuals to gain, and guarantees a minimum amount of ‘free’ travel through
the allocation of personal credit allowances. This study investigates the acceptability of a proposed kilometre-
based TDC scheme for personal car use. By analysing data from the Netherlands and China (Beijing), opinions
towards TDC and its determinants are studied in two different cultural, societal and institutional contexts.
Acceptability was much higher in Beijing: 67% compared to 22% in the Netherlands. We relate this difference to
higher congestion levels in Beijing and the city’s current license plate-based driving restriction policy, compared
to which TDC is evaluated to be more effective and fair by a majority of the participants. Having a higher income
was positively related with acceptability in both countries, as were expected effectiveness and fairness. The
effect of perceived fairness was particularly strong in Beijing.

1. Introduction

Considering the high external costs of congestion and pollution
posed by the ongoing growth of car mobility, academics studying
transport have long been convinced of the power of pricing solutions to
internalise these costs and deliver a more efficient use of scarce road
space (Pigou, 1920; Vickrey, 1963; Small and Verhoef, 2007). However,
the small number of successful implementations following a multitude
of road pricing proposals from all over the world to date demonstrates
the massive unpopularity of charging for car use from societal and
political sides. This trend has led to a recent growth in research that
recognises the lack of public acceptance associated with road pricing
measures and investigates its causes and variations (Harrington et al.,
2005); Schade and Schlag, 2003; Jaensirisak et al., 2005; Ubbels and
Verhoef, 2006; Gérling and Schuitema, 2007; Gaunt et al., 2007;
Schuitema and Steg, 2008). These studies highlight that major con-
tributors to people’s opposition of pricing initiatives are the disbelief
that road pricing will solve their problems, fear that the measure will
treat them or others unfairly, and scepticism regarding the way rev-
enues will benefit them or the transport domain as a whole.

* Corresponding author.

Based on these observations, transport researchers have increasingly
shown interest in the concept of tradable driving credits (TDC) as an
alternative pricing measure that can potentially address these obstacles
(Verhoef et al., 1997a; Viegas, 2001; Raux and Marlot, 2005; for re-
views, see Fan and Jiang, 2013; Grant-Muller and Xu, 2014; Dogterom
et al., 2017). As is commonly understood, a TDC scheme would allocate
individual proportions of car use to drivers based on an aggregate target
(formulated in, for example, units of distance or fuel consumption) that
can be used and traded according to personal aspirations and prevailing
market prices. Theoretically, TDC is effective in reaching a predefined
car use reduction goal through cap setting, whereas in the case of
conventional road pricing, a priori knowledge is needed regarding the
precise elasticity to arrive at the desired reduction levels. Additionally,
the goal can be reached in a cost-efficient way through the market.
Furthermore, TDC could address issues of equity related to conven-
tional road pricing by the distribution of free credit allowances to
participants, by offering the opportunity to get financial gains out of the
scheme, and by providing regulators with a tool to pursue certain dis-
tributional outcomes by configuring the initial credit allocation. Fi-
nally, TDC is revenue-neutral, leading to money circulating between
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participants rather than flowing to government funds.

Although TDC can be an appealing concept in theory, its feasibility
is ultimately a matter of public opinion. At present, however, despite a
rapidly increasing volume of theoretical explorations of TDC, very little
attention has been devoted to public attitudes and perceptions of ac-
ceptability to potential TDC schemes in an empirical context (but see
Kockelman and Kalmanje (2005) and Harwatt et al. (2011) for initial
explorations on this theme). Public opinions have been more widely
researched in the context of personal carbon trading (PCT), a compar-
able tradable credit scheme that covers other personal carbon produ-
cing sources in addition to car use (Bird et al., 2009; Bristow et al.,
2010; Wallace et al., 2010; Andersson et al., 2011). These studies find a
common preference for the trading scheme when compared to an
equivalent carbon tax. However, these studies are largely UK-based and
rely on qualitative interviews or questionnaires that are very general in
design and do not present respondents with experiments in which their
present behaviour is confronted with hypothetical scenarios, which
could influence attitude formation. Moreover, although studies on ac-
ceptability in the context of PCT may yield valuable insights into the
level and determinants of public acceptability of tradable schemes in
general, they are of limited value when it comes to a more direct eva-
luation of TDC’s acceptability relative to other travel demand man-
agement measures, which is important from a policy perspective. Fi-
nally, current studies are largely confined to the Western context,
although interest in the concept of TDC is also coming from other
contexts, especially from Asian countries, that might differ in cultural
values when it comes to car use and public opinions towards travel
demand management measures.

The aim of this paper is to address these shortcomings in the lit-
erature regarding public attitudes towards TDC by reporting the results
of two studies, one conducted in the Netherlands and one conducted in
China (Beijing). These studies employed an experiment in which be-
havioural responses towards a hypothetical TDC measure, as well as
personal attitudes towards the measure were investigated. In an earlier
paper (Dogterom et al., in press), behavioural responses were discussed;
in this paper we look into the perceptions of the TDC measure under
investigation. An important contribution of this paper is that, because
of the nature and scale of the experiments, it is the first study that is
able to quantify and analyse TDC’s acceptability in relation to a wide
variety of relevant mediating factors, such as socio-demographic char-
acteristics, car use dependency, problem perception and expected out-
come. A second contribution of this paper is that, by presenting results
from a Dutch and Chinese context, it aims to identify whether there are
differences in the acceptability of TDC and the factors contributing to it
between settings in Europe and Asia. Not only is empirical research in
the field of road pricing in China scarce, also the major cultural and
institutional differences between both contexts make a comparison
highly valuable.

This paper starts with a review of the current literature on the ac-
ceptability of road pricing in general and on TDC in particular. The
third section discusses the data collection procedure. The fourth section
presents a descriptive analysis of the attitudes, opinions and TDC ac-
ceptability at first and then investigates the effects of attitudes, opinions
and socio-demographic characteristics on TDC acceptability by using
multivariate regression analysis. The paper ends with a conclusion and
a discussion.

2. Literature review

This section first summarises the literature on the acceptability of
road pricing in general, followed by a review of studies that have ad-
dressed the acceptability of tradable credit schemes, both in the domain
of personal travel and in the more general domain of personal energy
consumption.
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2.1. Acceptability of road pricing

An investigation into the acceptability of urban road pricing in eight
European cities found an average acceptability of less than 30%
(PRIMA, 2000). Based on a review of several road pricing studies,
Jaensirisak et al. (2005) reported an average acceptability of 35% in
cases without explicit mentioning of revenue use and of 55% in cases
where revenue hypothecation was specified. The acceptability of road
pricing’ is found to vary with a range of factors.

Regarding the design of pricing schemes, the use of revenues is an
important factor. Generally, schemes that lead to revenues flowing to
general public funds are least acceptable. Re-allocation of revenues
within the transport system, for example by investing it in public
transport or lowering taxation on fuel consumption and car ownership,
could lead to increased acceptability (Schade and Schlag, 2003; Ubbels
and Verhoef, 2006; Schuitema and Steg, 2008; Verhoef et al., 1997b).

Studies have also identified the effects of socio-demographic char-
acteristics on the acceptability of road pricing. Income is typically re-
garded as an important determinant, with acceptability assumed to be
higher for higher-income groups because road pricing, in the absence of
revenue redistribution, would favour those with a lower marginal uti-
lity of money and a higher value of time (Arnott et al., 1994; Evans,
1992). However, whereas Verhoef et al. (1997b) and Golob (2001)
could confirm a positive relationship between income and accept-
ability, Odeck and Bréathen (1997), Rienstra et al., (1999) and
Jaensirisak et al. (2005) did not find a significant relationship, and,
surprisingly, Harrington et al. (2005) even reported a negative asso-
ciation. Regarding age, Odeck and Brathen (1997) and Jaensirisak et al.
(2005) found that younger people accepted road pricing more readily,
whereas Rienstra et al. (1999) found more support among older people.
Of the studies that have identified a significant effect for education,
Ubbels and Verhoef (2006), Odeck and Brathen (1997) and Rienstra
et al. (1999) reported more support among higher educated people,
whereas Harrington et al. (2005) found a negative relationship between
education and support. Another relevant factor is intensity of car use,
which Gaunt et al. (2007) and Odeck and Brathen (1997) found to
negatively affect acceptability. The location of residence has not often
been analysed as a distinctive factor. Rienstra et al. (1999) found lower
acceptability levels for people living in villages compared to those
living in larger cities and Gaunt et al. (2007), analysing the voting
outcome of the Edinburgh road pricing referendum, found greater op-
position among people living in the suburbs. Arguably, the effect of
place of residence could be related to car use intensity, as those living in
less populated areas often experience a higher car dependency.

In summary, studies have demonstrated mixed results regarding the
effect of important socio-demographic factors. At the same time, studies
that have also incorporated attitudinal factors and subjective percep-
tions in their analyses widely agree that attitudes have a much greater
predictive power than socio-demographic factors in determining ac-
ceptability (Schade and Schlag, 2003; Jaensirisak et al., 2005; Gérling
et al., 2008). Problem perception, fairness, infringement on freedom,
expected effectiveness and expected personal outcome have been
identified as important dimensions in the evaluation of road pricing’s
acceptability. Rienstra et al. (1999), Verhoef et al. (1997b) and
Harrington et al. (2005) found that problem awareness has a positive
effect on acceptability, although Bartley (1995) concluded that problem
awareness is only very loosely related to acceptability and Schade and
Schlag (2003) even reported the absence of a significant effect. Rather,
it is expected effectiveness, i.e., the conviction that a measure can solve
the problem, that seems to have a stronger impact on acceptability
(Bamberg and Rolle, 2003; Schade and Schlag, 2003; Rienstra et al.,
1999).

1 Here, road pricing refers to different types of charging for the use of public
roads, including congestion-based, cordon-based and distance-based pricing.
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Another well-established finding is that the evaluation of a pricing
measure as limiting a person’s freedom and as being unfair leads to
reduced acceptability levels (Bamberg and Rolle, 2003; Jakobsson
et al., 2000; Eriksson et al., 2006; Golob, 2001). Bamberg and Rolle
(2003) showed that these two concepts are related: the more the
measure is perceived as an infringement on freedom, the less fair the
measure is assessed. Fairness is not only a concept that is confined to
the individual outcome, but evidently also relates to evaluations of
equity, which refers to the distribution of costs and benefits of the
measure on the aggregate level, which links to the concept of justice
(Ittner et al., 2003).

Of course, socio-demographic characteristics might exert an effect
through attitudes. Jakobsson et al. (2000) found that income had an
indirect negative effect on the acceptability of road pricing through
perceived fairness and infringement on freedom. In addition, Schade
and Schlag (2003) concluded that higher-income groups were more
likely to expect benefits from road pricing and therefore might support
the measure through perceived outcome.

2.2. Acceptability of tradable credit schemes

Kockelman and Kalmanje (2005) proposed a credit-based conges-
tion pricing scheme, in which drivers would receive a monthly free
allowance of travel credits and would pay only when they exceeded
their allowance, and investigated its potential compared to a regular
congestion pricing scheme. They asked respondents in Austin (TX, US)
for their responses to and support for the measure. The authors found
that 24.9% of the respondents clearly supported the measure, which
was considered a substantial share given the respondents’ unfamiliarity
with the measure, and concluded the measure to be a viable and
competitive alternative. Harwatt et al. (2011) interviewed 60 persons in
the UK about their reactions to and opinions of a personal car use-or-
iented tradable carbon permit scheme and an equivalent fuel price in-
crease. They found that the trading scheme scored significantly higher
than road pricing on personal and social acceptability as well as on
fairness, expected effectiveness and the evaluated balance of costs and
benefits. The interviews highlighted that the respondents believed that
the trading scheme was fairer than road pricing, which led to the more
positive attitude towards the trading scheme. Also, they believed that
only the trading scheme was able to lower aggregate car use because of
the limited availability of credits, which was an important contributing
factor in their evaluation.

Other studies on the acceptability of personal trading schemes have
been carried out in the context of schemes that cover all other personal/
household energy usage and not only personal car use. Wallace et al.
(2010), Bristow et al. (2010) and von Knobelsdorff (2008) found re-
markably similar support levels, with 42%, 43% and 44% of the re-
spondents, respectively, supporting a personal carbon trading scheme
in the UK, and also reported an overall preference for the trading
scheme in comparison with a carbon tax. In contrast, in a Swedish
context, Andersson et al. (2011) found that 36% of the respondents
supported a personal carbon trading scheme, significantly lower than
the support for increasing carbon taxes, although it should be noted
that a carbon tax had already been introduced in Sweden and could
have had a negative effect on the support for an additional, different
type of scheme. Their study showed perceived fairness to be a main
determinant of support. However, they also controlled for the perceived
complexity of the trading scheme and found this variable to have a
larger impact on the scheme’s acceptability, with lower support for
higher perceived complexity. In contrast to the above-mentioned stu-
dies that evaluated attitudes to a fixed tradable scheme design, Bristow
et al. (2010) investigated the impact of design aspects on the accept-
ability of both a personal carbon trading scheme and a carbon tax.
Although no unique preference could be attributed to the trading
scheme over the tax, their results indicate that the actual design has a
critical influence on acceptability, with higher support ratings for the
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trading scheme based on credit allocation strategies that were regarded
as being fairer.

Because TDC essentially is a pricing measure, that despite its unique
distributional characteristics, still might be perceived as a measure
meant to ration and price the otherwise (to some extent) free road
access, we assume the factors and their effects identified in the road
pricing literature as important determinants of acceptability to be lar-
gely the same in a TDC context. At the same time, we expect TDC to be
evaluated more positively relative to conventional road pricing on ex-
pected effectiveness and fairness. Because of the strict cap on aggregate
car use as a distinctive feature, and supported by the initial conclusions
of the qualitative study of Harwatt et al. (2011), we expect people to
have a stronger believe in TDC'’s ability to reduce car use relative to
alternative measures. We also hypothesise that TDC will be evaluated
more positively on fairness, because of the free distribution of free
credit allowances, the ability to make money out of the scheme, and the
placing of additional costs solely on above-allowance drivers. At the
same time, there could still be a positive association between income
and TDC acceptability because a TDC scheme, using an equal per-capita
credit allocation, can still be expected to be regressive beyond the al-
lowance, because it is not necessarily lower-income drivers that have
the lowest car use intensities, and because higher-income drivers may
have a higher willingness to pay for additional credits. Also, several
studies found lower-income groups to be less able to change their car
use in response to pricing measures (Washbrook et al., 2006; Clay and
Mokhtarian, 2004), which can potentially reinforce a possible re-
sistance to accepting TDC. Finally, we expect TDC to be more accep-
table in Beijing than in the Netherlands given the higher levels of
congestion and car-based pollution and the relative unpopularity of the
present license plate-based driving restrictions in Beijing.

3. Data collection
3.1. Experiments

Data on attitudes towards the TDC measure were collected through
a questionnaire that was included in a larger experiment on behavioural
responses towards the measure. The online experiments conducted in
the Netherlands and Beijing varied in design, procedure, and partici-
pants to some extent (see Appendix 1). However, the same hypothetical
TDC scheme was presented to the participants and the same ques-
tionnaire on TDC attitudes was used, apart from some minor mod-
ifications in the Chinese version, providing common ground necessary
for comparison.

In both experiments, participants were first asked to report the car
trips they made during the 7 previous days and to estimate the number
of kilometres they drove during these days. Next, a distance-based TDC
scheme, in which one credit was set to represent one kilometre of car
driving, was introduced. Then, participants were presented with a
series of scenarios in which they were given a certain number of free
credits to use in the recorded week and in which they could state
whether and how they would make changes to their trips in retrospect.
In the Dutch experiment, the levels of credit availability and shortage
were defined as a percentage of the reported car kilometres travelled.
These levels and a value per credit (0.10, 0.15 or 0.20 Euro) were
randomly assigned to the participants. Participants were asked to in-
dicate the percentage of change in number of kilometres for the dif-
ferent activity categories if they wanted to change their car use in re-
sponse to the scenario.

In Beijing, every participant was presented with the same scenarios,
in which the credit surplus and shortage levels were set at a fixed
amount for everyone, irrespective of the number of kilometres driven.
One of three different credit values (0.5, 0.8 or 1.0 Yuan) were ran-
domly assigned to the participants. Both experiments thus used mul-
tiple scenarios with different credit surplus and shortage levels.
Consequently, participants could not easily detect from the experiment
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how such a scheme would possibly affect their personal situation on the
basis of their car use intensity relative to that of others.

3.2. Sample and context

In both contexts, car owners were recruited to participate in the
experiment. Data collection took place in June (Netherlands) and July
(Beijing) 2016. For details about the recruitment procedures and
sample compositions the reader is referred to Dogterom et al. (in press).

There are important geographical, cultural, and institutional dif-
ferences between the Netherlands and Beijing that must be considered
when interpreting the findings. First, the sample in the Netherlands
covers the nation as a whole, whereas the Chinese data collection is
limited to the city of Beijing only. In a city context, exposure to travel-
related problems might be more severe, while at the same time, car use
alternatives are generally more abundantly available. Especially in
Beijing, problems of congestion and pollution caused by car travel
manifest themselves at a massive scale. Second, the socio-cultural po-
sition of the car is a context-specific factor, with car ownership and use
having a much stronger appeal as a status symbol in China than in the
Netherlands, especially among the rapidly growing wealthy and self-
conscious Chinese urban middle class (Williams and Arkaraprasertkul,
2016; Yang et al., 2014; Belgiawan et al., 2014). Third, both contexts
have their own unique historical trajectories with regard to car use
management policy. Plans for a nationwide kilometre-based road pri-
cing scheme were proposed and heavily debated in the Netherlands in
the 90 s, but were rejected because of very limited social and political
support (Ardic et al., 2013; Smaal, 2012). In Beijing, citizens have faced
some rigorous and very restricting measures in recent years that aimed
to curb congestion, such as the lottery for the issuing of new license
plates and the license plate-based one-day-a-week non-driving restric-
tion (Xu et al., 2015; Yang et al., 2014; Wang et al., 2014). These set-
tings form a relevant backdrop for interpreting TDC attitudes.

3.3. Questionnaire

Appendix 2 lists the items that measured participants’ attitudes to-
wards the TDC measure and participants’ car use. All attitudes were
measured at a 7-point scale. Following Schade and Schlag (2003), re-
garding problem perception, a distinction was made between perceived
travel problems related to congestion and environmental impact. This
was also relevant because we framed the TDC measure from the per-
spective of congestion in the introduction of the experiment. With re-
gard to congestion, a further distinction was made between congestion
as a personal and a social problem, because people might perceive
congestion as a harmful phenomenon for society, without being per-
sonally affected by it (cf., Rienstra et al., 1999).

In contrast with most of the studies on the acceptability of road
pricing, the questionnaire included the concept of car attachment,
measured in three dimensions: instrumental, affective, and symbolic
(Steg, 2005). We did so because positive car attitude is found to be
negatively associated with the acceptance of road pricing (Steg, 2003),
and because we expected meaningful differences between the two
samples in the domain of car attachment. As already indicated, we
expect important differences between symbolic car attachment between
the Dutch and Chinese samples because of the car’s strong role as a
status symbol in a Chinese context (e.g., as a means to display wealth
and financial reliability).

At the end of the questionnaire, two questions were formulated to
inquire about participants’ evaluation of the TDC measure compared to
the recently debated per-kilometre fee (Netherlands) or the im-
plemented license plate-based driving restrictions (Beijing) to address
the relative attractiveness of TDC. The relative attractiveness was
measured in terms of expected effectiveness and fairness, as the two
issues have been identified as the most important objections to these
respective policies.
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Table 1
Means and standard deviations of the variables reflecting the attitudes towards
car use and TDC.

Netherlands Beijing t-test”
M S.D. M S.D.
Problem perception congestion 4.98 1.27 6.00 1.24 -13.50
(societal)
Problem perception congestion 3.27 1.53 555 129 -27.12
(personal)
Problem perception environmental 4.17 1.43 455 1.44 -3.79
Expected effectiveness congestion 3.38 1.52 559 1.76 —24.91
Expected effectiveness environment 3.44 1.47 4.58 1.75 —11.56
Personal outcome 3.60 1.45 351 1.76 0.89
Instrumental car attachment 4.22 1.85 3.69 1.73 491
Symbolic car attachment 2.58 1.50 410 1.67 -—15.72°
Affective car attachment 4.63 1.55 4.65 1.53 —0.21
Infringement freedom 4.64 1.70 444 1.78 1.86
Unfairness 4.26 1.64 3.17 1.62 11.08
Relative effectiveness 3.75 1.41 464 180 n/a
Relative fairness 3.84 1.42 482 176 n/a
Acceptability 3.46 1.51 4.85 1.67 -—14.44"

@ Welch’s test for unequal variances.
** Significant at the 0.05 alpha level.

Note that the translation process resulted in a somewhat different
formulation of questions/statements between the Netherlands and
Beijing. Whereas in the Netherlands most questions were formulated
using the statement format, the Beijing questionnaire relied solely on
the question format. Furthermore, note that for the items personal
outcome, instrumental car attachment, and fairness opposite measure-
ments were used. Although we acknowledge that this is not an ideal
situation, we reversed the scores for Beijing on these items for the
purposes of analysis.

4. Results
4.1. Descriptive results

Means and standard deviations for the measured items as well as the
t-tests on the means are presented in Table 1. The Welch’s t-test is used,
which is more reliable than the Student’s t-test when the sample sizes
differ and the variances are unequal, as is the case with our data. The
null hypothesis assumes that the means of both samples are equal. The
results show that the null hypothesis should be rejected for most of the
items (indicated by a p-value smaller than 0.05, which states that the
chance of a false rejection is less than 5%), showing that there are major
statistical differences between the two samples. First, car owners from
Beijing report a considerable higher problem awareness, both in terms
of congestion and car-related pollution, which is not surprising given
the scale and intensity of these problems in Beijing. At the same time,
likely influenced by problem awareness, they report a higher perceived
ability for TDC to effectively curb congestion and car-related pollution
than car owners in the Netherlands. Regarding the Dutch sample, one
remarkable observation is that mean score for perceiving congestion as
a societal problem is substantially higher than the mean score for
viewing congestion as a personal problem, whereas this gap is smaller
in Beijing.

Beijing car owners report a lower instrumental dependence on car
use but a higher symbolic value of car use than car owners in the
Netherlands. This is in line with our expectations based on the reasons
outlined in the previous section: better access to alternative modes of
transport and the framing of the car as status symbol in Beijing. There
are no statistical differences between the samples on infringement on
mobility freedom. However, there is a difference with regard to un-
fairness, with the Beijing participants believing the measure is fairer on
average than those in the Netherlands. As the literature on road pricing
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indicates that infringement on freedom is usually closely related to
perceptions of fairness, the differences between the mean values of both
items for Beijing are rather remarkable. However, in contrast to in-
fringement on freedom, an evaluation of perceived unfairness could
transcend the personal domain and include equity aspects related to the
larger community. Therefore, Beijing car owners, although perceiving
the measure as restricting their own mobility, could still believe the
measure is just considering the wider distribution of costs and benefits
for the city and the entire group of car drivers, to which the more
collectivistic-oriented culture of China might contribute (Zhao et al.,
2015; Sun et al., 2004). Also, Beijing participants’ experiences with
existing travel demand management measures, that are widely viewed
as unfair, could contribute to a lower score on perceived unfairness,
which a related item considers in in more detail.

Beijing car owners indicate a higher expected effectiveness and
fairness of TDC relative to the alternative measure taken as a reference.
However, a comparison between the Netherlands and Beijing is less
meaningful here because of the very different, context-specific alter-
native measures that TDC is compared with. Still, the evaluation of
expected effectiveness and fairness of TDC relative to the kilometre-
based road pricing and the license plate-based driving restriction as
proposed/implemented in the Netherlands and Beijing, respectively is
highly relevant in their own case. Therefore, Table 2 provides addi-
tional details on these items. Approximately 25% of the Dutch car
owners believe TDC is more effective and fairer than kilometre pricing
and more than 40% of the respondents have a neutral stance. In Beijing,
62% of the respondents think TDC is more effective than the license
plate-based driving restriction, and more than two-thirds believe the
measure to be fairer. This indicates a high level of dissatisfaction with
the current car travel policy in Beijing and suggests that TDC can
possibly be a viable alternative when it comes to public support. This is
further supported by a similar acceptance rate (67%) for TDC for
Beijing. In the Netherlands, the acceptance level of TDC is much lower,
with only 21.6% of the participants believing the measure is acceptable,
while about twice as many think the measure is unacceptable. This
might be caused by a lower perception of congestion as an urgent
problem and a lower level of acceptance of government intervention in
their personal car use in a culture where the influence of the govern-
ment in people’s daily life is limited compared to the Chinese context.
However, again, a relatively large proportion, 36% of the respondents,
take a neutral stance, suggesting there might be room for acceptance
levels to increase with scheme adjustments or by providing more in-
formation

4.2. Statistical analysis of TDC acceptability

4.2.1. Approach
In the following section, regression models will be presented to in-
vestigate the factors contributing to the acceptance of TDC. These
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factors include the attitude items as discussed above as well as the
socio-demographic characteristics of the participants.

It should be noted that in our aim to identify factors that contribute
to the acceptance of TDC we present our results as two different case
studies rather than as a direct comparison of the Dutch and Beijing
cases. This is not only because some attitudes have not been measured
equally in both contexts, but also because of the presence of some
dissimilarities regarding data on the socio-demographic characteristics
of the two samples. For example, while the Dutch dataset includes in-
formation about participants’ relational status and the presence of
children in the household, in the Beijing dataset only information about
the number of people in the household is available. Furthermore, re-
levant information on the age and residential context of the participants
is only available in the Dutch dataset. Additionally, one should bear in
mind that the income categories are not fully comparable. First, an
appropriate reference income level, such as average income, is difficult
to define in the Beijing context where car owners have categorically
higher incomes than the average income for all Beijing inhabitants.
Secondly, the income categories used in both experiments (number of
categories and number of participants in the respective categories)
differed considerably. Therefore, the three income categories in the
respective models have been defined based on the availability of the
data and are not directly comparable between the samples.

Ordinary least squares (OLS) regression models were estimated with
the level of acceptability as the dependent variable. For both samples,
two models were estimated: one to test the effects of socio-demographic
characteristics only, and one to test the combined effects of socio-de-
mographic characteristics and attitudes. In each of the models, the
maximum variance inflation factor did not have a value higher than 5,
indicating the absence of multi-collinearity among the variables and
suggesting OLS was an acceptable approach to estimate the coefficients.
The regression on the Beijing data failed the Breusch-Pagan test, im-
plying the presence of heteroscedasticity. Therefore, a regression with
robust standard errors was performed for the Beijing case.

5. Results

Tables 3 and 4 present the estimation results for the Dutch and
Beijing case, respectively. Consistent with previous research (Schade
and Schlag, 2003; Jaensirisak et al., 2005; Gérling et al., 2008), the
impact of socio-demographic characteristics on the level of accept-
ability is very limited, as demonstrated by the low fit of the models with
the socio-demographic characteristics only.

For both the Dutch and Beijing sample, the results of Model 1 reveal
an income effect. In the Netherlands, those in the highest income ca-
tegory view TDC more acceptable than those in the lowest income ca-
tegory. In Beijing, both the middle and higher income groups consider
TDC more acceptable, with the strongest effect for the middle-income
group, as shown by its larger coefficient. This income effect casts doubt

Table 2
Distribution of rating reflecting the attitudes ‘relative effectiveness’, ‘relative fairness’, and ‘acceptability’.
Value Rating Netherlands Beijing
Relative effectiveness Relative fairness Acceptability Relative effectiveness Relative fairness Acceptability
Low 1 10.4 10.2 15.7 10.5 9.9 6.8
2 8.7 6.4 11.7 5.0 3.3 5.5
3 12.7 13.1 15.0 8.0 6.5 5.6
4 42.6 43.2 36.0 14.6 13.2 15.2
5 17.4 17.0 15.0 22.9 23.5 26.2
6 5.5 7.2 3.8 26.8 29.9 26.2
High 7 2.8 3.0 2.8 12.3 13.8 14.6
Low 1-3 31.8 29.7 42.4 23.5 19.7 17.9
4 42.6 43.2 36.0 14.6 13.2 15.2
High 5-7 25.6 27.1 21.6 62.0 67.1 67.0
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Table 3
Estimation results based on TDC acceptability for the Netherlands (OLS re-
gression).

Model 1 Model 2
Beta Sig. Beta Sig.
Constant 3.497 0.000 0.900 0.006
Male —0.096 0.502 0.040 0.632
Age 30-45 —0.207 0.344 —-0.050 0.700
Age > 45 -0.302 0.141 -0.110 0.377
Single 0.108 0.550  0.009 0.929
Children in household 0.122 0.460  0.024 0.809
Higher education (university and higher —0.126  0.420 —0.052 0.575
professional)
Disposable monthly household income 0.226 0.240 0.054 0.638
€2000-3500
Disposable monthly household income 0.616 0.011  0.279 0.054
> €3500
No income stated —0.015 0.946 0.145 0.262
More than 1 car in household —0.088 0.590 —0.022 0.822
Residence in non-urban municipality -0.001 0.996 0.113 0.206
Problem perception congestion (general) -0.019 0.615
Problem perception congestion (personal) 0.017 0.582
Problem perception environmental 0.014 0.707
Expected effectiveness congestion 0.086 0.056
Expected effectiveness environment 0.015 0.743
Personal outcome 0.171 0.000
Instrumental car attachment 0.005 0.843
Symbolic car attachment 0.052 0.109
Affective car attachment 0.019 0.520
Infringement freedom —0.059 0.108
Unfairness —0.176  0.000
Relative effectiveness 0.224 0.000
Relative fairness 0.375 0.000
R? 0.023 0.680
Table 4
Estimation results based on TDC acceptability for Beijing (OLS regression).
Model 1 Model 2
Beta Sig. Beta Sig.
Constant 4.103 0.000 5.201 0.000
Male —0.089 0.495 -0.013 0.863
Disposable monthly household income 0.693 0.009 -—0.112 0.478
¥4000-6000
Disposable monthly household income 0.545 0.039 —0.057 0.708
> ¥6000
University degree —-0.048 0.741 -0.111 0.193
More than 2 persons in household 0.378 0.026  0.058 0.547
More than 1 car in household -0.379 0.174 —0.093 0.541
Problem perception congestion (general) 0.011 0.791
Problem perception congestion (personal) 0.033 0.497
Problem perception environmental —0.030 0.483
Expected effectiveness congestion 0.120 0.014
Expected effectiveness environment 0.031 0.512
Personal outcome 0.006 0.887
Instrumental car attachment —0.007 0.750
Symbolic car attachment 0.031 0.393
Affective car attachment 0.001 0.973
Infringement freedom —0.057 0.209
Unfairness —0.586  0.000
Relative effectiveness 0.117 0.025
Relative fairness 0.093 0.094
R? 0.023 0.691

on the assertion that TDC could lead to more equal rates of support
among different income groups because elements of the scheme would
be more beneficial to lower-income groups than conventional road
pricing. This assertion is often linked to the distribution of free credits
and the belief that lower-income groups generally drive fewer kilo-
metres and thus would be better able to sell excess credits.

Whereas the income effect is the only socio-demographic effect in
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the Dutch model, in Beijing, acceptability is also influenced by house-
hold size, as those living in household with more than two persons find
TDC significantly more acceptable. It is possible that these households
are more car-reliant and are more severely affected by congestion and
the license plate-based driving restriction measure, especially if
younger children are present, may make them more prone to evaluate
TDC positively.

Clearly, the attitudes are better predictors of acceptability, as the
total explained variance by the model increases to 68% and 69.1% in
the full models for the Dutch and Beijing samples, respectively. Most of
the socio-demographic effects disappear, only a marginally significant
income effect remains in the Dutch full model, showing that socio-de-
mographic effects are largely mediated through the attitudes. Our re-
sults show that for both samples, problem perception has no significant
effect on acceptability, but that expected effectiveness does have an
effect, although there is only a marginally significant effect for the
Dutch sample. The effects in this study are not different from what has
been found in the literature on conventional road pricing, It is rather
the belief that the measure could help solve the problem rather than the
perception of the problem itself that explains acceptability of the
measure (Schade and Schlag, 2003; Bamberg and Rolle, 2003). Further,
as expected, perceived unfairness, another important predictor of ac-
ceptability found in the literature (Jakobsson et al., 2000; Fujii et al.,
2004; Eriksson et al., 2006), impacts acceptability. The effect of per-
ceived unfairness is particularly strong for the Beijing sample, as re-
vealed by the size of the coefficients, which might be explained by
concerns that TDC will favour richer car drivers in the city, which faces
extreme competition for road access and has large income differences.
In the Beijing experiment, participants were given the opportunity to
leave a personal remark and a considerable share of them expressed
concerns about wealthier drivers simply buying all the credits needed to
satisfy their car travel aspirations under TDC, hence driving up credit
prices.

The importance of expected effectiveness and fairness as predictors
of acceptability is further evidenced by the significant effects of these
items when they are measured as a relative evaluation of TDC com-
pared to kilometre-pricing/license plate-based driving restriction. Here,
however, the effect of relative effectiveness and fairness on accept-
ability is larger in the Netherlands than in Beijing, as indicated by the
larger coefficients. The effect of relative fairness in Beijing is only sig-
nificant at the 0.1 alpha level. This might be due to the higher corre-
lation between perceived unfairness and perceived relative fairness in
Beijing as compared to the Netherlands (—0.59 and —0.29, respec-
tively). The large effect size for perceived unfairness implies that in
Beijing, TDC acceptability is largely affected by the more fundamental
evaluation of how fair the expected distribution of benefits and costs
under TDC is for participants themselves and others, rather than by a
relative evaluation of the measure compared to the existing license
plate-based driving restriction, which is subject of a common dis-
approval, as shown in the previous subsection. In contrast, in the
Netherlands, where participants had a more neutral stance towards the
expected performance of TDC compared to a hypothetical per-kilometre
road pricing measure, the expected relative effectiveness and fairness
appeared to be more important as determinants of TDC acceptability.

Infringement on freedom does not influence acceptability for either
sample. As found in the literature, this could be because infringement
on freedom is closely related to fairness and personal outcome. A
striking difference between the Dutch and Beijing case is the presence
of an effect of personal outcome in the Netherlands, whereas such effect
is absent in Beijing. Potentially, Dutch participants view personal out-
come more as an evaluation of expected personal financial benefit or
loss, making the item a clearly distinct category relative to the other
items, whereas Beijingers might evaluate personal outcome more in
relation to other items such as fairness and freedom of mobility.
Contextual factors can also play a role here, with Beijingers, living in a
very congested and economically unequal city and in a country with a
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more collectivistic orientation, possibly attaching more importance to
evaluations of TDC in relation to broader themes of congestion and
equity than to evaluations based on a purely individually-oriented
monetary cost-benefit analysis when it comes to accepting TDC.

6. Conclusion and discussion

Road pricing is a theoretically attractive mechanism to solve urgent
congestion problems. However, the widespread lack of public accept-
ability is a major obstacle for its implementation. The tradable driving
credits (TDC) measure presents an innovative concept that seeks to
address some key aspects of this lack of social support: it would guar-
antee a certain minimum level of car use without additional credit costs
to drivers, offer the opportunity to financially gain from the system by
selling credits, ensure effectiveness through a fixed cap on total car
travel, and present a revenue-neutral pricing system. In this paper, we
investigated the levels of TDC acceptability and its evaluation in re-
ference to alternative travel demand management (TDM) measures, and
analysed the factors that affect TDC acceptability. By analysing data
from the Netherlands and from Beijing, we presented two case studies
that illuminate opinions concerning TDC and its determinants from
both a European and an Asian context.

In the Netherlands, 21.6% of the car owners view TDC as acceptable
to various degrees, and slightly more than 25% of the respondents think
that TDC is more effective in reducing congestion and is fairer than a
conventional road pricing scenario with a per-kilometre price. This
level of acceptability is lower than the acceptability rates of about
30-35% that other (urban) road pricing proposals have gained ac-
cording to the literature. Also, it is lower than other studies on tradable
credit-based policies have found in other Western European countries,
but as these studies discuss (carbon-trading) policies with a rather
different scope and scale, a comparison with these acceptability rates
can only be made with caution. However, the acceptability rate is
comparable with the support level that Kockelman and Kalmanje
(2005) found in the US in the context of a more similar credit-based
congestion pricing policy (24.9%). They concluded that the measure is
a promising alternative to conventional road pricing given the little
knowledge their respondents had about the measure. They argued that
making people more familiar with the measure through information
and experience might lead to increased support levels. The same might
apply in interpreting our results. Additionally, as 35% of the Dutch
participants have a neutral opinion, and thus are not clearly opposed to
the measure, it can be concluded that there is certainly potential for
TDC, especially since in the Netherlands congestion is steadily rising
again in a period of renewed economic growth, which is accompanied
by an increasing recognition that price-based TDM measures seems to
be unavoidable in the future.

As for Beijing, a much higher share of 67% of the participants view
the TDC measure as acceptable. Reasons for this high level of support
are likely to be found in the city’s massive problems of congestion and
car-related pollution, and widespread dissatisfaction with the current
driving restrictions. More than 60% of the respondents believe that TDC
is more effective and fairer than the current license plate-based driving
restriction, which was taken as a reference TDM measure. Academic
studies have criticised these license plate-based driving restriction
measures in Chinese cities repeatedly by empirically demonstrating its
evident negative side effects and by theoretically showing its inability
to deliver an efficient and sustainable solution in the long term, and
have suggested a tradable credit approach to deal with the urgent car
traffic problem as a better alternative (e.g., Wang et al., 2014; Nie,
2016, 2017). In addition to these studies, this present research shows
that from a social acceptability perspective, TDC is certainly worth
considering further in the context of cities such as Beijing.

Regression analysis revealed that in both the Netherlands and
Beijing, people with higher incomes find TDC more acceptable, and that
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people living in larger households do so in Beijing only. These effects
correlate with attitudes because the socio-demographic effects largely
disappear when other attitudes towards TDC are included. Attitudes of
expected effectiveness to reduce congestion and perceived fairness,
which have been identified in the literature as the most important
factors in explaining acceptability of road pricing, also dominate as
predictors of TDC acceptability. In the Netherlands, people who report
that they expect a better personal outcome under TDC and have a
higher symbolic car attachment, which seems to correlate with income,
rate TDC as more acceptable.

The income effect that has been found is interesting because in the
wider road pricing literature some studies find a similar income effect
whereas others do not. It is also interesting because TDC is often framed
as an alternative that is potentially less harmful to lower-income
households compared to conventional road pricing, which is often re-
gressive in nature. Yet, the alternative concept of TDC does not lead to
lower-income groups viewing the measure equally as acceptable as
higher-income groups. Lower-income groups might be more worried
about the ‘marketisation’ of road access and might expect that higher-
income groups’ higher willingness to pay to maintain their travel will
drive up credit prices to levels that make buying additional credits less
affordable to them. This might especially be the case in a highly com-
petitive context like Beijing. A considerable share of the Beijing parti-
cipants’ personal remarks hinted at the presence of such worries. Also,
perceived fairness appeared a stronger determinant of TDC accept-
ability in Beijing than in the Netherlands.

Due to the lack of space — the questionnaire on attitudes was part of
a larger experiment — some determinants of TDC acceptability need
more detailed investigation to come to a better understanding of their
precise role in TDC acceptability and meaning in their own unique
socio-cultural context. For example, personal outcome could be defined
in terms of accessibility improvement or merely by financial gain/loss,
and fairness could be approached more specifically from a consumer
and a citizen perspective (Eliasson, 2016; see also Levinson (2010) for
different dimensions of equity). Psychological factors such as social
norms and trust in government, that have not been covered in this re-
search, have also been identified as important influencing factors of
road pricing acceptability (Schade and Schlag, 2003; Eriksson et al.,
2006; Kim et al., 2013), and should be addressed in future (cross-cul-
tural) TDC research.

Further, as Bristow et al. (2010) showed in the context of personal
carbon trading, acceptability of tradable credit-based policies greatly
depends on the features of the scheme. Much differentiation is possible
in terms of credit allocation (e.g., definition of eligible credit receivers,
differentiation according to needs), credit price and trading (e.g., in-
troduction of maximum price, setup of the market), and credit usage
(e.g., only during congestion, attached to fuel instead of distance). It is
likely that TDC acceptability levels will vary substantially under dif-
ferent TDC designs and can potentially increase after some design fine-
tuning. Future research is needed to determine possible design effects:
qualitative research that is able to identify critical design features and
to clarify the particular social strengths and weaknesses of TDC in re-
lation to other TDM measures, as well as quantitative research that is
able to systematically test design effects and to assess what would
constitute an optimal TDC scheme when it comes to social support.
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Appendix 1
Description of the TDC used in the experiment.
Netherlands

Welcome to the website of the study on ‘Tradable Driving Credits’ of Utrecht University.

Imagine that the government provides each Dutch individual with a kilometre credit budget to combat congestion. You would receive a budget
that contains a certain number of kilometres that you can drive without paying an additional fee. You are required to buy additional kilometres to
drive more. When you drive less, you could sell your unused kilometres and earn money that way.

This Tradable Driving Credits measure has not been implemented anywhere in the world yet and there are no plans to do so at the moment.
However, in order to be able to answer future questions regarding the measure on the basis of scientific research, we would like to investigate the
possible effects of the measure. Because of this, Utrecht University makes a start with this research through this website.

First you will be asked to provide information about some recent car trips. Based on these trips, we will present you a series of scenarios. In these
scenarios, you will be asked whether or not you would like to have changed your car use under the presented conditions. This research is based on
hypothetical scenarios. That means that you cannot earn or lose real money. However, we ask you to consider the scenarios and the outcomes for
your own personal situation as realistically as possible.

[Collection of travel data]

Example of a given TDC scenario:

Imagine the following situation:

In the upcoming week, you planned to conduct the same activities as you reported for the last 7 days. You would drive 300 km (reported by the
participant in the first part of the experiment). In this scenario, the following situation would apply to you:

Amount of kilometre credits needed in the upcoming 300
week:
Availability/shortage of kilometre credits: 45 credits shortage (in this scenario the participant has 15% less credits than needed

for the reported car use; one of 4 options (30% less, 15% less; 15% more, 30% more)
is randomly selected here)
Value of one kilometre credit: €0.10 (one of 3 options (€0.10; €0.15; €0.20) is randomly selected here)
Amount of money that you would receive/pay if you Pay €4.50
would carry out all planned activities by car:
Based on this information, would you adjust the number of kilometres that you planned to drive if a situation with Tradable Driving Credits were
applicable? Yes/No.
[If ‘Yes’, the following appeared] Please specify the activity categories for which you want to make changes. You could change the number of
kilometres in the box.

Old situation Change New situation Difference
Work and education 30 km —40% 18 km —12km
Services 60 km - 0% 30 km — Okm
Social 150 km No change 150 km 0km
Sports, culture and recreation 60 km No change 60 km 0km
Other 0km No change 0km 0km

[In the ‘Change’ boxes, participants could select a percentage of change (rounded to tens) or select ‘No change’, In the situation above, the participant reduced
42 km and, consequently, had to buy 3 additional credits].

Questions about attitudes:

Now we ask you to answer some questions and statements about the traffic situation in the Netherlands, your own car use and the Tradable
Driving Credits measure.

[Questionnaire on attitudes, see Appendix 2]

Beijing

First, we would like to express our gratitude to you for your participation in our survey. This survey is meant to investigate a traffic policy that
can alleviate traffic congestion, and it is anonymous and without commercial value.

Imagine that the government would allocate driving credits to combat congestion. You would receive a budget that contains a certain number of
kilometres. You can drive these kilometres without paying an additional fee and buy additional ones in a market. Please answer the following
questions based on your own personal situation as realistically as possible.

[Collection of travel data]

You will now receive a budget that contains a certain number of kilometre credits that you can drive without paying an additional fee. You are
required to buy additional credits when you drive more. When you drive less, you can sell unused credits to earn money. How will you arrange your
car trips in the following scenarios (by adding/cancelling car trips or change transport modes/routes/destinations)?

Example of a given TDC scenario:

In the upcoming week, you planned to conduct the same activities by car as last week. The number of kilometre credits that are available is 50
credits less than you would need for these activities. The price of one kilometre credit is ¥0.50. Would you make changes in your planned car trips?

1. Drive more
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2. Drive less
3. No change

[If option 1 or 2 is selected] Please state the percentage by which you want to increase/decrease (depending on previous answer) your car kilometres
for the following activity categories: Work and study/Daily living/Social and recreation (any number could be chosen).
[For each activity category] How would you realise your indicated change? (less/more trips; other routes; other destinations; other transport
modes (only in case of a decrease in car use)).
Questions about your personal situation:
[Questionnaire on attitudes (see Appendix 2) and personal characteristics].
Appendix 2
Questionnaire on attitudes used in this paper
1. Problem perception congestion (societal)
‘To what extent do you think congestion in general is a problem in [the Netherlands/Beijing]?*
2. Problem perception congestion (personal)
‘To what extent do you experience congestion as a problem in your personal car use?™®
3. Problem perception environment
‘To what extent do you think that car use in general is a problem for the environment?”®
4. Expected effectiveness in reducing congestion
‘Do you think that the implementation of Tradable Driving Credits would reduce congestion?”®
5. Expected effectiveness in reducing environmental impact
‘Do you think that the implementation of Tradable Driving Credits would reduce the impact of car use on the environment?”

6. Personal outcome

Netherlands — ‘Do you think that in general you would be better or worse off if a Tradable Driving Credits scheme were implemented?™
Beijing — ‘Do you think in general you will be worse off if a Tradable Driving Credits scheme were implemented?®

7. Instrumental car attachment

Netherlands — ‘1 do not have any alternatives for my car use’®

Beijing — ‘How easy could you in general choose other transport modes than the car?®
8. Symbolic car attachment

Netherlands — ‘My car gives me status and prestige™
Beijing — ‘Does the car provides you status and prestige?”f

9. Affective car attachment

Netherlands — ‘Driving gives me pleasure’®

Beijing — ‘Does driving gives you pleasure?”
10. Infringement on freedom

Netherlands — ‘1 view the Tradable Driving Credits measure as an infringement on my personal mobility freedom™

Beijing — ‘Do you perceive Tradable Driving Credits as an infringement on your personal mobility freedom?”f
11. Unfairness

Netherlands — ‘1 view the Tradable Driving Credits measure as unfair®
Beijing — ‘Do you think Tradable Driving Credits is fair?”t

12. Relative effectiveness
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Netherlands — Netherlands — ‘Compared to a “per-kilometre charge”, i.e. a scheme in which everybody pays a fee for each kilometre, I think

Tradable Driving Credits is a better way to deal with congestion™

Beijing — ‘Do you think Tradable Driving Credits can perform better in reducing congestion than the license plate-based driving restriction

policy?’f

13. Relative fairness

Netherlands — ‘Compared to a “per kilometre charge”, I think Tradable Driving Credits is fairer’
Beijing — ‘Do you think Tradable Driving Credits is fairer than the license plate-based driving restriction policy?”*

14. Acceptability

Netherlands — ‘How acceptable is the Tradable Driving Credits measure to you in an overall sense?’®
Beijing — ‘In general, do you think Tradable Driving Credits is acceptable to you?”f

21 = not a problem at all; 7 = very severe problem

1 = very unlikely; 7 = very likely

°1 = much worse; 7 = much better

41 = fully disagree; 7 = fully agree

€1 = very hard; 7 = very easy

f1 = not at all; 7 = absolutely

81 = highly unacceptable; 7 = highly acceptable
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