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Abstract: Although various studies have investigated public acceptance of congestion charge policies,
most of them have focused on behavioral and policy-related factors, and did not consider the
moderating influence that individual concern about smog and perceived smog risk may have on
public acceptance. This paper takes the congestion charge policy in China, targeted at smog and
traffic control, and checks how smog awareness—including smog concerns and perceived smog
risks, besides behavioral and policy-related factors—might influence public acceptance of the policy.
In this paper, we found both a direct and moderating causal relationship between smog awareness
and public acceptance. Based on a sample of 574 valid questionnaires in Beijing and Shanghai in
2016, an ordered logistic regression modeling approach was used to delineate the causality between
smog awareness and public acceptance. We found that both smog concerns, such as perceived
smog risk, and willingness to pay (WTP) were both directly and indirectly positively correlated
with public acceptance. These findings imply that policymakers should increase policy fairness with
environmental-oriented policy design and should express potential policy effectiveness of the smog
controlling policy to citizens to increase their acceptance level.

Keywords: sustainable development; smog concerns; perceived smog risks; public acceptance;
congestion charge

1. Introduction

One of the biggest challenges facing environmental sustainability improvements is balancing
greenhouse gas (GHG) emissions with the increasing needs of economic development and social
improvement. As a rapidly developing country, China has an increasing number of vehicles that not
only cause severe traffic jams but also severely pollute the air, including with fine particulate matter
(PM2.5), especially in large cities. Exposure to fine particulate matter (PM2.5) can aggravate chronic
respiratory and cardiovascular diseases, alter host defenses, damage lung tissue, and even lead to
premature death and cancer [1]. Studies have indicated that road transport is one of the main sources
of PM2.5 that accounts for approximately 25–30% of the emissions in major Chinese cities, such as
Beijing [2], Shanghai [3], Guangzhou [4], Hangzhou [5], and Nanjing [6]. Controlling transportation
emissions has become essential for Chinese cities to reach their sustainable development goals.

In many countries, congestion charges, which are fees charged to those who travel in certain areas
with private vehicles [7], are viewed as a powerful tool to alleviate traffic-sourced GHG emissions,
and have already been implemented in Singapore in 1975, London in 2003, Stockholm in 2006,
and Milan in 2012. Congestion charge implementation has encountered public opposition in many
cities, including Edinburgh and New York [8]. The Chinese government has tried to design a feasible
congestion charge policy in pilot cities such as Beijing, Shanghai, Shenzhen, Hangzhou, and Nanjing;
however, strong public opposition occurred before the policy was drafted. In an online opinion poll
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in Beijing in 2016, 61.4% of respondents disagreed with the implementation of a congestion charge
policy [9].

As an authoritarian state, China’s policy process is top-down, and the general public does not
have a direct channel to express their opinion or attempt to influence policy [10]. With the development
of civil society and the Internet and Communication Technology (ICT) sector, the general public has
started to be more rights consciousness, meaning better interaction with the policy process, and having
a better ability express their opinions in China [11]. In recent years, expressions of opposition are
hardly new; many nuclear energy projects and paraxylene (PX) projects have been suspended or
cancelled as a result of harsh public criticism, which has sometimes led to social instability [12,13].
As for smog control policies, noncompliance has occurred in some cities. Some people drive on plate
restricted days, while others purchase multiples cars to break the driving restriction rules. Some even
cover their plates or borrow plates from others [14]. Ignoring public opposition during smog control
policy design may cause barriers for its implementation.

Existing literature shows that diverging perspectives toward sustainable issues, their causes,
and solutions may lead to public opposition to policies that pursue sustainability goals. For example,
some people may see traffic policies, such as congestion charge policies or traffic restriction policies,
as being overall beneficial policies to society because they could drastically increase transportation
efficiency and reduce emissions. Others may see these policies as restricting mobility, especially
to low-income individuals, or those who live far away from public service facilities [15–19].
Although existing literature has discussed congestion charge policies regarding its traffic control
goals, two questions still remain. Firstly, congestion charge policies for metropolitan cities and their
ability to meet the sustainable goal of emission reduction has not been considered in the context
of public opposition. The London government, for example, designed its congestion charge policy
mainly for traffic control purposes, yet, it still calculated the emission reduction efforts during the
policy adjustment process to determine if the fee should be adjusted for cars with ultra-low emission
vehicles. The Beijing municipal government added GHG emission control as a major policy goal when
the congestion charge policy draft was designed. Thus, the first question is “do the general public
view congestion policies merely as traffic policies, as sustainability policies, or both?” We wanted to
determine if the real reason for public opposition to congestion policies was the traffic features or the
sustainable features.

Secondly, existing literature mainly focuses on the behavioral and policy-related factors for public
acceptance of congestion charge policies, such as traffic inconvenience, trust in governmental agencies,
and perceived fairness [15–19]. However, the moderating role of concern about smog and perceived
smog risk has not been discussed. In other words, people with different levels of concern about smog
and risk perception might have different prerequisites for behavioral and policy-related factors to
accept congestion fees. Eliasson and Jonsson [20] revealed the strong causal relationship between
citizens’ smog concerns and their support of congestion charges and suggested that emphasizing
the positive effects of congestion fees on air quality may have had a positive impact on acceptance.
Considering the environmental features in a congestion charge policy, smog awareness, especially the
smog concerns and perceived smog risk, may also have indirect impacts on policy acceptance via
behavioral or policy-related factors. In other words, people with a higher level of concern about
smog would not only recognize the sustainability goal embedded within the congestion charge policy
and therefore support the policy, but would also be likely to sacrifice their transit inconvenience and
support the congestion charge policy to some extent in exchange for a better environment. For example,
some Beijing residents stated in an online poll that they would have supported a congestion fee if
it would be effective at controlling smog, regardless of the infringement on traffic freedom [21].
Meanwhile, individuals who see congestion charge policies as a solution to environmental protection
and sustainable development would raise concerns about the fairness of the policy process and their
ability to participate in the policy-making process [22]. Therefore, the second question that this paper
tries to explore is to what extent smog awareness, particularly smog concerns and perceived smog
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risks, indirectly influences the acceptance level of congestion charge policy as a moderator. Notably,
this discussion is not only addressing Chinese smog control, but also environmental policy design
theory as a whole. If individual awareness would indirectly influence perceived fairness and their
chance of participation in the policy-making process, then, the policy maker should understand the
mechanism of influence and how policy design should be changed accordingly.

Studying public acceptance of congestion charge policies is timely. A study conducted in
Hangzhou revealed that 46.26% of respondents were willing to pay a congestion fee during peak hours,
and the average amount people were willing to pay was 28.81 yuan per month [23]. However, less is
known about the factors influencing public acceptance of congestion charges in China, especially the
moderating role of smog awareness. This paper intends to fill this gap based on data collected from
Beijing and Shanghai in August 2016, and answer the following research questions. We wanted to
determine, in terms of smog control, how the public’s smog awareness interacts with behavioral and
policy-related factors to influence their acceptance of congestion charges. This paper is organized as
follows: Section 2 presents a review of the literature, Section 3 introduces the design of the study and
the data source, Section 4 provides results of empirical findings, and Section 5 presents conclusions
and policy implications.

2. Literature Review

2.1. Prior Studies on Public Acceptance of Congestion Charges

This paper focuses on the concept of public acceptance, which represents citizen support of local
implementation of sustainable projects or policies. Existing literature provided different definitions
of ‘acceptance’. Batel et al. [24] distinguished between the concepts of acceptance and support,
stating that communities and individuals might accept energy technologies while not necessarily
supporting them, and may not even know of their nearby existence. Wüstenhagen et al. [25] and
Dermont et al. [26] clarified three dimensions of social acceptance, namely socio-political, community,
and market acceptance. In this paper, what we investigated falls into the category of ‘community
acceptance’, which refers to the specific acceptance of local stakeholders, particularly local residents,
on certain projects. Considering we studied the acceptance of a proposed policy by local residents,
rather than on an already approved project, the dependent variable is called “public preference
toward congestion charge policy” following the work done by Dermont et al. [26]. However, all the
smog control and traffic control studies we have cited use “public acceptance” as their chosen term.
To reduce confusion, we used the term ‘acceptance’ with the clarification that this is not implementation
acceptance but preference toward a proposal. Existing literature, although mainly based on data
from Europe or the U.S., investigated key determinants of public acceptance of congestion charge
policies [15–19]. Various factors have been tested through two perspectives, namely the individual
behavioral perspective and the policy-related perspective [15–19,27–29].

Rooted in individual value judgment and behavioral studies, behavioral perspective argues that
public acceptance of congestion fees is influenced by factors such as social norms, infringement on
freedom, and socio demographic aspects [15,17–19]. Congestion charges contain a social dilemma
wherein individuals’ self-interests—such as driving comfortably—conflict with the collective interest,
in this case, of abating the congestion problem [30]. A strong social norm of policy compliance would
have a positive influence; people would be more likely to comply if they predict others are willing
to comply [15]. When introducing congestion charges, individuals feel they are giving up freedom
by paying for something has been free before, thus, their acceptance level will decrease because of
infringement on their freedom [15,16]. Socio demographic factors, such as age, gender, car ownership,
and driving frequency, also have significant impact on public acceptance of congestion charges [29].

Another dominating aspect focuses on how policy design and implementation would affect
policy acceptance, with discussion about politically-related factors such as perceived effectiveness,
perceived fairness, and trust in government [15,16,27–29,31]. Policy effectiveness and fairness are
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positively correlated with public acceptance toward a congestion charge. If the charge scheme is
perceived as being effective for alleviating traffic congestion, the public will more likely support
the scheme [16,27,29]. Similarly, the acceptance level will increase when individuals perceive that
a congestion charge standard is fair and the majority can be benefit from this scheme [15,18,28].
From previous studies, trust in government is also considered as an important determinant of public
acceptance [16,32]. Scholars have revealed that political trust has positive effects on both people’s
attitude toward government regulation and the level of compliance [33–35]. Especially for regressive
economic policy tools, such as congestion charges, the effects of trust in government might be more
important compared to perceived fairness or individual interests [36].

2.2. New Influential Factors: Smog Concerns and Perceived Smog Risks

Considering that the sustainability features in a congestion charge policy have been ignored
in traffic policy discussions, this paper borrows public acceptance theories from studies focusing
on sustainable development and environmental protection. In these policy areas, scholars stated
that smog concerns and perceived risks of certain environmental problems were positively
correlated with environmentally responsible behavior [29,37], and might enhance acceptance level of
sustainability-oriented policies. It is worth noting that Chinese city governments emphasize smog
control-related goals while designing congestion charge policy. For example, the “2013–2017 Beijing
Clear Air Action Plan” clearly stated that one of the goals of the congestion fee charge policy is for
smog control [38]. Thus, this paper considers smog awareness, including both smog concerns and
perceived smog risks, as influential factors.

Firstly, following existing literature that defines environmental concerns as one’s attitude toward
facts, one’s own behavior, or others’ behavior, with consequences for environment [39–42], we define
smog concerns as an individual’s attitude toward smog crisis control, using willingness to pay (WTP)
as measurement. Generally speaking, a positive relationship exists between environmental attitude
and environmentally responsible behavior [29]. Especially in the context of a smog crisis, individuals
who hold a pro-environmental attitude and show desire to control smog, are supposedly more willing
to accept congestion charge policies. Secondly, risk perception originates from the study of public
attitude toward nuclear power, wind energy, and climate change policies [43,44], referring to an
individual’s subjective judgment of the adverse consequences of a particular hazard and threats to
the environment or one’s own health [45]. Particularly, we refer to perceived smog risks as the extent
to which the general public feels uncertain risk caused by the smog crisis. For this aspect we used
self-reported risk perception as the measurement. Numerous studies have shown that exposure to
particulate matter 2.5 µm or smaller (PM2.5) can cause chronic respiratory and cardiovascular diseases,
alter host defenses, and damage lung tissue [46,47]. Thus, if people perceive that the smog crisis will
be harmful to their health or will worsen in the future, they tend to support a congestion charge to
alleviate emissions, to thereby reduce smog.

Besides testing their direct impacts on smog policy acceptance, we emphasize their moderating
impacts on public acceptance toward a congestion charge via behavioral and policy-related factors.
In other words, people with different levels of smog concerns and perceived smog risks might
have different prerequisites for behavioral and policy-related factors to accept a congestion fee.
Fujii et al. [28] compared data in Japan, Taiwan, and Sweden and found that environmental concerns
did not have a significant impact in any regression model, which denied a direct causal relationship.
However, the correlation tests were positive and substantial in all three samples, which implied
that environmental concerns could have an indirect effect on acceptance, mediated by some other
independent variables, such as fairness. As for the moderating effect of perceived risk, this paper
follows the findings of Moon and Balasubramanian [48] who suggested that risk perception served
as a moderator on the influencing factors, such as political trust and other sociodemographic factors,
in shaping public attitude toward agrobitoechnology, based on a large sample of survey data collected
both in the United States and the United Kingdom. With similar levels of technological uncertainty
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and complexity of the policy solution, this paper regards perceived smog risk as having a similar
moderating role in congestion charge acceptance.

Thus, interaction effects between smog awareness and other factors were tested to reveal how
smog concerns and smog risk perceptions influence the effects of behavioral and policy-related factors
on public acceptance of a congestion charge.

3. Research Design and Data Source

3.1. Conceptual Model and Variable Specification

Based on the above discussion, this research focuses on the role of smog awareness in public
acceptance formation. Figure 1 illustrates the conceptual framework.
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Figure 1. Conceptual framework: smog awareness and public acceptance toward congestion charges
in China.

3.1.1. Causalities between Smog Awareness and Public Acceptance

As shown in Figure 1, previous studies mainly focused on the direct impact of behavioral,
policy-related, and sociodemographic factors on public acceptance level, and neglected the moderating
role of smog concerns and perceived smog risks. However, the influence of behavioral and
policy-related elements on public acceptance might vary according to citizens’ smog concerns and risk
perceptions, that is, smog awareness might serve as moderator in the conceptual framework.

This study did not use an environmental perception measurement to address the
“attitude–behavior gap”, which describes the divergence between pro-environmental attitude and
anti-environmental behavior, and this may lead to a construction validity problem [29]. Instead,
we adopted a more direct behavioral measurement of smog concerns, such as willingness to
pay, and asked the respondent, “How much money are you willing to pay for smog control per
month?” The answer “unwilling to pay” was coded as 0, while “less than 50 yuan”, “50–100 yuan”,
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“100–200 yuan”, “200–300 yuan”, and “more than 300” were coded as 1. The variable of ‘willingness to
pay’ reflects people’s behavioral smog concern, which reflects individual eagerness to control the smog
crisis by sacrificing individual interests (i.e., pay for smog control). It is different from the concept of
smog policy acceptance, which reflects citizens’ judgment of government’s effort of smog control and
their willingness to comply. For instance, individuals who live or work in low emission areas might
oppose a congestion charge policy even if they have high WTP. The real reason of opposition lies in
the fact that they think it is an unfair policy.

The concept of perceived smog risk reflects an individual’s judgment on the perceived hazards
to health and the severity of the smog crisis, captured by responses to the statements of, “I think
smog crisis is harmful to my health” and “I think the smog crisis in Beijing (Shanghai) will be more
severe in the future”, and the answers “strongly disagree”, “disagree”, and “neutral” were coded as 0,
while “agree”, and “strongly agree” were coded as 1. To better illustrate the role of risk perception, we
obtained the average value of health risk and smog severity risk as the final value of risk perception.

3.1.2. Causalities between Behavioral, Policy-Related, and Sociodemographic Factors and Public Acceptance

Based on previous studies [10–14], we recognized that a series of exogenous factors may affect
public acceptance, so we controlled them in the regression models. For the conceptual framework,
we included three sets of exogenous variables drawn from the literature (Figure 1). The first set is the
behavioral factor, measured by traffic inconvenience. Traffic inconvenience, reflecting infringement on
people’s freedom, was measured by the question, “Do you agree that congestion charge policies will
bring traffic inconvenience to people’s daily lives?”

The second set of variables is policy-related factors, including political trust and perceived fairness.
In previous studies, political trust is usually captured by the question of: “How much do you trust the
government generally?”; or “How much do you trust the institution of . . . (specific name)?” However,
political trust is dimension-specific. As Li [49] emphasized, the distinction between a politician’s
commitment to protect public interests and their competence to act are different types of political trust.
Commitment to act refers to government agencies’ promise keeping, caring about the public, incentive
compatibility, or any combination of the three [50]. Competence to act refers to the capacity of political
institutions to realize their commitments to protect public interests or achieve certain goals [49,50].
Besides commitment and capacity, political trust also involves other aspects, such as trust, in the
policy-making process. Thus, this paper measured political trust with four statements, including trust
in the policy-making process (i.e., “I think the process of smog control policy-making is open”), trust in
competence (i.e., “I think local government has the ability to deal with the smog crisis in the short
term.” And “I think local government has implemented various policies for smog control.”), and trust
in commitment to act (i.e., “I think local government is willing to control smog.”). This paper, then,
created an index variable of political trust via factor analysis. The value of KMO is 0.7242, which
means it is very suitable to do factor analysis.

Perceived fairness, relating to the distribution of costs and benefits within society [51,52], can be
captured from three principles, namely equality, equity, and need [53]. For congestion charge policies,
equality implies that each car owner has the same obligation to pay for driving, whereas equity and
need mean certain groups’ obligations can be exempted or reduced. The standards of a congestion
charge are consistent with equality principles around the world, not excepting the scheme under
discussion in China. In this study, following the literature [54,55], perceived fairness is measured
with the statement of equality principle, “I think each car owner has the obligation to pay the same
congestion charge fee.”

In addition to sociodemographic factors—including gender, age, income, and education—this
paper also used car ownership as an important control variable, measured by, “How many cars do you
have in your family?” Finally, the dependent variable is public acceptance, asking the respondents
to judge the statement, “I support the government to enact a congestion charge policy to control
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smog pollution.” Except for sociodemographic factors, all other measurements adopt the Likert-scale
item 1–5, where 1 is ‘strongly disagree’, 2 is ‘disagree’, 3 is ‘neutral’, 4 is ‘agree’, and 5 is ‘strongly agree’.

For concepts with multiple measurements, we calculated Cronbach’s α values to test if the average
linear correlation among questions belongs to the same scale or not. Normally, the threshold is set
at 0.7 to ensure the internal consistency [56]. However, it is worth noting that this standard is set
to test consistency among a large number of measurement items, such as 14 or more [57]. Since a
larger number of items can artificially inflate the alpha value, and we only have two and four items
respectively, our measurements are quite reliable with Cronbach’s α values all around 0.7 (Table 1).

Table 1. Reliability of questionnaire.

Variable Cronbach’s α Number of Items

Political Trust 0.7069 4
Risk Perception 0.6956 2

3.2. Data Source

The survey was conducted in the summer of 2016 in Beijing and Shanghai, the two largest
metropolises in China. Governments in both cities have started to discuss the feasibility of a congestion
charge [38,58]. We noticed that the severity of the smog crisis in these two cities is different. According
to the reports from Shanghai and Beijing Environmental Protection Agencies, there were 168 heavy
smog-polluted days in Beijing, but only 14 heavy smog-polluted days in Shanghai, in 2016. The general
difference between Beijing and Shanghai, including smog severity, is controlled by a dummy variable
representing different cities in all models, with Shanghai being coded as 1 and Beijing as 0. We realized
that the city dummy could not determine if it was the smog or other differences that matter between
Beijing and Shanghai. This is the measurement limitation with the two-city design.

We conducted an online survey with residents who have lived in either Beijing or Shanghai for at
least 12 months by August 2016 and checked their acceptance level of a congestion charge. During the
survey period, the average PM2.5 concentration ranged from 37–65 µg/m3 in Beijing and 10–51 µg/ m3

in Shanghai, both of which were categorized as “good air quality” according to the Air Quality Index
standard of the National Environmental Protection Bureau [59]. Therefore, no significant weather
influence existed to form a systematic bias of public acceptance.

We first provided the online survey link to students at Tsinghua University and developed
our sample group following the “snow-ball” strategy [60]. In order to ensure qualified respondents
pay sufficient attention to questions, we double-checked the time taken by each respondent on the
questionnaire as a proxy of the data quality [61]. We dropped the sample if the respondent took far
less time answering the survey than the average time. In the end, we had 574 valid questionnaires,
285 from Beijing and 289 from Shanghai. According to sample size calculation process [62], it would be
acceptable if our sample size were more than 253 in Beijing and 139 in Shanghai. A detailed calculation
process could be provided based on request.

As Table 2 shows, among the 574 respondents, 49.30% were male (N = 283) and 50.70% (N = 291)
were female. The average age in our sample was 30 years old, which is younger than the city-level
age average. People between 21 and 30 years old are over represented in this research. Also,
317 respondents (55.23%) hold a college degree and 213 (37.11%) hold a postgraduate degree or
higher, which made the higher educated population over represented compared with the whole
population distribution. Monthly income, measured in yuan (RMB), ranged from 7001 to 10,000 in
our sample, which was higher than the average monthly income of 6906 yuan (RMB) in Beijing and
6378 yuan (RMB) in Shanghai. We attributed these selection biases to using an online survey method,
which naturally over represents people who are younger, better educated, with higher monthly income.
Nearly half of the respondents (N = 276) had no car in their family, 240 of them had one car, and only
58 respondents had two or more cars.
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Table 2. Sociodemographic summary (N = 574).

Background Frequency Percentage
(%)

Sample
from

Beijing
(%)

Sample
from

Shanghai
(%)

Distribution
of Beijing

Population
(%)

Distribution
of Shanghai
Population

(%)

Gender
Male 283 49.30 56.49 42.21 50.18 51.50

Female 291 50.70 43.51 57.79 49.82 48.50

Age

<21 18 3.14 3.51 2.77 3.90 4.87
21–30 359 62.54 58.95 65.74 21.70 22.55
31–40 149 25.96 28.42 23.53 18.50 17.59
41–50 33 5.75 6.67 5.19 16.40 15.98
>50 15 2.61 2.46 2.77 22.90 30.39

Income

<2000 18 3.14 3.51 2.77 3.00 3.50
2000–4000 33 5.75 8.07 3.46 23.30 28.20
4001–7000 127 22.13 25.26 19.03 27.95 27.85

7001–10,000 119 20.73 24.56 16.96 19.25 17.85
10,001–20,000 172 29.97 27.37 32.53 18.70 16.90

>20,000 105 18.29 11.23 25.26 7.30 5.70

Education

Middle school or below 10 1.74 3.51 - 39.22 55.34
High school 34 5.92 7.02 4.84 15.36 21.84

College 317 55.23 48.42 61.94 38.61 20.91
Masters or above 213 37.11 41.05 33.22 4.72 1.90

Car
None 276 48.08 50.53 46.02 74.72 86.01

1 240 41.81 40.00 43.60
25.28 13.99>1 58 10.10 9.47 10.38

Data source: data collected by authors, and Beijing Census Data in 2014 [63], reports of Beijing average monthly
income [64], Shanghai Census Data in 2014 [65], reports of Shanghai average monthly income [66], and car park in
2016 [67].

4. Results

4.1. Descriptive Statistics

Table 3 summarizes the descriptive statistics of all the variables. Most respondents supported a
congestion charge to alleviate smog pollution, with 33.4% of participants agreeing with the scheme
and 9.91% strongly agreeing with it. With regards to individual features, 65.16% of respondents were
willing to pay to control smog pollution, while 85.37% thought that the smog crisis is harmful to their
health, and 56.45% agree that the smog crisis might be aggravated in the future.

Table 3. Summary of the variables and descriptive statistics from the questionnaire.

Variables Mean Std. Dev. Scale

Dependent variables Public acceptance 3.16 1.14 1–5

Independent variables

Political trust

Willingness 2.97 1.11 1–5
Various 2.76 1.01 1–5

Capacity 2.35 1.01 1–5
Openness 2.96 1.10 1–5

Perceived fairness 2.84 1.20 1–5
Traffic inconvenience 2.45 1.04 1–5

WTP 0.65 0.48 0 or 1

Risk perception Healthy 0.85 0.35 0 or 1
Severity 0.56 0.50 0 or 1

Control variables

Car 0.64 0.71 0–3
Age 30.45 7.71 14–69

Gender 0.51 0.50 0 or 1
Education 3.27 0.65 1–4

Income 4.27 1.37 1–7
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Political trust was measured in four dimensions, that is, willingness to control smog, various
measures to control smog, capacity to control smog, and openness of the policy-making process.
Among them, political trust in the government’s willingness to control smog was highest, with a mean
of 2.97, while most people have low confidence in the government’s capacity. For perceived fairness,
32.35% of participants oppose the standards of the congestion charge under discussion, and 23.13%
hold a neutral attitude. In addition, few respondents think that smog control policies would bring
traffic inconvenience to their daily life, with a mean of 2.43.

4.2. Regression Results

To better delineate the causality of the individual features and public acceptance toward a
congestion charge, we used an ordered logistic regression in the model, as most variables in our
survey were either binary or coded ordinals by Likert-scale 1–5. The ordered logistic model can be
expressed as

y* = Xβ + u, u|X~Logit (0,1) (1)

where y* is the exact but unobserved latent variable, X is the vector of independent variables, u is
the error term, and β is the vector of regression coefficients which we wished to estimate. Model 1
was the base model that only contained behavioral, policy-related, and sociodemographic factors;
while Models 2 and 3 considered the influence of smog awareness in different ways.

To test the fitness of the ordered logistic model in our research, we first used the Brant test package
developed by Benjamin Schlegel to verify the parallel regression assumption in R with version 3.3.3.
The results of three models all stated “H0: parallel regression assumption holds”, which justifies the
application of the ordered logistic model in this study. Regression results of the three models are
displayed in Table 4.

Table 4. Regression results of the determinants of congestion charge acceptance.

Model 1 Model 2 Model 3

Coef. T Coef. T Coef. T

Traffic Inconvenience −0.20 ** −2.51 −0.15 ** −1.96 −0.17 ** −2.08
Perceived Fairness 0.54 **** 7.47 0.49 **** 6.77 0.48 **** 6.57

Political Trust 0.44 **** 4.25 0.45 **** 4.19 0.43 **** 3.97
WTP 1.47 **** 6.23 1.62 **** 6.56

Risk Perception 0.52 ** 2.17 0.53 ** 2.18
WTP ×Traffic Inconvenience −0.04 −0.20
WTP × Perceived Fairness 0.32 * 1.84

WTP × Political Trust −0.25 −1.08
Risk Perception × Traffic Inconvenience 0.13 0.48

Risk Perception × Perceived Fairness 0.62 *** 2.86
Risk Perception × Political Trust 0.01 0.02

Car −0.51 **** −4.07 −0.53 **** −4.24 −0.51 **** −4.03

Age Group
21–55 −0.05 −0.07 0.09 0.12 0.04 0.06
56–69 −0.54 −0.58 −0.20 −0.21 −0.30 −0.31
Gender −0.09 −0.56 −0.13 −0.86 −0.14 −0.89

Education
2 −1.30 * −1.92 −1.00 −1.48 −0.86 −1.26
3 −1.52 ** −2.40 −1.44 ** −2.29 −1.34 ** −2.12
4 −1.24 * −1.91 −1.18 * −1.84 −1.12 * −1.72

Income 0.12 * 1.74 0.12 * 1.83 0.12 * 1.70
Area 0.10 0.61 −0.47 ** −2.54 −0.51 *** −2.73
R2 0.0731 0.0987 0.1058
N 574 574 574

Notes: **** denotes significant at 0.001 level; *** denotes significant at 0.01 level; ** denotes significant at 0.01 level;
and * denotes significant at 0.10 level.



Sustainability 2017, 9, 1579 10 of 15

4.2.1. Direct Positive Correlation between Smog Awareness and Public Acceptance

Models two and three show that smog awareness influences policy acceptance. Firstly, people
who are more willing to pay for smog control tend to be more supportive of a congestion charge policy
(model two: β = 1.47, p-value < 0.001, model three: β = 1.62, p-value < 0.001) (Table 4). This result
verifies our hypothesis that individuals with a higher level of WTP place higher value on environment
quality so that they are more likely to sacrifice material value in exchange for smog control, and tend
to be more supportive of a congestion charge.

Secondly, perceived risk of health hazards and smog severity had a significantly positive
correlation with public acceptance (model two: β = 0.52, p-value < 0.05, model three: β = 0.53,
p-value < 0.05) (Table 4). This result demonstrates that risk perceptions improve citizens’ acceptance
of a congestion charge: the more people think smog would result in negative health impacts or that
smog will worsen in the future, the more they are likely to act against it by supporting policy solutions,
such as a congestion fees.

Both results illustrate that smog awareness has a direct and positive relationship with public
acceptance, which conforms with previous studies [68]. This implies that individuals with various
levels of smog concern and risk perception would react differently to a congestion charge policy:
those with stronger concerns about smog and a greater risk perception would be more willing to
accept a congestion charge policy, and those with lower levels of smog and risk perception would
be less likely to accept the policy. The purpose of this paper is not to discuss how to increase
a person’s WTP for smog reduction, as many studies have mentioned key elements to increase
WTP, including individual knowledge of smog sources, protection methods, and the provision and
accessibility of smog information [69,70]. Therefore, if policy makers could help raise the risk awareness
or WTP of the general public through different policy instruments, it is highly likely that they would
directly increase the public acceptance level of smog control policies.

4.2.2. Moderating Influence of Smog Awareness on Perceived Fairness

As model three shows, the interaction of WTP and perceived fairness is positive with public
acceptance (β = 0.32, p-value < 0.10), and the interaction of risk perception and perceived fairness
also has a significantly positive relationship with public acceptance (β = 0.62, p-value < 0.01).
These interaction results show that people with higher smog concerns or risk perceptions of the
smog crisis have higher elasticity in the fairness of a congestion charge policy. This clearly illustrates
the moderating influence of WTP and risk perception that can strengthen the positive relationship
between perceived fairness and acceptance level. Thus, the public’s judgment of fairness is important,
especially to those with higher WTP or risk perception.

Sustainable solutions challenge policy design by pursuing collective benefits [71,72]. Regarding a
congestion charge, there exists a social dilemma where individual interests, such as enjoying the
comfort and convenience of driving, will be sacrificed in pursuit of the collective good, in this
case reducing traffic to reduce smog pollution [30]. Thus, perceived fairness, which refers to the
distribution of benefits and burdens within various groups of citizens, matters more in regard to the
public’s acceptance of sustainable policies. Equality and fairness are essential elements in sustainable
development, and thus play a large role in congestion charge policy design and public acceptance.
Both the design of the traffic control area and the design of a charge rate can have significant fairness
impacts through the distribution of costs and benefits. This research found that people with a higher
level of smog concern or risk perception are more aware of and sensitive to this equality issue.

We propose two possible explanations for further empirical studies. Firstly, as many studies have
found, environmental concerns have a close relationship with fairness concerns [73]. Individuals who
value sustainable or environmental protection goals may also have higher levels of concern for fairness.
Awareness of environmental risks is usually associated with left-wing orientation, which values a
liberal political environment [68]. Yet, the detailed influencing mechanism for smog concerns and
risk perceptions toward equality concerns still requires further empirical investigation. Secondly,
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individuals with higher smog concerns or risk perceptions have a greater willingness to alleviate smog
pollution via various policies. Besides their own acceptance of a congestion charge verified by the
direct effect of risk perception, they also want more people to accept this policy, ensuring the successful
implementation and effectiveness of smog control. As distributional fairness is essential to public
acceptance, those with higher concerns about smog or risk perceptions place a higher emphasis on this
factor, allowing a policy to gain public support and be successfully implemented.

4.2.3. Positive Relationship between Policy-Related Factors and Public Acceptance

As the results show, perceived fairness positively influenced public acceptance of a congestion
charge (model one: β = 0.54, p-value < 0.001, model two: β = 0.49, p-value < 0.001, and model
three: β = 0.48, p-value < 0.001) (Table 4). If people agree with the distributional standard of the
congestion charge, they tend to be more willing to accept the policy. Meanwhile, those who have a
greater trust in governmental agencies are more likely to support a congestion charge (model one:
β = 0.44, p-value < 0.001, model two: β = 0.45, p-value < 0.001, model three: β = 0.43, p-value < 0.001)
(Table 4). These significant positive influences of the policy-related factors are consistent with previous
studies [35,55]. Citizens are more likely to abide by the decisions of political agencies if they perceive
these agencies as legitimate, whereas citizens with low political trust intend to calculate the costs
and benefits of compliance and be non-compliant [74]. Additionally, as a congestion charge has
an embedded social dilemma where individual interests will be sacrificed in pursuit of collective
goods [30], distributional fairness is especially crucial to public acceptance [15,55].

4.2.4. Behavioral Factors and Car Ownership Negatively Influence Public Acceptance

Behavioral factors, namely traffic inconvenience, had a significant negative effect on public
acceptance of a congestion charge in the three models (model one: β = −0.20, p-value < 0.05, model two:
β = −0.15, p-value < 0.05, and model three: β = −0.17, p-value < 0.05) (Table 4). As a congestion
charge might be viewed as an infringement on travelling freedom, those who place a high value
on traffic convenience would be less likely to accept this policy [15]. Similarly, car owners tend to
oppose the idea of a congestion charge, as they are the target audience of this policy in all models
(model one: β = −0.51, p-value < 0.001, model two: β = −0.53, p-value < 0.001, model three: β = −0.51,
p-value < 0.001) (Table 4).

For sociodemographic variables, respondents with higher education tend to oppose congestion
charges as they might suspect the legitimacy of this policy (Table 4). In addition, income has positive
effects on a congestion fee when considering the smog crisis, as richer people might care more about
environmental protection rather than paying for driving their car (Table 4). Moreover, people living
in Shanghai have a lower acceptance level than those living in Beijing (model two: β = −0.47,
p-value < 0.05; model 3: β = −0.51, p-value < 0.01) (Table 4), which might be because the smog
pollution is less severe in Shanghai.

5. Conclusions and Policy Implications

In many Chinese cities, smog pollution has become a severe environmental disaster that not
only threatens public health, but has also created a significant challenge for the country to fulfill its
sustainable development goals. The Beijing and Shanghai city governments plan to adopt congestion
charge policies to reduce traffic jams and control smog pollution, following western countries
such as the United Kingdom. However, public debates and public opposition have postponed
the policy-making and implementation process. Two key aspects for the Chinese government to
explore include the key determinants of public opposition and how these determinants impact
public acceptance.

This paper contributes to the growing body of literature on public acceptance of a congestion
charge while considering the moderating effect of smog awareness, including smog concern and
perceived smog risks. We tested both the direct role and the moderating role of smog awareness on
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public acceptance. Using data derived from Beijing and Shanghai in August 2016, we used ordered
logistic regression to examine the influence of WTP and risk perceptions. The research findings suggest
that both WTP and risk perception are positively correlated with public acceptance, and those with
greater concerns about smog or risk perceptions place a higher emphasis on perceived fairness.

Policy implications of this paper are two-fold. Echoing existing literatures, perceived fairness
as well as political trust have a significant positive relationship with public acceptance. Therefore,
participatory policymaking that involves the public in the decision-making process can enhance
people’s trust in government agencies, and increase the legitimacy of the distribution standards in
a congestion charge design. Practitioners should consider designing various mechanisms to engage
citizens, thereby achieving key democratic values such as legitimacy, justice, and effectiveness in
governance [75,76]. Meanwhile, traffic inconvenience presents a significant negative impact on the
acceptance of a congestion charge, and this impact is not negated by personal environmental preference.
This implies that the majority of citizens still see a congestion charge as a traffic policy rather than
as a sustainable policy. Therefore, governments should provide the public with clean, efficient,
and convenient transportation alternatives to gain public support. Public education, however, may be
provided via other channels. As results show, citizens who have higher levels of smog concerns and risk
perceptions are more likely to directly support a congestion charge policy. Therefore, the government
should organize publicity and public discussions on smog in an open manner. Environmental
education, scientific knowledge publicity about smog, or illustrations of the effectiveness of smog
control policies might all make the public more aware of the issue and supportive of the congestion
charge as a result.

Secondly, as smog awareness plays an important role in public acceptance of a congestion charge,
practitioners should pay more attention to people’s smog awareness in order to improve public support
and gain legitimacy. With regard to policies that contain environmental or sustainable goals, individual
concerns about a smog crisis and potential risks may especially influence the effort of other factors,
such as policy fairness. In this sense, policy makers should place a higher emphasis on policy fairness
presented in environmentally-oriented policies compared with other policies. This could explain why
China has encountered major public opposition on issues related to the environment, and the public
mainly argued for policy transparency, openness, and fairness.

Although this paper introduces further study topics with regard to public acceptance of
sustainable policies, limitations still exist. Our sample size included only 574 respondents from
two large cities, Beijing and Shanghai, which might threaten the applicability and validity of the paper
in other locations. Extended sampling is needed in future research to better represent the general
public with regards to a congestion charge policy. Also, this paper follows many existing studies on
perception and testing respondents’ subjective attitudes, willingness, or opinions, but not their actual
behaviors. We noticed that there has been no consensus on how self-reported perception actually
measures individual behaviors, especially within sustainable or environmental contexts [77]. We also
noticed that measuring actual citizen opposition toward a congestion charge policy would be difficult.
Potentially, a case study could be built to extend academic observation to how citizens present their
opposing behavior toward this policy in the future. Nevertheless, this research sheds light on some
of the mechanisms of public acceptance formation and takes smog awareness into consideration,
providing practical implications for policy makers when implementing congestion charge policies in
the future.
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