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The need for sustainable transport is increasingly recognized 

and receives more and more attention. Cities face the challenge to 

enhance the quality of urban environment reducing traffic 

congestion, pollution and road accidents. Moreover, transport 

charging policies consist a basic tool for sustainable mobility while 

they are increasingly applied in urban centers. The objective of the 

present research is to investigate drivers’ acceptance of 

environmental transport charging policies with emphasis on 

environmental charging (annual card) for private cars access in 

Athens center. In order to achieve this objective, data were 

collected through a questionnaire survey, using stated preference 

methodology while a binary logistic regression model was 

developed to determine the acceptance of car access card in the 

center of Athens. The results demonstrate that annual card cost 

and travel time saving are the main factors for the acceptance of 

the annual card. Furthermore, men and young people are more 

likely to accept the annual card while several other parameters 

such as vehicle’s age and usage, vehicle’s engine capacity and 

driver’s perception of environmental pollutants affect policy’s 

acceptance and should be taken into account by policymakers 

when developing and implementing similar environmental 

mobility strategies. 
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I. INTRODUCTION 

Considering that the vast majority of European citizens 
live in an urban environment, with over 60% living in urban 
areas of over 10,000 inhabitants, the quality of the 
environment in urban areas is of vital importance [1]. Within 
this framework, sustainable urbanization is widely 
acknowledged as a key global challenge for the 21st century, 
particularly in developing countries. One of the main 
problems affecting the quality of the environment and life in 
urban centers is traffic which is a significant challenge for road 
transport and transport policy at all levels. 

The fast pace of everyday life, the need for comfort, the 
rapid increase in the number of vehicles as well as the growth 
in vehicle ownership have led to increased use of private cars 
as mode of transport and as a consequence traffic congestion 
in urban centers. However, traffic congestion in an urban road 
network is a significant challenge that degrades the urban 
environment having a negative impact on emissions, noise, 

fuel consumption and the overall quality of life. Many 
European towns and cities suffer from chronic traffic 
congestion which is estimated to cost 80 billion Euros 
annually [2].  

Based on the above, a key target of all authorities is to find 
effective strategies to reduce these problems. Several cities 
apply access regulations into urban areas such as Congestion 
Charging Zones (CC), Low Emission Zones (LEZs) or a 
combination of both. The idea of Congestion Charging first 
appeared in the 1950s [3] and to date, it has been implemented 
in several cities internationally (Singapore, London, 
Stockholm, Milan, Gothenburg). The principle of charging 
policy is the pricing of vehicles for the burden they cause on 
traffic and consequently on the environment and public health. 
However, transport charging is not easily accepted by the 
public [4-6]. 

In recent years, transport pricing measures and policies 
have been considered as central means of controlling transport 
demand, congestion and environmental impacts. However, 
there is an important precondition for the successful 
implementation of urban access restriction schemes; that is 
public acceptability [7-9]. Significant progresses have been 
made on understanding public acceptance of such schemes 
from different perspectives while several researchers studied 
the acceptability of congestion charging schemes within the 
societies using different approaches. 

Considering demographic factors, according to Liu and 
Zheng [10], females are more receptive to the application of a 
proposed congestion pricing scheme in Brisbane, Australia 
than males. Also, the same study shows that for people with 
high income, introducing the congestion charge may have no 
impact on their travelling to the city. A similar study was 
conducted by Nikitas et al., [11] reporting that the 
acceptability of congestion charging for people aged above 60 
is affected significantly by social norms and pro-social values. 
The income level of different groups in the society does not 
affect the acceptability of congestion charging significantly 
[12]. However, Rentziou et al. [13] indicate that respondents - 
drivers with high household income, age between 35 - 64 
years, kept traveling through the charging zones using their 
cars. 



The acceptability of a pricing scheme implementing for 
the urban access restriction also depends on personal-outcome 
expectations. Drivers will more possibly accept the scheme if 
they expect a positive impact of the reduction in traffic and 
environment quality [14-15]. The acceptability is also related 
to the concrete use of its revenue. According to surveys, 
collected revenues should be used in projects that directly 
benefit the users, such as improving public transport, reducing 
the tax on users, expanding the road capacities, etc. [16-17]. 

The design of the mechanism of a congestion charging 
system is related to the willingness of the public to accept 
congestion charging [18]. Bonsall and Cho [19] found that 
public acceptability of complex charging mechanisms, such as 
time-based charging or charging based on congestion delays, 
is lower than fixed-rate charging. More complex a congestion 
charging mechanism is, the more difficulty the public will 
have in understanding it, which has led to public disapproval 
[20]. 

Considering Greece, the problem of traffic congestion has 
already come to an acute stage for most cities and is still 
growing fast. The average Greek driver spent approximately 
36 hours in road congestion the year 2017, the fifth higher 
waste of time comparing to others European countries [21]. 
The continuous increase of the vehicle fleet in combination 
with the decrease of the new registrations from 2007 onwards 
[22], indicates that old technology cars are not withdrawn 
which leads to an aging vehicle fleet. The large number of 
motor vehicles traveling in the Athens city center combined 
with the high average age of the vehicle fleet is a major cause 
of atmospheric and noise pollution. 

The current management traffic system called Athens 
Ring (Daktylios Athinon) controls the private car access in the 
city center according to an odd/even system. The odd/even 
restrictions correspond the last number of a vehicle’s license 
plate number to the calendar date. The Athens Ring originally 
designed and intermittently implemented from July 1979 and 
later imposed as a permanent solution to control traffic 
congestion in 1982. The Athens Ring allows environmentally 
friendly vehicles (electric cars and vehicles categorized as 
Euro5 or Euro6) to circulate without restriction on any day at 
any hour as of September 2012. Unfortunately, the number of 
private cars in modern day Athens has more than quadrupled 
since 1982 and legislation has not been revised to reflect this 
phenomenon.  

In that context, the objective of this study is to investigate 
and analyze drivers’ acceptance toward environmental 
transport charging policies with emphasis on environmental 
charging (annual card) for private cars access in Athens 
center. For this purpose, a questionnaire has been developed 
and a stated preference survey has been conducted which lead 
to the development of a statistical model, presented in the 
following chapters. 

II. DATA AND METHODOLOGY 

A. Survey 

Within the framework of the present research, a personal 
interview, questionnaire-based survey was undertaken, 
aiming at collecting information on the level of understanding 
and accepting environmental charging policies and measures 
for private cars access in Athens. The questionnaire survey 
included questions on travel characteristics of respondents, 
environmental awareness and sensitivity, stated preference on 

alternative annual card cost and demographics. Questionnaire 
filling time was on average 10 minutes. 

The first part of the questionnaire focused on the drivers’ 
travel profile and on the characteristics of their cars. 
Respondent’s travel profile included information on the main 
transport mode used for accessing workplace/ education or 
leisure, the number of weekly trips, the travel cost, if they 
travel through the Athens center and the drivers’ satisfaction 
on their typical daily trip. Concerning the car’s characteristics, 
there were questions about the cubic capacity, the year of first 
registration and fuel type are included. 

The second section investigated respondents’ 
environmental awareness and sensitivity. In particular, it 
includes a series of questions related to perceptions of key 
environmental issues of road transport as well as some general 
environmental questions. Respondents were asked to state 
their opinion on environmental pricing measures, such as 
environmental vehicle registration fees, environmental 
incentives for old-technology vehicles withdrawal, 
environmental incentives to purchase new-technology and 
environmental friendly vehicles, environmental car access 
fees in urban areas, and environmental tolls. 

The third part examined a hypothetical scenario of 
replacing the current car access mobility restrictions (Small 
Ring) in the center of Athens with an environmental charging 
system for private cars (annual card). It targeted at identifying 
the public acceptance of the annual card, considering the 
charging depending on the year of the vehicle’s first 
registration and the time saving of a typical trip. This refereed 
to the stated preference part of the questionnaire which will be 
further analysed in the statistical analysis section. Finally, the 
fourth part collected information on demographics 
characteristics of respondents (gender, age, income, education 
level and so on). 

B. Area 

Athens is the capital and largest city of Greece, and among 
the most important economic centers in Southeastern Europe. 
The city of Athens (Municipality of Athens) has a population 
of 664,046 inhabitants [22] of which 315,210 are men and 
348,836 are women, and a land area of 38.96 km2. Residencies 
correspond to a 35% of the metropolitan area’s total land uses, 
while 7% of that land corresponds to industrial activities, 6% 
to administration, 5 % to recreation and 26% to commerce and 
other activities [23]. 

Passenger cars constitute 69% of the total vehicle fleet in 
Attica, followed by motorcycles (motorcycles and mopeds) 
with 24%, trucks with 6.7% and buses with 0.3% [24]. 
Considering passenger vehicles there is a steady annual 
increase (1.2% on average) after the year 2013. 

Noise and air pollution are two fundamental problems 
facing Attica Region today. According to the latest Strategic 
Noise Map published by the Ministry of Environment and 
Energy in 2013, more than half of the residents of Athens 
(53%) living or moving in the city center, experience daily 
noise values of 65-70 dB. During 2018, the highest NO2 air 
pollution emissions of the last five years were identified [25].  

C. Sample Characteristics 

Data were collected through a questionnaire that was 
completed in the form of interviews in areas of the northern, 
southern, central and western suburbs of Athens. The filtering 



procedure on the database A quality and validity check was 
performed leading lead to a total of 370 questionnaires. The 
sample size was considered sufficient for the purposes of the 
study. 

The collected data were interpreted using descriptive 
statistics. As expected, the percentage of men (49%) who 
answered the questionnaire is approximately equal to the 
percentage of women (51%). Also, almost equal percentages 
are observed in the age categories 18-30 and 31-55. The 
largest age group (>55) constitutes the smallest percentage 
(16%) of the sample. The results confirm that the sample 
follows a properly balance stratification with respect to these 
parameters (Fig. 1, 2). 

 

Fig. 1. Distribution of respondents per gender 

 

Fig. 2. Distribution of respondents per age group 

III. RESULTS  

A. Descriptive Analysis 

A preliminary part of the analysis focused on interpreting 
collected data using descriptive statistics. According to Fig. 3 
respondents satisfactorily accept the proposed annual card 
policy for their access into the center of Athens. In fact, the 
respondents who drive the newest and oldest technology 
vehicles seem to accept the proposed policy to a greater extent 
compared to those who drive a car with a registration date 
between the years 2001 to 2010. 

 

Fig. 3. Acceptance level of the annual card system according to the year of 
private car’s first registration 

Moreover, the majority of survey participants (57%) prefer 
the suggested annual card system instead of the existing 
management traffic system in the center of Athens which is an 
odd/even system (Athens Ring). In particular, it is observed 

that the owners of vehicles with first registration date after 
2015 are more positive towards the proposed annual card 
system. 

 

Fig. 4. Preference level of the proposed system and the current system in the 
center of Athens according to the year of private car’s first registration 

Another interesting figure refers to the fact that about 1 out 
of 3 older technology vehicle owners is willing to replace 
her/his private car in case that annual card system is applied. 
Within this question, drivers of private cars with first 
registration date between 2001 and 2005 have the lowest 
percentage of willingness to replace their car (Fig.5). 

 

Fig. 5. Willingness to replace the vehicle in case of implementation of the 
annual card system according to the year of private car’s first registration 

B. Theoretical Background 

The questionnaires have brought out a large number of 
variables. Following the data collection and the data base, it 
was decided that statistical binary logistic regression model 
would be appropriate for the statistical analysis of the 
proposed annual card system acceptance. Specifically, a 
binary logistic regression model was developed to model how 
parameters of annual card cost, travel time saving, date of 
private car’s first registration, demographic characteristics, 
vehicle’s characteristics, respondent’s travel profile and 
environmental awareness influence the public acceptance of 
the proposed environmental charging policy (annual card) for 
private cars access in the center of Athens. 

Following Washington [26], in developing the logistic 
regression equation, the LN of the odds represents a logit 
transformation, where the logit is a function of covariates such 
that: 

𝑌𝑖 = 𝑙𝑜𝑔𝑖𝑡(𝑃𝑖) = 𝐿𝑁 (
𝑃𝑖

1−𝑃𝑖
) = 𝛽𝜊 + 𝛽1𝛸1,𝑖 + 𝛽2𝛸2,𝑖 +⋯+ 𝛽𝜅𝛸𝜅,𝑖 (1) 

and where β0 is the model constant and the β1, …, βΚ are the 
unknown parameters corresponding with the explanatory 
variables (Xk, k = 1, …, K the set of independent variables). 
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In the analysis under consideration, the dependent variable 
was considered to be discrete taking into account the fact that 
it corresponded to values 0 (I do not accept the annual card 
system) and 1 (I accept the annual card system). The final 
model was evaluated considering the common statistical tests 
(R2, t- test etc.) but also based on the logical explanation of the 
results. In order a variable to be accepted as an independent 
variable, it should be statistically significant and thus a control 
coefficient Wald test was carried out for each variable. 

The correlation of variables was also examined to select 
the best-fitting mathematical model. In practice, what is 
expected is the best possible correlation between dependent 
and independent variables and the zero correlation between 
independent variables. Those independent variables that 
showed high correlation, greater than the empirical upper 
bound of 0.5 were not taken into account in the final model. A 
variable was considered in the final regression model if the 
corresponding parameter estimate was significant at 95% 
confidence level. In particular, a variable was considered 
statistically significant only if the respective value of the t- test 
was higher than 1.7 [27]. 

To complement the developed model, elasticity analyses 
were conducted as well. As defined in practice, elasticity 
analyses allow for the quantification of the response of the 
dependent variable for a 1% change of an independent 
continuous variable. When dealing with independent 
categorical variables, it is meaningful to implement pseudo-
elasticities to obtain the incremental changes that are incurred 
as a result of category changes in the categorical variables 
[27]. By using elasticity and pseudo-elasticity analyses, the 
influence of each variable on the acceptance of annual card 
system was thus quantified. Following Washington [26], the 
elasticity of a dependent variable Y with respect to a 
continuous independent variable Χ that has a regression 
coefficient β can be defined as: 

𝑒𝑖 = 𝛽𝑖
𝛸𝑖

𝛶𝑖
≈

𝜕𝛸𝑖

𝜕𝛶𝑖
∗
𝛸𝑖

𝛶𝑖
      (2) 

For categorical independent variables, the pseudo-
elasticity is defined as per the exponential change: 

𝐸𝛸𝑖𝑘
𝜆𝑖 =

𝐸𝑋𝑃(𝛽𝑘)−1

𝐸𝑋𝑃(𝛽𝑘)
   (3) 

The absolute elasticities can be rescaled to fit the range of 
all independent variables, by setting the lowest value to 1 and 
adjusting the rest of the variables in proportion with their 
absolute score. All independent variables that included in the 
final model were treated as continuous variables except from 
variable ‘Gender’ which was treated as categorical. 

It should be noted that the final selection of the model was 
made after several configuration considerations of the many 
possible combinations of variables, which were documented 
but are not presented here for brevity. The analysis was 
conducted using SPSS Statistics [28].  

C. Statistical Analysis 

Before proceeding to the core analysis of the present 
research the key objective should be recalled. More 
specifically, the aim is to investigate the acceptance of a 
proposed annual card in Athens based on questionnaire data 
and through a stated preference survey with key parameters 
the time and the cost of a 20 minutes hypothetical trip in 
Athens. In Table I the results of the binary logistic model are 
presented and explained below. 

TABLE I Binary logistic model results for annual card acceptance 

Independent 

Variables 
B 

Std. 

Error 
Wald Sig. 

Absolute 

elasticity 

Relative 

elasticity 

Cost -0.026 0.002 187.327 0.000 -14.332 60.25 

Travel time saving 0.336 0.022 230.029 0.000 2.555 -10.74 

Gender -0.272 0.148 3.285 0.032 -0.176 1.00 

Age -0.326 0.114 7.890 0.040 -0.238 1.00 

Private car’s 1st 

registration 
-0.164 0.085 3.729 0.039 0.406 1.70 

Weekly trips for 

work & education 
0.511 0.122 17.687 0.000 0.735 -3.09 

Engine capacity 0.483 0.057 21.743 0.000 0.385 -1.62 

Annoyance from 

exhaust fumes 
0.105 0.129 3.043 0.000 1.056 -4.44 

Annoyance from 
road traffic noise 

0.603 0.098 32.433 0.089 0.349 -1.47 

Constant -6.156 0.750 65.804 0.000 - - 

Adjusted R2 0.453 

 
Regarding the Goodness-of-fit measures, it should be 

noted that the Adjusted R2 value is 0.453 while all individual 
parameters have significant p- values. Based on model results 
the parameters that affect the acceptance of the annual card 
system are presented below. 

 The variable “Cost” represents the cost of the annual card 
and corresponds to three different price values depending 
on the year of first registration of the respondent's car (low, 
medium, high). The price range of the variable is from 40 
€ to 560 € per year. 

 The variable “Travel time saving” represents the time 
saving of a typical everyday trip in case of the 
implementation of the annual card and corresponds to 
three values (5, 10 ,15 minutes). 

 Variables “Gender” and “Age” represent the respondent’s 
gender (female, male) and age group (18-30, 31-55, 55+) 
respectively.  

 The variable “Private car’s 1st registration” represents the 
year of first registration of the respondent’s private car and 
corresponds to five age groups (≤2000, 2001-2005, 2006-
2010, 2011-2015 and ≥2016).  

 The variable “Weekly trips for work & education” 
represents the number of trips that occur in the greater area 
of Athens per week for work or education.  

 The variable “Engine capacity” represents the engine 
capacity of the respondent’s private car.  

 Variables “Annoyance from exhaust fumes” and 
“Annoyance from road traffic noise” represent the 
annoyance level from exhaust fumes on roads and from 
road traffic noise in the center of Athens, respectively 
(1=not at all annoying,..,5=very annoying). 

The elasticity analysis indicates that the cost of the annual 
card has the most significant influence and is the main factor 
that affects the level of acceptance of the annual card system 
for the controlled passenger cars access in the center of 
Athens. It is observed that an increase in the cost of the annual 
card leads to a decrease in the public acceptance level of this 
policy. In particular, an increase of 1% of the annual card cost 
decreases the possibility of acceptance by 14.3 %. This may 
be explained by the desire of the respondent to pay the 



minimum possible amount of money for her/his travel using 
private car in the center of Athens while it is also affected by 
the economic crisis in Greece in the last decades. 

The time saving of a typical travel with a car is also a 
critical factor that affects the level of acceptance of the 
proposed annual card system in the center of Athens. In 
particular, an increase of 1% of the travel time saving 
increases the acceptance of the proposed annual card system 
by 2.5 %. The increase in travel time saving leads to increased 
acceptance of the annual card, probably because the reduction 
of the daily travel time is a dominant desire of drivers, 
especially on those that work in the center of Athens. 

The third most important factor, which affects the 
possibility of acceptance of the proposed annual card system, 
according to the calculated elasticity, is the level of annoyance 
from the exhaust gases on roads. Considering the elasticity 
analysis, an increase of 1% of the variable “Annoyance from 
exhaust fumes” increases the acceptance of the proposed 
annual card system in the center of Athens by 1%.  Probably, 
this behavior is explained by the fact that the passengers who 
are bothered by the exhaust gases see the implementation of 
this environmental policy as a way to limit the exhaust gases, 
through the possible reduction of traffic. 

 It also turned out that the drivers who make many trips 
during the week for the purpose of work or education accept 
to a greater extent the implementation of the annual card 
system in the center of Athens. A possible explanation is that 
drivers who make many trips per week believe that through 
the implementation of a system like the proposed one will help 
them to save significant time from their daily trips. Weekly 
trips for work or education is also a quite important factor that 
affects the acceptance of the annual card system. 

Respondents driving old technology cars, in other words 
cars older than twenty years, are more likely to accept the 
annual card system compared to respondents who own newer 
technology cars. Possibly, this is explained by the fact that a 
private car which does not cause much environmental burden, 
should probably not have been included in the policy of the 
annual card and had free access to the center of Athens. Also, 
considering the vehicle’s characteristics it was observed that 
by increasing the private car’s engine capacity, the possibility 
of accepting the annual car access card to the center of Athens 
also increases. Possibly, this is due to the fact that most drivers 
who own large private cars are more likely to have a high 
income and be able to afford the cost of the annual card more 
easily. 

The annoyance by road traffic noise is a factor that 
increases the level of accepting the annual card system. It is 
likely that commuters disturbed by traffic noise view these 
policies as environmental measures that will restrict traffic, 
especially of old-fashioned vehicles, and therefore the traffic 
noise they cause to some degree. However, the relative 
influence of the variable is quite small on the final 
mathematical model which describes the level of acceptance 
of the annual card. 

 Regarding demographic characteristics of drivers-
respondents, it was found that men and younger people are 
more likely to accept the annual card system, than women and 
older drivers respectively. This is probably due to the fact that 
men are more connected to their private vehicle and, also, that 
young people are more flexible and open to new situations, 
while older people are attached to their habits. Also, this may 

be explained by the fact that young people may be 
characterized by a greater environmental sensitivity compared 
to the elderly. Considering elasticity analysis, the variable 
representing the age of the respondent affects less than all 
other continuous variables the acceptance of the proposed 
system. 

Considering the next sensitivity figures, conclusions are 
drawn in agreement with what has been previously mentioned. 
More specifically, Fig. 6 confirms that men compared to 
women are more receptive to the implementation of the annual 
card system in the city center and there is a declining 
acceptance trend as annual costs increase regardless of gender. 

In addition, an increase of the year of private car’s first 
registration as shown in Fig. 7, leads to the acceptance of the 
proposed annual card system. At the same time, there is a 
decreasing trend as the cost of the annual card increases, while 
when the cost is greater than 400 € the acceptance possibility 
of the annual card is zero. Finally, Fig. 8 shows a higher 
acceptance possibility of the annual card by younger people. 
However, the possibility of acceptance of the annual card 
decreases as the cost of the annual card increases regardless of 
the respondent’s age. 

Fig. 6. Annual card acceptance according to the gender of the respondents 

 
Fig. 7. Annual card acceptance according to the year of the private car’s first 
registration 

Fig. 8. Annual card acceptance according to the respondent’s age 



IV. CONCLUSIONS 

The present research aimed to explore the factors affecting 
the drivers’ acceptance toward environmental transport 
charging policies with emphasis on environmental charging 
(annual card) for private cars access in the center of Athens. 
In order to achieve that aim, a questionnaire was developed 
and a stated preference analysis was conducted. The 
questionnaire-based survey was undertaken, aiming at 
collecting information on the level of understanding and 
accepting environmental charging for private cars access in 
the center of Athens. The questionnaire survey included 
questions on travel characteristics of respondents, 
environmental awareness and sensitivity of the respondents, 
stated preference on alternative annual card cost and 
demographics. 

After data collection, a dataset was produced consisting of 
370 drivers’ responds in Athens. Based on that dataset a binary 
logistic regression model was developed which provided 
valuable insights as a number of affecting factors was 
determined for the level of acceptance of the proposed annual 
card system. In short, it was observed that annual card cost and 
travel time saving are the main factors that affect the 
acceptance of the annual card. The third most important factor, 
which affects the acceptance of the proposed annual card 
system, is the level of annoyance from the exhaust gases on 
roads. 

 Furthermore, drivers who make many trips during the 
week for the purpose of work or education are more likely to 
accept the annual card. Also, respondents who drive old 
technology cars (older than twenty years) are more likely to 
accept the annual card system compared to respondents who 
own new technology cars. Finally, considering demographic 
characteristics men and young people intend to accept the 
proposed policy to a greater extent than women and other 
age’s travelers respectively. However, respondent’s age 
affects less than all other variables the acceptance of the 
annual card system. The resulting high (adjusted) R2 value 
lead to the conclusion that the vast majority of contributing 
factors of acceptance of annual card system in the city of 
Athens have been captured by the current study. 

 Considering that the environmental factor will be of high 
priority for all policymakers, respective stakeholders and 
cities will be planning and implementing sustainable urban 
mobility strategies and policies for the next decades in order 
to transform the cities, the present study deals with an on-
going important transformation plan. Future research should 
focus on the comparison of these environmental transport 
charging policies in different countries/cities in order to 
identify regional characteristics that affect the public 
acceptance. Moreover, apart from the examined annual card 
system in the center of Athens, several other policies should 
be deeply investigated in order to provide to policymakers the 
most appropriate policies for each city. 
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