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Abstract

Tehran, with an area of about 780 square Kilometres, is the largest city in Iran with a
population of about 8 million people, where more than 15 million vehicular trips are made.
The share of traffic in the consequences of air pollution in Tehran is estimated to be more
than 55%, and traffic is the main cause of air pollution. One of the possible solutions for the
problems caused by the use of private cars, especially the traffic and air pollution of Tehran
in the central part of the city, is the policy of creating a “car-free city center”. For this reason,
this study has been conducted with the aim of identifying and evaluating the factors affecting
the preferences of Tehran citizens for the * car-free city Center” using Random Parameter
Logit Model. The findings of this study indicate that the component “Recrehigher” and the
components “Dist9min” and “Dist3min” in the central part of the city, are relatively more
important compared to the rest of the attributes affecting the preferences of the people of
Tehran in choosing a “car-free city center”. The highest amount of “willingness to pay” of
Tehran citizens are for the component of “Recrehigher” in the central part of the city, in
the amount of 160,000 Rials and the components of “Dist9min” and “Dist3min” is about
120,000 Rials to 150,000 Rials per transfer in the city center areas, respectively.
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1. Introduction

One of the attractive solutions is "car-free city centers", defined areas in the center of cities
where the use of private cars is prohibited or severely restricted. Following the growth of
urbanization in Iran in the past few decades, cities faced many problems, including
congestion and pollution, especially in the central part of the cities. The study of the World
Bank shows that the amount of avoided economic costs related to air pollution in Tehran
is estimated at 1.6 billion dollars per year (Heger & Sarraf, 2018). In recent decades,
various traffic policies have been implemented in Tehran. From July 2018, the "even and
odd" plan was removed from Tehran's traffic policy after 14 years, and the "reduction of
air pollution" plan replaced it, the most important reason for which was the ineffectiveness
of the even and odd plan. One of the possible and sustainable solutions for the problems
caused by the use of personal cars, especially the traffic in Tehran and the congestion in
the central part of the city, is to create a "car-free city center”, which requires policies. In
order to make policies in the field of transportation and urban traffic, the challenges should
be examined at the micro level by measuring the preferences of the residents of different
areas of Tehran. The purpose of this research is to identify and evaluate the factors
influencing the preferences of Tehrani citizens to choose "car-free city center" using a
Random-Parameter Logit Model under the discrete choice experiment approach.

2. Materials and Methods

In the first stage of the Experimental Design, the attributes of the "car-free city center" were
calculated using a documentary methodology and an expert meeting, and based on this, six
attribute affecting the preferences of the citizens of Tehran were selected?. In the second
step, the levels of these features were determined (Table 1).

Where (Bikelane, Bikesep, ..., Recrehighest) are the levels of the attributes of the
scenario and (gender, age, education, region, income and car) the values of socio-
demographic variables. CF is a dummy variable indicating whether the city is car-free (CF
=1) or not.

Data Collection and Sample: The statistical population includes the citizens of Tehran
living in 22 districts who are affected by the "car-free city center" policy for various reasons
such as work, education, recreation, shopping, administrative affairs, etc. 880
questionnaires were sent by random sampling method and using mixed survey, and finally
about 420 completed questionnaires were received.

Design Choice Sets and Questionnaire: The next design step is to determine the choice
sets and its alternatives. Depending on the number of attributes and their levels, there will
be 972 possible combinations to choose from (3x3x3x3x3x4). This type of design is the
most complete type of experimental design, which is called full factorial design. the design
size must be reduced, which is done using fractional factorial design (Louviere, 2000). The
D-optimal method makes it possible to select the optimal combinations of questions that
provide the most statistical information about individuals' preferences. Questionnaire
questions were designed and selected in an orthogonal design with 20 choice sets using D-
optimal criterion using Minitabl6 and Design-Expertl2 software. Table 2 shows an
example of a choice set.

3. Discussion
The Random-Parameter Logit Model (RPL) is a generalized form of the
Multinomial/conditional logit model, but it is not bound by the Independence of Irrelevant

1. In similar foreign studies, mainly these six obtained variables are the basis of analysis, but the levels of these
variables were redefined according to the economic and social conditions of Tehran city so that the determined
levels are significance for the respondents.
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Alternative (ITA) assumption. This feature of the logit model with random parameters
makes it possible for the parameters of the observed variables (x;) to change randomly
among the respondents instead of being fixed (Trian, 2009).

In order to explain the RPL model, the utility function can be divided into two
observable and unobservable parts as the following equation.

Uni = Vni + &ni = Bxni + €ni

In this case, Contrary to the assumption of constant [ parameter in
multinomial/conditional logit models, in the RPL model it is assumed that it changes among
the respondents. Therefore, it can be written 8,= B + 6,, where S is the average of this
parameter and constant and 6,, is a random term that includes unobservable individual
effects such as tastes. Therefore, the utility function can be written as the following
equation:

Uni = Vi + &ni = BnXni + &ni =(B + 0p)xpn; + &p;

Assuming that the disturbance term &,; has an independent and identically distributed
(iid)? with the Extreme - value, the probability of choosing the alternative i will be the
following equation:

evni(ﬁ) eﬁnxni

Ly =

Z] evn]‘(ﬁ) - Zjeﬁﬂxnj

If the researcher does not know the individual preferences of the respondents, then the
B parameter changes among people with the density f(8,| 8,0) where 8 represents the
mean and 6 are the parameters of this distribution. Since the researcher cannot observe the
real tastes of people, the probability will be the integral expression of L,; over all the
possible values of S that are weighted by the density of 5. Therefore, the probability of
unconditional selection is the integral of the logit specification over all possible values of
B, which will be in the form of the following equation:

eBnxni
Pni = [ Lpi f(B)dp = f[m]f(ﬂ)dﬂ

This probability is approximated through simulation based on the values given to 6, and
for each value given to 6, a value for § is extracted, and this repetition is done until the
value of the simulated likelihood integral reaches a convergence (Revelt & Trian, 1997).

In this research, the results of conditional logit (CL) and Random Parameters Logit
(RPL) were estimated using STATA 17 software. Initial estimates were made using CL
model with the aim of estimating the main effects, and compared to similar foreign studies,
the statistical and economic results obtained show the appropriate specification of the
model and the significance of the coefficients of the influencing components. In this
research, the Hausman test was used to test the assumption of Independence of Irrelevant
Alternative (ITA), and the results of Hausman test indicate that the hypothesis H, based on
the IIA assumption was rejected for all three alternatives. Therefore, in this research,
random parameters logit estimator was used to solve the bias of not satisfying this
assumption. Based on the results obtained in the RPL model, respectively, the components
of “Recrehigher” with a coefficient of 5.43, “Dist9min” with a coefficient of -5.25 And
“Dist3min” with a coefficient of -4.32 is the most important concern of Tehran citizens in
choosing the car free city center, which have the greatest effect on the desirability of Tehran

2. Based on the iid assumption, the unobservable factors (g;) among the alternatives are uncorrelated and all
the alternatives have the equal variance.
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citizens with their relative importance compared to other components. The negative sign
of the coefficients of the dist3min, dist9min and price components indicates that the
increase of these components will reduce people's utility, which is completely consistent
with the theoretical foundations of the utility function. It iS an important point that the
coefficients of the components Parkunguard and Parkguard are almost the equal, and this
indicates the indifference of the citizens of Tehran to the type of parking facilities. In other
words, the main concern of Tehran citizens is only the presence of parking on the border
of the defined prohibited area.

Ujp = 10.96 cf + 1.11 bikelane;, + 1.25 bikesepj, — 4.32 dist3min,
— 5.25 dist9min;, + 2.17 freqhigher;, + 1.73 freqhighest,
+ 2.49 parkunguardj, + 2.48 parkguard j, + 5.43 recrehigher;,
+ 2.33 recrehighest;, — 0.34 pricej,

Observation= 8397

Log simulated-likelihood =-1197.92
LR chi2 (10) = 55.49

prob>chi2 = 0.000

Examining the interaction effects by multiplying the demographic variables with the
binary variable CF (for example age x CF) shows that only the "income variable" is
significant at the 5% level and its coefficient has a positive sign. That is, with the increase
in the income level of the respondents or citizens of Tehran, the probability of choosing
“the car free city center” increases. The main advantage of the DCE is their compatibility
with the consumer theory, which enables the estimation of "willingness to pay" for each
component or attribute (Alpizar et al., 2001).

4. Conclusion

The findings of this study show that all the investigated components were statistically
significant at the 1% level and have the expected sign. The components of “Recrehigher”,
“Dist9min” and “Dist3min” and in other words the attributes of green space and
recreational areas and the level of access to public transportation stations In the central part
of the city, they are relatively more important compared to other factors affecting the
preferences of the people of Tehran. The negative sign of the average coefficients of
walking to access public transport stations shows that a “Dist9min” compared to the current
situation (6 minutes) is perceived as a worsening of people's situation, and a “Dist3min”
increases clearly the probability of choosing of the car-free city center. This issue is
precisely observed in the study of Gundlach et al. for the city of Berlin. The coefficient of
the Separate Road network for cyclist’s component is slightly larger compared to the
Bikeways next to every road component on the side of the street. The interpretation is that
a Separate Road network for cyclists is slightly preferable to Bikeways next to every road.
In the study of Gundlach et al., there is also the same type of behaviour and preference for
the cycling route. Based on the results of the estimation of the willingness to pay in this
study, the highest amount of willingness to pay by the citizens of Tehran for the component
“Recrehigher” in the amount of 160,000 Rials and the components “Dist9min” and
“Dist3min” is about 120,000 Rials to 150,000 Rials per transfer in the central part of
Tehran. It is very important to know this type of behaviour and people's preference in policy
making.
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Table 4. Estimation results of the conditional logit model
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Table 1. Logit model estimation results with random parameters considering the
mutual effects of demographic variables and binary variable cf
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Observation= 8397

Log simulated-likelihood =-1195.93

Wald chi2 (18) = 61.73

prob>chi2 = 0.000
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Table 2. Estimation results of logit model with random parameters with consideration of
mutual effects to identify heterogeneity of preferences
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Observation= 8397

Log simulated-likelihood = -1193.74
LR chi2 (18) =55.34

prob>chi2 = 0.000
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