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Abstract 
Increasing vehicular traffic in urban areas is a major problem. Shifting 

towards private vehicle and reduction of public transport creates the strain 

on urban infrastructure. Leading to a congestion trap. To evade from the 

congestion trap, a well-proven parking management strategy is adopted 

taking Bhubaneswar as case study. The methodology for the work is 

developed taking parking charges as management tool. A stated choice 

experiment is to be done taking different attributes of parking to calculate 

the shift to public transport. The detail of the experimental design and the 

model development are explained in the paper. 

Index Terms:Stated choice, attributes, demand model, parking. 

International Journal of Pure and Applied Mathematics
Volume 118 No. 18 2018, 1269-1278
ISSN: 1311-8080 (printed version); ISSN: 1314-3395 (on-line version)
url: http://www.ijpam.eu
Special Issue ijpam.eu

1269



 

 

 

 

1. Introduction 

  Motivation 

Efficient transport infrastructure is the prerequisite for sustainable economic 

development of any country. However huge investment in terms of land as well 

as finance is required for appreciable development of this infrastructure. Adding 

lanes to the existing roads to cater the increasing mobility demand with escalating 

number of vehicles have reached its limits. Especially in the urban areas, it is not 

possible to add to width of the roads because of extreme constraint of land 

availability even if necessary funds can be arranged. The problem has since been 

recognized in the advanced developed countries, traffic control and management, 

more efficient use of existing roadway capacities, harmonized traffic flows, the 

prioritization of public transport means are some of approaches to better 

management of mobility in densely populated urban area.  

In developing countries, the magnitude of the problem has started taking 

attention of planners. In recent past, the magnitude of the problem has increased 

many folds in Indian cities due to increase in the number of private vehicles. The 

affordability of middle class population has increased and the availability of 

cheaper cars, has further enabled the urban middle class to own cars. Hence the 

need of the hour is to devise a methodology to deter the use of private vehicle and 

encourage the use of public transport which is best suitable for a particular urban 

Area.  

Different initiative taken by the planners patronizing public transport and 

imposing some restriction on the use of personalized vehicles through parking 

management (Bayliss, 1999), appears to be the most promising means for travel 

demand management. The Ministry of Urban Development, in its “National 

Urban Transport Policy” recognize the increasing urban road congestion and its 

associated air pollution. Their strategy puts primary emphasis on the need to 

increase the efficiency of use of road space by favoring public transport and by 

the use of traffic management instruments to improve traffic performance and by 

restraining the growth of private vehicular traffic. Some of the key points from 

the National Urban Transport Policy concentrate around i. Public vs personal 

transport and ii. In–street traffic and parking. In–street traffic and parking 

adoption of mechanisms restraining the use of private motors vehicles through 

the market mechanisms such as higher fuel taxes, higher parking fees, reduced 

availability of parking spaces is taken as a criteria. Present paper explain a 

methodology taking parking pricing as a tool to tweak the Travel Demand from 

Private modes (Car, Two wheelers) towards public transport  taking 

Bhubaneswar as study area. 

2. Study Area 

A part of Bhubaneswar the state capital of Orissa India is taken for the study. It is 

one of the fastest growing cities of India. 10 million populations live………..(Pl. 
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Describe). About …… people from different part of state come to state capital for 

their official and other work. Describe the routes.  

3. Methodology 

In order to carry out the work, it was necessary to design a suitable survey 

instrument, collect data from rural commuters, analyze data by developing 

suitable econometric models and calculate WTP values using those econometric 

models. The detailed methodology followed in the work is described in the 

following sub-sections 

 

 Type of Data  

The RP and/or SP data collected from commuters have been used in diverse fields 

for calculation of WTP values (Hensher 1994; Louviere 1988a; Jose 

Holguin-Veras 2002). RP data is not inappropriate if it is necessary to consider 

attributes which are presently non-existing. On the other hand, SP data facilitates 

inclusion of such non-existing or hypothetical attributes and study their 

variability (Louviere, 1988a). Although it is not advisable to use stand-alone SP 

models for predictions, they can be very effective for WTP calculation (Hensher 
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and Sullivan 2003). As the present study is aimed to calculate WTP values, SP 

data is found appropriate over RP data.  

SP data may be collected in the form of rating, ranking, and choice. Stated choice 

(SC) experiments provide a framework for studying the relative marginal 

disutility of variations in attributes, and their correlations (Louviere et al. 2000). 

SC methods are well established and suitable for understanding and predicting 

consumer tradeoffs and choices in marketing research. They have been used 

extensively to model the behaviour of individuals (Hensher 2001a). Therefore, in 

the present work, SC method is adopted to elicit preferences by generating 

hypothetical profile of feeder service using various attributes and their levels.  

  Design of the Survey Instrument 

A SC survey instrument was designed for collecting behavioural data with 

suitable attributes and their levels describing alternative feeder services to bus 

stop.   Well-designed SC experiments require extensive pre-testing to identify 

attributes, levels, and important interactions (Louviere, 1988b).  The choice 

instruments in this study were subjected to considerable scrutiny before 

collection of data.  

  Attributes and Levels 

A proper specification of the attributes and their levels has great implications for 

the design and implementation of stated choice experiment (SCE) for producing 

proper SCE results. Various methods have been applied to the development of 

SCE attributes includes literature reviews, existing conceptual and policy 

relevant outcome measures, theoretical arguments, expert opinion review, 

professional recommendations, patient surveys, nominal group ranking 

techniques and qualitative research methods. In the present work attributes of 

feeder service for SC survey were chosen basing on literature, expert‟s judgments 

and reconnaissance survey. Reconnaissance survey following attributes and 

levels are selected for development of choice set. 

Table 1: Attributes and their Levels 

Parking Type On Street, Off Street 

Discomfort Level AC, Non AC 

Parking Time On Street( 4min, 7min, 10min) Off Street (5min, 10min, 15min) 

Headway Public Transport 5min, 10min, 15min 

Access& Egress Time for Bus / Parking 5min, 10min, 15min 

Parking Cost Car (on street - Rs20, Rs30,Rs40, Off Street Rs10, Rs15,Rs20) 

TW (on street - Rs10, Rs15,Rs20, Off Street Rs5, Rs10,Rs15) 

Cost of Travel /Km Rs.1.00, Rs.1.50, Rs.2.00 

  Design of Choice Set 

Choice sets could be formed by full factorial design considering all possible 

combinations. Five attributes with four levels each and one with three levels 

would have produced 2
2
*3

5
 or 972 alternatives using full factorial technique. 

However, it was neither necessary nor practically possible to include all these 

combinations in the SP experiment.  Alternatives are reduced using D-optimal 

design, one form of design provided by a computer algorithm (de Aguiar et. 
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al.1995). Unlike standard classical designs such as factorials and fractional 

factorials, D-optimal design matrices are usually not orthogonal and effect 

estimates are correlated. D-optimal designs are straight optimizations based on a 

chosen optimality criterion and the model that will be fit. The optimality criterion 

used in generating D-optimal designs is one of maximizing, the determinant of 

the information matrix. Using D-optimal technique 6 combinations of choice sets 

were generated. Each combination contained 8 choice sets which were included 

in each questionnaire. A total of two sets of questionnaires were prepared for 

each type of vehicle (i.e. Two wheeler and car). A sample choice set is given 

below in Table 2. 

Table 2: Choice Set 

Vehicle Bus Car 

Parking Type  On street 

Discomfort Level Non AC  

Parking Time  7min 

Headway 15min  

A & E Time for Bus / Parking 15min 5min 

Parking Cost  Rs.30/Hr 

Cost of Travel /Km Rs.1.00/KM Rs.4.00/KM 

Choice   

 Econometric Model  

The MNL model is used for analysis of SP and/or RP data due to its simplicity in 

estimation. But MNL models impose restrictions such as Independence of 

Irrelevant Alternatives (IIA) and also assume that the coefficients of all attributes 

are to be the same for all respondents in a choice experiment, whereas in reality 

there may be substantial variability in how people respond to attributes. 

Advances in logit models to overcome the restrictions of MNL completely, lead 

to the development of RPL or Mixed Logit (ML). In RPL model development, it 

is necessary to make suitable assumption about the distribution of random 

parameters. Generally available alternative distributions are normal, lognormal, 

uniform and triangular. However, all these distributions have the disadvantage of 

producing wrong sign to some shares due to the spread or standard deviation. It is 

possible to overcome the disadvantage of distribution by imposing a constraint on 

the spread. In a constrained triangular distribution, mean and spread are made 

equal to minimize the effect of spread on the estimation of values, yet producing 

estimates with proper sign (Hensher and Greene 2001). When mean and spread 

are made equal, the constrained distribution has a peak in the density function 

with two end points of the distribution fixed at zero and 2*mean, so that there is 

no free variance (scaling) parameter. Constrained triangular distribution has 

several advantages over the other distributions. In the present work, the 

constrained triangular distribution is assumed for random parameters while 

developing RPL models. Users‟ valuation of attributes may also be influenced by 

one or more socioeconomic attributes. The effect of socioeconomic 

characteristics on the mean of random parameter (called „mean heterogeneity‟) is 

also investigated with RPL model in the present work.  
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 Theoretical Background 

In econometric models based on Random Utility Theory (McFadden, 1974), the 

utility of each element (k) consists of an observed (deterministic) component 

denoted by „V‟ and a random (disturbance) component denoted by „ε‟, 

Uk = Vk + εk          (1) 

The deterministic part Vk is again a function of the observed attributes (x) of the 

choice as faced by the individual, the observed socioeconomic attributes of the 

individual (t) and a vector of parameters (β), then 

 Vk = Vk (x, t, β)        (2) 

A probabilistic statement can be made (due to presence of the random 

component) as, when an individual „t‟ is facing a choice set, ‘Ck’, consisting of 

‘Jk’ choices, the choice probability of alternative ‘i’ is equal to the probability that 

the utility of alternative ‘i’, Uik, is greater than or equal to the utilities of all other 

alternatives in the choice set i.e. 

 Pk(i) = Pr(Vik + εik ≥ Vjk + εjk, for all j Ck, j ≠i) 

Assuming IID (Gumbel distribution) for ε, the probability that an individual 

chooses i can be given by the MNL Model (McFadden, 1974; Ben-Akiva and 

Lerman, 1985), 
ik

ik

V

k V

j jk

e
P

e

         (3)  

This model can be estimated by Maximum Likelihood techniques. The RPL 

model is a generalized form of MNL. It is used to account for unobserved 

heterogeneity and to overcome IIA limitations. Let the utility function of 

alternative „i‟ for individual „k‟ be: 
ˆ

ik ik ik l ik k ik ikU x x x
  (4) 

Thus, each individual‟s coefficient vector „β‟ is the sum of the population mean 

l  and individual deviation k


, ikk x


are error components that induce 

heteroskedasticity and correlation over alternatives in the unobserved portion of 

the utility. This means that an important implication of the mixed logit 

specification is, that it is not necessary to assume that the IIA property holds. Let 

tastes, „β‟, vary in the population with a distribution with density f (β|θ), where 

„θ‟ is a vector of the true parameters of the taste distribution. If the error terms 

(εik) are IID type-I extreme value, it is a RLP model (Train, 1998). The 

conditional probability of observing a sequence of choices is the product of the 

conditional probabilities 

( ) ( ( , ) | )k k kS P n k t t
       (5) 

Where n (k, t) denotes the sequence of choices from choice sets that person „k‟ 

chooses in situation „t‟. 
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In the choice experiment, the sequence of choices is the number of hypothetical 

choices each respondent makes in the survey. The unconditional probability for a 

sequence of choices for individual „n‟ is then be expressed as the integral of the 

conditional probability in (5) over all values of „β‟: 

( ) ( ) ( | )k kP S f d
       (6) 

In general the integral cannot be evaluated analytically, and one has to rely on a 

simulation method for the probabilities. Here a simulated maximum likelihood 

estimator, using Halton draws, to estimate the models, is used (Train, 1999). This 

type of RPL is less restrictive than standard conditional logit models. Apart from 

being more difficult to estimate, literature shows that the results can be rather 

sensitive to the distributional assumptions and the number of draws applied in the 

simulation (Hensher and Greene, 2001).  

4. Survey and Database 

Choice data along with socioeconomic data were collected in the study area by 

trained enumerators during moth of February to April 2016 from 334 car and 312 

two wheeler users. The data are in the process of refinements to develop the logit 

models.  

5. Conclusion 

The paper shows a process for development of logit models to be used for 

calculating the effect of parking pricing to tweak the demand towards public 

transport. Both on street and of street parking are considered along with separate 

pricing for two wheeler and car parking. Access and egress distance also 

considered in the development of the choice set from public transport and from 

parking place in case of private vehicles. Though case specific same process can 

be used by researchers to solve similar transportation problem. 
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