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Abstract— In the recent years, urban policymakers are faced 

with growing and complex problems of congestion. 

Therefore they have begun to ask for more sophisticated 

decision-making tools, including models to forecast travel 

demand and its effect under various circumstances. Discrete 

choice models have played an important role in 

transportation modelling for the last few years.This paper 

aimed for developing discrete choice models with several 

individual and mode attributes affecting the prediction of 

individual choice. The current study is for Vadodara, the 

third largest city in Western Indian State of Gujarat, the use 

of private vehicles increased the congestion and traffic 

problems of the city. For solving the congestion and other 

traffic problems there is a need to adopt more suitable mass 

transportation mode for Vadodara city. The survey was 

formed by the Stated Preference (SP) technique conducted 

for individuals from the peripheral areas of Vadodara City 

and the predictable travel mode choice behavior was 

analyzed. The findings showed that the travel time, travel 

cost, age of respondents, travel frequency and combination 

of both are the parameters that affect the mode choice of trip 

commuters. 
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I. INTRODUCTION 

The occurrence of rapid urbanization in the world has 

created the migration of people from rural area to 

metropolitan cities. This has resulted in more people and 

goods making trips in urban areas, often over the long 

distances. Globally, people lives in urban areas are more 

compared to the people lives in rural areas. In 1950, there 

was about 30% of the world’s population was urban which 

increased to 54% in year 2014 and it is forecasted to 

increase about 66% of the world’s population is projected to 

be urban by the year 2050 and just three countries - India, 

China and Nigeria together are expected to account for 37% 

of the projected growth of the world’s urban population 

between 2014 and 2050 (World Urbanization Prospect, 

2014).  

India’s urban population concentration in million 

plus cities has been steadily increasing. According to the 

census 2011, the total numbers of 468 cities is Class 1 urban 

agglomerations / cities and are believed to constitute more 

than 70% of country’s population are urban. Continuing 

population growth and urbanization accompanied challenges 

to urban transport.  

According to a World Bank study, for every extra 

one million people in a developing city an extra 3.5 to 4 

million public transport trips per day should be generated. 

Indian cities have witnessed increasing usage of private 

vehicles because they are yet to develop adequate public 

transport systems to meet increased travel requirements. 

Since 1991, the total number of registered motor vehicles 

has gone up from 21 million to 142 million, a more than six-

fold increase. Analysis of data on registered vehicles in 

India reveals that the share of buses has declined to 1.1% of 

all registered vehicles in 2011 from 11.1% in 1951. The 

decline has been particularly rapid in the last decade from 

2000 to 2011, where the growth in two-wheelers and cars 

was significantly higher across metropolitan cities.  

The increase in urbanization and vehicle ownership 

together are putting pressure on existing transport 

infrastructure in the urban areas. As a result of availability 

of limited public transportation facilities in the urban areas, 

the private vehicles ownership has increased, leading to 

higher increase in traffic congestion, number of accidents, 

fuel consumption and a level of pollution. 

II. PROBLEM STATEMENT 

The current study is for Vadodara City, the third largest city 

in Western Indian State of Gujarat with area of 235 sq.km. 

The population of Vadodara is almost 2 million and is on the 

list of the top ten fastest developing cities of India. At 

present Vadodara is facing high urbanization and economic 

growth, with this the demand for private and public 

transport have been increasing. To meet the increasing of 

travel demand without increasing the congestion and traffic 

problems there is a need for increasing the use of high 

occupancy modes. This problem could not be addressed 

without understanding the traveler’s needs and preference of 

using the modes. 

Mode choice modeling is considered an essential 

for predicting the traveler’s behavior for mode choice and 

factors that affects in selecting a particular mode. 

III. AIM OF THE STUDY 

The main aim of the study is to assess the mode choice 

behavior of the trip commuters of Vadodara city by 

developing a model. 

IV. OBJECTIVE OF THE STUDY 

The main objective of the study is to assess the possible 

mode shift towards the new transportation modes based on 

the willingness of people and analyzing the pre and post 

effects of implementing new mass transportation mode. The 

objectives of the study also include: 

 To provide a quantitative explanation of the choices of 

travel modes for commuter trips in Vadodara city and 

analyze the most significant factors affecting the mode 

choice. 

 To prepare Mathematical models i.e. Multinomial Logit 

Models using BIOGEME software and their utility 

functions for mode choice.  

 To estimate and calibrate the chosen mode choice 

model  

 To suggest more suitable mass transport facility for 

Vadodara City. 
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V. SCOPE OF THE STUDY 

The main scope of the study is to focus on mode shift from 

personal vehicle to mass transport mode by identifying and 

understanding the factors likely to encourage the shift, a 

model for mode selection can be developed. 

The study is based on discrete mode choice 

behavior of trip commuters of Vadodara city only, using 

home interview survey with random sampling techniques. 

The data collected is studied and modeled by BIOGEME: a 

free package for the estimation of discrete choice models. 

VI. TYPES OF MODE CHOICE MODELS 

As mentioned above, Random Utility is the most used 

discrete choice models for transportation applications. They 

have three different families of models depends upon the 

functional form of the error term distribution:  

1) Logit model 

2) Probit Model  

3) General Extreme Value Model. 

Item Logit Model Probit Model General Extreme value model 

Basic Hypothesis Extreme value distribution Normal Distribution 
Multivariate extreme value 

distribution 

Major constraints 
Error term should be identically 

and independently distributed 

Error term need not be 

identically and independently 

Distributed 

Error terms need not 

necessarily be identically and 

Independently distributed 

Model 

Formulation 
Simple Complex Complex 

Model Estimation Simple Complex Complex 

Introduction of 

Access Modes 

Model formulation and calibration 

becomes complex to a small 

degree 

Model formulation and 

calibration becomes highly 

complex 

Model formulation and 

calibration becomes highly 

complex 

Applications High Limited Limited 

Accuracy High Low Low 

Table 1: Types of Mode Choice Models 

VII. PREVIOUS CASE STUDIES OF MODE CHOICE MODELING 

Many case studies have been applied around the world in 

the area of mode choice modeling. In this research some 

studies in cities of developed and developing countries in 

order to benefit in developing a suitable mode choice are 

shown in Table 2 below.   

Author Title Conclusion 

Khan 

(2007) 

(Thesis) 

Modeling Passenger 

Mode Choice Behavior 

Using Computer Aided 

Stated Preference 

Technique. 

Estimated various nested logit models for different trip purposes, using stated 

preference survey. 

From the final model estimation resulted that the travel behavior forecasted for 

regional trip-makers is considerably different from that of local trip-makers. The 

regional travelers for work, for instance, were found not to perceive the non-

motorized modes as valid alternatives to car, possibly due to longer trip lengths. 

From the analysis it was found that a big part of targeted population was to be car 

captives, who are not likely to switch from cars to public transport even if a more 

efficient transit infrastructure is implemented. 

Xianyu 

(2013) 

A Traffic Mode Choice 

Model for the Bus User 

Groups Based on 

SP and RP Data 

The Multinomial Logit model was developed by using household travel survey 

data from Beijing, China. The empirical results of travel mode choice model 

results that. For public transport mode, the utility decreases with an increase in 

the age of the commuter. In addition to this it was found that males are more 

willing to drive to work and less willing to take public transport. Public transport 

card can be considered as a relatively long-term investment in commute travel 

mode. The model result shows that transit card subscribers are likely to be more 

transit-oriented. 

EI-Sayed 

EI-Bany et 

al. (2014) 

Policy sensitive mode 

choice analysis of Port-

Said 

City, Egypt 

The study applied the logit calibration of advanced discrete choice models i.e.; 

Multinomial Logit Model, Nested Logit Model, Mixed Logit Model. A Bus 

Rapid Transit (BRT) mode is proposed as a new regular public transportation 

mode of transport using Visual-tm Software for Post Said (PS) city, Egypt. Each 

model was analyzed by different attributes such as income, waiting time and cost. 

Table 2: Previous Case Studies 

VIII. STUDY AREA 

The study area taken for research work is Vadodara City 

traditionally referred to as Baroda; it is the third biggest 

metropolis in Western Indian State of Gujarat with area of 

235 Sq.km and one of the top fastest developing cities of 

India. The city is on the major rail and road arteries joining 

Mumbai with Delhi and Mumbai with Ahmedabad, due to 

this it is known as a ‘Gateway to the Golden Quadrilateral’. 

Vadodara was the site of the royal Gaekwad dynasty of the 

Marathas, and is the dwelling place of the Maharaja 

Sayajirao University; the most important institution in 

Gujarat, the city is well known for its cultural activities and 

also named as ‘Sanskari Nagri’. Addition to this city houses 

a number of associations of national and regional value 

while its predominant industries include petrochemicals, 
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engineering, chemical substances, IT and currency exchange 

offerings amongst others. There is a rise in vehicular 

population in the city which has created burden on existing 

road network, traffic congestion, leading to increase in 

travel time for the same journey distance, increase in 

number of road accidents and also increase in air and noise 

pollution. 

Mode shift is one of the methods of solving the 

traffic problems in order to find out the mode shift by 

improving public transportation facility this research is 

carried out. The study is carried out at and the outer 

peripheral areas of Vadodara city. 

 

 
Fig. 1: Location of Study Area 

IX. METHODOLOGY 

The Methodology is the strategy that outlines the way in 

which the research is to be undertaken and identifies the 

methods to be used in. The means of data collection is 

defined in methodology and how the specific results to be 

calculated. The methodology adopted for the current study is 

shown in Figure 2 below in the form of flow chart. 

 
Fig. 2: Flow Chart of Research Methodology 

X. GENERAL ANALYSIS OF DATA 

For developing discrete mode choice models initially figures 

and charts were obtained from the revealed and stated 

preference survey data sets to determine the traveler’s 

behavior for various socio - economic and trip 

characteristics that affects in selecting a particular mode are 

shown below. 
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A. Household Size  

The decision to choose a particular mode for a certain trip 

by an individual depends on the household size; the whole 

collected data was categorized into four categories. The 

Figure 3 shows the distribution of household size 

distribution, the results show that the majority of people 

have a family size between 3 - 4 persons while the people 

having family size between 7 - 8 persons are less. 

 
Fig. 3: Household Size Distribution 

B. Household Vehicle Ownership  

The distribution of transport means owned by the 

individuals are shown in Figure 4 below, as can be seen in 

the figure that percentage share of 2-wheelers as a transport 

means are high, where as the households which do not have 

any means of transport have percentage share of only 1% of 

whole samples. 

 
Fig. 4: Vehicle Ownership 

C. Household Monthly Income 

Household income is considered as important parameter for 

mode choice modeling. The income is distributed in four 

categories which are shown in shown in Figure 5 below. The 

analysis of monthly income reports that majority of 

households have a monthly income of 30-40 thousand can 

be named as upper middle class group. 

 
Fig. 5: Household Monthly Income 

XI. HYPOTHETICAL QUESTIONS 

Along with the revealed survey the stated preference survey 

was carried out with hypothetical questions asked to the 

individuals for the mode shift having 3 alternatives. The 

Figure 5.7 below indicates that large percentage of travelers 

choose Improved Bus Service where as 30% of the travelers 

choose the same mode which they use and 21% of the 

respondents selected Light Rail Transit/ Bus Rapid Transit 

from the given choices. 

 
Fig. 6: Response of Travelers from the Given Choice Cards 
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XII. DEVELOPMENT OF MULTINOMIAL LOGIT MODEL 

In the framework of this paper, multinomial logit model is 

developed using BIOGEME software for determining the 

mode choice behavior of trip commuters. For model making 

first of all the data is grouped for the three different 

alternatives that are Improved Bus Service (IBS), Same 

Mode and Light Rail Transit (LRT). A Base model is made 

considering only two variables that is travel time and travel 

cost. After that three more models were developed 

considering variables age of respondents, travel frequency 

and the combination of both a combined model is generated. 

The multinomial logit model is shown in Table 4 below. The 

signs of variables used for the model development is shown 

in Table 3 below. 

XIII. CONCLUSIONS 

The main findings of this research leads: 

1) From the development of model it is found that travel 

time and travel cost which the basic parameters are 

fulfilling the internal validity by having negative sign. 

At the same time it also fulfills the t - test of achieving 

100 % probability of using the parameters in the model 

which create influence in the selection of any options 

(Utility of Improved Bus Service, Same Mode and LRT 

/ BRT).  

2) The other parameter which also plays an important role 

in the selection of the choice includes the travel 

frequency, age of respondents and combination of both. 

3) In context to assess the possible mode shift towards the 

new transportation mode based on the willingness of 

people Improved Bus Service is suggested to be a 

suitable mass transport mode for the the city to reduce 

the congestion and traffic related problems, with some 

expected improvements to be taken such as  

 Improvement in frequency of bus services 

 Increases in accessibility 

 Improvement in travel time and comfort by 

utilizing information technology based on GIS and 

GPS. 

The scope of this paper was limited to the above 

outputs however more case studies as well as other types of 

models (e.g. Probit, Nested and Fuzzy logic) have to be 

investigated with the aim of capturing the mode choice 

variations of trip commuters and forming their individual 

characteristics. 

Variables Description 

TT Travel time of respondent in minutes 

TC Travel Cost of respondent in Rs 

AGE 

Age of respondent categorized as: 

AGE1 = Young, age between 15 to 30 years, 

AGE 2 = Adult, age between 31 to 60 years, 

AGE 3 = Older, age 60 + 

F Frequency of Mode 

Table 3: Variables Used For Model Development 

Models Base Model Model 1 Model 2 Model 3 

Variables Tt + Tc Tt + Tc + Age Tt + Tc + F Tt + Tc + F + Age 

No Of Observations 606 606 606 606 

No Of Parameters 4 7 8 8 

Alternative Specific Parameters 
Estimated 

Value 
T- Stat 

Estimated 

Value 
T- Stat 

Estimated 

Value 
T- Stat 

Estimated 

Value 
T- Stat 

Asc1 0 - 0 - 0 - 0 - 

Asc2 -0.369 -3.76 -0.373 -3.79 -0.330 -3.30 -0.334 -3.33 

Asc3 -0727 -6.47 -0.727 -6.46 -0.649 -5.53 -0.649 -5.52 

Beta 1 -0.118 -6.77 -0.118 -6.79 -0.121 -6.83 -0.122 -6.91 

Beta 2 -0.0464 -4.14 -0.0468 -4.17 -0.0460 -4.24 -0.0483 04.27 

Beta 3   -1.20 -0.96 0.272 2.23 0.274 2.24 

Beta 4   -0.297 -0.42   -1.24 -0.98 

Beta 5   0.171 0.39   -0.307 -0.43 

Beta       0.169 0.38 

Rho – Square 0.105 0.106 0.108 0.109 

Adjusted 

Rho – Square 
0.099 0.095 0.101 0.097 

Final Log-Likelihood -596.082 -595.426 -593.598 -592.916 

Likelihood Ratio Test 139.355 144.322 144.600 145.686 

Table 4: Multinomial Logit Model 
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