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Abstract 

 

Urban form and the urban transport system have an enormous impact on the way people travel. Travel 

can be characterized by trip frequency, travel distance, modal choice, route choice etc. With rapid 

growing economies and population, there is an increasing trend of expansion of urban sprawl and 

auto-mobilization.  This has a direct effect on the level of transport demand, travel patterns and its 

impact on the environment. Sustainable transport systems are those which aim to reduce emissions, 

fossil fuel consumption, and the consumption of natural land. Most fundamentally, more emphasis 

should be on reducing the role of the private automobile as the prime mode of transport and shifting 

travel towards other sustainable modes such as public transit, cycling and walking. 

 

This research aims to study the current transport system of Ahmedabad, India and the proposed Bus 

Rapid Transit system, to be introduced in the city. A stated preference survey is being conducted to 

study the willingness of commuters to shift from their current mode towards the newly proposed Bus 

Rapid Transit System (Phase–I). Mode shift analysis, done by constructing a discrete choice model 

helps to estimate the potential shift towards the BRTS. Urban transport modelling, commonly done in 

four sequential steps (trip generation, trip distribution, mode choice analysis and trip assignment), 

helps to predict travel patterns in the city. Evaluating the pre and post-BRTS implementation scenario 

using transport ecological footprint analysis makes it possible to represent and communicate 

effectively the issues of environmental impact and sustainability related to transport. 

 

The results of this study reveal that the current transport ecological footprint (measured in hectares of 

productive land required to support the system) of the city is far exceeding the carrying capacity of the 

area, indicating a situation of un-sustainability. The ecological footprint, here derived at the level of 

traffic analysis zones and route level, shows a variation of the footprint over the city. When analyzing 

two scenarios, it shows that implementing BRTS can bring the transport ecological footprint level, 

down to certain extent. In this context, it can be concluded that the BRTS can be regarded as a step 

towards a sustainable transport system in terms of cost-effective mass transit solutions with less 

environmental impact.   

 

Further, as additional measures to reduce the footprint, it is recommended to bring forward, some 

policy measures, to encourage more modal shift, so that people are more attracted towards the public 

transport system while the shift from non-motorized mode to motorized mode is minimized. To 

increase the coverage of BRTS, all over the city, all phases of the BRTS program should be promoted, 

that will help to reduce the footprint even further. 

 

Keywords: Sustainable transport modes, Bus rapid transit system, Stated preference survey, Mode 

shift, Transport ecological footprint. 
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1. Introduction 

The aim of this study is to assess urban transport systems in relation to travel mode choice for 

commuting trips. Using the ecological footprint concept to evaluate urban sustainability, it is possible 

to represent and communicate effectively the issues of environmental impact and sustainability. 

 

1.1. Background  

Urban form and the urban transport system have an enormous impact on the way people travel. Travel 

can be characterized by trip frequency, travel distance, modal choice, route choice etc. With rapid 

growing economies and population typically seen in developing countries, there is an increasing trend 

of expansion of urban sprawl and auto-mobilization.  This has a direct effect on the level of transport 

demand and travel patterns. In absence of the implementation of proper planning measures, it also 

leads to increased additional cost for transportation infrastructure and its operation, while at the same 

time, creating many environmental, economical and social problems. The world is now facing the 

problem of depleting fossil fuel and increasing levels of green house gases as a result of excessive 

emission which are responsible for global warming and climate change. 

 

Sustainable transport systems are those which aim to reduce emissions, fossil fuel consumption, and 

the consumption of natural land, while providing easy access to the people. Most fundamentally, more 

emphasis should be on reducing the role of the private automobile as the prime mode of transportation 

and shifting travel toward other sustainable modes such as public transit, cycling and walking.  

 

Today, the Bus Rapid Transit System (BRTS) is increasingly utilized by cities looking for cost-

effective transit solutions and for environmental concerns. Bus Rapid Transit takes part of its name 

from "Rapid Transit", which describes a high-capacity transport system with its own right-of-way, 

implemented using buses through infrastructural and scheduling improvements, to provide a high 

level of service. BRT is regarded as sustainable, environmental friendly transport mode and is being 

implemented in many cities of the world (IT, 2007) 

 

For sustainable development, the ecological footprint concept has received much attention as a 

potential indicator over the past years. Ecological footprint analysis is an accounting tool that enables 

us to estimate the resource consumption and waste assimilation requirements of a defined human 

population or economy in terms of a corresponding productive land area” (Wackernagel and Rees, 

1996).  

 

A transport ecological footprint approximates the amount of ecologically productive land and sea area 

it takes to sustain a transport system and its use by accounting for the use of energy, space, materials 

and other factors. (Wackernagel and Rees, 1996). The footprint can be used to represent the relative 

impact of transport, as it incorporates a range of information into a simple, comprehensive measure, 

while enabling discrimination between levels of spatial and social impact. Transport ecological 
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footprint can be integrated in transport planning to control transport activities harmful to the 

environment (Zuidgeest, 2006). There are number of ways for transport ecological footprint reduction 

opportunities. For instance,  allowing mixed use in commercial districts moves residents closer to 

their places of business, reducing commute distance and footprint, providing incentives for public 

transport use, telecommuting, encouraging walking and cycling etc. The scope of the research deals 

with the ecological footprint associated with mode used for travel. 

 

The study area is the Ahmedabad city in India. Urban transport problems in India are growing rapidly 

mainly because of rapid increasing motorization.  The major challenge for urban transport agencies 

in India is how to improve the current urban transport situation, or at least prevent it from 

deteriorating further.  In order to address these lacunae, it is imperative to develop medium term and 

long term strategies so as to bring in large scale reforms in this sector. (The World Bank, 2007)  

 

Ahmedabad is the capital of Gujarat State, presently defined as a metropolitan city and an important 

industrial trade center of Gujarat State. The city has an area spanning about 190 sq.km and with 

population of over 3.5 million. The road network in the city reflects a strong ring and radial pattern. 

The urban form of the city shows a typical dispersed land-use. The city has a poor public transport 

system and increasing use of private vehicles. There is a problem of traffic congestion, mix of slow 

and fast moving vehicles, encroachment on the street by people, lack of sidewalks, facilities for 

pedestrian (EPC, 2006). All these are adding up to make the transport system unsound. 

 

1.2. Research Problem: 

In Ahmedabad city, the quality of service offered by public transit is decreasing and accordingly the 

use of other modes, especially motorcycle and auto-rickshaw is increasing very rapidly in the past few 

years. The motorscooter and auto-rickshaw are contributing most to the share of motorized modes of 

transport and the share of bus is comparatively less. As a result, the city is facing problems of in-

efficient mobility and decreased levels of performance in urban transport sector. 

 

Mode choice for travel is contributing to a large extent, to the transport ecological footprint. To 

reduce the energy use and emissions, there should be an emphasis on the use of more sustainable 

modes such as public mass transit, non-motorized transport (Walking, cycling) and discourage the use 

of private cars and other motorized modes.  

 

To promote towards the sustainable development in urban transport, the system of Bus Rapid Transit 

System (BRTS) is proposed on the major corridors of Ahmedabad city, for providing an incentive to 

people towards the use of public transport use (GIDB & CEPT, 2005). The research aims to study the 

possible shift from the existing modes to the BRTS (Phase-1A & 1B), based on willingness of the 

people to shift and what will be the possible change in the transport footprint after the BRTS 

implementation.  
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1.3. Research Objective: 

The main objective of the study is to assess the possible modal shift towards the proposed BRTS 

based on  the willingness of people (commuters) and use of the transport ecological footprint as an 

indicator for (spatial) analysis of the pre and post-BRTS implementation scenarios (Phase – I). 

 
Sub Objectives: 

1. To describe the current urban transport system and identify travel behaviour of the people in 

the study area. 
 

2. To assess the possible modal shift to the proposed BRT system based on the calculated 

willingness of people to shift as per a set of predefined mode choice variables.  
 

3. To use the transport ecological footprint as an indicator for judging the performance of the 

Pre and Post - BRT implementation scenarios with regards to sustainability.  
 

4. To analyze the derived transport ecological footprint and visualize it spatially. 

 

 

1.4. Research Questions: 

1. To describe the current urban transport system and identify travel behaviour of the people in 
the study area. 

 

� How is the current transport system performing in the study area? 

� How the travel behaviour of people varies as per their socio-economic background and their 

household characteristics 

 
2. To assess the possible modal shift to the proposed BRT system based on the calculated 

willingness of the people to shift as per the set of predefined mode choice variables.  
 

� What are key attributes that determine the choice of the particular mode? 

� What will be the likelihood for people to change from their current mode to the proposed new 

public transport mode (BRTS) for travel in the study area? 

 
3. To use transport ecological footprint as an indicator for judging the performance of the Pre 

and Post - BRT implementation scenarios with regards to sustainability. 
 

� How can the modal shift be applied for the BRTS implementation scenario? 

� How can the ecological footprint be used as an indicator for judging the performance of the 

transport system for both scenarios with regards to urban sustainability? 

 
4. To analyze the derived transport ecological footprint and visualize it spatially. 
 

� How transport footprint varies as per the traffic analysis zone? 

� What are the different visualization techniques that can be used to present transport footprint 

spatially? 

� Which one is the most preferred for the BRTS study in Ahmedabad? 
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1.5. Conceptual Framework 

 

The framework is designed to be carried out in three phases, starting from the pre-analysis phase 

which includes a general description of the city transport system, problem identification and 

collection of required data. The technical part deals with the transport modelling and discrete choice 

modelling. The results of it are evaluated using transport ecological footprint analysis for each 

scenario.  

 

 

 
 

Figure 1.1: Conceptual Framework 

Data Collection 
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1.6. Research Design: 

The research is designed to be carried out in several phases.  

 

1.6.1. Identification of the current urban transpor t system in the study area 

The study starts with the general overview of the current scenario of the urban transportation system 

in the study area. Basis of this will be made from the available literature and observations made 

during the field visits. This phase forms the basis for formulating the problem and developing the 

methods for analysis and data requirements. 

  

1.6.2. Formation of two scenarios  

Scenario1: Base Scenario (Business as usual) 

In this scenario, the current transport system, the travel behaviour of the people and their attitude 

towards the urban transportation system is studied. The source of information will be the data from 

the household survey as the primary source and the secondary sources (other available literature and 

reports) about the study area related to the travel behaviour, trip characteristics of the people. 

 

Scenario2: BRTS Implementation scenario 

In this scenario, the aim is to study the possible 

change in the transport system after the 

implementation of the proposed BRT System 

based on the modal shift to the BRTS. For this, 

a Stated Preference survey will be conducted on 

the people to collect the data regarding their 

willingness to change from their current mode to 

the BRTS. The representative samples will be 

taken from the areas along the BRT corridor. A 

discrete choice modelling will accordingly be 

constructed to assess the potential model shift 

based on the results of the stated preference 

survey. All the other circumstances are assumed 

to be same as the base situation. 
 

         

 

             Figure 1.2: SP Survey design and its analysis 

 

1.6.3. Analysis of the two scenarios  

The basis of this analysis is to use the traditional 4-step transport modelling to estimate the travel 

patterns of people and use of transport ecological footprint as an indicator for their evaluation. 

 

 

 

Stated Preference survey: 
Choice 1: Current mode 
Choice 2: Proposed BRTS 

Trips : Daily trips - Work trips, Educational trips 

Formation of Utility Functions 

Derivation of modal shift using Binary Logit Models 

Target group :  
Location: TAZs along the BRT corridor 
Mode users: Private and Public modes 

Application of modal shift for BRTS scenario 
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Transport Modelling: 
The transport modelling will be done for both base scenario and proposed BRTS scenario. The AMC 

area comprises of 196 Traffic analysis zones (TAZ) which is derived from the ward boundary and 

other characteristics. The modes dealt will be the private modes (motorscooter, car, bicycle) and 

public modes (bus, shared auto, auto-rickshaw. The trips occurring between the O-D pairs along the 

BRTS corridor will be identified first and modal shift will be applied to these trips. 

  
 Figure 1.3: Analysis of the scenarios 

 

 
Derivation of the transport ecological footprint  
The footprint will be derived using the travel flow information from the transport model and other 

data relating to vehicle characteristics such as fuel efficiency and emissions rate. Ecological footprint 

will be derived in different ways – Total Footprint (Aggregate level) and at disaggregate level (TAZ, 

Route specific). GIS will be used for the appropriate visualization and map production for each theme. 

The footprint derived will be used to analyze the compare the two scenarios and assess the change in 

the footprint as a result of modal shift. The footprint derived at disaggregates level helps to identify 

the variation of the footprint as per the respective levels. 

 

1.6.4. Conclusions & Recommendations 

Finally, all the results of the analysis will be evaluated to relate with the sustainable urban transport 

development and accordingly some conclusions and recommendations will be inferred. 

Formation of O-D Matrix Table for 196 TAZs 

Extraction of O-D Matrix subset for trips 
generated between the TAZ along the 
BRT corridor 

Derivation of a Transport Footprint  

Application of Modal shift towards BRT 
based on Mode choice Analysis. 

Derivation of a new footprint 

Compare and Analyze 

TAZ - 196 : AMC West, AMC East, Walled City 
Modes: Private and Public modes 

Trip generation, Trip distribution, Modal split 

BRTS Scenario  Base Scenario  
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1.7. Research Matrix 

Specific Research 
Objective 

Research Question Data / Information 
Required 

Methodology Data 
Source 

How is the current 
transport system 
performing in the study 
area? 

 

1. To identify the 
current urban 
transport system 
and travel 
behaviour of the 
people. 

How the travel 
behaviour of the people 
varies as per their 
socio-economic 
background and their 
household 
characteristics 

 

General issues 
related to current 
transport system 
and problems 
associated with it. 

Literature review / 
Field observation/ 
Household Survey 

Primary/ 
Secondary 

  

What are the attributes 
that determine the 
choice of the particular 
mode? 

List of attributes 
related to modal 
choice 

Random utility 
theory and discrete 
choice modelling 

2. To assess the 
possible modal 
shift to the 
proposed BRT 
system based on 
the calculated 
willingness of the 
people as per the 
set of predefined 
mode choice 
variables.  

What will be the 
likelihood for the 
people to change from 
their current modes to 
proposed new public 
transport mode (BRT) 
for their trips? 

 

Potential modal 
shift from other 
modes to BRT. 

Modal shift 
analysis 

Secondary 
/ Primary 

  

How can the modal 
shift be applied for 
BRTS implementation 
scenario? 

BRT routes : Phase- 
I, TAZs 

Literature Review 

Traffic Analysis 
Zones (TAZ), 

Transport 
modelling, 

Road Network, 

Trip characteristics, 

Ecological 
footprint 
calculation (Total 
Footprint) 

Socio-economic 
data, 

  

Vehicle emission 
data 

  

3. To use transport 
footprint as an 
indicator for 
judging the 
performance of the 
Pre and Post-BRT 
implementation 
Scenario with 
regards to 
sustainability. 

How can the ecological 
footprint be used as an 
indicator for judging 
the performance of the 
transport system for 
both scenarios with 
regards to 
sustainability? 

CO2 Sequestration 
rate 

  

Secondary, 

 

Data from 
SP survey 
for modal 
shift 
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Research Matrix (Contd...) 

Specific Research 
Objective 

Research Question Data / Information 
Required 

Methodology Data 
Source 

How transport footprint 
varies as per the Traffic 
analysis zones (TAZ) 
and the routes? 

Traffic Analysis 
Zones,  

Road network,                          

 

Calculation of 
Ecological 
footprint at 
disaggregate level 

Secondary 
data,     

       
Results of 
Transport 
Modelling 

What are the different 
visualization techniques 
that can be used to 
present transport 
footprint spatially? 

4. To analyze the 
derived transport 
ecological footprint 
visualize it 
spatially. 

  

Which one is the most 
preferred for the BRTS 
study in Ahmedabad? 

Results for above 
analysis 

Use of ArcGIS for 
visualization 

 

 

1.8. Thesis structure 

The thesis comprises of 9 chapters as per following sequence: 

Chapter 1: Introduction:  

This includes the general introduction, background, research problem, research objectives and 

questions and research design. 

 

Chapter 2: Literature Review:  

It includes the theoretical background for the study, explaining, transport planning process, urban 

transport model system, mode choice analysis and ecological footprint analysis.  

 

Chapter 3: Study area: Ahmedabad City:  

It discusses about the general introduction of the city and its transport system. 

 

Chapter 4: Data Collection: Approach and methodology:  

It describes the data collection method during the fieldwork. 

 

Chapter 5: Socio-economic and travel characteristics of the sample population:  
This includes the descriptive statistics of the sample population about their socio-economic 

background and their travel behaviour. 

 

Chapter 6: Analysis of the willingness to shift to BRTS and Construction of a discrete choice model:  

It describes the application of random utility theory for utility function development for each 

combination as per the choice set. 

 

Chapter 7: Scenario Modelling using urban transport model system (UTMS):  

Here, the process followed in the development of 4-step transport model and its results are described. 
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Chapter 8: Transport ecological footprint analysis and its visualization:  

It describes the methodology of transport EF calculation and its analysis.  

 

Chapter 9: Conclusion and recommendations:  
It includes the summary of the findings and the methodology followed in the research, followed by the 

recommendations and further research topics. 



THE IMPACT OF MODAL SHIFT ON THE TRANSPORT ECOLOGICAL FOOTPRINT,  
A CASE STUDY OF PROPOSED BRTS IN AHMEDABAD, INDIA 

 

10 



THE IMPACT OF MODAL SHIFT ON THE TRANSPORT ECOLOGICAL FOOTPRINT,  
A CASE STUDY OF PROPOSED BRTS IN AHMEDABAD, INDIA 

 

11 

2. Literature Review 

This chapter provides the theoretical background for the study. It is comprises of the topics, related to 

general facts about the urban transport system and the transport planning procedures. More focus is 

made on the mode choice analysis, 4-step transport modelling and transport ecological footprint 

analysis. 

 

2.1. Urban Transportation: 

Urban form comprises of different elements that determine its character and on-going activities which 

is characterized by the integrated land use pattern and its inter-connection, established by the 

transportation links. Consequently, there is a wide variety of urban forms, spatial structures and 

associated urban transportation systems. Urban transport is organized in three broad categories of 

collective, individual and freight transport (Rodrigue et al, 2006). In several instances, they are 

complementary to one another, but sometimes they may be competing for the usage of available land 

and/or transport infrastructures: 

• Collective Transport (public transit). The purpose of collective transportation is to provide 

publicly accessible mobility over specific parts of a city. Its efficiency is based upon 

transporting large numbers of people and achieving economies of scale. It includes modes 

such as tramways, buses, trains, subways and ferryboats.  

• Individual Transport. Includes any mode where mobility is the outcome of a personal choice 

and means such as the automobile, walking, cycling and the motorcycle. The majority of 

people walk to satisfy their basic mobility, but this number varies according to the city 

considered.  

• Freight Transport. As cities are dominant centers of production and consumption, urban 

activities are accompanied by large movements of freight. These movements are mostly 

characterized by delivery trucks moving between industries, distribution centers, warehouses 

and retail activities as well as from major terminals such as ports, railyards, distribution 

centers and airports.  

 

2.1.1. Transport and Urban Structure 

Rapid and expanded urbanization occurring around the world involves an increased numbers of trips 

in urban areas. Cities have traditionally responded to growth in mobility by expanding the transport 

supply, by building new highways and/or transit lines. In the developed world, that has mainly meant 

building more roads to accommodate an ever-growing number of vehicles, therefore creating new 

urban structures. Several urban spatial structures have accordingly emerged, with the reliance on the 

automobile being the most important discriminatory factor (Rodrigue et al, 2006). 

 



THE IMPACT OF MODAL SHIFT ON THE TRANSPORT ECOLOGICAL FOOTPRINT,  
A CASE STUDY OF PROPOSED BRTS IN AHMEDABAD, INDIA 

 

12 

2.1.2. Urban Transport Problems 

Cities are locations having a high level of accumulation and concentration of economic activities and 

are complex spatial structures that are supported by transport systems. The most important transport 

problems are often related to urban areas, when transport systems, for a variety of reasons, cannot 

satisfy the numerous requirements of urban mobility. Urban productivity is highly dependent on the 

efficiency of its transport system to move labour, consumers and freight between multiple origins and 

destinations (Rodrigue et al, 2006). Among the most notable urban transport problems are: 
 

� Traffic congestion and parking difficulties. 

� Public transport inadequacy. 

� Difficulties for pedestrians 

� Loss of public space. 

� Environmental impacts and energy consumption. 

� Accidents and safety 

� Land consumption 

 

2.2. Transportation Modes 

Transport modes are an essential component of transport systems since they are the means by which 

mobility is supported. In an age of motorization and personal mobility, an increasing number of cities 

are developing a spatial structure that increases reliance on motorized transport, particularly the 

privately owned automobile (Rodrigue et al, 2006). 

 

2.2.1. Importance of Public transport  

As the demand for transport is increasing, the need for sustainable modes becomes more evident. The 

need of more plentiful and efficient public transport becomes very essential as a step to reduce traffic 

congestion which is mainly caused by private modes. 

 

Public transport systems can move large number of people, that will less use of scarce resources 

which are land, fuel and environmental costs. Public transport modes are regarded as city-friendly as 

they provide space efficiency. The most important benefit of a good public transport is that it reduces 

the need and desire for private vehicle ownership to some extent and thus can massively reduce the 

amount of motorized travel. (Barter and Raad, 2000) 

 

Successful public transport systems enable to be a competitor to the private modes ( the car and the 

motorcycle) which could retain customers from all social class, not just poor and used for a wide 

range of urban trips at all times of the day (not just for trips to work in peak hour). For this to be 

achieved there is a need of a well-planned public transport system which is affordable and is attractive 

to all groups of people. 

 

Despite the advantages of using public transport, there is an increasing trend in the use of private cars 

and motorcycles in both developed and developing world due to poor transit services. The private 

vehicle is winning the mode share in many nations. As income rises in developing nations, private 
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vehicles are gaining usage while public transport readership is almost universally declining (Wright, 

2002). 

2.2.2. Bus Rapid Transit System (BRTS) 

Communities have been looking for new and innovative approaches to address increasing urban 

congestion and associated pollution while providing efficient and effective transport options. Adding 

more highways is expensive and disruptive; and is not always an environmentally sound approach. 

However, light rail rapid transit systems, of interest to many communities, require a significant initial 

capital investment, and may not be an effective solution for all urban transport problems. Transit 

buses provide an essential transport service in metropolitan areas, but are often viewed as slow and 

unreliable. One innovative approach is the use of buses rather than light and/or heavy rail, in an 

integrated, well-defined system with design features similar to light rail rapid transit systems (MTS, 

2001). 

 

These days, BRT concept is becoming increasingly utilized by cities looking for cost-effective transit 

solutions. BRT systems are designed with an objective to swiftly, efficiently and cost-effectively more 

move people rather than private vehicles. BRTS attempts to address the deficiencies of the earlier 

public transport system by providing a rapid, high quality, safe and secure transit options. The main 

characteristics of BRT systems include (Wright, 2002): 

� Segregated busways 

� Rapid boarding and alighting 

� Clean, Secure and comfortable stations and terminals 

� Efficient pre-board fare collection 

� Clear and prominent signage and real-time information displays 

� Transit Prioritisation at intersections 

� Excellence in customer service 

 

2.3. Urban transport planning process in relation t o travel mode 

Transport planning is undertaken at many levels 

from strategic planning to project-level planning 

and at different geographic scales in any urban 

area. The urban transport planning process can 

be viewed in three major phases namely, the 

Pre-analysis phase, the technical analysis phase 

and the post-analysis phase (Hanson, 1995). The 

phases described here are in relation to the 

introduction of a new mode in the city and 

analyzing its influence on the urban transport 

system. 

 

 
Figure 2.1: A generation of the urban 

transport planning process 

PRE-ANALYSIS PHASE
• Problem/Issue Identification
• Formulation of Goals and Objectives
• Data Collection
• Generation of Alternatives

TECHNICAL ANALYSIS PHASE
• Urban Transportation Model system
• Discrete Choice Modelling

POST ANALYSIS PHASE
• Evaluation of Alternatives
• Decision Making
• Implementation
• Monitoring
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2.3.1. The Pre-Analysis Phase: 

This phase concerns defining the current situation and problems associated with the mode use for 

trips. This is followed by the proposed solution of introducing a new system which in this case of 

research is the BRTS system and desired characteristics of the improvements. 

 

The second part of this phase includes the data collection to be used in the technical phases and 

evaluation. Review of both secondary sources from available reports and documents about the system 

and the primary data collection is made as required. The section below describes the method of data 

collection for mode choice analysis. 

 

2.3.1.1. Data collection in Mode Choice analysis 

For the estimation of statistical model of choice, one requires data. A choice set represents the basic 

mechanism of conveying information to decision makers about the alternatives, attributes and 

attribute levels that exist within the hypothetical scenarios of the study.  

 

Using Revealed Preference in Stated Preference experiments 
Revealed preference data represents data collected on choices that are made in an actual market. It 

represents events that have been observed to have actually occurred. Stated preference data represents 

choices made or stated given hypothetical situations. As such, the alternatives, the attributes, and the 

attribute levels are fixed in terms of what is currently on offer. 
 

 

 

 

 
Figure 2.2: The technological frontier  
and the roles of RP and SP data. 

 

 
Switching Model 
The situation where RP data is included as a part of an SP experiment is often described as a 

switching model in which the choice response is strictly SP. Across each choice set of the SP 

experiment, the alternative formed from each decision maker’s previous experience remains constant. 

It is the attribute levels of the hypothetical alternative which change from choice set to choice set. 

 

Combining the reported attribute levels with those of the SP experiments allows the decision maker to 

compare his/her existing alternative with the proposed alternative and based on the relative 

attractiveness of each option, the selection will be made. 

 

Assumptions in the SP survey: 

Use of preference surveys to estimate behaviour changes assume that people are able to accurately 

predict their response to a facility improvement or policy change. Frequently, when people are asked 

if they will change their behavior in the future, the responses significantly over predict the number of 

people who actually change their behavior. Therefore, attitudinal surveys that simply ask people how 
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they will respond in a given situation are not generally viewed as reliable (although they can at least 

give some indication of the relative response to various actions). This problem can be largely 

eliminated through the use of carefully designed hypothetical choice experiments, combined with data 

on actual behavior if available, although respondents may still not be able to accurately judge what 

their true actions would be if faced with a real world situation. 

 

2.3.2. The Technical Analysis Phase: 

In this phase, mathematical descriptions of travel and related behaviour are used to predict the 

consequences of each scenarios of transport planning that is to be evaluated. The phase discussed here 

is the urban transport model System and mode choice analysis as per the scope of the research. 

 

2.3.2.1. Urban transport model system (Classical 4- step transport modelling) 

The Urban Transport Model System (UTMS) often referred as the 4-step model is commonly used to 

predict the flows on the links of a particular transportation network as a function of the land-use 

activity system that generates the travel (Hanson, 1995). The model comprises of four sub-models that 

are employed in sequential process: Trip generation, Trip distribution, Mode choice (or modal split) 

and trip assignment.  

 

1. Trip Generation 
This step predicts the number of trips 

produced and attracted to each traffic 

analysis zones i.e. how many trips are 

made to and from each zone of the study 

area. 

 

2. Trip Distribution 
Here, the origin and destination ends of 

the trips are linked, generated by the trip 

generation model. It shows where the 

trips go. The commonly applied trip 

distribution model is the gravity model 

which is based on the production and 

attraction of each zone and the 

impedance in travelling from origin to 

destination. zone. 
Figure 2.3: The Classic 4 - Step Transport Model 
Source: Ortuzar & Willumsen (1994) 

 

 

3. Modal Choice (or Modal Split) analysis 
Mode choice predicts the number of trips from each origin to each destination that will use each mode 

of transportation. Clearly modal split has considerable implications for transportation policy, 

particularly in large metropolitan areas. For instance, the decision whether to implement the new Bus 

Rapid Transit system should be informed by the predictions of the number of people who will switch 

Zone, 
Networks
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data

Future Planning 
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Database
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to the BRT bus in their trips. Mode choice models which refer to disaggregate model can be used to 

predict the distribution of trips by mode of travel. The development and application of the individual 

choice models such as multinomial logit model represents a major advance in travel demand 

modelling. This has been discussed detail under the topic Mode Choice Analysis. 

 

4. Trip Assignment 
The final step is to predict the number of trips from each origin to each destination by each mode that 

uses each route between the origin and destination zones. The proportion of vehicles using each route 

between a particular origin-destination pair depends upon a number of attributes and the alternative 

routes including travel time, distance, number of stops / signals, aesthetic appeal etc. But travel time is 

the attribute most commonly considered in network assignment models. There are different traffic 

assignment algorithms which are: i) All-or-Nothing assignment (AON), ii) Wardrop’s user 

Equilibrium assignment, iii) Method of successive averages, iv) Stochastic user-equilibrium 

assignment. For the purpose of the research, AON has been used which assumes that people will take 

a shortest route from origin to destination regardless of congestion effect. 

 

2.3.2.2. Mode Choice Analysis 

Mode choice models have always formed a critical part in analysing the travel demand of a study area 

In the travel demand model, the choice is for the mode used for travelling between a particular origin 

zone and a particular destination zone. Discrete choice models offer the solution to study the modal 

choice when individuals have to select an option from a finite set of alternatives.  The probability of 

individuals choosing a given option is a function of their socio-economic characteristics and the 

relative attractiveness of the option.  

 

For this study, to derive the modal shift towards a new proposed transport mode from existing ones, 

both RP and SP survey design are used for data collection, which is described in section 2.3.1.1 of this 

chapter. Model estimation includes determining the structure of the model and estimating a set of 

parameters / coefficients, using suitable logit model estimation software. For the purpose of the 

research, Binary logit model (which is classified under Multinomial logit model) has been used for 

studying the modal shift. These are discussed under specific headings below: 

 

Utility functions 
The mathematical framework of logit models is based on the theory of utility maximisation (Ben-

Akiva and Lerman, 1985). Underlying the choice of a travel mode, is assumed to be a utility function. 

This is a function that describes the benefits and costs of travel by that mode (Ortuzar and Willumsen, 

2001). 

  
The utility is mathematically represented as a linear function of the attributes of the journey weighted 

by the coefficients which attempt to represent their relative importance as perceived by the traveller 

(Khan et al, 2007). The utility Uiq, of an alternative can be represented by two components:  
 

� V iq is a measurable, systematic or representative part which is a function of the measurable 
attributes X; 

� εiq  is the random part, which reflects the idiosyncrasies and particular taste of each 
individual, together with any measurement or observational errors made by the modeller. 
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Thus, the model postulates that 

Uiq = Viq + εiq               (2.1) 

 

Thus, the utility function associated to a alternative (mode) i, is given by the following equation, 

 
)X(...............)X()X(U KiKii2i2i1i1i0i ββββ ++++=       (2.2) 

where,  

X1 … .X Ki   is the number of attributes for mode i 

β 1i…β Ki   is the weight (or parameter) associated with attribute X1 …X k of alternative(mode) i. 

β 0i  is a parameter not associated with any of the observed and measured attribute, called 

alternative-specific constant, which represents on average, the role of all the unobserved 

sources of utility. 

 

The above equation suggests that for any given individual, there exist an amount of utility for each 

alternative within the universal set of alternatives, the amount of which is formed from the weights, 

the individual decision maker places upon the attribute levels inherent for that alternative (observed 

and un-observed). The utility is likely to exist for every alternative, even if the individual has not had 

occasion to sample one or more of the alternatives. An implied assumption in choice analysis is that a 

decision maker will choose the alternative that provides him/her the highest level of utility, provided 

there are no constraints to choice (Hensher et al, 2006). 

 
Multinominal Logit Model (MNL) 
MNL is generated assuming that the random residuals are distributed IID Gumbel (Domencich and 

McFadden, 1975), such that 
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∈
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where,  

Uiq is the utility of mode i for individual q 
Ujq is the utility of a mode j in the choice set for individual q; 
Pq(i)  is the probability of selecting mode m by an individual i from the choice set 
A is the set of all available traveling modes. 

 

 For Binary logit model, where there are only two alternatives, it is written as: 
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=        (2.3) 

 

 
Statistical Estimation 
The model derived needs to be tested for the goodness of fit-statistics to improve estimation 

efficiently and avoid bias. Log Likelihood values and Rho-squared indices are commonly used for this 

purpose. 
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The log likelihood indicates the value of the log-convergence. The log-likelihood is defined as the 

sum of the log of the probabilities of the chosen alternatives, and is the function that is maximized in 

the model estimation. The value of log-likelihood for a single model has no obvious meaning. 

However comparing the log-likelihood of two models with different specifications allows the 

statistical significance of new model coefficients to be assessed properly. 

 

The Rho-squared index compares the log-likelihood (LL(Final)) to the log-likelihood of a model with 

all the coefficients restricted to zero (LL(0)). 
 

)0(LL

)Final(LL
12 −=ρ           (2.4) 

 

 

The overall test of the fit can be derived by Rho-squared index which varies between 0 (no fit) and 1 

(perfect fit) in order to compare alternative models. However, its interpretation for intermediate 

values is not intuitive. Normally values between 0.2 and 0.4 my represent a good fit models. 

 

The significance of the individual parameter is obtained from the t-test and p-value. For 95 % 

confidence interval t-test should be greater than 1.96 and p-value should be less than 0.05. 

 

 

2.3.3. The Post Analysis Phase 

The output of the technical analysis phase comprises of predictions of the impacts of alternative plans 

and policies. The purpose of these predictions is to inform decision making. The post-analysis phase 

of urban transport planning process includes: evaluating the impacts of the alternatives analyzed, and 

selecting the alternatives to be implemented and further programs associated with in. 

 

2.3.3.1. Use of Ecological Footprint measure for ev aluation 

Ecological footprint is used to assess the environmental impacts of the current human activities. 

Ecological Footprint can be derived for the city, nation, region, or the planet as per the level of 

analysis (Kitzes et al, 2007). Ecological footprint proves to be as a better indicator for indicating 

sustainability. It integrates direct CO2 emission as well as indirect emissions and occupied land, all in 

one measure. It translates all the consumption into a single measurement unit (hectares per capita) 

which in turn can be compared to a reference threshold, namely world’s productive ecological land 

per capita.(Muniz and Galindo, 2005). More discussion on transport ecological footprint is made on 

chapter 9.  
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Figure 2.4: World Overshoot. Humanity's Ecological 
Footprint, expressed in number of planets demanded, as 
increased dramatically over the past 40 years. In 2003, 
humanity demanded the resources and services of at least 
1.25 planets.  
Source: Global Footprint Network, 2007 

 

 

 

Thus the ecological footprint measure provides a means of assessing the amount of resource that is 

being used to the amount that is available reflecting a concept of carrying capacity (Chi and Stone, 

2005):  

.  

2.3.3.2. Methodology for the transport ecological f ootprint calculation 

When applying ecological footprint in transport sector, it is expressed as transport ecological footprint 

which accounts for the energy used in the construction, maintenance and operation of the road 

network and corresponding area of land required to remediate the energy waste (CO2). The 

methodology for calculation of ecological footprint of transportation network comprises of 3 principal 

steps (Chi and Stone, 2005):  

 

a. Estimating the physical footprint of the roadway network on the basis of the surface area 

of roadway paving. This can be derived from the existing maps and the classified remote 

sensed image. 

b. Estimating the energy footprint of the roadway network on the basis of the area of forest 

land required to sequester carbon emission produced by the network travel during one 

year. This amount is finally multiplied by the carbon sequestration factor to estimate the 

area of forestland required to remediate the CO2 emitted during the year. 

c. Combining the land areas of the physical and energy footprint to derive an estimate of the 

total transportation footprint 

 

 

2.3.3.3. Evaluation of the results 

Using the Ecological Footprint methodology it is possible to model different scenarios and examine 

their impact on the Footprint. Those strategies that lead to a greater Footprint reduction can then be 

given priority. Scenarios are the most effective way of deciding upon future policy and action and can 

help set targets and show by how much the Footprint could be reduced if action were taken. 
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3. Study Area: The Ahmedabad City 

This chapter contains the brief overview of the city regarding the urban form of the city, current 

scenario of urban transport system and some features of the proposed BRT system. 

 

 

3.1 Introduction  

Ahmedabad city is located in the state of Gujarat, in the western part of 

India. Ahmedabad has been one of the most important centers of trade and 

commerce in western India. With the increasing opportunities for trade and 

commerce and as a center for higher education, the city is growing very 

fast with rapid urbanization. 
Figure 3.1: Location of Ahmedabad in India 

 

 

3.2 Ahmedabad Municpal Corporation (AMC) 

The area proposed for the study is within the AMC area. The city is governed by Ahmedabad 

Municipal Corporation (AMC), established in July 1950. It is a huge organization with over 40,000 

employees. It provides a number of urban services such as water supply, roads construction, 

sanitation, medical services, primary education, Solid Waste Management, city transport, public 

health centres, etc. The Ahmedabad Municipal Transport Service (AMTS) is the body of AMC. 

 
The City municipal unit is divided into three areas: AMC East, AMC West and The Wall City. 

Together, the area constitutes about 190.8 sq. km. The city sprawl is increasing rapidly with 

increasing in population and urbanisation. With increase in population, change in demographic trends, 

location of activities, there is more demand for transport and city is in challenge in keeping up with 

the increasing demand. 

 

3.3 Urban form 

Spatial arrangements of activities determine the travel pattern in the city. As per existing land use 

(1997), more than one third (36%) of the total area is under residential use, followed by 15 percent of 

the area under the industries. Large tracts of land (23.44%) are lying vacant, mostly in the newly 

acquired area of the AMC. Only 9.5 percent of the total area is under transportation network. 

 

Ahmedabad city is well connected by an expressway, several national and state highways, the broad-

gauge and meter-gauge railways and an international airport. The city transport system is 

predominantly dependent on roadway systems. Vehicular growth has been rapid. The network is 

experiencing heavy congestion. Consequently air pollution has become severe. 

 

Figure 3.1: Location of 
Ahmedabad in India 
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Figure 3.2: Landuse, within AMC    
Source: City Development Strategies, Ahmedabad, CEPT University, 2001   

 

3.4 Urban area and its population 

The area within the Ahmedabad Municipal Corporation limits consists of: the traditional city center 

within the fort walls with relatively high-density development, large concentration of commercial 

activities and narrow streets, the eastern sector accommodating large and small industries and low 

income residential areas, and a well planned western sector with wide roads accommodating major 

institutions and high-income residential areas. The population in the AMC limits increased to 3.5 

million in 2001 from 2.8. million in 1991. The statistics about the population distribution across three 

municipalities are presented in Tables below: 
 

Table 3.1: Population and Household Size 
       Total Population Total Households 

Municipality      Count:             (%) Count:            (%)    
Average 

Household Size 
AMC West 354743  9.8 % 70128 9.7 % 5.1 

AMC East 755680 20.9 % 158802 22.0 % 4.8 

Walled City 2500123 69.2 % 491948 68.2 % 5.1 

 
Table 3.2: Household Income Distribution 

Monthly Household Income (Rupees)  
Municipality  <2500 2501 - 5500 5501 - 10000 > 10000 
AMC West 18 % 36 % 30 % 16 % 

AMC East 34 % 43 % 18 % 4 % 

Walled City 28 % 46 % 22 % 4 % 
Source: Household Interview Survey Report, GIDB & CEPT, 2001 
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3.5 AMC Transport System 

The nature and location of economic activities in relation to houses determine the travel demand in a 

city. Nature and location of these, within AMC are presented below.  

 

3.5.1 Economic activity 

The city of Ahmedabad has had great importance in the economy of Gujarat owing to the large 

concentration of economic activities and their high growth rates and productivity. Ahmedabad 

accounts for 7 % of the state’s total population and around 20 % of its urban population.  

 

Ahmedabad has a strong industrial base of traditional manufacturing, especially textiles, plastics, 

machinery and basic metals and alloys. Ahmedabad city accounts for 21.5 % of factories in the state 

employing 18 % of workers (2000). In 1981, before the textile crisis, Ahmedabad city used to account 

for 19.3 % of factories and 27.7 % of workers in the state. During the 18th and early 19th centuries, 

Ahmedabad was one of the most important centers of trade and commerce in western India. The 

economy of Ahmedabad has passed through various phases of transformation over the years. A 

gradual shift has been noticed from manufacturing oriented industries to services oriented economic 

scenario. The tertiary sector is gaining, in terms of share which includes business and commerce, 

transportation and communication, and other services 

 

3.5.2 Vehicle composition 

Ahmedabad district has a total number of 1.49 million motor vehicles registered in the year 2004. Of 

this 73% were two wheelers. The district, which accommodates 11% of the state population accounts 

for about 21% of the vehicles registered in the State. This high density and rapid growth of vehicles 

have worsened the transport situation to a significant extent.  The annual growth rate of the vehicular 

population of Gujarat is even higher than the national growth rate because the state economy has been 

continously doing better than many other states for the past many decades. Ahmedabad has one of the 

highest growth rates of two wheelers and three wheelers. The growth rate of two wheelers was the 

highest in the 1970’s and in 1980’s because of three possible reasons. 

 

� A large number of lower middle class and middle class population supported by favourable 

income levels. 

� Economic liberalization and automobile revolution in the country. 

� The stagnation of Ahmedabad Municipal Transport Service. A large number of autorickshaws 

were registered in neighbouring districts and being operated in Ahmedabad city. 
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The figures relating to modal split and trips are presented in the tables below: 

 
Table 3.3: Modal Split for all  trips  

Mode 
Modal split 

(% ) 
Motorscooter 32 % 
Car 2.3 % 
Auto Rickshaw 1.9 % 
Bus 24 % 
Shared Auto 9.1 % 
Bicycle 26.4 % 
Others modes 4 % 

 

 

 

Table 3.4: Trip purpose in the study area  
(Excluding return-home trips) 

 

 

 

 

 

 

Source: Household Interview Survey Report GIDB & CEPT, 2001 

 

 

 

 
Figure 3.3: Traffic congestion caused increasing use of 

motorscooters and  Auto-rickhaws 
 

 

3.5.3 Traffic volume 

The Western part of the city has developed as a mainly residential area and the eastern part has the 

industrial estates. Because of this, the traffic flow is very heavy from west to east in the mornings and 

vice-versa in the evening, which causes serious traffic congestion and frequent traffic jams on the city 

roads during morning and evening peak periods. Lately, road widening of the major radial roads has 

been undertaken which has helped ease the traffic flow to some extent.  

 

3.5.4 Public transport 

In the city of Ahmedabad, AMTS has been providing public transport facilities. AMTS, a municipal 

body, operates the services with about 550 buses of which only about 350 are on road every day. They 

service about 250,000 passengers per day. The service has deteriorated significantly over the years. 

Over the years, the AMTS has seen a rapid decline in its ridership levels, on account of stiff 

competition from rising two-wheeler ownership levels, lack of route rationalization and inability to 

upgrade its infrastructure to cater to the existing public transport demand in the city. The inability of 

AMTS to cater to the city’s demand has resulted in people shifting to auto-rickshaw, the shared auto-

rickshaw 

 

Trip Purpose % 
Work 51.6 % 

Education 34.0 % 

Other 14.4 % 

Total 100 % 
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AMTS extends its operations over an area of 250 sq.kms with a fleet of 540 buses per day. The 

existing AMTS route structure falls short of catering to these new developments. Moreover, in 

catering to a large area, the services are spread thinly and buses have to cover large distances 

irrespective of a sustainable demand along the route throughout. This has also led to longer journey 

times and waiting times at the bus stops. AMTS route lengths average about 17 kms and range from 5 

kms to 57 kms. About 55 per cent of buses operate on route having lengths of 10 to 20 kms, having a 

running time of 30 to 90 minutes. The average speed of an AMTS bus is 15km/hr and the average 

waiting time at bus stops is around 15 minutes. Moreover the inefficient road network and buses 

plying on parallel routes have worsened the situation. 

 

                
      Figure 3.4: Decline in Bus Patronage Levels1 
       Source: BRTS report, GIDB, CEPT (2005) 

 

Figure 3.5: AMTS bus in service  

3.6 Role of bus transport in Ahmedabad 

Need for resurrecting the role of public transport system is evident in the fact that air quality is 

deteriorating and congestion is increasing. A planned progressive improvement has been envisaged as 

below. The scenario developed aim at increasing the public transport share from the present 7% to 

40% over a period of 10 years. Till the year (probably 2015) other rail based public transport system 

is realized, it is envisaged to have bus based public transport only in the following form: 
 

Existing A.M.T.S System: These are the existing bus service, currently in operation in Ahemdabad. 

�  AMTS Own Fleet 

�  Private Fleet under AMTS 

 

Proposed Bus Rapid Transit System (BRTS): BRTS is proposed to be operated in major corridors 

mainly as the open and closed system as explained below: 
 

Exclusive BRTS Service - Closed System: BRT system lane is restricted only for BRT buses. BRT 

operators remain the only beneficiaries and hence responsible for efficiency and maintenance. 

BRTS Mixed Service (Other Corridors)- Open System: BRT system lane is kept open for all existing 

bus operators. The benefit of dedicated infrastructure is distributed to all operators. 
 

                                                      

 
1 1 lakh = 100,000 
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3.7 BRTS system 

In the light of the current problems and with the objective to promote and enhance regional mobility 

and serve the public by providing quality transit services and solutions that improve the overall 

quality of life of the residents of Ahmedabad, the Government of Gujarat (GIDB, AMC and AUDA) 

is considering building of a BRTS service at various corridors. This is over and above the ongoing 

effort on road improvement, traffic management, procuring CNG buses by AMC and AUDA at 

various levels. Eighteen corridors have been identified on which opportunities for developing BRTS 

were explored. The corridor 1 (Vasna-Sabarmati-Naroda-Narol) has been prioritized for 

implementation based on the ranking. This would enhance the connectivity of the core of the city with 

all other areas through an integrated transportation network of rail and bus corridors. 
 

 
Figure 3.6: BRTS Networks 

      Source: BRTS report, GIDB & CEPT, 2005 

3.7.1 Some features of proposed BRTS 

The BRTS report, published by GIDB and CEPT University in 2005, presents some of the proposed 

operational features of the BRTS. Some of the features are mentioned below: 

 
Operational Issues 

� Capacity of the bus: 60-70 
� Load Factor: 0.6 
� Frequency Peak: 2 minute 
� Frequency Off-Peak: 4 minute 
� Dwell Time: 20-40 sec. 
� Average Journey Speed: 30 kmph 
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Location of Bus Stop/Bus shelter 
Bus stops to be generally provided before 

intersections in the direction of travel to utilize the 

stoppage time wherever practicable/possible. 

Average spacing between two bus stops should be 

800 m. 

 

Fare Policy 
The fare of the BRTS will be comparable with the 

existing AMTS bus service. 

 

 
Figure 3.7: Proposed BRTS system (3D-view) 

Source: BRTS Report, GIDB & CEPT, 2005 
 
Bus Technology / Size Issue 
Standard buses having capacity between 60 and 70 passengers at a time with required modification in 

floor height, seating arrangements etc. running on Compressed Natural Gas (CNG). 

 
Geometric Design: 
Road design includes: 

� Provision for street vendors/hawkers, non motorized vehicles, pedestrians 

� 3 lanes for mixed traffic 

� Increasing green cover at traffic junctions 

� Pay and park facility wherever space available 

� A zebra crossing near every BRT bus stop for pedestrians to safely cross over to the BRT lane 
 

 
Figure 3.8: BRT system Cross-section at Bus Station (total 30 m) 
Source: BRTS Report, GIDB & CEPT, 2005 
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3.8 Conclusions: 

With growing population and increasing number of vehicles, especially motorscooters and auto-

rickshaws while public transport having a comparatively small share in the total trips, the transport 

system of Ahmedabad city is facing several problems leading to inefficient mobility and insufficient 

accessibility.  To relieve congestion and air pollution and other problems associated with it, BRTS 

project is being introduced in the city in the city, which is expected to improve the situation. The 

success of the project will depend on its share in the trips. Thus, the study is aimed to focus on the 

expected share of BRTS and its potential impact on the system. 
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4. Data collection: Approach  and 
Methodology 

For this study, a fieldwork was carried out for 4 weeks, starting from Sept 11th, 2007. For primary data 

collection, a household based survey was conducted in the areas along the BRTS phase-I route. 

Various secondary data sources were also referred in the study. These are mostly the reports published 

from earlier transport studies in Ahmedabad.  

 

4.1. Collection of Secondary data  

During the fieldwork, following documents were referred, related to the transport studies done in 

Ahmedabad. 

Household Interview Survey Report, Feasibility study on IPTS for Ahmedabad Gujurat 
Infrastructure Development Board (GIDB), 2001 
This report constitutes the feasibility project for the Ahmedabad Integrated Public Transit System 

(IPTS) aiming to conceive a safe, efficient, economic and integrated public transportation system to 

cope with the city’s transport requirements over the next three decades. It contains the information 

collected from the household survey, the analysis of the relationship between the socio-economic 

characteristics of the population and the types, frequencies and characteristics of their urban travel. It 

has the data about the level of motorization, trip generation and modal choice. 

 

Bus Rapid Transit System, Corridor Identification and BRTS Concept design Report, 
Ahmedabad, GIDB, GoG, CEPT University, AMC & AUDA 
This includes the BRTS project development report for Ahmedabad in the following sequence:  

� Present an overview of socio-economic and physical conditions of the city, 

� Present an assessment of the existing transport system in the city, 

� Identify and analyze corridors as potential BRTS corridors 

� Phase-out implementation of identified corridors 

� Recommend a corridor for development in phase-1. 

� A conceptual design of the system. 

 
Environmental Task Report, Feasibility study on IPTS for Ahmedabad, GIDB, 2001 
This report constitutes the feasibility for IPTS with regards to environmental and social aspects. The 

information that is gathered from this report for the study includes the data collection related to 

vehicular emissions and the ambient air quality.  

 
Bus loading and unloading surveys for IPTS, Ahmedabad, 2000 
This report is based on the results of the surveys done on bus loading and unloading carried out in 

different bus-routes on different days. It provides the information for the study of present Bus service 

in terms of its performance and services. It provides the reference for the running speed and the 

average occupancy of the bus for each route. 
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Newspaper Articles about BRTS 
During the fieldwork period at Ahmedabad, few newspaper articles were published about the BRTS 

project implementation and its characteristics. These were also referred for the study. 

 

4.2. Collection of Primary data collection 

Household interview survey was carried out with an objective to study the socio-economic and 

household characteristics of the people (workers and students) being interviewed and the travel 

behaviour in commuting their daily trips (work or educational trips). The choice set experiments help 

to analyze the willingness to shift towards BRTS, from their current mode for the same trip. 

 

4.2.1. Survey area selection 

The survey areas were selected with an objective to 

collect samples from different socio-economic 

background and the areas which are spatially distributed 

evenly across the BRT-Phase-I route.  

 

The areas located for data collection fall within 1 km 

from the route1, identified at seven different locations, 

two areas are from AMC West, one from the Walled 

City and four from the AMC East.  

 

 

 
Figure 4.1: Survey areas for data 

collection 
 

 

4.2.2. Sample selection and sample Size 

The targeted individuals for the information collection were the workers or students aged over 14. In 

700 household surveys, there were in total 1100 respondents. Final 100 samples were specifically 

allocated for the students which were collected from different colleges and universities. This was 

done to collect more samples from the students as the portion of students from the data collected 

earlier was considered too little. The additional 284 observations were for those persons who were not 

at home during the survey and thus the information is collected from the family members present at 

home and for college survey, it is giving the information about the other household members in their 

family. 
 

                                                      

 
1 In Ahmedabad city, most of the walk trips (over 80 %) are within 1 km distance (GIDB, CEPT, 2001). Using this basis, the areas within 1 
km are chosen, that are more likely to have an access to BRTS by walking. 
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 Table 4.1: Survey areas and number of samples collected from each area 
Area Municipality No. of 

households 
No. of forms (respondents) 
with all sections complete 

No. of forms with 
no choice set data 

Memnagar AMC West 100 138 18 

Vasna AMC West 100 190 12 

Raipur Walled City 100 144 4 

Isanpur AMC East 75 138 15 

Ohdav AMC East 75 145 30 

Naroda AMC East 75 119 43 

Sardar Nagar AMC East 75 126 46 

College Students   100 131 

   1,100 284 

 
 

4.2.3. Survey design:   

The survey questionnaire is divided into 4 parts. The format for survey forms was kept simple with 

minimum requirement of writing and the questions were arranged under specific headings.  

 

4.2.3.1. Socio-economic parameters 

The data collected here is the household information such as household size, monthly household 

income, and occupation of an individual, sex, age and household vehicle availability. 

 

4.2.3.2. Trip characteristics 

For the purpose of the study, the daily trips which constitute home-work trips and home-education 

trips have been included. Home based trips form the major proportion of total transport demand in the 

area and thus more emphasis is given to these trips. In this part, the information is covered, relating to 

the travel behaviour of an individual for his/her daily trips, work trips and educational trips depending 

upon whether a person is a worker or a student. It asks the origin, destination, trip length, travel time, 

mode used for the trip, vehicle sharing (if any), and weekly fuel expenses.  

 

4.2.3.3. Choice sets:  

Combination of a stated and revealed Preference survey was constructed to study people’s current 

travel choice and their willingness to change to the new mode which is a new proposed BRTS system 

to be implemented along the route of Phase – I, based on a set of attributes appropriate for the new 

system. 

 
Attributes and alternatives 
The main attributes used for comparison are travel time (in-vehicle and out-vehicle time) and travel 

cost for the daily trip (work or educational trip) of a person. Two alternatives are presented to a 

respondent for a trip occurring in the AM peak hour from his/her home to destination: 

 

Revealed choice: It is the current mode which a person is using for his/her trip. The attribute values 

for it are obtained from the respondent. 
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Travel times for BRT 

Distance 
Covered  

(Km)  

Travel time at 
Average journey 

speed of 30 km/hr 
 (Mins)  

1 2 

2 4 

3 6 

4 8 

5 10 

6 12 

7 14 

8 16 

9 18 

10 20 

15 30 

 

Cost for Motorscooter  per km 

Total cost [Fuel cost + 
Maintenace cost (Rs) 

Distance 
Covered 

(Km)  2-Stroke 4-Stroke 
1 2 2 
2 4 3 
3 6 5 
4 8 7 
5 10 9 
6 13 10 
7 15 12 
8 17 14 
9 19 16 
10 21 17 
15 31 26 

 

Stated choice: It is a hypothetical alternative, the proposed BRTS. For this option, the attribute values 

are derived based with reference to the proposed design specification of the BRTS for the same trip. 

 

Experimental design 
Attribute levels of the stated choice are not being experimented and only one set of attribute values 

are presented as per the design specification. The objective of the study is to find out whether a person 

is willing to choose the BRTS, based on its proposed characteristics. So, only one choice card is 

presented to a person.  

 

Choice experiment 
A choice card is presented to the respondent and was given a time for a comparison between the 

attributes of the two choices. Respondent was then asked to choose one of the two available options 

based on his preference.  

 

For each household, all the workers and students, present at home are offered the choice set. One of 

the choice sets is shown below: 

 

CHOICE SET  # 1 
 
Alternatives  
 
STATED : Proposed Bus Rapid Transit 
REVEALED  : Motorscooter 
 
Choices: OPTION 1 OPTION 2 

Mode for travel Motor Scooter BRT 
Remarks 

Service Frequency  Every 4 mins 
Every 2 mins 

Off-Peak Hour 
Peak Hour 

Time to get from home to 
transit or Motorscooter 

 
------------------ 

(as reported) 
 Within 10 mins 500 m walking  

Travel Time (in-vehicle) ------------------ 
(as reported) 

------------------------------ 
(as derived from the table)  

Time to get from transit or 
Motorscooter to destination ------------------ 

(as reported) 
Within 10 mins 500 m walking  

Cost ------------------ 
(as derived from the table) 

Rs. 5 to 10 / trip  

Additional Costs: Ownership 
cost, Depreciation, Parking 
costs * 

Yes No  

Comfort    Seat available / 
 Comfortable Standing   

    
Your choice: (Please circle) OPTION 1 OPTION 2  

 

ID: 
            (Serial # / Member ID)  

 

 
 

Figure 4.2: Choice set with Motorscooter and BRTS 

 
 

4.2.3.4. Attitude towards public transportation 

This part aims to know the opinion of people towards the public transport system. It consists of two 

questions, the first one, presenting a list of attributes of the public transport system where the 

respondent is asked to tick all the relevant attributes which he/she thinks is important. In the second 

question one is to choose the most significant option from the attributes selected in the earlier 

question.   
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4.2.4. Data collection: 

For collecting the data, 5 enumerators including their supervisor were hired. After having them well-

trained, a pilot survey was conducted on the first day to study how people would respond to the 

questionnaire so that adjustments or changes in the questionnaire could be made, if required. After 

having that done, the full survey was started. The time for data collection was after 6PM on weekdays 

and during daytime on weekends, when there is maximum possibility of finding workers and students 

at home. All 5 enumerators collected the data from each area, within a day or two, spreading out in 

different directions. The households included in the survey are within 1 km range from the BRT route 

buffer. Random visits to the survey spots were made so as to check that the data is collected by the 

surveyors as per the requirement and following a right procedure. 

 

4.2.5. Processing of the data and its analysis 

Having collected all the questionnaire forms, it was converted into the digital format. For this, data 

was entered in the MS-Access format. MS-Access offers convenient methods both for data entry by 

the use of form design and its capability to export data in any other format required such as Excel or 

SPSS.  

 

 

4.3. Conclusions 

Data collected by means of household survey providing information about the socio-economic 

character and their travel behaviour of a population, offers an important source of information for 

transport planning applications. The stated preference survey helps to know the choice-making 

behaviour of an individual for a hypothetical alternative (not existing yet) and accordingly, the 

prediction can be made for the future scenarios.  

 

In the following chapters, attempts to relate the socio-economic background of a person with his/her 

travel behaviour are being made. The choices made by each respondent in the choice sets, are further 

analyzed to predict the change in the transport system in terms of modal share and accordingly the 

scenarios are evaluated. 
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5. Socio-economic and Travel Characteristics 
of the sample population 

There is a close relationship between the socio-economic character and the mobility of the people. 

The more mobile a person is, the wider the circle of socio-economic interaction that would be 

available to them. In turn, both mobility and socio-economic status influence the type, frequency and 

intensity of their participation in activities. Individual income is the indicator of socioeconomic status.  

Private vehicle ownership and bus accessibility are the indicators of mobility. Trip purpose is the 

indicator of activity participation. Travel time and travel mode are the indicators of travel behavior. 

This chapter presents the socio-economic character and the travel behavior of the sample population. 

5.1. Socio-economic & household characterisitcs 

Socioeconomic and household characteristics such as sex, age, occupation, household size, household 

income, vehicle ownerships, play an important role in the travel characteristics. Out of the total 

responses, 76 % of the respondents are workers and 24 % are students. Majority of the workers in a 

household are males (80 %) and accordingly they have higher percentage in the target group. As per 

age, most of the individuals are belong to the category of 14 - 30 and 31 - 50 years of age. 
 

Table 5.1: Socio-economic Characteristics 

Item Absolute 
Values (N) 

Relative 
Values (%) 

Socio-economic characteristics 
No. of individual 
observations 

1,384  

Sex 
Male 1,112 80.4 % 

Female 271 19.6 % 

Missing values 1  

Status 
Worker 1,043 76.0 % 

Student (14 or above) 333 24.0 % 

Missing values 8  

Age 
14 - 30 591 42.8 % 

31 - 50 674 48.8 % 

51 + 114 8.4 % 

Missing values 5  

 

 

Overall, most of the households belong to the middle income group having monthly income in the 

range of Rs. 5500 to 10000 per month. The average household size of the sample comes around 4.5 

members per household.  
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Table 5.2: Household Characteristics 

Item Absolute 
Values (N)  

Relative 
Values (%) 

Household Characteristics 
No of households surveyed 700  

Average Household Size (St. Dev) 4.45   (1.26)  
 

Household Monthly Income (Rupees) 1 in % 
> 15000  104 14.9 % 

10001 - 15000 167 23.9 % 

5501   - 10000 301 43.1 % 

2501   - 5500 118 16.8 % 

< 2500  8 1.3 % 

Missing values 2  

 700  
 

The figures relating to the household vehicle availability is presented below. Motorscooter is owned 

by most of the households, about 78%. It clearly shows that this mode is very common and most of 

the people prefer to use it as compared to other modes. 
 

Table 5.3: Household vehicle ownership 

Vehicle Count % 
Car 120 17.4 % 
Motorscooter 539 78.0 % 
Bicycle 232 33.6 % 
Others 3 0.4 % 
No vehicle 76 11.0 % 

 

Comparing the income distribution of a survey sample with the actual distribution 
As per the survey area, 2 areas were selected from AMC West area, 1 area from the Walled City and 4 

areas from AMC East. The percentage of the income groups of samples from each area is compared 

with the actual income distribution of the income in their respective municipality (Table 3.2). It 

reveals that the distribution of income group in the sample is more or less comparable to the actual 

distribution in each municipality. This gives an indication that in terms of income distribution, the 

survey sample population is somehow representing the total population. 
 

Table 5.4: Distribution of Household by income group within the total sample 

Monthly Household Income (Rupees)2 
Survey Area < 5500 5501 - 10000 10001 - 15000  >15000 Municipality  

Memnagar 10.4 %  39.6 % 22.9 % 27.1 % AMC West 

Vasna 5.2 % 38.1 % 35.1 % 21.6 % AMC West 

Raipur 27.0 % 43.0 % 24.0 % 6.0 % Walled City 

Isanpur 42.7 % 45.3 % 6.7 % 5.3 % AMC East 

Odhav 27.0 % 56.8 % 12.2 % 4.1 % AMC East 

Sardar Nagar 8.0 % 37.3 % 34.7 % 20.0 % AMC East 

Naroda 20.0 % 41.3 % 21.3 % 17.3 % AMC East 

                                                      

 
1 Exchange rate: 1 US$ = Rs. 40,  as of February, 2008 
2 The income group classification of 2007 (based on survey data) is different from 2001 (GIDB & CEPT report), indicated by the change in 
the income status of the people in course of time. 
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5.2. Travel characteristics in commuting daily trip s: 

5.2.1. Modal Split 

The modal split reveals the highest share of motorscooter overall. The bus is contributing only 13 % 

of the total share. This shows that people are more interested towards private modes use, especially 

motorscooter and less attracted to bus for their daily trips. 

 

When studying the modal split by the trip purpose, for work trips, majority of the people are using 

private modes and only minority group are using public transport and bicycles. For educational trips, 

the share of bus and bicycle is comparatively higher as compared to work trips. 
 

Table 5.5: Modal split by trip purpose 

Home Work Trips Home Educational Trips Overall 
Mode No of samples % No. of samples % % 
Motorscooter 591 60.0 % 86 26.4 % 48.9 % 

Car 108 10.8 % 2 0.6 % 9.7 % 

Bicycle 67 6.7 %  102 31.3 % 13.5 % 

Bus 109 10.9 % 70 21.5 % 13.3 % 

Auto Rickshaw 12 1.2 % 3 0.9 % 1.2 % 

Shared Auto 76 7.6 % 5 1.5 % 6.6 % 

Walk 37 3.7 % 56 17.1 % 6.4 % 

Others 2 0.2 % 2 0.6 % 0.3 % 

 1,100  284   

 
When comparing the bus users with their household vehicle availability, about 29 % of them can be 

considered as captive travellers of bus with no vehicles owning. As vehicle ownership increases, the 

chances of using bus also decrease. The vehicle owned in a household is used by the head of the 

household in most of the cases while remaining members are relying on the public transport. 

 
Table 5.6: Household vehicle availability of the bus users 

Public Transport (Bus) users Household Vehicle Availability  

 No Vehicle 1 2 3 4 5 Total 

Absolute Values (N) 54 64 50 10 6 1 185 

Relative Values (%) 29.2 %  34.6 % 27.0 % 5.4 % 3.2 % 0.5 % 100 % 

 

 

5.2.2. Time of morning trips and vehicle sharing 

The study reveals that the trips start early in the morning 

from 7 am to around 12 pm and accordingly the traffic is 

congested during these hours.  AM Peak hour clearly is 

around 9 to 10 am.  

 
 

 

Figure 5.1: Time of morning trips 
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Cases of vehicle sharing are very less and found only in few trips. There is a vehicle sharing only 

when the origin and the destination and also the time of trip is same for the persons who are travelling 

and such cases are very rare. 
 

Table 5.7: Vehicle sharing for daily trips (Work and Education) 

Mode 
Trips with single 

occupancy  
Trips with 2 persons 

sharing a vehicle 
Average 

Occupancy 

Auto Rickshaw 14 1 1.07 

Motorscooter 683 14 1.02 

Car 102 9 1.08 

 
 

5.2.3. Trip Length and Journey speed. 

Trip length is derived from the distance, a commuter is travelling in his/her daily trip. Average 

journey speed is obtained from the trip length and the travel time starting from home to destination. 

Car trips are reported to have the highest trip length of 8.7 km of all. When considering the average 

trip length by purpose, work trips have comparatively longer trip length, 6.5 km as compared to 

educational trips, 4.4 km. The average journey speed of car and motorscooter comes around 25 km/hr. 

The journey speed of bus is comparatively less, around 21 km/hr. Reading above speed figures, we 

see that travel time by bus is more as to that of car and motorscooter.   

 
 

Table 5.8: Average trip length per mode, average journey speed for daily trips 

Trip Length (km) 
Mode 

No. of 
samples Minimum Maximum Average St. dev 

Average Journey 
Speed (km/hr) 

Auto Rickshaw 15 1 6 3.9 1.8 19.5 

Bus 185 1 30 7.1 4.9 21.5 

Car 111 1 30 8.7 5.4 24.7 

Motorscooter 697 1 30 6.8 3.9 25.3 

Shared Auto 90 1 22 4.6 3.2 17.3 

Bicycle 182 1 10 2.4 1.8 16.0 

Walk 97 1 6 1.2 0.6  

Others 4 5 13 8.3 3.6  

Missing Values 3      

Overall 1,384 1 30 5.96 4.96  
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Figure 5.2: Trip length distribution for motorscooter, car and bus 
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When analyzing the trip length by trip purpose, average trip distance for work trips is longer than that 

of the educational trips, as indicated in the table below. 

 
Table 5.9: Average trip length by trip purpose and income group 
Category No of samples 

(Respondents) 
Average trip 
length (km) 

St. dev 
(km) 

Trip purpose 

Work trips 1,043 6.46 4.15 

Educational trips 333 4.39 3.82 

Missing values 8   

    

Household income group (monthly income) 

>=15,000  231 7.11 5.10 

10,001 – 15,000 333 6.70 5.08 

5,501   – 10,000 600 5.78 5.11 

2,501   – 5,500 202 4.22 3.47 

<= 2,500  15 3.73 3.84 

Missing values 3   

  
High income groups are having a longer trip distance as compared to other groups. This is reflecting 

the settlement pattern as most of the high income people are living at the peripheral region on the 

western side of the city relatively far from the city centre. 

 

5.2.4. Vehicle type and weekly fuel expense 

Vehicle engine type is required to calculate the footprint as different vehicles have different emission 

characteristics. Diesel engine cars and 4-stroke motorbikes are seen more common. 
Table 5.10: Vehicle Engine Type: 

Mode 
Number of 

vehicles  
% 

Car 
Diesel Engine 71 64.4 % 

Petrol Engine 40 35.6 % 

 111  

MotorscooterMotorscooterMotorscooterMotorscooter    

2 - Stroke 131 18.8 % 

4 - Stroke 566 81.2 % 

 697  
 

Car users are having more weekly fuel expense as indicated by the fuel consumption and maintenance 

cost of car and as such, it is owned only by the high income class. But the use of motorscooter is 

increasing, even in middle and low income class, as they are becoming cheaper and within their 

affordable limits. 

 
Table 5.11: Weekly fuel expenses for private modes 

Mode Average fuel expense 
per week (Rs) 

St. dev 
(Rs) 

Car 497.4 196.3 
Motorscooter 211.2 92.0 
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5.2.5. Attitude towards Public Transportation  

As per the opinion of the people towards the public transport, the list of attributes was presented to 

the respondent. First the person is asked to tick all the attributes which he/she thinks are relevant and 

following that is a question where the respondent has to select the one most significant attribute from 

the earlier selected list. It shows that most of the people voted for frequent service and low cost Bus 

fare as the most significant attribute. People are not much concerned about the comfort level as only 

about 6% opted for the clean and good quality of bus. The following graph shows the result of the 

second part, indicating the most significant attribute selected by the people. 
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    Figure 5.3: Attitude towards public transportation 

 

 

5.3. Summary and conclusions: 

The study has helped to establish the relationship between the socio-economic characteristics of the 

people and their travel characteristics. The important parameters relating trip characteristics will be 

utilized in the Urban Transport Model during the modelling of the scenarios. 

 

In summary, it indicates that the majority of the people in the sample population belong to the middle 

income group. Males are more contributing in the trips. Motorscooter has a highest share in the modal 

split which is an indication that people are more attracted to this mode than any other modes. Public 

transport is predominantly in use by the mode captive and students. People are concerned about the 

cost and the punctual service of the public transport service. 

A. Good choice of bus routes 
B. Frequent services 
C. Low cost bus travel 
D. Reliable and punctual services 
E. Free parking at ‘park and ride’ locations 
F. Clear identification of bus stops 
G. Good quality and clean vehicles 
H. Other   
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6. Analysis of the willingness to shift to BRTS 
and construction of a discrete choice Model 

To analyze the choice making behaviour of a sample population, the choice set data is used to develop 

the random utility models and to estimate the potential modal shift, based on a binary logit model 

developed out of it. This chapter first explains the shift in general statistical terms and later utility 

functions are derived for each choice combination. 

 

6.1. Analysis of shift at different aggregation lev els 

The statistics, as presented below, show an overall shift of about 34 % to the BRTS. The study is 

further analyzed at different aggregation levels, as per the household income, sex, occupation and the 

current mode. This helps to understand the shift as per the respective category. In terms of income 

group, middle and lower income group show greater shift as compared to high income class. When 

analyzing in terms of gender, it shows that females are more likely to shift to BRT than males. This 

could be due to the fact that males more often use the vehicles own at household than females and 

thus they have a less tendency to shift to the BRTS. Also, students have slightly higher percentage 

shift as compared to workers.  
 
Table 6.1: Percent of cases willing to shift to BRT at different aggregation level 

Cases willing to shift to BRT Aggregation Level No. of samples (with 
choice set data) No. of cases % 

Monthly Household Income (Rs) 

2: <=5500  195 77 39.4 % 

3: 5501 − 10000 474 196 41.4 % 

4: 10001 − 15000 256 65 25.4 % 

5: >15000  172 37 21.5 % 

Missing value 3   

 1,100 375 34.1 % 

Sex 

Female 205 90 43.9 % 

Male 894 285 31.9 % 

Missing value 1   

 1,100 375 34.1 % 

Occupation 

Student 237 90 38.0 % 

Worker 858 285 33.2 % 

Missing value 5   

 1,100 375 34.1 % 
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Table 6.1 (Contd..) 

Cases willing to shift to BRT Aggregation Level No. of samples (with 
choice set data) No. of Cases % 

Current mode 

Auto Rickshaw 14 2 14.3 % 

Bicycle 120 34 28.3 % 

Bus 149 110 73.8 % 

Car 98 12 12.2 % 

Motorscooter 569 176 30.9 % 

Shared Auto 82 36 43.9 % 

Walk 68 5 7.4 % 

 1,100 375 34.1 % 

 

When studying the willingness to shift as per the current mode category, 31.5 % of the motorscooter 

and 12.4 % of the car users said that they will use BRTS for their trips. Some shift is shown from 

bicycle as well, around 12 %. The highest shift is from the bus as these are considered mostly captive 

travellers. It is assumed that all the users of bus will be shifted to BRT by default as the BRTS system 

will be completely replacing the existing AMTS Bus service along the route and also the fare of BRT 

is more or less comparable to that of AMTS bus.  
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Figure 6.1:  Shift to BRT from each mode 

 

6.2. Discrete Choice Modeling 

The Stated Preference and Revealed Preference data have been used to estimate the mode choice 

parameters. SP data presents the hypothetical situation which is the proposed BRTS and the RP data 

contains the observed behaviour of the people. The basis for the comparison between the RP and SP is 

the daily trip occurring in the AM peak period from their home to the destination. 

 

6.2.1. Overview of the model structure 

Discrete choice model postulates that the probability of individual choosing given option is a function 

of their socioeconomic characteristics and the relative attractiveness of the option. For the study, a 

binary choice model was constructed, where an individual has two choices, the current modes and the 
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BRTS.  The choice set is denoted as Cn  as {c,b}, alternate c is the current mode and alternate b is the 

BRTS.  

 

The utility functions for an alternative can be written as: 

Ucn = Vcn + ε          (6.1) 

 

Vcn is the systematic or representative utility and ε is reflecting unobserved individual idiosyncrasies 

of taste. The later part is also termed as ASC (Alternative specific constant). 

 

The probability of alternative b being chosen will be determined by: 

( )
( ) ( )cnbn

bn

UexpUexp
Uexp

)b(P
ββ

β
+

=         (6.2) 

 

Empirical structure of the utility function is critical to modelling individual choice, and represents the 

process by which attributes of alternatives and individuals’ socioeconomic environments combine to 

influence choice probabilities, and in turn the predictive capability of the choice model (Louviere, 

Hensher and Swait, 2006). 

 

 

 

6.2.2. Mode choice study variables 

The main variables, used for random utility models are the income, occupation, trip length, travel time 

and travel cost. The utility functions derived, helps to identify, the role of these variables in 

determining the utility for each alternative. 

 

The variables such as income, occupation and trip length, representing individual attribute, which 

have same values for both options, are put into only one of the utility equation. The variables 

dependent on the alternative mode, such as travel time, travel cost appear in both equations. 

 

The alternative specific constant, accounted for the un-observable part in utility determination, is 

estimated for only one option as it is not possible to have it for every option, due to the way the model 

works. 

 

Continuous variables such as travel time, travel cost, trip length and income1 are multiplied by their 

respective coefficients which reflect the disutility per unit of that variable. Other coefficients are 

applied to categorical variables, which reflect the total utility increase or decrease for that variable 

relative to a base situation (RAND, 2006). 

 
 

                                                      

 
1 For income, value is taken from the upper limit of the income range as specified in the questionnaire. 
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Travel times for BRT 

Distance 
Covered  

(Km)  

Travel time at 
Average journey 

speed of 30 km/hr 
 (Mins)  

1 2 

2 4 

3 6 

4 8 

5 10 

6 12 

7 14 

8 16 

9 18 

10 20 

15 30 

 

Cost for Motorscooter  per km 

Total cost [Fuel cost + 
Maintenace cost (Rs) 

Distance 
Covered 

(Km)  2-Stroke 4-Stroke 
1 2 2 
2 4 3 
3 6 5 
4 8 7 
5 10 9 
6 13 10 
7 15 12 
8 17 14 
9 19 16 
10 21 17 
15 31 26 

 

Table 6.2: Variable definition 

Attribute name Unit Variable type Description 
TravelTime Minutes Continuous Total travel time for the trip  

TravelCost Rupees Continuous Total cost for the one way trip  

TripLength Km Continuous 
Distance from origin to destination for Home Work trips 
or Home Education trips 

Income Rupees Continuous Household monthly income 

Occupation  Categorical Occupation of a person - 0: Student, 1: Worker 

ASC   Alternative (Mode)  Specific Constant 

 

6.2.3. Determination of values for the attributes 

As per the choice set design in the questionnaire, some variable values were specified by the 

respondent for his/her trip and some were derived from the attached table. The values for the BRTS 

option is derived from the proposed design specifications for the same trip.  
 
STATED : Proposed Bus Rapid Transit 
REVEALED  : Motorscooter 
 
Choices: OPTION 1 OPTION 2 

Mode for travel Motor Scooter BRT 
Remarks 

Service Frequency  Every 4 mins 
Every 2 mins 

Off-Peak Hour 
Peak Hour 

Time to get from home to 
transit or Motorscooter 

 
------------------ 

(as reported) 
 Within 10 mins 500 m walking  

Travel Time (in-vehicle) ------------------ 
(as reported) 

------------------------------ 
(as derived from the table)  

Time to get from transit or 
Motorscooter to destination ------------------ 

(as reported) 
Within 10 mins 500 m walking  

Cost ------------------ 
(as derived from the table) 

Rs. 5 to 10 / trip  

Additional Costs: Ownership 
cost, Depreciation, Parking 
costs * 

Yes No  

Comfort    Seat available / 
 Comfortable Standing   

    
Your choice: (Please circle) OPTION 1 OPTION 2  

  
Figure 6.2: Choice set for Mororscooter and BRTS 

 

For Revealed  Choice : Current mode 

TravelTime 

The total travel time for current mode is derived as: Travel time = Time from home to vehicle + 

waiting time at stops (for Public modes) + Time in vehicle + Time from vehicle to destination.  All 

the above values were specified by the respondent. 

 
Travel Cost 

For motorscooter and car, the cost is derived based on the trip length, from the table that gives an 

estimated cost per km distance travelled. This is the aggregate cost of fuel and maintenance of the 

vehicle. For public mode, it is following the present fare rates in the city. 

 

For Stated Choice: BRTS 

Travel Time  

The total travel time for BRTS is derived as: 

Travel time  = Time from home to bus stop + waiting time at stops  + Time in vehicle+ Time from bus 

stop to destination = 5 + 1 + In-vehicle time + 5 
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Time from home to vehicle: In the choice sets of the questionnaire, this time is specified as ‘Within 10 

mins’. The value specified here is 5 mins which is an estimated average time. The exact value is 

difficult to specify as the BRTS stop locations are not defined yet. 
 

Waiting time at bus stop: The value is the average waiting time at the bus stops which is put as 1 min, 

in reference to the proposed service frequency of the BRT bus which is around every 2 mins at peak 

hour.  
 

Time in vehicle:  This value is an estimated travel time in BRT derived from the estimated average 

journey speed by BRT which is 30 km/hr and the trip length of the respondent. 
 

Time from home to vehicle: In the choice sets of the questionnaire, this time is specified as ‘Within 10 

mins’. The value specified here is 5 mins which is an estimated average time. 

 

Travel Cost  

There is no fixed rates published yet for the BRT, but it is said that the cost will be comparable with 

the existing AMTS system, at minimum cost of Rs 5. In the choice set of the questionnaire, it was 

specified in the range of Rs. 5 to 10 per trip. The cost starts from minimum amount of Rs.5 until the 

distance of 5 km and after that Re 1 is added for every 1 km additional distance travelled and above 

10 km, the cost remains constant at Rs. 10 per trip. This rate pattern is followed from the existing 

AMTS bus fare rates. 

 

6.2.4. Formulation of the model structure: 

The discrete choice model is developed as a binary logit model between the current modes 

(motorscooter, car, bicycle & shared-Auto) and BRTS. The bus users are not included because, after 

the BRTS implementation, the existing public transport system will be completely replaced by the 

new system and as such, it is not possible to have an alternatives, bus and BRTS for the route. Also 

the mode Auto-Rickshaw is also not included, as the number of observations for it is very few. 

  

The inclusion and exclusion of the variables is dependent on their significance test. If the parameter of 

a variable is giving very low significance test results, they are excluded. The best fit equation is used, 

by comparing log-likelihood ratio value and Rho-square, among different other possible forms. As a 

result, the functions derived for each mode are different from each other in the attribute selection and 

their interaction.  

 

6.2.4.1. Processing data in the Bio-geme software: 

The estimation of the parameters of the utility equations was done using Bio-geme. Bio-geme is a 

freeware designed for the development of research in the context of discrete choice models. All the 

choice set data is being processed in the software for each choice combination separately. The results 

are evaluated for each model, in two sets of values: 
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i) Model Coefficients with their associated t-ratios and p-values. These values indicate the 

significance of an individual parameter associated with an attribute. For 95 % confidence 

interval, p-value should be less than 0.05 and t-test should be greater than 1.96. 

 

ii)  Model summary statistics showing the number of observations, Rho-square value. Rho-

square gives an indication of overall goodness of fit whose value varies between 0 (no fit) 

and 1(perfect fit). Normally values between 0.2 and 0.4 are treated as good fit models. 
 

6.2.4.2. Utility equation derivation 

The utility functions, derived out of the choice sets help to observe the relative attractiveness of each 

alternative, for a given trip. The contribution of each attribute to a utility of an alternative is indicated 

by the sign of its coefficients. A positive value indicates a positive impact on the utility and opposite 

applies to a negative value. Four models are developed which are described below: 

 

Model 1: Motorscooter and BRT 
Utility Equations: 

IncomeOccupation
Income

TravelCost
TravelTime  ASCU Io

MS
I/TCMSTTMS ×+×+








+×+= × ββββ       (6.3) 

 








+×= ×
Income

TravelCost
TravelTimeU BRT

I/TCBRTTTBRT ββ             (6.4) 

 

Parameter estimates for the model 

Parameter Value t - test    p - value  

ASC - 0.776 - 1.68 0.09 * 

β  TT - 0.0877 - 4.68 0.00  

β  TC/ I - 361.0 - 1.93 0.05 * 

β o 0.520 1.94 0.05 * 

β I 0.0000635 2.54 0.01  
 
Number of observations :   539 
Rho-square  :   0.148 

 
Description of utility of Motorscooter and BRTS: 
Travel time and Travel cost have negative coefficients which suggest that the utility of an alternative 

decreases as the values of these terms increases. The value of the travel cost is varying as per the 

income group of the respondent which shows that higher income group has less value on cost as 

compared to lower income groups. In terms of occupation, the positive coefficient value indicates that 

workers are more likely to use the motorscooter than the students and accordingly it is expected to 

have less shift to the BRT from the workers side.  As per the income groups, higher income groups are 

more likely to use motorscooter as suggested by the positive coefficient and thus less likely to shift 

towards BRTS. Rho-square is coming close to 0.2, which suggests that it is representing a fairly good 

model. 
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Model 2: Car and BRTS 
Utility Equations  

Income
Income

TravelCost
 ASCU I

car
)Car(I/TCCar ×+








+= × ββ       (6.5) 

 








+×= ×
Income

TravelCost
TravelTimeU BRT

)BRT(I/TCBRTTTBRT ββ     (6.6) 

 

Parameter estimates for the model 

Parameter Value t - test    p - value 

ASC 9.61 2.24 0.03  

β  TT - 0.155 - 1.44 0.15 * 

β  TC/ I (BRT) -1390 - 1.51 0.13 * 

β  TC/ I (Car) - 996 - 4.38 0.00  

βI - 0.000526 - 2.12 0.03  
 

Number of observations :   97 
Rho-square  :   0.527 
 

 
Description of utility of Car and BRTS: 
Travel time and Travel cost have negative coefficients which suggest that the utility of an alternative 

decreases as the values of these terms increases. The results shows that value of travel cost have a 

different marginal utility for car and BRT. Travel time is not at all coming significant for car 

alternative and so it is not included in the equation. So, according to it, travel time is playing no role 

in the utility of car, which is somehow, an unclear result. Also, in contrary to the expectation, the 

coefficient of income is negative, which is an indication that as income level increases, the utility of 

the car decreases.   

 
Model 3 :-   Bicycle and BRT 
Utility Equations:  

OccupationTripLengthTravelTime  ASCU oTLBicycleTTBicycle ×+×+×+= βββ    (6.7) 

 

BRTTCBRTTTBRT TravelCostTravelTimeU ×+×= ββ      (6.8) 

 
Parameter estimates for the model 

Parameter Value t - test    p - value 

ASC - 2.41 - 0.89 0.37 * 

β  TT - 0.142 - 2.17 0.03  

β  TC - 1.13 - 1.83 0.07 * 

β  TL - 0.715 - 2.84 0.00  

β o - 0.835 - 1.30 0.20 * 
 
Number of observations :   104 
Rho-square  :   0.440 
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Description of utility of Bicycle and BRTS: 
As per bicycle utility, the Trip length term is highly significant and its negative coefficient value 

indicates that people are more likely to use bicycle for short trip lengths. It becomes less attractive as 

the distance to be travelled increases. In terms of occupation, negative value indicates that students are 

more likely to use the mode as compared to the workers. The cost term in the bicycle is not included 

and for BRT option, this term is a negative. 

 
Model 4:- : Shared Auto and BRT 
Utility Equations: 











+×+= ×

Income

TravelCost
TravelTime  ASCU SA

)SA(I/TCcarTTMS ββ     (6.9) 

 











+×= ×

Income

TravelCost
TravelTimeU BRT

)BRT(I/TCBRTTTBRT ββ                  (6.10) 

 

Parameter estimates for the model 

Parameter Value t - test    p - value 
ASC 1.47 2.49 0.01  

β  TT - 0.0471 - 1.32 0.19 * 

β  TC/ I (SA) - 4050 - 2.35 0.02  

β  TC/ I (BRT) - 1880 - 2.23 0.03  

 
Number of observations :   81 
Rho-square  :   0.108 

 
 
Description of utility of Shared Auto and BRTS: 
The parameters of cost/income are significant and its value is different for each option, indicating that 

the perceived value of cost for each option is different. For a given cost, BRT option is more attractive 

to the people than Shared Auto which is shown by higher negative coefficient for Shared Auto in the 

cost term.  

 

6.3. Summary and Conclusions` 

Mode choice experiments help us to investigate the propensity of the commuters to change their travel 

behaviour in relation to the choice of a particular mode for their trips. The statistical figure shows 

overall about 34 % of the commuters are willing to shift to BRTS. When analyzing the shift in terms 

of the categories of income, sex, occupation and current mode, it reveals that low income group, 

females, students and bus users respectively are more likely to use the BRTS. 

 

Utility functions derived out of the choice sets, helps to assess the relative attractiveness of the option, 

indicated by the sign of the coefficients of the attributes. In all the experiments, Travel time, Travel 

cost have a negative sign indicating that an increased value of these terms will have a decreased effect 

on the utility of the option. The sign of the other parameters vary as per the choice combination.  
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The model for motorscooter and BRTS combination shows a good fit model as compared to other 

modes as it has over 500 observations and all its parameters are significant at 90% confidence 

interval. Other combinations have comparatively few observations, and accordingly their parameter 

estimates are not very significant. 

 

The models, derived here are used in for predicting the modal shift, for estimating a new modal split 

for the BRTS scenario. 

 

 
Limitations in the mode choice analysis 
In the utility equation, not all parameters are showing significantly different from zero at 90% 

confidence interval. Rho-square values for the models developed do not fall in the optimal range (0.2 

– 0.4)  This indicates the need for more observations for those combinations, to have a better 

representation of the utility functions in terms of attribute selection, attribute interaction and 

parameter significance. 

 

As per the objective of the study, the comparison is done only between the current mode and the 

BRTS, offering a binary logit model. The possibility to shift, within the available current modes, in 

presence of a new mode, is not studied, which requires the use of mulit-nomial logit model.  

 

The attribute values for the BRTS option are the average and the estimated values. The exact values 

of it cannot be precisely determined at this stage, as it is not yet in operation. 
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7. Scenario modelling using urban transport 
model system 

Urban transport model system, also referred as 4-step sequential model has been used to predict the 

flow on the links, derived from the trip data of each traffic analysis zones and the road network data. 

This chapter explains the sequence followed in the modelling of the scenarios, starting from the data 

acquisition, its preparation, steps involved in different stages of the model and the final output of the 

model in the form of route assignment to each network.  

 

7.1. Overview of the scenario modelling and its ana lysis 

The urban transport model system is playing an important role in transport planning as it helps to 

predict the outcome of different scenarios and evaluate them to judge their performance. For the 

purpose of the study, two scenarios have been formulated. The base scenario is the existing scenario 

and the BRTS scenario is the prediction of the change in the system after the BRTS system is being 

introduced in the city. For the first scenario, all stages of the modelling is carried out where as for the 

second scenario, the diversion starts at the mode choice phase where there is a new modal split is 

derived after there is an addition of new mode, the BRTS.  

 

Zones: 196 TAZs, 
Networks: 
AMTS Route, BRT Route

Base-year
data

Future Planning data: 
BRTS Implementation

Database:
Base year

Trip Generation

Trip Distribution

Modal Split

Route Assignment

Evaluation

Mode Shift Analysis

Transport Ecological 
Footprint Analysis

Subset of trips occuring between the 
zones within 1km buffer from the  
BRTS route

New Modal Split

Route Assignment

Evaluation

Transport Modelling: 
Omnitrans v4.2

Utility function development and 
Binary logit model estimation: 
Biogeme v 1.5

Spatial data preparation: 
ArcGIS v9.2 

Footprint calculation & its analysis: 
MS Access, MS Excel

Footprint visualization:    
TAZ & Route: ArcGIS v9.2 Statistical analysis: 

SPSS v15

 
 

Figure 7.1:  Overview of the scenario modelling and its 

 

A daily trip, that constitutes home to work trip or home to education trip, is being focussed on, as 

these trips constitute the major portion of the total number of trips (Table 3.4). The analysis 
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Figure 7.2: Spatial dataset 
for base scenario 

concentrates on the morning peak hour trips, from home to destination. The vehicular trips, using the 

modes - motorscooter, car, auto-rickshaw, bus, bicycle, shared-auto, and BRT are included in the 

study as they are responsible for contributing transport footprint and accordingly walk trips are 

excluded. The model is attempting to predict the trip flow pattern in the whole of the AMC area along 

the main routes (AMTS bus routes).  

 

7.2. Data acquisition & its preparation 

The data acquired are the spatial and non-spatial data, followed by its preparation for network 

analysis. ArcGIS software is capable of route editing, fixing of topological errors and other features 

relating to network data preparation. 

 

7.2.1. Base scenario: 

Traffic analysis zones: (Polygon features) 

There are in total 196 traffic analysis zones in AMC 

area. All these zones are included in the study. 

 

Nodes: (Point features) 

AMTS stop points and the TAZ centroids are used as 

the nodes in the network dataset. The stop points are 

checked and snapped to the route, in case they are off 

line.  

 

Routes : (line features) – AMTS route and connector:  

The routes to be used in the network analysis are 

routes with existing AMTS bus service which serve 

as the main road for the city. The minor roads, 

connecting the main roads are not analyzed in 

separately, but as a connector, joining the centroid of 

the zone with the nearest node (AMTS stop point). 

These routes are checked for the topological errors 

before doing the network analysis. 

Figure 7.2:  Spatial dataset for base scenario 

 
 
 
Non-spatial database: 
The trip information, modal split, average household income, population are available in database 

format as an attribute table associated with TAZ layer for each TAZ.  

 

Network nodes

TAZ Centroids

AMTS Stop points

Connector (TAZ Centroid to AMTS stop)

AMTS Route

Network links

Legend

±0 2.0 4.01.0
KM
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Network nodes

TAZ Centroids

BRTS Stop points

Connector (TAZ Centroid to BRT stop)

BRT Route

1 km Buffer from BRT route

TAZs whose centroids are within the buffer

TAZs not within the buffer

Network links

Areas

Legend

0 2.0 4.01.0
KM ±

Figure 7.3: Spatial dataset for BRTS 
scenario (for BRT mode) 

7.2.2. BRTS scenario: 

Traffic analysis zones: (Polygon features) 

There are in total 98 traffic analysis zones that are within 1km buffer range from the BRTS route. 

These are regarded as the zones that are within the service area of the BRTS service.  
 
Routes: (line features) – BRTS route Phase- I (1A & 

1B), AMTS route, and connector:  

BRT phase-IA route extends across the periphery of 

the AMC area and Phase-1B covers some part of the 

walled city. The total length is about 57 kms. The 

connector is constructed by joining the TAZ centroid 

to the nearest BRTS stop.  The other routes are 

constructed in the same way as for the base scenario. 

 

Nodes: (Point features) 

BRTS stop points are not defined yet in the proposed 

design specification but there is a mention of average 

800m distance between the stops. So the stop points 

are derived by dividing the route into equal interval 

of 800m as a most probable location.  

 

Association of modes to links: 
For mode BRT, only the BRTS route is used. For 

AMTS bus, all the routes, except the BRT route are 

used as it is completely replaced by BRTS in the 

proposed BRTS routes. For the remaining modes, all 

routes are used. 
Figure 7.3: Spatial dataset for BRTS scenario 

 

 

 

 

Association of speed to mode links: 
Average journey speed for each mode is assigned in their connector and routes (Table 5.8). For public 

modes, the connecter speed is the walking speed (4km / hr) and route length is the average journey 

speed (30 km /hr for BRT). 

 

7.2.3. Inputting data to the OmniTRANS system 

After the spatial data (routes and zones) and non-spatial data (trips generation data) are ready, they are 

fed into the OmniTRANS software for further analysis. OmniTRANS is an integrated multi-modal 

transportation planning package, capable of handling the data in multiple dimensions (mode, trip 

purpose, time etc) with powerful data management facilities, job scripting language and 
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comprehensive user interface. In OmniTRANS, a separate model is developed for each trip purpose 

and each mode and later the final results are aggregated as required. 

 
 

7.3. Four-Step Transport Model (UTMS) 

The model comprises of four submodels that are carried out in a sequential process:  trip generation, 

trip distribution, mode choice and trip assignment 

7.3.1. Trip Generation model 

This phase is concerned with predicting the number of trips produced and attracted to each traffic 

analysis zone. For trip production, the data from the secondary source (Household interview survey 

report, GIDB & CEPT, 2001) is referred. The source is not containing the trip attraction data. So, the 

attraction to each zone is derived from the number of jobs available in a TAZ for work trips, which is 

generally seen as a good proxy for trip attraction. For educational trips, it is determined by the 

institutional area in the TAZ, derived from the landuse map. 

 

 
Figure 7.4: Derivation of trip attraction data for work and educational trips 

 

0 2.0 4.01.0
KM

±

AMC boundary

TAZ  Boundary

Landuse

Institutional Area

Total jobs at TAZ level

0 - 4000

4001 - 8000

8001 - 16000

16001 - 24000

> 24000

Legend

 
Figure 7.5: Distribution of jobs and institutional area for each TAZ 

 

Total jobs in 
each TAZ

Total productions: 
Work trips

Distribution of total productions to each TAZ in 
proportion to their respective institutional areas

Attraction of work  
trips for each TAZ

Landuse map: 
Institutional areas

TAZ Zones

Vector overlay: 
Operation - Union

Total productions: 
Educational trips

Institutional areas  
in each TAZ

Distribution of total productions to each TAZ in 
proportion to their respective institutional areas

Attraction of educational 
trips for each TAZ
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7.3.2. Trip Distribution model 

Trip distribution model links the origin and destination ends of the trips generated by the trip 

generation model. The friction factor, ie, the impedance, that measures the resistance to travel, is 

taken as travel time. The travel time is for each mode is calculated from the average journey speed for 

each mode (Table 5.7).  

The exponential distribution function is being used for the friction factor f(cij),  written as  
( ) ( )ijij c05.0exp5.1cf −=  

where, cij  is the travel time in travelling from zone i to zone j. 

 

Finally, the gravity model is formulated as 

 Iij = Pi Aj f(cij) ai bj 

 

where, 

 Iij stands for the interaction as measured by the number of trips made from zone i to j 

 Pi is the trips leaving zone i 

 Aj is the trips attracted to zone j 

 ai and bj are the scaling factors 

 

The resulting output from the model is the base year trip table, based on the data of year 2001. To 

update this table to the present year 2007, a uniform growth factor is applied, using population growth 

rate (2.3 % per annum).  

 
Restrictions in trip distribution model 
Intra-zonal trips are not allowed in the distribution, as these are assumed mostly to be walk trips1, 

indicated by the average walk trip distance which is 1.2 km (Table 5.8). For the public modes, bus and 

BRT, trips between the zones are allowed where route distance is zero. 

 

Desire line diagram 
The result of the trip distribution model can be viewed graphically in the form of desire line diagrams. 

On studying these lines, the trips are widely distributed throughout the city showing that there is no 

strong CDB as such. But as comparatively more job locations are concentrated around the central part 

of city, more trips are seen attracted to these places. 

 

                                                      

 
1 For reference, average intra-zonal distance taken as ¾ of the diameter, assuming zone area as a circle is 765 m (St dev. 370 m) for 196 
zones.. 
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S: 9604 O-D pairs U: 38416 O-D pairs 

1001 - 4000
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from the BRT route

Legend
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Figure 7.6:  Desire line diagrams, universal set and subset (all 6 modes) 

 
Categorization of trips 

U: Universal set: This includes all the trips in all zones. The total O-D pairs generated is 196 × 196 
equals to 38416 O-D pairs. 
 
S: Subset of the U: This includes the trips between the 98 TAZs that are within 1 km buffer from the 
BRT route. The O-D pair for this case is 98 × 98 ie 9604 O-D pairs. It is only on this subset, that a 
modal shift is applied.  
 
 

7.3.3. Mode choice 

The mode choice predicts the number of trips from each origin to destination using a particular mode. 

All four stages of the modelling are done separately for each mode as per the modal split data, 

obtained from the GIDB report. For BRTS scenario, a new modal split is derived after applying modal 

shift.  

 

7.3.4. Trip Assignment 

For the route assignment, all or nothing Method (AON) is used, which is based on the assumption that 

people will choose the shortest path between the origin and destination, regardless of the congestion 

effect. Due to the unavailability of sufficient data on the road lanes and its capacity, an equilibrium 

assignment (Wardrop’s equilibrium) could not be applied. The Wardrop’s equilibrium assignment 

overcomes the limitation of AON assignment by following an incremental approach, that leads to a 

situation where the (perceived) costs of travel between each origin and destination are same, no matter 

which route travellers used. (Wardrop, 1952). 
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7.3.5. Check for validity of model results 

The most standard validation checks of trip distribution models used as part of the calibration process 

are comparisons of observed and estimated trip lengths. Modelled average trip lengths should 

generally be within five percent of observed average trip lengths (TMIP, 2008). The trip length from 

model result is 5.47 km for all trips (work and educational), while the observed average trip length 

from survey data is 5.96 km (Table 5.8), giving a difference of about 8 % with respect to observed 

value. This shows that the model is fairly representing a travel patterns in the city, in terms of trip 

distances. 

 

7.4. Applying modal shift:  

The zones (centroid) that are within 1 km distance from the BRTS route are regarded as corridor 

zones. The survey data indicates that the average walk distance is 1.2 km (Table 5.8). Based on this, 

an assumption is made that most people are willing to walk around 1 km in total (out-vehicle time) 

and accordingly the corridor zones are selected. For BRTS travel, total walk distance is taken as total 

length of two connectors (home to stop + stop to destination) 

 

Only the selected trips (subset: S) between the corridor zones are considered eligible for the modal 

shift. For these trips, utility for the current mode (either motorscooter, car, shared auto or bicycle) and 

BRTS is calculated using the utility functions derived in the earlier chapter. To estimate the potential 

shift, a binary logit model is applied. For all other trips, both origin and destination zones or either 

one of them are off – corridor and these trips are considered as not having BRTS as an alternative. 

 

7.4.1. Defining attributes values for input to util ity functions 

The values of attributes are calculated to derive the utility of each mode for a particular trip. The table 

below shows the list of attributes and method followed to derive their values. 
 

Table 7.1: Deriving attribute values of the utility functions  

Attributes Unit Value Derivation Remarks / source 
Trip Length (Centroid 
distance) 

Km Connector (origin centroid to node + route 
length +  Connector (node to destination 
centroid) 

Road segment length, from 
road network data. 

Income Rupees Average household income of the TAZ Base – year database 

For all modes except bus and BRT 
Total travel time  Minutes Trip Length / Average journey speed of the 

mode 
Speed data (Table 5.8) 

Total travel cost Rupees Trip Length × Cost per km Calculation of cost rate,   
(Appendix B)  

For modes bus & BRT 
Total travel time  Minutes (Route Length / Average journey speed of 

the mode) + (Connector length / Walking 
speed) + Waiting time 

The average walking speed is 
taken as 4 km/hr; average 
waiting time for AMTS bus: 5 
mins, BRTS: 1 min 

Total travel cost Rupees Route Length × Cost per km Cost as per the existing / 
proposed fare rates  

Occupation  0: Worker, 1: Student Derived from Trip purpose 
data. 
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7.4.2. Modal shift application procedure 

The calculation for each step is explained in detail, taking one of the motorscooter trip (work trip), 

originating from zone 80 to zone 141 as an example, as described below: 

 

 

Zone information: 

Origin  : 80   
Destination  : 141 
 
Trip Purpose :  
Home to work 
 
Total trips : 238 
 
Average household income 
(Origin zone) :  
Rs. 7,238 per month 
 

 

 

 

 

 

 

 
Figure 7.7: Travel routes for two scenarios 

 
For revealed choice: Mode - Motorscooter 

This trip is occurring along the existing shortest route, as indicated by the red line in the figure. Travel 

time and travel cost are calculated with respect to the trip distance. Out-vehicle time is not included in 

the travel time because the mode trip begins directly from the origin and ends in the destination zone. 
 
Attribute values: 

TravelTimeMS  = 60
)hr/km(speedjourneyAverage

)km(cetandisCentroid ×  

 

= 60
3.25

lengthRoutelengthsConnector
×

+    

= 60
3.25

823.7938.0
×

+
 

= 20.8 minutes 

 

TravelCostMS  = Centroid distance × 1.796 

= (0.938 + 7.823) × 1.796 

= Rs. 15.7 
  
 Income = Rs 7,238 

 Occupation  = 1 (for workers) 

!.

!.
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Utility calculation: 

IncomeOccupation
Income

TravelCost
TravelTime  ASCU Io

MS
I/TCMSTTMS ×+×+








+×+= × ββββ  

or, UMS = ( ) ( ) ( )72380000635.0152.0
7238

7.15
3618.200877.0776.0 ×+×+







 ×−×−−  

        = - 2.40 

 

 
For stated choice: Mode: BRTS 

This trip is by the BRT mode, along the BRTS route as indicated by the green line in the figure. The 

travel time is the accumulation of out-vehicle time which is the walking time along the connector and 

in-vehicle time, along the route using BRT and average waiting time at the bus stop. The cost is based 

the route distance travelled using BRT. The total connector length is the sum of two connectors, 

origin zone centroid to BRT stop and BRT stop to destination zone centriod. 

 
Attribute values: 

TravelTimeBRT  = 








× 60

)hr/km(speedwalkAverage

)km(lengthconnectorTotal  + 








× 60

)hr/km(speedjourneyAverage

)km(lengthRoute   

     + Waiting time   

 

= 






 ×+
60

4

75.055.0  + 






 × 60
30

6.15  + 1  

 

= 51.6 minutes 

 

TravelCostMS  = Rs. 10.0   (Route length = 15.6 km; Cost = Rs.10.0 for trips greater than 10 km) 

 
Utility calculation: 








+×= ×
Income

TravelCost
TravelTimeU BRT

I/TCBRTTTBRT ββ  

 

or, UBRT = ( ) 






 ×−×−
7238

0.10
3616.510877.0 =  − 5.9 

 
 
Using Binary logit model: 
The probability of alternative BRTS being chosen will be determined by: 

( )
( ) ( )MSBRTS

BRTS
)BRTS( UexpUexp

Uexp
P

+
=     

      

                  
( )

( ) ( )40.2exp90.5exp

90.5exp

−+−
−

=  

    = 0.07 
 

The probability of an alternative Motorscooter being chosen = 1 – 0.07 = 0.93 
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Total trips: 
Motorscooter trips  = 0.93  × 238  = 221.34 

BRT trips     = 0.07  × 238  = 16.66 

 

For this origin-destination pair, it clearly shows that the BRT option is less attractive for a commuter 

as compared to the motorscooter. Travel time plays a dominant role in this case for the relative 

attractiveness of each option. Total travel time by BRT comes to be far higher, compared to motor 

scooter, both out-vehicle time (walk distance: 1.3 km) and in-vehicle time (Route length: 15.7 km) is 

high for BRTS option and as a result, it shows the shift of only 7 %, which is very less. 

 

The same procedure is followed for all the trips from for all modes (9604 × 4 trips).  

 

Modal shift from existing bus to BRTS 
The existing AMTS bus will be completely replaced by BRT in the proposed route. As a result, all 

bus trips occurring through the proposed BRT route are by default, shifted to BRT. For the trips in 

different routes, comparison is made in terms of travel time along the existing shortest route and the 

BRT route. As a probable preference for the comfort, factor of 10 % of the travel time is applied for 

the preference of comfort over travel time, as indicated from the survey data which says that about 7 

% of the people chose the Good quality bus (Figure 5.3) as their first priority in the public transport 

service. The cost of two systems is more or less comparable, and accordingly, it is not playing any 

significant role in choosing the option. 
 

 

Travel time comparison: 

A  = Travel time by bus along the existing shortest route 

B  = Travel time by BRT along the BRTS route ×  0.9 
 

Shift from Bus to BRT is applied for cases where A >= B. 

 
Preparing data for analysis and its further processing: 
Finally all the results from the OmniTRANS system and Bio-geme results are exported to the Access 

database, Excel worksheet and SPSS environment depending upon further manipulations and analysis 

to be done. The resulting output of the analysis is imported again to the GIS environment by 

associating it with the related spatial feature for visualization. 

 

7.5. Summary and conclusions 

Use of transport modelling helps to predict the travel patterns in the city and the consequences of 

alternative courses of action and accordingly urban transportation planning strategy can be 

formulated. 

  

The output of the transport model is the travel flow pattern for each mode, starting from the origin 

zone and ending in the destination zone, giving a picture of how the trips are distributed over the city. 

The modal shift applied to the second scenario, gives an estimated change in the traffic flow pattern in 

the areas, having an influence of a new mode. All these results are used for the transport ecological 

footprint analysis in the next chapter.  
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Limitations in the model developed: 
As per the limitations, only the work trip and educational trips are included, as the study is aimed to 

study the behaviour of workers and students in commuting. The other trip purposes that constitute 

about 14 % of the total trips (Table 3.4) are excluded. For the trip distribution model, due to the un-

availability of the origin destination matrix table and trip attraction data, number of jobs and 

institutional area in each TAZ, has been used as a basis for trip distribution. Uniform growth factor is 

applied to update base year trip table to the present date. As these are the approximate ways of 

processing the data, it could have an implication on the accuracy of the resulting trip distribution. 

 

The AON method used in the trip assignment, neglects the congestion effect, thus giving a fairly 

accurate flow pattern. The equilibrium offers better results, but due to the data availability constraints, 

it couldn’t be applied. 

 

The average journey speed data, obtained from the survey, is the speed of travelling along the routes 

of the proposed BRTS corridor and other segments joining it. These roads have comparatively less 

traffic as compared to road segments around the central area. The use of same speed data for all the 

road segments ignores this difference. For the road segments, close to central region, these may be 

over-estimated values. 

 

When applying the modal shift, only the trips along the corridors are selected. The possibility of the 

BRTS use via feeder mode is not taken into account, which in reality may constitute some portion of 

the BRTS trips.  This is because the survey was conducted only along the corridor areas and as such, 

no information is available about the tendency of a commuter to use BRTS from off-corridor areas. 
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8. Transport ecological footprint analysis and 
its visualization 

The next phase, following the modelling, is the evaluation of the scenarios, using transport ecological 

footprint analysis. To observe the spatial variation over the city, the footprint is derived at the level of 

TAZ and route using appropriate visualization techniques.  

 

8.1. Transport ecological footprint 

The ecological footprint is a resource accounting tool that measures how much biologically 

productive land and water area an individual, a city, a country, a region, or humanity uses to produce 

the resources it consumes and to absorb the waste it generates, using prevailing technology and 

resource management. The total ecosystem area that is essential to the continued existence of the city 

is its de facto ecological footprint which is proportional to both population and per capita material 

consumption. It therefore represents the corresponding population’s carrying capacity. (Wackernagel 

and Rees, 1996). It is most commonly expressed in hectares of a biologically productive land required 

to sustain the activity of a population 

 

Transport ecological footprint analysis helps to assess the impact of urban mobility on the footprint of 

a commuting. For the evaluation of the scenarios, ecological footprint has been used as the main 

indicator as it accounts both the direct CO2 emissions from vehicle fuel consumption and occupied 

land area for the road infrastructure in one measure (Muniz and Galindo, 2004). The Biological 

productive land for this study is expressed in terms of hectares of forest, which is responsible for 

sequestering the CO2 emitted from the vehicular emissions. The methodology for footprint calculation 

and its analysis is explained further in the following sections. 

 

8.1.1. Footprint indicators used for comparison of scenarios: 

The comparison is made at different levels (aggregate and disaggregate level), depending upon the 

change to be studied and accordingly, an appropriate footprint indicator is being chosen. The main 

indicators used are: Total footprint, Footprint per capita and Footprint per km. Each indicator is 

explained in the respective sections where they are used. 

 

8.2. Methodology for footprint calculation 

Transport ecological footprint is derived by combining the physical footprint and the energy footprint.  

Total transport ecological footprint = Physical footprint + Energy footprint 

 

8.2.1. Physical footprint: 

It is the surface area of roadway paving. It is obtained from the information on road width and the 

road length. It is calculated as: 

Total road area = Total road length  × Average road width      
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For the case of existing road network, Physical footprint is derived on the following basis: 
Table 8.1: Physical footprint calculation  

Road category Average width 
(m) 

Total length 
(km) 

Total surface 
area (ha) 

Total Physical 
footprint (ha) 

Main road 1 35 391.99 1371.9 

Connector 2 7 87.18 61.0 

1432.9 

Source:   1. BRTS report, GIDB, CEPT University, 2005,  

2. Dalumpines, 2008 
 

The physical footprint remains unchanged for both scenarios as the area of road is same 

 

8.2.2. Energy footprint: 

It estimates the energy consumed in one year and the resulting carbondioxide emission emitted from 

the vehicles travelling along the road network. It also includes the energy spent and the resulting 

emissions, on the construction and the maintenance of the roadway network, allocated over the life of 

the network. This emission figures are then converted to land area measured in hectare by the use of 

carbon sequestration factor giving the amount of forest land required to sequester all the emissions 

consumed in the operation of the transport network. 

 

8.2.2.1. Data required prior to calculation 

Vehicle emissions: 

This information gives the emission emitted from each type of vehicle. The figures presented below in 

the table gives the average emission figures per kilometre distance.  

Table 8.2: Vehicle emission figures  

Vehicle type CO2 equivalent grams 
/ vehicle - km 

Motorscooter  79.6 

Car  214.0 

CNG Bus 1050 

Auto-rickshaw / 
Shared Auto 

110.0 

BRT Bus (CNG) 970 

Source: Bose & Sperling (2001), Appendix B 

 

Vehicle occupancy: 

This information is required to convert person-trips to vehicle-trips. The table below presents the 

average vehicle occupancy for each mode. 

Table 8.3: Vehicle occupancy figures  

Vehicle Average 
occupancy 

Remarks / Source 

Motorscooter 1.02 

Car 1.08 

Autorickshaw 1.02 

Source: Primary survey data  (Table 5.6) 

Bus 28.4 

Shared Auto 6 

This is referred from the reports indicating the average bus occupancy 
along the corridor roads. Source: Feasibility study on Ahmedabad 
intergrated public transit system, 2000. 

BRT 45 This is derived from the BRTS proposed bus specification: Maximum 
capacity of 70 passengers with load factor 0.6 (BRTS report, GIDB, CEPT, 
2005) 
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Carbondioxide sequestration 
For the footprint derivation, global forest average is considered, which mentions that one hectare of 

forest can annually absorb 1.8 ton of carbon (1.8 × 3.667 = 6.6 ton CO2)
1 which is generated by the 

consumption of 100 gigajoules of energy (Wada, 1994). As for Ahmedabad city, the local conversion 

factor was not available during the study and as a result, productivity of the global forest is being 

adapted to the local forest of the Ahmedabad district. 
 

8.2.2.2. Calculation of the Energy Footprint 

Energy footprint is derived for each mode separately as they have different emission rates. It is carried 

out in the following steps: 

 
1. Derivation of daily vehicle kilometres of travel  
It starts with the derivation of the vehicular trips from the person trip using average vehicle occupancy 

and then summing up of all the trip distances (travelled in a vehicle) from home to destination. Finally 

the result is multiplied by 2.0 to take into account the return-home trips, assuming that a commuter 

returns home in the same way as going from home to destination. 

 
2. Annual vehicle kilometers  
To convert daily trips to annual trips, the daily trips are multiplied by the annual working days which 

is 254 for a casual workers in India. 

Annual km = Daily km  ×  254       

 

3. Annual emissions 
This step involves calculating total emission emitted from the vehicle travelled during a course of a 

year and the emissions resulting from the road construction and maintenance which is equivalent to 45 

% of the total emissions from the vehicle (Wackernagel and Rees, 1996). A road maintenance factor 

for the Ahmedabad city is not available during the study and therefore, the average value of 45 % is 

being adapted to the city. 
 

Annual emission = Annual km  ×  vehicle emission factor  ×  1.45   
 
4. Converting emissions to hectares (Energy Footprint) 
The annual emission is divided by the carbon sequestration factor to get the area of forest (in hectares) 

required to absorb the resulting emission.  
 

Energy Footprint (ha)  =  
Annual emission (ton CO2)

6.6       

 
5. Finally the entire energy footprint resulting from each mode is added to get the total energy 

footprint. 

                                                      

 
1 . CO2 has a molecular mass of 44, while C has an atomic mass of 12. To get mass of CO2 per hectare, the mass of C is multiplied by 
3.667. 
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8.3. Evaluation of scenarios using footprint analys is 

Here, the two scenarios are analyzed using transport ecological footprint analysis and they are 

compared on different basis. 

8.3.1. Base scenario 

The total transport footprint of the city helps to assess the footprint, resulting from the travel pattern 

of the commuters in the city.  
 

The first step is to derive the total emissions from the vehicles and its maintenance in one year. This 

emission figure is then converted to forest land area using a sequestration factor and adding to it a 

physical footprint, which is the area of the road, to get the total footprint. 

 
Table 8.4: Footprint calculation for base scenario 

Mode Person trips – 
daily (Work & 

education trips) 

Modal 
split (%) 

No. of 
commuters1 

Annual distance 
(km) 

Annual CO2 
emission (ton) 

Energy 
Footprint 

(ha) 
Motorscooter 378,839 32.6 % 332,315 1,028,536,043.0 81,871.5 12,404.8 

Car 20,731 1.8 % 18,185 60,734,549.4 12,997.2 1,969.3 

Autorickshaw 25,237 2.2 % 22,138 61,533,787.3 6,768.7 732.5 

Bus 244,250 21.0 % 214,254 23,483,381.4 24,657.6 3,736.0 

Bicycle 358,851 30.9 % 314,782 936,319,573.0   

Shared Auto 134,122 11.5 % 117,651 56,997,613.5 6,269.7 678.5 

 1,162,030  1,019,325  132,564.7 19,521.1 
 

Total energy footprint including the emissions, accounted for road manufacture and maintenance  

= 20,085.6  ×  1.45 = 29,124.1 ha 
 

Physical footprint = 1,432 ha 

Total transport ecological footprint  = 29,124.1 + 1,432.0  = 30,556.1 ha 

Average footprint per commuter  = 30,556.1 / 1,019,325  = 0.0300 ha / capita 
 

The total footprint estimated suggests that total 30,556.1 ha of global forest is required to absorb 

direct and indirect annual carbondioxide emissions resulting from transportation sector of Ahmedabad 

city.  

 

8.3.1.1. Analyzing sustainability of the transport system 

If we assume the territory of the AMC population as Ahmedabad district, the available bio-capacity 

(forest area) in the district can be used to study whether there is a condition of ecological deficit 

(overshoot), ecological reserve (undershoot) or a balanced situation. 

 

The Ahmedabad district has a forest area of about 17700 hectares (FSI, 2007). As for Ahmedabad 

city, the local conversion factor was not available during the study and as a result, productivity of the 

global forest is being adapted to the local forest of Ahmedabad district.  

                                                      

 
1 This the total number of workers and students which is derived from the person trips using the average trip rate of 1.14 trips per capita per 
day in AMC area. (Source: Household Interview survey, GIDB, CEPT, 2001). Commuters who are walking are excluded in the count 
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AMC is the most active urban area in the district. The other areas are mostly rural and only few 

people live in those areas as shown by the existing district profile. Thus their footprint is considered 

negligible as compared to that of AMC.  

 
Table 8.5: Ahmedabad district profile 

Area Total population 
(million) 

% population 
in urban area 

Area 
(sq.km) 

Ahmedabad district 5.82  8,707 
AMC 3.60 99.0% 190 
Rest of the area 2.22 22.0% 8,517 

Source: Census of India, 2001 

 
 
 

Figure 8.1: Ahmedabad district 
Source: IIM, Ahmedabad, 2002 

 
 
Referring to the available forest area in the district, it is evident that the biocapacity (forest area) 

available for the population is 17,700 ha which is deficit of the current footprint (30,556 ha). It clearly 

indicates the condition of overshoot where the emissions generation is exceeding the absorbing 

capacity of the area1. This excess CO2 

is either exported to the other 

neighbouring districts or if it is not 

the case, it is contributing to the air 

pollution and accumulation of GHG 

in the atmosphere, responsible for 

global warming. The city is 

consuming energy and emitting 

emissions, 72 % more than the 

permissible limit, giving a picture of 

un-sustainability. This ensures the 

need of appropriate planning 

measures and policies to be 

implemented to minimize the current 

footprint and promote the sustainable 

transport development. 
 

Figure 8.2: Present footprint vs carrying capacity 

 
 

                                                      

 
1 For this analysis, it is assumed that all the emissions generated from the AMC area are first absorbed by the forest in the district. Only 
excess emissions, beyond the carrying capacity, are exported to the other areas. To have more precise results, detail study is required, as per 
how the emissions generated from the city disperses over the area and how it is being sequestered by the forest.  

Present footprint
30556 ha [1.6 x A]
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A: 19000 ha

Footprint as per carrying capacity
17700 ha [0.93 x A]

Condition of overshoot:12856 ha
72 % more than carrying capacity
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8.3.1.2. Analyzing footprint at TAZ level  

The analysis done at the level of the zones gives the picture of how each zone is contributing to the 

footprint, which in turn can be related with the socio-economic and travel behaviour of the people 

residing in these zones and accordingly, the cause behind the footprint can be identified. 

 

Footprint of TAZ is analyzed at two levels: 

a. Ecological Footprint per TAZ (hectares) 

b. Ecological footprint per commuter per TAZ (hectares per capita) 

 
Total footprint per TAZ for base scenario 

This measure gives the total footprint of a zone and it gives an overview of the variation of the 

footprint of different zones over the city. Footprint of the TAZ is derived from the annual trips 

originating from it and the resulting emissions from the vehicular trips. As per the physical footprint, 

the percentage of road space occupied only by the trips originating from each TAZ was not available. 

So, for an approximate measure, a portion of a total physical footprint is allocated for each TAZ, in 

proportion to the total trips originating from it. The distribution of the absolute footprint over the city 

is represented by the map as shown below.  

 

±
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Figure 8.3: Transport Ecological footprint per TAZ 

 

The zones in the central part have smaller footprint as compared to the eastern and western part. The 

areas mostly along the peripheral region of the city have bigger footprint, which is the result of trip 

distance for those people, as most of them are travelling to the central part. The western part is 

showing even more of the footprint, as most of the high income group are residing in these areas 

(Table 3.2) 
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To unfold the individual components, contributing to the total footprint of a TAZ, the related factors 

are identified, which are mainly  

a. The total trips generated from each zone (How many trips?) 

b. The average trip distance for a trip originating from a zone (Where they go?). This is the 

result of the trip distribution phase of the transport modelling where each trip is assigned, an 

origin and a destination.  

c. Average monthly household income of a zone population (How they go? / by what mode?). 

On studying the socio-economic characteristics of the commuters and their travel behaviour, it 

shows that there is a relation between the mode choice and their income status. This is further 

elaborated, when deriving footprint per capita measure. 

 

Furthermore, a regression analysis is done to see, the degree of relationship between the footprint 

derived and its associated variables. It reveals that all three variables are having a positive correlation 

with the total footprint. 

 

Table 8.6: Regression Analysis between TAZ total footprint, average trip distance, average household income 

and total trips originating from the TAZ 
 

Dependent variable : Total Footprint of a TAZ 

Independent variables 
Variable name Coefficients t Sig 
Total trips originating 
from a TAZ 

0.024 28.247 .000 

Average trip distance for 
a TAZ 

17.869 5.333 .000 

Average household 
income for a TAZ 

0.010 6.158 .000 

(Constant) - 119.281 - 6.845 .000 

    

Model Summary 
R = 0.912 :  R-Square = 0.832 

 

As a footprint reducing measure, according to the regression model derived, values of all three 

variables need to be brought down. When talking about the possible interventions, the trip generation 

is the result of a travel demand of the people, which is studied under travel demand management. The 

average trip distance has a direct relation with the landuse planning of the city (location of jobs, 

schools, residence etc). The household income of the people has a relation with how people travel in 

terms of mode choice. 

  

For this study, the travel pattern of a commuter is studied more in depth in terms of mode choice. The 

scenario comparison is aimed to study the possible change in the footprint when there is an 

intervention done on the mode choice of the people. The other two factors are not being experimented 

in the scenario formulations. 

 
Footprint per capita at TAZ level 
This measure reflects how an individual commuter is contributing to the footprint. It gives the average 

footprint per commuter, living in the particular zone. The travel behaviour of a person is related to the 

mode being used for commuting and the distance travelled in commuting the trip. Footprint per capita 
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is obtained by dividing the total footprint of a zone by the total number of commuters from that zone. 

The commuter group for this case includes all the workers and students, using a vehicular trips (using 

one of the seven modes). Walking commuters are excluded in the count as they are not contributing to 

the transport footprint. For establishing a reference level, permissible footprint per capita is derived, 

considering Ahmedabad district as the population’s territory. As per the available bio-productive land 

(forest), the average footprint per capita should be 17,700 / 1,019,325 = 0.0173 ha / capita. 

 

The variation of footprint per capita at zone level, across the city is indicated by the map as shown 

below. The side graph shows the percentage of commuters, belonging to the footprint range used for 

classification. 

 

 
Figure 8.4: Footprint per capita per TAZ 

 

Mostly, the areas in the western part show a high footprint per capita as compared to central and 

eastern part of the AMC. Only commuters of 32 zones, shown as green color in the map, are having 

their footprint below the threshold limit, constituting about 11.9% of the total commuters. The red 

zones are the areas having very high footprint, exceeding almost 3 times the carrying capacity. This 

has again to do with their travel pattern. Further analysis is done to study the factors associated with 

the travel pattern and their effect on the footprint. 

 

The main variables that are identified for contributing the footprint per capita are the trip distance, 

and their income group. When doing a regression analysis, trying to establish the relationship between 

the results, footprint per capita shows the positive correlation with both the average trip distance and 

the average household income of a TAZ as seen in table 8.7.  It explains that higher trip distance and 

high income group people are contributing more to the footprint. 
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Table 8.7: Regression Analysis between footprint per capita, average trip distance and average household income 
of a TAZ  
 

Dependent variable : Footprint per capita 

Independent variables 

Variable name Coefficients t Sig 
Average trip distance for 
a TAZ 

0.006 9.730 .000 

Average household 
income for a TAZ 

0.00000284 9.674 .000 

(Constant) - 0.012 - 3.882 .001 

    

Model Summary 
R = 0.729 :   R-Square = 0.532 

 

Further, to analyze the trip behaviour of each income group, the modal split for each group is studied 

as shown in the graph below. It clearly reveals the share of private vehicles, especially the 

motorscooter is increasing with increasing income group status and accordingly they have a higher 

footprint. HIG is having a footprint almost three times the threshold limit. The LIG and MIG have a 

major share in the total trips and their travel pattern is playing a dominant role in the total footprint of 

the area, as compared to EWS and HIG.  
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Income group classification (2001)
Monthly Household Income (Rs)

Modal split for each 
income group

Income group Daily total trips % 

EWS : <=2500 4273.8 0.37%
LIG   : 2501 – 5500 807994.6 69.53%
MIG  : 5501 – 10000 299541.0 25.78%
HIG  : > 10000 50220.5 4.32%
Total: 1162029.9 100.00%

 
 

Figure 8.5: Relation of per capita footprint with income group, modal split and trip distance 

 

Mode choice has a direct relation with vehicle ownership. The ownership of private vehicles, 

especially, a motorscooter is being increasingly owned by the population belonging to all income 

groups. It all indicates that, more and more people are attracted to motorscooter, which will ultimately 

lead to even higher footprint. So, in the above graph, based on 2001 data, if updated to the current 



THE IMPACT OF MODAL SHIFT ON THE TRANSPORT ECOLOGICAL FOOTPRINT,  
A CASE STUDY OF PROPOSED BRTS IN AHMEDABAD, INDIA 

 

72 

situation, the share of motorscooter is more expected to rise as indicated by the increasing ownership 

of the vehicles, from the survey data collected in 2007. 
 

 

Table 8.8: Household income and vehicle ownership  

Motorscooter ownership Car ownership 
Household monthly  
income group (Rs)1 

HH owning 
/ Total HH 

% of HH 
owning 

HH owning / 
Total HH 

% of HH 
owning 

<= 5,500   32 / 118 27.1%   1 / 118 0.8% 

5,501   – 10,000 264 / 301 87.7%   5 / 301 1.7% 

10,001 – 15,000 154 / 167 92.2% 41 / 167 24.6% 

 >15,000   90 / 104 86.5% 72 /  83 86.7% 

Source: Primary data from survey, 2007 

 

As per the scenario formulation, on introducing a new sustainable public transport mode (BRTS), the 

study is made on the willingness of a person to shift to BRTS and his/her the income group. The 

results (Table 8.9) show that percent shift is more for lower income group and gradually decreases as 

the income group increases. Thus, in the BRTS scenario, the footprint is still expected to be in the 

same order for the income group as in the base scenario. 
 

Table 8.9: Household income of a respondent and the willingness to shift   

Cases willing to shift to BRT Household income group of a 
respondent (Monthly income in Rs) 

No of 
Respondents No. of cases        % 

<= 5,500 195 77 39.4 % 

5,501   − 10,000 474 196 41.4 % 

10,001 − 15,000 256 65 25.4 % 

> 15,000  172 37 21.5 % 

Missing value 3   

Overall 1100 375 34.1 % 
Source: Primary data from survey, 2007 

 
 

                                                      

 
1 The income group classification of 2007 (based on survey data) is different from 2001 (GIDB, CEPT report), indicated by the change in 
the income status of the people in course of time. 
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8.3.2. BRTS scenario 

Implementing a BRTS offers some reduction in the overall footprint. BRTS ridership is expected to 

get overall 10.9 % share out of the total trips.  
 

Table 8.10: Footprint calculation for the BRTS scenario 

Mode Person trips – daily 
(Work & education 

trips) 

Modal 
split (%) 

No. of 
commuters 

Annual 
distance (km) 

Annual CO2 
emission (ton) 

Energy 
Footprint 

(ha) 
Motorscooter 349,058 30.0 % 306,191 940,754,041.0 74,884.0 11,346.1 

Car 20,639 1.8 % 18,104 60,170,266.3 12,876.4 1,951.0 

Autorickshaw 25,237 2.2 % 22,137 61,533,787.3 6,768.7 1,025.6 

Bus 184,253 15.9 % 161,625 18,005,999.1 18,906.3 2,864.6 

Bicycle 333,198 28.7 % 292,279 848,341,381.0   

Shared Auto 123,275 10.6 % 1,08136 51,964,757.0 5,716.1 866.1 

BRT 126,370 10.9 % 110,851 7,522,467.8 7,296.8 1,105.6 

 1,162,030  1,019,325  126,448.4 19,158.8 

 

Total energy footprint including the emissions accounted for road manufacture and maintenance = 

19,158.8  × 1.45 = 29,212.3 ha 
 

Physical footprint    = 1,432 ha  

Total transport ecological footprint   = 27,780.3 + 1,432.0  = 29,212.3 ha  

Average footprint per commuter   = 29,212.3 / 1,019,325 = 0.0286 ha / capita 

 

8.3.3. Comparing footprint of two scenarios 

Comparison of the footprint between two scenarios is made at different levels as described below: 

8.3.3.1. Total footprint 

Difference of footprint between two scenarios = 30,556.1 − 29,180.2 = 1,343.7 ha 

Percentage decrement = 4.5 % 

 

When comparing the whole city, it is not showing a considerable difference, as not all areas in the city 

have the BRTS accessible. For those areas, not in access with the new system, no change is observed 

in their travel behaviour. So, to have more in-depth understanding behind the change, the comparison 

is made at different disaggregate, which is explained in further sections. 

 

8.3.3.2. Footprint comparison for zones, along the corridor 

There are 98 zones that are within the 1 km range from the BRTS route where the change is observed. 

The travel pattern of the remaining 98 zones is assumed to be same as they are not in access to the 

new system.  



THE IMPACT OF MODAL SHIFT ON THE TRANSPORT ECOLOGICAL FOOTPRINT,  
A CASE STUDY OF PROPOSED BRTS IN AHMEDABAD, INDIA 

 

74 

BRTS ScenarioBase Scenario
0 2.0 4.01.0

KM

±
 

Figure 8.6: Footprint per capita for 98 zones 

 

 
 EF of commuting Base scenario BRTS scenario 

Legend Hectare per capita # of TAZ % commuters # of TAZ % commuters 

 0.0000 - 0.0173 16 8.7 % 17 9.4 % 

 0.0173 - 0.0350 46 56.6 % 49 62.1 % 

 0.0351 - 0.0500 20 26.9 % 21 25.4 % 

 0.0501 - 0.1400 14 7.7 % 9 3.1 % 

 No / Insufficient info 2    

 Average FP per capita 0.0320 ha / capita 0.0290 ha / capita 

 Total Footprint 18,190.51 ha 16,846.79 ha 
(7.4 % decrement) 

   BRT Phase – I route 

 

In the second scenario, some zones show a decrease in the footprint as a result of a people shifting to 

the BRTS. On the western side, still many zones are left out with higher footprint which is an 

indication of less use of public transport from those zones. 

Overall comparison of only 98 zones shows 7.4 % decrement as compared to a 4.5 % decrement, 

when considering for the whole city (196 zones). The difference is still not explaining the net change. 

This is because, even though the origin zone lies within the BRT corridor, if the destination zone 

happens to be off-corridor, then for those trips, the BRTS option has no effect. So, not all trips 

originating from the zone have BRTS as an option. Thus, in comparison, it includes both trips, with 

and without BRTS influence and for the later trips, the footprint is constant for both scenarios. 

As a result, to have a clear understanding of the net change, the comparison needs to the done at the 

level of only those trips, where BRTS option is available.  
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8.3.3.3. Footprint comparison for trips along the c orridor zones 

The subset trip: S, includes only those trips whose origin and destination is along the corridor that 

have the BRTS as an option and only for these trips, a modal shift is applied. It is only these trips that 

are contributing to a net change and studying these, gives a clear understanding on how the BRTS is 

actually bringing the change in the system.  

 

The comparison shows an overall 

decrement by about 15 % as 

indicated by the calculation 

below: 

  

Base Footprint   = 9,062.9 ha 

BRTS Footprint = 7,719.2 ha 

 

Difference  

= 9,062.9 – 7,719.2  

= 1,343.7 ha 

 

Percentage decrement   

= 14.8 % 

 

 

 
Figure 8.7: Desire line diagram for Subset trips: S 

 

 

In terms of modal split (Table 8.11), the BRTS is estimated to get a share of about 37 % of the trips. 

Some percent of motorscooter and bicycle users are expected to move towards the BRTS. Shift from 

car is almost none. Some people are still expected to use the existing bus system for trips along the 

other routes (not along the BRT route) where it is quicker in travelling than the BRTS. 
 

Table 8.11: Modal split for Subset: S (9,604 O-D pairs) 

Modal Split 
Mode Base - Scenario BRTS - Scenario 
Motorscooter 34.3 % 25.5 % 

Car 1.6 % 1.6 % 

Autorickshaw 2.0 % 2.0 % 

Bus 20.7 % 3.1 % 

Bicycle 30.0 % 22.5 % 

Shared auto 11.4 % 8.2 % 

BRTS  37.1 % 

 100 % 100 % 

0 2.0 4.01.0
KM

±

>=200 trips per day

< 200 :  Not shown

Daily trips

TAZs within 1 km buffer 
from the BRT route

BRT phase -I route

Legend
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To study the change in the footprint, as per the shift coming from the existing modes, two effects are 

involved in the net difference: 

 
Table 8.12: Increasing and decreasing effect of the shift 

Effect of Shift Value (ha) Remarks 
Decreasing effect 
Shift from motorscooter, car, 
bus, shared auto to BRTS 

− 1,759.7  This is due to the shift from private 
modes and low occupancy vehicles 
to BRTS. 

Increasing effect 
Shift from Bicycle to BRTS + 416.0  Bicycle users who have negligible 

footprint earlier, had their footprint 
added when they shift to BRTS. 

Net Difference − 1,343.7  

 

The first effect is a desirable shift as it is contributing to the reduction. The second effect is due to the 

shift from non-motorized mode to the motorized mode and thus, it is coming as an adding effect. This 

may be considered beneficial for the viewpoint of the operators of BRTS, as it is getting more 

passengers. But, the same, when viewed from the footprint angle, it is not a showing as desirable shift 

as it is coming from the bicycle, the mode with no fuel consumption and emissions.  So, given the 

footprint, as a priority, to prevent this shift, bicycle users should be encouraged to remain in their use 

of bicycles, by providing measures such as providing proper bicycle infrastructure and facilities for a 

bicycle users. This may also attract more people from other mode, towards it and thus, leading to 

more footprint reduction. 

 

8.3.3.4. Estimating the footprint change for all-ph ase BRTS scenario 

The BRTS phase – I, having effect on 

9,604 OD pairs, shows a decrease in 

transport ecological footprint by about 

15 %. So, we can assume that if the 

modal shift is applied for all 38,416 

trips for the scenario where the BRTS 

is implemented in all phases, when it 

becomes accessible to all the areas, 

overall decrement in the whole city 

can also be expected to come around 

the same figure of about 15 %. This 

indicates that BRTS, in its full phase 

will reduce the footprint by a 

reasonable figure, and thus, it can be 

regarded as a significant step towards 

the sustainable transport system.  
Figure 8.8: Desire line diagram for universal trip set: U 

0 2.0 4.01.0
KM

±

>=300 trips per day

< 300 :  Not shown

Daily trips

TAZs

BRTS Phase - I

Legend

BRTS other phases
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8.3.3.5. Footprint comparison at route level 

The final step of the four-step model sequence is the trip assignment part, which assigns the traffic to 

the various routes between all origin and destination pairs. Higher link volumes can have various 

impacts which include increased operational costs, energy consumption, air quality, noise levels and 

accident rates. Using footprint measure, the above issues (excluding noise and accident rates) can be 

addressed, as it takes into account, the energy consumed and the resulting emissions from the 

vehicular flow through the road segment and its maintenance operations.  

 

0 2.0 4.01.0
KM

±

BRTS ScenarioBase Scenario
 

 

Figure 8.9: Footprint per km for both scenarios 

 
 EF of road segments Total Length (km)  
Legend Footprint per km Base scenario BRTS scenario % change 

    0.04 1 12.83 12.83 0.00 %  

    0.05  - 45.15 146.95 155.45 5.78 % 

   45.16 - 100.00 120.67 125.23 3.78 % 

 100.01 - 200.00 82.94 74.82 - 9.79 % 

 200.01 - 450.00 28.03 23.09 - 17.62 % 

  391.42 391.42  

 Average FP per km 77.95 ha / km 74.50 ha / km  

 Threshold limit 45.15 ha /km  

 

Footprint of a road segment is calculated as: 

Total FP (Segment) = Energy Footprint + Physical Footprint 

 

                                                      

 
1  These are the routes without flow assignment (AON method). These are having only a physical footprint but no energy footprint. 
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Energy footprint is derived from the annual emissions due to vehicular flow in the road segment and 

the physical footprint is the area of that road segment. Footprint per km is the total footprint of a 

segment divided by its length. 

 

Total footprint of the AMC  = 30,556.1 ha 

Total road length  = 391.9 km (excluding roads outside AMC area with no traffic flow) 

 
Average footprint per km  = 30,556.1 / 391.42 = 77.95 ha / km 

Permissible footprint per km  = 17,700.0 / 391.42 = 45.15 ha / km  

(As per the available forest area in the district) 

 

The link volume in a particular segment is a result of the quantity of the vehicular trips and the modal 

split of those trips (Trip generation model). The number trips through the links of a specified transport 

network is related to the land use activity distribution pattern (Trip distribution model). In terms of 

job distribution, more jobs are concentrated at the central part and as a result, more trips are attracted 

towards that region. This is responsible for the segments, around the central region to have a higher 

footprint as compared to that of peripheral region. These segments are exceeding over five times the 

permissible footprint limits.  

 

As a footprint reducing measure, with the landuse activity system, remaining unchanged, an 

intervention is being done on the modal split of the trips, when BRTS, the mode with high occupancy 

and high fuel efficiency is operated along phase-I corridor. On its implementation, improvements are 

observed on some segments.  But, it is having a very less effect on the road segments around the 

central part that are having a high footprint. This is because, the Phase – I route does not cover 

majority of the trips, between the peripheral region and the central part. It thus, clearly identifies the 

need for the BRTS route to be implemented along these routes as well, so that more trips will have 

access to it. This will help to reduce the link volume and consequently resulting in the decreased 

footprint level. 

 

 

8.4. Summary and conclusions: 

Ecological footprint analysis serves as a good indicator in effectively addressing the issues related to 

economy and the environment.  The information from the footprint analysis provides the planners and 

policy makers, an important clue about the implications of the scenarios and take the appropriate 

action.  

 

The transportation system of the Ahmedabad city is currently facing an un-sustainable situation, 

where, its footprint is exceeding the carrying capacity by almost 72 %. The estimations made for the 

BRTS implementation scenario shows some improvement in the transportation system, as a footprint 

reduction measure, predicted to reduce it by about 15 %.  

 

The socio-economic and the travel characteristics of a zone play an important role in determining its 

footprint. In general, zones with HIG showed greater footprint because of more share of the private 
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automobiles in their trips. LIG and MIG have a major portion of trips under their share (over 90 %), 

and so they are the group, to be addressed more for any transport planning issues. Zones along the 

peripheral region also have a higher footprint, because of their increasing trip distance. 

 

Route analysis shows more road segments towards the central region having higher footprint, as many 

trips are linked to that region. This highlights the need to implement BRTS on those routes as well. 

 

Limitations in the ecological footprint analysis 
The footprint analysis, although, its advantages are clear, it comes with number of limitations that 

should be noted in interpreting the final results. Firstly, it is affected by the accuracy of the analysis, 

which is constrained by the data availability. The derived footprint is largely dependent on the results 

of the transport modelling, which in turn, has also certain limitations and assumptions involved 

behind it. 

 

The vehicle emission figures are being adapted from the common standards; although, this may vary 

as per the local driving conditions, type of vehicle, age of vehicle and other factors.  

 

To derive the carrying capacity, only available forest area in the Ahmadabad district, is included while 

the role of other green areas and vegetations are not considered. Also, the emissions emitted from 

other sources (industrial, household activity etc) are not taken in to account and accordingly their 

share of forest for sequestering the emissions from those sectors is not considered. Although, the 

methodology followed to derive the carrying capacity is very simple and primitive, it is still used as a 

reference level for comparison of the derived footprint with respect to the carrying capacity. Also, 

adapting global forest sequestration factor could have an implication on the results. This implies that 

reliable data relating to above issues is needed, if more precise results are to be achieved.  

 

Despite these limitations, the footprint analysis provides an important insight for transport planning. It 

gives the information about the energy consumptions, emissions, and the land required for the 

infrastructure development, all in one measure. Using footprint analysis for scenario evaluation helps 

to take appropriate actions as a footprint reducing measure. Finally, one major advantage, an 

ecological footprint is having as compared to other indicators, is its ability to assess the sustainability 

of the activity of the population, in terms of the carrying capacity. 
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9. Conclusions and Recommendations 

The conclusions of the study presented here outline all the findings and achievements made as per the 

objectives of the research. Recommendations present the further relevant research and issues that 

could be taken into consideration for future decision making and policy formulation. 

 

9.1. Conclusions: 

The main objective of the research is to know the potential shift of commuters (workers and students, 

the largest group of travellers in the city) towards the proposed BRTS from existing mode of transport 

and the use of transport ecological footprint analysis to evaluate the pre and post- BRTS scenarios 

from an environmental sustainability point of view.  The data collected by means of a household 

survey along the corridor areas provided the information about the socio-economic status and travel 

behaviour of a sample population and their likelihood (willingness) to shift towards the BRTS. From 

its study, the choice parameters were formulated and discrete choice models were used for mode shift 

estimation. These models were incorporated with the urban transport modelling to estimate the 

potential change in the transport system of two scenarios. This change was analyzed using transport 

ecological footprint analysis and it showed that there is a possible reduction in the overall transport 

footprint of the city when BRTS system will be implemented. Thus, the findings support the 

promotion the BRTS as a footprint reduction measure. 

 

As per the specific research objective, the following specific conclusions can be drawn: 
 

1. To identify the current urban transport system and travel behaviour of the people in the 
study area. 
 

The transport system of the city is heavily affected by the fast growth rates of two wheelers and three 

wheeler vehicles and public transport with its decreasing service level, becoming less attractive to the 

people. As a result, traffic flow is facing serious traffic congestion and frequent traffic jams on the 

city roads during morning and evening peak hours. From the survey sample, the figure reveals the 

motorscooter is having a highest share of about 49 % of the total trips. The share of bus currently is 

only 13.5 %. The share of private automobile (esp. motorscooter) is increasing, also in middle and low 

income group. The share of car is very less and is used mostly by the high income people. 

 

2. To assess the possible modal shift to the proposed BRT system based on the calculated 
willingness of people to shift as per the set of predefined mode choice variables.  
 

Information about willingness to shift was achieved by the combination of revealed and stated 

preference survey conducted on the respondents during a household survey, allowing the comparison 

of the current mode with the proposed BRTS for his/her trip in terms of travel time and travel cost. 

Analyzing the choice set data, the overall figure showed an indication of about 34 % of the 

respondents willing to shift towards the BRTS. The choice set data was further analyzed to develop 

the utility functions for each of the current mode against the BRTS. The utility equation helped to 

identify the role of individual attribute in contributing the relative attractiveness of an alternative. 
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Binary logit models were applied to know the probability of the mode choice Mode shift analysis was 

performed and a new modal split was derived for the BRTS scenario and the results shows that, the 

BRTS is expected to get a share of about 37% out of the total trips occurring along the corridor zones, 

where modal shift is most likely to occur. 

 

3. To use transport ecological footprint as an indicator for judging the performance of the Pre 
and Post - BRT implementation scenarios with regards to sustainability.  
 

The results of the scenario modelling showed the transport ecological footprint of the base scenario is 

far exceeding the carrying capacity of the area indicating the condition of overshoot by almost 72 %, 

reflecting a situation of un-sustainability. From the results of the modal shift analysis, the BRTS is 

expected to get a share of about 10.9 % overall. With this shift, the BRTS scenario shows a footprint 

drop by 4.5 %, when a comparison is done for the whole city. When studying only the trips occurring 

between the zones along the corridor only, the decrement is about 15 %, with BRTS having a share of 

about 37 % in those trips.  These figures suggest that implementing BRTS can be regarded as a 

footprint reduction measure. To achieve more reduction, some additional measures could be taken, as 

described in the recommendation in the following section. 

 
 

4. To analyze the derived transport ecological footprint and visualize it spatially. 
 

Footprints were analyzed at the level of TAZ as well as at the route level to observe footprint 

variation over the city. These variations were spatially represented in maps using appropriate 

visualization techniques. The derived footprint for each TAZ was related to the socio-economic and 

the travel characteristics of a population for each TAZ indicated by the average trip distance, average 

household income, total number of trips originating from a TAZ. All three variables are having a 

positive correlation with the footprint. The study showed that, footprint per capita can be reduced, if 

the commuters from all income groups are encouraged in the use of sustainable travel modes (public 

transport)  assuming trip distance and travel demand, to remain stable. 

 

In the second scenario, a possible change was observed along the corridor zones. Some zones show 

significant decrement in the footprint from where more shifts to BRTS are estimated to come. The 

route analysis shows a higher footprint in the road segments, close to the central region of the city as 

most of the trips have link with that region and thus it indicates the need to have the BRTS along 

those routes as well. 

 

GIS technology offers a good medium for communicating the spatial information. The use of 

appropriate footprint visualization techniques helps to analyze the spatial variation over the city that 

provides important information for land use and transport planning. 

 

Conclusions in general: 
 

BRTS can be regarded as a step towards a sustainable transport system in terms of cost-effective mass 

transit solutions with less environmental impact. The BRT system that is proposed in Ahmedabad city 

is expected to improve the quality of the urban transport system improving the urban mobility and the 

quality of environment with less fuel consumption and emissions. Buses generally take less road 

space, helping to reduce congestion and with its high occupancy, it has far lower footprint per 
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passenger kilometre as compared to other modes. With its good service in terms of timely service, 

reasonable fare and good comfort level, as compared to the existing bus service, more people are 

expected to use the newly proposed system, once the service is in operation. Although, from the 

modal shift analysis towards the BRTS, the estimated footprint reduction is seen only as a marginal 

figure, nevertheless, the BRTS shows a promising public transport option for cities looking to reduce 

their transport-related GHG emissions. An implementation of BRTS should be encouraged in other 

cities as well, which will have significant contribution to the overall reduction of the GHG emissions 

from the urban transport sector. 

 

Stated Choice techniques provide a means to study choice making behaviour for hypothetical (not yet 

existing) mode alternatives. The stated choice survey has helped to understand perception of the 

people towards the BRTS, which is stated as a hypothetical alternative to them. The analysis of the 

choice made by the people helps to estimate the potential share of the total trips for the BRTS and it 

provides important information for transport planners to know the potential market share of the 

BRTS, even before its implementation. In terms of attributes, most people, in their selection of a 

travel mode, seem to opt for the travel time and travel cost, as a prime factor. This provides a basis for 

aspects to be focussed more in the BRTS implementation that will help to attract more people towards 

it, once it is in operation. 

 

As per the technical aspect, the combination of stated choice estimation techniques (logit model 

estimation in Biogeme), transport models (OmniTRANS) and GIS (ArcGIS) provides a powerful 

platform for advanced transport analysis. Use of appropriate modelling techniques and software 

technologies makes it possible for planners and policy makers to have a vision on the present and the 

future scenarios. This provides important information in formulating planning measures, policies and 

goals for the different development programs related to transport sector. 

 

Ecological footprint is a resource accounting tool that provides a measure of sustainability of a human 

activity. Ecological footprint serves as an appropriate indicator to measure the environmental cost of 

transport, that helps to elucidate the impact of urban form and the mobility pattern on CO2 emissions 

and the consumption of resources associated to the transport sector. Although, footprint indicator has 

some limitations (in its methodology), nevertheless, ecological footprint analysis for scenario 

evaluation provides useful information in formulating appropriate development strategies for 

sustainable urban transport development.  

 

Observing the footprint at disaggregate level (TAZ, routes) provides information about the spatial 

variation of the footprint over the city and accordingly, the areas having a high transport ecological 

footprint can be identified. Footprint based on the origin zone (source) is explaining how the travel 

pattern of the commuters from that zone has an effect on their footprint. The route based (system) 

theme explains how the traffic flow in each road segment is contributing to the footprint. Footprint 

can also be derived based on the destination zone (sink), as per trip the trip attraction (which is not 

covered in the research). Each theme presents different picture of the city and all the results are to be 

incorporated properly, to have a better insight on overall footprint reduction strategy. 
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9.2. Recommendations: 

The methodology followed in this research covers mainly two parts, mode shift analysis and transport 

ecological footprint analysis. These provide a basis for the study of a transport system of a city, with 

regards to mode choice and environmental sustainability. 

  

The BRTS is regarded as a sustainable transport mode predicted to bring the footprint level down. Its 

implementation is expected to improve the transport system of Ahmedabad city and its environment. 

Further, the implementation can be accompanied by some planning and policy measures, as an 

additional footprint reduction measures, as described below. 

 

Increasing accessibility to the BRTS: 
Accessibility to the public transport has an important role to play in determining its ridership. This is 

determined by the routes and the location of the stops and their coverage. The phase – IA covers only 

the peripheral part of the city and phase IB covers part of the central area and thus, at this stage, only a 

limited population will have an access to it. The results presented, clearly indicate a necessity for 

more routes and proper location of stop points, to have more coverage. So, other remaining phases of 

the BRTS, to be implemented in the future, are expected to increase the coverage to most of the city 

areas and attract more ridership, which will help to reduce transport footprint further. 

 

Possible measures to encourage more shifts towards BRTS: 
The BRTS is expected to provide a good service from its side. But on the other hand, the private 

vehicle ownership has a crucial influencing factor in travel patterns. Referring to the Ahmedabad city, 

the use of private automobile (esp. motorscooter) is expected to rise as they are becoming more 

cheaper in the market. As a result, more and more people, including middle and low income group 

commuters are shifting towards the motorscooter use. The continuation of this trend could have a 

negative impact on the share of the public transport. So, taking this issue into consideration, some 

policies can be formulated that makes public transport more attractive as compared to private modes. 

For instance, vehicle pricing can be reformulated, in terms of vehicle ownership cost, registration 

charge, vehicle tax. Other measures could be, enforcing different regulatory instruments, congestion 

pricing etc (SUTP, 2008). These strategies could help to minimize un-necessary use of the private 

vehicles and promote towards the public transport usage. No matter, which strategy is used, there is 

always a need of proper planning and appropriate public-relation tactics for it to be successful. 

 

Also, people should be made aware about the need of sustainable development strategies through 

travel awareness campaigns and providing quality information to the people. This could provide some 

motivation for the people to shift towards sustainable travel modes. 

 
Minimizing the shift from non-motorized modes (bicycles) to BRTS: 
Some shift is also coming from bicycles to BRTS as explained in chapter 8.3.3.3, which has as an 

adding effect to the footprint. Cycling is the ultimate ‘zero carbon’ and environmentally friendly 

solution for personal transport. In order to have cycling as a real alternative for local trips, the 

transport system needs have the policy to encourage cycling, by providing adequate bicycle 

infrastructure and facilities for them. 
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9.2.1. Further research 

There are other possible research topics that could be associated with this study; some of them are 

described below:  
 

Possible upgrade to the SP survey design: 
The choice sets in the survey questionnaire consist of one choice card with only two options. To have 

a better representation of the modal split for the BRTS scenario, the survey methods could be further 

upgraded with choice cards containing all the available modes, including the BRTS as a stated choice 

can be used. In that case, a multinomial logit model can be constructed out of it. Also, in the stated 

choice, to have a better understanding about the sensitivity of the attribute values in making a 

selection, more than one choice card could be presented to a respondent, by altering the attribute 

levels and observing a choice made for each combination. This requires more detailed workout in the 

experimental design phase, before generating choice sets and more study is also required in 

determining the attribute values for all the alternatives during the choice set design. The survey 

conducted using this design, allows more observations per respondent, but at the same time, it requires 

more time for a respondent to go through all the choice sets. For this, there is a need of a selection of 

appropriate instruments and technology for data collection. Apart from personal interviews, other 

techniques could also be used such as mailback interviews, telephone interviews or internet surveys, 

as applicable. 
 

Integrating land use and transport planning: 
The spatial distribution of people, activities and landuse within an urban area have an important 

impact on travel in the region. This is called as an integrated land use-activity system. For the short 

term, the landuse activity system can be considered constant, but in long run, it is itself affected by the 

travel patterns and by changes in the transportation system. Thus, the landuse and transportation 

systems are interdependent. For the analysis in the research, the current landuse and activity locations 

has been used as an input to the transport model. As per the scenario formulation, the landuse is 

assumed to be same in both scenarios and as a result, the trip distribution pattern is same for both 

cases. As an intervention, a change is simulated only in the modal split, which offered some reduction 

in the footprint, when certain portion of the commuters shifts to the BRTS. The other component, the 

trip distance, which is related to the land use-activity system of the city, has also an important 

implications on the footprint as indicated by the relation established in chapter 8.3.1.2, table 8.7. This 

initiates the necessity of an integrated landuse and transport approach from the view point of 

sustainability of cities in terms of both environment and finance. 
 

These days, we have different integrated landuse transport models that can be incorporated in current 

transport planning practice. However, the process is not simple and significant constraints limit their 

widespread application. Nevertheless, attempts should always be made on it, as it is essential for 

sustainable city development. 
 

Further transport related studies: 
The methodology followed in this research requires reliable data sources that have a direct implication 

on the results. As per the research, the unavailable data is dealt with, either by assumption or 

approximation. These are specified as limitations in the earlier chapters. So, to fill those gaps, the 

necessity of further transport related studies is emphasized, so as to have a better vision of the 

scenarios in the analysis phase and to evaluate them accordingly. 
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Appendices 

Appendix A: Survey Forms 

 

 

 

 

TRAVEL CHARACTERISTICS   
 
1. Mode used for Working Trips / Educational Trips/ Other Trips (Depending upon    
    the status):    Please tick the main mode used for each Member ID for main trip. 
 

Mode used Member  ID 1 ID 2 ID 3 ID 4 

Car (Petrol)     
Car (Diesel)     
Motorscooter [2-stroke]     
Motorscooter [4-stroke]     
Shared Auto     
Auto-Rickshaw     
Bus     
Bicycle     
Walking     
Others  (please specify)       

(if more than one mode is used for the trip, indicate for the 1 main mode used for the longest distance 
and 2,3… for other modes. Walking trip is counted for distance > 500m. 
 
 
2. Trip Characteristics 
 

 For private vehicle users 
Member 
ID 

Distance Traveled 
from home to 
destination (km)* 

Time of day 
you make that 

trip 

No. of people who 
share your vehicle in 
your trip 

Fuel expense 
per week (Rs) 

Fuel type 
used 

1      

2      

3      

4      

* Note:  This distance is to be used in the choice set for ascertaining values from the table. 
 
 
 
Part 2: CHOICE SET  
 
In this section, choose the choice set offering the comparison between the main mode you are using for your daily 
trips and the proposed BRT system. Select the desired OPTION as per your judgment of the total set of attributes 
for each choice. 
 
Please proceed to next page and follow the choice set that applies to you.  Fill the values in the blank spaces, 
either on your own or referring to the table provided below, as per the given indication. 

 
Choice sets are in the following sequence: 

Choice Set # Comparison between  BRT and … 

1 Motorscooter  
2 Car 
3 Auto-Rickshaw 
4 Shared Auto 
5 Bus 
6 Bicycle 
7 Walking 

Questionnaire # :     /   /  
             (Date / Initials of interviewer / Serial #.) 

 
Stated preference survey on modal choice 
 
Objective of the survey: 
The objective of the survey is to collect the information about the travel methods used by the commuter for daily 
trips. It starts with general questions followed by Choice set exercise. The Choice set presents the two options,  the 
Revealed (Existing mode used) and Stated choice (Proposed Bus Rapid Transit system) and the respondent is 
asked to choose between the two options based on their judgments on the attributes of each option for their main 
daily trips (Work / School) 

 
Part 1: HOUSEHOLD INFORMATION 
 
1. Household size:  

      
2. Household monthly income: 

�   >  Rs. 15000 
�      Rs.  10001 - 15000 
�      Rs.  5501  - 10000 
�      Rs.  2501  -  5500 
� <= Rs.  2500 

 
 
3. Household vehicle(s) availability:  
    (Please specify a number if more than one of same vehicle-type is owned) 

� Car : 
� Motorscooter : 
� Bicycle : 
� Others  (please specify):  
� No vehicle 

 
 
4. Household Structure, their status & their main daily trip 
Member list includes the person as a worker(w) or as a student(s) (age above 14),  
HH – Head of house 

 
Member 
ID 

Sex Age Status  
(w / s) 

Origin 
(Address of Home) 

Destination 
(Address of Office / School)

1 
(HH) 

     

2 
     

3 
     

4 
     

 
Please add more members if required.      

Please fill this part by any one member of the household 
 
Part 3: OPINIONS ABOUT PUBLIC TRANSPORT  
 
 
Question 1 applies only to private vehicle users. 
1. Have you recently (past one month) used public transport (Bus) for any trip?  

  Yes      No 
 
 

2. What aspects of the public transport do you think are important?  
    (Tick one or multiple options that apply) 
 

A. Good choice of bus routes 
B. Frequent services 
C. Low cost bus travel 
D. Reliable and punctual services 
E. Free parking at ‘park and ride’ locations 
F. Clear identification of bus stops 
G. Good quality and clean vehicles 
H. Other  (please specify):  

 
 
 
3. From the above list, which one is the most significant to you? (Circle one only) 

[A] [B] [C] [D] [E] [F] [G] [H] 
 
 

 
 
 
 
THANK YOU FOR YOUR CO-OPERATION …

Page: 1 Page: 2 

Page: 3 
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. 
CHOICE SET # 3 
 
STATED : Proposed Bus Rapid Transit 
REVEALED  : Auto-Rickshaw  
 
Choices: OPTION 1 OPTION 2 

Mode for travel Auto-Rickshaw  BRT 

Service Frequency  Every 2 mins 

Time to get from home to 
transit  

 
------------------ 

(as reported) 
 Within 10 mins 

Travel Time (in-vehicle) ------------------ 
(as reported) 

------------------------------ 
(as derived from the table) 

Time to get from transit 
destination ------------------ 

(as reported) 
Within 10 mins 

Cost Approx. Rs. 6 / km Rs. 5 to 10 / trip 

Comfort  Medium comfort Seat available / 
Comfortable standing 

   
Your choice: (Please circle) OPTION 1 OPTION 2 

 
 

ID: 
            (Serial # / Member ID)  

 CHOICE SET # 5 
 
STATED : Proposed Bus Rapid Transit 
REVEALED  : AMTS Bus 
 
Choices: OPTION 1 OPTION 2 

Mode for travel AMTS BUS BRT 

Service Frequency Around every  
5  to 10 mins Every 2 mins 

Time to get from home to 
transit  

 
------------------ 

(as reported) 
 Within 10 mins 

Travel Time (in-vehicle) ------------------ 
(as reported) 

------------------------------ 
(as derived from the table) 

Time to get from transit 
destination 

------------------ 
(as reported) Within 10 mins 

Cost Rs. 2 to 5 / trip  Rs. 5 to 10 / trip 

Comfort  Low Seat available / 
Comfortable standing 

   
Your choice: (Please circle) OPTION 1 OPTION 2 

 
 

ID: 
            (Serial # / Member ID)  

 

CHOICE SET  # 1 
 
STATED : Proposed Bus Rapid Transit 
REVEALED  : Motorscooter 
 
Choices: OPTION 1 OPTION 2 

Mode for travel Motor Scooter BRT 

Service Frequency  Every 2 mins 

Time to get from home to 
transit or Motorscooter 

 
------------------ 

(as reported) 
 Within 10 mins 

Travel Time (in-vehicle) ------------------ 
(as reported) 

------------------------------ 
(as derived from the table) 

Time to get from transit or 
Motorscooter to destination ------------------ 

(as reported) 
Within 10 mins 

Cost ------------------ 
(as derived from the table) 

Rs. 5 to 10 / trip 

Additional Costs: Ownership 
cost, Depreciation, Parking 
costs * 

Yes No 

Comfort    
Seat available / 

Comfortable Standing 

   
Your choice: (Please circle) OPTION 1 OPTION 2 

 
 
Additional Remarks:  

--------------------------------------------------------------------------------------------------------- 
--------------------------------------------------------------------------------------------------------- 
--------------------------------------------------------------------------------------------------------- 

 
Travel times for BRT 

Distance 
Covered  

(Km)  

Travel time at 
Average journey 

speed of 30 km/hr 
 (Mins)  

1 2 

2 4 

3 6 

4 8 

5 10 

6 12 

7 14 

8 16 

9 18 

10 20 

15 30 

20 40 

25 50 

30 60 

35 70 

 

2 - Stroke 4 - Stroke

1 2 2

2 4 3

3 6 5

4 8 7

5 10 9

6 13 10

7 15 12

8 17 14

9 19 16

10 21 17

15 31 26

20 42 34

25 52 43

30 63 52

35 73 60

Distance 
Covered 

(Km)

Total Cost [Fuel + 
Maintenance Cost]                       

(Rs)

Running Cost for Motorscooter per km 

 
 

CHOICE SET # 4 
 
STATED : Proposed Bus Rapid Transit 
REVEALED  : Shared Auto 
 
Choices: OPTION 1 OPTION 2 

Mode for travel Shared Auto BRT 

Service Frequency Not Fixed Every 2 mins 

Time to get from home to 
transit  

 
------------------ 

(as reported) 
 Within 10 mins 

Travel Time (in-vehicle) ------------------ 
(as reported) 

------------------------------ 
(as derived from the table) 

Time to get from transit 
destination ------------------ 

(as reported) 
Within 10 mins 

Cost Rs. 3 - 5 / trip Rs. 5 to 10 / trip 

Comfort  Low 
Seat available / 

Comfortable standing 

   
Your choice: (Please circle) OPTION 1 OPTION 2 

 
 

ID: 
            (Serial # / Member ID)  

 

 
 

CHOICE SET # 6 
 
STATED : Proposed Bus Rapid Transit 
REVEALED  : Bicycle 
 
Choices: OPTION 1 OPTION 2 

Mode for travel Bicycle BRT 

Service Frequency  Every 2 mins 

Time to get from home to 
bicycle / transit  

 
------------------ 

(as reported) 
 Within 10 mins 

Travel Time (in-vehicle/Bicycle) ------------------ 
(as reported) 

------------------------------ 
(as derived from the table) 

Time to get from transit 
/Bicycle to destination 

------------------ 
(as reported) Within 10 mins 

Cost  Rs. 5 to 10 / trip 

Comfort  Seat available / 
Comfortable standing 

   
Your choice: (Please circle) OPTION 1 OPTION 2 

 

ID: 
            (Serial # / Member ID)  

 

CHOICE SET # 2 
 
STATED : Proposed Bus Rapid Transit 
REVEALED : Car 
 
Choices: OPTION 1 OPTION 2 

Mode for travel Car BRT 

Service Frequency  Every 2 mins 

Time to get from home to 
transit or Car 

 
------------------ 

(as reported) 
 Within 10 mins 

Travel Time (in-vehicle) ------------------ 
(as reported) 

------------------------------ 
(as derived from the table) 

Time to get from transit or Car 
to destination ------------------ 

(as reported) 
Within 10 mins 

Cost ------------------ 
(as derived from the table) 

Rs. 5 to 10 / trip 

Additional Costs: Ownership 
cost, Depreciation, Parking 
costs * 

Yes No 

Comfort    
Seat available / 

Comfortable standing 

   
Your choice: (Please circle) OPTION 1 OPTION 2 

 
 
Additional Remarks:  

------------------------------------------------------------------------------------------------------- 
------------------------------------------------------------------------------------------------------- 
------------------------------------------------------------------------------------------------------- 

 
Travel times for BRT 

Distance 
Covered  

(Km)  

Travel time at 
Average journey 

speed of 30 km/hr 
 (Mins)  

1 2 

2 4 

3 6 

4 8 

5 10 

6 12 

7 14 

8 16 

9 18 

10 20 

15 30 

20 40 

25 50 

30 60 

35 70 

 

Running Cost for Car per Km 

Petrol-Engine Diesel-Engine

1 5 3

2 9 7

3 14 10

4 18 13

5 23 17

6 27 20

7 32 23

8 36 27

9 41 30

10 46 34

15 68 50

20 91 67

25 114 84

30 137 101

35 159 117

Distance 
Covered 

(Km)

Total Cost [Fuel + 
Maintenance Cost]                         

(Rs)

CHOICE SETS 
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Appendix B: Cost and vehicle emission table 

For motorscooter 

Distance 
Covered 

(Km)

1Fuel 
Consumed @ 

38 km/L 

Fuel Cost @ 
Rs.47 / litre

2Maintenance 
Cost @ Rs. 
0.85 / km

1 0.026 1.24 0.86 Rs. 2.1
2 0.053 2.47 1.72 Rs. 4.2
3 0.079 3.71 2.58 Rs. 6.3
4 0.105 4.95 3.44 Rs. 8.4
5 0.132 6.18 4.30 Rs. 10.5

2 - Stroke

Total Cost (Rs)

 
 

 

 
For car 

Distance 
Covered 

(Km)

1Fuel 
Consumed @ 

13.6 km/L

Fuel Cost 
@Rs.47 / litre

2Maintenance 
Cost @ Rs. 

1.1 / km
1 0.074 3.46 1.10 Rs. 4.6
2 0.147 6.91 2.20 Rs. 9.1
3 0.221 10.37 3.30 Rs. 13.7
4 0.294 13.82 4.40 Rs. 18.2
5 0.368 17.28 5.50 Rs. 22.8

Petrol engine

Total Cost (Rs)

 
 

 

 
Vehicle cost rate per km
Vehicle Type Cost / km Proportion 

present
Final cost per km 

considering proportion

MS (4-ST) 2.1 0.2 1.796
MS (2-ST) 1.72 0.8

Car (Petrol) 4.55 0.35 3.77
Car (Diesel) 3.35 0.65

Shared Auto 2 - 5
Auto-Rickshaw 7  
 

 

References:

1. Transportation in Developing Countries:Greenhouse Gas Scenarios for Delhi, India, 2001
2. Transportation Cost and Benefit Analysis – Vehicle Costs Victoria Transport Policy Institute , 2000  
  
Note: For the private vehicles (car and motorscooter), additional costs involved are the depreciation and ownership cost 
during its lifecycle. For this case, as the cost calculated is only for one trip, these costs are not included in the amount. 

 

 

Distance 
Covered 

(Km)

1Fuel 
Consumed @ 

53 km/L

Fuel Cost @ 
Rs.47 / litre

2Maintenance 
Cost @ Rs.0.85 

per km
1 0.02 0.874 0.850 Rs. 1.72
2 0.04 1.747 1.700 Rs. 3.45
3 0.06 2.621 2.550 Rs. 5.17
4 0.07 3.494 3.400 Rs. 6.89
5 0.09 4.368 4.250 Rs. 8.62

4 - Stroke

Total Cost 
(Rs)

Distance 
Covered 

(Km)

1Fuel 
Consumed @ 

20km/L

Fuel Cost @ 
Rs.35 / litre

2Maintenance 
Cost @ Rs. 1.6 / 

km
1 0.050 1.75 1.60 Rs. 3.4
2 0.100 3.50 3.20 Rs. 6.7
3 0.150 5.25 4.80 Rs. 10.1
4 0.200 7.00 6.40 Rs. 13.4
5 0.250 8.75 8.00 Rs. 16.8

Diesel engine

Total Cost 
(Rs)

Vehicle emissions rate per km
Vehicle Type CO2: g / km Proportion 

present
Final emissions per km 
considering proportion

MS (4-ST) 118 0.2 79.6
MS (2-ST) 70 0.8

Car (Petrol) 293 0.35 214.35
Car (Diesel) 172 0.65

Shared Auto 122 122
Auto-Rickshaw 122 122

CNG Bus 1050 1050
BRT Bus 970
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Appendix C: Newspaper article published on prelimin ary findings of the survey 

 

Times of India, Ahmedabad 
Friday, November 20, 2007. 

 

 

Correction:  

Name: Ashim Bajracharya  (written as Aswin Bajracharya in the article) 
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Appendix D: Footprint table for each TAZ for base s cenario 
Origin TotalTrips 

originating
EnergyFP 

(ha)
PhysicalFP 

(ha)
TotalFP 

(ha)
No. of 

commuters
CapitaFP 

(ha/capita)
Average trip 

distance (km)
Average TAZ HH 

income (Rs)
1 1309 24.2 1.6 25.9 1148 0.0225 4.0 5050
2 959 10.1 1.2 11.2 841 0.0134 3.2 5471
3 436 5.2 0.5 5.7 382 0.0149 3.8 3567
4 12706 341.1 15.7 356.8 11145 0.0320 4.3 5597
5 2100 45.6 2.6 48.2 1842 0.0262 3.9 7650
6 7274 170.0 9.0 179.0 6380 0.0280 4.4 5608
7 1081 11.2 1.3 12.6 948 0.0133 3.4 3975
8 1161 18.1 1.4 19.6 1019 0.0192 3.3 4633
9 3325 50.1 4.1 54.2 2916 0.0186 4.6 5456

10 5902 94.6 7.3 101.8 5177 0.0197 3.8 4702
11 499 16.9 0.6 17.6 438 0.0401 4.3 4129
12 1982 30.9 2.4 33.4 1739 0.0192 3.7 3961
13 1184 9.9 1.5 11.4 1038 0.0109 3.2 3517
14 6667 83.0 8.2 91.3 5848 0.0156 3.7 4192
15 4539 55.6 5.6 61.2 3982 0.0154 3.9 3716
16 1140 16.2 1.4 17.6 1000 0.0176 3.4 3091
17 1132 13.6 1.4 15.0 993 0.0151 3.6 3855
18 3823 112.8 4.7 117.5 3353 0.0350 4.4 3993
19 4273 87.0 5.3 92.3 3748 0.0246 3.9 4044
20 445 5.0 0.5 5.5 391 0.0141 2.9 3617
21 7308 100.5 9.0 109.5 6411 0.0171 3.8 3196
22 1924 35.3 2.4 37.6 1688 0.0223 3.5 5663
23 2401 47.1 3.0 50.0 2106 0.0238 3.7 5305
24 1632 26.3 2.0 28.3 1432 0.0198 3.3 4170
25 961 29.0 1.2 30.2 843 0.0358 3.7 9667
26 574 8.5 0.7 9.3 504 0.0184 3.6 3783
27 2881 51.5 3.6 55.1 2528 0.0218 3.6 3621
28 6918 168.5 8.5 177.0 6068 0.0292 3.9 4907
29 396 4.9 0.5 5.3 348 0.0154 3.4 5100
30 632 6.1 0.8 6.8 554 0.0123 3.2 4478
31 1268 15.8 1.6 17.3 1112 0.0156 3.6 4735
32 2616 57.3 3.2 60.5 2295 0.0264 4.0 4818
33 794 3.2 1.0 4.2 696 0.0060 3.1 3600
34 6112 117.6 7.5 125.1 5361 0.0233 4.3 4423
35 2461 126.4 3.0 129.4 2159 0.0599 4.5 9667
36 1693 41.0 2.1 43.1 1485 0.0291 3.7 6083
37 2155 87.6 2.7 90.3 1890 0.0478 4.3 9583
38 11239 462.9 13.9 476.7 9859 0.0484 5.2 8333
39 11545 305.4 14.2 319.6 10127 0.0316 4.2 7521
40 5540 98.7 6.8 105.5 4860 0.0217 4.1 5197
41 2120 138.6 2.6 141.2 1860 0.0759 7.2 20000
42 3991 148.3 4.9 153.2 3501 0.0438 5.0 7170
43 6736 237.9 8.3 246.2 5909 0.0417 5.0 8471
44 6864 172.7 8.5 181.1 6021 0.0301 5.3 4477
45 3243 139.7 4.0 143.7 2844 0.0505 6.0 6063
46 8113 242.7 10.0 252.7 7116 0.0355 5.2 8090
47 10858 384.9 13.4 398.3 9524 0.0418 5.0 9422
48 3026 127.4 3.7 131.2 2654 0.0494 5.1 6375
49 2392 187.8 2.9 190.7 2099 0.0909 5.5 16750
50 2093 93.7 2.6 96.2 1836 0.0524 5.8 11083
51 13282 596.7 16.4 613.1 11651 0.0526 5.4 11490
52 1945 118.1 2.4 120.5 1706 0.0706 7.3 11400
53 2095 102.5 2.6 105.1 1838 0.0572 6.6 10050
54 1944 24.8 2.4 27.2 1705 0.0159 4.1 2671
55 3292 206.0 4.1 210.1 2887 0.0728 5.5 11429
56 19005 588.5 23.4 611.9 16671 0.0367 4.7 6478
57 6456 285.0 8.0 293.0 5663 0.0517 4.6 11750
58 0 0.0 0.0 0.0 0 3000
59 2551 91.9 3.1 95.0 2238 0.0424 4.6 9585
60 5705 172.6 7.0 179.6 5005 0.0359 4.1 5117
61 4759 165.3 5.9 171.2 4175 0.0410 4.3 8489
62 0 0.0 0.0 0.0 0 5000
63 1500 24.9 1.8 26.7 1316 0.0203 3.3 25583
64 1801 64.8 2.2 67.1 1580 0.0424 3.9 8800
65 5107 175.4 6.3 181.7 4479 0.0406 4.2 9132
66 1648 69.3 2.0 71.3 1445 0.0494 4.3 6029
67 150 6.2 0.2 6.4 131 0.0489 4.8 5000
68 1049 21.9 1.3 23.2 920 0.0252 3.4 6056
69 1049 33.4 1.3 34.7 920 0.0377 3.6 6667
70 11176 252.6 13.8 266.4 9804 0.0272 5.1 5409
71 7405 300.9 9.1 310.0 6496 0.0477 5.4 9020
72 1167 33.7 1.4 35.2 1024 0.0343 3.9 7275
73 3768 76.1 4.6 80.8 3305 0.0244 4.4 6600
74 4674 219.4 5.8 225.1 4100 0.0549 5.0 6867
75 6240 248.3 7.7 256.0 5474 0.0468 4.9 6125
76 6890 209.0 8.5 217.5 6044 0.0360 5.9 6167
77 2473 43.6 3.0 46.7 2169 0.0215 4.9 6500
78 7832 293.0 9.7 302.6 6870 0.0440 5.1 7348
79 11638 389.8 14.3 404.1 10209 0.0396 4.9 10362
80 20487 827.0 25.2 852.2 17971 0.0474 6.4 7238
81 11962 420.2 14.7 435.0 10493 0.0415 6.8 5012
82 6187 214.1 7.6 221.8 5427 0.0409 5.5 7377
83 13876 507.3 17.1 524.4 12172 0.0431 5.6 6952
84 12898 263.5 15.9 279.4 11314 0.0247 5.9 4242
85 6671 140.0 8.2 148.2 5851 0.0253 4.6 5035
86 3407 144.8 4.2 149.0 2989 0.0499 4.4 12500
87 6670 160.3 8.2 168.6 5851 0.0288 6.0 4303
88 3713 129.2 4.6 133.7 3257 0.0411 7.8 4660
89 2227 23.2 2.7 26.0 1954 0.0133 6.0 4367
90 0 0.0 0.0 0.0 0 7200
91 1715 91.0 2.1 93.1 1504 0.0619 7.8 6000
92 7602 179.2 9.4 188.6 6669 0.0283 5.2 3426
93 9089 389.5 11.2 400.7 7972 0.0503 7.7 4921
94 7756 98.8 9.6 108.3 6804 0.0159 4.2 3722
95 1661 34.3 2.0 36.3 1457 0.0249 4.7 4122
96 12048 177.7 14.8 192.6 10569 0.0182 4.0 3948
97 10442 362.9 12.9 375.8 9160 0.0410 5.2 5690
98 2568 67.6 3.2 70.8 2253 0.0314 5.1 3338
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Origin TotalTrips 
originating

EnergyFP 
(ha)

PhysicalFP 
(ha)

TotalFP 
(ha)

No. of 
commuters

CapitaFP 
(ha/capita)

Average trip 
distance (km)

Average TAZ HH 
income (Rs)

99 4450 84.1 5.5 89.6 3904 0.0230 4.2 4031
100 3253 23.7 4.0 27.7 2854 0.0097 3.8 2548
101 2740 5.9 3.4 9.3 2403 0.0039 3.3 2200
102 7232 195.3 8.9 204.3 6344 0.0322 5.7 7535
103 20000 408.1 24.6 432.7 17544 0.0247 4.2 6603
104 2909 100.6 3.6 104.2 2552 0.0408 4.1 4931
105 12977 266.7 16.0 282.7 11383 0.0248 8.1 4403
106 2850 52.5 3.5 56.0 2500 0.0224 7.6 5656
107 10331 362.5 12.7 375.3 9062 0.0414 9.5 4786
108 24976 591.6 30.8 622.4 21908 0.0284 4.6 4706
109 16213 220.0 20.0 240.0 14222 0.0169 5.5 5236
110 11390 163.9 14.0 177.9 9991 0.0178 4.8 3338
111 517 11.7 0.6 12.3 454 0.0271 4.2 2000
112 11388 162.5 14.0 176.5 9989 0.0177 4.9 3595
113 18977 306.0 23.4 329.4 16646 0.0198 4.5 3701
114 3623 49.0 4.5 53.5 3178 0.0168 5.9 4211
115 9490 116.1 11.7 127.8 8324 0.0154 5.7 3380
116 1209 4.1 1.5 5.5 1060 0.0052 5.3 3083
117 690 14.3 0.8 15.1 605 0.0250 5.4 2706
118 690 2.1 0.9 3.0 605 0.0049 6.0 2663
119 1038 124.3 1.3 125.5 911 0.1379 8.8 6000
120 864 61.0 1.1 62.1 758 0.0819 8.5 7300
121 6556 303.2 8.1 311.3 5751 0.0541 7.9 4138
122 3273 72.5 4.0 76.5 2871 0.0266 5.7 3450
123 2416 51.5 3.0 54.5 2119 0.0257 7.0 4514
124 6901 312.7 8.5 321.3 6054 0.0531 9.7 4980
125 6210 262.7 7.7 270.3 5447 0.0496 8.3 4224
126 11664 358.1 14.4 372.5 10232 0.0364 9.8 4916
127 14147 263.5 17.4 281.0 12409 0.0226 6.4 4582
128 3372 65.5 4.2 69.6 2958 0.0235 5.6 2936
129 21953 607.6 27.1 634.6 19257 0.0330 5.9 4866
130 3919 62.3 4.8 67.2 3438 0.0195 5.4 4059
131 1471 63.9 1.8 65.8 1290 0.0510 5.9 4725
132 6631 245.3 8.2 253.5 5816 0.0436 6.3 5205
133 5896 178.7 7.3 185.9 5172 0.0359 6.7 5439
134 2647 41.3 3.3 44.5 2322 0.0192 5.6 4938
135 440 3.3 0.5 3.8 386 0.0098 5.6 3500
136 6628 242.3 8.2 250.4 5814 0.0431 7.5 3445
137 0 0.0 0.0 0.0 0 0
138 0 0.0 0.0 0.0 0 0
139 16662 389.2 20.5 409.7 14616 0.0280 5.5 4099
140 15920 438.8 19.6 458.4 13965 0.0328 6.7 4801
141 14533 98.8 17.9 116.7 12748 0.0092 4.6 3706
142 7845 122.8 9.7 132.4 6882 0.0192 4.9 3719
143 1888 33.2 2.3 35.5 1656 0.0215 5.2 4187
144 28269 553.8 34.8 588.6 24797 0.0237 5.4 3946
145 846 5.0 1.0 6.1 742 0.0082 4.8 2300
146 4461 87.7 5.5 93.2 3913 0.0238 4.9 3247
147 4461 71.2 5.5 76.7 3913 0.0196 5.2 2635
148 5323 46.0 6.6 52.6 4669 0.0113 5.5 3374
149 5182 66.6 6.4 73.0 4545 0.0161 5.1 3743
150 8020 171.0 9.9 180.9 7035 0.0257 6.7 4614
151 18090 247.4 22.3 269.7 15869 0.0170 5.4 3865
152 11232 198.5 13.8 212.3 9853 0.0216 6.1 3647
153 19890 375.4 24.5 399.9 17447 0.0229 6.1 4221
154 6761 164.1 8.3 172.5 5931 0.0291 5.2 4469
155 10609 169.5 13.1 182.6 9306 0.0196 5.9 4800
156 6896 123.4 8.5 131.9 6049 0.0218 5.6 3493
157 2147 42.1 2.6 44.8 1883 0.0238 5.2 3352
158 6055 180.3 7.5 187.8 5311 0.0354 8.5 3365
159 1192 43.9 1.5 45.3 1046 0.0433 8.7 3127
160 5506 135.6 6.8 142.4 4830 0.0295 6.4 4487
161 5015 116.3 6.2 122.4 4399 0.0278 6.6 3598
162 13896 237.8 17.1 254.9 12189 0.0209 4.7 4500
163 19206 501.8 23.7 525.5 16847 0.0312 5.4 5866
164 4791 118.2 5.9 124.1 4203 0.0295 5.1 4826
165 7256 176.2 8.9 185.2 6365 0.0291 5.2 4148
166 17625 455.0 21.7 476.7 15460 0.0308 5.1 4617
167 15287 157.5 18.8 176.4 13410 0.0132 4.3 3782
168 171 0.0 0.2 0.2 150 0.0014 5.0 1200
169 7213 144.1 8.9 153.0 6327 0.0242 4.5 4657
170 7480 126.5 9.2 135.7 6562 0.0207 4.0 3909
171 4673 68.6 5.8 74.3 4099 0.0181 4.4 3276
172 4108 113.9 5.1 119.0 3603 0.0330 6.0 4389
173 0 0.0 0.0 0.0 0 0
174 0 0.0 0.0 0.0 0 0
175 5045 80.8 6.2 87.1 4425 0.0197 5.6 3056
176 8525 151.0 10.5 161.5 7478 0.0216 4.5 4019
177 9917 211.9 12.2 224.1 8699 0.0258 4.6 5037
178 6670 113.7 8.2 121.9 5851 0.0208 4.7 4073
179 2962 83.3 3.6 86.9 2598 0.0335 5.0 4435
180 1480 34.0 1.8 35.8 1298 0.0276 5.4 3688
181 11690 237.2 14.4 251.6 10254 0.0245 6.3 4154
182 9533 225.6 11.7 237.3 8362 0.0284 6.6 4752
183 3106 73.0 3.8 76.8 2724 0.0282 5.4 6600
184 4395 99.3 5.4 104.7 3855 0.0272 4.9 8395
185 7001 133.6 8.6 142.2 6141 0.0232 7.4 3556
186 9629 193.8 11.9 205.6 8446 0.0243 8.7 3355
187 1166 46.6 1.4 48.1 1023 0.0470 7.4 5500
188 2479 63.8 3.1 66.9 2174 0.0308 8.1 4435
189 1599 48.8 2.0 50.7 1402 0.0362 11.1 2911
190 2768 93.2 3.4 96.6 2428 0.0398 11.6 3088
191 2706 90.1 3.3 93.4 2374 0.0393 5.9 5329
192 8947 242.0 11.0 253.0 7849 0.0322 5.9 6500
193 4217 97.4 5.2 102.6 3699 0.0277 6.3 4630
194 3322 98.2 4.1 102.3 2914 0.0351 5.4 4505
195 2682 30.6 3.3 33.9 2353 0.0144 5.2 4225
196 11758 323.3 14.5 337.8 10314 0.0328 5.3 7058  
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Appendix E: Biogeme code files 

Module file: MS.mod (Text file) 
[ModelDescription] 
"Binary Logit Model between Motorscooter & BRT" 
 
[Choice] 
CHOICE 
 
[Exclude] 
CHOICE = 99 
 
[Beta] 
ASC1  0 -10000  10000 0 
ASC2  0 -10000  10000 1 
BETA1 0 -10000  10000 0 
BETA2 0 -10000  10000 0 
BETA3 0 -10000  10000 0 
BETA4 0 -10000  10000 0 
 
 
[Utilities] 
// Current mode 
1     Alt1  av1  ASC1 * one  + BETA1 * C_TT  + BETA2 * C_CI   

+ BETA3 * OCCUPATION  + BETA4 * HH_INCOME  
 
// BRTS 
0     Alt2  av2 ASC2 * one  + BETA1 * C_TT + BETA2 * B_CI 
 
[Expressions] 
one = 1 
C_TT = C_IN_VEH  
 
B_TT = (B_IN_VEH + 11)   
// Home to stop + waiting time + stop to destination = 5 + 1 + 5 
 
C_CI = C_TC / HH_INCOME 
B_CI = B_TC / HH_INCOME 
 
[Model] 
$MNL 
  
 
Data file: MS.dat ; shown only part of the tile (Tab-delimited text file) 

ID OCCUPATION C_IN_VEH C_TC B_IN_VEH B_TC HH_INCOME CHOICE av1 av2
1 1 10 8.6 10 5 10000 0 1 1
2 0 10 8.4 8 5 10000 1 1 1
3 1 30 21 20 10 20000 0 1 1
4 1 10 13.8 16 8 10000 0 1 1
5 0 15 6.9 8 5 10000 1 1 1
6 1 15 8.6 10 5 10000 0 1 1
7 1 35 27.6 32 10 15000 1 1 1
8 1 15 10.3 12 6 10000 0 1 1
9 1 45 36.2 42 10 20000 1 1 1

10 1 25 17 20 10 20000 1 1 1
11 1 20 12 14 7 20000 0 1 1
12 1 20 10 10 5 20000 0 1 1
13 1 20 12.1 14 7 15000 1 1 1
14 1 25 16.8 16 8 15000 1 1 1
15 1 20 8.6 10 5 15000 1 1 1
16 1 10 5.2 6 5 10000 1 1 1
17 1 25 20.7 24 10 10000 0 1 1
18 1 35 31.5 30 10 15000 1 1 1
19 1 10 8.6 10 5 10000 1 1 1
20 1 35 20.7 24 10 15000 1 1 1
21 1 45 34.5 40 10 10000 0 1 1
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Appendix F: OmniTRANS scripts 
Skim Matrix generation  
 
for j in [1,2]     # Work & Educational trips 
 for i in [1,2,3,4,5,6]  # Modes 
  genSkim = OtTraffic.new 
  genSkim.skimMatrix = [j,i,1,1,[11,12],1] 
  genSkim.skimFactors = [1000,60,1]    # Display distance in meters, time in minutes 
  genSkim.execute 
 
  for r in [11,12] #Distance, travel time 
   sc = OtSkimCube.open 
   skm = sc[j,i,1,1,r,1] 
   #ok = skm.fillIntra(5)  
   skm = skm.replaceEq(0,999999)  # Make intrazonal trips impossible 
   sc[j,i,1,1,r,1] = skm 
  end 
 end  
end   
 

 
Network distance mask (After assigning all the connecter length 0)  
# Value is 0 if the Network Distance is zero, else its value is one 
 
genSkim = OtTraffic.new 
genSkim.skimMatrix = [1,1,1,2,[11,12],1] 
genSkim.skimFactors = [1000,60,1] 
genSkim.execute 
 
for r in [11,12] 
 sc = OtSkimCube.open 
 skm = sc[1,1,1,2,r,1] 
 skm = skm.replaceEq(0,0) 
 skm = skm.replaceGt(0,1) 
 
 sc[1,1,1,2,r,1] = skm 
end   
 

 
Apply uniform growth facter at the rate of 2.3 % pe r annum  
mc = OtMatrixCube.open 
 
for j in [1,2]    # Trip purpose : 1: Work trips, 2: Educational Trips 
 for i in [1,2,3,4,5,6]   # mode numbers 
  mc[j,i,1,1] = mc[j,i,1,1] * 1.023 * 1.023 * 1.023 * 1.023 * 1.023 * 1.023  
 end  
end  
 

 

 

 

 
Export Gravity model to CSV file  
# Change factor by 100 so that its accuracy is increased during export  
# as values are rounded off during export 
# +1 is added because Cells with value 0 are not exported. 
 
 
mc = OtMatrixCube.open 
mat = OtMatrix.new(196) 
mat[] = 100 
 
for j in [1,2]    # Trip purpose : 1: Work trips, 2: Educational Trips 
 for i in [1,2,3,4,5,6]  # mode numbers 
  mat1 = mc[j,i,1,1] 
  mat1 = (mat1 * 100) +1   
  ok = mat1.export("d:\\#{j} Mode #{i}.csv",TRIPS_ASCII) 
 end  
end 
 
# Remember to divide by 100 and substract 1 from the values in excel to get 
# back the original values 

  
Import CSV  file (After appling modal shi ft)  
# Before importing, the excel file (tab-delimited) is converted again to  
# non-standard format .CSV using vb-script of Excel macro 
 
# open the current default matrix cube 
my_matrix_cube = OtMatrixCube.open              
 
# import the matrix into the specified pmtu location           
 
for i in [1,2,3,4,5,6,7] 
 
 my_matrix_cube.import([1,i,1,1],"d:\\Trips#{i}.txt")        
 # copy the matrix from the cube into a local matrix        
 my_matrix = my_matrix_cube[1,i,1,1]     
  
end 
 

Update Skim matrix of bus  
# This update is done to remove the OD pairs where network distance is zero.  
# First job is to identify OD with zero distance and later replace it with 999999. 
 
sc1 = OtSkimCube.open 
sc2 = OtSkimCube.open 
 
for k in [1,2] 
 for i in[4] 
  for j in [11,12] 
   sc2[k,i,1,1,j,1] = sc2[k,i,1,1,j,1] * sc1[1,1,1,2,j,1] 
   sc2[k,i,1,1,j,1] = sc2[k,i,1,1,j,1].replaceEq(0,9999999) 
  end 
 end 
end 
 
writeln "Job complete!!! " 
 

AON assignment  
assign = OtTraffic.new 
assign.assignMethod = AON 
 
for i in [1,2,3,4,5,6] # for work trips 
 assign.load = [1,i,1,1,1,1] 
 assign.execute 
end 
 
for i in [1,2,3,4,5,6] # for edu trips 
 assign.load = [2,i,1,1,1,1] 
 assign.execute 
end 

Export distance matrix to CSV file  
sc = OtSkimCube.open 
 
for j in [11] 
 for i in [1,2,3,4,5,6] 
  sc1 = sc[1,i,1,1,j,1] 
  sc1 = sc1 + 1    # add 1 as Values with 0 are not exported 
  ok = sc1.export("d:\\#{j} Mode #{i}.csv",TRIPS_ASCII) 
 end  
end 
 
# Remember to apply -1 in excel to get original values 
 
# CSV file is a non-standard format, this is converted to the tab-delimited  
# text file using vb-script developed in word macro. 

Gravit y model generation  
 
# Create trip distriution based on travel time skim and an 
# exponential distribution function 
# PMTURI = [1,1,1,1,12,1] 
 
Writeln "Computing trip distribution ..." 
 
for j in [1,2]     # 1: Work trips, 2:Educational trips 
 for i in [1,2,3,4,5,6]   # Modes 
  sgm = OtGravityModel.new          # generate new GravityModel object 
  sgm.skimMatrix = [j,i,1,1,12,1]  # use the travel time skim matrix 
  sgm.odMatrix = [j,i,1,1]          # location to put the resulting OD matrix 
  sgm.functionType = EXPONENTIAL  # use the exponential distribution function 
  sgm.functionSpec = [[2,-0.5]]     # parameter values of the distribution fnc. 
  sgm.balance = PRODUCTIONS       # balance based on production/departures 
  sgm.iterations = 10              # number of iterations to perform 
  sgm.execute                       # compute the trip distribution 
 end 
end 
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