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INTRODUCTION

What could possibly be the role of

bicycle in a multimodal system?

Is there a substitute to slow speeds and long commutes 

by motor vehicles? 

If mass transit in the city proves to be a reliable 

alternative, how to ensure adequate accessibility, for the 

system to be effective and efficient?

expectation

experience

perception

provisions



WHY ARE PUBLIC TRANSITS IMPORTANT?

A large percentage of  

the population

depends on public 

transit

Transportation is the backbone of a strong and prosperous economy, and investments 

in public transit generate significant economic benefits. 

From an urban mobility perspective, public transport is far more efficient than 

personal motor vehicles in terms of the road space it uses up and the energy it 

consumes.

From a social perspective, public transport is often the only means of transport for the 

poor. Without it, they would be able to look at work opportunities only within walking 

distance of their homes, so public transport improves their livelihood opportunities.

It also gives them greater access to education, health care and recreation. 

Public transportation offers everyone—commuters, families, students, senior 

citizens, persons with disabilities freedom and opportunity to pursue a better 

lifestyle. 



WHY ARE BICYCLES IMPORTANT?

Active cities are prosperous cities

But, conditions, circumstances & issue of  safety might

influence an individual’s decision to use bicycle

Cyclists are a diverse group. Some of us ride it for fun, some of us ride it for a

healthier lifestyle and also, some of us ride bicycles for basic transportation. 

• It’s a greener and sustainable mode of 

commute.

• It symbolizes equality.

• One of the best all-round activities for 

improving our health.

Cities that make physical activity a priority, convert existing spaces to 

active spaces, and design environments for people to be active will create 

a legacy of physical activity.

When people move more, crime, pollution and traffic go down, and 

productivity, performance, health and well-being improve drastically. Thus 

active cities will be better off by almost every possible measure.



COULD BICYCLE PLAY A VITAL ROLE IN A MULTIMODAL 
ENVIRONMENT?
YES!

Individuals are attracted to cities for the ease of mobility and proximity to jobs they provide, but cities of all sizes face 

challenges in maintaining effective, agile transportation systems.

Among the many available policy and programmatic solutions, bicycle related programs and policies are emerging as a 

cost effective and sustainable way to expand the portfolio of transit options.

By adding bicycle network as a convenient and attractive choice for complementing public transit, cities can provide a 

connected transportation system in which residents feel confident that their mobility needs can be met. 

A shift in mentality 

can prioritize the 

efficient movement of 

people rather than 

vehicles.

A sustainable transportation system is one that achieves residents’ mobility needs through 

equitable, affordable and efficient options with limited impact on the natural environment.



OBJECTIVE

❑To determine the factors that could influence use of non-motorised transport 

(bicycle in particular) as preferred mode of access to mass transit stations.

SUB-OBJECTIVES
❑ To conduct a revealed and stated preference survey to assess the willingness of 

people to shift to the rail transit + access system as per a set of predefined 

mode choice attributes and variables. 

❑ To develop a discrete choice model using RP and SP data to assess the potential 

modal shift towards the new mode and analyse the probable mode share of rail 

transit along with bicycle.  



PRESSURE OF GROWING POPULATION

Bangalore city has a population of 12.3 million (2017) as against the population of 9.58 million according to 
the census statistics for the year 2011, 6.5 million and 4.13 million in 2001 and 1991 respectively. 

A large city of this size and a rapidly rising population of the above magnitude, demands a whole range of 
civic services, including the vital transportation sector. 

Demographics of Bangalore, (Source- Census)

Note: Population Data is available up to 2011 

hence, other datas have been limited to 2011.  



CURRENT TRANSPORT SCENARIO 

The present public transport infrastructure of Bangalore city is largely dependent upon the 
BMTC operated bus network facility.

the services offered by BMTC falls short of the public expectations and satisfaction

(as a result)         

private transportation has increased – mainly consisting of two wheelers and three wheelers, 
besides a good number of four wheelers population.



Vehicle strength and growth in Bangalore (in lakhs), 

Source- (Transportation Dept. Govt. of Karnataka)

Source: The Hindu, March 5, 2018



NAMMA METRO!
Bangalore Metro (Namma Metro), is a mass rapid transit system for the 
city of Bangalore. 

The main objective behind the introduction of metro rail system in 
Bangalore was to ease the traffic pressure off the roads. The making of 
metro line was encouraged so that that commuters use public transport 
instead of private vehicles.  

In addition to the above, metro rail system in Bangalore is also needed for the following 
reasons:

•To reduce consumption of fuel.

•To check pollution.

•To bring down accident rates.

•To help commuters save their time.

•To have a more sustainable system of transportation.

Bangalore Metro route map Phase 1



PROCESS FLOW



SAMPLE SELECTION AND SAMPLE SIZE

The target population for the Survey were 
the passengers commuting to work and 
whose workplaces were situated majorly 
along the Phase-1  and Phase-2 of the 
metro corridor.

Considering all modes a total of 268 
interviews were completed. Each individual 
was given 6 choice situations, thus making a 
total of 1876 observations. 



DATA COLLECTION
• Cubbon Park

• GPO

• Income Tax Dept. 

• HAL

• Majestic

• Peenya Industrial Area

• Jalahalli Cross

• Banashankari

• Jayanagar

• KR Market

• Silk Board

• Electronic City             

• Bommasandara

• BTM Layout

• JP Nagar

• Jayadeva Hospital

• Dairy Circle

• Marathalli



SURVEY DESIGN

The questionnaire was divided into two parts- Revealed preference survey and Stated preference
survey.

Revealed Preference Survey 

RP survey form was divided into two parts. It consists of the passengers Socio-economic parameters 
and the trip characteristics. 
 Socio economic parameters: The data collected here is the information such as age, sex, type of vehicle owned, 

individual’s income and availability of a functional cycle.

 Trip Characteristics: In this part, the information collected is related to the travel behaviour of an individual for 
his/her trip. It asks the mode preferred to travel between home to workplace, In-vehicle travel time, Out-vehicle 
travel time and distance travelled. 

Stated Preference Survey 

Stated preference survey combined with the revealed preference survey was constructed to study 
passenger‘s current travel choice and their willingness to shift to the new mode i.e. Metro 
supplemented with an access mode, based on the set of attributes appropriate to the new system.



RELEVANT ALTERNATIVES, ATTRIBUTES AND 
ATTRIBUTE LEVELS 

Alternatives- Five transportation alternatives were included in the choice scenarios as access modes: car,              
two-wheeler, walk, bicycle and auto rickshaw, which in turn were compared with current mode of commute which 
apart from the above listed five alternatives included two more Bus and cab/taxi. 

Attributes- The attributes were adopted based on subjective judgement and previous research that yielded 
results with high validity. Following are the attributes which have been taken into 
consideration for the study: Travel time, Parking fee, Distance and Travel Cost. 

Attribute Levels- In an attempt to make the experimental design more manageable and balanced, it was 
decided to include two attributes for each of the alternatives. And the attribute pertaining to bicycle-transit is 
pivoted by two or three levels in the choice scenarios. 



SURVEY QUESTIONNAIRE

The objective of the stated choice experiment is to test the relative 
importance of factors influencing the mode choice in the access to a 
mass-transit station. 

For this purpose, the choice experiment considers three attributes: 
time, cost (in terms of travel cost and parking fee), and built 
environment (expressed in terms of time savings). 

The Questionnaire comprises 25 questions distributed over four 
sections, viz

 General Information (5 questions)

 Information regarding current mode of commute (7 questions)

 Information regarding the prospective commute mode (6 questions)

 Hypothetical Choice Scenarios (6 questions)

 Feedback (1 question)

Choice Scenario Schema



Categories Number of samples Percentage of samples

Total Sample 268 100%

Males 164 62%

Females 104 38%

Sample Breakup

Total
Females

Males

DESCRIPTIVE ANALYSIS 1

Age group
% respondents belonging 

to age group

18-30 28%

31-40 16%

41-50 23%

51-60 33%

Income Percentage Respondents

Less than 15,000 9%

15,000-30,000 37%

30,000-45,000 23%

More than 45,000 31%



DESCRIPTIVE ANALYSIS

Mode of Commute Responses %

Personal Vehicles 123 46 %

Bus 118 44 %

Others 27 9%

Total 268 100%

2

Personal Vehicle Responses % % of total

Two Wheeler 105 85 % 39.1 

Car 18 15 % 6.7

Total 123 100 %



MODELLING CONSIDERATIONS

The modelling framework that is used for this research project is a discrete 
choice analysis. 

This is selected because data will be gathered using a stated choice 
experiment, which asks respondents to choose between discrete alternatives. 

In making his or her choice, each respondent is assumed to maximize their 
personal utility and select the mode alternative that provides the highest utility.



MODEL EQUATIONS
The utility function, U, has the property that an alternative is chosen if its utility is greater than the utility of all other alternatives in the individual‘s 
choice set. 

One component of the utility function represents the portion of the utility observed by the analyst, often called the deterministic (or observable) 
portion of the utility. The other component is the difference between the unknown utility used by the individual and the utility estimated by the 
analyst. Since the utility used by the decision maker is unknown, we represent this difference as a random error. Formally, we represent this by:

𝑈𝑖𝑞 = 𝑉𝑖𝑞 + ℰ𝑖𝑞

The systematic element of Equation can be more precisely described as a linear additive function of the attributes and their respective weightings 
as shown by the following equation,

𝑉𝑖𝑞 = σ𝑘=1
𝐾 𝛽𝑖𝑞 𝛸𝑖𝑘𝑞

It is assumed that person 𝑞 will choose option A over option B if and only if the utility of option A is greater than that of option B, or 𝑈 𝐴 > 𝑈 𝐵.  

The probability of alternative being chosen will be determined by:

𝑃𝑖 =
𝑒𝑉𝑖

σ
𝑗=1
𝐽

𝑒𝑉𝑗



Available Mode Choice:

𝑈𝑇𝑊 = 𝐴𝑆𝐶𝑇𝑊 + 𝛽𝑖𝑣𝑡𝑡 × 𝑖𝑣𝑡𝑡 + 𝛽𝑜𝑣𝑡𝑡 × 𝑇𝑊_𝑜𝑣𝑡𝑡

𝑈𝐶𝐴𝑅 = 𝐴𝑆𝐶𝐶𝐴𝑅 + 𝛽𝑖𝑣𝑡𝑡 × 𝑖𝑣𝑡𝑡 + 𝛽𝑜𝑣𝑡𝑡 × 𝐶_𝑜𝑣𝑡𝑡

𝑈𝐵𝑈𝑆 = 𝐴𝑆𝐶𝐵𝑈𝑆 + 𝛽𝑖𝑣𝑡𝑡 × 𝑖𝑣𝑡𝑡 + 𝛽𝑜𝑣𝑡𝑡 × 𝐵_𝑜𝑣𝑡𝑡

𝑈𝐴𝑈𝑇𝑂 = 𝐴𝑆𝐶𝐴𝑈𝑇𝑂 + 𝛽𝑖𝑣𝑡𝑡 × 𝑖𝑣𝑡𝑡 + 𝛽𝑜𝑣𝑡𝑡 × 𝐴𝑢_𝑜𝑣𝑡𝑡

Possible Mode Choice with the introduction of Metro Rail:

𝑈𝑇𝑊_𝑠𝑝 = 𝐴𝑆𝐶𝑇𝑊_𝑠𝑝 + 𝛽𝑖𝑣𝑡𝑡 × 𝑖𝑣𝑡𝑡 + 𝛽𝑜𝑣𝑡𝑡 × 𝑇𝑊_𝑜𝑣𝑡𝑡

𝑈𝐶𝐴𝑅_𝑠𝑝 = 𝐴𝑆𝐶𝐶𝐴𝑅_𝑠𝑝 + 𝛽𝑖𝑣𝑡𝑡 × 𝑖𝑣𝑡𝑡 + 𝛽𝑜𝑣𝑡𝑡 × 𝐶_𝑜𝑣𝑡𝑡

𝑈𝐵𝑈𝑆_𝑠𝑝 = 𝐴𝑆𝐶𝐵𝑈𝑆_𝑠𝑝 + 𝛽𝑖𝑣𝑡𝑡 × 𝑖𝑣𝑡𝑡 + 𝛽𝑜𝑣𝑡𝑡 × 𝐵_𝑜𝑣𝑡𝑡

𝑈𝐴𝑈𝑇𝑂_𝑠𝑝 = 𝐴𝑆𝐶𝐴𝑈𝑇𝑂_𝑠𝑝 + 𝛽𝑖𝑣𝑡𝑡 × 𝑖𝑣𝑡𝑡 + 𝛽𝑜𝑣𝑡𝑡 × 𝐴𝑢_𝑜𝑣𝑡𝑡

𝑈𝑀𝑊_𝑠𝑝 = 𝐴𝑆𝐶𝑀𝑊_𝑠𝑝 + 𝛽𝑖𝑣𝑡𝑡 × 𝑖𝑣𝑡𝑡 + 𝛽𝑜𝑣𝑡𝑡 ×𝑊_𝑜𝑣𝑡𝑡

𝑈𝑀𝐵_𝑠𝑝 = 𝐴𝑆𝐶𝑀𝐵_𝑠𝑝 + 𝛽𝑖𝑣𝑡𝑡 ×𝑀_𝑖𝑣𝑡𝑡 + 𝛽𝑜𝑣𝑡𝑡 × 𝐶𝑦_𝑜𝑣𝑡𝑡 + 𝛽𝑝𝑎𝑟𝑘 ×𝑀𝐵_𝑃𝑎𝑟𝑘

𝑈𝑀𝐴_𝑠𝑝= 𝐴𝑆𝐶𝑀𝐴_𝑠𝑝 + 𝛽𝑖𝑣𝑡𝑡 × 𝑖𝑣𝑡𝑡 + 𝛽𝑜𝑣𝑡𝑡 × 𝐴𝑢_𝑜𝑣𝑡𝑡

𝑈𝑀𝑇_𝑠𝑝= 𝐴𝑆𝐶𝑀𝐶_𝑠𝑝 + 𝛽𝑖𝑣𝑡𝑡 ×𝑀_𝑖𝑣𝑡𝑡 + 𝛽𝑜𝑣𝑡𝑡 × 𝑇𝑊_𝑜𝑣𝑡𝑡 + 𝛽𝑝𝑎𝑟𝑘 ×𝑀𝑇_𝑃𝑎𝑟𝑘

𝑈𝑀𝐶_𝑠𝑝= 𝐴𝑆𝐶𝑀𝐶_𝑠𝑝 + 𝛽𝑖𝑣𝑡𝑡 ×𝑀_𝑖𝑣𝑡𝑡 + 𝛽𝑜𝑣𝑡𝑡 × 𝐶_𝑜𝑣𝑡𝑡 + 𝛽𝑝𝑎𝑟𝑘 ×𝑀𝐶_𝑃𝑎𝑟𝑘

Where,

𝐴𝑆𝐶- is alternate specific constant pertaining to different modes

𝛽𝑖𝑣𝑡𝑡, 𝛽𝑜𝑣𝑡𝑡, 𝛽𝑝𝑎𝑟𝑘 = alternate specific co-efficient



MODEL STRUCTURE

The discrete choice model is developed as a multinomial logit model between the 
current modes [Bus, Autorickshaw, Private modes (Cars and Two Wheelers)] and 
Metro rail along with an access mode. 

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

 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. 

 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. 



MODEL ESTIMATION

Travel time and Travel cost have negative coefficients which suggest that the utility of an alternative 

decreases as the values of these terms increases. Parking parameter also has a negative sign which is only 

included in the utility equation of Metro- bicycle, two-wheeler and car. High t-test values indicate that each 

parameter is significant in the model 

Figure - a. Estimation Results for Model Parameters   b. Statistical Analysis 



CURRENT MODAL SHARE



ANALYSIS CHOICE SCENARIO 1
Mode

Characteristics

Current 

Mode

Metro -

Walk

Metro -

Cycle

Metro -

Auto

Metro - TW Metro -

Car

IVTT As 

revealed

Estimated using the distance revealed

OVTT As revealed

Total Time Sum of IVTT and OVTT

Travel Cost Estimated using per-person per-km for different modes

Access Cost Not appl. - - Estimated using distance and VOC

Parking Fee - - 0 - 20 30

Without dedicated bicycle lane, with free parking for bicycles 

they have to ride in mixed traffic conditions but 

are being provided with free parking facility 



ANALYSIS CHOICE SCENARIO 2
Mode

Characteristi

cs

Current 

Mode

Metro -

Walk

Metro -

Cycle

Metro -

Auto

Metro -

TW

Metro -

Car

IVTT As 

revealed

Estimated using the distance revealed

OVTT As revealed , but Pivoted for Bicycle

Total Time Sum of IVTT and OVTT

Travel Cost Estimated using per-person per-km for different modes

Access Cost Not appl. - - Estimated using distance and 

VOC

Parking Fee - - 0 - 20 30

With dedicated bicycle lane, with free parking for bicycles 



ANALYSIS CHOICE SCENARIO 3
Mode

Characteristics

Current 

Mode

Metro -

Walk

Metro -

Cycle

Metro -

Auto

Metro - TW Metro -

Car

IVTT As 

revealed

Estimated using the distance revealed

OVTT As revealed , but Pivoted for Bicycle

Total Time Sum of IVTT and OVTT

Travel Cost Estimated using per-person per-km for different modes

Access Cost Not appl. - - Estimated using distance and VOC

Parking Fee - - 5 - 20 30

With dedicated bicycle lane, with parking fee of Rs 5 for bicycles 



ANALYSIS CHOICE SCENARIO4
Mode

Characteristics

Current 

Mode

Metro -

Walk

Metro -

Cycle

Metro -

Auto

Metro - TW Metro -

Car

IVTT As 

revealed

Estimated using the distance revealed

OVTT As revealed , but Pivoted for Bicycle

Total Time Sum of IVTT and OVTT

Travel Cost Estimated using per-person per-km for different modes

Access Cost Not appl. - - Estimated using distance and VOC

Parking Fee - - 10 - 20 30

With dedicated bicycle lane, with parking fee of Rs 10 for bicycles 



ANALYSIS CHOICE SCENARIO 5
Mode

Characteristics

Current 

Mode

Metro -

Walk

Metro -

Cycle

Metro -

Auto

Metro - TW Metro -

Car

IVTT As 

revealed

Estimated using the distance revealed

OVTT As revealed

Total Time Sum of IVTT and OVTT

Travel Cost Estimated using per-person per-km for different modes

Access Cost Not appl. - - Estimated using distance and VOC

Parking Fee - - 5 - 20 30

Without dedicated bicycle lane, with parking fee of Rs 5 for bicycles 



ANALYSIS CHOICE SCENARIO 6
Mode

Characteristics

Current 

Mode

Metro -

Walk

Metro -

Cycle

Metro -

Auto

Metro - TW Metro -

Car

IVTT As 

revealed

Estimated using the distance revealed

OVTT As revealed

Total Time Sum of IVTT and OVTT

Travel Cost Estimated using per-person per-km for different modes

Access Cost Not appl. - - Estimated using distance and VOC

Parking Fee - - 10 - 20 30

Without dedicated bicycle lane, with parking fee of Rs 10 for bicycles 





CONCLUSION AND SUMMARY

1. The information from the analysis provides the planners and policy makers, an important 
clue about the implications of the scenarios and take the appropriate action. 

2. One of the significant implications in this study is reduction in personal- motorized transport 
which can reduce the vehicular traffic on the roads and thus ease congestion. 

3. Also the transportation sector is the major contributor in green house gas emissions and  
CO2 emissions in Bangalore are among the highest in India. The estimations made for the 
Non-motorised transport as access mode along with a reliable public transportation such 
as Metro rail in implementation scenario shows some improvement, in modal share for a 
more sustainable and efficient mode of transportation. 

4. The socio economic background of the sample population and the attributes of the Metro 
rail system play an important role in determining the modal shift.



CONCLUSION FOR POLICY LEVEL DECISION

1. The analysis suggest that people are very sensitive towards the travel time especially the 
private mode users. Thus to achieve considerable shift towards the Metro-rail system the policy 
level decision for the Metro-rail station location and a very good network of non-motorised (a 
well-connected network of bicycle lanes and walkways) access is very critical. 

2. As per fare level is concerned the maximum mode share achieved when the fare is lowest. But 
looking into other aspects such as profit making for the organization, the fare level selection is 
a complex situation. It depends on the good judgment of the policy decision makers.

3. Passengers are sensitive towards the in vehicle travel time, this suggest that nominal operating 
speed of Metro-rail complemented by a well-connected network can lead to considerable 
amount of savings in the carbon emissions and decrease vehicular traffic. 

4. From the analysis it is clear that a major share of reduction in vehicular traffic and Carbon 
emissions are coming from the private mode users as the emission rate of the private mode is 
high. Thus the policy decision makers should look in all possible ways to make rail based mode 
more attractive. 



LIMITATIONS AND FUTURE SCOPE

Following are the limitations of the study:

•Metro-rail system along with bus as an access mode was not included. This combination is 
expected to have a significant modal share. 

•In the choice scenarios, values were pivoted only for Metro-rail with bicycle combination. 

Future scope for the study can be: 

• Studying the impacts of Metro-rail system along with non-motorised access in cities where 
metro-rail system is coming up. Thus giving insight on how to design an integrated 
transportation system. Impacts can include urbanization, economic impact etc.  

• Change in the travel behavior with respect to different attributes of non-motorised transport 
when used in conjunction with the Metro-rail system. 



Thank you

1 Increases your life expectancy

Improves the quality of your life- Cyclists 

are more likely to experience enjoyment 

from their rides than do motorists. 

Reduces traffic jams and 

congestion

Reduces Noise.

No fuel cost, reduces accidents and 

wear & tear of infrastructure

Improves air quality and 

atmosphere in the city.

2

3

4

5

6

ADVANTAGES OF USING BICYCLE


