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ABSTRACT

A large part of trips in Kathmandu valley is occupied by educational trips, whose
magnitude is bound to increase as the average time spent studying is increasing. The
commutes of graduate-level engineering students follow a similar trend and thus will
increase the demand for means of transportation, creating load to the suffering
transportation system, and therefore proper planning interventions are needed.

This study forms mixed logit models with the help of the ‘R-Studio’ statistical package
to analyze these trips. Models consist of revealed preference (RP) models to understand
the current mode preference, and stated preference (SP) models to determine the modal
shifts when different alternative modes of bus rapid transit (BRT) and metro trains are
introduced, these SP choices were formed by the analysis of alternative transportation
in different urban metropolises and consist of four options “Busl”, a luxurious but
costly BRT, “Bus2” normal BRT, “Metrol” a comfortable but costly metro, and lastly
“Metro2” normal metro all concerning the existing public transportation modes. Data

required to form these models were collected by performing RP and SP surveys.

For the RP part the use of personal mode of transport was found to be increased by
transport trip distance and vehicle ownership and decreased by number of siblings.
Similarly, the use of public transport was found to be increased by trip distance, walking
being the base criteria for both cases.

For the SP part, trip distance was found to increase and footpath availability was found
to decrease the use of “Busl”, trip distance was found to increase the use of “Bus2”
mode, Journey time and trip distance were found to increase and gender was found to
decrease the use of “Metrol” and finally trip distance was found to increase the use of

“Metro2”, walking being the base condition in all cases.

The study recommends planning interventions for management of motorized means in
long distance trips, improvement of walking condition in short distance trips and
development of gender friendly infrastructure for existing transportation modes. For the
purposed alternative means of transport metro is seen as the best preferred option for

the study group therefore further analysis of this mode is suggested.

Keywords: Educational mode choice, Discrete choice model, Mixed logit, Revealed

preference, Stated preference.
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CHAPTER ONE: INTRODUCTION

1.1 Background

Transportation infrastructure has been found to impact positively on economic
development (Edington, 2006) this effect is even more crucial in urban areas as properly
managed and designed transportation infrastructure ensures efficient use of urban
space, provide efficient and affordable mobility and ensure access to workplace,
school/colleges or social/recreational sites (MaYA, 2014). The degree of this impact
however depends upon several factors the efficiency of the transportation system is one

of them, which in turn relies on proper planning.

Concerning Kathmandu valley which the capital city and one the major economical
centers of the country the existing transportation system does not seem to fully deliver
the desired outcomes as its efficiency as well as an understanding of the current travel

demands is not satisfactory as shown by many studies.

Among the three components of the transport system, public transportation consists of
4 components (Bus Tempo Micro and Taxi) which exists in almost all of the major

routes of the city, however, it is suffering from many different problems including.

e Public Vehicles coming to the city center and hampering the traffic flow as the
existing bus park’s capacity cannot handle all incoming traffic (JICA, 2012).

e About 70% male and 85% female finding the vehicles overcrowded (World
Bank, 2013)

e About 16% male and 34% female feeling insecure in the vehicles (World Bank,
2013)
About 60% of Passengers not satisfied with the time the commute is taking
(MAYA, 2014)

Not only the users of public transport system but also those using the private modes are
facing problems like higher travel costs, congestions, safety issues, etc. yet are reluctant
to shift to the public transportation due to longer travel time, longer waiting time,

irregular operation and overcrowding (JICA, 2012)
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Similar to the previous two modes of transport the walking conditions in the valley with
a walkability index of 557 (CAAN, 2010) are not user friendly as well.

To overcome this suitable planning intervention are required, it includes an
understanding of the current travel demands, development of transportation
infrastructure and proper management of transportation facilities, by ensuring these

things the desired impacts of an efficient system of transport can be ensured

The various trips that need to be analyzed for transportation planning are: work trip i.e.
trips to job/workplace, educational i.e. trips to an institution of study and
social/recreational trip i.e. trips for shopping, holidays, gathering, etc. For both social
and recreational trips a traveler will have the option to choose the destination hence a
trip distribution, as well as mode choice analysis, are significant. Work trips and
educational trips in contrast require only the mode choice analysis as a choice of work
or study location is usually long term decision thus beyond the range of model forecast
(Mannering). A proper analysis of these trips and their efficient incorporation into the
overall transportation planning is very important for the development of an efficient

system

Among the various trips to be analyzed educational trips have great importance in terms
of current share in travel demand as well as their future implication, from the example
in USA school trips were estimated to cost around $20 billion yearly, occupied 1% of
VMT, contributed to 1.5% of the pollution and caused the problem of childhood obesity
and to reduce obesity of children the White House task force for child obesity had to be
formed which had taken the goal to increase the walking percent of students by 50% in
5 years (Mc Donald, 2009). Similarly, for colleges going students in USA mode choice
was found to create a perception and thus influence how a student behaves for the mode
choice in future e.g. a student who drives to college now is likely to buy his/her car
when they start to earn (Carlos JL Balsas 2003). In China, it was also found that
maximum car travel can decrease children's motor functionality and cognitive capacity
(Feng and Linn 2017). These studies and many more have concluded that to make
children physically fit (McDonald, 2009), to increase/enhance cognitive capacity, to
produce adults with a better view towards travel mode (Carlos JL Balsas 2003) and to
enhance their safety one needs to know which factors affect the choice between the

various modes of travel to education institutions.
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In Nepal also the education sector is quite large and comprises of school education wing
with 35,601 schools, 1,47,538 teachers, and 73,91,524 students providing children with
high Scholl level education. The higher education system on the other hand consists of
15 universities and 1407 colleges and are serving 3,61,077 enrolled students. Having
such a huge population the educational trips form a large part of the total travel demand
e.g. in Kathmandu they occupy 20% of total trips (JICA, 2012), since both the school-
going population and the average years of enrollment are increasing these trips not only
occupying a major share presently but are also bound to do so in the future (CBS,
MOEST). Among the various fields of higher education the graduate level of
engineering compromises of 18,764 Students, 12,981 in province 3 (MOEST) among
which around 7000 are in Kathmandu.

The current study analyzes these trips concerning the modal split for the trips made by
above-stated graduate-level engineering students of Kathmandu valley and develops a
mode choice model using the mixed logit with a revealed preference part for analyzing
the existing transportation facilities and stated preference part to understand the choice

of the users towards the hypothetical alternative choices.
1.2 Problem Statement

The policy framework of Nepal targets to provide a safe and managed public
transportation system to ensure a comfortable, economical and reliable journey for the
masses (NPC, 2020) for this to be attained the transport infrastructure and facilities
shall be in line with the user demands. The reality however as explained above is quite
different for Kathmandu valley. To overcome this proper planning interventions are
required, which in turn relies on proper travel demand analysis of the users, this can be

achieved by modeling the travel behavior of individuals.

About 19% of the total trips in the Kathmandu valley fall under the educational trip
category (JICA, 2012). Since these trips constitute a major part of the generated trips
the users of these commutes are subjected to the many problems of the current
transportation system, and in turn contribute to congestion, pollution, increase in public
transportation use (the level of serviceability of which is not satisfactory) and tends to
increase accidents e.g. in the year 2075 about 138 lost lives in a bike accident in
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Kathmandu valley (The Himalayan Times, 2019) among whom many are college-going

youths who still have much to contribute to the society.

The above-stated phenomena can also be seen in the trips of graduate-level engineering
students e.g. many are preferring walking over public transportation in distances as
large as 4 Km, the average speeds of bike commuters are as high as 65Kmph (spot
speeds will even be higher for such high averages).

These trips have not been analyzed until now, thus despite the proportion being low a
detailed study into them can provide new insight into the travel behavior of the selected
population. The findings can also be used as a preliminary trial model for models of

other educational mode choices thus assisting in the transport planning process.

1.3 Research Questions

The questions that are expected to be answered from this research are:

1) What is the current mode share of engineering students of Kathmandu Valley and
what is the expected mode share if the currents trends continue and no new alternative

is provided?

2) What type of alternative is preferred by the users if metro rail or (and) BRT are to be

introduced and what will be the mode share under that scenario?
1.4 Research Objective

The main objective of this study was to analyze the mode choice behavior of graduate-
level engineering students of Kathmandu valley. The specific objectives are

e To study the current mode share and predict modal share if present trends persist

e To study modal shifts and trends under hypothetical modes of transportation
1.5 Scope of Study

This study focuses on the educational trips of Graduate level engineering students of
Kathmandu Valley. The study provides detailed insights into the current mode choice

and the factors making it so as well as the preferred alternative transport for the group
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under study and well as shade some light on the nature of factors affecting the overall

educational trips.
1.6 Limitation

This study is done in a resource-constrained scenario. Hence limitation exists in the size
of the sample and design of the questionnaire. The population of the study group is
small therefore despite the study giving a detailed perspective into the travel behavior
of the study group and also some hints regarding the nature of educational trips further
studies are needed before concluding the overall pattern for educational trips. Lastly,
with regards to alternative modes, this study gives the general liking of masses and
affecting factors for alternative modes of transportation but cannot be solely taken for
implementation as liking is only one of the many factors for implementing a new
transport mode. Other factors like space availability, demand threshold, linkup
availability, resources, and technical feasibility, etc. also play a crucial role, therefore
the conclusion while can act as a milestone for alternative transportation planning

proper study must be conducted before implementation.
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CHAPTER TWO: LITERATURE REVIEW

2.1  Four-Step Transport model

Demand analysis is one of the most important phases of the urban transportation
planning process. Proper estimates of the current and the future, the magnitude of travel

frequencies, and the mode used for them are crucial for proper transport planning.

Travel demand depends upon various factors whose effects are nonlinear and growth is
dynamic thus models have to be developed for accurate prediction. Among the different
models used for travel demand analysis “four step transportation model” is the most
frequently used method, it was developed in the early 1950s. It uses methodologies to
linkup land use and user behavior to travel demand. The order of steps in the four step
transportation model is: trip generation, trip distribution, modal split, and traffic

assignment. These steps can be described in the table below

Table 2.1: Four step transportation model

Activity Output
» Trip generation * Origin of trips
*  Number of trips
» Departure time

» Trip distribution » Destination of the trips

* Mode choice * Mode selected for various trips

» Traffic assignment » Traffic in each mode of each
route

Modal split which is the third step helps us to determine which mode of commute will
be used by an individual and what factors affect their choice of a particular mode in

general.

2.2 Utility-based choice theory
Utility-based choice theory is a theoretical basis for modal split. Utility is the measure

of the attractiveness of alternatives and is a function of socio-economic, trip, and
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infrastructure characteristics. Utility choice theory states that “an individual will select

the alternative from their set of choices for which their utility is maximized.”
2.3 Choice Models

The choice of a particular mode of transport depends upon the utility of that mode to
an individual which in turn depends upon socioeconomic as well as trip characters of
the individual. Individual utility has two parts the systematic part and the random part.
The mathematical functions used to determine the utility can estimate the systematic
part and only a portion of the random part, the degree of incorporation of the random
component depends upon the model used, which will be discussed later in this chapter.
The various mathematical models used to relate utility and parameters upon which the

utility (or the mode choice) depends are known as choice models, they are of following

types

Aggregate choice model: These models are developed based on the share of

individuals choosing each alternative and socio-demographic attributes of the group

Discrete choice model: Discrete choice models are based on observed choices made
by individuals from a finite set of alternatives. Model is developed based on the

individual choice and socio-economic and trip characters of the individual

Based on the nature of formulation and the parameters used discrete choice models are
found to be better performing as compared to aggregate choice models. Discrete choice
models are found to have better transferability based upon transferability test statistics,
transfer index, and goodness-of-fit of fit based comparative studies models developed
for two cities with similar characteristics of Iran (Baghestani et. al. , 2014), greater
predictability based on models developed for train commuters in Seoul, Korea
(Chasung et. al. , 2009) and better sensitivity based on a study of CO, emission analysis
in USA (Mclean et. al. , 1994)
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2.4  Surveying

As stated above the utility model requires socio-economic as well as the trip-related
information for their formulation as well as validation. The process of collecting these
data is called surveying. Surveying can be done through many different methods like
questionnaires, home interviews, direct observation, etc. The method used most
popularly for the mode choice modeling is questionnaire survey. The questionnaire
contains socio-economic and trip-related information the trip-related part can contain

one or both of the following parts

RP (Revealed preference) survey part: This part helps to understand the user's current
travel demand and their behavior towards the existing modes of transport. In the RP
part of the survey, the users make the choice based on their knowledge of the nature of
the mode of commute and are only provided with choices of existing modes of

transport.

SP (Stated Preference) survey part: This part helps to understand the user behavior
under hypothetical scenarios of modes of transport, it is used to access the user's
behavior towards the possible transport interventions, thus acting as an input to the
alternative transportation planning process. In SP part the user is provided with the

details of the alternative and based upon which they make the choice

2.5  Regression

Regression is a statistical measurement used in finance, investing, and other disciplines
that attempt to determine the relationship between one dependent variable and a series
of other changing independent variables by fitting the data into a suitable model. The
various parameters of choice models/ equations of modal split can be evaluated using

regression it can be

Binomial Regression: Where there are two choices e.g. Head/Tail

Multinomial Regression: Where there are more than two choices e.g. mode choice

between bus train and flight
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Similarly, regressors are parameters of the regression equation and influence the

various steps of the four-step transportation planning process they are of two type

Alternative invariant: These characteristics vary only as per the individual and not as

per the choice e.g. age, income etc.

Alternative Variant: These characteristics vary over the individuals as well as the
choice e.g. price paid for orange juice and mango juice is different for the same person,
also the price paid for same juice type is different for the same person if they may enter

different shops
2.6  Logit Model

These are discrete choice models that are used to form the systematic part of the utility
function and also to determine the probability of choosing an alternative, which can
then be used to predict the outcome by observing the alternative with the highest

probability.

Many models are available to do so e.g. linear model, Probit model, logit model etc.
Logit model which assumes the CDF of the probability is logistic is one of the most

commonly used. There are various forms of logit model they are:

Logit: Used for alternative invariant i.e. regressors which vary only between

individuals and not between the alternatives its formulation is

Uij= Vij + ejj (2.1)
Vij = Bj Xi (2.2)
Where

Uij = Utility of the individual i for the j alternative
Vij = Systematic part of the utility Uj

eij = Random part of the utility Uj;

Bj = Coefficient for the j*" alternative

Xi = Alternative invariant character
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Conditional Logit: Used for alternative variant and invariant regressors its model
formulation is
Uij= Vijj + €ijj (2.3)
Vij = B Xij+ Bj Xi (2.4)
Where
Ujj = Utility of the individual i for the j" alternative
Vij = Systematic part of the utility Uj
eij = Random part of the utility Uj
B = Coefficient for alternative variant regressors
Xij = Alternative variant regressors e.g. Price
Bj = Coefficient for alternative invariant regressors

Xi = Alternative invariant regressors e.g. income, age

Mixed Logit: Similar to conditional logit but the coefficient of the specific variant is

modeled as a random parameter. The formulation of this model is

Uij= Vij + &ij (2.9)
Vij = Bi Xij + B Xi (2.6)

Ujj = Utility of the individual i for the j* alternative

Vij = Systematic part of the utility Uj;

eij = Random part of the utility Uj

Bi = Coefficient for alternative variant regressors modeled as a random parameter with
mean 3 and standard deviation o

Xij = Alternative variant regressors e.g. Price

Bj = Coefficient for alternative invariant regressors

Xi = Alternative invariant regressors e.g. income, age

The probability that an individual chooses a mode i equal the probability that the

conditional utility of mode i is the largest of the conditional utility of all other modes.

Pj: P (Vij + €jj > Vik + Cik) ja k= 1,2,3,..0 > 17&-] (27)

22



Since the systematic part of the utility function only is know the mode choice is
predicted based on the probability of the particular mode which is given by the CDF of
the logit model as follows

eVii

P; =
Yy Z eVij

(2.8)

2.7 Multinomial logit model

Multinomial logit model is one of the most widely used discrete choice models, it has
been used in many fields e.g. to find out the effects of uncertainty on marital status in
social sciences (Blossfield et. al. 2005), to relate the physical activity level to weight
and obesity (Toriola, 2018.), to model the modal choice behavior of commuters and

many more. The applications in mode choice modeling are further discussed here

2.7.1 Educational Trips

Many studies have been conducted to describe the educational mode choice by using
the multinomial (MNL) logit model
Scheiner et al. (2019) stated that the student mode choice depends on factors like
» Trip Character: Length of trip, weather of commute
» Child character: Age, gender
» Household character: Parental resources, number of siblings, parental attitudes
(Education, fear level, gender attitude)
» Transport environment: Traffic, footpath availability, number to times to cross
* Built-up character: Urbanization
» Social character: Attitude of society (behavior towards walking and car
ownership), the trust of the individual to the locality, availability of children of

the same age which parents can trust

They analyzed primary school mode choice in Germany and out of all different factors
they have described they have found that

» With an increase in distance motorized travel is preferred

* German-born parents prefer walking more
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 If the father is employed then walking chances are more if mother employed the
n motorized travel chance is high
« Among the walking and cycling groups attitude shifts from walking to cycling

with an increase in age [for same age boys prefer cycling more]

Zhang et al. (2012) pointed out that mode choices of students in china are different than
western countries because
» One can give birth to one child only, therefore, he/she is given too much priority
« Suburban areas have too much population while the schools are in urban areas

» To be admitted in school system one must have a house and vehicle

Based on their research they concluded that
» Car ownership increases chances of motorized travel
» Rush hour departure increases chances of motorized travel
* Increased distance increases chances of motorized travel

» Working parents increases chances of motorized travel

Lu Ma et al. (2019) studied the effect of weather condition on the commute of students
and concluded that along with other factors: sky condition, temperature, air quality and

humidity effects the mode choice of students

Singh and Vashudevan (2018) analyzed students mode choice in the Indian city of
Kanpur and found that

* The walking proportion was too low which can be contributed to negative
walking conditions

» Lower-income families prefer bus travel

* In high-income families having cars, boys are more likely to be driven while

girls prefer to take rickshaw or auto with friends(Sahelis)
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2.7.2 Work/Recreational trips

Rai (2012) investigated the mode choice of work trips in Kathmandu and concluded
that the factors affecting the choice are waiting time, traveling time, total income, cost
of commute, and age. Joshi (2019) investigated the mode choice for intercity travels
among Kathmandu and different cities using a revealed preference (RP) survey of Car,
Bus, and air travel and an SP survey with different types of trains. The RP part
concluded that taking ‘Bus’ as the base category, the odds of using a car for travel are
affected by the cost bearer, frequency, vehicle ownership, and family size and the odds
of using air travel are affected by cost bearer and frequency only. The SP part concluded
that the odds of the different types of railways are affected by travel time, travel cost,
and distance with varying magnitude for each railway mode provided as compared to
existing modes of transport. Ghimire (2019) investigated work trips of Kathmandu
valley concerning three modes of travel Public transport, two-wheeler and four-wheeler
and concluded that the odds of using 2 wheeler or 4 wheeler as compared to public

transportation is affected by travel cost, travel time, gender, and monthly income.

2.8  Conditional/Mixed Logit

With regards to conditional logit, Many different trips were found to be analyzed, a
typical example for educational trips is a study in Vietnam Duy Quy Nugen Phuuc et
al. (2018) which applied the conditional logit model to analyze the current factors
influencing the choice between dominating modes (walking, bus and motorbike) and
also provided hypothetical conditions of efficient and reliable public transport. They
concluded that age, gender, income and travel time have strong impact and also students

are likely to switch to public transport if effective and reliable transport is developed

With regards to mixed logit, studies have not been done in the field of educational mode
choice as the value of alternative variant regressors for all alternatives of each user is
difficult to evaluate for each individual. Unlike other fields like medical where these
parameters are almost impossible to evaluate for each individual, some approximate
methods are available to evaluate the parameters of modes rejected but these have not

been used in educational mode choice

Despite not being used in educational mode choice many studies have been conducted

using this model for other types of trips.
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Bai. et. al. (2016) analyzed the effect of various factors on the mode choice of general

consumers with the main task of identifying the effect of cost adjustment. They used

Multinomial logit, conditional logit, and Nested logit and concluded that MNL is the

best all the methods have the same accuracy (McFadden Rho being the same) and since

all other logit models have unnecessary complications. The findings of this study are

summarized in Table 2.2

Table 2.2: Factors affecting mode choice of commuters (Bai. et. al. 2016)

Household size (Positive)

Mode Statistically Significant Factors and Effects
(Base category Bus)
Bus Base category
Walk Distance (Negative), Gender(Male Positive), Time(Negative)

Household size (Negative)

Bike Distance (Positive), Gender (Male positive), Time (Negative),

Car Distance (Positive), Gender (Male positive), Time (Negative),

Household size (Positive), Number of Kids (Positive)

Kye-Lee et al. (2018) investigated the factors which will enhance or degrade the choice

between the KTX (A new purposed high-speed rail) and the existing aircraft They

selected popular variable like travel time, frequency and travel cost from the previous

studies and appointed a team of 8 experts which used AHP to select additional variables

of safety and Availability of duty-free shops to be taken in the study. They took KTX

as the base category and their findings are summarized in Table 2.3

Table 2.3: Factors affecting mode choice of commuters (Kye-Lee et al. 2018)

Parameter Business Passenger Leisure Passenger
Fare Negative

Travel time Negative

Frequency Positive(More than Leisure) Positive
Safety Positive(More than Leisure) Positive
Availability of duty- Positive(More than Leisure) Positive
free shop
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2.9 SP experiment formation

Stated preference survey provides the commuters with planned choice sets, since these
sets don’t exist at presently due care shall be taken to ensure that they are properly
designed. The process of formulation of the SP part survey (Hensher, 2005) is shown

in figure 3.5.

Stage 1 Problem Refinement

A4

Stimuli Refinement

e Alternative Identification
Stage 2 e Attribute identification
e Attribute level identification

!

Experimental design consideration

e Type of design

Stage 3 e Model specification(additive or
Multiplicative)

e Methods if reducing the
experiment size

v

Stage 4 Generating experiment design
v

Stage 5 Generate choice sets
v

Stage 6 Randomize choice sets
v

Stage 7 Construct questionnaire

(Source:_Hensher, 2005)

Figure 2.1: The SP design process

The first two stages are associated with the analysis of the aspects of the SP problem.

Problem refinement ensures that what the research hopes to evaluate and what are its
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objectives are understood, the second part ensures that the researcher becomes well
aware of the alternatives, their attributes to be considered, and their levels. At the end

of the second stage if the analyst is not satisfied the two steps can be repeated

If the analyst is satisfied the next step will be to design the experiment. An experiment
is a process where the variation in the dependent variable is observed for the variation
in the independent variable, since experimentation is a scientific process the variation
of the independent variables shall also be in a scientific manner i.e. the manipulation of
the independent variables occurs in a designed manner. The process of designing the
manipulation of the independent variables is called “experimental design”. There are
various methods of experimental design like full factorial design, ratio estimate method,
and magical choice probability method. Among these methods, the full factorial design
is most preferred as it ensures the orthogonality and is simple to administer (Sanko,

2001). In this method, the number of combinations is given by

Experiment Sets = IT (Levels) Attributes (2.9

Say if we have 2 attributes with 2 levels and 2 attributes with 3 levels then the number
of sets will be 22 X 32 = 36 sets. After the experimental design, the researcher has to
determine model type weather the model will be additive i.e. analyze the main effect
separately or will be multiplicative i.e. analyze the interaction between the attributes.
After defining the model the next step will be to reduce the number of experiment sets.
There are many methods to do so, the fractional factorial design method assumes that
the effect of 3rd or higher degree interactions is very low hence we can select only one
of these interactions thereby reducing the size of the experiments. One of the main
benefits of this method is that despite the orthogonality not being preserved in the
interaction the orthogonality of the main effect is still preserved while the major
drawback is that the trivial games i.e. the choice sets which will surely be rejected or
the choice set which will surely be selected are retained this decreases the accuracy of
prediction and also make the model nonrealistic as these sets never occur in reality e.g.
cheap, fast and comfortable bus, similarly for a large number of attributes and their
levels even after the fractional factorial design the number of sets is too high, as a result
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of which the choice set may occur in only a few questionnaires thereby giving rise to

the problem of lack of sufficient data for modeling

Another approach is the removal of trivial games which studies the relation of different
choices in the existing markets and thus reduces the number of experiment sets as well
as provides the magnitude of the difference in the attributes. A major problem of this
method is that the orthogonality of the experimental sets is lost. Orthogonality is used
during the experimental design to avoid the collinearity between the attributes.
However, the orthogonality does not need to be preserved during the model estimation
stage. Hensher (1994) differentiated between the design data orthogonality and estimate
data orthogonality and pointed out that non-retention of orthogonality during estimation
does not drastically affect the logit model.

After finalizing the experimental design, it is then executed to obtain all the test sets.
Since even after all the reduction strategies used in many cases the experiment sets are
far too many to be included in a single set therefore the choice sets are divided into
subsets so that they can be included in the questionnaire. To overcome possible biases
from order effects, the order of appearance of these choice sets are randomized across

questionnaires.
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CHAPTER THREE: RESEARCH METHODOLOGY

3.1  Overview
An overview of methodology is shown in figure 3.1 below. It consists of the following
parts.

3.1.1 Data collection:

This phase is associated with the formation of tools for the collection of data. The first
step to do so was the review of the literature associated with the process of the formation
of tools and studies of previously done in this field. After sufficient background data
was known the various parts of the tools can be formed based on the nature of
commuters and their commutes. Finally, data was collected by conducting a survey

using the tool formed previously, the survey was be conducted personally.
3.1.2 Choice modeling

This phase is associated with the analysis of the collected data. Data was first converted
into spreadsheets using computer programs, then divided into training data set i.e. data
set used to calibrate the model and validation data set i.e. data set used to validate the

model and then analysis was performed.

The first part of the analysis was the preliminary data analysis which investigates the
nature of data based on the various attributes like age, gender, etc., it was followed by
the model formation which involved calibration of the RP and SP models using the
training data and examining the nature of fit of model using statistical parameters,
finally, the model formed was validated for its accuracy, however, in practice many
models were first formed and the one with better statistical parameters and accuracy

were selected as final

3.1.3 Drawing conclusion

This phase is associated with the analysis of the model. The various coefficient of the
models were assessed to find out their effects on the model choice. RP models were

analyzed to evaluate the current mode choice, while SP models were analyzed to
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evaluate the mode choice under hypothetical conditions. Analysis was in terms of odds
ratio and statistical significance. Finally based on the significant results conclusions
were drawn regarding the mode choice of the current population and the planning
implications of the findings. The Study was concluded by stating the limitations and

future research recommendations.

* Literature review \
« Selection of study area, sample size, data collection
methods and data analysis method
* Questionnaire design : Selection of socio-economic
Data characteristics, formulation of the RP part , formulation of
Collection the SP part

+ Conduct Revelaed Preference and Stated Preference survey
at Educational Institutions /

* Prelimenary analysis of collected data

+ Calibration of a Discrete choice(Conditional Logit) Model
using statistical analysis software (RStudio) and
examination of model fitting parameters

« Validation of the mode

 Analyzing the various factors affecting mode choice and
their significance

Choice
Modeling

« Evaluate factors affecting choice among current mode oﬂ
commute

« Evaluate the modal shift trend with the new alternative
and understand the factors affecting the modal choice
after the alternative is introduced

« Evaluate the statistical signifiance of the parameters

« Understand the policy implications and limitations of the
research work j

Drawing
Conclusions

Figure 3.1: Framework of Methodology

3.2  Study Area
3.2.1 Kathmandu valley

The study is based on the educational mode choice of graduate-level engineering
students of Kathmandu valley.
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Socio-economically, Kathmandu valley is the largest urban center and is the largest
contributor in the country’s economy. The valley is inhabited by the ethnic community

the Newars and the migrated people from all over the country.

Demographically the valley contains a population of permanent inhabitants of
11,95,285 persons(CBS, 2017) in 3 Rural municipalities, 16 municipalities, 1 Sub
Metropolitan Municipality, and 1 Metropolitan Municipality. The total residents on the
other hand are as high as 4 million persons but official data are not available on this

front.

3.2.2 Travel demand and educational trips in Kathmandu valley
In a household survey of 18100 houses by JICA (2012) the trips were estimated to be

3,483,349 in number, the nature of these trips based on the purpose and comparison
between 1991 and 2011 is shown in table 3.1 and figure 3.2 below. It can be seen that
the maximum number of trips are for educational purposes followed by other types of
trips.

Table 3.1: Trip volume based on purpose of Kathmandu

Trip Purpose Number of Trips Percentage (%0)
To Work 634461 18.5

To School 657030 19.1

To Home 1649236 48

Business 153469 4.5

Others 344197 10

Total 3438393 100

(Source: JICA 2012)

1991 47.4% ® To Work
\ M To School
\ To Home
2011 48.0% m Business
' W Others
0% 20% 40% 60% 80% 100%

(Source: JICA 2012)
Figure 3.2: Comparison of trips by purpose between 1991 and 2011 for Kathmandu
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The distribution of these trips based on mode used and comparison between 1991 and

2012 data is shown in table 3.2 and figure 3.3 below. It can be seen that currently the

maximum share is of walking choice but the proportion of people doing so have

decreased drastically from the past

Table 3.2: Trip volume based on Mode

Travel Mode Number of Trips Percentage
Walk 1398378 40.7
Bicycle 52445 1.5
Motorcycle 893126 26

Car 145980 4.2

Bus 948464 27.6

Total 3438393 100

1991

2012

0%

20% 40% 60%

(Source: JICA, 2012)

= Walk

# Bicycle

# Motorcycle
uCar

W Bus

(Source: JICA, 2012)

Figure 3.3: Comparison of trips by mode between 1991 and 2011

The study has also concluded if the current conditions prevail then there will be 1.59

times growth in the trips and overall vehicle ownership in Kathmandu valley and the

mode choice of 2021 will be as shown in figure 3.4.

» Walk

» uy AP o «
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(Source: JICA, 2012)

Figure 3.4: Modal Split in 2011 vs 2022 for Kathmandu



The study concluded that if the demands grow as shown above without any intervening
measures than more than 80% of the roads in the valley will be congested and have

recommended an overall transportation plan as a solution.
3.3  Questionnaire design
3.3.1 Selection of socio-economic characters

Based on the study of previous works and the socio-cultural characters of the country
the following socio-economical characters are considered for the study: Gender, age
group, family income, family education level, size of family, vehicle ownership, and

number of siblings.

3.3.2 Formulation of RP part

This part obtains the data regarding the currently available modes of transport. The
RP part comprises of the journey (or trip) attributes and mode attributes

Journey attributes: It comprises of data like origin and destination of the trip,

availability of companion for the trip, availability of footpath, and distance.

Mode attributes: It comprises of data like mode selected, travel cost and travel time.

3.3.3 Formation of SP Part

The SP part was formed using the procedure by (Hensher, 2005). A study MOPIT

(2018) conducted a study to compare the various possible mass transit modes and
identify the route for their operation, the study performed a multicriteria analysis of
different modes of transport using the analytical hierarchy process and ranked rail 1st
and BRT 2nd based on 6 criteria and 22 sub-criteria. Also, an analysis of the
metropolises of neighboring countries showed that BRT and Metro rail were the
dominating modes of mass transit, therefore the study aimed to consider these two as
the alternatives to be examined. Three properties of the mass transit were taken into
consideration time, comfort, and cost. While time was assumed to be faster for all the
alternatives the other two attributes found to have two levels. For comfort same and
comfortable for BRT and Comfortable and Much comfortable for metro rail, similarly
for cost same and more for each alternative which gives 22 = 4 sets for each alternative
which are shown below
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Table 3.3: Full factorial SP experiment design

Set Cost Comfort
BRT

1 Same Same
2 Same More
3 More Same
4 More More

Metro Rail
5 Same Comfortable
6 Same Much Comfortable
7 More Comfortable
8 More Much Comfortable

To understand the relationship between the conventional public transport and the BRT
they were compared for the city of Ahmedabad in India where both are operational.
Similarly, to quantify the levels of above full factorial design as well as to understand
the trivial and constrained games the nature of BRT, Luxury BRT and Metro trains of
3 metropolis of India, Delhi, Mumbai and Kolkata were analyzed the results are

presented below.

Ahmedabad: Among the many modes of transport in the city, two public transport
modes the BRT (Janmarg BRT) and the municipal bus which is almost the same as
the public buses currently in operation in the Kathmandu valley were studied for their

cost the result obtained is shown in table 3.4 below.

Table 3.4: Comparison of fare prices of BRT and ordinary bus in Ahmedabad

Distance Price of BRT | Price of Public Bus (X 3 per 2
) Km maximum X 25)

Upto 10 Km 10 15

10 -12 Km 18 18

12-15 25 23

More than 15 27 25

Km

(Source: Ahmedabad BRT, AMTS)
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Mumbai: Among the many modes of transport in the city BRT, air-conditioned BRT
and Mumbai metro were compared for their prices the result obtained is shown in table
3.5 below.

Table 3.5: Comparison of fare prices of BRT Metro and ordinary bus in Mumbai

Distance Price of Price of air- Price of Mumbai
BRT (}) conditioned BRT () | Metro ()

Upto 5 Km 5 7 10

5—-10 Km 10 13 15

10-15 Km 15 19 30

More than 20 25 40

15 Km

(Source: Reliance Mumbai metro, MMRDA, Times of India)

Metro Occupancy:

Total commutes in a day: 380,000 passenger
Per train capacity = 1500

Total Trips = 370 per day

Peak hour =9 amto 11 am & 4 pm to 6 pm = 4 Hours

Peak hour frequency = 3.5 minute per train

Peak Hour Trips = 240/3.5 ~ 69 trips

Total peak hour capcity = 1500*69 = 103,000 passenger
Maximum peak Hour flow = 50,000 * 2 = 100,000 passenger

Off peak hour commute = 280,000

Off peak Hour trains ~ 301

Off peak hour average occupancy = 280,000/301 ~ 930 passengers
Off peak saturation = 930/1500 = 0.62

Delhi:: Among the many modes of transport in the city BRT, air-conditioned BRT and
Delhi metro were compared for their prices the result obtained is follows

Table 3.6: Comparison of fare prices of BRT Metro and ordinary bus in Delhi
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Distance Price of | Distance | Price of air- Distance | Delhi
BRT }) conditioned Metro fare

BRT (}) €3]

Upto4 Km |5 Upto 4 10 Upto2 |10
Km

4-10Km |10 4-10 15 2-5 15
Km

More than | 15 10- 12 20 5-12 30
10 Km

More 25 12-21 |40
than 12 Km

(Source: DMRC, DTB , Economic times, Business Today)

Metro Occupancy:
Total commutes in a day: 2,800,000 passenger
Capacity = 4,050,000
Total Trips = 2700 per day
Peak hour =9 amto 11 am & 4 pm to 6 pm = 4 Hours
Peak Hour Trips = (26 trains per hour * 2 lines + 23 trains per hour * 4 lines) * 4 Hours
=576 trips
Total peak hour capacity = (2 lines *56260 passenger per hour per line + 4 line *49300
passenger per hour per line)*4 hours
= 1,238,880 passenger
Maximum peak Hour flow = (2 lines *50186 passenger per hour per line + 4 line
*42524 passenger per hour per line)*4 hours
= 1,081,872 passenger
Off peak hour commute ~ 1,718,100
Off peak Hour trains ~ 2124
Off-peak hour average occupancy = 1718100/2124 ~ 810 passengers

Kolkata: Among the many modes of transport in the city BRT, air-conditioned BRT
and Kolkata metro were compared for their prices the result obtained is shown in figure
3.7 below
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Table 3.7: Comparison of fare prices of BRT Metro and ordinary bus in Kolkata

Distance Price of | Price of air- Distance Kolkata
Normal conditioned Bus R Metro fare
Bus (%) 5 per 2 Km) €3]

Upto4 Km | 7 10 Upto5Km |5

4-12Km |9 10-30 5-10Km |10

12-16 11 30-40 10-15Km | 15

Km

16 -20 12 40-50 15-20Km | 20

(Source: WBTC, Kolkata metro, Business-Standards, Times of India)

Metro Occupancy:

Total commutes in a day: 700,000 passenger
Per train Capacity = 2700 passengers

Total Trips = 284 per day

Peak hour =9 amto 12 am & 4 pm to 7 pm = 6 Hours

Peak hour frequency = 5 min per train

Peak Hour Trips = 360/5 = 72 trips

Total peak hour capcity = 2700*72 = 194,400 passenger
Maximum peak Hour flow = 175000 (peak hour saturation = 0.9)

Off-peak hour commute = 505600

Off-peak Hour trains ~ 212

Off-peak hour average occupancy = 505600/212 ~ 2385 passengers
Off peak saturation = 2385/2700 = 0.88

It was be seen from the scenario of Ahmedabad that the normal bus services and the
BRT have almost same prices, also since BRT is a replacement for the normal bus in a
given route same prices made sense, therefore, the study assumed the price of the BRT
to be same as that of the Current public transport

The comparison of normal and AC BRT for Delhi showed a variation in the price of
magnitude around 2, similarly, the prices in Mumbai were also found to be varying by
a magnitude of 2 times. Despite Kolkata not having BRT service the price comparison
of normal and AC bus provided a variation of about 1.5 to 3 times. Therefore a variation
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factor of 2 for India was concluded to be logical since the prices of normal and AC
Public bus in India was found to vary by 2.6 times only while it was found to vary by
around 3.4 times in Nepal not considering any extra factors like higher tax, higher living
costs of country, the higher maintenance cost of the vehicle the variation of 2.5 times
between the Normal BRT and AC BRT was established

For accessing the metro rail scenario metro rail was directly compared to normal bus in
Kolkata while in Delhi and Mumbai BRT was taken as contemporary to the Normal
bus as stated above. It was observed that for Delhi and Mumbai the metro cost are quite
high with a magnitude of variation ranging from 1.5 to 2 times and that metro was
running in an off-peak hour at low saturation, thus a conservative value of 1.5 times for
even more comfortable metro rides was established as the current policy framework has
adopted the prioritization of metro rail in Kathmandu. It was observed for Kolkata that
the price of metro and the normal bus were almost the same while the train runs at
almost saturation in the off-peak hours also, therefore a scenario of less comfortable
and cheap metro i.e. having price same as that of the normal bus and more comfortable
but costly one i.e. having price 1.5 times that of the normal bus was concluded to be
feasible. On analyzing the full factorial design scenario 1, 4, 5, and 8 are selected for
the SP design.

e The first option was a luxurious BRT which is more comfortable (in terms of
seats, spacing, air condition availability etc. ) and costlier by 2.5 times as
compared to current public transportation, which was abbreviated as “Bus1”

e The second option was a BRT whose comfortability and cost are the same as
compared to current public transportation, which was abbreviated as “Bus2”

e The third option is a Metro rail which was more comfortable (in terms of
acceleration characteristics, crowding, etc.) and costlier by 1.5 times as
compared to/ current public transportation, which was abbreviated as “Metro1”.
And,

e The Fourth option was a Metro rail which is comfortable (in terms of
acceleration characteristics but with vessels saturated) but has the same cost as

compared to current public transportation, which was abbreviated as “Metro2”
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Since only two scenarios are selected for each alternative mode, no choice set or

randomization is necessary. A sample of the questionnaire is attached in annex 1

3.4  Sample size

Sample size for the study was determined as follows

Q) Based on variance (Kish, 1965).
n (3.2)

Where,
N is the total population
n is sample size from finite population

7 is sample size from an infinite population

Sample size for an infinite population is calculated using:

52 (3.2)

n= se(x)?

Where,
S? = variance of population

se(x") is the standard error of sampling population

For a 95% confidence level, the sample size is calculated as:

0.1u
)2 =— = i 3.3
se(X) 196 0.051u (3.3)
e S 3gue? (3.4
"= 005102 MY '

Taking the coefficient of variation as 1 and % being very small, the minimum sample

size was 384.

(if) Based on the population proportions the sample size can be calculated as (Cochran)
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0.1u

)2 = — — . 35
se(x) 196 0.051u (3.5)
n= 5 = 384cv? (3.6)
"= 0051)2 oY '

Where

S = Sample size for infinite population

S’= Sample size for finite population

p = Population proportion taken as 0.5 for largest possible sample size

E = Margin of error

N = Population size

Taking E = 5% = 0.05, Zy» = 1.96 for 95% confidence of interval we get, S = 384.16

As sample size increase with increase in population let us take a conservative maximum
value of Population size as N = 15000 then, S’ = 374.43 ~ 375 samples

(iii)  Based on empirical formula

(Green, 1991) Suggested a rule of thumb for determining minimum sample size for
multiple correlations is 50+8m where, m is the number of factors. For the model to be
developed in the study, 9 factors are taken at maximum. Hence minimum sample size
is 122.

On analysis of all the three cases, a minimum sample size of 384 was adopted for model
formulation and half of it was estimated to be required for model validation which made

the least number of samples to be collected to be 576.

35 Data Collection and processing

Questionnaires were distributed by visiting colleges. The questionnaire contains data
for socio-economic characteristics like sex, age, family income, family education
status, family size, sibling number, and trip characteristics like Mode selected, route
length (same for all modes) and cost/journey time for the mode selected as well as those

not selected e.g. a person using 2 wheeler personal mode for educational trip provided
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with the distance (which is same if they choose any mode) and the cost and journey
time for all the modes like personal. Some guidance was required for persons traveling
with public transport for what will be the cost of travel by personal modes. The SP part
of the questionnaire consists of 4 options as explained in the SP part formulation.

Students were requested to read the SP part clearly and then allowed to make queries if

they were confused about the nature of the alternative choices.

The collected data was then separated into calibration data set and validation data set
randomly from the whole data set.

3.6  Preliminary Data analysis

Preliminary Analysis of the data was done using Microsoft excel. Although package
mlogit of R-Studio has better performance in handling many data types and extensions
of logit model, results obtained at this stage were obtained from excel package only as
mlogit package needs restructuring of data into “wide” format where each choice has
rows equal to the number of alternatives and an additional column indicating the choice.

The model development used logit package at the end of preliminary analysis.

3.7  Model formulation
Random utility theory is the theoretical foundation of these models. According to this

theory the utility of any mode is expressed as:

Uij = Vij + € (3.7)
For conditional logit, the systematic part of the utility function is given as
Vij = BirWi + B*Wij (3.8)

Where

Ujj = Utility of i individual for J" alternative

Vijj = systematic part of the utility function

eij = random part of the utility function

Bj = Regression coefficient for alternative invariant regressors that varies as per the

options but not per the individual
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Wi = Alternative invariant regressors that do not vary with alternative e.g. age, sex,
income, etc.

B = Regression coefficient for alternative variant regressors that do not vary with the
options or individual

Wij = Alternative variant regressors whose value varies with alternative as well as

individual e.g. price per km, fever etc.

The probability that an individual chooses a mode i equal the probability that the
conditional indirect utility of mode i is the largest of the conditional utility of all other
modes.

Pi=P (Vij+€ij>Vik+ei) j,k=1,2,3,...7,i#] (3.9)

The CDF for probability is given by

eVi

Pij = ZeVij

(3.10)

3.8 Model Estimation

It involves the process of determining the coefficients of the model. If the model to be
estimated has J alternatives it will have (j-1) regression equation for (j-1) alternatives
with one alternative as the base criterion. The coefficients and intercept terms of each
equation were evaluated by the maximum likelihood method

In the maximum likelihood method, the coefficients are evaluated such that the value
of the likelihood function is maximum i.e. the value of parameters are set such that the
observed sample is most likely to occur. This is the most common method of evaluating
the parameters of the logit model and has two steps, developing the likelihood function
and estimating the value of the parameters that maximize the likelihood function

3.9 Modal Estimation Parameters

The strength of the model was determined by analyzing various statistical parameters

and tests. They are as follows.
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3.9.1 Ztestand p-value test

These two tests were used to check the significance or the strength of the coefficients
of the logit model. Both Z value test and the p-value test are used for the following
hypothesis testing

Null Hypothesis: The coefficient for the given independent variable is zero i.e. there

is no effect of the given parameter

Alternative hypothesis: The coefficient is not zero i.e. there is an effect of the

parameter on the utility

Z Value test: Calculated Z value (Zcarculated) IS the ratio of the calculated mean (or
parameter) and the standard error i.e. the standard deviation of the population
parameter. It provides us with the number of standard deviation times the calculated
mean (of parameter) deviates from the assumed mean in the null hypothesis. Let o is
the significance level i.e. the probability of rejecting a true null hypothesis or
probability of false-negative then Zcriticai IS the value which covers 1-a % of sample then
If Zcaiculated 1S €SS than Zritical the calculated mean lies in the acceptance zone i.e. there
is sufficient data to accept the null hypothesis of the parameter is equal to zero if
Zcaiculated 1S more than Zcritical the calculated mean lies in the rejection zone i.e. there
is not sufficient data to accept the null hypothesis and therefore the alternative
hypothesis of the estimated parameter being non zero is valid.

P-value test: p-value is the probability of obtaining a z value as high as the calculated
value if the mean assumed in the null hypothesis is true. Let o is the level of
significance, if the p-value is larger than a then the probability of getting the z value is
more than a, therefore, the null hypothesis is accepted i.e. there is sufficient data to
prove that the parameter is zero, similarly, if the p-value is smaller than o then the
probability of obtaining the calculated Z value under the mean assumed in the null
hypothesis is smaller than o which means that there is not sufficient data to accept the
null hypothesis and therefore the alternative hypothesis of the estimated parameter

being non zero is valid.
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3.9.2 Likelihood ratio test

Likelihood is a statistical function that measures the goodness of fit of the statistical
model developed from the sample data, it is made from the CDF of the probability
function and its peak provided it exists gives the values of the parameters of the function
for which it has been formed. This is the principle behind the likelihood maximization
method of parameter estimation which estimates the parameters such that the log-

likelihood is maximum.

The likelihood ratio test determines the strength of the model, it compares the likelihood
of the restricted model i.e. the model with no parameters or the intercept only model
and the unrestricted model i.e. the model with all the parameters considered. It checks
whether the difference between the two likelihoods is significant or is due to sampling

error only and is the same. The hypothesis tested are

Null Hypothesis: The unrestricted and the restricted models are the same.
Alternative Hypothesis: The unrestricted model is better than the restricted model.

The likelihood ratio is given by

Likelihood ratio (LR) = 2(Log-likelihood of unrestricted model — Log-likelihood of

restricted model)

The likelihood ratio thus computed is found to follow chi-square distribution with
degree of freedom equal to the number of parameters used in the unrestricted model
minus one, provided that the null hypothesis is true. Let a is the level of significance
and »?critica is the critical value of chi-square i.e. the value of »? the probability of getting
any values higher the which is less 1-a for given degrees of freedom then, if the
calculated value of chi-square or the likelihood ratio is less than the critical value of
chi-square then the null hypothesis i.e. the restricted and the unrestricted models are the
same is accepted since the probability of occurrence of the computed %2 value is more
than the level of significance, similarly if the calculated value of chi-square is more
than the critical value of chi-square then the null hypothesis i.e. the restricted and the
unrestricted models are the same is rejected and the alternative hypothesis is accepted
since the probability of occurrence of the computed 2 value is less than the level of

significance
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3.9.3 R Squared value

R squared is another method of comparing the intercept only model and the unrestricted
model. It represents the magnitude by which the error in the intercept model is reduced
by the unrestricted model, higher the value of R squared better is the fit of the model,

predictability of the model, and the ability of the model to describe the data.

For linear regression, the R squared is simply given by the ratio of difference of the
sum of the square of errors of intercept only model and unrestricted model to the sum
of the square of errors intercept only term. However, for logistic regression, there is no
single R squared and many version of it exists. The most popular version and also given
by R is the Mc Fadden’s pseudo R squared, which is equal to the ratio of difference of
Log-likelihood of the unrestricted model and the intercept only model to the log-

likelihood of the intercept only model. Mathematically

Mc Fadden's pseudo R?

LL of unrestricted model — LL of intercept only model

LL of intercept only model

The higher the value of the pseudo R? the better the model is to predict the outcomes

as well as to describe the dataset. However, Mc Fadden (1977) while discussing the

various methods of model validation introduced the R? value and the Rho squared(Mc
Fadden’s R?) value and stated that despite many planners practicing ordinary regression
analysis are more familiar with the R? index it is not well behaved for maximum
likelihood estimates as compared to the Rho squared and warned the researchers who
are new to the Rho squared that its value is significantly lower than the R? index,
therefore, the rules applied for R? should not be used to judge the models “good fit”

and a Rho squared between 0.2 to 0.4 can be taken as an excellent fit

3.10 Model Validation

Model validation was done by determining the choice prediction of the validation data

by comparison of the actual and the predicted choices. A confusion matrix whose rows
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gives the actual choices while the columns gives the predicted choice is generated and
was used for this purpose. Accuracy was calculated as the number of correct predictions
which is equal to the sum of diagonals divided by the sum of the matrix higher is the

accuracy higher is the predictability of the model.
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CHAPTER FOUR: MODEL SPECIFICATION AND ANALYSIS
4.1  Preliminary data analysis

The minimum number of total samples to be collected was 576 while the total number
of samples collected for the study was 631, after separation, 440(Around one third)
were used for model calibration purpose i.e. as training data set and 191 (Around two-

third) were used for model validation purpose i.e. as validation data set.

The training data was separated into private campuses and institutional campuses to see
variation in composition and mode selection between the two. The nature of mode
choice among the colleges was found to be almost the same which ruled out the
requirements for the development of separate model formation for these institutions.
The nature of the populations as well as their mode choice based on different parameters

is shown as follows.

4.1.1 Descriptive statistics

The nature of data according to different categories for private and institutional colleges

is shown in table 4.1.

Both types of institutions show similar trends for mode, gender, age group, family
education level, Sibling number, footpath availability, and vehicle ownership. On
analyzing these categories in the aggregate population, mode wise maximum number
of students (47.73%) have preferred public transportation followed by walking
(33.86%) and then by personal modes (18.41%), gender wise the proportion of male
(78.86%) to female (21.14) ratio is around which is quite different than the overall ratio
of Nepal which shows lesser number of female students in engineering stream, age wise
highest frequency is that of age 18-22 years(86.59%), followed by 22-26 years (12.5%)
and then by 26-30 years (0.91%), Education wise highest frequency is that of students
form families with only one parent having high school or higher education (40.23%)
followed those from families with both parents having high school or higher education
(36.36%) followed by families with none of the parents having high school or higher
education (23.41%), with reference to sibling number the highest frequency is that of
students having two siblings (47.05%) followed by those having three siblings the by
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those having one sibling only and finally by those having more or more siblings, with
reference to footpath availability more students have footpath in their route of commute
(71.82%) then the students not having so (21.18%), lastly with reference to vehicle
availability more number of students have access to personal vehicle (62.73%) then the
students not having so (37.27%)

Unlike the categories stated above which show similar trends for both types of
institutions, family income, family size, trips distance and friend availability show a

different trend in private and institutional campuses

Concerning family income, for private campuses the highest frequency is that of
students from families with an income of Rs.45000 a month or above (30.19%),
followed by students with family income Rs.25000-35000 (28.25%) then by students
with family income Rs.35000-45000 (18.18%), then by students with family income
Rs.15000-25000 (16.23%) and finally by students with family income less than
Rs.15000 (7.14%), similarly for institutional campuses, the highest frequency is that of
students from families with an income of Rs.45000 a month or above (34.09%),
followed by students with family income Rs.35000-45000(22.73%), then by students
with family income Rs.25000-35000 (20.45%), then by students with family income
Rs.15000-25000 (12.88%) and finally by students with family income less than
Rs.15000 (9.85%).

Concerning for private campuses the highest frequency is that of students having four
or less members (49.68%) followed by students from families having five to eight
members (46.1%) and then by students from families with eight to twelve members
(2.92%) and finally by students from families having more than twelve members
(1.31%). Similarly, for institutional campuses the highest frequency is that of students
having five to eight members (49.24%) followed by students from families having four
or less members (46.21%) and then by students from families with eight to twelve

members (4.55), students from families having more than twelve members are nil.

Concerning friend availability, for private campuses students having a friend sharing

the route (54.22%) are more than students not having so (45.78%), similarly for
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institutional campuses students having a friend sharing the route (47.73%) are less than
students not having so (52.27%)

Table 4.1: Descriptive data analysis for different categories

Category Private Campuses Institutional Total
Campuses
Count | Percentage | Count | Percentage | Count | Percentage
Mode Choice
Walk 119 38.64 30 22.73 149 33.86
Public 132 42.86 78 59.09 210 47.73
Personal 57 18.51 24 18.18 81 18.41
Gender
Male 238 77.27 109 82.58 347 78.86
Female 70 22.73 23 17.42 93 21.14
Age Group
18-22 252 81.82 129 97.73 381 86.59
22-26 52 16.88 3 2.27 55 12.5
26-30 4 1.3 0 0.0 4 0.91
Family Income Level
< 15000 22 7.14 13 9.85 35 7.95
15000-25000 50 16.23 17 12.88 67 15.23
25000-35000 87 28.25 27 20.45 114 25.91
35000-45000 56 18.18 30 22.73 86 19.55
> 45000 93 30.19 45 34.09 138 31.36
Family Education level
Sgggo'f'gh 109 | 3539 51 3864 | 160 | 36.36
oreonly High 1197 | 3061 55 4167 | 177 | 4023
none High 77 25 26 19.7 103 | 2341
Family Size

Upto 4 153 49.68 61 46.21 214 48.64
5to8 142 46.1 65 49.24 207 47.05
9to 12 9 2.92 6 4.55 15 3.41
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Category Private Campuses Institutional Total
Campuses

Count | Percentage | Count | Percentage | Count | Percentage

More than 12 4 13 0 0.0 4 0.91
Sibling Number

One 46 14.94 30 22.73 76 17.27

Two 148 48.05 59 44.7 207 | 47.05

Three 73 237 29 21.97 102 23.18

Four or more 41 13.31 13 9.85 54 12.27
Trip Distance

Upto 2 Km 89 28.9 23 17.42 112 25 45

2t0 4 Km 59 19.16 22 16.67 81 18.41

410 6 Km 46 14.94 28 21.21 74 16.82

6 to 8 Km 39 12.66 12 9.09 51 11.59

Great}irr:]ha” 81 15 24.35 47 35,61 122 2773

Friend Availability

Available 167 54.22 63 47.73 230 52.27
Not Available 141 45.78 69 52.27 210 47.73
Footpath Availability
Available 219 711 97 73.48 316 71.82
Not Available 89 28.9 35 26.52 124 28.18
Vehicle ownership
Yes 197 63.96 79 59.85 276 62.73
No 111 36.04 53 40.15 164 37.27

4.1.2 Gender wise mode selection

Gender wise mode choice is shown in figure 4.1, both the male students (100 nos private
and 61 nos institutional) and female students (32 nos private and 17 nos institutional)
have preferred public transport more for both the institution types. The prominent
difference between walking and public transport using students in the institutional

campuses as compared to the private ones is mainly because of the travel distances of
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the two types of campuses being different i.e. the institutional campuses having greater

average travel distance then private campuses.

Private campuses Institutional campuses
120 70
100 61
100 89 60
50
2 o §40
49
g S 30 27
< 40 30 32 = 21 17
20
0 0 |
Male Female Male Female
Gender Gender
B Walk ™ Public Personal B Walk ™ Public Personal

Figure 4.1: Gender wise mode selection

4.1.3 Age-wise mode selection

Age-wise mode choice is shown in figure 4.2, for privates campuses age group 18-22
have preferred public transportation (114 nos), age group 22-26 have slightly preferred
the walking mode (21 nos) and despite low in number age group 26-30 years has
preferred personal mode of transport (3 nos). Similarly for institutional both age groups
18-22 years (76 nos) and 22-26 years (2 nos) have preferred public transportation while
the last age group i.e. 26-30 years is nil. The difference between walking and public
transport using students is more prominent in the institutional campuses as compared

to the private campuses.
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Private Campuses Institutional Campuses
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18-22 22-26 26-30 18-22 22-26 26-30
Age Group Age Group
B Walk mPublic mPersonal B Walk ®Public ®Personal

Figure 4.2: Age wise mode selection

4.1.4 Family Income wise mode selection

Family income-wise mode choice is shown in figure 4.3, for private campus students
with family income less than Rs 15000 (10 nos) and those with family income more
than Rs 45000 (55 nos) have preferred public transportation more, while those with
family income between Rs.15000-25000 (21 nos), Rs.25000-35000 (37 nos) and
Rs.35000-45000 (29 nos) prefer walking more, whereas all the income groups have
preferred public transport in case of institutional colleges, this is due to larger trip

distances in these institutional campuses.
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60 55
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50
40
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22
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Less than 15000  15000-25000 25000-35000 35000-45000 Greater than
45000

Number

Family Income

B Walk ®Public = Personal
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Institutional Campuses
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45000

Number

Family income
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Figure 4.3: Family wise distribution and mode selection

4.1.5 Family size and mode selection

Family size mode choice is shown in figure 4.4, for private campuses students having
up to four members in the family (64 nos) and those having five to eight members in
the family (62 nos) have preferred public transportation more while students having
nine to twelve members (5 nos) and those having twelve or more members in the family
have preferred walking more, similarly, for institutional campuses students having up
to four members in the family (54 nos), those having five to eight members in the family
(24 nos) have preferred public transportation more while students having nine to twelve
members prefer walking and private modes equally (2 in each group) and students

having twelve or more members in the family are nil.
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Institutional Campuses
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Figure 4.4: Family size and mode selection

4.1.6 Family education and mode selection

Family education-wise mode choice is shown in figure 4.5, Mode wise each family
education level group have the highest preference to public mode followed by walking

followed by personal mode of travel.

Private Campuses Institutional Campuses
60
53 40 36
35
50
1345 45 30
30
40 31
. 25
9] 31 @
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E 30 £ 20 17
S 24 5
= 21 z
20 15 12
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I 12 10 . 8 7 7
10 I
- I
0 0
Both High  Oneonly  None High Both High ~ Oneonly  None High
School High School School School High School  School
Family education level Family education level
m Walk ™ Public ®Personal m Walk ™ Public ® Personal

Figure 4.5: Family education and mode selection
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4.1.7 Sibling number and mode selection

Mode wise each category based on sibling number has the highest preference for public
transport mode, for private campuses, public modes are followed by walking mode
followed by personal mode, while for institutional campuses public modes are followed
by personal modes for students with one sibling (8 nos) and two siblings (6 nos) while
public modes are followed by walking for students having three siblings (4 nos) and

four or more siblings (17 nos)

Private Campuses Institutional campuses
40
70 65 35
60 35
49 30
C 50 25
[ 9]
o) 40 34 e}
£ 3130 £ 20 16 16 17
S 30 20 23 S
= 16 17 Z 15 11
20 10 12 8 7
10 5 6
10 I I 4 483
5
0 , I N ]
T Th F
One wo ree ouror One Two Three Four or
more
o more
Siblings Siblings
B Walk ® Public Personal B Walk ® Public Personal

Figure 4.6: Sibling wise mode selection

4.1.8 Distance and mode selection

Distance-wise mode choice is shown in figure 4.7, for private campuses students have
preferred walking for lower distances like up to 2 kilometers (75 nos) and 2-4 kilometer
(31 nos), while they have preferred public transportation more for greater distances like
4-6 kilometer (29 nos), 6-8 kilometers (26 nos) and more than 8 kilometers (50 nos),
similarly for institutional campuses students have preferred walking for lower distances
like up to 2 kilometers (18 nos), while they have preferred public transportation more
for greater distances like 2-4 kilometers (10 nos), 4-6 kilometer (21 nos), 6-8 kilometers

(7 nos) and more than 8 kilometers (35 nos)
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Figure 4.7: Trip distance and mode selection

4.1.9 Friend availability and mode selection

Friend availability wise mode selection is shown in figure 4.8, for private campuses
students having friend sharing the route (76 nos) prefer walking more while students
not having so (69 nos) prefer public transportation more, similarly for institutional

campuses both students having a friend sharing the route (32 nos) and those not having

so (46 nos) have preferred public transport mode more
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Figure 4.8: Friend availability wise mode selection

4.1.10 Footpath availability and mode selection

Footpath availability wise mode choice is shown in figure 4.9, for private campuses

students having footpath in their route commutes (93 nos) have preferred walking more

while those not having footpath (41 nos) have preferred public transportation more,

similarly for institutional campuses students having footpath (54 nos), as well as

students not having so (24 nos), have preferred public transportation
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Figure 4.9: Footpath availability and mode choice
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4.1.11 Vehicle ownership and mode selection

Vehicle ownership wise mode choice is shown in figure 4.10, for private campuses
students owning a vehicle (75 nos) as well as those not doing so (57 nos) have preferred
public transport similarly for institutional campuses students owning a vehicle (40 nos)

as well as those not doing so (38 nos) have also preferred public transportation

Private Campuses Institutional Campuses
80 15 50
68
70 = 40 38
& 60 >4 51 40
£ 50 5
£ &30 23
= 40 S
30 220 16 14
20 10
10 3 1
0 0
Vechicle No Vehcie Vechicle No Vehcie
Onweship Ownership Onweship Ownership
H Walk ® Public Personal m Walk ™ Public Personal

Figure 4.10: Vehicle ownership and mode choice
4.2 Model estimation for revealed preference (RP) models

An initial model was developed using all the collected attributes talking walking as the
base mode. The parameters or coefficients of this model for personal modes of transport
are shown in table 4.2, while that for public transportation modes is shown in table 4.3

and the model fitting parameters of this model are shown in table 4.4.

Table 4.2: Coefficients and their properties of personal mode for RP full model

Mode: Personal
Coefficient Estimate | Std.Error | ZValue | P:(>|Z]) | Significance
Intercept 1.914 1.723 1.110 0.267
Journey Time 0.007 0.004 1.492 0.135
Age group 0.289 0.471 0.613 0.539
Gender -0.818 0.530 -1.542 0.124
Trip Distance 0.679 0.007 10.355 2.2 X10° | 0.001
Number of -0.353 0.120 -2.941 0.003 0.01
Siblings
Size of family -0.165 0.119 -1.386 0.165
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Mode: Personal

Coefficient Estimate | Std. Error | ZValue | P-(>|Z]) | Significance
Family education | -0.089 0.278 -0.321 0.748

level

Family Income 0.009 0.192 0.0446 0.9644

Vehicle -3.259 0.618 -5.27 1.34X107 | 0.001
ownership

Friend availability | -0.08 0.411 -0.190 0.845

Footpath 0.743 0.475 1.563 0.117

Availability

Coefficient Estimate | Std. Error | ZValue | P.(>]|Z]) | Significance
Price 0.0067 0.0065 1.001 0.3125

Sd. Price 3.53X10°

Table 4.3: Coefficients and their properties of public transport modes for RP full

model
Mode: Public
Coefficient Estimate | Std. Error | ZValue | P:(>|Z]|) | Significance
Intercept -1.911 1.452 -1.315 0.188
Journey Time 0.007 0.004 1.492 0.135
Age group -0.74 0.48 -1.43 0.133
Gender -0.11 0.40 -0.272 0.785
Trip Distance 0.647 0.005 13.415 2X10° 0.001
Number of -0.068 0.1120 -0.542 0.587
Siblings
Size of family -0.121 0.081 -1.49 0.135
Family education | -0.10 0.224 -0.48 0.631
level
Family Income 0.176 0.149 1.174 0.240
Vehicle -0.114 0.363 -0.315 0.752
ownership
Friend availability | 0.182 0.342 0.537 0.594
Footpath 0.443 0.419 1.053 0.290
Availability
Coefficient Estimate | Std.Error | ZValue | P:(>|Z]) | Significance
Price 0.0067 0.0065 1.001 0.3125
Sd. Price 3.53X10°
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Table 4.4: Model fitting information for RP full model

Mc Fadden R? 0.355
Likelihood ratio test 316.04
p-value of likelihood 2.22X10°e

The confusion matrix used for the validation of this model is shown in table 4.5, the
rows of this matrix denote the actual mode used while the columns denote the mode
predicted by the model. The accuracy is the ratio of correct predictions to total sample

size i.e. the ratio of the sum of diagonal to the sum of matrix

Table 4.5: Confusion matrix for RP full model

Public Walk Personal
Public 67 0 0
Walk 86 0 0
Personal | 38 0 0
Accuracy 35.09%

The initial model showed several parameters being statistically insignificant i.e. p >
0.05. The Mc Fadden R?is within the limits and the likelihood ratio and its p-value also
show that this model is better than the intercept only model. Since statistically
significant parameters were few the prediction of the validation data was very poor the
model had to be reconfigured. To do this analyzing and grouping terms having a high
degree of correlation (e.g. family size and siblings, family education level/family
income and vehicle ownership, etc.) was done and only one data that provided a better
model among in the group was used. Also attributes having equal distribution of all
modes among one another (e.g. each age group almost had the same choice type
distribution) were removed to obtain a model with better predictability without losing
the Mc Fadden R? and the likelihood ratios.

After evaluating many such models which are shown in the codes shown in the

appendix, finally, that model was selected after which the removal of statistically

insignificant parameters neither added to the improvement of fitting parameters nor the

accuracy of the model. The details of the final model is shown below, parameters or
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coefficients of this model for personal modes of transport are shown in table 4.6, while
that for public transportation modes are shown in table 4.7, the model fitting parameters
of this model are shown in table 4.8 and the confusion matrix used for the validation of
the model is shown in figure 4.9.

Table 4.6: Model processing mode personal for RP final model

Mode: Personal
Coefficient Estimate | Std. Error | ZValue | P.(>|Z]) | Significance
Intercept 2.349 1.294 1.815 0.069 0.1
Journey Time 0.007 0.004 1.662 0.096 0.1
Gender -0.901 0.493 -1.827 0.067 0.1
Trip Distance 0.680 0.064 10.474 | 2.2X10° | 0.001
Number of -0.413 0.108 -3.80 1.43X10* | 0.001
Siblings
Family Income -0.025 0.177 -0.138 0.89
Vehicle -3.127 0.602 -5.18 2.13X107 | 0.001
ownership
Friend availability | 0.04 0.38 0.114 0.908
Coefficient Estimate | Std. Error | ZValue | P.(>|Z]) | Significance
Price 0.0066 0.0066 1.00 0.3123
Sd. Price 3.53X10°
Table 4.7: Model processing mode public for RP final model
Mode: Public
Coefficient Estimate | Std. Error | ZValue | P-(>]|Z]) | Significance
Intercept -3.06 1.052 -2.90 0.004 0.01
Journey Time 0.007 0.004 1.6621 0.096 0.1
Gender -0.0901 0.390 -0.236 0.813
Trip Distance 0.656 0.048 13.724 | 2.2X10° | 0.001
Number of -0.094 0.106 -0.895 0.370
Siblings
Family Income 0.174 0.142 1.266 0.219
Vehicle -0.050 0.335 -0.15 0.881
ownership
Friend availability | 0.234 0.326 0.717 0.473
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Coefficient Estimate | Std. Error | ZValue | P.(>]|Z]) | Significance
Price 0.007 0.007 1.00 0.312
Sd. Price 3.53X10°

Table 4.8: Model fitting information RP final model.

Mc Fadden R? 0.340
Likelihood ratio test 301.62
p-value of likelihood 2.22X10°e

The confusion matrix for this model is shown in the table 4.9 below. The accuracy is
74.34 for this model.

Table 4.9: Confusion matrix for RP final model.

Public Walk Personal
Public 56 11 0
Walk 0 86 0
Personal 28 10 0
Accuracy 74.34%

4.3  Modal Explanation of RP models

4.3.1 Personal mode:

With walking as the base criteria Personal mode of transport was found to be affected
by trip distance siblings and vehicle ownership only the coefficients of the final model
for personal modes are shown in table 4.6. The Coefficients for different attributes can

be explained as follows

Journey time: The coefficient of journey time for the personal mode of transport is
0.007 which indicates that with an increase in journey time personal modes of transport
are preferred more as compared to the walking mode and the odds of choosing personal
travel modes as compared to walking increases by 1.007 times per minute increase in
travel time provided other factors remain same. Since more journey time means effort
if one walks as a result doing so for too long is not practically feasible for daily

commute so the nature of coefficient seems logical. Since p-value of journey time

63



(0.096) is more than 0.05 therefore the effect is statistically significant at 10% level of

significance only

Gender: The coefficient for gender is -0.901 which indicate that females students are
less likely to prefer personal mode of transport over walking rather than male students
the odds of choosing the personal mode of transport over walking decreases by 0.406
times if the student is female rather than male taking all other factors same. The nature
of the coefficient might be due to factors like greater health concern or females not

having alternative options of exercise (Clifton et. al. 2004) or absence of any street

related harassment etc. but these are not the part of the studies. Since p-value of gender
is more than 0.05 therefore the effect statistically significant at 10% level of

significance only

Trip distance: The coefficient of journey time for the personal mode of transport is
0.680 which indicates that with an increase in trip distance personal modes of transport
are preferred as compared to walking mode, the odds of choosing personal travel modes
as compared to walking increases by 1.97 times with each kilometer increase in trip
distance provided other factors remain same. Since more trip distance means labor and
after a certain logical point, it is not practically feasible to walk on a daily commute so
the nature of coefficient seems logical. Since the p-value of journey time (0.000) is less

than 0.05 therefore the effect is statistically significant.

Number of siblings: The coefficient for sibling number is -0.413 which indicates that
students with more siblings are less likely to prefer personal mode of transport over
walking, the odds of choosing the personal mode of transport over walking decreases
by 0.661 times for each extra sibling provided all other factors are same. Since personal
mode of transport cannot accommodate many people and the fact that walking with
siblings is less tiresome as compared to walking alone the nature of the coefficient
seems logical. Since the p-value of siblings (0.000) is less than 0.05 therefore the effect

is statistically significant.

Family income: The coefficient for family income is -0.025 which indicate that
students higher family income is slightly less likely to prefer personal mode of transport
over walking the odds of choosing the personal mode of transport over walking

decreases by 0.98 times for each Nrs.10000 increase in family income provided all other
64



factors are same. This seems opposite to what one will expect, this effect might be due
to greater health consciousness in the high-income family, view towards use of personal
modes during student life, etc. but these are not considered in this study. Since the p-
value of family income (0.89) is far more than 0.05 the effect is not statistically

significant.

Vehicle Ownership: The coefficient for vehicle ownership is -3.12 which indicate that
students without vehicle ownership in the family which they can use or can pick/drop
them are highly unlikely to prefer personal mode of transport over walking, although
the trip is possible by sharing a mode with a friend but this case is not seen in the
database, the odds of choosing a personal mode of transport over walking decreases by
0.044 times if there is no vehicle ownership in the family provided all other factors are
same. Since personal vehicle use without its ownership is highly unlikely the nature of
this coefficient needs no further explanation. Since the p-value of vehicle ownership
(0.000000213) less than 0.05 therefore the effect is statistically significant.

Friend availability: The coefficient for friend availability is 0.044 which indicate that
students without friends sharing the same route are more likely to prefer personal mode
of transport over walking, the odds of choosing the personal mode of transport over
walking increases by 1.04 times if there is lack of friend sharing the same route provided
all other factors are same. Since walking alone is cumbersome especially with footpaths
missing in many cases and the existing ones not being commuter-friendly the nature of
this coefficient seems logical. Since the p-value of friend availability (0.908) is far more
than 0.05 therefore the effect is not statistically significant.

Price: The coefficient of price is 0.006 with a standard deviation of 0.0004 which
indicate that with an increase in price the students are more likely to use the personal
mode of transport than walking, the odds of choosing the personal mode of transport
over walking increases by 1.006 times if there is increase of Nrs.1 in the travel cost
provided all other factors are same. Since using a personal mode is more comfortable
as compared to walking more preference to it when there is price increase seems logical.
Since the p-value of price (0.312) is far more than 0.05 therefore the effect is not
statistically significant.
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4.3.2 Public mode:

With walking as the base criteria public mode of transport are found to be affected by
trip distance siblings and vehicle ownership only, the coefficients of the final model for
public transportation modes are shown in table 4.7. The Coefficients for different

attributes can be explained as follows

Journey time: The coefficient of journey time for the personal mode of transport is
0.007 which indicates that with an increase in journey time public mode of transport is
preferred as compared to walking mode, the odds of choosing personal travel modes as
compared to walking increases by 1.007 times with each minute increase in travel time
provided other factors remain same. Since more journey time means more labor for
walking doing so for daily commute is not practical therefore the nature of coefficient
seems logical. Since the p-value of journey time (0.091) is more than 0.05 therefore the
effect is statistically significant at a 10% level of significance only.

Gender: The coefficient for gender is - 0.0901 which indicate that females students are
slightly less likely to prefer public mode of transport over walking rather than male
students, the odds of choosing the public mode of transport over walking decreases by
0.913 times if the student is female rather than male taking all other factors same. The
nature of this coefficient despite being of same the value is far less as compared to
personal modes of transport (- 0.901) indicating that females are more likely to choose
public modes as compared to personal modes for non-walking commutes. The nature
of the coefficient might be due to lack of comfort, feeling of insecurity, and harassment

in public transportation as reported by many female commuters (World Bank, 2012),

but these are not the part of the studies. Since the p-value of gender (0.813) is far more

than 0.05 the effect is statistically insignificant.

Trip distance: The coefficient of journey time for the personal mode of transport is

0.656 which indicates that with an increase in trip distance public modes of transport

are preferred more as compared to the walking mode and the odds of choosing public

travel modes as compared to walking increases by 1.927 times per kilometer increase

in trip distance provided other factors remain same. Since longer trip distance means

more labor and after a certain logical point, it is not practically feasible to walk on a
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daily commute thus the nature of coefficient seems logical. Since the p-value of trips

distance (0.000) is less than 0.05 therefore the effect is statistically significant.

Number of siblings: The coefficient for sibling number is -0.094 which indicates that
students with more siblings are less likely to prefer public mode of transport over
walking the odds of choosing the public mode of transport over walking decreases by
0.910 times for each extra sibling provided all other factors are same. The nature of this
coefficient despite being of same the value is far less as compared to personal modes
of transport indicating that with a greater number of siblings students are more likely
to choose public modes as compared to personal mode for non-walking commutes.
Since public transportation in Kathmandu valley is crowded and unsafe especially for

smaller children (World Bank, 2012) and also since walking with siblings is less

tiresome as compared to walking alone the nature of the coefficient seems logical. Since
the P-value of siblings (0.37) is more than 0.05 therefore the effect is statistically

insignificant.

Family income: The coefficient for family income is 0.174 which indicate that students
with higher family income are more likely to prefer public mode of transport over
walking the odds of choosing the public mode of transport over walking increases by
1.19 times for each Nrs.10000 increase in family income provided all other factors are
same. With greater income it is easier to afford public transportation therefore the
nature of the coefficient seems logical. The P-value of family income (0.219) is more

than 0.05 therefore the effect is statistically insignificant.

Vehicle Ownership: The coefficient for vehicle ownership is -0.05 which indicates
that students without vehicle ownership in the family which they can use or which is
available to pick/drop them are less likely to prefer public mode of transport over
walking. The odds of choosing the public mode of transport over walking decrease by
0.951 times if there is no vehicle ownership in the family provided all other factors are
the same. Without vehicle ownership, there is a lack of vehicle dependent psychology
in the commuters which decreases the interests towards public transportation also
therefore the nature of the coefficient seems logical. Since the p-value of vehicle

ownership (0.881) is far more than 0.05 therefore the effect is statistically insignificant.
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Friend availability: The coefficient for friend availability is 0.234 which indicate that
students without friends sharing the same route are more likely to prefer public mode
of transport over walking, the odds of choosing the public mode of transport over
walking increases by 1.263 times if there is lack of friend sharing the same route
provided all other factors are same. Since walking alone is cumbersome especially with
footpaths missing the nature of this coefficient seems logical. Since the p-value of
friend availability (0.473) is far more than 0.05 therefore the effect is statistically

insignificant.

Price: The coefficient of price is 0.007 with a standard deviation of 0.00000356 which
indicate that with an increase in price the students are more likely to use the public
mode of transport than walking, the odds of choosing the public mode of transport over
walking increases by 1.007 times if there is increase of Nrs.1 in the travel cost provided
all other factors are same. Since using a public mode is more comfortable as compared
to walking more preference to it when there is price increase seems logical. The P-value

of price (0.3123) is more than 0.05 therefore the effect is statistically insignificant.
4.4  Sensitivity analysis of Revealed preference mode choice

A sensitivity analysis describes the effects of the variation of one parameter on the
nature of the function or system. In mode choice sensitivity analysis is done by creating
probability plots, these plots present the variation of the probability of various choices
concerning a change in one parameter keeping all others the same. For the revealed
modes the choice depends on three factors trip distance, number of siblings and vehicle
ownership to perform the sensitivity of these attributes, two sets of probability plots
one showing the variation in the probability concerning distance and the other with
several siblings respectively with different curves for presence and absence of vehicle

ownerships are generated which are shown below

4.4.1 Trip Distance

The probability plots for trip distance for vehicle ownership and non-ownership are
shown in figure 4.12. It can be seen that the probability of walking is high at lower

distances irrespective of vehicle ownerships, similarly, for larger distances, the
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probability of using public modes increases with increase in distance, it being lower for
cases where there is vehicle ownership and the probability of using personal modes
increases with increase in distance, the probability being higher for cases where there

is vehicle ownership.
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Figure 4.12: Probability plots for sensitivity analysis of trips distance
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4.4.2 Sibling Number

The probability plots for sibling number for vehicle ownership and non-ownership are
shown in figure 4.13. It can be seen that the probability of walking increases as siblings
are more, the probability being less if there is vehicle ownership for lesser number of
siblings whereas for a higher number of siblings it is same irrespective of vehicle
ownership, similarly, the probability of using public modes increases with increase in
distance, the probability being less if there is vehicle ownership for lesser number of
siblings whereas for a higher number of siblings it is same irrespective of vehicle
ownership and finally the probability of using personal modes decreases with increase
in sibling number for cases with vehicle ownerships whereas it is negligible for cases

with lack of vehicle ownership.
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4.5

Respondents were asked whether they would like to switch to any one of the following
four alternative transportation models from the current modes. The answers obtained
are shown in figure 4.14. forty-three Students did not want to shift their current travel
mode, on analyzing the choice of those who wished to shift it can be seen the highest
number students wanted to shift to a metro rail having the same cost and almost same
crowding as currently existing public transportation modes, followed by a
comparatively costlier metro rail with lesser crowding, followed by a BRT having the

same cost and almost same crowding as their currently existing public transportation
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Figure 4.13: Probability plots for sensitivity analysis of Sibling number

Estimation of results of stated preference (SP) models

modes, followed by a costly yet comfortable and lesser crowded bus option
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Figure 4.14: Modal shift towards alternative modes
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After replacing the choice options with the alternative choice for each of the 4
alternatives the modified date sets were obtained their nature for “Bus1” and “Bus2”
mode are shown in figure 4.15 and for “Metrol” and “Metro2” mode are shown in
figure 4.16

Bus 1 Bus2
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300 300
250
200 200
150
100 100
50
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W Busl M Public mWalk Personal B Bus2 M Public mWalk m= Personal

Figure 4.15: Modal choice sets obtained after modification for Bus options

Metrol Metro2

500 500
400 400
300 300
200 200
100 100

0 0

B Metrol m Public mWalk = Personal H Metro2 M Public mWalk = Personal

Figure 4.16: Modal choice sets obtained after modification for Metro options

Initially, full models were developed using all the attributes collected taking walking
as the base criteria for each of the above data set shown it showed several parameters
being statistically insignificant i.e. p > 0.05, few more models were examined, in which
the nature of coefficients were the same with varying magnitudes with almost same R?
value the below-shown model was selected finally for the datasets. The coefficients and

their properties of the model for “Bus1” mode are shown in table 4.10 and model fitting
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information for that model are shown in table 4.11, The coefficients and their properties

of the model for “Bus2” mode are shown in table 4.12 and model fitting information

for that model are shown in table 4.13, The coefficients and their properties of the model

for “Metrol” mode are shown in table 4.14 and model fitting information for that model

are shown in table 4.15, The coefficients and their properties of the model for “Metro2”

mode are shown in table 4.16 and model fitting information for that model are shown

in table 4.17.

Table 4.10: Model processing SP modal Choice Bus 1

Mode: Busl (Base criteria walking)

Coefficient Estimate | Std. Z Value | Pr (>|Z]) Significance
Error
Intercept -4.38 1.622 |-2.70 0.006 0.01
Journey time 0.008 0.004 | 1.838 0.061 0.1
Gender 0.62 0.58 1.07 0.281
Trip Distance 0.498 0.076 | 6.54 5.94X10* | 0.001
Sibling Number -0.17 0.2653 | -0.65 0.51
Family Income -0.205 0.225 |-0.91 0.362
Vehicle Ownership | -0.477 0.528 | -0.904 0.388
Footpath Availability | 1.360 0.561 |2.429 0.015 0.05
Price 0.006 0.0061 | 0.94 0.346
SD of Price 0.003
Table 4.11: Model fitting information SP modal Choice Bus 1

Mc Faden R? 0.284

Likelihood ratio test 293.06

p-value of likelihood 2.22X1016

Table 4.12: Model processing SP modal Choice Bus 2
Mode: Bus2 (Base criteria walking)
Coefficient Estimate | Std. Z Value | Pr (>|Z|) | Significance
Error

Intercept --3.89 1.10 -3.52 0.0004 0.001
Journey time 0.007 0.004 | 1.63 0.102
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Mode: Bus2 (Base criteria walking)

Coefficient Estimate | Std. Z Value | Pr (>|Z|) | Significance
Error
Gender 0.064 0.436 | 0.142 0.883
Trip Distance 0.528 0.051 |10.208 |2.2X10'® | 0.001
Sibling Number 0.066 0.117 | 0.558 0.576
Family Income 0.082 0.159 |0.513 0.608
Vehicle Ownership | -0.126 0.372 |-0.339 0.734
Footpath Availability | 0.702 0.405 |1.735 0.083 0.1
Price 0.004 0.007 | 0.604 0.548
SD of Price 0.001
Table 4.13: Model fitting information SP modal Choice Bus 1

Mc Faden R? 0.2351

Likelihood ratio test 263.7

p-value of likelihood 2.24X10716

Table 4.14: Model processing SP modal Choice Metro 1
Mode: Metrol (Base criteria walking)
Coefficient Estimate | Std. Z Value | Pr (>|Z|) | Significance
Error

Intercept -1.065 1.11 -0.95 0.338
Journey time 0.0112 0.004 | 2.47 0.013 0.05
Gender -0.916 0.427 |-2.14 0.032 0.05
Trip Distance 0.547 0.052 |10.415 |2.2X10% | 0.001
Sibling Number -0.193 0.128 |-1.50 0.131
Family Income 0.221 0.154 |1.43 0.151
Vehicle Ownership | -0.655 0.354 |-1.853 0.064 0.1
Footpath Availability | 0.381 0.392 | 0.97 0.330
Price 0.004 0.007 | 0.604 0.548
SD of Price 0.0057
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Table 4.15: Model fitting information SP modal Choice Metro 1

Mc Faden R? 0.201
Likelihood ratio test 233.34
p-value of likelihood 2.24X1016

Table 4.16: Model processing SP modal Choice Metro 2

Mode: Metro2 (Base criteria walking)

Coefficient Estimate | Std. Z Value | Pr (>|Z]) | Significance
Error

Intercept -0.566 1.03 -0.54 0.58

Journey time 0.004 0.005 0.8 0.43

Gender 0.216 0.392 | 0.552 0.580

Trip Distance 0.567 0.102 |5.54 2.94X10% | 0.001

Sibling Number -0.194 0.10 -1.94 0.075 0.1

Family Income 0.125 0.141 0.883 0.376

Vehicle Ownership | -0.067 0.30 -0.215 0.83

Footpath Availability | -0.241 0.388 -0.62 0.534

Price 0.003 0.011 | 0.537 0.720

SD of Price -0.011

Table 4.17: Model fitting information SP modal Choice Metro 2

4.6

Mc Faden R? 0.19
Likelihood ratio test 198.85
p-value of likelihood 2.22X1016

Modal Explanation of SP models

The coefficients obtained for the different models can be described as follows

46.1 Mode Bus 1:

The coefficients for the model of mode “Bus1” are shown in table 4.10. The probability

of choosing Bus1 over walking is influenced at 5% level of significance by trip distance
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with coefficient of 0.498 and p-value of 0.001 and footpath availability with a
coefficient of 1.360 and p-value of 0.015, similarly it is influenced at 10% level of
significance by journey time with a coefficient of 0.008 and p-value of 0.061. The effect
of attributes other than these are found to be statistically insignificant. The positive
nature of the coefficients for all three attributes indicates that an increase in trip
distance, increase in journey time and lack of footpath facility increases the odds of

choosing Bus1 over walking.

46.2 Mode Bus 2:

The coefficients for the model of mode “Bus2” are shown in table 4.12. The probability
of choosing Bus2 over walking is influenced 5% level of significance by trip distance
with a coefficient of 0.528 and a p-value of 0.001 and at a 10% level of significance by
footpath availability with a coefficient of 0.702 and p-value of 0.083. The effect of
attributes other than these are found to be statistically insignificant. The positive nature
of the coefficients for these attributes indicate that increase in trip distance and lack of

footpath facility increases the odds of choosing Bus1 over walking.

4.6.3 Mode Metro 1:

The coefficients for the model of mode “Metrol” are shown in table 4.14. The
probability of choosing Metrol over walking is influenced at 5% level of significance
by journey time with a coefficient of 0.011 and p-value of 0.013, gender with coefficient
of -0.916 and p-value of 0.032 and trip distance with a coefficient of 0.547 and p-value
of 0.001, similarly it is influenced at 10% level of significance by vehicle ownership
with a coefficient of -0.655 and p-value of 0.064. The effect of attributes other than
these are found to be statistically insignificant. The positive nature of the coefficients
for journey time and trip distance indicates that an increase in trip distance and journey
time will increase the odds of choosing Metrol over walking. Similarly, the negative
nature of the coefficient of gender and vehicle ownership indicates that the student’s
gender being female rather than male and lack of vehicle ownership will decrease the

odds of choosing metrol against walking
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4.6.4 Mode Metro 1:

The coefficients for the model of mode “Metro2” are shown in table 4.16. The
probability of choosing Metro2 over walking is influenced at a 5% level of significance
by trip distance with a coefficient of 0.567 and a p-value of 0.001, similarly, it is
influenced at a 10% level of significance by the number of siblings with a coefficient
of -0.194 and p-value of 0.074. The effect of attributes other than these are found to be
statistically insignificant. The positive nature of the coefficients for trip distance
indicates that an increase in trip distance will increase the odds of choosing Metro2
over walking. Similarly, the negative nature of the coefficient number of siblings
indicates that more number of siblings will decrease the odds of choosing metrol
against walking.
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CHAPTER FIVE: CONCLUSION AND RECOMMENDATION

51  Conclusion

This study provides an insight into what factors affect the mode of the study group. It
also provides insights on the type of vehicular mode of transport preferred for motorized
commutes. Despite the share of these trips being small, the findings can guide the
policymakers, planners, and infrastructure-related stakeholders about the conditions
that demand motorized or non-motorized commutes for the trips of this group so that
the preferred mode of choice can be developed ensuring the optimum satisfaction of the

users.

Among the existing modes of transport, for personal modes of transport taking walking
as base criteria, trip distance with a coefficient of 0.680, is found to increase the use of
personal modes if distance increase, sibling number with a coefficient of - 0.413 and
vehicle ownership with a coefficient of -3.127 is found to decrease the use of personal
modes if sibling number increase or there exists lack of vehicle ownership. On the other
hand, for the public mode of transport taking walking as the base criterion trip distance
with a coefficient of 0.656 is found to increase the use of public modes of distance

increase

Since motorized commutes are more preferred in longer distance and walking
commutes in shorter ones, it is recommended to develop proper mass transit facilities
between the residential areas and the educational hubs while developing proper walking
conditions within the educational hub for the commutes done by this group.

Another important finding in the study was that females prefer walking more than
motorized for this group, based on which this is recommended that more gender-
friendly walking conditions be promoted this can be done by providing proper lighting,
proper visibility in roads, escape paths, a lower degree of isolation, proper footpath
facilities etc. this not only providing better services to currently walking female
commuters can also further aid to increase the part of walking women, another finding
for females is that the probability choosing public transport is more as compared to
private modes in longer distance, based on this it is recommended to make the public
transport more women-friendly, this not only provides better facilities to existing

female users but can also aid to increase the part of public transportation using females.
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Lastly, vehicle ownership is found to decrease the odds of walking or public
transportation being used therefore planning and policy interventions are recommended
in this field.

For the stated preference parts taking walking as base criteria, for mode “Busl” trip
distance and footpath availability with coefficients 0.498 and 1.36 were found to
increase the use of “Bus1” if trip distance increases or footpath is absent, similarly for
mode “Bus2” trip distance with a coefficient of 0.528 was found to increase the use of
“Bus2” mode if distance increases, similarly for mode “Metrol1” Journey time gender
and trip distance with a coefficient of 0.0112, -0.916 and 0.547 respectively were found
to increase the use of “Metrol” if journey time or trip distance increase or the user is
male and finally for mode “Metro2” trip distance with a coefficient of 0.567 was found

to increase the use of “Metro2” if trip distance increase.

Since trip distance is found to increase the use of these alternatives and they are
preferred only for longer distances only. The purposed alternatives are recommended
to be used considering the long-distance commutes only in context trips of this group

in Kathmandu valley.

It was also observed that the coefficient of “Metro2” option is highest and modal shift
for it is maximum therefore it can be concluded a general liking in the study group is
seen for it and further studies on this mode seems justified and a metro rail option seems
most feasible as an alternative transport for the current population.

5.2 Recommendation for further research

The study has used the most widely used model for mode choice analysis, other discrete
choice models like nested logit, MLP neural network, etc. can be applied to provide
additional insights or comparison to the evaluated models. A combined model is formed
for revealed preference analysis of private and institutional colleges as the mode choice
was almost the same. This study recommends the use of above stated tools with separate
or combined models of private and institutional organizations. Since feeder availability
IS a major requirement for metro operation which was a general liking in this group it
is recommended that the analysis of feeder to metro network in Kathmandu be

performed.
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Appendix A: Questionnaire

MODE CHOICE MODELLING FOR STUDY TRIPS OF GRADUATE LEVEL
ENGINEERING STUDENTS OF KATHMANDU VALLEY

SOCIOECONOMIC CHARACTERISTICS
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Appendix B: R Coding

mydataRP<-read.csv("C:/Users/DELL/Desktop/BookRP.csv")
mydataBusl<-read.csv("C:/Users/DELL/Desktop/BookBusl.csv™)
mydataBus2<-read.csv("C:/Users/DELL/Desktop/BookBus2.csv™)
mydataMetrol<-read.csv("'C:/Users/DELL/Desktop/BookMetrol.csv")
mydataMetro2<-read.csv("'C:/Users/DELL/Desktop/BookMetro2.csv")
attach(mydataRP)

attach(mydataBus1)

attach(mydataBus?2)

attach(mydataMetrol)

attach(mydataMetro2)

library(mlogit)

library(ggplot2)

correl=cor(mydataRP[,-1])
symnum(correl)

#RP Models

#Base model with all parameters
mldataRP<-mlogit.data(mydataRP, varying=9:14, choice="Choice", shape="wide")

clogit.modelRP <- mlogit(Choice ~
Price+JT|AgeGroup+Gender+Trip.Distance+Siblings+Sizefamily+Family.education
Jlevel+Family.Income+Veh.Owner+Avail.Friend+Avail.Foothpath,rpar=c("Price"="
n'), data = midataRP, reflevel="Walk")

summary(clogit.modelRP)

#Restricted model with no parameters
mldataRP<-mlogit.data(mydataRP, varying=9:14, choice="Choice", shape="wide")
clogit.modelRP <- mlogit(Choice ~ 1, data = mldataRP, reflevel="Walk")

summary(clogit.modelRP)
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#Modified model First Try
mldataRP<-mlogit.data(mydataRP, varying=9:14, choice="Choice", shape="wide")

clogit.modelRP <- mlogit(Choice ~
Price+JT|Gender+Trip.Distance+Siblings+Veh.Owner+Family.education.level+Ava
il.Foothpath,rpar=c("Price"="n"), data = mldataRP, reflevel="Walk")

summary(clogit.modelRP)

#Modified model Final
midataRP<-mlogit.data(mydataRP, varying=9:14, choice="Choice", shape="wide")

clogit.modelRP <- mlogit(Choice ~
Price+JT|Gender+Trip.Distance+Siblings+Family.Income+Veh.Owner+Avail.Frien
d,rpar=c("Price"="'n"), data = mldataRP, reflevel="Walk")

summary(clogit.modelRP)

#SP models
#Bus1 Full Model

midataBusl<-mlogit.data(mydataBus1, varying=9:16, choice="Choice",
shape="wide")

clogit.modelBus1 <- mlogit(Choice ~
Price+JT|AgeGroup+Gender+Trip.Distance+Siblings+Sizefamily+Family.education
Jevel+Family.Income+Veh.Owner+Avail.Friend+Avail.Foothpath,rpar=c("Price"="
n'), data = midataBus1, reflevel="Walk")

summary(clogit.modelBus1)

#Busl Final

mldataBusl<-mlogit.data(mydataBusl, varying=9:16, choice="Choice",
shape="wide")

clogit.modelBusl1 <- mlogit(Choice ~
Price+JT|Gender+Trip.Distance+Siblings+Family.Income+Veh.Owner+Avail.Footh
path,rpar=c("Price"="n"), data = mldataBusl, reflevel="Walk")

summary(clogit.modelBus1)
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# Bus2 Final

midataBus2<-mlogit.data(mydataBus2, varying=9:16, choice="Choice",
shape="wide")

clogit.modelBus2 <- mlogit(Choice ~
Price+JT|Gender+Trip.Distance+Siblings+Family.Income+Veh.Owner+Avail.Footh
path,rpar=c("Price"="n"), data = mldataBus2, reflevel="Walk")

summary(clogit.modelBus?2)

# Metrol Final

mldataMetrol<-mlogit.data(mydataMetrol, varying=9:16, choice="Choice",
shape="wide")

clogit.modelMetrol <- mlogit(Choice ~
Price+JT|Gender+Trip.Distance+Siblings+Family.Income+Veh.Owner+Avail.Footh
path,rpar=c("Price"="n"), data = mldataMetrol, reflevel="Walk')

summary(clogit.modelMetrol)

# Metro2 Final

mldataMetro2<-mlogit.data(mydataMetro2, varying=9:16, choice="Choice",
shape="wide")

clogit.modelMetro2 <- mlogit(Choice ~
Price+JT|Gender+Trip.Distance+Siblings+Family.Income+Veh.Owner+Avail.Footh
path,rpar=c("Price"="n"), data = mldataMetro2, reflevel="Walk")

summary(clogit.modelMetro2)
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Appendix C: Sample Survey Data
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Training Data

Family Journey [Journey |Journey
Age Family |education |Size of Time Time Time Availability. Vehicle.Ow Institution

Choice |Gender |Group [Income |level family |Siblings |Trip Distance |Public Walk Personal Price.Public |Price.Walk |Price.Personal |Friend Avail.Foothpath |nership Alternative |Type

Walk 1 1 4 2 5 3 0.4 6 5 2 10 0 5 1 1 1|Metro2 Private
Walk 1 1 1 3 14 3 0.42 6 5 2 10 0 5 1 1 1|Metro2 Private
Personal 1 3 3 2 4 2 2 8 8 3 10 0 7 2 1 1|NA Private
Personal 1 2 3 2 4 2 4 30 45 20 15 0 20 2 2 1|NA Private
Personal 1 1 3 3 4 2 11 59 100 30 20 0 40 1 1 1|Metrol Private
Public 1 1 5 2 4 2 8.5 50 70 25 15 0 40 1 1 1|Metro2 Private
Public 1 1 5 1 4 2 3 40 35 15 10 0 15 2 1 1|Metrol Private
Public 1 1 3 2 4 2 2 26 20 10 10 0 15 1 1 2|NA Private
Personal 2 1 3 2 4 2 4 42 45 15 10 0 20 1 2 1|Metrol Private
Public 1 1 3 1 6 4 8 80 90 30 15 0 50 1 1 1|Metrol Private
Public 1 1 3 2 4 2 8 55 95 26 15 0 45 1 1 2|Metrol Private
Personal 1 1 4 1 4 2 7 50 60 15 20 0 22 2 2 1|Metro2 Private
Public 1 1 5 3 5 3 6 40 85 20 10 0 15 2 2 1|Metrol Private
Public 2 1 5 2 5 3 5.6 51 63 25 10 0 30 1 1 1|Metro2 Private
Walk 2 1 4 1 6 4 1.8 17 25 5 10 0 10 1 1 1|Metro2 Private
Public 1 1 5 2 4 2 4.5 45 50 20 10 0 30 1 1 2[NA Private
Personal 1 2 5 2 4 2 10 115 150 20 30 0 60 2 1 1|Metrol Private
Walk 1 2 3 2 4 2 1.2 20 18 5 10 0 20 2 1 1|Bus2 Private
Personal 1 1 5 3 4 2 4 25 35 5 10 0 15 2 1 2|Metro2 Private
Personal 1 2 2 3 5 3 2 20 28 7 10 0 10 1 1 1|Bus2 Private
Public 1 1 3 2 4 2 8 20 45 50 20 0 35 1 1 2|Metro2 Private
Walk 1 2 4 1 4 2 1 16 15 5 10 0 7 1 1 1|Metrol Private
Public 1 1 2 2 4 2 2 20 20 5 10 0 10 1 2 2|Metro2 Private
Walk 1 1 2 1 4 2 2.5 35 25 10 10 0 15 1 1 1|Bus2 Private
Personal 1 1 2 1 5 3 7 55 60 20 15 0 20 1 1 1|Metrol Private
Personal 2 1 3 2 5 3 10 62 110 45 20 0 20 2 2 1|Metro2 Private
Walk 1 1 3 2 5 3 7 60 65 30 20 0 40 2 1 1|Metro2 Private
Walk 1 1 3 3 4 1 3 50 35 20 10 0 10 2 1 2|Metro2 Private
Walk 1 1 2 3 5 4 5 25 100 30 15 0 20 2 2 1|Metro2 Private
Walk 1 1 2 2 5 3 5 90 35 30 20 0 20 2 1 1|Metro2 Private
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Validation Data

Journey |Journey |(Journey
Age Size of Time Time Time Availability.F Vehicle.Ow

Choice |Gender |Group Family Income |Family education level |family Siblings [Trip Distance |Public Walk Personal Price.Public |Price.Walk |Price.Personal |riend Avail.Foothpath |[nership Alternative
Public 2 1 4 2 4 2 8 29 100 15 10 0 40 1 1 2|Metro2
Public 2 1 5 2 6 4 2.8 17 25 6 10 0 22.5 1 1 1|Metro2
Public 1 1 4 3 4 2 8 50 65 30 30 0 45 2 1 1|Metro2
Public 2 1 4 1 4 1 12 110 100 40 30 0 80 1 1 2|Metro2
Public 1 1 3 3 6 4 8 55 75 24 20 0 35 2 2 1|Metro2
Walk 1 2 4 1 5 3 2 15 30 5 10 0 10 2 1 1|Metro2
Walk 1 1 5 1 3 1 1 5 15 5 10 0 10 2 1 2|Metro2
Walk 2 1 5 2 5 3 2 19 25 25 10 0 10 1 1 2|Metro2
Walk 1 2 3 3 8 2 1 5 15 2 10 0 5 1 2 1|Busl
Walk 1 1 2 3 5 2 3 31 35 15 10 0 10 2 2 2|Metro2
Personal 1 2 5 2 5 3 16 48 100 30 15 0 80 1 1 1|Metro2
Public 2 1 5 1 6 3 5 35 45 10 10 0 30 2 1 1|Metro2
Walk 2 1 4 1 4 3 3 55 90 40 20 0 40 2 1 1|Busl
Personal 1 1 5 1 4 2 7.5 32 50 20 30 0 40 1 1 1|Metro2
Public 1 1 5 1 6 4 16 165 180 30 25 0 80 1 1 2|Metro2
Personal 1 1 5 1 5 3 4 35 40 5 15 0 15 1 1 1|Metro2
Walk 2 1 4 1 5 3 1.5 9 20 5 10 0 8 2 1 1|Metro2
Walk 1 1 4 1 6 4 1 15 15 15 10 0 2 1 1 1|Metro2
Personal 1 1 3 3 7 3 5 56 40 8 10 0 5 2 1 1|Metro2
Walk 1 1 3 1 8 5 1 6 5 3 10 0 7 1 1 1|Metrol
Public 1 1 2 2 4 2 15 82 150 40 50 0 70 1 1 1|Metro2
Personal 1 1 5 2 5 3 4 95 60 10 60 0 5 1 2 1|Metro2
Public 1 1 3 3 5 2 5 21 30 5 10 0 10 2 1 1|Metrol
Personal 1 1 5 1 7 5 12 52 100 30 20 0 15 2 1 1|Metro2
Walk 1 1 5 3 6 4 1 7 5 5 10 0 10 2 1 1|Metro2
Walk 2 1 2 1 5 3 0.2 17 5 3 10 0 5 1 1 1|Metro2
Walk 1 1 4 1 4 2 0.2 12 5 2 10 0 5 1 1 1|Busl
Public 2 1 2 1 4 2 11 70 110 20 15 0 40 2 1 1|Metro2
Walk 2 1 4 2 5 3 3 35 35 20 10 0 15 2 1 2|Metrol
Public 2 1 5 2 5 3 3 35 30 10 15 0 20 1 1 2|Metrol
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Institutional
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Institutional
Institutional
Institutional
Institutional
Institutional
Institutional
Institutional
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