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Abstract

This study was an attempt to construct & demand model for transpor modes using
nested logit modcl which can contribute by extending two or more choice models for
the people of Dhaka City. LIMDEP, transport applicalion software, was used to
estimnate the mode choice mode! Qflice workers of Dhaka City were selected for the
study, because most of the head offices as well as branch offiecs of the public and
privatc organizations are located in Dhaka Cily and these offices are a major pull
factlor for raral-urban migration. The workers of these offices make up a large parl of
the traffic and are expected to continuc their contribution to tralfic demand into the
future.

Data were collceted from both scecondary and primary sources. About 250 office
workers of three privale orgamzations were surveycd randomly by using a pre-tested
questionnaire. Office workers chose only hve different modes such as public bus,
private auto, aute rickshaw, rickshaw and walk as their primary as well as available
altcrnative modes. Socio economic data included ape, gender, educational
gualification, status of job, fhout hold sive, and household income, Trave! and mode
choice dala included household car ownership, trip origin, trip destination, frequency
of trips, distance fiom home to oflfice in km, most frequently chosen mode and
alternative modes, 1l also included in-vehicle (ravel hme, out-vehicle travel time
including access time, waiting time and -gress time together, cost of travel in Tk,
and level of service including accessibility, convenience, privacy, salety and comfort
of primary and different alternative modes.

The oulcomes of the generic analysis indicate that about 52 perceni office workers
choose public hus as their primary mode. About 86.30% and 81 .82% office workers
teach (heir chesen mode on foot and by rickshaw within 10 minutes respectively.
Higher income groups choose mainly private auto or auto rickshaw as their pnmary
mode. It is found from the studythat mode choice was also influenced by gender and
females were more inclined to choose a comfortable mode The study ined to indicate
a sensible nested logit mode choice model for the office workers, bul 1t could not
choose any of the model results as a final nested logil model due to wrong sign of
diffcrent variables and poer statistical sigmfizance. One of the most surprising and
interesting findings 1s that there was no rational intcrrelationship between distance,
um-vehicle travel lime and cost in Dhaka city. Finally, the results obtained in the
specific context led to some recommendations for future users of these powerful
modclling tools.

ii
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Inmtroduction



1 Introduction

1.1 Background of the Study

Demand forccasting is an essenlial element in the analysis of transportation system
{Ben-Akiva and Lerman, 1985). A major innovation in the analysis of transportation
demand 15 the development of disaggregate travel demand model based on discrete
choice methods. Disaggregate travel demand model involves mmcro level data
(typically collected by surveys ol individual bouseholds) without first ageregating il

oy a zona) level,

Discrete choice models have played an important role in iransportation modelling for
the last fow decades (Abdel-Aty and Abdclwahah, 2001). They provide a detailed
representation of the complex aspects of transportation demnand, bascd on strong
theoretical justifications. Moreover, several packages and lools are available to help
prachionners using these modcls for real applcations, making discrete choice modcls

more and more popular {Bierlaire, 1997).

Many mode choice models are based on the Multinomial Logit (MNL) Maodel or
gome vanialion of the logit function, MNL use in mode choice requires caution due to
its Tndependence of Irrclevant Altermative (IIA) properly that assumecs the cross
elasticilics between all pairs of altcrnatives 1o be identical. As in many cases of
choice situations such an assumption does not hold, firther variation of logit
formulation is necded. The nested logit model is an extension of multinonial logit
model designed to capure-correlations among alternatives (Ben-Akiva and Lerman,
1985} and the nested logit stracture is defined as a hierarchical choice structure that

determincs the joint chotce.

Both nested logit and multinomial logit model can be represented as a tree structure
that represents all the aliemnatives. The multinomial logit model treats all the
allernatives  equally, whereas the nested logil inodel deals allernative groups
separately. The grouping ol aliernatives indicates the degree of sensitivity (i.c. cross
elasticity) among altematives. Alternatives in the common nest show the same

deygree of incrcased sensilivity compared to the alternatives outside the nesi. The
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nested logit model is a widely used form of the diserele choice model and has been
cxtensively presented and descnbed in the literature {e.g. Ben-Akiva and Lerman,

1985; Lerman, 1984; Train, 1 986; Ortuzar and Willumsen, 1594),

There is very hittle emphasis on modelling mode-choice in a developing country like
Bangladesh. In 3haka City, the capital of Bangladesh, the traffic and transportation
conditions have senously deterierated and in many respects have already reached a
crisis level. The city already faces serious traffic congestion and various deficiencies
related to transport modes. In the conlext of the present scenario, mode choice
modelling should receive emphasis in transporl sector to forecast demand for

differcnt transpori mocles.

In this regard, this study was an attermnpt (o constmct a demand model for transpori
modes using nested logit model which can explain the potential inedal split between
different modes available for the people of Dhaka City as well as can contribute by

extending two or more choice models for the people.

On the other hand, the transporiation literature supgests that different uscr groups
have different characteristics with respect to commuting paiterns as well as with
respeet to their propensity to switch between travel options. Considering the above
situation, one user group namely office workers of Dhaka City, has heen selected for
sludy of their modal choice. Most of the head oflices as well as branch offices of the
public and pnivate organizations are located in Dhaka City (Uddin, M.H. ef af., 2004)
and these offices arc a major pull factor for rural-urban migration. As a result, the
workers of these offices make up a large part of the traffic and are cxpecied to

continue their contdbulion o traffic demand into the future.

This study was an attempt to develop a mode choice model using the nested logit
made) fonmulation for the office workers for a given dataset with known parameters
such as age, gender, cducalional qualification, status of job, bousehold size,
houschold income, household car ownership, distance from home to office, weekly

frequency of inps, time of the tnp, m vehicle travcl time, out vehicle travel lime
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(which includes access time, waiting time and egress ime), cost and level of service.

The calibrations of the mode choice medels are performed using the program
LIMDEP, a transporl apphication software, This program allows the user o calibrate

cither multinemial or nested logit models.

The model has been formulated for eleven modes consisting of motorized transport
such as public bus, micro bus, private auto, auto nickshaw, tax1, human hauler, motor
cycle etc. and non motorized transport such as rickshaw, bicycle, van, walk, which

are the mam modes prevailing in Dhaka City.

1.2 Objectives of the Study

The specilic objectives of the study can be summarized as follows:

+ To mvesligate the natare and extent of the factors that contributcs to regular
transporiation mode choice of the olfice workers.

» To develop anested logit mode choice model for office workers of Dhaka City.

* To recommend some mcasures 1o facililate the mode choice options for the

office workers,

1.3 Scope of the Study

By this study, the nature and magnitude of various faciors that play a role in choosing
a regular transportation mode by the office workers have lo be estimated using
LIMDEP. 1l il 1s mdeed ihe casc that office workers have different travel pattems,
and perhaps mote importantly, different propensities to shift commuting patterns and
modes, knowing and understanding this will be imporlant in the development of
future travel demand management in increasingly congested cities. As such, and for
the purposes of traffic demand management, it {5 worhwhile 1o understand the

factors that alTeet fravel demand.

Although the study would be based on office workers il will be helpful to inform

other futurc research on mode cheice modelling in respect of Dhaka Cily. Again the




models developed within the framework of this cffort would be the basis for such

universal maodel.

1.4 Limitations of the Study

Any research needs long-term observation on the subjsct. On the other hand, if the
sludy could consider all the offiec workers cmployed in differcnt public and private
arganizations of the Dhaka City it would have been more helpful to understand the
actual scenario. But due to time and resource constraints, the study has considered a
limited sample of 250 office workers of three private organizations. Tn addition, very
few studies have been done in mode choice medelling in our country, For that
reason, the study had wvery litle preeedence to draw from and instead, relied on

studies conducted in the context of different situations abroad,

Another importani limitaiion of this study is that it can not develop a sensible nested
logit medce cheice model for the office workers. It may be happened due to imational
interrelationship benween in velncle travel time, out-vehicle travel time, cost and
distauce. These variables did not show the expected result based on the sign. In our
country, lravel time in any mode dees not confonn to the distance the mode (raverses
and the travel cost. On the other hand, the sample size was very small to describe the
siiuation properly that add to the problem for developing a comprehensive mode

choice model.

1.5 Organizations of the Study

This thesis consists of seven chapters. The first chapter provides an introduction to
the study. Ti alsc describes the objectives, scopes, himitations and organizations of
the study. Chapler two describes the concept of discrete choice moedel ingluding
multinomial logit and nested logit medels. This chapter also includes a review of
literature/rescarch conducted on the transport mode choice modelling. Chapter three
descnibes the detailed methodology of the study. It also contains a detail discussion
on dala preparation stages for generic analysis and calibration of nested logit mode
choice model. Chapter four provides a brief description of ihe study arca. Chapter

five contains generic analysis of socio-economic and travel characteristics of office



workers. Chapter six describes the estimation and calibration of the nested logit
maoidels for the oflice worlers. This chapter docs net present all the models that have
been estimated during the analysis, but it does present some sigmlicant models with
the fmal model that has been selected. Finally, Chapter scven states its implication
for the transportation plannces, represcnts recommendations for future research in

this field and provides a conclusion.
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2. Literature Review and Theoretical Framework

There is very little emphasis on modelling mode-choice in a developing country like
Bangladesh. In Dhaka City, the capital of Bangladesh, the tralfic and fransporation
conditions have scriously deteriorated and in many respects have already reached a
crisis level. Tn the context of the present scemario, mode choice modelhing should
recelve emphasis in transport scctor lo forecast demand for different (ranspor modes.
Considering the situation, the sudy was an attempl to develop the model choice

modeis for a selected group ie. oflice workers in Dhaka City.

Tn this regard, an extensivc literature survey aml review on (ranspertation issues in
Dhaka City, discrete choice analysis, disapgregate behaviour models ncluding
multinomial logit and nested logit models were conducted for concept development

and some of these arc discussed in this chapter.

2.1 Major Transportation Issucs in Dhaka City

Bangladesh has experienced a high rate of urhanization (269 in year 2000} in the last
quarter of a ¢entury which 15 unparalleled in its history. Nearly half of the all rural-
urban migranis are coming to Dhaka, the capital city with the highest level of
facilities and employment opportunities (Tariq, 1997},

With an increasing rate of population growth of about 7% per year (Kanm, 1992),
Dhaka is expected to become one of the largest and most populous cibies by carly this
century. Over the last 10 years, the population of Dhaka City has more than donhled
{STP, 2005). The growing demand of the citizens for civic facilitics, utilitics and
amenilies are exceeding the availahle supply and infrastructure facilities present,
Transportation is one of the badly affecled scctors in this respecl. Present
transportation facilities of Dhaka City arc unable to accommeodale the excess traffic
and the growing traffic demand in the near future. The ransportation condition of
Dhaka in fact has in many parts alrcady reached 2 crisis level, espeeially poor public
transit provision and automobile dependency has led to inefficient wtilization of the
available road space resulling in frequent tralfic congestion and delay which is

further aguravated by unplanned (raffic circulation system



The city alrcady laces serious traffic congestion end varions deficiencies related to
transport modes. These arc reducing functional efficiency of the city and are being
considered as major impediments {or economic growth and development cansing
frustration and prempting popular demands to find urgent solutions to the problems.
From a present populalion of around 17 million in the greater Dhaka area, 11 15
anticipated that the population in 20 years will reach 36 millions (STP, 2005). In this
conlext, mode choice modelling should reccive emphasis in transport sector lo

torccast demand for different transport modes.

1.1.1 Transport Modes in Dhaka City

In Dhaka City, there is a large combination of different transportation modes of both
metorized and non-motonzed transport (NMT) and both these Tasi and slow Lransport
vehicles operate together on ahnost all of the roads. The major motorized transport
vchicles are bus, mini bus, car, Laxi, jeep, truck, pick-up, auto rickshaw, auto-tenipo

and mishuk, while rickshaw, van, bicycle, walk constilute the non-molorized anes.

Dhaka 15 one of the lcast motorized citics in the region with approximatcly 32
motorized vehicles per 1000 residents. Cnly 14% trips are made by automobilcs and
about 60% people travel by huses (STP, 2005). How these proporlions will change
over the coming years is a matter of speculation. Non-moterized transpori and para-
transit play an important tole in the -transportation system of the city. The use of
rickshaws has a long history and they began operating in the laie 1940s. At present
rickshaw 1s one of the primary travel modcs of the city. Although the maximum
number of rickshaw licenses is sct by the Dhaka City Corporation at just under
80000, the number actually operating is cstimated at between 400,000 and 600,000
(8TP, 2005). Generally the slow moving rickshaw is suitable for shett distance nps.
They can clfcetively operate on almast all roads of the city execpi some major roads.
However, duc to the absence of traffic planning, managenient and enforcemcent rules,
uncentrolled dominance of rickshaws causes scvere iraffic problems on all major

roads.
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Auto rickshaws, tempos, and rickshaws ;n‘e [ast increasing as substitutes of buses
although they are expensive and cost higher than bus service. As a result, a large
section of the peoplc hag poor access to transport services. A large number of trips in
Dhaka take place by walking. This is duc to the fact that the majorily of ihe people in

the City are not able lo pay for transportation.

There arc very few detailed studies conceming transport dermand and mode choice of
individuals for proper planming and management of traffic for wban arcas of
Bangladesh. Therefore, it ‘has bccome increasingly imporiani 1o allocate the

mmdividuals in their appropriate mode to solve the present state of the problem.

2.2 Discrete Choice Analysis

Demand forecasiing s an essential element in the analysis of transporialion systems.
Tt is concerned with the behaviour of consumers of transportation services and
lacilitics. A major innovalion m the analysis ol transporation demand was the
development of disaggregate travel demand models bascd on discrete choice analysis
methods. The research ficld of transportation demand forecasting has started to focus
on disaggrogate travel behaviour and micro-simulation models. Development of
disaggrepate behaviour model was prompted by mereasing awareness that tradilional

multi stage engineering models are inaccurate.

2.2.1 The Background of Dviscrete Choice Analysis

The basic problem confronted by discrele choice analysis is the modelling of choice
from a set of mutually exclusive and collectively exhaustive altemabives. Generally,
diserete choice analysis uses the principle of utility maximization. Briefly, a deeision
maker is modelled as selecting the alternative wilh the highest utility among, thosc
available at the time a choce 1§ made, An operabonal model consists of
parameterized utility functions in terms of observable independent vanables and
unknown parameters, and their values are estimated from a samplc .of ohserved
choices made by decision makers when confronted with a choice situation. Since it is
impossible to mclude all the chosen allemabives by all individuals, the methods

include the concept of random ufility, an idea that first appeared in psychology
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{Thurston, 1927). The ol:igin of probabilistic choice models are in mathematical
psychology (scc Thursten, 1927; Luce, 1959; Marschak, 1960; Luce and Suppes,
1965; Bock and Jones, 196R8; Tversky, 1972). Bui discrete or qualitative response
models have also heen used for many years in biometric applications {see Berkson,

1944, Fimney, 1971; Cox, 1970},

2.12.2 Transportation Applications of Discrete Choice Analysis

The early (ransporiation applications of discrete choice models were made for the
binary choice of travel mode (e.g. Warner, 1962; Lisco, 1967; Quarmby, 1967; Lav,
1969; Stopher, 1969, Gronau, 1970; de Donnea, 1971; McGillivary, 1972; Talvitie,
1072; Wigner, 1973; Watson, 1974). Some of these studies focus on the cstimation of
a “valuc of time", the trade off between travel time and (ravel cosl implied by a travel
demand model. Other researchers cmphasized the developmenl of policy-sensitive
medels for predictions of the market shares of alternative modes (e.g. Stopher and
Lisca, 1970).

Further progress in transportation applications following these early studics was
accompanied by improved discrcte choice modelling methods, The research during
the early 1970s was oricnted toward mode choice models wilth more than two
altermatives and applications to the trave! related chowes such as tnip destimation, trip
frequency, car owncrship, residential location and heousing (Rassan ef af., 1971; Ben-
Akiva, 1973; 1974; Brand and Manhemm, 1973; McFadden, 1974; Domencich and
McFadden, 1975; Richards and Ben-Akiva, 1975 and Lerman and Ben-Akiva, 1975).

The choice of mode for travel to work has been invetigated exiensively by many
researchers {e.g. Atherton and Ben-Akiva 1975; Ben-Akiva and Richards 1975;
Parody 1976; Train 1976; Daly and Zachary 1979).

2.2.3 Factors Inlluencing the Modal Choice
Bruton (1975) argued that three main faclors are responsible for the choice of mode
for personal trips. These are [irst, characteristics of the journcy that includes journey

length and purposcs; second, characteristics of the traveller which includes mcome



and! car owncrship: and third, characteristics of the transport system which includes
relative travel time, rclative travel cost, relative level of service, and accessiihily

mdices.

According 1o Paquette ¢t al. (1982) cited in Hoque (1997} the factors influencing of

mode choice have been classified into three groups. These are:

i. type of inp, which includes purpose, time, length, and oricntation with respect
to Central Busincss District {CBD)
ii. a trip-maker’s charactenstic, which includes income, occupation, auto
owncrship, worker per household, disiance from CBD and
1. relative level of services (LOSs) which meludes travel time, travel cost, and

accessibility.

Casc and Latchford {1981) further peinted out two cunltural or social aspects as the

influencing faclors on choice of mode in countrics of South East Asia.

1. The first 15 the status aspect. For example, Philippinos prefer to travel by hus or
jeepuey even though they might he ablc to travel by motor-cycle, however, to
be a incycle passenger is adjusted Lo be of high status.

ii. The second aspect rclates to the fear of criminal assault, Passenger, thereforg,

arc unwilling to share the vehicle with strangers.

McFadden (1979) had smdied the factors mfluencing the choice of mode and

tabulaled them m decreasing order of importance. Thesc arc:

i. wvariables with cntical explanatory power are lravel cosl, on-vehicle time, walk
time, transfer wait time, transit initial headway, number of persons in household
who can drive, determinants of altemative availahility {e.g., ability to drive,

auto required at work), and wage.



ii. variahles with impotant cxplanatory power are numbers ol transfers,
respondent’s relation to household head, employment density at work location,

suburban or urban, and family composition.

iil. wvariables with ambiguous explanalory power are household income, residential
population densily, CBD location with respect to residence, number of workers
in houschold, age of household head, rcliability of transpoertation mode,

pereeption of comfort, safety, and convenience and

iv. variables wilh low explanatory power are CBD work location, sex of
respondent, age ol respondent, work status of household head, generat attitudes

toward privacy, dclay, and safety.

2.2.4 Travel Choice and Behaviour Pattern

Brand (1976) mghhghted seven different issucs around which the research of travel
behaviour may be struetiured. The behavioural assumptions those need to study are
related to percephion, valuation and structure of choice, and possible conditioned or
leaned behaviour resulting from the stimul that give rise te the travel decision for

various household and individuai traveller.
The seven 1ssucs are:

1. What atinbuies of the travel chowce inlluence the amount of travel?

2. Are the attributes influencing the travel such as modes used te produce
transpofation perccived together with the travel choice or independently of travel
choice?

3. Are percewved values ol attnbutes that influence travel relaled to “objectively
measurcd” values and if so how?

4. What is the structure or set of the ravel cheoice from which the traveller actually
choose?

5. Do attributes mfluencing travel choice vary in their effect from a travel choice to

another?

11
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& Can travel be considered as the manifestation of a set of conditionad behaviour
that involves learninp and changes of behaviour overtime?

7. What arc the basic behavioural units those affect the finding of question no: 1 to 67

Brand {1976) also explained the state of interaction of travel behaviour, travel model

and chserved data.

Travel Modelling Diagram:

C—> 2. Chserved choicc: Individual travel
choice and aggropate travel pattem

ﬂ

<= 3. Alternative models rephcate
travel choices.

1. Travel behaviour and human
opportunitics

4. The rules of behaviour
implicit in travel models

Figurc 2.1 Travel Modelling Diagram
Source: {Brand, 1976}

Kanafani (1983} expressed that though choice is a complex process end very liltle
has been known about it, simplifications have been made to perrmt the analysis ol
travel choice using manageable quantitative models. In addition to that, cmpirical
evidences are still rare sinec the probabilities of controlled experimentation are very

limited.

Cholce process can be detcrministic and reproducible i.e. the potential driver is
repeatedly faced with the same set of alternatives and the choice will consistently be
the same. N alse assumcs that therc is a consistent and stable decision rule always
followed by the trip maker and this is similar to individual preference behaviour 1n

the micro-economics theory.

Stochaslic models, a far superior model for predicting travel bahaviour than the

former one, do not assume the consistency of the decision rule and rather incorporate

12



the randomness or stochastic fluctuation in the cheice processes though the sources

of the randomncss are still unknown,

1

Among others, Ben-Akiva and Lerman (1985) noted down the qualities

of hehaviour in three ways.

i. descriplive - il postulates how human being hehave rather than how they should

behave,

ii. abstract - it can be formalized in bemng behaved at particular eircumstances and

iii. operational — it can be expressed in the form of modcls with parameters and

variables thal ¢an hc measured.

Dl unforunately al present no umgue universally accepted theory can satisfy all
those conditions. They viewed choice as an outcome of a five-step sequential

decision making proccss:

i. decfinition of choice problem
il. generalion of alternatives,
jii. evaluatiom of attributes of the alternatives
iv. chowce,

v. implenentation

Thus a specilic theory of choice is a collection of proccdures that define the
following clemenis; decision maker, aliernabives, attributes of alternatives, and

decision rules.

However there can be some other factors influencing the decision rules such as
i. habit,
n. intuition,
lil. imitation of a leader,

iv. assumption of some form of conventional behaviour

13



As the number of possible modes increased it became necessary to know the eflects
of different pricing policies or operational charactenistics on therr ability o attract
passengers. This has led researchers to probe inlo the choice process followed by thp

makers both mdividually and in an aggregatcd manncr.

Bruton (1975) defined Modal Splil as the proportion of people availing diflerent
moies of travel. Tn the choice hicrarchy, the choice of mode comes just before the
‘choice of route’. There are primarily bwo ways to perform the maodal split analysis.

The ways are:

i. aggregate (viz. Modal Split Curve or Function Mcthod and Generalized Cost
Model Method) and
ii. disagprcgate

Tve Sherman et «f. {1982) in their rescarch on Disaggregate Travel Demand Model
{(DTDM) have mentioned the lollowing advantapes of the Disaggrepate Model over

the Apgregate Model. These are as lollows:
i. cconomy of data colleclion - since the details introduction about the individuat
is incorporated inlo response of sach respondent in a disapgrepate approach ,

the sample size required for disaggregate method is far less than aggregate

approach of modal split analysis.

ii. pelicy sensibility - improved ability to predict the effcet of policy changes since
the disaggregate approach deals with ihe detals of an individuals attributes and
probes into the behaviour patlern, 11 15 easier lo evaluate the impact of policies

on different groups or market segments.

u. flexibility - io meel different problems, needs and response time, it is not an
absolutc location model. Rather, il can take the advantage of the previcus

studies for both long-range analysts of issucs.

14



iv. transferability - potential for improved transferability of model estimation
resulis from one geographic area (o olher becaunsc unlike apgregate method the

maodel the behaviour of an mdividual of the population.

According to Kawamoto and Setti {1990), ihe disaggregate choice analysis approach
can be categorized into thrce types based on the assumption that whether
compensation can be made between the atinbules that influence the trip makers

decision.

i. Compensatory
ii. Non-compensatory and

1. Semi-compensatory

i. Compensatory
These models assume that time and cost arc compensatory attributes. The Logt and
Probit are the two most well known compensatery models. In these models each
mode has pot some utilitics associatcd which is again a function of variables thal
charactensed socio-economic characteristics and the mode attributes (travel cost,
comfort, safely ete.). The share of each medc is proportional to the associated utility

of the mode.

ii. Non-compensatory
They assumc that the cheice is based on the aitribute-to-atiribute comiparison of
available allernatives. It does not recognize the compensalory propeny among the

attributes. The examples are Lexicographic, Conjunctive, and Disjunctive models.

iil. Semi-compensatory
This modcl strikes a balance between the former two types of models. It is based on
the assumption that the trip-makers perceive and distinguish between two distinct
categones ol ulilihes viz.

a. nhinsic utility of a mode (comfort, salety and travel ime) and

b. utility of money spent to use a given mode (dependent on the characteristics of

the trip maker).
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This modcl also assumes that the compensatority is allowed only the atiributes of the

same category.

2.2.5 Disapprepate Behavioural Maode]

To differentiate a behavioural model based on the individual observations from a
behavioural model that use aggregate data, the former has been named as
‘disaggregate behavioural model’, Ruyjigrok (1979} has provided an operational

definition {or this class of modcl as:

a medel that deseribes individual choice amongst a {initc numbcer of discrcte
alternatives as a function of a numher of variables defined and measured on

the same individuoal level.

The terminolegy is, however, somewhat misleading due to use of the term
disaggrepate. 1t is considered as a rclative concept. To remove conluson, generally,

this ¢lass of models is now referred to as *individual choice modcls’ (Spear, 1977),

The fst work on mdividual choice modelling is credited to Warmer (1962). He
developed binary mode cheice models for threc scts of distinet bimary choice
situalion: 1. belween car and bus 2. between car and train and 3. between bus and
train. For each choice set the split was censidered between work and non-work trips
Lo CBD. His major concern was to examine the infleence on modce choice exeried by
three cconomic variables time, cost and income. Clher variables included in the
analysis were trip distance, age and sex of the inp maker. Wamer uscd a linear
discriminant model to obtain initial estimales for a bigary choice Logit model, which

he then eshimaled with non linear regression techniques.

Lisco {1967) was concerned with journey to work from a Chicago suburb to the
central area. His main objective was to put a value on commuters travel time. Like
Warmner he also used a inary choice model but employed Probit analysis rather than
Lozl analysis. The variables used in the model were time and cost dilferences of

modes, income, age, sex and [amily structure,

io
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In the same year, 1967, Quarmby used discriminant analysis and calibrated a linear
madel with the values representing the overall utilities of various factors. His work
was undertaken in Leeds with the specific intention of trying to estmate the
significance of different factors that influcnce mode choice. For that purpose he
considered (he various components of travel lime (walking lime, waiting time, in-
vehicle time) scparately, because they could be evaluated by the inp makers. He
tested three forms of time and cost variable {ratios, log ratics and difference) and
concluded that besi results were obtained by using the differcnce form of the ume
and cost variables. His modcl predicted existing modal split with a high degree of

accuracy.

Stopher (1969) carried out a survey on academic and administrative staff at
University Cellege, London, to discover the mosi important factors that are
considered by people in choosing their mode of travel to work. Four faclors were
found to be most imporant time, cost, comfort and convenicnce. As there are
difficulties involved in the quantification of comlort and convenience, he considered

omly time and cost for his analysis,

Rassam et af. (1971) calibrated a mullinomial logit model for the first time — to
analyze the choice hehaviour among multiple transporiation alternatives. There
application dcalt with the choice of four access modes to an airport. They calibrated
their models using both maximum hikeliheod techniques and by constrained lcast
squarcs Fegressions.

The modeliing procedure developed in 1979 by Hensher was based on the

probabilislic choice but the applicability was confined within two modes only.

Disaggrepate models are also aggregate since the population is aggregated according
o the parameter which indicate their socio-cconomic characteristics. Sometimes this
method 15 also referred (o as behavioural models, sincc this approach is bascd on two
behavioural faciors- the economics of eonsumer behaviour and the psychelogy of

chaice behaviour (Stopher and Meyburg, 1975)
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In 1984, while applying the multinomial Logit model in the city called Kacshiung in
the South of Taiwan, Lin assumed ihe utility function to be a linear one
{Bhattacharjee, 1994).

2.2.6 Functional Forms of Individual Mode Choice Models
The various mathematical functions of different models namely Logit, Probit, Dogit,
Generalized Extreme-Value and Nested Logit have been developed in individual

choice modelling. The models being considered in this study are Logit Model and

Mested Logil Model,

2.2.6.1 Logit Model

Wilh s ongin in the [eld of lometnics, the logit mede) has been ihe most popular
individual choicc modcl to date. It has heen widely used in recent years for the
analysis of travel demand, cspceially when this has involved mwore than lwo
altermatives. Initially it was developed for usc in a binary choice situation. Laler,
Theil {1969}, showed how the binary choice moedel could be extended (o multiple
choicc problems. For obvious reasons, onby the Multinomial T.ogit Model (MNL) is
being eensidered here. In denving the functional fonn of the MNL, it has been
assumed that random taste vanalion within the population of interest docs not cxist
and that thc cffcct of unohservable/unmeasurable attibutes of individuals and
allernatives are uncorrelaled across individuals or alternatives. These assumptions
amount to what has been deseribed as independent and identical distribution (11D) of
the error terms, whose mean value is zero. Specifying the random component of the
utility function in ihis way, McFadden (1974) derived the simple MNL model from
the theory of utility maxinrisation:

LA
5

S _ (2.1)

K

P(i)=

Where,

F {§) = Probability of choosing allernative f by an individual, out of a choice set with

a alternatives
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U =Utility index of speciflic mede, :

U, = Utility index of alternative choice modes

In recent ycars, many empirical studies using the above fanctional form have
appeared (for example, Rassam, et «f, 1971; Watson, 1974, Domencich and
McFadden, 1975 Richards and Ben-Akiva, 1975; Adler and Ben-Akiva, 1976; and
Absan, 1982). Afler Wamer, the work of Rassam et «f (1971} is considered as

leading to the most interesting and original probabilistic modcls of mode choice.

The logit transformation ol the utility function avoids the problem of unbounded
predictions. In companson to other transformations, o be discussed later, the logit
formulation 15 conceplually more aceeptable and easier o interpret. Its relative
compulational efficiency and simplicity bave helped it to become the most widely
used individual choice model. However, it should also be borne in mind that many of
the other models are of very recent development and so, naturatly, seme more thme

will be required for them to find wider use in practical applicatliens.

Allhough 1t has proved to be the most widely nsed model of individual mede-choice,
clarification of its structural/theoretical properties has revealed several weaknesses of
the MNL. The assumptions of the MNL model relating to absence of random taste
vanation and uncorrelated emror terms across altermatives and mdividuals, have been
criticized as bemng over resinelive. Among others, McFadden (1974) has shown how
these assumplions may lead o the violation of Luce's Axiom ofl Independence of
Irrclevant Alternatives (I1AY by the MMNL. The L1A property states that the relative
odds of choosimg one allemalive over anolher 1s unaffected by the presence or
absence of any additional alternative(s) in the cheice set. This property, however, 15
not unique to the MNL model, but is embodied in any sharc modcl, ¢.g., gravity
modcl. Spear (1977) has shown how casy it is to construct cxamples in which the TTA
properly yields Malse resulis, Sobel, in his example, considered the infamous problem
of the red bus versus the blus bus. He considered a market shared by car and red bus
in the ratio of 2:1. Then blue buses with everything identical o the red buses were

introduced to the bus line. One would expeci that the new market shares to be two-
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-
thirds for car and one sixth for each of the bus modes red and blue. However,
hecause of the TIA property, the MNL modcl will predict the cars new market share
to be only twice that of the red bus, not four times as large. In addition to this
problem there is also a potential major problem of biased estimation when the

distincliveness of the alternatives cannot be ensured.

Due to presence of the IIA property, the validity of the model in many travel demand
applications has been questioned, particularly in complex choice siluations where
diTerent degrees ol similarity exist among alternatives, In the very recent literature, it
has heen suggested that the ITA properiy is not necessanly a negative fealure of the
MNL model (McFadden, 1979, Stopher, ef of, 1981). It is in factl wseful for ihe
prediction of demand for a new altemative. The MNL model implicitly assumecs that
the allermatives within the choice set are substitutes, and if the choice model is
correctly specified, the ITA propeny is indeed a positive feature in that it 1cads to a
simple model structure. The probiem ariscs when either the alternatives are not clear
substitutes or the choice medel is incomectly specilied or combinations of both these
situations exist. As thesc situations may arise in most empincal applications of mode-
choice modelling, efforts have been made to develop model structures free of the TTA

properly, both within the logit framework and in entirely new structurcs.

The other assumption regarding the distribution of the error terms (that they arc
independently and identically distributed (11D)} may also be violated easily. If the
variance of an unobscrved attribule that affects choice is diflcrent across alternalives,
then the random error terms will not he identically distributed. For individual mode
cheice models, the unobscrved aliributes of comforl and convenicnce may be (aken
as examples that influence a choice but vary greatly among the alternatives. So, the
error lerms will not be idenucally distributed. Empincal investigations sugpest that
the magnitude of crror due to violation of IID is generally low (Horowitz, 1981).
However, extremie departurcs can have semous effects on model cstimation, Two
polential remedies have been supgested 0 circumvent the violation of D
assumption. One is within the framework of MNL. This involves the inclusion of

additional atinbutes in the model, in &n effort to achicve an explicit representation of




the vanables that allow the crmor torms to be non-111,. The other appreach to dealing
with non-11I> errors is to use a model which 15 not based on the T} assumption - an

obvious solubion.

2.2.6.2 Nested Logit Model

The nested modcl was introduced by Domencich and McFadden {1975). However, it
wag oniginally applicd by Ben-Akiva (1974), and Ben-Akiva and Lerman (1974} but
with a rclaxation of constraints. Ben-Akiva (1974} derived nested logit model as an
extension of the multinomial logit model designed to capture correlation among
alternatives. The nested logu model 15 a widely used form of Lhe discrete choice
model and has heen exiensively presented and described in the hteralure (g.g., Ben-
Aldva and Lerman, 1985; Lerman, 1984; Train, 1986; Oruzar and Willumsen,
1994),

The nested logit model is currently the preferred extension (o the simple multinomial
logit model. The appeal of the ncsted logit moedel iz its ability {0 accommodate
differential degrees of interdependence (i.c. similarity} betwcen subsets of
alternatives in a choice set. This ahility of the nested logit model reduces some of the
limitations of the multinomial logit model, specially the Independence from

Irrelevant Alternatives (ILA) limitation.

Watsen (1974) has shownt how a mullimodal choice may be thought of in {etms of &
hierarchy of biary chowes. In fact this hierarchy of binary choices is the concept
underlying the nested logit model. Both multingmial logit model (MNL) and nested
logit model can be represented as a tree stricture that represents all the alternatives.
The multinomial logit model treats all the alternatives cqually, whereas the nested
logit model deals altermative groups separately. Alternatives in the common nest
show the same degree of increased sensitivity compared to the alternatives ouwlside
the nest. The diffcrence berween a simple MNL model and nested MNL model can
be illustrated with the help ol the following two diagrams. Figure 2.2 illustrates the

mode] given by equalion {2.1). Threc modes have been imagined.
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Aclual modc choice Actual mode choice
Biis C Train Public Transport
Bids Trdin
Figure 2.2 Sumple MNL Model Figure 2.3 Nested MNL Madel

To build a simple MNL medel, it is conceptualized that each altermative is
independently cvaluated by an individual according to their respective utility

function. It is assumed that individuals select the mode of greatest value of utilily.

Howevcr, since the ulilities cannot be completely observed {or measured), an error
term is added to the deterministic part of the function. Given suitable assumplions
ahoul the distribution of these terms mentioned elsewherc, thc MNL model is
derived. There may be cases, where the alternatives are not completely independent.
In this situalion it is possible to postulate that a particular nested structure of choiccs
applics. Alternatively, the validity of all such possible nested structures, as well as
the simple {simultaneous) slructure, may be tested. Figurc 2.3 illustrates onc of the
possible (bul mosi likcly) nested structures in the same situation. Individuals are
assumed to choose one of the allemalives at the Towest level of the tree. Thus, they
also choose a limb. No assumption of equal choice set sizes is made at any point.

The mathemaiical form for a two- level nested logit model is as follows:

By lhe laws of probability, the unconditional probabhty of the ohserved choice made

by an mdividual 1s:

p-p, p (2.2)
where,

P, = the unconditional probabihiy of chowce n
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Pnjm = the conditional probability of choosing alterative n given that person has
selected the choice-set m

'm = the probability of sclecting the choice-set m

The lower lcvel choice in a neated logit model is a multinomial logit choice and can

be cxpressed as

fx, 'm LEFRE
e e
£ = —_— = (2.3}
fad oy ZGEIJIM Gf"

The upper level choice probability is then expressed as

ot nla 2.4
P = -

ZE I Tty

where,

Xnm = atiributes of the choices

Z = attmbules of the choice sets

1., = the inclusive value (log sum) of choice-setm, 7 =log zeﬁ"r m

Tu

B and = veciors of coeflicients to be estimated

t_ = the coefficient of the inclusive value of choice-set m.

a. Inclhasive ¥Value Parameter

The parameter 7 is referred io as the inclusive value parameter. The value of this
parameter should lie between zero and one (Gangrade er al, 2002). When the
parameter equals unily, the strucrure collapses to a multinomial logit model without a
nested structure, The levels are separated and presenl mdependent and separate
choice situations if the valuc of the parameter is equal to zero, If r <0, an ncrease in
the wtility of an allemative in the nest (ﬂ;'hich should increase the probabilily of the
nest being chosen), actually dinmmishes the probability of selecling the nest. In

virtually all choice modelling siluations, this is implausible. If r>1, an increase in
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the utility of an alternative in the nest not only increases ils selecilion probability but
also the selection probability of the rest of the alternatives in the nesi. That is,
improvements m one alternalive could increase not only the probability of that
alternative being choscn, bul some other alternatives would also gain a bigger share
(Ortuzar and Willumsen 1994), While this may be plausible under cerlain limited
conditions, it is generally not applicable to a wide variety of choice modelling
silualions. Therefore, the nesting structure that provides inclusive value parameter
cstimales between zero and one 1s generally adopted as long as the structure offers a

plausible behavicural framework and interpretation.

b. Maximum Likelihood Estimation
For the nested logil models, there are two ways to estimate the parameters of the

nesicd logit model using LIMDET, These are:

* [imited information maximum likelihood (LIML) and

+ Full information maximum likclihood (FIML)

A limited mformation maximum likelihood (LIML), sequential (multi-step)
maximum likelihood approach can be done as follows: cstimale [ by treating ihe
choice within branches as simple multinomial logit model, eompute the inclusive
values for all branches in the model, then estimale the parameters by treating the
choice ameng branches as a simple multinomial logit modcls. Since this approach is
a mulii-step cstimalor, the estimate of the asymptotic covadance matrix of the

cstimales at the sccond step must be eorrected.

The other approach of estimating a nesled logit model is the full information
maximum likelihcod (FIML}. In this approach, the entire model is estimated in a
single phase Tn general, the FIML cstimation is more efficient than multi-step
estumation. Until relatively recenily, sofiware for joint, full-information maximum
likelthood estimation of all the paramcters simultanecusly was not available. This
casc 13 no longer true; several computer programs are available for FIML cstimation

of nested logit models. The LIMDEP softwarc has the capability of estimating nested
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logit models using the FIML approach. Therefore, the models presented in this study

were all calibrated using the FIML catimaltion approach.

2.2.6.3 Goodness-of-Fit Criteria

In this section, discussion will be made of suilable tests of signilicance or goodness-
of-fit mcasures of nested logit model. Liou and Talvilie {1974) have suggested (hree
ways of evalualing the performance of such a# model, Firstly, the slatistical
significance of each parameter in the model and the model as a wholc should be
determined. Secondly, the reasonableness ol the magninude of the parameters of the
model variables should be examined. And thirdly, the cross-validation of the model

should be checked.

The sccond and third criteria will be considered firsi. There 13 no objective criterion
for judping the reascnableness of the magnilude of the parameters ol the model
varahles. It much depends on the vanable concemed. Judgment is somewhat
subjective. The sign of the parameter is also important. Fairly accurate prediction can
be made about the signs and the parameters should have their expected signs. One of
the major advantages of individual choice moedels is the prospect of their
transferability. A true choice model should be transferable. Rut due to the presence of
some idiosyncratic features of data, a model calibrated usiig one sel of data may not
have a good [0l with another sct of data. So, to ensure reliability of prediction, the

madel should be cross validated with different seis of dala,

I flerent goodness-ol-iit statistics have been proposed in the literature for evaluating
the statistical significance of a calibrated random-ulility mode-cheice model (for
gxample, Stopher, 1975; McFadden, 1979; Tardiff, 1976). These statistics
unforiunately are not as well known, nor as well defined as goodness-of- [l measures
for a lechnique like regression analysis. Nevertheless, they do provide a standard by

which altemative model formulations may be compared.

The sugpested carly test statistics were ¢-statistics for the parameters and a chi-square

statistic (or assessing the cntire model (Lion and Talvite, 1974; Stopher, 1975). These
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measures were found to be inadequate as a general method for assessing mdividual
choice modcls, Particularly, difficulties were faced for comparison among models of
dilfercnt specificalions. ln recent years, several new measures have been put forward.
At present the most widely used gencral pood-o[-fit measurcs are the log-likelihood
function, the likelihood ratio and McFadden's prediction success index. Besides
(hese, there are some others: the -2 log A test (for comparing medels of different

specilicalion), and multiple correlation coctficient,

The valoe of the likehihood function (L) is given by:

L=T[%7"% {2.5)
I

where,

£, = the probability that person ) would choose alternative 1 and
N, = 1ifiis chosen, atherwise 0.

PH. 1% found from the model.

The logarithm ef L is usually denoted L*. Seiting ail thc parameters to zero, the
corresponding L* is denoted as L¥(0). It represents a state in which all allematives
are equally likely. L*(0} is a large negative numher because of the way in which it is
defined. L* calculated with the parameters of the utilily function set to their
maximum likelihood estimated values is denoted L*(3). L*({) is a smaller negative

number and a value of 0 would ndicate a perfcet model.

The likelihood ratio index (also called pscudo-R*) has been developed and used (o

assess and comparc models. It 15 delined as:
pr=1-1*(B)/L* (0) (2.6)
Wwhere, p° is the likelihood ratio index {tho squared) and the oiher notations are the

same as above. The vaiues of p* however, cennot be judged in the same way of R

index. For a "well filted' model the value of ,t:u1 tends to 0. McFadden (1579} supoests
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that values of 0.2 to 0.4 represent an excellent fit. He has also developed a
classification test based upon assessing the number of individuals for whom the
highest estimated probability coincides with their actual observed choice.

-21ogh test is deflined as:

21ogh=-2L*M - L*M' {2.7)

Where,
L*M = log Iikelihood for the mode! with M vanables and
L*M'= log likelihood for the model with M’ variables, M being a subsel of M.

-21ogh is distributed like chi-squarc with M - M degrees of freedom.

1.3 Studies Related to Mode Choice in Dhaka City

In Bangladesh few studies have been undertaken on the fransport sector. Studies
relaled to mode choice modelling in Dhaka City have been given very hille
cmphasis. These studies arc not adequate to provide a comprehensive picture of the
mixed mode transporl situation and tralTic behaviour of vehicles. On the other hand,
most of such studies focused basically on the physical, cconomnical and social aspects

ol the different modes.

An allempt was made by Ara (1983} to [ind out the social and economic faclors
related with urban travel patlern and their relationship that influence the choice of
paricular iransport modes. In particular, (he author analyzed the travel behaviour of a

number of houscholds from some parlicular localities in Metropolitan Dhaka.

In this study, tolal family income appeared as a very important factor in determining
its member to choose the appropriate transpornt modes for different trip purposes. It
was found that in high-mcome group, private auto is the highest selected mode for
diffcrent purposes. In the middle income group, nckshaw is the highest selected
mode for different purposes. Members of low-income famlies make most of their

trips on foot.

27



Variation in age and scx also produced variation in choice of mode. For example, the
use of bus is mostly avoided by aged people and young children, considering safety
and convenicnce. Females avoid bus usc moslly because of less convenience,
privacy, and comfort. Femalc work forces within upper and middle income families
usually avord bus lransport becausc of its poor service quality. Working females
without any private or official transporl usually usc rickshaws for work purposes.
The transport ownership pattern in the family had an influence on their travel pattern.
Farmlies having private transport are less inlerested in using public hanspor like bus,

minibus ete., which oflen lack comfort and convenience.

Hoque (1997) tried to find out the factors that play important role and their
magnitude of influence in the modal cheice. He also developed modal cheice model
for the non-motorized trafTic especially for rickshaw. The author analyzed the factors
likc cost, safcty, lime saving ability, accessibility of the mode, and the comforl
affecting the modal cheice with Analytical Hierarchy Process {AHP) technique and
also analyzed the behavioura! patiern of the trip mekers’ and their altitudes towards
choice of available modes. The author found that among five most important factors,
cost was the strongest decisive factor in mode choice process. He also showed that
the personal variables like age, sex, income, family size and vehicle ownership were
well correlated and among all of these, ncome had been (he most prominent factor
influencing ihe weights of AHP. The author tried to develop different types of mode
choice behaviour for the work (rip in Dhaka City, specially the mickshaw end its
competitors. He developed five differcnt types modcls like nickshaw and auto
rickshaw, rickshaw and bus, rickshaw and tempo, tickshaw and car and rickshaw and
walk. Esrar {1992) developed home based trip generation models for Dhaka City. He

also studied the inter-relationships of trip generating variables of the city.

Another attempt was made by Yasmin ef af. (2006) who tricd to examine the nature
and extenl of the faciors that contribute to regular iransportation mode choice of the
public university students. n addition, the study was an atempl 10 develop mode
choice models of multinomial logit 1ype and used LIMDEP, an application software

{or calibration of the model.
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To develop individual medel choice model i.e. multinomial logit model, the authors
considered some variables such as socic-economic variables like sex, age and type of
the student, household income, household car ownership and travel auributes like
distance from homc to university, in vehicle travel time, out vehicle travel time
which includes access time, waiting time and egress lime, cost and lcvel of SETVIGE.
The mode choice model used above variables to estimate the trip proporiion of five
selecled major modes such as university bus, public bus, private aulomohile, auto
rickshaw and rickshaw that they werc the mam modal variations chosen by the
nniversity students in Dhaka City. The final model included the major variables
affecling the mode choice of the students. The shoricomings of final model were that
it could mot include cost variable which is very much important for choosing any
mode and utility function for private auto could not deseribe the vanables important

for it.
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3 Methodology of the Study

In erder to oblain the objectives of the study, a series of proccdures were adopted and

the methodology followed in the study is described below:

3.1 Literature Survey and Review

The first stage of the sludy starts with an extensive literature survey and review.

3.2 Concept Development and Formulation of Objectives

Dnfferent relevant studies and the literature have been reviewed in this study to
fammliarize with the theores of disaggregate travel demand model, discrete choice
models with the concept of nested logit model and their applicability in Dhaka City
context. For litcrature review, the Library of the Department of Urban and Regional
Plamming, the Library of the Department of Civil Engineering of Bangladesh
Umversity of Engincering and Technology (BUET) and the Central Library of RUET
have been visited. On the oiher hand, different journals and publications relaled to
transportation and (ransport mode choice have been collected from the difTerent web-
sites. Afler development of the concept three objectives have been formulated for the

study.

3.3 Selection of Study Area

The transportation literature sugpests that different user groups have differemt
characleristics with respect to commuting patterns as well as with respect to their
propensity to switch between travel options, In this regard, one user group like oflice
workers has been selected in the case study area. Because of the centralization of
many head offices as well as branch offices of public and private erpanizations in
Dhaka City, the number of office workers is increasing day by day. As a resull, the
workers of these offices makc up a large part of the iraffic and are expected to

continue their contribulion to traffic demand mito the future,

In this regard, this study was an attempt to constrct the mode choice model of office

workers ol private organizations. It did not consider mdividuals engaged in puhlic
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organizalions, because effice transport service is available to most of them (Uddin,
MH. &f af, 2004). As a result, oflice workers of privale organizations are a better

sample choice for understanding mode choice.

3.4 Data Collection

Data has been collected from both secondary and primary sources.

3.4.1 Secondary Data Collection

Secondary data in the form of documents was collecled for the research from olfices
of three private organizations such as Sheltech (Pvt.} Lid. (Sheltech), Enginecring
and Planning Consultants Lid. (EPC) and Building for Future Tid, {BFL).

3.4.2 Primary Data Collection

Prmary data has been coliected with a questionnaire survey of the office workcrs.
Due Lo time and resource constraints, the study considered a sample size of office
workers of private organizations. Based on standard deviation data from a previous
study (Yasmin et al, 2006) related to mode choice behaviour of public university
students and followmng a standard statistical rule (McGrew and Monroe, 1993}, it is
found that 250 can be taken as an appropriate sample size for this study. The

calculation for sample size is shown below:

. FARD
Sample size, # = (I] {3.1)

- [1 64518799046 Y’
0.5379

n= 250}
where,
n = Sample Size
Z = Level of Confidence
s = Standard Deviation

E = Standard Error
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The employees of three private organizations such as Sheltech (Pvt) Lid.,
Enginccring and Planning Consultants Ltd. (EPC) and Building for Future T.td.
(BFL} have been selected as samplc frame. In these three organizations, 250 office
workers have been surveyed randomly by using a pre-tested questionnaire, About 48
percent of respondents (24 pereent from each organization) were from Sheltech (Pvi.)
Lid. and Engineenng and Planning Consultants Lid. {EPC) (see Table 3.1). The

remaining 52 pereent were from Building for Future Ltd.

Table 3.1 Summary of Primary Data Collection Sites

Organizations Sample 8ize | Share in Total Sample (In
percentage)
Sheltech (Pvt.) Ltd. 60 24
EPC a 24
BFL 130 52
Total 250 100

Socio economic data included age, gender, educational qualification, status of job,
household size, and houschold income. Travel and mode choice data included
household car ownership, trip origin, trip destination, frequency of trips (weekly),
distance from home to oflice in ki, most frequently chosen mode and alternative
modes. It also ncluded in-vehicle iravel time, out-vehicle travel time including
access time, waiting time and egress time together), cost of travel in Tk., and level of
service meluding accessibilily, convenicnce, pnivacy, safety and comfort of primary
and different altcrnative modes. In this study only onc way trip (meming inp) from

honic to office was considered for travel and mode related data collection.

The transport system of Dhaka city is very diverse consisting of metorized transport
such as public bus, micro bus, private auio, auto rickshaw, taxi, human hauler, motor
cvele ete. and non motorized transport such as rickshaw, bicycle, van, walk etc.
(Uddm, M.Z. ef al., 2004). Travel and mode choicé data were collected for the study

on eleven altemative transport modes such as:
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s Public bus

» Micro bus

» Private aulo

*  Auto rickshaw
» Taxi

= Human hauler
« Molor eycle

* Rickshaw

s Bicyelo
* Yan
s Walk

Afier completion of questionnaire survey, data were edited, coded and computerized.
I'rom cbservation of the questionnaire it was found that the office workers choose
only five different modes from above as their pnmary as well as available altemative
modes. The chosen modes are

» Public bus

» Private auto

» Auto rickshaw

* Rickshaw and

s Walk,

For that reason, the remaining modes were excluded during data preparation. Then,
the study developed the trapsport mode choice model for office workers on five

dilferont modes,

3.5 Data Preparation

This section describes the preparation of data fram the travel survey as well as from
the socio-economic survey databases. [t addresses the major sleps in acquiring,
checking, and compleling the data in order to prepare it lo support mode choice

modelling and the sofiware used for this purpose. The study was an atiempt 1o
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indicate a sensible modal choice of the officc workers in Dhaka City under specific
cicumstances by calibration of nested logit model. The study also desecribes some
genenc analysis on the socio-economic and travel characieristics of the oflice
workers of Dhaka city. In (s regard, all collected data have to input and prepare 1n

computer for

i. generic analysis and

1, calibration of nested logit mode!

3.5.1 Data Preparation for Generic Analysis

Data were prepared for the descriptive analysis of socio-econemic and travel
charactenstics of office workers of Dhaka City using $SPSS 11.0. In this regard, the
survey data include a database file, workerstravel.sav which contains socio-cconomic
and mode specific data of 250 office workers. Data cncoded for the gencric analysis

using SPSS 11.0 are shown in the Appendix B.

3.5.2 Data Preparation for FIML Estimation of Nested Logit Mode!
At first, dala input was made using Microsoft Excel 4.0 for preparalion of a
comprehensive databasc for calibration of ncsted logit model. The estimation of

modcl was thereafler completed using LIMDEP.

1.5.2.1 Data Set Up
The arrangement of the data set for estimation of the nesied logit model is described
in this section. The variables considered for the estimation of nested logit madel by
usimg LIMDEP arc:
1. age of the office workers (in ycars)
ii. sex of the office workers
iil. educational qualilication ol the office workers
v, status of the olfice workers
v. family size of the office workers
v1. houschold income of the office workers (in Tk./month)

vil. household car ownership
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VIl

ix.

xi.
xii.
Xiii.
Xiv,
wv,
XVi.
XVii.
xviii.

xix.

g s pallie
distence from heme to office (in Km.)
in vehiele travel lime (in mins)
oul vehicle travel time (in mins)
cost of travel {in Tk.)
accessibility to the mode
convenience of the modc
privacy of the mode
safety of the mode
com{on of the mode
the choicc the office worker inade
total number of available alternatives the office worker have

the “number of the altemative™ for which the row data is created

Numcric and descriptive types of data of above variables were collected by the

questionnairc survey. But only numeric data are needed for calibration of logit modcl

by using LIMDEP. Ag a result, data with qualitative valucs were coded with

numerical values such as 1, 2, 3..........6. The assumpticn behind it is that increasing

number (1, 2,3....... 6} means increasing utilily.

The coding of nineteen different variables is shown below:

age = Age of the office workers in years

sex = Scx ol the office workers, 1= Male (= Fcemale

¢duqal = Educational qualification ol the office workcrs

1 = 1lliteratc 2=Classlto X
3=585.C 4=H.5.C

3 = Diploma 6 = Bachelor Degree
7 = Masters Degree £ =PhD

status = Status of the office workers,

1 =Full Iim; 0 = Part time

famsiz = Family size of the office workers

hhinc = Monthly household income in Tk,

hheow= Houschold car ownership

1 = Private automobile fi = None



-

dist = Dislance from home to university in Km

ivit = In vehicle travel time in mins

ovtt = OQut vehicle (ravel time in mins (adding access time, waiting time and egress
time together)

cost = Cost of travel in Tk,

access = Accessibility to the mode

1 =Very poor 2 = Poor
3 =Moderale 4 = Good
5=Very good °

convence = Convenience of the mode
1 = Very poor 2 =Toor
3 = Moderate 4 = Good
5=V¥ery good

privacy = Pnvacy of the modc
1 = Very poor 2="Poor
3 = Moderate 4 = Gond
5= Yery good

safety = Salcty of the mode
1 = ¥ery poor 2 =Poor
3 = Modemtc 4 = Good
5= ¥Yery good

comfort = Comfori of the mode
1 = Very poor 2 =Poor
3 =Moderate 4 = Good
5=Very guqd

Y = The choice the office workers made (the value will be “07 or “1” depending
upon the choice modc) {} = When the mode is not choice mode
1 = When the mode 15 choice mode
N1J = Total number of available altermatives the ofTice workers have.
ALTILJI = The “number of the alternative™ for which the row data is created. For this,
1 = Public bus

2= Private auto
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7 = Auto rickshaw
4 = Rickshaw
5=Walk

There is no requirement that the choice sets be the same across the individuals, but
the nested logit mode] requires a definition of a universal choice set, so the command
must contain the

: Choices = list of labels...

specification. The nested model structure does mandate one special consideration if
some onc is going to definc utility functions for branches (ys), ot limbs {zs). Singce
the datasels have one line of data for each alternative, the datascts must have morc
than one linc of data for the variables in any branch or limb. In thcse cases, the values

of 'y and "z' must be repeated for each allernative in the branch or limb.

As lor example, some variables considered for (he mode choice modelling are shown
ip tabular form (see table 5.1) which is prepared in Microsofl Excel 4.0. The data set

of 250 office workers is shown n Appendix C.

Table 5.1 Format of Data Entry for Calibration of Nested Logit Model

1D [ age | sex | edugal | hhine hheow | dist | ivtt | ovtt | eest | Y NLJ | ALTLI
— 53T 6 [13006] 0 | 300 |20 | 2 [2000]1 ] ! 3
55T T 16 (300001 0 200 |20 | 13 |2500] 1) 2 | 4
ST & [000| © {200 25] 0 [ 06 )0} 2 5
s T 6 [mo00| o |100( 50| 12 [1500) 1] 2 1
=TT 16 [13006| © |1000| 30 | 10 [§000] 0 | 2 3
T~z (4000 0 |20 15| 01 00 |1p1 5
asol20 11 2 |aoco| o | 25|50 o0l 5

Sowce: Field Survey, 2008

As for example, the second employee has 2 alienatives available and he chooses the

«Rickshaw™ alternative as primary mode. In NIJ columu, 1 has value of 2 in ali
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rows for the second cmployee. and in the Y it has & value of “1” at valic 4
{Rickshaw) in ALTLJ column.

For the third person, he has also 2 alternatives, so every rows have the value 2 in the
NIJ column, and he chooses Public Bus as primary mode (have a value “1” in the

columm Y at 1 {Pubhc Bus) in ALTLS colunm,

Data input of two hundred and Rily office workers has been made using code in

Mucrosolt excel 4.0 for preparation of a comprehensive database.

3.3.2.2 Data ITmport io LIMDEP

Data input of the above variables was done using Microsoft Excel 4.0 and impori (o
LIMDEP 7.0. In the LIMDEP data sheel, there are ninetecn vanablcs, 250 samples /
obscrvations and 378 cases. Now, data is fully prepared  for estimation and

calibration process o mode choice of the office workers of Dhaka City.

3.5.2.3 Model Command for LTMDEFP

After importing the dala seme model commands including hypothetical utility
functions were writien for the modecl estimation using LIMDEP. For FIML
estimation of two level nested logil mode! the hypothetical utility functions include
the equation for alternative choices as well as for branches. The cquations for
branches were specified exactly the same as those for alternatives. For example, in a
two level model, the eqmation for branches might put the demographic
characteristics, such as income or family size, at the top level. A complete modet

might appear as follows:

U(pub_bus)=A0+AT*HHINCHAZ*IVTT+AZ*QOVT T+AL*COST
Utpri_auto)=B0+AI*HHINC +B1*IVTT+B2*OVTT+R3*COST
Ula_rick J=COHA T*HHINC+ CI*IVTT+C2* OV TT+CI*COST
Ulrick)=A1*HHINC + DI*[VTT+D2*COST
Ufwalk)=ECG+E1*AGE +E2*SEX
U{public)=FO+AB*HHINC+BC*SEX
Ulpnivate)=G0+CD*HHINC

U{nmt}=DE*HHINC+EF*FAMSIZ
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where,

Ulpub_bus) = Utility index of public bus

Ulpri_auto) = Utility indcx of private auto

U{a_nck) = Uttlity midex of auto rickshaw

U{rick) = Utility index of rickshaw

Utwalk) = Utility mdex of walk

Ufpublic)= Utility index of public transport

Ufauto)= Utility indcx of auto

Uinmt}= Utility index of non-moterized transport

A0 = Constant for public bus -

Al = Co-eficient of household income of the family (HHINC)
A2 = Co-eflicient of in-vehicle travel time of public bus (TVTT)
A3 = Co-cflicicnt of out-vchicle travel time of public hus (OVTT)
A4 = Co-efficient of cost of public bus (COST)

B0 = Constant for privatc auto

B = Co-efficient of in-vehicle travel time of private auto (TVTT)
B2 = Ce-efficient of out-vehicle travel time of private aute (OVTT)
B3 = Co-efficient of cost of privale auto (COST}

C0 = Comslant for aulo nickshaw

C1= Co-cfficicnt of in-vehicle travel ime of auto rickshaw (IVTT)
(2= Co-efficient of out-vehiele travel time of auto nckshaw {OVTT)
C3= Co-efficient of cosi of auto rickshaw (COST)

D1 = Co-efficient of in-vehicle travel ime of rickshaw (IVTT)
D2 = Co-efficient of cost of rickshaw (COST)

EQ = Constant for walk

El = Co-efficient of age of the respondent (AGE)

L2 = Co-cfficient of sex of the respondent (SEX)

FO = Constant for public transport

AB = Co-efficient of houschold income of the family (HHING)
BC = Co-eflicient of sex of the respondent (SEX)

() = Constan! for pnvate transport

D = Co-cfficient of household inconie of the family (HHINC)
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DE = Co-elficient of household income of the family (HHINC)
EF = Co-efficient of sex of the respondent (SEX)

3.5.2.4 litility Functions
Utility function is very important parl of logit mode] estimation. There are some rules

to definc a utility funclion.

{2 1p the above example, there is A0, BO, C0 and EOQ that represcnts the constant,
There is no DO in the utility function for Rickshaw, U (rick). Because there is
an cffect called “Independence of Irrelcvant Allernative (ILA)”. It is an
important property of logit modcl. Because of this property there should be
“one constant less” in the utility functions. It could be anywhere {i.e. for any

mode}, but same n all models.

i, Inthe utibly function A1, A2, A3, Bl ...D1, E1 ctc represent the coefficients of
the variables and the uppercasc names represent the name of the variables. The
next important thing is that different variables might affect different modes in
case of choosing them. Therc are two kinds of variables: Generic variable and

alternativc specific mode variable.

For example, ‘household income (HHINC) is a “generic vanable” which might
have effect on any alternative mode. So it can be included in all five utility
functions. But becausc of “Independence of lmrelevant Altemative (IIA)” this

variable should be specified for {n-1} mode.

But “in-vehiclc travel time for private auto (IVTT)’ has no effect for choosing a
“Rickshaw™ alternative. So in the utility function LVTT should be declared as a

mode specific varable.

There are nineteen variables potentially available for the office workers® mede choice
in the data sel. Considering different variables (as generic or altcmative mode
specific variables) for different modes many model speeilications were estimated

using different utilily functions.
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3.6 Data Analysis
The study includes two types of analysis:
fi. genenc analysis and

w. calibration of mode choice model using nested logit model

3.6.1 Generic Analysis

The generic analbysis of socio-economic and travel characteristics of office workers of
Dhaka City has been presented using tables and figures prepared with the soflware
Statistical Package for Social Science (SPSS) 11.0 and Microsoft Excel.

3.6.2 Calibration of Nested Logit Model

A full information maximum likelinood (FIML) approach has been followed to
develop the nested logit model. The FIML estimation is thc most efficient siatistical
approach, because the differcnt nesls are estimated simultansously as opposed to
sequentially in the limited information case (LIML). In this approach, the entire
model is cstimated in a single phase. Several computer programs arc avullable for
FIML cstimalion of nesied logit medels. The LIMDEP software has the capability of
estimating nested logit models using the FIML approach. Thercfore, the models

presented in this study are all calibrated using the FIML estimation approach.

Several model specifications have been constructed considering the s0Cio-gconomic
variahles and transport mode specific variahles. Then, lhe models have been
cvalusied (o reach final model by trial and error process i.e. by adding or deleting the
variables from the specifications. After that, the models have been sclected bascd on
the expected sign, ¢-statistics (level of sipnificance) and goodness of fit test. And
finally nested logit model can coniribute by extending two choice modcels for the

office workers.
3.7 Recommendations and Concluding Remarks

Finally, the study formulates some recommendahions and improvement mMeasUres

related to mode choice facilitation of office workers.
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3.8 Activity Flow Chart
Figure 3.1 Aciivity Flowchart of the Study
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4 Study Area Profile

Differenl public and private offices are a major pull factor for rural-urban migration
in Dhaka City. The employees ol these offices gencrate a lot of traffic in Dhaka City.
In this regard, the sludy was an attempt to develop (he transport mode choice model
for office workers which would indicate ihc demand for dhflcrent transport modes.
The study excludes the office workers of public organizations because most of the
public offices have their own transport for employees. Office workers of privale
organizations were sclected as sample units 1o develop the transport mode choice
model. Being concern to the limitation of hme and resources, ibis study delimits its
scope of investigation in ihe three private organizations such as Sheltech (Pvt.) Ltd ,
Enginecring and Planning Consultants Ltd. (EPC) and Building for Future Ltd.
{BFL) of Dhaka Cily.

4.1 Location of Three Private Organizations

The locations of the headquarters of the three private organizations are shown in Map
4.1

4,2 Overview of Sheltech (Pvt.) Ltd.
Sheltech (Pvt) Lid. (Sheltech) is a multi disciplinary fGrm engaged in various

activities rclated o real esiatc development, consultancy, conslroction and other
associaled busincsses. Tt was established in 1988 as a rcal estate {irm {Sheltech,
2006}. Since that time the firm has steedily consolidated its expertisc in developing
projecis and Lias gained a high reputation in successfully completing its assignments.
It is one of the pioncers of the housing industry n Bangladesh, and a founder

member of Real Estatc and Housing Association of Bangladesh (REHAB).

4,2.1 Major Fields of Activities
Sheltech offers all fill range of services from preject conceplion to completion
including physical survey, project identification, feasibility sludy, planning, detailed
engmeering, bid documentation, construction supervision, project management, post
evaluation etc. (Sheltech, 2006).
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Maop 4.1 Locaions of Three Private Organizations in Context of Dhoka City

DHAKA CITY
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Source: Banglapedis, 2008
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Shellech (Pvi) Lid. has developed a wide range of capabilities in the field of Design
and Consultancy. Some of the sectors of work of Sheltech arc outlined in Table 4.1.

Table 4.1 Major Field of Aclivities of Sheltech

Archilecture: Environmental: Waste Waler:
« Architectural Design « Environmenial hnpact « Proccss Technology
» Landscape Design Agssesament s Sewer System
« Interior Design + Epvironmental Tnfonmation « Pressure Pipelines
« Lightmg System » Pumping Stations
» Acoustics « LEnvironmental Auditing and + Recycling
Accounling

» Environmental Economics

« Plan Development
Urban Planning: Physical Planning: Infrastructore:
« Survcying » Land and Studies » Roads, Bridges and
« Zomng « Socio Impact Assessment culvert Design
+ Urban Planning « Trrigation and Drainage e Drainage Systems and

« Urban Devclopment « Land Development for Shelter Pnmping stations

Regional Planning Promotion + Traffic Control and
Management
+ Transport and Traffic
Studies

« Transporl Planmng

. . . Management and
Engineering Design:  Solid YWaste Management:

Maintenance:

« Foundation Desipn  » Collection and Transporiation  » Quality Control

« Structural Design + Wastc Separation » Damage Analysis

« Electrical Design « Incineration and Composing  « Education and

» Samiary and » Recycling and Biogas Training
Plumbing Design » Manare » Maintenance and

« Aircenditioning and Consullancy

Refrigeration
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»



A — -~ . L

Potable Water: Information Technology: Economic Planning:

» Water Resources « Computerization Analysis + Feasibility Analysis

s Punficalion « Computerization Consultancy « Operational System

» Supply Systcms » Education and Training « Financial Analysis

« Betler and Improved « 3D visualization » Budgeting and Cost
water and Sanitation Monitonng
Program s Conlract Doguments

« Arsenic Mitigation
Source: (Sheltech, 2008

4.2.2 Organization and Management

All teclmical and administration activities of the company are supervised and
monitored by the Chairman, Mr. Kutubuddin Ahmed and the Managing Director, Dr.
Toullg M. Seraj (Sheltech, 2008).

4.2.3 5tall Resources
Currently the firm has over 300 professionals including Engmeers, Architects and
Planncrs and management siaffs (Sheltech, 2008}, Morcover, a skilled and wel

trained work foree of about 3000 workcers is currently employed at various projects of

Sheltech (Pvt.) Ltd.

4.3 Overview of Engineering and Planning Consultants Ltd.

Enginecring and Planning Consultants Lid. (EPC) is a repuled Multidisciplinary
Consultancy Organization, established i early 1979 with (he aim at oflering
consultancy services for research studics, survey and development planning,
feasibility studics, detailed design, implementation monitoring, benelit monitoring
and evaluation and impact assessment of projects in the couniry and abroad (EPC,
2008). Accordingly, since inception, EPC has been providing services with the latest
innovative method, techniguc and praciices in the various sectors of national
economy covering waler resources, agriculture, forestry, fisheries, urban and rural

development, physical planning, architecture and infrastructure, water supply and

4
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4.3.1 Major Fields of Development Activities

The major higlds of development activities of EPC are shown below:

= Water Resources Development

= Water Supply and Senilaticn

s Agriculture

+ Fisherics

= Forestry

= Rural Development

+ Urban Development and Physical Planning
+ Municipal Development

+ Sewcrage and Wasle Dhsposal

+ Roads and Highways

« Dndges, Culvers

» River Basin Development

+ Environment

+ Socio-Economics

+ Port Planning and Development

+ Buldings and Structures

EPC offors all full range of services from survey and investigation, master planning,
pre-feasibility and feasibility studies, financial and economic analysis, detailed
design and specification, preparation of tender contract documents, supervision and
quality centrol, training, project management, projcct beneiit monitoring and impact

evaluahon.

4.3.2 Organization and Managementi

All technical and admirusiration activities of the company are supervised and
manitored by a group of dirﬁcturs, full-ime professionals with long and owstanding
career in the field of private sector consultancy. Each of the directors heads a particular
branch of discipline and maintaing a continueus and cifective conirol on all activitics

throughout the duration of the project.

L
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4.3.3 StaiT Resources

The firm has a staff of approximately 133 professional and technical persennel. Most
of the senior professionals have overseas experience or degrees (EPC, 2008). The
multidisciplinary staff members of the firm are organized in difTerent sections and
professionals are encouraged te maintam ¢lose contacls with their universities or
research insiitules in order to keep pace with latest developments in their respective
discipline. In additien, EPC maintains a retinue of highly qualified censullants from

scientific and professional institutions.

4.4 Overview of Building for Future Ltd.

Building for Future Ltd. (BFL) is one of the prominent real estatc devcloper
companies of the couniry. It starled iis journey in 1994 with the aim to develop the

construction lechnology to a world class standard {BFL, 2008).

BFL startcd computcrization to systemize the organization inlo 3 corporale since
2000 and at presemt it 18 in a matured siage. The financial-management and
accounting system is transparcnt and able to provide all sort of back up information
needed for internal departments. The Engincering department is capable 1o meel any
technical difficullies regarding construction with the engineers who are continuously
checking the quality of the matenals, techmiques and skill of labour, time schedule
for cach job. They put all their informalion into the computerized data bank. The
markecting and sales deparimenis also record their activities to the main stream of
infonnation. This customized MIS cnables the company o 1ake appropriate decisions

and to move {aster.

4.4.1 Major Fields of Activities

The mam activity is to build modem architcctural structures with the infusion of
latest {echnologies. The company alse ensurcs sephisticated facilities and comfort
keeping in mind the needs of the valued clients in order to make their living

coanfortable with environment friendly aimosphere.
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4.3.3 Stafl Resources

The lirm has a stalf of approximately 133 professional and technical personnel. Most
of the senior professionals have overseas experience or deprces {EPC, 2008). The
multidiseiplinary staff members of the firm are organized in different sections and
professionals are encouraged to maintain closc contacts with their universitics or
research institutes in order 1o keep pace with latest developments in their 1espective
discipline. In addition, EPC maintains a retinue of highly qualified consultants from

scientific and professional institutions.

4.4 Overview of Building for Future Lid.

Building for Fulure Ltd. {(BFL) iz one of the prominent rcal esiale developer
companics of the couniry. It started its journey in 1994 with the aim to develop the

construction technology to a world class standard {BFL, 2008).

BFL started computerizalion to systemizc the orgamization into a corporale since
2000 and at present it is m a matured stage. The fnancial-management and
accounting sysiem is transparent and able to provide alt so of back up information
needed for internal departments. The Engineering department is capable (o mect any
technical difficulties regarding construction with the engineers who are continuously
checking the quality of the materals, techniques and skill of labour, time schedule
tor cach job. They put all their information into the computerized data bank. The
marketing and sales depariments also record their activities to the main stream of
information. This customized MIS enables the company to take appropriaie decisions

and to move [aster.

4.4.1 Major Fields of Activitics

The main activity 1s to build medem architectural structures with the infusion of
latest technologies. The company also ensures sophisticated facilities and comfort
keeping in mind the needs of the valued clienls in order (o make their living

comfortahle with environment friendly atmosphere.
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.
4.4.2 Organization and Management
There arc scven divisions such es human resource and administration, finance and
accounts, engincering, marketing and product development, land procurement, legal
and documentation and sales. The Chairman, Kazi Anisuddin Igbal, is the key person
for designing and supervising all the projects of BFL. The Managing Director,

Tanveerul Haque Probal, has been administering the company.

4.4.3 Stafl Resources
BFL has approximately 250 professional and tochnical staff. Moreover, a skilled and

well trained work force of about 2000 workers is currently employed at various

projects of BFL (BFL, 2008},
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Generic Analysis
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§ Generic Analysis

A questionnaire survey was camied out an the office workers' socio-ecomomic
background and different wravel atiributes of their imnsport modes. Survey was
carried out with a toal of two hundred and fifly trip makers from difTerent income
classes of three private orpanizations in a mndom manncer. Folfowing sections of this
chapter provide a generic enalysis of the socio-cconomic and travel characieristics of

the ofTice workers based on Ihe guestionnnire survey.,

5.1 Socio-Feonomic Characteristics of OfTice Workers
This section describes the socio-cconamic background of the 250 office workers

using Tables and Figures.

5.1.1 Ape af ihe OiTice Workers

Figure 5.} shows that most of the ofTice workers (about 75.6%) were very young in
age. [t con be seen from Figure 5.0 that nbowt 52.8 and 22.8 pereent respondents were
between 25 to 35 yeors and less than 25 years age group respectively. Only 3.6

percent respondents were more than 55 years old,

. - -
Fipure 5.1 Ape Gmup Ilﬁinlmtmn of the OMice
Yorkers !
':—m-—-‘
Ll
o
E L1
§ 40 DLess than 24 yn |
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g}
g 0 O 4. sssm
C 10 il\'lmtt Hyr:
[
¥ 0

0
L AE poupd

Soarrce: Hekd Survey, J00%
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%.1.2 Gender of the (Mice Workers

Though the questionnaire survey included all female workers emploved in the three
privawe organizations, the number of fomale office workers was significantly less
than that of male workers. Figure 5.2 shows that cut of 250 office workers only 10%
were female where as 90% ot the respondents were male. From the Table 5.1 it is

also revealed that most of the female employees were also young like male.

Table 5.1 Age Group Distribution by Gender of the (MTice Workers

Agc groups Frequency of Gender of the Students
Officc Workers Female [n Male In
Percenlage Percentage
Less than 25 yrs 37 9 i6 48 19.2
25-33 vrs 132 14 3.6 118 47.2
35 - 45 vrs 36 1 0.4 35 14
45 - 55 yrs 16 l 0.4 15 6
More than 55 yrs i - - o 3.6
T'otal 250 25 10 225 o0

Souree, Fleld Survey, 2003

Figure 5.2 Gender of the Office Workers

0%

10%

Female @ Mak

Source: Ficld Sur ey, 2008
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[
513 Relipion of the OfMce Workers

From Table 5.2, it is visvalized that sboul %4% respondents were Muslim and the
remaining 6% respondents were Hindu.

Table 5.2 Helighon ef the OfMice Werkers

Religion Frequency of Office  In Percentage
Workers

Muslim 235 94

Hindu 15 6

Christian - -

Buddhist . -

Total 250 100

Sourre; Hicld Survey, 2008

5.1.4 Educational Qualilication of the Office Warkers

As Dhaka City has become g hub of commerce, business and education, the ey
rate in Dhoka is higher (about 68%) than other urban centres (Uddin, M.Z ef af.,
2004). Since this siudy also includes the office workers of three private organizations
located in Dhakn City, the study shows the same scenario. From Figure 5.3, il is
revealed that about 248 (98.2%) office workers were educated. Only 2 respondents
{0.8%) were illiterie, On the olher hand, about 41.2% and 27.6% respondents werne
obtained bachelor degree and masters degree respectively.

Fipure 5.3 Edvenatinnal Qualification of the OiTke
Worker

—l

4%

i Migerme

% of Offce Worken

Educatinal Qualification

Sourexr:! Field Surves, 2008
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5.1.5 Job Status of the Office Workers
Amaong 250 respondents only 2 respondents {0.8%) are part time office workers (see
Table 5.3}

Table 5.3 Joh Status of the (ffice Workers

Jub Status Frequency of Office Workers  In Percentage
Part time 2 0.8
Full time 248 992
Total 250 100.0

Souree: Fleld Survey, 2008

£.1.6 Monthly Income of the OTice Workers

Income has been found to be the most influencing factor in one’s travel decision. It
was found that there were also significant variations in demand and travel behaviour,
according to the income group. For that reason this study tried to include the office
workers of all income groups i.e. lower income to higher income. The study
considered three income groups such as lower (less than Tk. 10000}, middle {Tk

10001 - 200003 and higher income group (more than Tk, 200000,

Frgure 5.4 Income Group of the office Workers

42%

Lower
W Middke
O Higher

¥

Souwrce: Field Survey, 2008
Figure 5.4 shows that among the respondents the lower income group was the largest

{42%). Middle income group was in second position (34.8%) and about 23.2%

respondents were from higher income group.
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5.1.7 Vehicle Ownership of the OTice Workers
Vehicle ownership of the oftice workers determines their accessibility and hence. it is
a significant factor in mode choice behavior. Cut of 230 samples, only 33 office

workers (13.2%) have their own privalc automobile {(see Figure 5.5}

Figure 5.5 Family Yehicle Owne rship of the
(Hfice Workers

37%

13%

O T ale oo W@ Mooe ]

Source: Field Sun cy. 2008

5.2 Mode Preferences Based on  Diflerent Socio-Economic

Conditions of OfMice Workers

Different research has repeatedly found that travel choices are related to socio-
economic characieristics. With a view to considering those factors in the analysis, the
office workers were asked about their sociocconomic conditions and their transport
mode preferences. The following section discusses the results using Tables and

Figures.

5.2.1 OMice Workers Age Group by Most Frequently Chosen Mode

Though in gencral age is considered very important factor for transport mode
selection. ti was found from this study that the majority of the respondents of
different age groups choose public bus as their primary transport mode {see Figure
5.6). There is no significant variation in choesing of primary mode by age. From

Figure 5.6, it is seen that the respondents of yvoung age choose public bus as their
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primary mode and the pereentage of choosing walk as a primary mode is decreasing

with the increasing of age.

Figure 5.6 shows thal among 250 respondents most of the effice workers (51.6%)
were benween 25 to 35 wears of age. Among them. most of the respondents {30)
choose public bus as iheir primary travel mode {see Table DS, Appendix D). The
second highest primary travel mode for the same age group was walk. On the other

hand, among 28 privale auto owners, 10 respondents’ were from this age group.

Figure 5.6 Ape Group Distribution by Most Frequently

Chosen Mode
&)

Bl "
= !
2 :
H :
¥ 0 . e
£ ! B Public bus
= 40 ) .
E 20 W Prvate auto
E 21 O Autn rickshaw
= O Rickshaw
E o

B Walk

04

Liws tham 25-3% 35-43 4553 More than
25 55

Apge Groups

Source: Tield Sorvey, 2004

5.2.2 Gender of the Office Workers

It is evident that mode choice is highly influenced by gender and female are more
inclined W choose a comforlable mode (Paderson er af . 2004). This study also
comply with the previous study that females are always interested 10 choose the
comlortable iranspon mode. From Figure 5.7, it is found that the female response
towards choosing private auto, auto rickshaw and rickshaw was higher than the male
workers. On the other hand, the female response to choose public bus and walk as

primary mode was lower than the male workers.
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Figure 5.7 Yaration of Mode Choice with Gender

6t 53.3%
50
410 4
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B l-emale
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W Male

% of Office Workers
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Publc bus  Privale Anty  Rickshaw Walk
Ut riekshaw

Source: Field Survay, 2008

5.2.3 Educational Qualification by Most Frequently Chosen Mode

From the study it is found thal the respondents whose educational qualifications were
illiterate, Class Iio Class X, Secondary Schoot Cemificate (5.5.C), tHigher Secondary
School Certifigate (H.5.C.) and Diploma degree, had not any privale auto and they

did not choose the auto rickshaw as their primary mode.

Tahle 5.4 Relation between Education: Qualificalion and Most Frequently Chosen

Mode

Educational Most frequently chosen made Total
Cualification of
the Crffice
Workers

Public bus Private auto  Auio rickshaw  Rickshaw  Walk
Hliterate - - - - 2 2
Class I to X 11 - - 1 24 i6
5.8.C 6 - - 1 9 16
HS.C 4 - - 1 6 11
Diploma B - - 3 - 11
Bachelor Degree &3 11 4 14 11 103
Masters Degree 37 15 3 11 3 60
PhD - 2 - - - 2
Total 129 28 7 31 55 250

Source; Field Survey, 2008
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From Table 5.4 it 15 scen that most of the respondents of these groups choose walk as
their primary mode. In addition, the second most frequently chosen primary mode is
public bus for these groups. Most of the respondents who had bacheler and masters

degree (83 and 37 respectively) choose public bus as their primary mode.

5.2.4 Job Status of the Oilice Workers
Among 250, only 2 respondents {0.8%5) were part time office workers (see l'able
5.3). Among them, onc choose private auto as his primary mode and another choose

rickshaw as his primary mode.

Table 5.5 Relation between Job Stadus and Most Frequently Chosen Mode

Job Status Moat frequently chosen mode Total % of

Public bus Private Auto Rickshaw Walk Total

auto  rickshaw

Parl time - l - 1 - 2 0.2
Full time 129 27 7 30 55 248 992
Total 129 28 7 31 33 250 1000

Sourve: Field Survey, 2008

5.2.5 Monthly Tncome of the Oflice Workers

From the Figure 5.8, it is scen that the rate of choosing public bus, rickshaw and walk
as the pritmary mode decreases with the increasc of monthly income of the
respondents, On the other hand, the ratc of choosing private auto and auto rickshaw

increases with the increase of monthly income of the respondents.
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Higure 5.8 Mode Choice Variation with Income
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Source: Field Survey, 2008

5.2.6 Vehiclc Ownership of the Office Workers

An interesting finding has been shown in the Table 5.6, It is believed thal very high
income persons, who have easy access (o privaie auto, arc more likely not to use
oiher modes because of factors like privacy, safety ete. But, Trom this study it is
found that three respondents had their own private avta, but they choese public bus

as their primary mode and they used the private auto occasionally (see Table 5.6).

Table 5.6 Relation hetween Yehicle Ownership and Most Freguenily Chosen Mode

COhwnership Most frequently chosen mode Total

Public bus Private  Autp  Rickshaw Walk

auta  rickshaw

Private auto 3 28 - 2 - a3
MNone 126 - 7 29 55 217
Total 129 28 7 £ | 35 250

Source: Field Survey, 2008
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5.3 Mode Preferences

5.3.1 Maost Frequently Chosen Mode

Figure 5.9 shows that public bus {52%) was the most frequently chosen mode of the
office workers. 1l is very intercsting that walk (22%) has been chosen as their
primary iransport mode afier the public bus. About 12% ard 11%% respondents choose
rickshaw and private auto respectively as their primary mode shown in Figure 5.9,

Only 3% olfice workers choose auto rickshaw as their most frequently chosen mode.

Figure 5.9 Most Frequently Chosen Mode of the
Office Workers

52%

O Public Bus
W Privite Auto
O Auto Rickshaw
B Ricks b
18 walk

2%

11%

3.3.2 Altcrnative Modes
The five modes in the study were Public Bus, Private Auto, Auto Rickshaw,
Rickshaw and Walk. These modes were not only uscd as primary modes by the office
workers but also they used these as their alternative modes. According to the
percentage of ollice workers, thel, results have been ranked and arc shown in Table
3.7

Table 5.7 Altecrnative Modes of the QfTice Workers

Name of modcs Frequency In Percentage Rank
Public Bus 16 12.8 3
Private Autg 5 l.a 5
Auto Rickshaw 53 424 1
Rickshaw 48 384 2
Walk & 4.8 4
Total Response 128 100

Source; Fleld Survey, 20K
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Kigure 5,10 Alticrnative Modes of the Office
Workers

B Public Fus

& Private Auto

0O Auto Rickshaw
O Rickshuw
HWalk
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On the basis of this ranking, auto rickshaw was mostly used as alternative mode and
then rickshaw has the second pretercnce. Public bus was in thind position as an

alternative modc.

5.3.3 Supporting Modes with Most Frequently Chosen Mode

Most of the office workers used suppering mode with their primary mode especially
with public bus and auto rickshaw. Table 5.8 shows ihat 136 olfice workers wse
supparting mode with their primary mode, From ‘Table 5.8. it is seen that the majority
{38%) of the bus users reached the bus stop by walking. In addition. about 7 oftice
workers use supporling made with auto rickshaw, among them most of the office
woarkers (86%) used walking as their supporting mode to reach 1o auto rickshaw. Asa
result, it is found trom the study that walking was the mosi prominent mode as the
supporling mode.

Tahle 5.8 Supporiing Mode with Most Frequently Chosen Mode

Supporting Modes Maost frequently chosen mode Total
Public %o Auto %o
bus rickshaw
Rickshaw 54 42 1 14 55
Walk 75 58 & 86 81
Total 129 100 7 100 136

Source: Field Survey, 203
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5.3.4 Time Spent to Reach to Most Frequently Chosen Mode

From Figure 3.11, it is found that majority of the respondents {(40% and 41.52%) can
reach their chosen mode by rickshaw wilhin 10 minues. Besides. most of (he
respondents (56.8% and 38.3%) can find their primary mode within a convenient

walking distance which takes time up o 10 minutes.

Frgure 5.11 Time: Spent to Reach to Chosen Maode
56.8

60 -
A0
40

30

®n ol THTice Workers

B Bickshaw
‘ Walk
1.2 .

<ASmin F-T0min T0-15mun 13- Himin 23 -25min > 25 min

Sourve: Field Suryey, 200

5.3.5 Waiting Time for Most Frequently Chosen Made

From Figure 5.12., it i~ seen that office workers have to wait more time for public bus
than aute rickshaw and rickshaw, People have to wait longer for their primary modes.
Muost of the office workers (36.4%) have 1o wait for a period of 5 - 10 minules for
public bus. From Figure 5.12 it is also seen that about 25.6% respondents have to
wait for a period of 10-15 minutes for the bus, The ollice workers have to wait for

auto rickshaw for up o 20 minutes and most of the respondents get a rickshaw within

5 minutes,
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Figure 5.12 Whaiting Time for Most Frequently Chosen Mode
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5.3.6 Level of Service of the Modes

Oifice workers were asked about their opinion regarding some of the travel atiributes
such as accessibility, convenience, privacy, safety and cemfor for different chosen
transpor modes. They gave their opinion about these attributes of their chosen modes
using a five digit scale which includes very poor, poor, moderate, good and very
pood. The resulis are shown in Tahle 59, Table 5.10, Table 5.11, Table 5.12 and
Table 5.13.

5.3.0 7 Accessibitity

From Table 5.9 it is visualized that the accessibility of the auto rickshaw is very poor
in comparison with other modes. Tn addition. about 37.2% and 12.4% respondents
thought that ihe accessibility of public bus is moderate and poor respectively. On the
other hand. privatc auio owners have 100% accessibility to their auto. Most of the
auto rickshaw users ranked their accessibility to that mode from very poor to

moderate,
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Table 5.9 Oflice Workers Opinion about Accessibility of Chosen and Available Modes

Modes

Calegory Public bus Private aulo Auto Rickshaw Walk
lLevel rickshaw

F % F % F b F % F Yo
Very Poor 18 124 - - 1t 183 3 38 - -
Poor 52 359 - - 20 333 17 215 140 23
Moderate 54 372 - - 17 283 31 392 25 4
Good 200 138 - - 10 1683 25 316 18 295
Very Good 1 07 33 W 2 33 3 38 4 66
Total Response 145 100 33 100 60 100 79 100 61 100

LYource: Field Survey. 2008

5.3.6.2 Convenicnce

i'= Frequency; %= Percentage

Most of the respondents (40%) thought that the convenience of the public bus is

moderate, About 72.7% private auto owners were highly satisticd with the

convenience aspect. About 36.7% and 25% auto rickshaw ranked the convenience of

the aulo rickshaw as poor and very poor respectively. Though the convenienl aspect

for rickshaw should be in betier position than all other modes as rickshaw is easily

available, it provides door Lo door services and it is cheaper than traveling by all

ather modes but the study shows that olfice workers are not satisfied with this mode.

From Table 5.10 shows that about 40.5% and 30.4% rickshaw users ranked the

convenience of rickshaw as moderate and poor respectively,
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Table 5 1) OdTice Workers Opinion abost Conyenience of Chosen and Available Modces

Modes

Category Public bus Trivale auto Auto ltickshaw Walk
Level rickshaw

F % F % F % F % K %
Very Poor 11 7a - - 15 23 3 6.3 - i
Poor 49 338 - - 22 367 24 304 - -
Modcrate 58 400 1 3 13 21.7 32 405 5 g2
Good 23 159 8 M2 7 1LY 17 215 20 328
VYery Good 4 28 24 727 3 5 l 1.3 36 590
Tot:sll Response 145 100 33 100 &0 100 79 100 &1 100

Source: Field Survey, 2008

3.3.6.3 Privacy

F= Frequency; %= Percentage

Since bus is a public transport, there is no privacy. The study also shows the same

scenario. Private auto were in the highest position in respect of privacy, because

100% users ranked privacy as very pood for private auto (sce Table 5.11). On the

othcr hand, the ofTice workers who use auto rickshaw as their most frequently chosen

made ranked privacy of awto rickshaw as moderate (26.7%), pood (56.7%) and very

cood (16.7%).

Table 5,11 OMice Warkers Dpinion about Privacy of Chosen and Availablte Modes

Modes

Category Public bus  Private auto Auto Rickshaw Walk
Level rickshaw

F % F % F Yo F %% F %
Yerv Poor 21 145 - - - - - - - -
Poor 62 428 - - - - T 89 1 L6
Moderate 49 338 - - 16 267 26 329 25 410
Good 10 69 - - M O567 37 46% 29 475
Yery Good 320 33 100 10 167 9 114 6 9B
Total Response 145 100 33 100 60 100 79 100 &1 100

Souree: Field Survey, 2008

F= Frequency; %= Percentage
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5.3.6.4 Sufety

Most of the respondents thought that the public bus, auto rickshaw and rickshaw are
not safe for them. In case of public bus, bus drivers drive the bus recklessly, As a
result. the olfice workers were not satisfied with that, but they have no choice.
Though the private auto users were satisfied fully in respect of accessibility and
privacy, some users ranked it as moderate {6.1%) and good (9.1%). From Tahble
5.12, it is seen thal most of the respondents who come to ofTice on foot ranked the

safety aspect as moderate (42.6%) and good (31.1%0).

Table 5.12 (Hfice Workers Opinion about Safety of Chaosen and Available Modes

Modes

Category Public hus Private auto Auto Rickshaw Walk
Level rickshaw

F % F % F % F % Foo%
Very Poor 1?2 83 - - - - 2 25 - -
Poor 36 248 - - 4 67 18 228 5 82
Moderate 37 255 2 61 21 35 23 290 t1 180
Good 4 303 3 91 25 417 25 316 26 426
Very Good 16 110 28 848 10 167 1} 139 19 3l
Total Response 145 100 33 100 60 100 79 100 &1 100
Source: Field Survey, 2008 F= Frequency; %= Percentage

5.3.45 Comfort
From Table 5.13. it is scen thal most of the bus wsers (37.22%) thought that the
comfort condition is poor. Yery fow users (1.490) thought that it is in very good

condition. In addition, private aulo user {100%) ranked the comflon condition for

their auto as very good.
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Table 5.13 OfTice Waorkers Opinion about Comfori of Chosen and Available Modes

Muoudes
Category Public bus  Privale auto Auto Rickshaw Walk
Level rickshaw
F % F % t % F % T %

Very Poor 9 131 - - - - 2 25 1 1.6
Poor 54 372 - - 1 1.7 12 152 5 8.2
Moderate 43 3340 - - 9 15 24 304 6 98
Good | 22 152 - - 29 483 32 405 26 426
Very Good 214 33 1oo 21 35 9 114 23 317
Total Respense 145 100 33 100 60 100 79 100 &1 100

Source: Pield Survey, 2008

F=Frequency, %= Poreentage
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6 Nested Logit Model and Mode Specific Choice Analysis

There ere nineteen variables in the data set potentially comsidercd by the office
workers for mode seleclion. Some of the variables are included as generic variables

in the specification and also tried as altcmative-specilic varables.

Several models (around 120 modcls) were tested on the way to the final nesied medel
specification by a tnial and error process. The trial and error process is the key o
modelling. As a resvlt this calibration process was done by adding or deleting the
variables from the specification based on the goodness of fit measures. Firstly, the
slalistical significance of each parameter in the model and the model 25 a whole were
determimed. Sccondly, the reasonableness of the magnitude of the parameters of the
moedel variables was examincd. And thirdly, the ¢ross-validation of the model was

checked. In addition, the sign of the parameter was also checked.

6.1 Rationale for Selection of Yariables / Hypothcsis

A set of vanables was considercd as potential candidates 1o be included in the models
during medel specification and eslinuation process. However, some variables were
discarded due o wrong sign of the parameters, stalistical insignificance and/or poor

goodness-of-fit slatistics in the estimated models.

6.1.1 Expected Sign of Parameters

The expected sign of diffcrent vanables are described in this section.

6. 1.1.1 Constanty Considered for Mode Chaice Model Derivation

To capture the systemalic cffects ‘conslants’ were specified for all altemnative
bundles except rickshaw altemnative for Independence of Irrelevant Alternative (I1A),
as the number of consiants should be (n - 1} for » altematives. Tn case of branches,
the constants wete specified for all cxcept Non—Motorized Transport (NMT) for the
same Teason. The constants are expected to have smaller values to allow variables to
cxplain more in the generated models. The sign of the constant term {s not important

for the evaluation of the model.
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& 1. 1.2 Variables Considered for Mode Choice Model Derivation
1. Age (AGE)
+ TPublic Bus, Rickshaw and Walk
The expected sign is negalive for uncomfortable modcs such as public bus, nckshaw
walk etc. 1epresenting increase in age of the office workers deereases the utility of

above modes.

= Private Auto and Aute Rickshaw
Il 15 expecled that this veriahle should have a positive parametine sign for
comfortable modes private auto, auto rickshaw ctc. representing increase in age

inerease the utility of these mode for the office workers.

2. Sex (SEX)
In this study, in case of sex datw, ( represents female and | represenis male office
wotkers. Tt is evident that mode cheice is highly influcnced by gender and female are
more inclined to choose a comfortable mode. In this regard, it is expected (hat this
variable should bave a positive parametric sign representing inerease in number {0 to
1} will increase wtility of uncomforiable modes and a negative parametric sign
representing increase in number will decrease utility of comfortable medes for the

allice workers.

3. Family 5lze (FAMSI1Z)
This vartable was uscd in the niility function of branch level ie. for public, privatc
and NMT. As for example, the cxpeeted sign 1s positive for low cost transporiation
such as public bus, rickshaw walk etc. representing increase wn family size will
increase the expenditure and the olfice workers will choose the low cost

transportation.
On the other hand, it is expected thal this variable should have 2 negative paramctric

sign for high cost transport modes 1.e. private aute, ante rickshaw etc. represcnting

increase in family size decrease the utility of these mode for the office workers.
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4. Houschold Income (HHINC)
Many transport modellers like 10 use this variable as generic in the moedel. But it has
a praclical problem. When this variable is used as generic il applies to ell. But the

efTect ol this is differeni on different modes.

¢  Public Bus, Rickshaw and Walk
As for example, the expected sign is negative for low cost transporiation such as
public bus, rickshaw walk ctc. representing increase in household income decrcase

the utility of low cost (ransportation.

= Private Auto and Awio Rickshaw
It is cxpected that this variable should have & posilive paramctric sign lor high cost
transpertation such as private auwlo, auwlo nckshaw etc. representing increase in

household income increase the utihity of these mode choice for the office workers,

5. Distance from Home o Offlce (DIST)
+ Puhlic Bus, Privaie Auto, Aute Rickshaw
Bascd on the same argument, it is expected that DIST vanable should have a positive
parametric sign rcpresenting increese in distance increases utility of public bus,

private auto and auto for the office workers.

+« Rickshaw and Walk
DIST vanable is an important vanable for the rickshaw and walk. It is expected that
this variable should have a negative parametric sign represcnting increase in distance

decreases utility of rickshaw and walk for the office workers,

6. In Vehicle Travel Time (TVTT)
= Public bus, Private Auto, Auto Rickshaw, Rickshaw and Walk
It is assumed that ofTice workers value differently the in-vehicle and out-of vehicle
travel time. So, IVTT is considered in the comesponding utility funclions. As
increasc of travel lime would decreasc utility of five differcnt modes, so the expected

sign of the parameter 1s negative.
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7. Out Vehicle Travel Time (OYTT)
» Public bus, Private Auto, Ante Rickshaw, Rickshaw and Walk

It is expected that the variable, OVTT, should have a negative parameinc sign

representing increase in out vehicle travel time decrcase utility of five different

modes for the office workers.

8. Cost of Travel (COST)
» Public hus, Private Auto, Anto Rickshaw, Rickshaw and Walk
As inercasc of travel cost would also decrease utility of five different inodes. As a

result, the expected sign of the paramcter is negative.

9. Comfort of the Modes {COMFORT)
1 15 expecled that this variable should have a positive parametnc sign representing
increase of cownfort level increase utility of five differenl modes for the office

workers.

6.1,2 Statistical Significance

Alter examination in terms of sign of the coefficient estimates, the models were
examined according to significance of individual coefficients. In praciice, a
sigmlicance level of 0,05 and 0.01 is eustomary, though other valucs are used. Since
the sample size (250 office workers) was small 1n the study a significance level of
0.10 has been chosen in designing a decision rule, then there are about 10 chances in
100 that we would reject the hypothesis when il should be accepted, that is, we are

about 90%: confident that we have made the right decision.

The critical values for a two-tail test at the 90% confidence level (level of

significance = 0.10) are £1,64 which is shown in Appendix E.

6.1.3 Goodness-of-Fit Statistics
With the estimation of more than one specificalion it is useful to compare goodness
of fit measures. For nested logit modcl, a specification with a higher maximum value

ol the likelihood function is considered to he better. It is more convenient to compare




the value of the likelihood ratio index, o° (RHO squared) of the models. RHO-

squared is similar to the R* measure in regression models.

Adjusted likelihood ratio index, Ez (Adjusted RHO-squared) is normalization of the
RHO-square so that twe models can be compared for concluding which is better in
terms of poodness of fit. Tn the study, Adjuslied RHO Squared has been considered

{or assessing goodness of fil.

6.2 Nested Logit Model

The nested logit structure 1s defined as a hierarchical choice structurc that determines
the joint choice. Although few more possible nested structures were tried, two nested

structuras are desenbed here.

6.2.1 Alternate Nesied Siructure

At [irst, the nesting structure shown in Figure 6.1 was examined to develop nested
logit model, Around twenty model specifications were examined. However, Lhe
inclusive value parameters in all specifications were negalive. COme model
spccification is shown in Appendix T. But the inclusive value parameter should lic

within 0 to 1. As a result, this nesting structurc was not chosen as final structure.

Transport Modc
!

¥ ¥
Muotorized ransport Mon Motorized Transport
¥ ¥ ¥ ¥ ¥
Public bus Aulo Auto Rickshaw Rickshaw Walk

Figure 6.1 Altemate Structurc of Nesied Logit Model

6.2.2 Final Nested Structure
The final nesling structure lo develop nested logit model is shown in Figure 6.2. In
this case the inclusive value parameter was within 0 to 1 which fully complied with

the siandard. Then, around hundred maodzl specilications were examined.
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Transporl Mode

¥ ¥ ¥
Public Private & 1?ara Transit NMT
|
I g 3 %
Public bus Auto Auto Rickshaw Rickshaw Walk

Figure 6.2 Final Structure of Nested Logit Model

There 15 only one limb, ‘Transport Mode’ consisting of three branches such as public,
povate and para-lransit and non-motorized transport (NMT). The five transpori
medes choscn by the office workers were considered under these three branches.
Around 100 model specificalions considering this tree were estinated in the study to
reach final ncsted logit model specification which complies with three sclection
criteria such as expeeted sign, f-slalistics and the magnitudes of the variables and
goodness of [it mcasures. Among 100 specilications, few significant specifications

are briefly discussed here.

8.2.2.1 Model Specification 1

Many (ransport modellers like to usc the variables as generic in the model, In the first
specification this character of model was included (Appendix G-1). HHINC variable
was considered as generic variable wilh an assumnption that ihe varable contributes
same appcal to all modes choscn by the office workers. In addition, in the branch
level utility function HHINC variable was considered as altcrnative specific

conslants.

Constants, household income of the family (HHINC), in-vehicle (1VTT) and out-
vehicle travel time (OVTT), cost of travel (COST) and age of the office workers

(AGE) variables were considered in the correspending utility fimctions.
In-vehicle {IVTT} and out-vehicle travel time (OVTT) and cost of travel (COST)

varable are cost variables. As value increase of these variables would decrcase utility

of specific mode choice, so the expected sign of the parameter was negative in cvery
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chosen mode. However, HHINC and AGE have different effects on all five

altermative modes.

From the result, 1t 15 seen that the co-efficient of inclusive value parameter is 1.66
which should lie betwegen zero to one. Ameng fourleen variables, only seven
variables show the expected sign. On the other hand, in most of the cases #-statistics
are very poor in this specification. That is why this mede was nol chosen as a final

maodel for (he mode choice of the oflice workers.

6.2.2.2 Model Specification 2

It is assumed that houschold tncome alTests differently in case of choosing different
medes such as public bus, privaie auto, auto rickshaw, rickshaw and walk. The
hmgher income group is likely to choose private awio and auto rickshaw rather than
public bus, nekshaw and walk. In this repard, HHINC was considered as altemative

specific variable for each choice as well as for branch level utility functions.

I'rom the result {see Appendix G-2), it is found that HHINC for [ive different modes
gave the expected sign. In addition, COST for public bus, TVTT for rickshaw and
AGE for rickshaw gavc the expecled signs. Among scventeen variables only eight
variables gave expected sign and the s-sialislics were alse poor. In this regard, this

model was nol chosen as a (inal model] {for the mode choice of the office workers.

8 2.2.3 Model Specification 3

In specification 3, household income (HHINC) variable was not considercd for five
different alternatives. But HHINC as an alternalive specific variable was considered
for only branch level ullity function. In addition, AGE, 5EX and DIST were
included in the utility functions of branch level. On the other hand, IVTT, OVTT,
AGE, SEX, DIST were used in the utility funetions for different modes,

From the result it is found thai among twenty variables only seven variables gave

expected results {sce Appendix G-3). Somc imporlant variables such as IVTT and

OVTT for different modes did not comply with the expected result. On the other
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hand, #-statistics were also very poor in the specifications. This model specification

was Lherefore discarded.

a.2.2.4 Model Specification 4
Farmly size (FAMSIZ) variable in branch level with HHINC variable was considered
in specification 4. On the other hand, O¥TT for auto rickshaw and rickshaw as

zlternative specilic vanable was considered in thas specification (ses Appendix G-4).

From the result, it is seen that the ineclusive value parameter is about (.99 which
complies with the slandard value which should lie within O tol for nested logit
moedel. Among twenty one variables only ten variables show the expected sign. The
specification meludes all imporiant variables for choosing an alternative, but due to

wrong sign of different vanables the model was not considered as final model.

6.2.2.5 Model Specification 5

Age, sex and comfort level as altemative mode specific variables were added in the
mode! specification 5. The hypothcsis is that the inerease in comfort level might
increase the probability of choosing the modc, so the expected sign 1 ‘posilive’. The
hypothesis for the age variable is very interesting. The hypothcsis for public bus,
rickshaw and walk with respeci to age are fully different. If age of the office workers
increase, they will not be willing to choose the above modes. They will choose

private auto and auto rickshaw as comfortable modes.

From the result, it is found that among twenty six vadables about sixteen variables
complied with the expected sign. IVTT for public bus, privaie auto and auto rickshaw
did not show the expecled signs {see Appendix G-5). On the other hand, OVTT and
COST for aulo nekshaw and rickshaw did not give the logical signs. So this model

gpecilication was also discarded,

&.2.2.6 Model Specification 6
In-vehicle travel lime, out-vehicle travel time, cost and distance are very important

parameters for choosing an alternative mode, In specification 6, DIST variablc was
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added fer public bus and -uto rickshaw with all the varables included in the
specification 4 (see Appendix G-6). Ameng twenty four variables about filleen
variables show the expected sign. 1VTT variables for public bus, pnvale auto and
auto rickshaw did not give the expected sign. In addition, DIST vanables did also not

show Lhe expected sign. The #-statisiics were also very poor.

Dillercnt variables included in the above six specifications and from the resnlts it is
found that all specificalions included some vanables which did net comply with the
expected sign and the I-sta?‘_sti-:_v, were also very poor. That is why, one of the six
specilications could not be chosen as a final model for the mode choice of the oflice

wotkers.

6.2.3 Model Summery

From the result and observation, it 15 seen thal modgl specification 6 included most
important vanables like age, gender, family size, family income, distance, in vehicle
and out vehicle travel hime, cost of travel, distance and comfort level and alse shows

that more vanables gave expict ! results compared to other specifications (see Table
6.1).

Table 6.1 Mz Je} Summary

Model Specifications | No. of No. of RHO Adjusted RHO
Variables | Variables g d S d
with Wrong quare quare
Sign of
Coefficient
Mode! Specification 1 . 14 7 0.86737 (1.84281
Model Specification 2 17 9 0.85443 (82255
Medel Specification 3 20 13 0.87379 0.84162
Moaodel Specification 4 21 11 (0.85959 (0.82257
1 .
Model Specification 5 26 10 (.87749 0L.B3665
Model Specification 6 24 8 0.88711 0.85250

Source. Uield Survey 2008 and Caleulation




The overall fits of six models are excellent, with RHO-Squared and Adjusted RHO-
Squared of six specifications was about to similar, Tn case of 1, 3 the value is quite
higher than the specification 2 and 4, The Adjusted RHO Squared is the highest in
the spcceification 6. The overall [it of specification 6 is excellent. As a result this

specification of nested logit model was considered to describe in deiail (see section

6.3).

6.3 Selected Model Specification

In this scetion mode] specification 6 is eluborately discussed. The utility functions of

the competitive altemalives as well as the branch levels arc:

Upub_bus)=AC+A I*HHINC+A2*IVTT+A*OVTT+A4*COST+AS*DIST (6.1)

U(pri_auto)=B0+B1*HHINC + B2¥IVTT+B3*COST (6.2)
Ufa_tick)=CO+CT*HHINC+ C2*IVTT+C3*QVTT+C4*COST (6.3)
U(rick)=D1*TVTT+D2*OV T T+D3*COST+D4*DIST (6.4)
U(walk)=EO+E 1 *HIINC+ E2*AGE+E3*IVTT (6.5)
U(public)=F0+AB*HHINC+AC*FAMSIZ (6.6)
Ulpri_ptransit)=G0+BRC*HHINC+DC*FAMSIZ. (6.7)
U(nm)=EF*HHINC (6.8)

6.3.1 Agreement with a Priori Fxpectation

The calibration of the nested logit model was made using the LIMDEP soltware. The
results of specification ¢ are tabulated below in Table 6.2, Table 6.3 and Figure 6.3.
The significant variablcs include houschold income, in-vehicle (ravel time, out-
vehicle travel time, cost of travel, age of the oilice workers and Famnily size. From
Table 6.2, all parameters including constants except constant for walk have relatively
low value showing consistency of the madel. It is also seen that HHINC variable for
pubhic bus, private auto, auto rickshaw and walk complicd with the prior
expcetation. In addition, HHINC and FAMSIZ for the branch level (public and
private) also comply with the expceted sign. In case of rickshaw and walk mode,
IVTT gave the expected sign. On the other hand, for public bus, private auto and auto

rickshaw IVTT did not comply with priori expeetation. Among twenty four variables
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aboul fifteen variables show the cxpected sign (see Table 6.2). The waluzes of
parameter DIST and IVTT show that they are very important variable for choosing
public bus and privale auto respectively. In addition, IVTT is also imperiant for
choosing auto nickshaw. In case of rickshaw, DIST variables show the significance

and also IVTT 1s imporiant for walk.

The nclusive value coefficicnt is within sero and one (0.99). This provides a
statistical validaiion of usig this nested logit struclure. Unfortunately, all variables
included in the model are statistically insignificant. The averall fit of the model is

excellemt, with a log likelihood ratio index of 0.85.

Tabte 0.2 Nested Logit Mode Choice Model for Offlce Workers in Dhaka City

Variables Notation Co-efficient i-statlstics
Adrbutes n the Tility Functions

Constant for public bus Al -L15727 -001
HHINC Al -0.00011 0.000
IVTT A2 0.03707 0.329
OvVTT A3 0.04674 0.390
COST Ad 105513 4,282
DISI A5 -0.17960 -0.278
Constant for private auto HO -2.98462 -0.024
HHINC Bl 0.00008 0.014
IVTT B2 0.05180 0.132
COST B3 -0.00976 -0.069
Constant for auto rickshaw Co -7.1043 -0.415
HHINC Cl 0.00003 0.022
IVTT C2 0.08684 0.371
OVTT C3 0.06113 0.331
COST Cd 005003 0.371
IVIT D1 07427 -0.393
OVTT D2 02064 0.180
COST D3 0.12570 0.421
DIST I -1.25264 0457
Constant for walk E0 14.02448 0272
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HHINC Eil -0.00033 -0.170
AGE E2 -0.08369 -3.319
VIT E3 -(.55238 -0.336

Attributes of Branch Choice Fquations

Caonstant for pubhe transport FO 1.36333 0011
HHINC AB 100005 0.000
FAMSIZ AC 0.21087 {.665
{Zonstant for private ransport GO 1.3333 0.012
HHINC BC -0.00005 -0.012
FAMGBSIZ DC 0265015 -0123
HHINC EF 0.00001 0.004

Inclusive Value Paramcters

Irublic to transport Public 0.99 0.432
Private & para ransit to Private .99 0432
transpori

NMT to transport NMT (.99 0.432
Number of observations 378

L* (8) 40.47216

L* () -358.5239

57 =1-L*{g)L* (0} 0.88711

(RHO Squared}

Adjusted RITO Squarcd 0.85256

Chi-squared 6361034

Dpress of freadom 30

Souarce: Field Survey, 2008 and Calculation
The followmng mathematical specification of the mode choice model of office

workers was derived from the equations 6.1, 6.2, 6.3, 6.4, 6.5, 6.6, 6.7, 6.8 and Table
6.2,

Figure 63 summarizes the utility equations for calculating the unconditional

probability of altemnative choice, The equations use the cstimated coclficients and
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inclusive value parameters to calculate the utilitics. Then, the probability equations
are used to converl the utilities to probabililies. The definitions of all terms included
m these calculations are presented in Table 6.3, The probabilities of choosing
differcnt modes are shown in Appendix H. The Table in Appendix H shows the
actual as well as predicled probabilitics of choosmg [ive different modes. Fromn this

result, it is found that only 18 predictions differ from the aciual mode choice.

Figure 6.3 Maithematical Specificatlon of Nested Logit Model for Ofice Workers

1. Uhlity equations

Ufpub_bus) = -0.15727-0.0001 | *HHINC+(.03707* [V TT+H0.04679*OVTT
-0.05513*COST-0.17960*DIST (6.9)

Uipri_auto) =-2.98462+0.00008*HHINC+0.05130*IVTT-0.00976*COST  {6.10)

Ufa_rick) =-7.1013+0.00008*HHINC+0.08684*TVTT+0.06113*QVTT

-.05003*COST {6.11)
Ufnck) = -.07427* IV TT+0.02064*OVTT+0.12570*COST

-1.2526*DIST {6.12)
Ulwalk) = 14.02448-0.00033*HHINC-0.08369*AGE-0.55238* V1T (6.13)
Upublic) =1.36333-0.00005*HHINC+(0.21087*FAMSIZ {6.14)
Ulpri_ptransity  =1.3333+-0.00005*HHINC-0.2601 5*FAMSIZ {6.15)
Utnmt)  =0.00001*HHINC (6.16)

2. Conditional probabifities of choosing different modes of primary choice

lB|Lf{|:||J1:|_1:|ua.}

P (Pub_husiPublic| Tr} = {6.17}
cU{pub_bus}

eUI:'F'n_autn:l
F (I’ri_auto/Pn_ptransit|Tr) = - {0.18)
el]ﬂ}n_num} + EU{a_nck}
e[J{E_rick}
P (A_ricklPr_pransitiTr} = — — (6.19)
El.fpn_autuj + eU(ﬂ_nL:k‘]
eU(rlckj
P (R1ckINMT/Tr) = (6.20)

eU{m:k‘,l o+ E” [eealk)
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P e gt Ay - el

EU(walkj
P (WalkINMTITD) = {6.21}
ET_T{L'LL:IIEJ -+ J:LI' {walk)
3. Inclusive values
Lupic = Lo [P (622)
T pransit = L [’3T-J{Im_mm]I + EU{ﬂ_mk}] {6.23)
Lume = Ln [¢F 4 gV *aTkN (6.24)
4. Probabilities of selecting an alternative irom a choice set
L) |
= fr]:mll:rlu., PubEiL}}
P {Public) = ” 1 ” \ (6.25}
1
& {Tp'ubllf [}llblic)+ = {?prl__plr.msﬂ mn _'plTEInH]l:I + cl t?nmt]nmt
ur I
e pri_ptransic pri_ptranatt
P (Pri_ptransit) = 9y , y I . ] {6.26)
= l[T]-ml-rlm pub!ic}"' e I:alr]:nn_pu'ﬂnmt |:nn_|:rT.r“ems:l:I tc (annl nmt}
1 I
¢ (Trum AT
P (NMT) = » : U I . , (6,27}
T
€ public public T C I:'r;pnru:utra:nsn pn_ptrans:l)"' < I:rnml nmt:I
3. Unconditional probatilities of choosing an alternative
EU[P“ILMS} l‘3"m-’-p|.|.1:I||:Ir.v'ul:|l1|:]
P {Pub_busPublicTry = } ¢ )
UU@M:JM] "::1J[T]1Lﬂ"fil-lr!'f-lh'li*-']I + tU[TDn phansulllnjumsu] + Eufrmmlrmnj

ghfiPm acto) cL;ﬁ]:crun:rams||c||:|r|_|:|1r:amfm}I
F {Pn_auto,Pr1_pirnsitiTr} = ( )( )
ghipri st gL rick CU[Tpubththm] + EU{Tpri_pu‘d.ns:illpri_ph'mﬂr}_'- ':Uh11rrrt||1n1:}I
EUI:H._!I'iL‘k:I 'E"U(I_pri_'pf.ra.nshlpﬂ_prransﬁ'l
P (A_rick Pri_ptransiti Tr) = { }( )

Uit

Ripr_awiey o _U(n_noek) 1
€ +e €7 pablic pubihe

1, Uir 1 b
T2 Ve s pri_ptnt T € it |1|:|1:j

Liirigky Uir L
e E (.Illllrll. I'II'|'H} i

P (Rick NMTITt) = X )
g2

Uiriek) L} {walk) Uir (k [ uir 1
+e C l:p'uhlic; plll:lrll:}+ £ 1{:rp|:|'_|.:|I.|.11.|1:|.|l Tr_pbansit t+e |:.I-n.ml: :I1|‘.'|I.I:w:|
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Himalk)

P{Walk NMTITr) =(
[+

Llirick) LI {wadich Uer 1 1 N r LU
+e C pblicgubhe T8 pri_pumcsl pel_pueaosit’ T € nen nent

where,

Utility equations

Uipub_bus) = Unlity index of public bus

Ulpri_auto) = Utility index of private auto

U{a_nck) =Utility index of auto rickshaw

Urick) = Utility index of rickshaw

Ulwalk) = Utility index of walk

Ulpublic) = Utility index of public transport

U(pm_ptransit)y = Utility index of private and para transit transport

U{nmi} = Ulihty index of non-motorized transport

Conditional probabilities

P {Pub_busIPubliciTr) = Probability of choosing public bus of choice-set public
P {Pri_autoIPn_piransiti Tr) = Probability of choosing private aute of choice-set
privatc and para transil

P (a_rickIPri_ptransit{Tr) = Probability of choosing auto rickshaw of choice-set
privale and para transit

P (rickINMT|Tr) = Probability of choosing nickshaw of choicc-set NMT

P (walkiINMTITr) = Probability of choosing walk of choice-set NMT

Inclusive values

Tpuie = Inclusive value of public transport
Is_ptrans = Inclustve value of private and para transit transport
Iimy= Inclusive value of non-motonzed transport

Unconditional probabilities

P {Pub_bus,Public| Tr} = Uncenditional probability of choesing public bus

' (Pri_auto,Pri_ptransitiTr) = Unconditional probability of choosing private auto
' {(a_nck,Pri_ptransit|Tr) = Unconditienal probabitity of choosing anto rickshaw
P {rick, NMTITr) = Unconditicnal probability of choosing rickshaw

P {walk, NMT|Tr} = Unconditional probability of choosing walk

)
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6.4 Limitations of Nested Logit Models

One of the main objectives of this siudy was to develop a nested logit mode choice
madel for the office workers. After intensive mveslizgalion of the mode choice
modelling for them, it is found from the study that it can not indicate a sensible
nested logit mode choice model for the office worker. Although few more possible
nested struciures were tried, around 120 model specifications were examined to
develop a nested logit model. Some specifications did nol give any result using
LIMDEP duc to some ermors. Though 120 modcels were found from the study, they
could not be chosen as a fmal nested logit model for the o(Tice workers due to wrong
sign of different variables, poor stalistical significance etc. This may be happen due
to lack of informalien, insufficient information, inaccurate/biased information, crude

assumptions.

From all model specifications and analysis it is mealized that in vehicle travel time,
out-vehicle travel time, cost and distance variables did not give expecled result. It
may be happen due to their irrational interrelalionship. In our country, travel time in
any made does not conform to the dislance the mode traverses. As a result with the
incrcase of Ume, cost s also increased i case of some modes like auto rickshaw.

From the survey, one example has been deprcied here.

An oflice worker (ravelled around 8 km from Mirpur 1 to Sheltech (Pvt.) Ltd., his job
location daily with travel ime of around 40-50 nunutes and the costs of this travel in
public bus and auto rickshaw were Tk 10 and Tk 50-80 (based on time) respectively.
50, there was no logical relationship with in-vehicle and out-vehicle travel, cost and
distance. But in ideal situation, the office workers should reach from his home (o
office of 8 Km distance within 15-20 mimutes by bus. In Dhaka city the level of
service of roads as well as irunsport modes are very poor. People suffer from serious
trallic congestion in whole Dhaka city. The eslimation process of model nsing
LIMDEP is based on numerical data, bul the dataset considered in this study includes
such type of irrelevancy. As a result, the study can not develop a sensiblc nested logit

mode! for the office workers.
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On the other hand, the sample size was very small to describe the situation properly
which added to the problem of developing a comprehensive mode choice model.
Therefore it is very usual in such cases of modcl estimation that a model gives a
result that highly conforms to expectations. In that sense, the resulls of the
calibration process have becen quite good. The results did specificd the most
important variables like age, gender, family size, family income, dislance, in vehicle
end out wvehicle travcl time, cost of tavel, distance and comfort level These
specifications may be improved further with a larger and relevant data sct and the
study can [ind out the human behaviour more efficiently. The process developed m
this study for the calibration of mode choice model using nested logit model can be

carricd oul lo preparc models of any similar study area,
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7 Policy Recommendations and Concluding Remarks

7.1 Policy Recommendations

The individual choice models are extremely adaptahle to a very wide range of policy
1ssucs. But this study was an attempt to develop the nested logit mode choice model,
The study did not consider the policy sensitivity analyeis. For this reason, some
recommendations for resoiution of prthems have been formulated based on the

resulis obtained from generic analysis,

7.1.1 Increase Number of Public Bus

Public bus (52%) was the most frequently chosen mode (primary mode) of the olfice
workers due to its low cost. Mfice workers commute from far away places by bus in
the rush hour. As a result, they have to travel with great risks, ofien swinging (rom
the handles of pubhc buses. However, office workers® aititude towards bus wasg
positive m the sensc of cost. On the other }-and, only 11% respondents choose private
auto as their primary mode. In this regard, to meet the demand for transporalion
systenns in the city inmediately and in the futurc the autherity should give emphasis
on public iransporl. And the number of public bus musi be increased at such a rate
that it can cope with the existing as well as future demand and the demand can be
determincd by the individuai chr-2¢ model,

Orer crowding {s a major problem of public bus services especially during the peak
periods. Se, in this period, service sh-ould have mgher frequencies and should

maintain the regnlarity.

7.1.2 Enhanee the Quality and Level of Service

Though the level of service including accessibility, COnvenience, privacy, safety and
comfor was not so good in Lase.of public bus most of the office workers choose it as
therr primary mode due to low cost. So level of service of public bus must be
increased, The location of bus stoppage should be arranged in such a way so that they
can get it very easily from (heir trip orin, preferable within convenicni walking
distance of around 10-15 minutes. Sewme office workers arc not willing to use public

bus for madeguate privacy, safety and comfor So these facililies have 10 be
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improved for the buses so that the dependency on high cost transporiation such as
private auto and auto rickshaw will be reduced. If the level of service of bus
increases, more and more people (mainly women and older people) will be

encouraged to usc the service.

7.1.3 Increase Pedestrian Safety

From the study it is found thai about 22% office workers travel! to their office on foot
who arc mostly low income people. The urban poor or low income people who
mostly wravel on foot face higher risk than the rest of the socicty, So, pedestrian

safety must be engured.

7.1.4 Estimatc User Friendly Travel Cost

Travel cost is a prominent factor for choosing 2 transport mode. The office workers
were not pleased with the travel cost of public bus, auto rickshaw and fckshaw
because the cost of these mndes has been increased day by day. On the other hand,
though there 15 government regulated fare structure for auto rickshaw, but drivers do
not follow the rules. They charge cxtra fare for travel. As a result, it creates pressure
on the people for their movement. In this regard, government should fix up a
reasenable rate for different modes and (he regulated fare structure must be followed

sinclly.

7.1.5 Introduce Mode Choice Modelling for Travel Demand Forecasting

Ier preparation of an immediate action for the effective management of the existing
traflic and transporiation systein of Dhaka City, there is a cruciul necd to know the
transpor demand of different individuals, Therefore, introduction of transport mode
choice modclling should be cneouraged and followed for transporialicn planning
praject. This will facilitate proper forecasting and assessment of travel demand as
well a5 appropdate scenario evaluation in transporlation sectors in a more

quantitative way which enablcs specific problem identification and their resolution.

To provide adequate transport facilities for Lhe traveliets it is essential 1o know the

mndividual mode choice behaviour of them. As a result, demand of different modes
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and their supporting tocls to mave it smoothly can be eslimated. In the context of
present scenario, mode choice modelling of different groups should get emphasis in

transport sector.

7.2 Implications of Individual Choice Models in Transportation

Planning
The individual choice models have theoretical and practical charecteristics of

significance that have important implications in transportation planming. These are

discussed in this section.

7.2.1 An Explicit Sirncture for All Relevant Travel Related Decisions

The models are based on an explicit theory of individual choice that includes the
entire set of travel related decisions. They estimate the probabilities of choosing each
travel alternative rather than siatmg any choice explicitly. A sct of mterdependent
chowce decisions, related to every aspeet of a particular joumney, can be modelled

separately.

As these are all expressed in probability form, the modclled probabilities can then be
multiplied together to produce a jount probability, Thesc models, therefore provide a
very convemient framework te consider the issues of trip frequency, deslination
cheice, mode choice, Toute choice, lime of trave] choice, car ownership, housing and

employment locations cte., all jointly in a consistent fashion.

7.2.2 Policy Sensitivity

The individual choice models are extremety adaptable to a very wide range of policy
1ssues. Their property of policy sensilivity has made them an effeclive tool in the
hands of the planners for use in evaluating altcmative policies. They have also great
potential in generating policy. These properties have great si gmlicance, pariicularly
in local level planning and for urban public transport operation. The structure of the
models permits almost any number of quantifiable pelicy variables, representing a

change in the attributes of the alternalives fnot just mode but route, destination, time

¢te., lo be combined lincarly mto a single index of relative desirability. The’}
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parameters of these linear desirability functions (actually called wtility functions),
when standardised, indicate how people trade-off between the policy variables. This
provides an important insight for the decision maker. The linear utility function also
enables one to compute elasticity of demand and also cross elasticity of demand,
which are important coneepts in invesiigating the sensitivity of demand to small
changes in a policy variable such as change in public iransport fare or parking
charge.

7.2.3 Individual Choice Models are based on Observation of Individual Choice
Behaviour

The fact that individual choice models are based on individual observations has quite
a number of wmportant implications, First, it means thesec models are more data
ellicient than the conventional aggregate models. The amount of data required to
calibrate mdividual choice models is considerably lcss than the conventional madel
because, for the lakicr, a substantial number of trip records are required to combine to
produce statistically reliable zonal values. For an area with a considerable number of
traffic zenes the amount of individual observations becomes enormous. Even then,
the amount of observations available for analysis reduces drastically becanse no trips
are exchanged between the bulk of the possible pairs. Therefore, much less cost is

involved in collecting data for calibrating individual choice models.

Secondly, while the individual choice models make use of the tolal variation in the
data set, aggregate models can use only part of it. Much of the variation in a data is
lost by the process of zonal aggregalion. It may also be the case that intra-zonal
vanation is more significant than can be represented by a single cell count in a
matrix. In such a situation the aggregale models seriously undermine the variability
present in the data. On ihe other hand, individual choice inodels can ingorporate all
the variability of trip records. Use of individual observations also reduces the
potential bias in model estimation due to simultaneous links From travel demand to

level of-service attributes.

Thirdly, individual choice models are less likely to be biased by ecological
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correlation. But in aggregate models, there {s danger of masking individual behaviour

by unidentified characteristics that may be associated wilh a zone.

Fourthly, an individual choice model can be used for forecasting purposcs at any
level of aggregation. Aggrepate forecasts can be made for geographical units such as
traflic zones or socioeccnomic umits such as market segments. Conventional
aggregate models, however, can only be applied at zone level or at some higher

levels of geographical apgregation of these zones.

7.2.4 Explicit Theory of Choice Behaviour

The models are based upon explicit bypotheses about individual travel choicc
behaviour, If ihe hypotheses are the right ones then the models should be truly
behavioural in nature. This implics that these models should bc apphceble in
locations other than that for which the models were calibrated. That is, the modcls
should be transferable over space, time, or culture, as long as the underlying
assumptions about human choice behaviour remain the same. The transferabilily of
individual choice models, in fact, holds the potential for major savings in travel
demand modelling. However, no modcl can ever be fully specified to capture every
detail of human behaviour. So for an *imported’, model some recalibration may be
required, but the data requirenuents for such adjustment exercise are likely to be small

and significantly less than carrying out a calibration exercise.

7.3 Concluding Remarks

Mode choice modelling has 4 very important place in modemn urban iransporiation
planning. Over all other travel decisions, exogenous control may be best exercised on
modal chowe. In view of the increasingly complex set of cconomic, social, political
and environmental constraints which need to be taken into aceount in attempting to
meet mereasing travel demand, an imbalance between the snpply and demand
functions of travel may be deall with through the mamnipulation of the supply
function. Apart from making substilutes of supply, the supply situation can perhaps

best be controlled for modal cheice. There is essential nead to estimale (ravel demand
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and lo know the mode choice behaviour of different individual to meet their demand

for an adequate and eflicieni transpor system.

The individual! mode choice models are parlicularly uscful for shod run planning
decisions and especially relating to the operation of public transport. They have

particular relevance to local level planning.

This study was an atternpt to develop a sensible mode choice model for the offjce
workers but the study could not choose a final nested logil model for the office
workers due to wrong sign of different variables and poor statistical significance.
This may happen for lack of information, insufficient information, naccurate/biased
jnformation, ¢rude assumplions etc. The main source of error was the data ohtained
from the questionnaire survey. The whole sucgess of individual choice modelling
depends very much on the quality of dala. Inclusion or exclusion of most
sociveconomic variables from the models greatly affects the importani (ravel attribute

such as in vehicle travel time, costs, distance cte.

Therefore it 15 very unusual in such cases of model estimation that a model EIVES 3
result that highly conforms to expectations. In (hat sense, the resulis of the calibration
process have been quite good. These specifications may be improved [urther with a
larger and relevant data set and the study can find oul the human behaviour morc
cfhiciently. The process developed in this study for the calibralion of mode choice
modcl using nested Jogit model can be carried out to prepare models of any similar

study area.
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Departmant of Urban and Regienal Planning
Bangladesh University of Engineering and Technelogy

Questionnaire Bascd User Opinion Survey for the Research Titled:
NESTED-LOGIT MODE-CHOICE MODEL FOR OFFICE WORKERS:

A CASE STUDY IN DHAKA CITY

Questionnaire No.........

Part for the interviewer

WNUIDIC. . . e e e e s Time of interview: . ...
Pumpose of interview: Data will be used only for research purpose  Daile of interview: ...,

Signature:

Part for the respondent:

1. General information

i. Name of the respondent
n, Designation
ui. Branch name

iv. Private organization

v. Age

vi. Gender

Code: 1 = Male 2= Temale

vi. Religion

Code: 1 = Muslim 2 =Hindu 3 =Christian 4 = RBuddhst
5=0thers............cco {please speeify)
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vii. Educational qualification

Code: 1 = llliterate 2 = Class [to X 3= 88C
4 =HSC 5 = BRachelor degree 6 = Masters depree
7 = PhD § = Other....................{please specify)
viil. Status of job
Code: | = Part time 2 =Full time
2. Family size: {No of persons)
, Tk
3. Total income {monthly)
4. Structural pattem of your residence
Code: 1. Katcha 2. Semi pucca 3. Puceca

4.0ther. . .(please specify)

5. Family vehicle ownership

Code: 1. Private aulo 2. None

Toformation on the trip to office: {One way trip}

6. Trip origin:

7. Trip destinalion:

8. Frequency of the tnip {weekly):

9. Time of the top:
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10. Monthly frequency of mode used for the rip:

Modes Frequency Muodes Frequency
1. Public bus 7. Motor cvcle

2. Micro hus 8. Rickshaw

3. Private auto 9. Bieycle

4. Auto rickshaw 10, Van

5. Taxi 11. Walk

6. Human hauler

[1. Distance from home to office

{approximately in Km}
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12. Total number of available modes

13. Trips made by different modes comprise several digtinet time scgments: access, waiting, in-vehicle time and egress lime. Please estimate the

approximate times taken for each segment in your trip.

Information Mozt Which mades are Access Typieal In-vehicle | Bgress Travel Do vou use Which mode? Costto
. . . . " . . . supportin Code: avail
trequently availuble as time {in witing travel time | time {in Cost mEd.pE w1ﬂ$l the | 1= Ruckshaw suppoTting
chosen altcrnatives for mnng) time (in (in mins} | ming) (in Tk} prinary 2=Walk mode (in

mod 9 (Cirel ; carrier? 3 =Cthers Tk}

Primaty e | you? (Curcle mins} Code: {please specify)
(Circle one mmuliiple answers if 1=Yes
mode only) available) 1=No

Public bus I 1

Micro bus . 2

Privaie auto 3 3

Anto rickshaw 4 4

Taxi 5 5

Human hauler 6 6

Motor cycle ¥ 7

Rickshaw R 8

Bicvcle 9 g

Van 10 10

Walk 11 11
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14. Level of service of used modes: Please circle the appropnate answers.

Modes Parameter Very Poor | Poor | Moderate | Good Very Good
Public bus Accessibility 1 2 3 4 5
Convenicnec 1 2 3 4 5
Privacy 1 2 3 4 5
Safety 1 p 3 4 5
Comfort 1 2 3 4 3
Micro bus Accessibility 1 2 3 4 5
Convenience 1 2 3 4 5
Privacy 1 pA 3 4 5
Safety 1 2 3 4 5
Comfori 1 P 3 4 5
Privatc auto Accessibility I 2 3 4 S5
Convenience | 2 3 4 3
Privacy 1 2 3 4 5
Salely 1 2 3 4 5
Comfort 1 2 3 4 5
Auto nickshaw | Accessihility 1 2 3 4 5
Convenience 1 2 3 4 5
Privacy 1 2 3 4 5
Safely 1 2 3 4 5
Comfort 1 2 3 4 5
Taxi Accessibility 1 2 3 4 k]
Convenience 1 2 3 4 5
Privacy 1 2 3 4 5
Safely i 2 3 4 5
Comfort 1 2 3 4 5
Human hauler | Accessibility 1 2 3 4 ]
Convenience 1 2 3 4 5
Privacy 1 2 3 4 5
Safety 1 2 3 4 5
Comlort 1 2 3 4 5

101



Level of service of used modes: Please circle the appropriate answers.

Modes

Parameter

Yery Poor

Poor

Moderate

&3
)
=)
(=%

Very Good

Motor cyele

Accessibility

1

2

3

Convenience

1

Privacy

1

Safety

Comfort

Rickshaw

Accesaihility

Convenience

Privacy

Safety

Comfort

Bicycle

Accessibility

Convenicnee

Privacy

Safety

Comfort

Van

Accessibility

Conventence

Privacy

mafely

Comfort

Walk

Accessibilily

Convenience

Privacy

Salcty

Comiort

i | ek

[ I o) -1 B S N N N N o8 J N U B O R S B N B LN B AN N SR e A L N S ot I v I

| ot ] | L] | L] L] L) | L LR ] | | ] lea| ] R L] laf L) L) L2

Bl & B B B B L ] B R BB B R R R R B R B R R R R

thl | wh| o wa] W] W] Wk e LA a] e e Al L] | WA LA Why whl WA WA WA W] LR LA
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Appendix B

Coding of Dilferent ¥Variables in SPSS for Generic Analysis

name = MWame of the oflice workers
desipna = Designation of the office workers
priorg = Name of the private organization
| = Sheltech
3=EPC
are — Age of the office workers in years
1 = Less than 25 years
3=135-45 years
5 = More than 55 ycars
gender = Gender of the office workers
| = Male

religion = Religion of the office workers

1 = Muslim
3 = Clmstan
edugal = Educational qualification of the office workers
1 = Tlliterate
3=88.C
5 = Inploma

7 = Masters Degree
status = Status of the oflice workers, 1= Full time
fmlysize = Family size of the office workers
income = Monthly heusehold income in Tk

1 =Up i 5000

3 =10001 - 150000

3= 20001 - 23000

7 =30001 - 25000

G = Maore than 40000
resistru = Structural patlern of residence of office workers
fmlvow = Household car ownership

1 = Private avtomobilc

trporgin = Trip ongin (Place)

2=BFL

2 =23 -35% years
4 =45 - 55 years

2 =TFemale
2 =Hindu
4 = Buddhust

2=Class Tl X
4=H5C

6 = Bachclor Degree
8 =IhD

2 = Parr time

2 =35001 -100400

4= 15001 - 20000
6 =250{01 - 30000
§ = 35001 - 40000

2=HNone
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trpdstin = Trip destination (Office)
1 = Sheltech (Pvt. Ltd.)
3=DFL
frqofirp = Frequencey of mp (weekly)
distance = Distance fom home 10 ollice in Km
nomgdes = Total number of available modes

primede = Most frequently chosen mode (primary mode)

I = Pnblic bus
3 = Aulo nickshaw
5 =Walk

ivit = Tn vehigle travel time in minutes

2=EPC

2 = Private aulo

4 = Rickshaw

ovit = Out vchacle (ravel ime m munulcs (adding access tume, walting ttime and ¢gress ume

together)

acestime = Acccss 1ime in minutes

waihlime = Waiting time in mimites

egrstime = Egress (nc in munulcs

cost = Cost of travel in Tk,

smode = Supporling mode with pomary mode
1="Yes

smprim = supporling mode with pnmary made
1 = Rickshaw

arvamodl = Alternative Mode 1

1 = Public bus
3 = Auto nckshaw
5=Walk

avemnd = Alternative Mode 2

| = Public bus
3 = Auto rickshaw
5 =Walk

paccess = Accessibility of public bus

1 = ¥ery poor
3 =Moderate
5 = ¥Yery good

2 =Walk

2 = Private auto

4 = Rickshaw

2 = Privalc aulo

4 = Rickshaw
2 =TPaor
4 = Good
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peonvenc = Convenience of public bus

1 =¥ery poor

3 = Muoderate

5 = V¥ury good
pprivacy =Privacy of public bus

1 = Very poor

3 =Moderate

5= ¥Yery good
psafety =Safety of public bus

I = Very poor

3 = Moderate

5=Yery gaod
peomfort =Comfort of public bus

1 =¥ery poor

3 = Moderate

5 =VYery good
paaccess =Accessibility of povate auto

1 =¥ery poar

3 = Moderate

5 =Verr good
pacencen =Convenience of povalc auto

1 = Very poor

1 =Moderate

5 = Very good
papriva¢ =Privacy of private aulo

1 =¥ery poar

3 =Muoderate

. 5 =Yery good

pasafety = Safety of pnvaic aulo

1 = ¥ery poor

3 = Muoderate

5 = Very good
pacomfor = Comfort of private auto

I = Very poor

3 = Moderate

2 =Poor
4 = Good
2 =Poor
4 = Good
2=TPoor
4 = (ipod
2 =Poor
4 = Good
2="Poor
4 = Good
2 =Poor
4 = Goad
2 = Pooar
4 = Good
2 ="FPoor
4 = Gond
2 ="Poor
4 = Good
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3 =Yery good

aracess = Accessibility of auto rickshaw

I = Very poor

3 =Moderae

5=Y¥ory yood
arconven = Convenience of aulo rickshaw

1 =Very poar

3 =Moaoderate

5 =¥ery good
arprivac = Privacy of auto rickshaw

1= ¥ery poar

3= Moderaie

5 =Very good
arsafety = Safety of aulo rickshaw

1 = Very poor

3 =Moderale

5= Very good
arcemfor = Comiort of auto nickshaw

1= Very poor

3 =Moderale

5 =Yery good
racess = Accessitnlity of rickshaw

1 =V¥ery poar

3 = Muoderate

5 = Very pood
rconvene = Convenience of rickshaw

1= ¥ery poor

3 =Modemate

5 = ¥Yery good
rprivacy = Privacy of rickshaw

1 = Very poor

3= Moderate

2= Y¥Yery yood
rsafety = Safety of rickshaw

1 =¥ery poor

2 =Paor
4 = Good
2 =Poor
4 = Good
2 =Poor
4 = Good
2 =Poor
4 = Good
2 =Poor
4 = Goaod
2 ="Poar
4 = Gopd
2="Poor
4 = Good
2 =Toor
4 = Good
2 = Poar

106



3 = Meoderate

5=VYery good
reomfort = Comfori of rickshaw

1 = Very poor

3 = Moderate

5 =Very good
wacess = Accessibility of walk

1 =V¥ery poor

3 = Moedcerale

5= \;er}; good
weonvene = Convenience ot walk

1 = ¥ery pootr

3 = Moderale

5= Very good
wprivacy = Privacy of walk

| = Very poor

3 =Moderate

5= ¥Yery good
wsafety = Safety of walk

1 = ¥ery poor

3= MDdEI‘ﬂttl’.

5=Y¥ery good
wenmfore = Comtort of walk

1 = Yery poor

3 =Moderate

5 =Very good

4 ={nod

2 =TPoor
4 = Good
2= Poor
4 = Good
2 =Popot
4 =Good
2 =Poor
4 = Gond
2 =Poor
4 = (ipod
2 =Poar
4 = Good
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Appendix C

Table C-1: Data set of Two Ilundred and Fifty Office Workers to Develop Nested Logit Model

J1 Variables (Socio-economic and Travel Aftributes)
age | sex |edugal] status { famsiz| hhinc | hheow | dist | ivtt | ovtt | cost  |acess| convence | privacy | safcty | comfort | Y| N1J |ALTLI
112411 7 1 4 13000 0 3.00 | 20 2 20.00 3 4 5 4 3 11 1 4
21301 5] 1 2 300D L 200 | 20 | 13 | 2500 5 ] 3 3 4 1{ 2 4
30| 1 [ 1 2 30000 0 200 ] 25 0 i 3 5 3 4 5 ol 2 5
3241 & 1 b 13000 0 1000 50 | 12 | 1500 | 4 3 2 2 2 1] 2 1
24 | 1 6 1 5 13000 0 000 | 30 10 | BO.0O 5 5 4 5 5 g 2 3
41158 1 2 1 3 4001} 0 200 | 15 0 A0 3 3 4 4 ) 1] 1 A
5| 28] 1 3 1 3 600 0 50 5 0 1000 | 4 3 4 3 2 ol 2 4
2811 3 1 3 6000 o S0 1) L 00 2 4 3 2 2 1] 2 §
6|44 ] 1 7 1 3 35000 0 700 | 25 | 20 | 6000 | 4 3 4 3 4 1] 2 3
44 | 1 7 1 3 35000 0 FOO | 45 0 4500 | 2 3 4 3 3 0] 2 4
7127 1 6 1 14 13000 ] 4.00 | 20 | 20 7.00 3 2 3 3 2 1] 1 1
812351 7 1 [ 10000 ) 1600 | 45 { 20 | 1500 | 3 4 4 5 4 1] 1 1
9129 1 & 1 ] 1000H) { 2500 | 60 | 31 | 2500 | 2 3 | 3 3 1] 1 1
10} 56 | 1 7 | 4 50000 0 FOO [ 45 | 24 | 1500 | 3 3 i 4 i 1] 1 1
1152 | & 7 1 4 35000 t 600 | 45 18 | 12.00 | 4 3 2 5 2 gl 2 1
5210 i i 4 35000 | 6000 | 45 0 7200 | 5 5 o) 4 5 1] 2 2
12125 ] 1 1] 1 3 3500 0 1000 30 § 30 | 1500 | 2 3 2 3 2 1] 1 1
13| 28| 1 6 1 ] 22000 0 Bo0 | 50 | 25 18.00 1 2 1 3 1 1] 1 I
14 28] 1 & 1 4 21000 ] 950 | 45 | 22 | 1500 ] 3 2 3 1 1] 3 i
281 1 6 1 4 21001 (} 0.50 t 25 18 | 70.00 1 2 4 2 4 o 3 3
28 | 1 & ! 4 21000 & .50 | 35 R 3500 2 1 3 3 2 ol 3 4
15|30 | 0 i] 1 2 23000 0 750 | 20 17 | o000 ] 2 4 4 4 o] 2 3
|0 [ | 2 23000 4] 750 | 20 5 4000 | 4 i 4 2 3 1] 2 4
16| 25 | 1 3] 1 3 18000 {) 350 | 20 | 1e | 100D | 4 3 2 3 3 1] 2 1
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2510 1] 6 1 3 18000 ] 0 | 350 30 | 10 | 3000 | 3 3 4 3 4 [o] 2 4
17025 1] 6 1 3 (20000 o [ 25 | 5 | 8 | 800 | 3 3 ] 4 1 o] 2 4
5| 1| 6 1 3 20000 0 | 25 |5 [0 | o0 | 3 5 4 4 2 1] 2 3
18] 47 | 1| 3 1 4 (25000 o0 | S0 [ 0] 0o | o0 | 4 5 3 3 2 1] 1 5
w1 2 1 8 | 4400 0 | s0 | 5 | 0 00 | 2 5 3 3 4 |1 1 5
20|00 3 1 2 15000 [T 0 [ 600 | 35 | 25 | 10.00 | 2 4 3 3 2 11| 2 1
2910 3 1 2 115000 | 6 | 600 | 60 | ® | 60.00 | 4 2 3 2 i |o| 2 ]
21|23 0| 5 ] 2 [T1e00 [ o [700 [ 40 [ 30 | 2200 | 2 4 3 2 2 1] 2 1
23] 0| 3 | 2 12000 0 | 700 45 | 5 | 3500 | & 2 3 3 4 |0] 2 4
22{33[ 1] 4 1 7 17000 o | 50 [ s [ 0] 00 | 3 4 3 Z 2 1] 1 5
23[25| 1| & 1 5 [igsoo | 0 [ 350 | 20 | 13 | 400 | 3 4 2 2 i1 2 i
251 6 1 s 118500 | 0 | 350 | 30 ] 15 | 30.00 | 2 3 4 ] 4 |of 2 1
24|27/ 0| 6 1 2 [ 18500 | 6 [10.00] 50 | 20 | 1500 | 3 3 2 3 3 |0] 2 1
27| 0| &6 1 2 [ 18500 | o [1000 a5 [ 15 | 7000 | 3 1 4 3 3 1] 2 3
2527 [ 1| 7 1 4 [ 12000 0 [ 800 45 | 15 | 2000 | 4 3 3 3 4 1] 3 1
271 | 7 1 4 [ 12000 [ 0 | 800 | 30 | 22 | 8000 | 1 2 3 5 5 |o] 3 3
271 | 7 l 4 [ 12000 [ 0 | 800 | 60 | 10 | 10.00 | 2 1 5 3 5 (0] 3 4
26|29 1 | 7 1 6 | 15000 | 0 [ 350 | 15 | 15 | 800 | 2 2 2 1 2 1] 1 1
2734 | 1| 7 1 7 25000 | 0 [1s50{ 30| 15| 1800 | 2 3 4 4 4 |1 1 4
28|28 1( 6 1 7 I nso] o | 506 | 0| oo | 4 4 3 2 4 1] 1 5
w231 7 1 10 [ 12000 | "1 [10.00] 60 | 19 | 15.00 | 2 3 2 7 2 [1] 3 1
28 1] 7 1 10 [ 12000 | 17 | 1000 30 | 0 |12000] 2 2 4 4 4 0] 3 2
2% 1] 7 1 10 [ 12000 [ 1 [1000] 30 | 21 | 7000 | 2 2 4 ] 4 |o| 3 3
30(30 1 7 1 4 18450 | 1 J 200 25 | 0 | 4800 | 5 3 4 4 4 |of| 2 2
0|1 | 7 1 4 [18450 | 1 [200 1 5 | 10 ] 10.00 | 2 2 2 2 2 |1| 2 4
3117 1| 3 1 6 | 4000 2 [tso 1w s [12zo0] 3 2 3 4 4 o 2 4
17| 1] 3 1 6 | 4000 0 [ 150 [ 15] 0 | o0 [ 3 4 ] 5 5 1] 2 5
3219 1| 2 1 4 | 4400 0 [ 50 {10} o0 | o0 | 2 5 3 4 4 [1] 1 5
3251 | 2 1 3 | 4000 0o [s0o 200 | o0 |5 5 4 4 4 |1] 1 5
344111 | 4 1 5 [ 13006 | 0 [100] 10| 5 | 10.00 ] 3 1 3 4 5 o] 2 4
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a1 | 1 4 1 5 13000 0 1.00 | 12 0 A0 3 3 4 5 3 1] 2 5
35130 ] 1 7 1 & 120800 0 800 ) 30 f 20 | 1000 2 3 3 4 2 1] 2 1
0|1 7 1 6 12000 U 8.00 | 25 | 15 | 60.00 1 i 4 4 4 0| 2 1
I 27 [ 1 & 1 9 120} {i 2.00 5 5 1000 | 3 4 3 1 3 0| 2 4
27 11 6 1 o 12000 L 200 | 15 0 A0 3 4 3 3 3 1] 2 3
3736 |1 7 1 2 33008 0 900 | 45 | 44 | 1500 | 2 3 2 3 2 1] 2 1
36| 1 7 1 2 35000 0 000 | 45 | 10 | 7000 | 3 3 3 1 3 0| 2 1
38l 421 1 b i 4 23000 0 300 | 10 | 16 | 600 4 3 4 3 4 1{ 2 1
4271 & 1 4 23000 g 300 | 20 b 15.00 | 4 3 4 2 3 0] 2 4
23 & 1 4 13100 t 200 | 10 | 10 | 2.60 3 3 4 4 2 1] t 1
40 20 | 1 2 1 7 4400 0 23 3 i} 00 4 5 4 4 4 1] 1 3
13111 i 1 5 23008 0 2.00 7 20 200 2 2 1 1 2 1] 1 1
421 23] 1 7 1 3 12000 0 330 | 40 | 34 | 1008 | 3 4 5 4 4 1] 2 1
2311 7 1 3 12000 K 350 | 25 | 10 | 6000 | 3 4 3 3 4 0| 2 3
43128 | 1 7 1 7 14000 0 00 ] 35 | 18 | 2000 | 2 2 2 2 2 11 1
447029 |1 & 1 10 1300 t 200 | 1D 7 B.00 3 3 1 4 3 1] 2 1
291 1 4 J 10 15000 0 200 | 16 3 2000 | 3 1 5 3 5 0| 2 4
45 271 1 1 ¥ 12000} 0 BOO0 | 45 | 30 8.00 3 2 1 1 2 1] 1 1
46| 46 ] 1 1 5 23250 0 400 § 15 | 10 | 2000 | 3 3 4 4 4 11 1 4
47125 ] 1 3 1 9 5500 0 100 | 20 | 20 | 1000 | 3 3 4 3 4 i 1 4
43127 | & 6 1 5 22000 i 725 | 30 5 F0.00 | 4 4 3 2 3 1] 2 1
271 0 & 1 5 22000 0 7.25 | 40 0 | 3500 4 3 3 2 3 g 2 4
4913211 i 1 4 SO0 1 200 | 10 g {24400 | 4 4 4 1 5 0] 2 2
32011 7 1 4 50000 1 200 | 15 | 10 | 2000 [ 3 2 2 2 3 1] 2 4
500 36 | 1 6 1 3 50000 0 25 10 {) A0 3 5 5 3 4 1] 1 5
50131 ] 1 i 1 5 18500 0 200 | 335 O 15.00 1 3 3 2 2 0| 2 1
311 & 1 3 18500 t 2.00 | 40 3 2000 [ 3 2 3 3 4 1] 2 4
52|31 ] 1 5 1 3 18500 0 2000 | 60 | 35 | 1200 | 2 3 3 2 1 11 1 1
531431 1 5 1 4 19900 0 30D | 15 | 1e { BOO 3 2 3 3 3 1] 2 1
43 | 1 5 1 4 15901 0 3.00 | 20 (d 2500 | 4 2 3 4 3 0] 2 4
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54| 28 | 1 7 1 10 12000 0 600 | 25 | 20 | 10.00 1 | 2 2 1 1] 2 i

2811 7 1 10 12000 0 600 1 15 [ 30 | o500 | 1 2 3 3 4 0| 2 3
550311 6 1 2 KD {} 800 | 15 | 25 | 1000 | 2 2 2 l 2 1] 2 1

il] 1 b 1 2 30000 0 BOG | 30 | 15 | 3000 | 3 3 3 2 4 ] 2 4
56|26 | 0 & 1 4 15500 1 11.00 | 45 0 13200 5 5 5 5 3 1] 2 2

60 b 1 4 15300} 1 [1.00 | 45 | 20 | 85.00 1 2 3 3 4 o] 2 3
57126 | 1 O 1 5 12001 i Al 10 0 1000 | 4 3 5 4 3 1/ 2 4

2611 H 1 5 12000 0 S0 15 0 00 3 3 4 5 4 0| 2 3
S8123 |1 2 J 4 AG00 {0 25 8 { 00 3 5 5 4 5 11 1 3
59122 1 1 1 7 4000 0 50 10 0 00 2 3 3 4 5 1] 1 5
ol 24 ] 1 2 1 O 4000 0 .00 | 12 0 A0 4 4 4 3 4 1] 1 3
61| 35 | 1 3 1 3 5000 it Ab 8 0 00 2 4 3 4 ] 1] 1 5
62 41 | 1 4 ! 3 5000 0 LOO | 15 { 00 3 5 4 4 5 T 1 5
63|39 ] 1 2 | 4 5000 0 650 | 20 1 25 | 440 3 2 3 2 1 1] 1 1
od) 45 1 1 2 i 3 5000 0 2.00 3 L5 L.O0 1 3 2 4 2 1] 1 1
65) 22 | 1 2 1 4 4200 0 1.00 | 14 0 L0 1 5 4 3 1 1] 1 5
6o 257 1 1 1 3 4400) 0 200 | 20 Y, 0G 2 4 3 P 4 1] t 5
671 26| 1 2 1 8 4000 0 2.00 5 15 2.00 2 4 3 2 2 1] 1 1
68| 20 | 1 2 i 7 4000 0 100 | 15 | 20 | 2000 | 3 2 4 4 2 17 1 4
6923 [ 1 2 1 3 4050 4 S0 12 0 A0 4 4 3 4 2 1] 1 3
70| 60| 1 7 1 9 50000 {) 3000 75 | 18 { 4400 | 3 4 3 4 4 101 1
Flyda | 1 7 1 4 40000 { 700 | 30 | 48 | 1000 | 2 3 1 4 3 1y 3 1

46 | 1 ¥ 1 4 40000 [} 700 |1 30 | 30 | 7000 | 2 4 3 3 3 0 3 3

46 1 1 ¥ 1 4 40000 0 00 |50 | 20 | 5000 | 3 4 5 2 4 0! 3 4
212611 6 1 3 15000 0 4.00 | 30 | 17 H.00 3 3 2 2 2 1] 1 !
73128 | 1 i 1 3 10000 0 1.00 | 4 16 1.00 4 3 e 2 3 0| 2 1

2841 & 1 5 [0000 0 100 | i2 3 1500 | 4 4 3 2 4 1 2 4
74|30 | 1 7 1 2 30000 0 FO00 | 40 | 19 | 1008 | 3 3 2z 3 2 1] 2 t

30| 1 ¥ 1 2 0000 L 7.00 | 40 | 18 (10000 2 2 5 4 4 0] 2 3
75061 ] 1 & 1 4 30000 1 500 1 20 1 29 | 1000 | 2 3 3 3 2 0| 2 1
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61 ] 1 6 1 4 30000 1 500 | 20 g | 6000 | 4 4 4 4 4 1| 2 2
Tol[25 ] 0 & I 4 900y 0 650 | 30 | 29 | 1500 | 3 3 4 4 3 ] 2 1
25110 & | 4 SO0 {3 650 | 35 1 20 | 5000 ] 3 4 4 3 4 0] 2 3
FTL A5 0 & 1 4 5000 { 300 | 15 | 26 B.00 2 3 3 3 3 11 2 1
25 | 0 & 1 4 000 0 300 | 50 0 | 3500 ] 4 4 4 4 4 0| 2 4
8|24 [ 1 6 1 3 GO0 1 4,00 | 45 0 | 4800 | 5 3 5 3 5 1] 2 2
241 7 1 5 9000 1 400 | 20 | 10 | 5000 | 3 4 4 4 4 0| 2 3
12810 7 1 3 6000 0 104 | 10 { 1500 | 5 5 3 3 3 1] 1 4
80 4i ] 1 7 l 3 14000 ) 3000 95 | 39 | 3000 | 2 2 3 2 2 11 1 1
8140 ] 1 7 1 3 17000 0 50 | 50 )19 | 1200 | 2 2 3 3 2 i] 1 1
321571 6 1 2 14000 0 200 ) 15 | 19 | BU0 3 2 5 4 4 1] 1 1
B3] 55| 1 2 1 4 T250 0 1150 ] 30 | 38 200 3 P 1 3 3 1] 1 1
8442 ] 1 6 1 4 17500 U 650 | 15 | 31 4.00 1 4 3 2 2 1] 1 ]
3540 | 1 7 U 3 15000 { 200 | 20 ] 20 | 4000 | 2 1 5 4 4 0| 2 3
40 | 1 7 0 3 15000 0 200 | 20 | 10 | 1500 { 4 i 3 2 4 1] 2 4
B6| 23| 0 7 1 6 BOOG 0 i.00 5 0 100 ] 3 2 5 4 4 1] 1 4
87126 1 6 1 6 [ 4{)(H) 1 1.0g | 10 L 1200 ¢ 5 5 5 ] 5 11 2 2
| 1 [ 1 6 14000 i 106G | 15 5 1200 | 3 2 2 2 2 0| 2 4
88| 25 | 1 b 1 5 100400 0 B50 | 55 | 39 [ 1500 | 3 2 4 2 3 1] 1 1
82251 6 1 4 1000 0 400 | 30 | 17 | 1000 | 4 4 2 2 2 1] 1 |
ol 40 1 6 | 3 30000 1 8.00 | 40 0 18.00 | 5 3 5 5 5 1] 1 2
911 47 | 1 6 1 4 15000 0} 600 | 45 | 47 { 1000 | 2 2 2 3 2 1] 1 i
921241 1 4 1 3 10000 0 3000 | 60 | 14 | 2500 | 4 3 2 4 2 1] 1 1
93130 | 1 b 1 7 13000 0 900 § 30 | 14 | 1200 | 3 3 2 4 3 1] 2 1
)1 6 l 7 15000 0 900 | 20 ;20 | 8OO0 | 2 2 4 3 4 ] 2 3
4|30 ] 1 7 1 1 410000 l 750 1 45 0 84.00 | 5 4 5 3 5 1] 1 2
95| 44 1 1 % 1 1 245000 1 2.00 | 45 O |00 5 3 3 5 5 1] 1 2
96| 51 | i 6 1 4 35000 0 20 | 15 ] 2000 | 2 3 2 3 4 1] 1 4
2715l [ 1 7 1 3 40000 f) 200 ¢ 15 |13 [ 2500 | 3 3 2 3 4 1] 1 4
D8 | 48 | 1 7 1 2 3000 1 500 | 30 0 1000 | 4 4 4 3 4 1] 1 2
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90 39 1 4 1 5 A430{) 1 300 | 15 o .00 5 3 5 3 5 1] 1 2
100 55 | 1 7 1 f 55000 1 18.00 | 60 0 21600 4 4 3 5 4 1] 2 2

3511 ¥ 1 & 550040 1 1800 | 60 | 10 | 12000 2 1 3 4 5 0| 2 3
101] 41 | 1 4 1 5 13500 0 L.00 5 15 1.00 4 4 3 4 3 1] 2 1

41 j 1 4 1 5 13500 0 100 | 10 [ 11 | 1200 | 4 3 3 2 2 0| 2 4
1021 39 | 1 6 i 5 45000 1 450 | 30 0 2.00 5 3 5 5 3 11 1 2
103] 530 [ i 7 { 7 50000 L S0 5 0 1.00 5 3 5 5 3 1] 1 2
04 70 | 1 7 I 3 245000 | S0 10 0 6.00 5 5 5 5 3 1] 2 2

Jo ]! ! 1 3 2435000 l 50 12 3 1500 | 2 4 3 3 3 0| 2 4
105 70 | 1 8 [ | 245000 1 J50 | 45 i 1500 | 5 5 4 5 5 1] 1 2
106) 57 | 1 6 1 4 105000 1 S 3 0 1.00 5 5 5 5 3 1] 1 2
107 50 { 1 5 1 4 13004 0 1.04) 2 13 100 3 2 2 4 2 0y 2 L

5] 1 3 1 4 13000 0 1.00 | 15 0 1260 | 4 2 4 3 3 ] 2 4
108 42 ; 1 6 [ 4 10000 it 630 | 35 | 34 | 00 4 3 3 4 2 1] 2 1
.42 ] d & 1 4 10600 {0 650 | 30 | 20 | 60.00 1 1 4 3 3 0| 2 3
109/ 41 | 1 4 1 4 13000 0 650 | 35 | 15 5.00 4 2 3 5 2 1) 1 1
110[ 33 ] 1 2 1 4 6050 0 1400 ) 90 | 40 | 11.00 | 3 2 2 5 3 1] 1 1
111 30 | 1 6 [ 2 10000 K 6530 | 20 0 24 | 15400 | 4 4 3 2 ! 1] 1 1
112 40 | 1 4 1 i 11000 1] 6.50 [ 20 | 25 | 1500 | 3 2 2 4 3 1] 1 1
113} 50 | 1 4 1 3 22000 0 1000 | 40 | 20 | i500 | 3 2 2 1 2 1] 2 1

11 4 | 3 22004} 0 1000 | 35 | 25 | 7000 | 2 1 4 3 5 0f 2 3
114 27 | O 7 [ 4 G000 0 1.00 | 12 ) 20 | 1500 | 3 3 3 4 3 1] 2 4

27| 0 i 1 4 G000 0 1Lap | 20 } .00 3 5 2 4 ¢ 0| 2 5
115 35 | 1 3 1 3 5000 0 2.00 3 12 | 2.00 3 4 3 5 3 1] 2 1

s|1! 3 1 3 000 0 200 | 20 L 00 3 3 3 4 4 o] 2 5
116) 40 | 1 4 1 5 5000 0 50 I5 L 0 3 4 4 3 5 1] 1 5
117 24 | | b 1 4 4500 0 630 1 20 | 20 | 10400 | 3 3 3 4 3 1} 1 1
118 20 4 1 2 1 6 A000 0 200 | 15 | 25 5.00 i 4 2 5 3 11 1
19 30 ] 1 2 1 2 4200 0 200 5 1{ 200 3 4 2 3 3 10 1 l
1204 26 | 1 2 1 1 4200 0 1.0 | 20 0 00 4 5 5 5 3 1] 1 3
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121| 30 | 1 3 1 4 15000 0 425 | 15 | 40 ) 400 2 1 1 2 2 1| 2 1
ol 3 1 4 1 5006 0 4325 | 30 | 10 | 3000 | 4 4 4 4 4 0| 2 4
1221 26 | 1 H 1 2 G000 ) 200 [ 10 | 14 | 1200 1 2 3 2 3 1] 1 4
123 26 | 0 6 1 4 10000 0 150 § 15 [ 16 | 1200 | 3 3 2 4 3 1] 2 !
2610 & 1 4 10000 0 150 | 15 | 10 | 1500 | 3 3 4 2 4 ] 2 4
124 31 | 1 i 1 2 30000 0 300 | 30 | 30 6.00 2 2 1 3 1 1] 2 1
il] 1 7 1 2 30000 o 300 | 35 | 20 | 3500 | 2 4 4 4 4 0] 2 4
125 27 | 1 6 ] 3 22000 0 EOQ | 25 | 28 | 1000 1 1 2 2 2z 1] 1 i
126) 26 | 1 5 1 6 10000 0 300 ( 15 | 38 B.00 2 1 3 3 3 1] 3 1
6]t 5 1 & 10600 0 JO0 ) 15 | 28 | 5000 | 2 2 4 3 5 0| 3 3
2601 5 1 i 10000 o 300 [ 25 |13 ) 2500 | 2 2 3 3 3 0l 3 4
1271 34 | 1 6 1 3 16000 0 BOG | 30 | 27 | 1800 | 2 2 1 1 1 1] 2 |
3441 [ 1 3 16000 0 BOO | 30 | 15 | 7000 | 2 3 3 4 4 o] 2 3
128/ 25 | O & 1 4 000 0 300 | 25 15 6100 1 ! 1 1 1 1] 2 |
251 0 ] | 4 000 ¢ 3.00 | 30 | 10 | 3000 ) 4 4 4 4 4 o) 2 4
1290 37 | & b 1 5 20000 0 400 | 30 | 34 | 1300 | 3 4 3 3 2 1] 3 [
37 0 b 1 3 20000 0 400 | M) 5 7000 | 5 5 5 4 3 o[ 3 3
3710 & 1 3 20000 0 4.00 | 45 0 3300 | 3 4 4 3 4 0| 3 4
13y 31 | 1 7 1 4 30000 0 8OO | 20 | 35 | 1000 | 3 4 4 4 3 1| 2 1
31 ] i 7 1 4 35000 ¢ 200 | 35 0 30.00 | 3 4 4 3 4 0 2 4
131 26 | 1 0 1 6 00 4 2000 [ 75 [ 25 | 2000 | 2 3 3 2 1 1] 2 1
2611 & 1 B FO00 { 2000 | 50 3 | 14006 4 1 3 4 5 0] 2 3
132 32 | 1 7 1 2 230300 0 T 40 4 18 [ 1200 | 2 3 2 3 2 1] 2 [
3211 7 1 2 25000 i} FO0 | 23 5 §0.00 | 4 3 5 5 5 0| 2 3
133 30 | 1 6 1 4 16000 0 2000 [ 90 | 25 | 20.00 1 3 2 1 2 1] 1 1
134 27 | 1 & 1 4 16000 U] 1050 | 60 | 37 | 1000 | 2 4 5 5 3 i] 1 1
1350 26 | O 7 1 2 F000 0 1.50 | 10 0 10.08 1 4 3 5 3 0] 2 4
264 7 1 p FO00 i} 1.50 | 20 U 00 4 3 4 4 3 1] 2 5
136) 26 | 1 7 1 3 10000 0 2000 ) 40 | 10 | 1600 | 3 3 1 i 1 1] 2 1
26| 1 7 1 3 10000 0 00 40 | 10 | BDOO ) 3 2 4 4 4 0| 2 i
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137/ 24 | O i 1 4 001 0} 1.50 | 10 0 B 00 3 3 4 4 4 0 2 4
24 | 0 & 1 4 6000 it 1.50 | 15 0 00 3 4 4 3 4 1] 2 5
138 24 | 1 4 1 f 6000 0 400 | 30 | 10 | 2500 | 4 3 3 4 4 11 1 4
139} 30 0 1 H 1 1 4000 0 800 | 30 | 25 | 10.00 ] 1 1 1 1 1] 1 1
140 35| 1 6 1 4 30000 0 700 | 40 | 15 | 1500 | 2 2 2 3 3 gl 2 1
LN 6 I 4 300060 ; F00 | 25 |18 | 600D | 4 4 4 3 4 1] 2 3
141 28 | 1 & 1 3 130010 b 1.50 | 10 0 00 2 4 4 4 5 17 1 5
142 26 | O 6 1 2 20000 { 350 [ 30 | 22 | 10.00 1 I 1 l 1 B 2 1
26| 0 6 1 2 20000 0 3550 | 25 | 10 | 5000 | 3 4 4 3 3 0| 2 3
143 26 | 1 [ I ¥ 12000 0 8O0 | 30 | 25 | 1600 | 2 1 1 2 2 1] 2 1
26 |1 & 1 3 12000 o 00 | 20 ] 15 | 8000 | 3 2 3 i 3 g/ 2 E)
144 26 | 1 B 1 4 5000 {) 800 125 |12 | 1000 ] 4 3 1 k] 4 1]t 1
145 36| 1 2 1 4 4400 L 100 | 10 0 00 4 4 3 4 5 1] 1 5
146 46 | 1 3 1 3 13500 0 2000 | 60 | 29 | 2000 | 1 2 1 2 2 11 1
147 27 | 1 6 | 1 1)) {} BOO | 30 | 33 | 1000 | 4 1 1 4 3 1] 1 1
148] 32 | |1 6 1 8 40000 i 200 | 30 5 2000 | 3 3 3 2 2 1] 1 4
1490 26 | 1 3 1 4 8000 { 800 | 10 | 23 B.00 3 2 1 2 2 1] 1 1
150 32 | 1 5 1 4 10000 0 1000 | 20 | 45 | 1500 | 3 2 2 2 2 1] 2 1
32| 1 5 1 4 10000 0 1000 | 30 | 10 | 35.00 | 4 4 3 3 3 0] 2 4
151 20 | 1 6 1 3 15000 i 20004 55 | 20 | 20,00 | 2 3 2 4 2 1] 2 L
gl 6 1 3 15000 {) 2000| 50 | 20 [ 16000] 2 1 3 3 4 0| 2 3
152) 22 | O 6 1 7 FH00 0 300 [ 15 025 | 1000 | 3 2 2 3 2 0 2 1
22|00 & 1 i FO00 0 300 | 30 | 10 | 2500 [ 4 3 4 3 3 1] 2 4
153 21 ] 1 2 1 5 4500 0 1.00 3 0 00 4 5 3 1 3 1] 1 5
154| 26 | 1 2 1 4 2500 4] 800 | 50 | 20 | 1000 | 3 3 2 2 3 1] 1 1
155) 26 | 1 7 1 3 20000 0 2000 ) 60 | 30 | 2000 | 3 2 2 2 1 1 2 1
26 |1 7 1 5 20000 0 2000 | 50 [ 35 [11000] 2 3 3 4 3 0| 2 3
156 20 ] 1 5 1 5 2080 0 FO0 [ 55 | 14 | 000 | 3 2 2 2 1 1] 1 1
157/ 28| 1 6 1 4 20000 o 25 3 3 500 4 4 4 2 3 0| 2 4
281 1 6 1 4 20000 0 25 5 0 A0 4 5 3 2 4 1] 2 5
A




158 27 | O 7 1 4 15000 0 400 | 10 | 25 | 1200 | 2 4 1 3 2 0] 3 1
271 0 7 1 4 15006 0 4.00 | 20 O | o000 | 3 1 4 3 4 0| 3 3
271 0 7 1 4 15000 0 400 | 30 | 10 | 3500 | 2 2 3 2 3 11 3 4
159 28 | 1 7 1 11 15060 0 OO 7 20 | 35 | 10.00 J 3 1 2 2 i 2 1
28 4 1 7 J 11 15000 0 700 | 20 | 30 | 60.00 ! 3 4 4 4 0] 2 3
160f 32 | 1 ¥ I 8 50000 | 2500 | 45 0 | 5000 | 5 5 3 5 5 1P 1 2
161 29 | 1 7 1 g 20000 i 300 | 30 | 05 | 30,00 | 2 3 2 4 2 1] 2 1
2911 7 1 9 20000 f) 300 [ 30 [ 15 | 3000 | 4 4 2 2 3 0| 2 4
162) 31 ] 1 7 1 5 45000 ! 2000 | 50 0 | 4000 | 5 3 5 5 ] 11 1 2
163) 25 | i 6 1 4 000 0 350 20 20 | 50,00 | 4 5 4 4 5 0] 2 3
25 [ 1 6 i 4 5000 0 3.50 1 40 | 15 | 20.00 1 2 4 3 2 1] 2 4
164 25 | O 6 1 3 10000 0 EOO | 15 ( 22 | 70.00 1 2 3 2 3 1] 2 1
25 [ @ i 1 5 10001 0 BOO | 40 | 10 | 4000 | 2 | 3 1 1 Oy 2 4
165 26 | 1 6 i b 15060 i 1000 | 50 | 35 | 1500 | 3 2 3 2 2 1] ! 1
166 26 | 0 7 1 5 10000 {0 300 | 15 | 10 K00 4 3 3 4 3 1] 2 I
26| 0 7 1 3 10000 0 3.00 | 35 0 | 4000 | 4 3 4 4 3 0| 2 4
167) 33 | | 7 1 3 19000 0 JOO | 45 P22 1500 | 2 4 2 2 1 1] 2 1
3311 7 1 3 190{0) it F00 | 40 5 8000 | 4 2 4 3 2 o] 2 3
168] 26 | | 2 1 2 6500 0 FO00 | 45 | 25 | 1500 | 3 2 3 4 3 1] 2 1
26 [ 1 2 ] 2 6500 0 700 | 35 110 | 000 | 3 2 4 4 4 0| 2 3
1691 24 | 1 7 1 5 12000 U 1.00 7 i 00 4 3 4 3 4 11 1 5
170 28 | 1 ¥ 1 7 15000 1 800 | 30 | 39 [ 1000 | 2 3 3 2 1 11 3 1
2911 7 1 ¥ 1 5000 1 BOQ | 25 0 1600 | 5 4 5 5 5 0] 3 2
29 | 1 7 1 7 15000 l BOO |20 [ 15 | 60.00 | 4 1 3 4 4 0| 3 3
171 35 | 1 7 1 2 50000 | 7.00 | 35 0 1400 | 5 5 5 3 5 1] 1 2
172 26 | 1 O 1 4 600 0 800 | 35 123 | 1000 | 2 3 2 4 4 1y 2 1
26| 1 5 1 4 S000 0 .00 | 30 ) 24 | 6000 | 2 1 4 4 5 0] 2 3
173 24| 1 [ 1 9 000 it 25 5 g 00 2 5 4 5 5 I 1 3
74 28 | 1 7 1 7 18006 L 1000 60 | 25 [ 1400 | 3 2 3 4 1 11 2 1
28| 1 7 1 7 18000 { 1000 | 45 | 30 | 80.00 | 4 3 3 3 4 ] 2 3
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175/ 35 [ 1 7 1 4 70000 1 (2000 60 [ 0 | 40.00 | 5 3 5 3 5 1] 1 2
176) 31 [ 1 7 i 3 20000 o [2000] 75 [ 20 [ 20007 3 2 Z 3 3 I 2 1
3t | 1 7 1 3 20000 0 2000 55 | 20 {15000 1 1 4 2 4 0| 2 3
177 44 | 1 I3 t 2 20000 1 300 | 30 | 20 | 1200 | 1 1 1 ] 1 o] 3 1
44 [ 1 6 ] 2 RO000 1 300 [ 25 [ o 00 5 5 3 3 5 1| 3 2
44 11 6 1 2 RO000 1 300 | 30l o [ 2000 3 3 2 3 4 of 3 4
178 41 [ 1 7 1 2 80000 1 360 25| 0] 600 | 3 5 5 5 5 1] 1 2
179 37 [ 1 7 { 4 20000 0 |2000] 60 | 38 [ 1608 ] 1 1 1 1 1 1] 1 1
1586) 38 | 1 2 1 4 12200 0 600 | 50 [ 30 [ 1400 | 3 2 3 3 3 1{ 2 1
38 | 1 2 1 4 12200 0 600 | 25 | 30 | 2000 | 2 3 4 4 3 ol 2 3
w1l 23] ¢ 5 ] 5 6500 0 150 { 20 | 3 | 1200 [ 3 4 4 1 4 1] 2 4
210 75 1 3 6500 0 150 | 30 | 0 0 2 4 4 4 4 0| 2 3
182/ 321 0 | & i 4 | 23000 1 800 | 50 [ 0 | 1600 { 5 5 s 5 5 1{ 1 2
183] 28 | 1 é 1 6 20000 0 25 5 0 | 500 | 3 3 4 3 3 a| 2 4
281 6 1 6 20000 0 .25 5 0 .00 3 5 4 4 3 1| 2 5
184 26 | 1] & 1 3 8000 0 25 3 0 0 3 5 5 5 5 1] 1 5
185{ 32 [ 1 7 1 5 15000 0 100 [ 6 [ 5 | so0 | 4 2 4 5 3 1] 2 4
1211 7 1 5 15000 0 100 [ 10| o 00 2 4 3 4 4 ol 2 5
186| 27 [ 1 6 1 3 K000 0 [2000] 60 | 22 | 2000 | 3 2 4 4 4 111 1
187) 26 | 1 6 1 6 7000 0 2000 75 | 31 [ 2000 | 2 3 4 3 3 t] 1 1
188] 31 | 1 6 1 4 8000 0 |2000[ 65 [ 25 [ 2000 | 3 2 3 4 2 1] 1 1
180 38 | 1 4 1 6 13000 0 |2000] 70 | 30 | 2000 [ 3 2 4 3 3 | 2 I
R |1 4 1 6 13000 0 [2000] 50 | 23 {10000 2 ] 4 4 4 ol 2 3
190| 38 | 1 6 1 3 45000 ] 700 [ 60 | 0 | 1400 | 5 3 3 5 5 1] 1 2
[ 28 [ 1 6 1 4 15000 0 [1000] s5s [ 30 [ 1400 | 1 2 3 3 3 1] 2 1
28 [ 1 6 1 4 15000 0 1000 60 | 20 [ 4000 | 3 2 3 4 p) 0| 2 4
192 25 | 1 6 1 6 7000 i} 800 | 40 | 20 | 1500 | 2 3 2 2 3 1| 2 ]
25 [ 1 6 1 6 7000 0 800 | 45 | 12 | 4000 | 2 2 5 4 5 of 2 4
193] 24 1 1 2 1 4 4500 0 100 8 [ o 00 2 5 4 5 5 1] 1 5
Wl 6 1 7 5000 0 300 | 201 15 [ 1000 | 3 4 2 4 3 N 1
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301 6 1 7 SO00 0 Ing | 30 | 14 | 3500 2 2 4 3 2 o 2 4
195 26 | | 4 1 4 14000 0 350 { 25 | 17 | 10.00 | 4 2 3 4 4 1] 2 1

2611 6 1 4 14000 0 50 | 30 ] 17 | 3500 [ 3 2 4 4 2 gl 2 4
196] 32 | 1 7 1 3 150{) (7 25 5 & A0 4 3 3 5 3 1] 1 5
1970 22 | 1 2 1 f 6000 0 25 4 {i 00 4 5 4 5 4 1] 1 5
198 29 ¢ 1 G 1 4 00 0 BOG [ 45 | 30 | 1200 i 2 3 4 2 1] 2 1

28] 1 6 1 4 FOR0 0 8OO | 45 | 25 | 4000 | 2 1 4 3 2 0| 2 4
199 30 | 1 4 ! 3 4000 Y .25 5 G 00 3 5 4 5 3 11 1 3
2000 45 | 1 7 1 4 30000 0 350 ) 20 | 27 8.00 2 3 3 3 3 1) 2 1

451 1 7 l 4 30004 0 350 | 25 |12 | 2500 | 2 1 5 3 3 0] 2 3
201) 40 | 1 7 1 3 30000 1 BOO | 25 0 96500 | 5 5 3 8 3 1] 2 2

40 | i 7 I 3 30060 | 200 | 30 | 25 | 8000 | 2 3 4 4 4 0] 2 3
2021 25| 1 2 1 1 4000 { 25 3 L .00 3 5 4 4 4 1] 1 5
203 2211 3 1 3 4500 0 25 & { A 3 5 5 3 4 11 1 5
204| 27 | 1 b 1 4 2000 0 2000 | 60 | 25 | 20060 | 3 2 3 4 3 14 1 1
205 26 | 1 & 1 2 ROD) K 00 |30 |22 1000 2 3 2 2 2 1] 1 1
206) 20 1 1 ¥ 1 6 15600 U] 1000 ) 60 | 15 | 20,00 | 3 2 2 4 3 1] 1 1
207 27 | 1 5 1 4 FO00 0 000 65 | 15 | 2000 | 2 3 3 3 3 1 1 1
208 38 | 1 7 1 3 20004 0 2000 | 55 | 10 | 20000 | 2 3 3 4 4 1] 2 [

i8] 1 7 1 3 20000 0 20001 45 | 20 [ 12000 3 2 4 3 5 0| 2 3
0% 29, 0 7 1 2 20000 1 J00 | 25 0 14.00 | 5 5 5 3 5 11 1 2
2100 24 1 1 2 1 5 45010} 0 1.00 | 10 0 .00 3 3 4 4 4 1] 1 5
211 36 | ] 7 ! 4 IO 0 2000 | 60 | 12 | 2000 | 2 3 2 2 2 0] 2 |

36 |1 7 1 4 30000 0 2000 50 | 26 | 12000 2 3 4 5 3 1] 2 3
212 47 | 1] i 1 3 50000 1 1.00 | 10 0 2.00 3 5 3 3 5 1] 1 2
2131 28 | 1 6 1 4 8000 { 300 | 27 | 21 | 1000 | 2 2 3 3 2 1] 1 1
214/ 29 | | O I 2 1 60(H) 0 8.00 | 30 | 22 | 1000 | 4 3 2 3 3 11 2 1

29 [ 1 [ 1 2 16000 0 B.O0 § 30 | 20 [ 7000 | 2 1 4 5 4 gl 2 3
5271 1 i 1 3 12000 0 200 | 15 | 30 8.00 1 4 3 4 3 o) 2 1

27 ] 1 fi 1 3 12006 { 200 |25 | 10 | 3000 | 4 3 4 4 3 1] 2 4
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216 23 | 1 2 1 4 4000 0 800 | 35 | 24 | 1200 | 2 3 2 4 4 1] 1 1
17 28 | ] i 1 5 OG0 i GO0 | 45 | 25 [ 1200 | 2 3 3 5 5 1) 1 1
218 35 [ 1 3 1 4 3000 & 23 & 0 00 4 3 3 3 5 1] 1 5
219 28 | 1 1 1 3 4000 0 25 5 0 00 3 3 4 5 4 1] 1 5
220[ 32 4 1 7 1 2 20000 { 300 [ 10 | 12 | 600 2 2 2 2 1 O] 2 1
3211 7 1 2 20000 { J00 ) 25 | 12 | 3000 | 4 3 4 4 4 1] 2 4
2210 27 1 1 2 1 4 4500 0 1Log | 10 0 00 4 4 3 5 4 1] 1 5
2221 31 ] 1 & 1 3 16000 it 600 | 40 | 20 | 1200 | 2 3 2 4 4 1] 2 1
3|1 4 1 5 16000 0 600 | 35 | 30 | 000 | 2 3 4 5 3 o] 2 3
223 43 | ] 2 [ 3 5000 { 25 8 0 0 4 3 3 5 5 11 1 5
224 34 | 1 3 1 7 11000 0 2000 55 1 20 | 2000 [ 3 2 2 4 4 | 2 1
4|1 3 1 7 110040 0 2000 45 | 35 | 120000 | 3 2 5 5 5 o] 2 3
225{ 28 | 1 4 1 4 G000 0 Lo0 | 1 | O .00 2 4 3 4 4 | 1 5
226 26 | 1 O 1 5 000 0 30 | 15 |10 | 1000 | 3 4 3 4 3 1] 2 1
26 [ 1 6 1 5 FO00 0 300 ] 30 | 10 | 3000 | 2 2 4 3 3 ol 2 4
2725 11 & 1 3 1200H) 0 BO0 | 30 | 24 | 1000 | 2 3 2 4 3 1| 2 1
251 1 O 1 3 12000 0 200 | 25 | 28 | 6000 | 3 2 4 4 3 gy 2 3
228|329 | 1 7 1 2 15000 0 1000] 60 | 20 | 1400 | 1 2 2 3 2 i{ 3 1
28] 1 7 i 2 15000 0 10.00 ] 45 1 30 | 65.00 | 2 2 5 5 4 0l 3 3
261 1 7 1 2 15000 { 10001 60 | 10 | 4500 | 3 2 4 5 3 0y 3 4
2200 23 1 1 2 1 4 4000 - {; 50 12 0 A0 2 4 3 4 3 11 1 5
230 24 1 1 2 1 5 4000 { 23 3 0 A0 4 5 4 5 5 1] 1 5
31 26 | 1 b 1 4 12000 0 150 | 5 10 | 2.00 3 4 2 5 4 11 2 1
26 |1 6 1 4 12000 4] 1.50 | 12 5 1500 | 3 2 4 5 4 0 2 4
2321 26 | 1 6 1 2 8000 { 200 | 15 | 30 | 8.08 3 5 2 4 4 gl 2 1
26 [ 1 6 1 2 5000 { 200 | 20 |21 | 3000 1 2 4 3 4 4 1] 2 4
2331 31 | | 7 1 3 15000 0 BOO | 35 | 20 | 1000 | 2 3 2 5 4 1] 2 1
3111 7 1 3 15000 0 8O0 | 25 | 27 | 6000 | 3 3 4 5 3 g1 2 3
234| 35 | | & 1 3 20000 0 8O0 | 35 | 26 | 10.00 | 4 2 3 4 3 1] 2 1
LEN I & 1 3 20000 0 8.00 | 25 | 20 | 60.00 | 4 2 3 5 5 0] 2 3
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235/ 30 | ] & 1 4 10000 0 23 3 2 5.00 3 3 4 5 5 0] 2 4
ol £ 1 4 10600 0 25 & 0 00 3 3 4 5 4 1] 2 5
236| 34 | 1 7 1 7 22000 i 350 ) 20 | 15 | 1000 | 4 3 2 3 4 | 2 1
411 7 1 7 22000 0 330 | 30 |15 | 3500 | 2 2 3 5 3 | 2 4
23703 | 1 7 1 4 30000 ] 1200 | 45 | 20 | 1500 | 5 5 5 5 5 1] 1 2
238[ 29 | 1 7 1 3 15001} {1 150 | 10 | 20 | 6.08 2 3 2 3 4 ] 2 1
2511 7 1 3 15000 0 1.5 | 15 | 10 | 2000 | 4 3 4 5 4 1] 2 4
239 241 1 b 1 2 FO00 0 4.50 | 25 |12 | 1000 | 3 3 4 5 4 1] t 1
40| 35 1 1 ¥ | 4 30000 g FO00 | 30 | 20 | 1200 | 2 3 2 2 2 n] 2 1
351 1 7 1 4 20000 i 00 | 25 | 30 | 5000 1 3 3 4 4 3 1] 2 3
241031 | 4 7 1 5 15000 0 600 | 45 | 25 | 12.00 { 3 2 3 4 4 1] 2 1
31 | 1 7 1 5 15000 0 600 | 35 | 31 | 50.00 | 1 2 4 4 4 0] 2 3
242|130 | 1 7 1 4 1500H) ] 11.00 | 50 | 25 | 1500 | &4 2 2 4 4 1] 2 1
30| 1 7 1 4 15000 0 11.60 | 40 | 31 | 70.00 | 2 2 5 4 3 0] 2 3
243] 25 | 1 & i i 2000 0 2000 | 60 | 25 | 2000 | 2 2 3 3 2 1]t 1
244] 36 | 1 7 1 4 30000 1 F00 | 40 | 30 | 1500 | 2 3 2 3 3 1] 3 1
1 7 1 4 30000 1 F00 | 25 0 | B400 | 5 4 5 5 5 O] 3 2
36| 1 7 1 4 30000 1 F.00 4 30 | 20 | 50.00 | 1 2 3 4 4 o] 3 3
245} 31 1 1 2 1 7 S0CH) {) ) 15 0 .00 2 4 3 4 5 1] 1 5
246[ 41 | | 2 [ 2 00 0 .23 4 0 .0Q 3 3 3 4 3 1] 1 5
2471471 1 2 1 3 3000 0 1.00 | 10 | © .00 4 3 4 3 4 1] 1 3
248 24| 1 3 1 1 4000 0 25 5 & 00 3 5 4 3 4 1] 1 3
249 22 | 1 3 1 2 4000 0 50 10 0 00 3 4 3 4 5 1] 1 5
2500 20 | 1 2 1 4 4K 0 23 5 0 A0 2 3 4 3 5 11 1 5
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Appendix D i

Different Socio-Economic and Mode Specific Variables of the Ollice Workers
Table D.1 Age Group Distribation of the Offlce Workers

Age groups Frequency of Olfice Workers In Percentage
Less than 25 ym - 57 228
25-35y1s 132 528
35 -45 yrs 36 14.4
45-55 yrs 16 6.4
More ihan 55 y1s o 3.6
Total 250 100

Tahble I).2 Educational Qualification of the Office Workers

Educational Qualilication of the Frequency of Office Workers In Percentage
Office Workers

Hliterate 2 0.8
Class 1 to X 36 14.4
S.5.C 16 6.4
H.5.C 11 44
Diploma 11 4.4
Bachelor Degree 103 41.2
Masiers Degres 69 27.6
PhHT} 2 0.8
Total 250 104

Table I».3 Income Group based on Monthly Income of the Offlce Workers

Monthly Income (in Tk) Income Group Frequency of Office In Percentage

Workers
Less than 10000 Lower 105 42
10001 -20000 Middle 87 348
More than 20000 Higher 58 232
Total 250 100
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Table .4 Family Vehicle Onwnership of the CHIice Workers

Ownership Frequency  In Percentage

Private auto 33 13,2
None 217 26.8
Total 250 100.0%

Table D.5 Relation between Age Group Distribution and Mo+l Frequently Chosen
Mode

Age groups (in Most frequently chosen mode Terlal
years)
Pubhc bus Pnvate auto Auto rickshaw Rickshaw — Walk
Less than 25 21 1 8 26 57
25-35 80 10 18 20 132
35-45 20 6 1 7 36
45 - 355 5 5 - 4 2 16
More than 35 3 6 - - - 0
Tolal 129 28 7 31 55 250

Table 1).6 Relation between Gender Distribution and Most Freguently Chosen Mode

Gender of the Most frequently chosen mode Total
Office Workers
Public bus Privaic auto Auto rickshaw Rickshaw  Walk
Female 9 4 3 7 pi 25
Male 120 24 4 24 53 225
Total 129 28 7 31 55 250
Table .7 Relation hetween Job Siatus and Most Frequently Choscn Mode
Job Status Most frequently chosen mode Total % of
Public bus Private  Auto  Rickshaw Walk Total
aule rickshaw
Parl time - 1 - 1 - 2 0.8
Full time 129 27 7 30 55 248 092 .
Total 129 28 7 31 55 250 l{]ﬂ.ﬂ@
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Table 1.8 Relation hetween Total Income (Monthly) and Most Frequenily Chosen

Maode
Monthly Tncome Most fn;qu(:ntlj,fr chosen mode Total
{in Tk) Public bus Private  Auto Rickshaw Walk
auto  rickshaw
Up to 10000 48 1 1 12 43 103
10001 -20000 62 3 l 11 10 87
More than 20000 19 24 5 8 2 58
Tolal 125 28 7 31 55 205

Table 0.9 Most Frequenily Chosen Mode of the Office Workers

Namc of modcs Frequency In Pcrecntage
Public Bas 129
Private Auto 28
Auto Rickshaw 7
Rickshaw 31
Walk 35
Total 250

Table .10 Time Spent to Reach to Chosen Mode by Rickshaw / Walk

Time Spent Supporting modes

Rickshaw

Frequency In Poreentage

Frequency In Percentage

Less than 5 min 22 40
5—10 min 23 41.82
10 -15 min 7 12,73
15 - 20 min 2 3.60
20— 25 min 1 1.81

More Lthan 25 min - -

Total Responsc 55 100

46
i1
3

1
81

360.8
383
3.7

1.2
100
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Tahle D.11 Waiting Time for Most Frequently Chosen Mode

Watling Time Most frequently chosen mode
Publicbus %  Autorickshaw %  Rickshaw %
Lcss than 5 min 32 24.8 1 14.3 16 516
5-10 47 364 2 286 29.0
10-15 33 25.6 2 28.6 4 12.9
15-20 10 7.8 2 28.6 2 6.5
20-25 1 0.8 - - - -
Morc than 25 O 4.7 - - - -
Total 129 1G0 7 100 31 1G0
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Appendix E

Areas under the Standard Normal Corve from 0 to 7

£ 0 1 2 3 4 5 6 7 5 9
0.0 000 0040 QoEn 0123 0180 | L0199 0239 0270 0319 0359
0.1 B30E 0438 AMTE 517 0857 | 0596 0636 06TS 0714 0754
0.2 D793 0832 ETL 910 0048 | 09T 1026 1064 (1103 L1141
03 179 1217 (12350 4293 1331 | (1368 1406 1443 1480 1517
0.4 534 1591 (1628 1664 ATO0 | 1736 1772 1808 (1844 (1879
5 915 1950 1985 2M9 2054 | 2088 2123 2157 2100 2224
6 J2258 2291 23340 2357 2380 | 2422 24534 2486 2518 2549
1.7 258G 2612 Zed2 2673 2V | 2734 27ed 2794 2R23 0 2852
1.5 ZEEY O 2910 2939 2967 2996 | 3023 3081 30T 3106 3133
1.9 3159 3186 3212 3238 3264 | 3289 3315 3340 3365 33RO
1.0 J413 0 3438 3461 3485 3508 | L3531 3554 3577 3590 3621
1.1 Jed3d 3665 AAB6 3708 3720 | 1749 37700 3700 3810 3830
1.2 840 3B6D 3BBR 3907 3925 | 944 3947 J980 0 3997 4015
13 4032 4049 4066 4082 4099 | 4115 4131 4147 4162 4177
14 4192 4207 4RI} 4236 4251 | 4265 4272 4292 4306 4319
1.5 4332 4345 4357 A0 4382 | 4394 4408 4418 4429 444l
1.6 A452 0 4463 4474 4484 4495 | 4505 4515 4575 4535 L4545
1.7 A4 4564 4573 4582 4591 | 4599 4608 d6le 4625 4633
1.8 Al 4649 4656 4664 d67] 4675 4686 4693 4090 4706
19 A1 471D 4726 4732 AVIR | 4744 4750 4756 476l AT6T
2.0 AXF2 4778 ATEY 47ER 4793 | 4798 4803 4208 4512 4E17
21 ABZ1 4826 4830 4834 4B3R | 4R42  dRde 4850 4854 4857
12 A861 4864 4868 4871 4875 | 4878 4531 48R4 4BET 4890
23 AB0T  4BO6 AR08 4001 4904 | 4908 4900 4911 4911 4018
34 A918 4020 4922 4Uxs 4027 | 4920 4931 AX2 0 4834 493
2.5 A93F 494G 4041 4943 49435 | 4046 4048 40949 4951 4957
2.5 A953 4955 4936 4957 4950 | 4060 4961 4967 4961 4944
2.7 4965 4966 4967 4963 4960 | 4970 4971 4972 4973 4974
28 AW34 4875 4976 4977 4977 | 4973 499 4979 4080 49%1
R A4981 4982 4982 4983 4084 | 4984 4085 4085 4986 498G
EX | A9RT 4987 4087 49RE 4988 | 4980 4020 4930 4990 499%)
3 4000 4001 4901 4991 4992 | 4992 4997 4993 4043 4993
iz 4093 4993 4994 4994 4004 | 4004 4904 4995 4995 4905
A3 A00S 4995 4005 4006 4096 | 4996 4005 4995 4004 4007
34 4097 4997 4997 4997 4997 | 49097 4097 4997 4u97 4998
35 A998 4998 4998 4998 4008 | 4998 40985  499% 4998 4903
36 A998 4008 4999 4999 4999 [ 4990 4000 4009 4999 4000
37 4993 A0G% 4999 4000 4990 | 4090 4000 4099 4900 4999
38 ABSF 4999 4993 4999 4900 | 499% 4000 4990 4000 4999
3.9 A000 SO0 5000 SHM} 5000 | 5000 5000 5600 L5000 5000

Source: Spigel, Murmay B. (1992)
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Appendix F .
Model Specification of Alternate Nested Siructure

U{pub_busi=A+A1*AGE+AZ*IVTTHAI*OVTT
U{pri_auto}=BU+B1*IVTT
U(a_rick)=CO+C1*IVTT+ C2*OVTT
U(rick)=D1*IVTT+D2*OVTT
U(walk)=E0+E 1 * AGE+E2*DIST
U{mt}=F+AB*HHINC+BC*DIST
Uinmt}=EF*HHINC+GH*AGE

FIML' Negted Multinomial Logit Model |
Mazximam Likelihood Estimates |

|

|

| Dependent wariable T

| Weighting wariable ONE

| Humber of chaervatione 37E

| 1terations completed 57 |
| Leyg likelihood funcecicm -38.7216E

| Restricted log likelihood -413, 0689

| chi-aguared T4B.E964 |

Degrees of freedom 20

Significance lowvel L0030000
Ri=1-LogL/Eogl*  Log-L fnen R-sgrd  Regady |
| W coefficients -413.06599 .9D05826 .BAE%0

| Conatante cnly. Must be computed directly.
Use NLOGIT ;...; RHS«OME 4
At start values -45 .BGG6E  ,22334 07951 |
Response data are given ag ind. choice. i
The model has 2 lewvels. t

| coefe. for hranch level begin with FD

| Bumber of chs.= 250, skipped 0 bad obs.
R it T T +

dmmmmman o Fomm e m e — o drmmmmmm————— - fomm—m - drmrmmm—— R it +
[variable | Coefficient | Standard Error |B/SE.Er. |P[|Z|sz] | Mean of x|
t-—-—————- B R e T pmmmm———— e o= +

Attributes in khe Ubility Functicns
Faul G.95B431783 18.681425%4 375 .TovE
Al -.1018714535 LB3TIE1E3E-01 =1 214 L2245
A2 L1DABJIZET] LB9B2563%E-01 l.4090 .27E8
Al -2BGRQ3IASET 1308823113 2.184 L2590
EO 11.13892784 18.770178 593 .855219
Bl -110%963108 242336583 L4577 6476
(] 6.573428318 1B .321573 365 7153
Cl LEAUAETEBOABE-Q]1 .114RTa4ds .16 L4420
C2 LB4554T0LOYE-01 | YAS45E34E-01 82 Mpeyit=] 4
o LAGE4TILAGT V33324B32 1.3E3 L1687
Dz SlASTFETARET V15151EB02 L6583 .4B52
ED 4. 095216408 4 _0GBQS3% 1.003 3136
El -.92324430484K-02 12230107 -.078 -8398
E2 1.705%939495 2.1449708% 787 -¢253

Attributes of Branch Choice BEquations
FQ - . 6610458123 L.7321078 - 38z LFD23
AE L213270458BE-04 | TO4ZE168E-0D4 L3203 LTE20
B -6 lBRT3ITVELE A4HI247E 1.47%7 il
EF - 253862134 TFE-04 ,25112194E-04 =1.0%1 L3121
GH LJ2EHRZ5H9EE-01 _SZG03498E-01 .B21 .53443

Inclusive Yalug Parameters
MT =.1040020848 118248410 - . B30 LATEl
HMT -.10400204844 .11824840 =.Bg0 L1791
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Appendix G-1: Model Specification 1

Uipub_bus)=AMAI*HHINC+AZ*TVTT+AI*OVTT+A4*COST
Ufpri_auto)}=BO+A1*HHINC + B1*TVTT+B2*COST
Ufa_rick)=CO+A1*HHINC+ CI*IVTT+C2*COST
Uirick)=A1*HHINC + D1*IVTT+D2*COST
U{walk)=E0+EI*AGE
U(public)=F0+AB*HHINC
U{private)=FH+BC*HHRINC
Ulnmt}=EF*HHINC

+

+

Run result
e T T Fp —+
FIML: Fested Multinomial Logit Madel
Maximum Likelihood Estimates
| Dependent variahle Y !
| Weighting variable ONE
Humber of cobservations 378
Tceraticone completed lo1
Loy likelihesd function -47.5510%
Regtricted log likelihood -358.58239 |
Chi-eguared £21.3455 |
| Degrees of freedom 20
Significance lewvel -Qpoooong
Ri=1-LogL/Legl* Log-L fnon  R-sgrd Esghd) |
| No coefficients  -358.%23% .EB6737 .84751 |
Constante only. Must be computed directly. i
Use NLOGIT ;...; RHS=ONE § |
| At start valusg -63.,3532 .24943 11043 |
Fesponse daca are given as ind. choirce. |
The model has 2 lewvels. |
Coefy. for branch level begin with Fo |
Huwber of cke.= 25, skipped 0 bad obs. |
e T TR +
tommm = Fommrme o m e A e T T R
|variable | Coefficient | Standard Errer |b/5t.EBr.|P[|2])=>2] | Mean of x|
Fommm - R R == e

Ad 2.3902505840 13.0%04145

Al ~.1836845350E-44 _BO0DOB0&3E-d4 -

Az -3451579E75E-01  .BES13367E-01

A3 -286E244696E-01  .57935B9SE-(01

R4 =-4323031160E-01 L BBSE1RG4E-01 -

B 1.873525193 15.23454%

Bl ZET4ERO1R48E-D1  ,16220245

B2 -.103116494EE-G1  .21RB19727E-01 -

Ch -3.016181433 4.443795¢ -

-1 1560984264E-01 ,59%B19153E-01

cz -3624347052E-02 L 22132811E-n01

Ll -.3B14153976E-01 .481570E3IE-DL -

02 -9561261504E-02 L4T7T416817E-01

E0 2.026432070 3.36973g85

El -.T4EREE5E£1DE-Q]1 LAA5TTRET -
Artributes of Branch Choire Equationa

ol -4.806754219 23 _9184ea -

AR -.14817742258-01 _G516672BIE-04 =2.

EC ~.1049428257E-01  _73032349E8-04 -1.

EF -.12312RB59318-03 CT2GRH432E-04 ~1.
Inclu=ive Value Parameters

PURLIC 1.66348532% 3.05Rd444a

FRIVATE 1. 6489485525 3.0584444

HMT 1.5a65%455135 3.0584d4a

Attributes in the Urility Functilons

183

217

397
.4585

480

.132
A4l

474
.&6718

260
173

L7500

202

L6501

-560

161

407
418
635

T35
 EdE
T-1

.B561
82759
L6913
LB209
LE455
L8177
G774
-6355
.4978
LTE47
-BGZE
SA53
-Hd02
-5476
-SE23

LB723
L2161
L1558
-0801

-5852
Y= 1=
-9852
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Appendix

G-2: Model Specification 2

Ufpub_bus)=A0+A1*HHINCHAZ*IVTT+A3*OVTT+A4*COST
Ufpri_auto)=BO+BI*HHINC + B2*TVTT+B3*COST

U(a_rick)=

COHCI*HHINCH C2*TVTT+C3*COST

Urick)y=D1*TVTT+D2*COST
Ufwalk)=EC+E1*HHINC+ E2*AGE

Uipublic)=

FHAB*HHINC

Ulprivate)=FO+BC*HHINC
U{nmt)=EF*HHINC

+

Run result
e il e i e e +
| FIML. Nested Multinomial Logib Model [
| Maximum Likelihood Bztimates
Dependent wariable ¥ |
Weighting variable ONE |
Humber of observationa 374 |
| Iterations completed 101 |
Log likelihood function -E2.13564 |
Reatpicted log lakelihood -3158.5239 |
| Thi-sgquared G12.6705 i
Degrees of freedom 213 |
Gignificance lewel SORGoe0D |
[ R2=1-LogL/Logl* Log-L fnen R-sgqrd  Ragadi |
| o coefficients  -354.5239 .B5443 92255 |
| Conptants only. Must be computed direckly. |
| Use NLOGIT ;...; RHI=ONE § |
| At start walues 53,4815 12278 -.06940 |
| Responas data are given as ind. choice. i
| Heagian was not BD. Using BHHH sstimator. |
| The model hae 2 levala.
| Coefa. for branch level begin with Fo |
| Number of obs.= 280, gkipped 0 bad obs. |
t o e e e aaa +
R e e T e e waa Fom——- - e e
|variable | Cosfficient | Standard Error IE/3t .Br. |P[|2|>21 | Mean of x|
- ——— - - == Fom e mm———mmao o L L L e e A L e
Attributes in the Utility Functions
hd = 5348814/32 165 82171 -.003 -
Al -.5104574871FR-04 547.35121 A I Q000
A2 L P471T245940E-01 . 2AQS5A1E L2686 L7901
Al -5041736603E-01 18100677 L2A7E Ml Te]
ha -.E5C0IH9EI0E-01  .2E131E34 -.2E6 L7903
B -2.8442]155748 171.74921 =.017 .9B&R
Bl V128471 352TE-0Z .5T7849293E-02 -021 L8833
EZ L110B625313 302032401 282 FTRT
E3 -86TI118T33E-Q2 L TREQIT41E-O1 LA15 -ROB7
zo -4 . 593326236458 15.£37183 -.294 L7654
C1 -1300%03429E-01  _12385472E-02 .1D5 L8183
c2 LA30B7RE44EE-01 17478250 -247 8053
c3 CBRTAEITLRTEE-02  4BSD7BERE-01 184 -B23E
Dl -.41341991B31E-01 .13080164 -.31k L7200
D2 21915476201E-01  .90429%07E-D1 L212 L B323
Eqd 1.667287633 3. T7O805E7 435 LBEDS
El -.42d25311885E-05 . T5003949E-04 -. 055 .BER2
EZ -.43834E5417E-01 13013549 -. 337 L7382
Attributes of Branch thoice Bquations
FO 1.7541314577 las. 58714 010 -8517
AR = .23326TBO4A5E-04 547_35102 000 1.0800
BC - 3IRE0EEQ]1ZE-04 .SE1RT407E-02 - D17 CBAET
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[ oy = ., v

EF 2319537357 E-04 .\ 12362087E-Q2 LO1G . BBR0
Inclusive Walue Paramskbers
PUBLIC . 9595955582 3.5275523 L 2B3 rac 1=
PRIVATE L. 9595955532 2.5275523 283 PTeE
HMT . 9598305382 A.5275R23 .283 SPTeR
Appendix G-3: Model Specilication 3
Ulpub_bus)=AMHAI*AGE+A2*IVTT+AI*OVTT
Ufpri_auto)=BO+B1*TVTT
Ula_rick)=CO+HCIT*SEX+HC2*IVTT+ C2*0OVTT
Ulrick)=D1*SEX+D2*IVTT+D3*OVTT
U(walk)=EQ+E1* AGE+E2*SEX+E3*DIST
U{public}=FO+ AB*SEX+BC*HHINC+CD*DIST
Uiprivaie)=FO+DE*HHINC+EF*DIST
Ulmnt)=GH*HHINC+HT* AGE
Run result
Fo o T EA e mmmmmm oo +
| PIML: Megted Multinemial Logit Model
| Maximum Likeliheod Estimates
Dependent variakle ¥
Weighting variable ONE
| Mumber of cobservatipng 374
Iteraticns completed 101
Log likelihood function -45.24779
Restricted log likelihood -1E3.5233
| Chi-squared E25.5522 |
Degreea of freedom 2e
Significance lewvel LAogopao
| R2=1-LeglfLogl* Log-L fnen  E-agred REsghdj |
| WMo coefficients -35H.5233  .g737% . B4lg3
Constanta gnly. Must be computed directly.
Use NLOGIT ;...; RHES=0NE &
Ab ataxbt wvalues =53 B036  .18058 -, 05339
Eesponse data are given az ind. ¢choice.
Hessian was not PO, Using BEHHH estimator.
The model has 2 levela.

Coefs. for branch level begin with FO

Humber of oha.= 250, skaipped 0 bad ohg.
L b L e +

+--rmmmao F+---- - —mwma=_ i L el e I

|wariabhle | Coefficient | &tandapd Error |b/St.Er.|B[|Z|»z] | Mean of x|

Fommmm - Fommmmn oo e R Y bk T

Ertributeas in the Utilicy Functions

Al LATEEALTE0R 13.561274 D20 .583g
Al - AG0R255249E-01 122844978 -.3756 L TORT
hZ2 -11354B683%2E-01 _5H1991B5E-41 i R:1) 8678
Al 7RSS T490606E-31 (12853889 Hag -5E30
BO =1.6728045854 13.751234 -.122 2032
Bl SB574211230E-01 L 2IEROEST . 405 -BB5G
co -3.435%0558510 7.6834488 -.3587 .B91R
Cl -2.308823301 11 4532014 =.201 LB40B
(4973 L563TREG485E-01 _1ELl97182 L3488 iy
Cc3 LBH43RTE4T7IE-01 L )196EI463 .45%0 L BR2E
Dl -1.1%8111573 11.13587312 =.106 L9158
D2 = J412620TN1E-0L L8764 23E0E-01 -.34%9 LER70
D3 14BO487TEE L25233547 -5av LE5T4
BEd 3.1726491932 5-1970863 LA10 5415
El -L.52T7A001207E-D1 (15718804 -. 338 .T368
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E2 -, 3720291894 11.2265748 -.033
E3 -1.05209336% 1.5581282 -.&75
Attrilutes of Branch Choice Equationa
F1 2.346B819425 12.9774E86 181
AR 1.032867125 11.1191538 K]
BC - 1962R834248-03 157278 14E-03 -1.24E
Ch LJ139EE51362 L2TIRE0TE LB1D
L= -, 15825444 T79E-D2 .15BE2D2DEE-03 =, 5E1
EF = 1545076821 E-D1 . BTD2RI64 -, 022
GH - 13239340432E-03 ,15754374E-43 -1.15E
HI LBATEZ065%6E-01 (116T0O3ER L 812
Inclusive Value Parameters
PUBLIC LSATOR3A3TESL 1.7B3B450 . 858
PRIVATE LS9TORI3TAL 1.7EZB450 559
AT .99705%5353783 1.7B3B450 .85%

Appendix G-4: Model Specification 4

L3738
4998

 BBES
L5280
V2121
81032
3264
e )
.2d471a
L4164

5782
.o7ee
&BTE2

Upub_bus)=A0+A ¥HHINC+AZ*IVTT+AI*OVTT+A4*COST
Ufpri_auto)=BO+B1*HHINC + B2*TVTT+B3*COST
U(a rick)=C0+C1*HHINC+ C2*¥TVTT+CI*OVTTHCA*COST

Urick)=D1*IVTT+D2*OVTT+D3*COST
U{walk)=E(+E1*HHINC+ E2*AGE
U{public)=FO+ AB*HHINC+AC*FAMSIZ
U(privatc)=F(HBC*HHINC+DC*FAMS1Z
U{nm{)=EF*HHINC

Run result
e et +
FIML: Wested Multinemial Logit Model
Maximum Likelihood Escimates
Dependent variabie T
Weighting wariable CRE !
turber of cheervatione aTe
| Iterations completed 141
Log likelihecd functbicn -5d.13E54E I
Restricted log likelihood -38B._5230
Chi-sguared ElE . GLEE
Degrees of freedom 27
| Signiticance lewvel .00a0%00 |
| RZ=1-LoglL/Logl* Log-L fnen R-sqrd  Reghdi |
| Wer coefficiencs  -35B.5239  .859%% . B2z2s57 |
| Constancs only. Musk be computed directly
I Uge WLOGIT ;...; RHS-ONE §
| At starc values -5& . 5436  .11238 - 12493
| Responee daka are given as ind. choice.
| Hessian was not PO, Using BHHH egtimator. |
| The model has 2 lewvels.
| Coefs. for branch level begin with Fo
| Mumber of oba.s 250, skipped ¢ bad obs.
i R ettt +
fEmm—————— tommmmmm——m-—a e — e e o ——-—-—— L el b ST
Variable | Coefficient | Standard Error {b/st.Er.|P[|Z}=z) | Mean of X|
B it dmmm e mwm -, T T B L
areributes in che Ttility Functions
RD - . 20460E247E 20615383 ~.001 9952
Al -, TIB21193682E-04 RB3IE.09258 L0000 1.0000
R2 LBlO3GH08432E-01 15641514 .524 6201
A3 LEAERDSEEBTE-0Y 10234790 573 Sgel
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Ad -.54T06LBI53E-01 . 18329402 ~.2908 T
iLlv} -2.0E1445142 206 . 7BBEG = 3la 9323
Bl L8324 50432E-04  _FL093651E-02 -Q12 L BE0E
B2 SLOT5144218 L 34579904 .311 -y
E3 SAG3TO84031E-01 | S99E253BE-01 104 .8173
co -4 .7619598E]1 B.o1Bda524 -.534 5534
1 LBO7654BSB0E=-04 L. 3908157E-02 . 058 L9537
o2 LTALBEDAEBARSE-01  .14355354 LE0B L E118
c3 (442399335468 -01  .129052324 343 L7314
C4 L17T54E3411E-02 L 38B24404E-01 L0dE L8635
01 -.25948456%6E-01 _75100B22E-01 -.340 T340
Dz L1G77533731 LABA0N5H95 .B65 LG0EL
i -.112627332%E-01 .H1865823P-01 -.138 LEBR06
Ed 1.746216011 3.6256132 b -e304
El CTBE2TIE313E-D5 0 L 19075511E-03 L7a L3397
EZ = 3BT75575457E-D1 . 12B047321 - 303 L TE21
Attributes of Branch Chaice Equaticna
3] 1.3833%23238 206.05384 Loy -394 7
AR -.B7E63T1445E-04 235,00280 L0000 1.0000
A 2108733733 .31977214 -E7T9 L4574
BC - .6LTHI40TB4E-04 .AOEBE1ES5E-02 =.0g9 L5525
DC - . 26018256088 2.0140195 -.129 B3T3
EF T0325175B0E-08 | 3RT74227E-07 I L3980
Inclusive Value Paramsters
PUBLIC 3999994012 1.685%30936 591 .85543
PRIVATE -9595963D12 1.68304934 .551 5548
HMT L9598353012 1.6230538 L5581 0548

Appendix {;-5: Model Specification §

U{pub_bus)=A0+AT* AGE+AZ*TVTT+A3*OVTT+A4*COST
U(pri_auto}=B0+B1*HHINC +B2¥IVTT+B3*COST+B4*COMFORT
Ula_rick)=CHCLI*IYTTHC2*OVTTHC3I*COST
Urick)=D1*SEX+D2*IVTT+D3*0VTT+D4*COST

U{walk)=EO+E1* AGE+E2*SEX+E3*HHINC+E4*DIST
U(public)=FO+AB*SEX+B¢ *HHINC+CD*DIST
Uipnvate)=FO+DE*HHINC+EF*DIST
Ulnmt}=GH*HHINC+HI*AGE

Run resulit

e i i Ty S, +
FIML: Meated Multinomial Togit Model
Maximum Likelihood Estimates
Dependent wariakle r
Weighting variable ONE
Munber of nbservations 378
Iteraciona ¢ompleted 101 |
Log likeliheod function -43.92347 |

| Reetricted log likelihcood -358.523%

| Chi-squared 629 2008
Degress of freedom 3z
Bignificance |=vel .00G00aD

RzZ=1-LogL/Legls
No coefficience
| Conetants only.

=358 .5230

At start values -4 (5118

Log-L fncn  R-sgrd RaghAdj

-B77a3  _BilgEn

Muat be computed direccly.
| Use NLOGIT ;...

; RHS=ONZ &
123630 -.07160

I
I
I

Eesponse data are given a- ind. choige, }
| Hesslan was not PD. Using BHHM estimator. |
| The model has 2 levels,

| Cosfs. for branch level begin with Fo
I

Number of obs.= 280, skipped 0 bad ahg,
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variable | Coefficient

oo o emm— e —-——ma +
Arkributes in the Urility Functiemg

|
A1
A2
Al
A
B2
Bl
B2
E3
B4
il
cl
ca
C3
0l
D2
L3
D4
EQ
El
E2
E3
E4

F0
Al
BC
0
L&
EF
5GH
HI

FUBLIC
BRIVATE
HMT

L33B1B20745

S3Z916368024E-01
-04ZEA53484E-01
-3500253595E-01
CE1EERIEG11IE-0L
T.323735467

SlEQ0S5E50%9E-02
96723024 5%5E-01
LBOIDZ45023E-02
1.233745472

=3 .575476514

L6T74605B001E-01
LBEIESTHOEOE- 1
121853858 8E-0]1
2445384027
-27045326758-01
1073117998
72004527 30E-02
3.345948284
ARlEZR524T7E-01
-S2576178848
21B6142519E-04
LTA013A52309

1.7416328]%
1.404475081
L12332731084E-03
VB1BGG4G241E-D1
22399583753 E-01
-1444037473
-1G54277353E-03
-408Q730620E-01

106. 376548
13635286
12364325
-d07711585
-171E7RET
115.24334
.G2EEBTLRE-02
LAEZTR]
 34418494E-01
4.5459262
B.63449407
-17E141583
16578469
LB4211687E-01
2.9263885
-873%0354E-01
16082430
-96E24230E-01
4.0B71912
+13AL5018
3._7539824
-1858445408E-03%
1.235360593

10d.75743
2.8144357
Z1E8135270E-D3
32185877
BLT732744E-02
1.134%0587
175 TETTE-03
12864241

Inclusive Value Farametere

CBBROD0O5E42
L9B50%0RE42
-9B509D5642

1.6338001
1.633%001
1.6335001

Appendix G-6: Model Specification 6

LBa3
.241
.449
=11
-358
-06g
el
-2681
08B
L2493
L44E

J83

397
. 225
.152
-3dag

ae7

074
820
.355
-158
L11E
LB31
Actributes of Branch Choice Eguaticna

Q1Y
L4853
.B1S
L2845
-235
127
-6138
L3317

La03
-603
LB03

| Standard Error Ib/st Br.[P[|2]=2] |

L5975
.8053
LBE45
L5781
LF185
LEL93
-B7 598
LTR41
L8316
LBG3D
L4535
LIQlT
S6816
L8231
.B733
TS0
L2045
R3O
L4134
P23
LBET4Z
SBOeE
.E2BZ

-9BET
LB1VE
43152
LTTES
SBES1
-8988
-53R5
L7811

5466
1y
5486

Ulpub_busy=A0+A]*HHINC+AZ¥IVTT+A*OVTT+A4*COSTHAS *DIST
Hpri_aute)=BO+BI*HHINC + B2*[VTT+B3*COST
U(a_rick)=CO+C1*HHINC+ C2*TVTT+CI*OVTTHCA*COST
Ulrick}=DI*IVTT+D2*OVTT+D3*COST+D4*DIST

Ulwalk)=EO+EI*HHINC+ E2* AGE+E3*TVIT

U{public)=F0+AB*HHINC-+AC*FAMSIZ
Utprivate)=F0+BC*HHINC+DC*FAMSIZ
U(rmt)=EF*HHINC
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Run result

| FIML: Nested Multinomial Logit Model

| Maximum Likelihood Estimateg
Dependent wariable

Weighting wariable

tumber of cheervacions
Ieerations completed

Loy Yikelihood function
Restricted log likeliheood
Chi=-emquared

Degreeg 0f fresdom

| Significance level

-40_ 47214
-~358 23D

aig

]

Y
CHE
7B
101

-1034
30
f00an

RZml-Logh/LogLs
No coefficients
Constants aonly.

AE gtarbt wvalues

Log-L fnon  R-sgrd  Raghdj
-35B.5239 ,8B711 .B5255
Mugt be computed directly.
Jage WLOGIT ;...; EHE=ONE 3 |
-47.1015% (14075 -.12272@

Responae data are given as 1ind. choice.

The model haeg 2 levels.

Humbey of cbs.=

Atrributes in the Utility Functiems

| Hewsian was not PD. Using BHHH estimator.

0

bad oba.

|
Coefs. for branch level begin with FO !
250, skipped |

________________ Bl T I PR

AD -.1572723B1Z2 1d2.3512a -.001 L8540
Al ~.1115930642E-03 915.E9353 Q%0 1.080D
Al L3T073I1958TE-01 11353174 329 LT41R
A3 VABTAETIZITE-OL  .11988012 LA80 -£563
A4 - B513012475E-01 15521037 -.242 Rararard
AS - 275e03l00R2 L.G4B3E323 -.278 L7811
EQ =2 9846 1laeg0d 123.12850 - 224 CBEDT
Bl -83135A7I03C5E-04  ,GASHIGEBRE-02 014 P11
B2 -3175365627E-01 . 313269245 .133 -d951
B3 - 9TEL1146430E-02 34100210 -.0483 -844E
Ch -7.101z87098 17.111444 -.415 LETEL
Ci BAT49H01I02E-04 CSBOBZ2ETE-Q2 D22 L0822
Ld CAGE4IZ000SE-0) L, 2340EB8S7 .d71 L 710E
3 LB113334056E-01 . 1A454582 L331 .FaDa
=4 -.5D02571146E-91 13485340 -.371 LT107
01 - 7427343 T03E-0d1 . 18%08572 -. 393 L6544
oz 2F630E03559E-01 11490574 -180 L2575
Pa -l25T0EEESE 25846652 421 -BT3E
JRES ~1.2528412132 2.77a2002 -.4581 .BS1B
Ed 14. 02447822 &l.5844805 272 . 745845
El -.3256B26370E-D3 . 15445829E-432 =_ 170 .Bg54
EZ = .83JGB5281T0E-01 26254393 -.31%5 Td9%
[l - _55238353487 1.&6714512 -.330 L7411
Attribules of Branch Choice Equations
Fo 1.363323323 1d2.22633 011 L9911
AE -.BABZ1II510E-04  915,B9344 000 1.000D
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Appendix H: Predicted Probabilities of Model Specification 6

Predicted Probabilities (* marks actual and + marks prediction)

-
B
= P-
oW - ok W el

-hlh-rl‘-‘-ﬁ-bhlb-rh-pF-.h-bJ'L-J'Li-"MWMNMWMNMMMMMMMMMHI—'HHI—‘I—‘

el T

'_'l

PUB_BUS

L0onQg
Lanno
OGR4
L0000
L0000
L000qg
L0004+
LO000*+
LOO0Q
LOO00% +
L0375
LOQOg 5
LD000%+
.PB4E¥+
L0000
LA123% 4
L0000
L00a0
L00QG
LOB14wy
LBoag¥ 4
L0000
.BeTR% 4
L3447 +
LER7d kg
L000% 4+
L0000
L0000
L0455y
LQOgD
L000d
L0000
Lanng
LQaLo
. 9985+
L0048
LEIOQ R4
LTedew
LAO00*+
L0000
LO000*
L9908y
L0000 * 4
JT2E2% 4
LAOGOF 4
LQAG0
L0000
L00g

PRI_AUTC A RICK
L0ooo
L0000
Q013
L00gn
L0009
LE0dd ¥4
Looo
L3000
LRG0
L0000
L0000
.00ag
L2000
L0152
LEBlee +
LOOD0
L0000
L00an
.00Aa4
L0000
L0000
Ao
LOO00
.0553*
Q028
L0000
L0000
L0000
L0011
L0000
.Q0aag
L0000
LDooo
LO00
L0015
.004g
L4900
Looo
LA00o
LOG00
L0000
.0002
Q000
0oog
LQ000
L0000
L0000
.B225%4

L0000
LO0on
L0000
L00ad
.00aag
LO00Q
G000
LO0G0
L0000
L0000
LOE25 %
L0000
I lely
U]
LA000
L0QQ0
L0000
Looag
L00ga
L0000
G000
L0000
L0000
.00aq
LO0QQ
-0ooo
G000
LOO0D
L0054
L4798
.000a
L0000
Q0G0
L0040
.0aag
.0o0aqg
LGooag
GRG0
LOG00
L0a0n
-Qoag
.00ag
Looo
L0000
L0043
L00a0
L00gQ
LLooo

RICK

LOO00*+
LOGD0F+
.0oan
L0000
L0195
L0858
L0000
Laaoo
Q000
L0gn
L0000
.ooog
L0
LAOG03
L4834+
L1877
L1100
L00ao
Loo0g
L0188
L0068
LOano
L1322
Looog
L0000
L0000
L0000+
0D
Q0G0
LEZ202 %,
L0179
L0000
L0000
L4221
.o0gap
LA6132
L0009
L2154
.ogono
.QO%o
L0000
A00g
L3000
L2748
.004o
LO0a0Es
LO000%+
LTS

'_l.

WALK

L0000
L0000
L0000
LO000% 4
LOBOG*+
L0000
LQa00
L00g0
L0000
LLoog
L300a
L0000
LOgoo
L0a00
.0Qgon
L0000
B0 *s
LO000*+
LDDO* 4
LA000
L0000
LO000%4
Loooo
Q000
L0000
.0aon
.0ggn
L0000 ¢
L3004
Rilelaly]
LOBZ14
LGOS
LO0000*e
ETTOR g
Looog
LF3B TR
L0000
.0gaono
L0040
L0000% 4
LAn0g
L2000
L0090
.00go
Looog
L0000
L0000
LOa00

134



SEl

0000 +x0000° T a0o0-” Dooo- 0o000” LE
Doog - +x0000° T 000" ao0n0" 0Qo0" 98
00040" oGoo” 00g0- 200007 T 0000 56
0e0o" 000" 00gQ- +x0000° T 000G* 21
0000 " 0ooG*" STO0" 0000" +35866° £g
0000 0000 000" 0000" +40000°T E6
000g" Qeoo- 0ao0n” 0000 +x0000°T 16
0000" Q000" 0009 +50000°T 000" W
Qo00- 0oan” 0O0o- 0000" +4+0000°T &8
0000 " 0000 " Gooo” 0ogo” +20000°T 88
000" t TvE8” o000 *EGPTL 0000" L8
0009" +20000° T Q000" ao0n0-” 0000" 93
ao00- +e8656° Zo¥0" Q000" 0000 " 5g
0000" 0000" DO0o - 0000" +40000°T ¥B
0oo0n- +IoJeLvi cooo” 000Q " +10000°T  £8
0000" ou00- 0000 " o0000- +50000°T E8
onon- 0o0o” D000 " agnn- ++0000°T T8
600" 0000" 0000 " 0000 +x 0000 T OB
0u00" +x0000° T 0ogQ" 000" Gooo " 52
0000 " ocoaq- ZE0Q" +xBLEG" 000" gL
i 4FTO" Q000" 0000" +20986° LL
0000° 0000" 850" 000" +5ZT966 " 14
0ono” 0aoo- 000" +uEFOL” LSET" 5L
0Q00" 0000 " 9FIT" 000G +x55S88° BL
0000 N E eleelely 000" + ST8L” L
0oap: 000g- Gooo- 0ooo" +40000°T  ZL
D000 0EFD " + 9985° 0000 " *»P59g" 14
0ooo* 0ono” 0000~ Q000" +x0000°T 04
+50000°T 0apo- Q000" 0000 " 0000 69
0000° +x0000" T 0000 " 0000* 0ogg” 89
0000" WO 0Ooo " Q000" +x0000°T L9
+x0000° T BOOG” cooo - 0000 " 0000" 99
+x0000° T 0000" onno” nooo - 000" 59
0000" 000" 000" 0000" +x00060°T  ¥9
0o00" pono” 000" Ghi e +x0000°T €9
+20000° T 0ano” 0gae” 0000~ 0000 " z9
+20000° T Q000" 0000" 0000 0000 " 19
+x0000° T 0000 " 000Q " 0ogg- 0QQ- 09
+0000° T onog” 000" Boo0 - 000" 65
+x0000° T ¢000- 000" 000" Q000" 85
ZOEF " +58695° Hh a000" 0an0” LS
0000- 0ann- EETO" +xT966 " Q000" 95
0000 " ELTO" 0000" 0oOuo” +xTZH6° S5
000" 0000 " 5000° 0000 " +¥x56E6" g
0000 " DSHE" oooo " 0000 " +x0559" £5
0ogo" Wl oo00" ooog” +x0000° T 25
0o0g- *TS0T" Q000" Q000" + 6¥eg” TS
+x0000° T Q000" Q000" Q000" 0000 " 0S
0000" +¢ISF9" 0000 " 6¥9C" 0000 " &%
A9 qOTH ¥oId ¥ oloY IMd  Sod dnd ATPUI

(mopvipaid syivw 4 pue [enyoe syJeW ) SapIqeqoL] PRIPIL]



Predicted Probabilities (* marks actual and + marks prediction)
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