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ABSTRACT

Traffic congestion has now become a very serious problem particularly in metropolitan

Dhaka, the capital of Bangladesh. Because of the rapid socio-economic changes and

increase in population, the city expanded dynamically without any planning and control.

Such rapid and uncontrolled developments have created an unacceptable level of disparity

in the transportation demand and supply scenario, which resulted in traffic congestion and

environmental degradation through air pollution. To reach at an equilibrium level

between the demand and the supply, it is required to implement traffic engineering and

transport planning measures on the basis of scientific studies.

Considering the grievousness of the situation, concerned authorities like Bangladesh

Road Transport Authority (BRTA), Dhaka Metropolitan Police (DMP), Dhaka Transport

Coordination Board (DTCB) and Bangladesh Road Transport Corporation (BRTC) have

taken several measures for its improvements. But these were implemented in ad-hoc and

disintegrated way thereby failing to achieve the desired result. In fact to tackle the

problems of increasing traffic congestion and resulting air pollution, quantitative analyses
of the situations are deemed necessary and the plans should be designed on the basis of

the results of analyses.

This study is devoted to analyze present and future traffic congestion and resulting air

pollution in Dhaka city. In the study, a few immediately feasible alternative planning

options are considered for evaluation which include elimination of rickshaw and auto-

rickshaw, improvement of road network, improvement of bus transit and introduction of

rail transit system in Dhaka city. In this regard a transportation model, named as 'Dhaka

Urban Transportation Model' (DUTM) has been developed and calibrated for the study

area. The area included in this study comprises 154 km2 of central urban portion of Dhaka
city, which is the area under jurisdiction of Dhaka City Corporation. This area includes 90
wards of Dhaka city Corporation with population of around six million and 350 kilometer
roadway of the city. DUTM is used to simulate the peak period hourly traffic volume on

roadway links within the study area. In this study, traffic congestion is evaluated by using

four types of congestion indices and air pollution is evaluated by emission rates of SO"

NO* and CO in ton per hour. The congestion indices used in this study are Roadway

Congestion Index (RCI), Volume Capacity Index (VCI), Travel Rate Index (TRI) and

Congestion Severity Index (CSI).
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For the present year of 2002, it is found that peak period total travel demand is 1.3 million
vehicle-km and 59.5 thousand vehicle-hours. These demands increase exponentially with
the increase in city population. At present 24% of total roadway length of the network
carries peak period traffic with average speed less than 5 kilometer per hour, 62% of total
roadway length carries peak period traffic with volume-capacity ratio greater than 1.25,
the total travel demand exceed the total network capacity by 250 percent and 227 hours
delay occurs per 1000 kilometer travel. The emissions of SOX, NOx and CO are 0.3 ton

per hour, 0.8 ton per hour and 13.5 ton per hour respectively.

The analyses have been extended up to the planning period of 2020 for business as usual
case, called the baseline analysis, as well as for the alternative options. In the baseline
analysis, it is found that the percentage of roadway length with peak period traffic having
average speed less than 5 kilometer per hour will increase to 42.5% in 2010 and to 58% in
2020. The total travel demand will exceed the total network capacity by 343 percent in
2010 and by 460 percent in 2020. The delay per 1000 kilometer travel will increase to
937 and 3575 hours in 2010 and 2020 respectively. The emission of SOX, NOx and CO

will increase to 1.3,4.1 and 62 ton per hour in 2020 respectively.

The evaluations of planning options imply that elimination of rickshaw reduces traffic
congestion by more than 50 percent and reduces delay by more than 90 percent. It also
reduces emission of SOX, NOx and CO by more than 50 percent in the long run. The
effect of the elimination of auto-rickshaw on traffic congestion is not significant, but it
reduces emission of SOx and CO by more than 20 percent. Although the elimination of
rickshaw and auto-rickshaw  will result in considerable reduction in both traffic
congestion and air pollution, in order to sustain the level of mobility, it is required to
increase the number and quality of buses substantially. In connection with the
improvement of the bus service, the study suggests that the improvement of the speed will
be the most beneficial. In the study, it is observed that the significant increase in network
traffic flow can be achieved through minor improvements at a few bottleneck points in
the road network of the city. The feasibility of introducing rail transit using the existing
surface rail lines of the Dhaka city is also examined in this study. The result implies that a
system of rail network will be required in order to make it a feasible alternative. The
results also suggest that the rail transit system will require suitable access modes to

extract the optimum benefit.



Chapter 1
INTRODUCTION

1.1 General

Cities are the powerhouses of economic growth for any country. According to Bartone et.
al. (1994), around eighty percent of GDP growth in developing countries is expected to
come from cities. For the purpose of economic activities, it is imperative to facilitate
movements. Transportation system provides the way for movements and medium for
reaching destinations. Inadequate transportation system hampers economic activities and
creates hindrances for development. In most of the developing countries, which are
overburdened by huge population and extreme poverty, increasing economic activities
and opportunities in the cities result in rapid increase in urban population and consequent
need for transportation facilities. Authorities in these countries often fail to cope with the
pressure of increasing population growth and economic activities in the cities, causing
uncontrolled expansion of the cities, urban sprawl, traffic congestion and environmental
degradation. The backbone of urban activities is the urban transportation network. The
transportation  network of an urban area is usually designed to accommodate the
transportation activities of urban people. With growing population and diversified land-
use activities, transportation system needs to be updated or readjusted. Any lag between
growing transportation demand and network capacity results in traffic congestion, thereby

economic loss and environmental degradation.

Major reasons of such urban dilapidation are the inability of understanding the factors
causing problem and lack of proper planning to improve the situation. To cope with the
situation, it is imperative to ensure proper use of available facilities and develop
infrastructure  through optimum utilization of resources. It is particularly true for
developing countries like Bangladesh that because of scarcity of resources, planning
provides scope for optimum utilization of available facilities and resources. For planning
purpose, it is necessary to obtain quantitative visualization of the consequences of the

planning and development policies for comparison among alternative options. Computer



based models facilitate such visualization and evaluation of future consequences of
planning options. Although such computer applications have some general structures, the
models should be strategic and specifically developed for the area of interest. The
planners of developing countries are severely constrained by unavailability of such

planning tools.

The need for transportation model as a planning tool is particularly important due to the
extent and characteristics of transportation systems. The demand for transportation is
integrally related with economic activities, land-use, population and its distribution etc.
Also transportation system development involves huge amount of money and substantial
amount of time. Because of these reasons any decisions regarding transport sector needs
adequate planning, which should be justified by analysis on the basis of transportation

models.

For effectively dealing with traffic congestion and associated environmental problems,
transportation planners need a tool to get a greater visibility of current and projected
condition and comparative benefit of potential system improvement alternatives. In
principle, strategic transportation planning models provide the best means of satisfying
these requirements. With accurate database and careful specifications, such models are
capable of affording planning insights that may not be obvious to the common sense. This
study is devoted to develop an Urban Transportation Modeling System (UTMS) for
Metropolitan Dhaka, then analyze baseline situation of traffic congestion and consequent
environmental degradation, at last evaluation of some alternative planning options to

improve the conditions.

1.2 Motivation of the Research

Dhaka, with a population of over 10 million, is among the top ten mega cities of Asia.
With the prediction of a faster urbanization, the city will have to accommodate future
influx of population. To what extent will Dhaka be able to meet the challenge of rapid
urbanization and continue to offer a conducive environment for further economic
development is a burning question for the planners, engineers and decision makers.
Striving for an efficient transportation system is a crucial requirement of the urban

development strategy for Dhaka city. Any constraints or bottleneck in this regard will



seriously affect the economic potential of Dhaka, especially in the context of global
market and world trade. Flaws in transportation system of Dhaka city are now
pronounced as severe traffic congestion and resulting air pollution. This study is
motivated by the traffic congestion and environmental condition prevailing in Dhaka city
as the situation is deteriorating rapidly with increasing urban population and economic

activities.

Such traffic congestion has become a ubiquitous incident in Metropolitan Dhaka. The
enormity of the problem can be assessed from the fact that during peak hour it takes more
than an hour to travel a distance of only five kilometer. The congested situation prevails
almost whole day. A recent study reveals that the average speed of a major arterial road
of Dhaka city, named "Mirpur road" is IS to 17 kilometer per hour during peak period
(Monayem, 2001). In addition to other losses (economic losses, discomfort etc.) traffic
congestion worsens the environmental condition, which is already extremely poor in the
urban areas of the Dhaka. Although the city wide average pollution level is still bellow
the limit set by Department of Environment (DoE) and World Health Organization
(WHO), the air pollution level in the central urban areas of the city exceeds the limit. A
recent study reveals that the minimum emission rates of SO" NO, and CO in major
roadway intersections of Dhaka are 800, 500 and 33,200 ~grnlm3 respectively in
comparison with corresponding Bangladesh standard of 100, 100 and 5000 ~grnim3
respectively. The Air Quality Index (an aggregate measure of air pollution level) at many
points of the city road network is found to be above 200, which is much higher than the

acceptable limit of 50 for fairly clean air (Alam et al, 2000).

Several attempts have recently been made by agencies like Dhaka City Corporation
(DCOC), traffic police, BRTA, BRTC etc. to improve the situation. Most of these measures
fall in the category of short-term traffic management, which have been implemented on
adhoc basis and isolated ways, without adequate study. Also a lot of measures, which
have been proved effective in other countries, have not been implemented yet. To keep
the city mobile in the future, long-term policies need to be implemented. It should be
remembered that successful measures of other countries might not be as fruitful due to
indigenous characteristics. For example, decisions like promoting cars through reduced
taxes may have an adverse effect on transportation system as well as national economy.

Traffic composition and drivers' behavior in Metropolitan Dhaka is unique in the world.



Human pulled rickshaws is prevalent together with motorized vehicles. Also, while
developing long run policies, one has to be very careful in selecting the future modes of
transportation. Many developed countries, especially European countries, have been
vigorously promoting non-motorized modes like walking and cycling. It is well
recognized that public transportation has the potential to play an important role in
improving traffic and environmental situation. But the demand is required to be assessed
under different pricing and other level of service scenarios for public transportation

system design and implementation.

For the purpose of developing a sustainable transportation system, long-term policies
should be established. One of the major reasons of congestion is improper and
imbalanced land-use. For congestion management, adequate considerations must be
provided on this issue. The transportation system components, such as land-use,
economic activity locations, selection of residential areas etc. are very much interrelated
with one another. Any change in a single component of the system affects the other
components as well. So to develop transportation policies and to reduce traffic congestion
and environmental pollution, the alternative options are required to be analyzed by using
transportation model. For Dhaka, although a model based study (DITS, 1993) had been
performed, the practice of application of the model in decision making is yet to be
established. Even a complete Urban Transportation Model System (UTMS) for Dhaka is
not available to the urban planners. It is deemed necessary to develop an UTMS for urban
areas of Dhaka and apply it for the evaluation of baseline situation and alternative

planning options to alleviate traffic congestion and consequent air pollution.

1.3 Objectives of the Research

Development of an efficient transportation system requires rigorous planning, long before
its utilization. Also, because of huge amount of resources involved the investment in
transportation  sector needs to be rigorously analyzed. Usually such analyses are
performed through transportation models. The purpose of this research is to develop an
Urban Transportation Modeling System (UTMS) for urban areas of Dhaka and apply it
for evaluation of alternative planning options to alleviate traffic congestion and

consequent environmental pollution.



The specific objectives of the study can be summarized as:

» Develop an Urban Transportation Model System (UTMS) for transportation
planning of Dhaka, named 'Dhaka Urban Transportation Model' (DUTM).

» Assess the baseline situation of traffic congestion and environmental pollution

caused by transportation in urban areas of Dhaka.

» Identify and analyze the deficiency of transportation system in urban areas of

Dhaka.

» Evaluate selective alternative strategies for alleviation of traffic congestion and

consequent air pollution in the city.

1.4 Scope of the Study

The study is designed to develop a UTMS for Dhaka city and then simulate peak period
traffic volume on road network. In view of constraints, like computational facilities, time
and information resources, the study is dedicated to the only central urban portion of
Dhaka (Area under jurisdiction of Dhaka City Corporation) and evaluation of some
selected alternative planning options, which include elimination of rickshaw, elimination
of auto-rickshaw, improvement of road network, improvement of bus service, and
incorporation of railway in urban transportation network. Again it is well recognized that
changes in transportation system have always some long-term effects with corresponding
land-use pattern changes. Such long term effects with changes in land-use pattern are also

out of the scope of this study.

1.5 Organization of the Thesis

The thesis is composed of the seven chapters, references and appendix. Chapter 2 reviews
the related literatures about transportation system of Dhaka City and similar transport
studies in Bangladesh and other countries. It also includes summaries of the prior research
on urban transportation planning particularly methodological and specification related

aspects.



Chapter 3 describes the methodology of the study, which includes the overview of the
strategic UTMS and the ways to quantify transportation system performance, particularly

traffic congestion and consequent air pollution.

Chapter 4 describes the process of development and calibration of UTMS for Dhaka city.
The individual components of the UTMS developed for urban areas of Dhaka are also
described in this chapter.

Chapter 5 describes the baseline situation of traffic congestion and air pollution of urban
areas of Dhaka in terms of various indices and measures for transportation system

performance.

Chapter 6 describes the effectiveness of some alternative planning options to improve the
situations of traffic congestion and air pollution of urban areas of Dhaka.
Chapter 7 gives the summary and conclusion of the study. It also makes some

recommendations for future studies in this field.
The reference chapter provides the various references used within this thesis.

The appendix chapter provides map of road network of this study, basic employment data

of the study area and a sample output file of DUTM.

The plan of the research work is presented schematically in Figure 1.1, which outlines the

broad structure of the thesis.
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Figure 1.1: Flow Chart Showing the Outline of the Thesis



Chapter 2
LITERATURE REVIEW

2.1 Introduction

This chapter presents a review of literature on transportation system and the different
transportation  studies on Dhaka City with special emphasis on traffic congestion and
consequent air pollution. An extensive literature survey of the documents on relevant
researches and studies both in Bangladesh and oversees, has been performed and some of
them are abstracted in this chapter. A review of literatures reveals that, only a limited
number of studies have been accomplished on Dhaka City and no studies have so far been
accomplished to quantify the traffic congestion in Dhaka City. Some ideas from this

review have been incorporated in the current study.

2.2 Transport Studies in Bangladesh

Before starting the present study, it is desirable and informative to review the past studies
in Bangladesh, especially those relating th~ Metropolitan Dhaka. This section summarizes

those studies.

2.2.1 Planning and Policy Related Study

Though Dhaka is a very old city, detailed study and research based planning is relatively
new. The first study on road network planning "Dhaka City Master Plan" was prepared in
1959 by then Dhaka Improvement Trust (DIT), covering roughly 830 square kilometer
area with a population slightly exceeding 0.5 million. It provided a detailed plan for
future construction of roads in the metropolis, (Khan, 200 I). Another study was made on
economy and engineering feasibility of the "Dhaka bypass” in 1968. In that study along
with recommendations for design and construction of roads, some suggestions were made
on traffic control and traffic management.

Baquee (1979) conducted a study regarding traffic problem 11 Old Dhaka. It was a

comprehensive study on nature, cause and probable solution of traffic congestion in Old



Dhaka. In that study it was found that traffic congestion arouse partly because the city
road network was not designed to cope with new forms of road transport and their

increasing numbers. In that study traffic management had been neglected.

Baquee pointed out some ways of controlling the use of roads that could be a solution to
the problem of traffic congestion. She recommended some traffic management techniques
to solve the problem; such as time restriction for the related vehicles, parking provisions
improvement, one-way system, banning of selected vehicles from selected roads etc. She

also pointed out that changes in land-use pattern could improve the situation greatly.

Shankland Cox Partnership (1979) Study was a comprehensive study on transport
development in metropolitan Dhaka, which emphasized on the construction and
management of road network. It also described physical characteristics such as capital
cost, life of vehicles and capacity of different modes in the study area. Furthermore, it
suggested to include special design consideration for rickshaw in road construction.
Shankland Cox Partnership (1979) also made a study on engineering infrastructure for
flood protection in Metropolitan Dhaka. It suggested for surface railway on the proposed

flood protection embankment.

Gupta (1980) conducted a study regarding rickshaw pullers, rickshaw owners and role of
rickshaw in Metropolitan Dhaka. Gupta pointed out that if the growth of rickshaws was
allowed to continue at prevailing rate without any restrictions, an increase in number
would likely to exceed the limit. On the other hand, if rickshaws were eliminated from
metropolis, the situation would create serious pressure on other modes of transportation,
which were grossly inadequate at that time and would also have impact on general living
conditions of the public, as the traveling cost in general would likely to elevate. The most
serious impact, however, will be the employment situation, since a large number of

people would be rendered jobless.

Kiwan (1988) conducted a study on pedestrianization in Dhaka city. He worked on
pedestrian traffic safety, mobility, accessibility and environment. He mainly focused on
pedestrian-vehicle conflicts and provided a package of recommended measures and

guidelines termed as Environmental Traffic Safety Planning and Management.

Gallagher (1992) made a study on rickshaw of Bangladesh. He investigated the uses and

characteristics of rickshaw, rickshaw pullers and growth trend of rickshaw. Gallagher
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found that 78 percent of rickshaws were carrying only passenger and 22 percent were

carrying goods with passenger.

Alam (1992) performed a model based study on Dhaka city. He analyzed traffic

optimization options by using traffic assignment model.

With new perspective, the Dhaka Metropolitan Development Plan (DMDP, 1995-2015)
was prepared for sustainable growth of Dhaka. The plan comprised of three levels. The
first level, "The Structural Plan" provided a long term strategy including transport
network for the 20 years (1995-2015) for the Greater Dhaka with population target of 15
million. The second level, "The Urban Area Plan" provided an interim mid-term strategy

for 10 years (1995-2005) and covered for the development of urban areas within

Metropolitan Dhaka. The third level, "The Detailed Area Plan" provided detailed

planning proposals and transport network for specific sub-areas of Dhaka, (Hafiz, 2001,

Nagari, 200 I)

The Greater Dhaka Metropolitan Area Integrated Transport Study (DITS) (1991-1993)
was an initiative of the Government of Bangladesh with assistance from UNDP. The
project was aimed at collection of information about the demand for transport services

and the infrastructure to deliver those services to greater Dhaka, preparation of an

immediate action plan for the effective management of existing traffic and transport

system, preparation of a sound basis for the development of policies and the strategic

planning of longer term transport infrastructure investments in the Greater Dhaka

Metropolitan Area. DITS began in 1991 and ended in 1993. DITS produced numerous

recommendations within its Immediate Action Plan (IAP). Those vary from schemes at a

micro level (such as how to improve traffic flow at a particular intersection) to macro

level reviews of institutional matters. Recommendations had embraced projects ranging

from capital investments to strategic policy advice involving little or no expenditure.

Recognizing the need for a sustainable increase in investment in Dhaka's transport sector,
Government of Bangladesh with the help of World Bank (WB) approved a project named
Dhaka Urban Transport Project (DUTP). DUTP is a technical assistance project. It started
in two phases. DUTP | ended in 1998 and DUTP Il started in 1998 with reference to work

of DUTP 1.The main objective of this project was to provide detailed plan and scope for
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structural improvement of road transportation system of Dhaka city. DUTP-I resulted in

the following main recommendations:
e Promotion of the operation of public busses.
* Provision for pedestrian only areas in old Dhaka.
* Provision ofNMT (Non Motorized Transport) main route network.

* Improvement of function of the major intersections by constructing flyovers at

three locations.
* Improvement of existing truck stands.
» Development of a comprehensive parking policy.

* Enhancement of management and enforcement capabilities of DCC, DMP and

BRTA.

» Provision of adequate compensation and reinstatement elsewhere for families,

commerce, and establishments affected by the projects (new construction).
* Addressing a broad context of environmental issues.

Jaigirdar (1998) conducted a study to asses the ambient air quality of Dhaka City. He
investigated the impacts of improved bus service in reducing environmental pollution. He
pointed out that improved bus service might be the best option for a mass transit system

in Dhaka.

2.2.2 Traffic Management and Safety Study

Ahmed (1980), Ahmed and Hoque (1988) discussed different aspect of failure of traffic
management and administration of Dhaka City. It was found that existing transport
facilities were not adequate to meet travel demand and mixed mode situation, which
resulted in traffic congestion and danger. Suggestions for modifications of traffic

management and policies had been made.
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Hoque (1981, 1986) mainly dealt with different aspects of road safety. He identified
several types of road accidents in Metropolitan Dhaka. He also pointed out their causes

and recommended some remedial actions.

Replogle (1992) made a comprehensive study on NMTs in different Asian cities.

According to him, in Bangladesh, although rickshaw contributed majority of the road

traffic, it accounted only 10 percent of traffic deaths. Major portion of rickshaw accidents

were for the collision with buses and trucks.

2.2.3 Studies on Urban Travel Pattern of Dhaka

Ara (1983) investigated the factors that are responsible for the selection of particular
transport mode. In particular, he analyzed the travel behavior of some particular localities

in the Metropolitan Dhaka. It was found that total family income was the most important

factor in determining its members' choice of appropriate transport mode for different trip

purposes. Other factors that influenced selection of travel mode were age and sex, car

ownership etc.

2.2.4 Studies on Urban Public Transport

Firdous (1984) highlighted some of the problems in the bus operation in Metropolitan

Dhaka. He pointed out the problems faced by the users. He argued that although there
was an ever increasing demand for busses, the bus fleet did not increase keeping pace
with the increase in population.

Ahsan (1990) investigated the status of public transport systems in Metropolitan Dhaka.
Particular attention was given to the necessity of a functional and cost effective mass
transit system. He pointed out that the existing mass transit system needed to be expanded
in terms of both fleet size and route network. He also recommended to improve
maintenance facilities, stop and terminal layouts, the quality of services and development

of more advance forms of transit facility, such as rapid transit system.

2.2.5 An Overview

In Bangladesh only a few studies have been made in transport sector. Out of all, however,
the urban transport sector was given more emphasis than rural transport sector also public

transport sector was given more emphasis than private sector. But these studies are not
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adequate to provide a comprehensive picture of urban passenger transport situation.
Studies, concerning, transport situation of Metropolitan Dhaka, were mostly related to
transport inventory, traffic management, safety problems, and physical characteristics of
different modes. None of them are especially related to traffic congestion and consequent

air pollution ofthe Dhaka City.

2.3 Research on Traffic Planning and Management

Many studies relating to urban travel behavior and its relation to socio-economic
variables of urban dwellers have been done in different countries. Some of them, which

deal with traffic planning, management and related variables, are discussed below.

2.~.1Urban Land Use Pattern

Owen (1966) pointed out that planners and engineers were designing large-scale urban
development considering the salient features of transport problems. He mentioned two
sides of the process. First, design process to achieve a good mix of work places and
housing, served by conveniently located shopping, schools and other services in a
pleasant environment. The second, semi-independent centers or clusters of activities to
provide ready access to major highways or rail transits to ensure close links with the
central city and abutting region. The transportation corridors help to bring about some
degree of order in the movement of traffic among the multiple centers of the urban region
and their points of access provide logical sites for concentrating commercial
development. Japan planned its community development for a nationwide dispersal effort
using the technique explained above. Both high speed rail and telecommunications are
used to help spread the benefits of urbanization and reduce diseconomies of over
concentration. Owen emphasized on the need for traffic simulation modeling for the
design of large-scale urban development. He also suggested traffic optimization modeling

as a tool for such process.

2.3.2 Choice of Travel Mode

.Burtof (1974) showed that three main factors were responsible for the choice of mode

for person trips. These are
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I. Characteristics of Journey that includes: Journey time/length and Journey purpose.
2. Characteristics of travelers that includes income and car-ownership.

3. Characteristics of transport system that includes relative travel time, relative travel
cost, relative level of service and accessibility indices.
For modeling of any transport or traffic system, these are the variables on which

calculation for optimization can be based.

2.3.3 Transport Modes - Performance, Planning and Management

Extensive research has been done in USA, UK, Australia and Japan on different transport
modes to optimize their performance. A considerable amount of literature is available on

this topic.

Case and Latchford (1981) examined characteristics of different public transport modes,
mainly from the user's point of view, on the basis of information gathered from eight
cities in South-East Asia. Heraty (1980) investigated the organization and operation of
conventional busses and minibuses in the city of Kingston, Jamaica. Maunder and
Fouracre (1983) investigated the operational characteristics of specialized bus services in
two Indian Cities, Hydarabad and Delhi and in Bangkok, Thailand. Victor (1979)
described some recent developments in mass transit modes. Fielding and Anderson
(1983) and Jadaan (1988) investigated the system characteristics, usage and operations of
urban public transport system and derived a set of indicators to represent all desirable
dimensions of transit performance. World Bank (1986) developed another method
specifically to evaluate the performance of reasonably well managed bus companies in

developing countries.

Greenstein et al (1988) investigated the transport situation m Quito, Ecuador and
proposed a new planning of bus scheduling program for the city. Umigar et al (1988)
examined the various management policy alternative within three broad ownership

patterns - private, public-private mixed and public, in Indian bus transit system.

These studies provide idea about variables of traffic planning and management and
parameter for evaluation of performance. They also give basic idea for analysis and

optimization of mixed type of vehicles.
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Young (1986) investigated computer-aided design in local street planning and

The study described the relevance and application of procedures from the
in planning and

management.

new information technology, especially computer aided design

management of local street networks. It pointed out that those new techniques offered

traffic planners new and perhaps more approximate means for using computers in their

work.

Young et al (1988) extensively described the application of Micro Computer in traffic

system design. In the study they examined different types of software packages available

in traffic system design together with their advantages limitations and applicability.

Yi- Chin Hu and Schonfeld (1984) studied and developed a macroscopic model for

Traffic Simulation and Optimization of regional highway networks. It was applied to the

Maryland Eastern Shore network, where heavy recreational traffic created severe

congestion and long queues. It was used to find out cost-effectiveness of route diversion

as a substitute for new constructions on intercity networks - where high demand peaks

were infrequent.

Intelligent Transportation System (ITS) involves the integrated application of a range of

technologies - computer, sensor, electronics, communications - and management

strategies to transportation problems in order to increase the safety and efficiency of the

surface transportation system.

2.3.4 An Overview

Urban planners are taking traffic engineering variables more seriously than ever before

and also their understanding of the same are much clear now. They are giving more

emphasis on the coordinated development of both land use and transport planning

aspects.
In all the countries, including developing country like Bangladesh, importance is given in

the field of urban traffic planning and management. Methods for evaluating the

performance of any transport system are becoming key interest to transport planners and a

variety of methods are suggested by different researchers. Proper management

techniques for improving the traffic flow situation were suggested by many people.
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Another area of interest of the researchers is the assessment of requirement, - utility and

performance of investment in road transport.

2.4 Traffic Modeling

2.4.1 Overview

All of the road users are aware that traffic conditions vary widely over the road system.
The situations in most of the cases may be unsatisfactory. Though all are concerned about
the situation, their recommendations for its improvement vary from person to person.
Traffic modeling represents one method of resolving some of these conflicts. It is directed
towards the gain of an understanding, how the traffic system operates. Models are,
however, developed for many purposes such as traffic flow-volume relationship study,
traffic management, traffic plans, road-use planning etc. Traffic system models also vary

from the most detailed (micro-) level to the regional (macro-) level.

To prevent the use of inappropriate models, the creation of models should be embedded
within the context of a hierarchy framework and a defined development process. The
defined process, during development, includes setting of criteria, objective and problem
definition, system analysis, parameter estimation, validation and data collection. The final

step in model building is application.

One of the most difficult parts of model building is parameter identification. Morlok
(1978) argued that the most popular approach was to use some form of deterministic
fitting' process so that model parameters could be adjusted to provide best fit to the
corresponding real world observations. A least square sense worked behind this

argument.

There always exist some constraints on model application. The level of considerations for
variables chosen is important. The higher level models are concerned with the problems
of modes, destinations, general route choice and overall travel and congestion
characteristics. The lower level models are concerned with number and types of lanes,

traffic signaling, geometric design of road and fleet composition etc.
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2.4.2 Comments on Transportation Modeling Systems

This is a relatively new field of study. Currently there are very few systems known to be
commercially available or used in transportation engineering practice on commercial
basis. Some of the systems, which are operational and others, which are under
development are discussed below. All of them are remained to be tested extensively under

user environment.

LOGOIL, a rule based expert system that provides advice on shipment plans for crude oil
distribution. It is the result of doctoral research of Auselano Braun at Polytechnic

University at New York (Ritche et ai, 1987).

TRAIL is an expert system that provides assistance to traffic engmeers m designing
traffic signal settings. It was developed by Carlos Zozaya Gorostiza and Chris
Hendrikson in the Department of Civil Engineering at Carnegie Mellon University

(Ritche et ai, 1987).

EXPERT-UFOS is an expert system for large scale transportation network design

prz)blems that are evaluated using multiple conflicting criteria. The system addresses the
design of single mode, fixed demand, and discrete equilibrium transportation network.
The system was a part of doctoral dissertation by Shein-! Tung in the Department of Civil

Engineering at University of Washington (Ritche et ai, 1987).

TRANSTEP is a transport demand model to predict traveler responses to transport
policies and practices. It is a flexible microcomputer based demand model suitable for the
analysis of a variety of urban land-use/transport planning issues at either the strategic or

detailed planning level (Young et ai, 1988).

SATURN js a tool for testing the impacts of one-way streets, traffic control measures and
bus-only streets. SATURN is abbreviated form of 'Simulation and assignment of Traffic
in Urban Networks'. The model was developed by Institute of Transport Studies at
University of Leeds. It is useful for the analysis and evaluation of traffic management

systems over relatively localized road networks (Young et al 1988).

MULATM s a traffic-planning model designed for studying local street networks. It can

account for detailed street networks, including individual street and intersection

characteristics, and can be used to study the effects of different control devises and
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measures such as street closers, roundabout, humps, 'slow points' etc. For an engineer or
planner this model offers a systematic tool for the investigation of possible effects of
altemate traffic management schemes, and the selection of appropriate plans to meet

established goals and objectives (Young et al 1988).

NETSIM is one of the most generally used micro-simulation models of traffic movement
on networks. It is a microscopic model developed by US Federal Highway
Administration. It can be used to evaluate a wide mix of traffic control and management

strategies (Young et al 1988).

TRAFFICQ is a developed by UK Department of Transport. This model intended for

relatively small road networks, but which may contain complex traffic and pedestrian

control techniques (Young et al 1988).

TRANPLAN is a set of integrated programs for the transportation planning process. It
encompasses the four-step travel demand model of trip generation, trip distribution, mode
choice and trip assignment for both highway and transit systems. The public transit
software utilizes coding and analysis techniques similar to the U.S. Department of

Transporta:[ion's Planning System (UTPS).

NIS (Network Information System) is a flexible iterative graphic editor for displaying and
maintaining spatial data, including highway and transit network descriptions and area

boundary data.

TPMENU is a menu shell, which flexibly combines TRANPLAN and NIS and provides

integrated user interface.

MEPLAN and TRANUS are economically based integrated land use-transportation
modeling systems, which can address freight movement as well as passenger travel.
These models integrate economic theory with operational planning methods (Rosenbaum
& Koenig, 1997). The basis of the framework is the interaction of two parallel markets;
one for land, one for transportation. The land portion of the model predicts volumes and
locations of activities and their economic linkages with a formulation that explicitly
consider cost of land and development. The economic linkages include good, services and

labor. These are then used to predict travel demand both passenger and freight, which are
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assigned to modes and routes on the basis of travel impedance measures. The travel

impedance then influences the location of activities in future periods.

2.5 Transport System of Dhaka City

Transport system of Dhaka is mainly road based. Though there is a limited use of
waterways, the rail and air transportation for movement within the metropolitan area is
totally absent. The road network basically determines the accessibility to the different
locations of the metropolitan area. For this reason the next of all descriptions about
transportation system of Dhaka City will be that of road transport system only. This
section provides the description of road transportation network, road transport modes,
existing road transportation management system, road traffic characteristics, problems of

road traffic congestion and consequent air pollution.

2.5.1 Road Transportation Network

Established on the bank of river Buriganga, Dhaka has been increasing in north-south
direction. With the expansion of the city, the road network of the city has also been
growing time to time. The major roads in the old part of Dhaka have been developed in
the east-west direction and major roads in the new part have been developed in the north-
south direction. The road network of the city had never been planned specifically in
cognizance with the well-developed process of trip generation, trip distribution, modal
split and route assignment. As a result, an irregular pattern of network, rather than a more
efficient pattern such as gridiron or redial-circumferential  pattern, has been developed.
(Ahsan, 1990)

The road network of Dhaka city is composed of 199 kilometer of primary roads, 109
kilometer of secondary roads, 152 kilometer of collector roads, and about 2540 kilometer
of access roads and others (Quium, 1995). Except for some primary roads, almost all
other roads are single carriageway. With the exception of some well-planned residential
areas, in most of the areas the road network is quite narrow and alignment is poor. Widths
of streets, within the old part of Dhaka are narrower than other newly developed parts. All
intersections are at grade intersections. Minor intersections are uncontrolled but major

intersections are controlled manually. Traffic signals are just ornaments of few
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intersections without practical application. There are some rotary and roundabouts. Only
few intersections have chanalization measures. There are only a few pedestrian overpass
and underpass. At present one flyover at Mailbag intersection is under construction and

some others are proposed for construction at Jatrabari intersection, airport road etc.

The existing road network in metropolitan Dhaka needs a planned restructuring to support
an efficient transport system. This restructuring should be based on standard and
functional road classification system, which provides a hierarchy of roads, viz: Local
streets, Collectors, Arterials, Access Controlled Freeways etc. The scope of the present
study is to evaluate and find out some planning and management related measures, which

can improve overall road network performance of the city.

2.5.2 Road Transport Modes

Metropolitan Dhaka has traditionally been served by a wide variety of transport modes.
These modes can be broadly classified into two groups, the Motorized transport (viz. bus,
mini-bus, truck, car, auto-rickshaw, auto-tempo, motorcycle etc.) and Non-motorized
transports (viz. rickshaw, rickshaw van, bicycle, push cart etc.)

Motorized Transport: Estimation from the data provided by 'Statistical Year Book of
Bangladesh' reveals that the motor vehicle fleet in Bangladesh is growing as an average
rate of 7% per year. But DUTP-II (1998) claims that the vehicle population on road is
growing as an average rate of 10% annually. The estimates of different type vehicle
population are shown in Table 2.1, which are based on annual registration data from
BRTA (Bangladesh Road transport Authority). However, the BRTA information does not
include data of the number of vehicle that are retired from the fleet each year. The table

indicates that Passenger car, bus and truck are the fastest growing vehicle categories.

Reliable statistics of the size of vehicle fleet in Dhaka are not available (DUTP-II, 1998).
The vehicle registration authority (BRTA) has the record of the number of motor vehicle
registered in Dhaka each year but no information of the number of vehicles retired each
year is available. By applying a retirement profile (the proportion of vehicles that survive
from one year to the next) for each wvehicle type to the BRTA data on vehicle
registrations, the estimates in Table 2.1 were derived as an indication of the fleet by the
vehicle types. The figures in the table show quite clearly the indication of the rapid rate of

motorization of Dhaka over a period of eight years from 1992 to 1999. Four categories;
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growth rates. The

comparisons between the estimated vehicle population of different types of Dhaka city

and of whole country are shown in Table 2.2.

TFable—21 Changes—in-Number—of Registered—\ehicles—inBangladesh— (19921090}
Relligtered Veh|cles Estimated| wvehicles pn Road
Item Year Year rA\\nAnuahI Year Year ﬁ\nnuil
1991 1999 Rgte 1991 1999 Rate
Car 71,373 [ 1,18,033 6 33,397 56,377 7
leen 27,762 32,651 2 8,721 10,346 2
Bus/Minibus 26,449 33,180 3 20,973 26,707 3
Trucks 38,448 55,500 5 30,175 42,756 4
Auto-rickshaws 36,796 90,798 12 27,156 89,317 16
Motor-cvcles 1,50,171 | 2,37,050 6 1,08,922 | 1,65,460 5
Total 3.50999 5.67,212 6 229344  3,90963 7
Source: Bangladesh Bureau a/Statistics (BBS).

Table 2.2: Comparison between Estimated Number of Mo

or Vehicles in Whole Countr

~

and Greater Dhaka.
Year 1996
Dhlaka YearT 1999 |
Vehicle Type Whole %of N
Country Number Whole M Dhaka |
CountrY country
Car 98,854 23,241 24 1,18,033 28,328
leen 30,597 12,705 42 32,651 13,713
Bus/Minibus 30,428 3,610 12 33,180 3,982
Trucks 48,734 3,858 8 55,500 4,440
3 Wheelers 79,293 27,443 35 90,798 31,779
2 Wheelers | 1,96,012 40,127 20 2,37,050 | 47,410
Total 4,83,918 1,10,984 23 5,67,212 1,29,652

Source: Bangladesh Bureau a/Statistics

(BBS) and (DUTP-II, 1998)
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Non-Motorized Transport: Reliable estimate of non-motorized vehicle fleet is more
difficult to obtain. Dhaka City Corporation (DCC) limits the number of license issued to
rickshaw owners to some 70,000. However, unofficial estimates claim that the number of

rickshaws plying in Dhaka city is three times the DCC figure (DUTP-II, 1998).

2.5.3 Road Transport Management

Dhaka has a multi-modal transport infrasture, which caters to the needs of intra-city and
inter-city passenger and freight traffic. Most of this traffic (95 percent) is handled by road
based transport system. Rail, water, and air transport system primarily cater to the inter-
city travel segment and hardly play any role in city transport. Many agencies are involved
in providing, operating and maintaining the infrastructure and services within each mode

of transport.

Evidently, government agencles have the mam provider and operator of transport
infrasture and services. Two major factors have contributed to such a situation. The
relatively high investment required and high risk involved in the provision and
management of infrasture had hitherto discouraged the private sector from entering into
this area. But this has changed dramatically in the past two decades. In the case of
services, governments have felt that by controlling entry, product characteristics, price
levels, profit rates etc. through regulatory mechanisms or direct control, the public would
be protected from being exploited by the private operators. Experience in many countries
with de-regulated markets has demonstrated that such government interventions were not

as efficient as was thought to be.

Table 2 _3: &ggn;;g:&g pen e for Urban Tmncrr_\nrf Infrastructure—Biraka———

Allencies Resinonsible for

Sub-Sector of Infrastructure Operation and
Transport Ilan.rastIru!cture\ (Movable Maintenance of Regulatlon and
\ DDCLD) Assets) Assets I_IIIUI\.:CIIICIII.
| RHD,RAJUK, | BRTC. Private | RHD,DCC, BRTA, Dhaka
| Road | DCC,LGED, e ratare | BRTC, Private | Metropolitan |
BRTC DA onerators Police

Source: (Herur, 2001),
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The changing focus in transport policy implies a substantial change in the role of
government. It should get away from being a supplier, operator, and service provider.
Instead it should concentrate on being an effective regulator, a facilitator for private
sector participation, custodian of environmental and social interests. This means that the
government needs to create the proper institutional framework for competition, set
economically efficient user charges for the use of publicly provided infrastructure,
allocate the scarce public resources carefully and increase involve the community in the

decision making process. These will ensure better transport facility for the city dwellers.

2.5.4 Travel Characteristics of People of Dhaka City

Household Income and Transport Usage: According to DITS (1993), on an average
transport expenditure of people of Dhaka is around 12% of total household monthly
income. Those people with income less than Taka 1500 per month spend relatively more;
and around 16% of household monthly income. This is due to the necessity of people in
this income group needing to spend more to gain access to work. The low level of
expenditure as 8.4% of household income for households with monthly incomes of Taka
30,000 or greater can be explained by car owners not including capital and other costs
associated with owing a car in the reported daily expenditure. These costs are about 40%
of the total costs running a car, which would bring the expenditure on transport to 14% of
household monthly income for those households earning Taka 30,000 or more.
Expenditure on transport services in Greater Dhaka, based on Household Interview

survey (DITS, 1993) is about 1,100 crore (US$ 280 million) annually.

The DrTS household survey data shows that the main users of transport in Dhaka are
higher income households. It is seen that higher income groups are main users of most of
the modes. The car is mostly used by the wealthiest segments of the society but also
rickshaw use increases with income. The relatively even distribution across income
classes of bus passengers emphasizes its importance in improving transport access of all
income groups. Improved bus service will be particularly important to the lower and
middle-income groups.

Mode Choice and Travel Pattern: A wide variety of transport modes are available to
meet the travel needs of the people of Metropolitan Dhaka. The surveys by DrTS (1993),
DUTP-II (1998) revealed the fact that people are highly dependent on public transport,
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non-motorized modes and walking. The situation is likely to remain unchanged for years
unless there is an increase in disposal income, which may shift people to private modes.
The Table 5 is a summary of transport task in Dhaka by modes of travel. According to
DUTP-II (1998), as shown in Table 2.5, on the basis of number of trips; walking mode
(60%) dominates, followed by rickshaw (19%). However, in terms of passenger-
kilometer travel, bus travel dominates (46%), followed by rickshaw (16%), walk trips
(12%), and private car (8%); the role of auto-rickshaw and tempo is relatively minor
(about 4% each). (Monayem, 2001). If only central metropolitan area of Dhaka is
considered, the Table 2.6 shows that car share 10.5%, bus 27%, auto-rickshaw 15.2%,
rickshaw and others 47.3% of total person-trip. DUTP-IlI (1998) suggested that there was

a strong case for implementing measures to assist the operation of bus service while also

providing for the safe operation of non-motorized transport at least for the foreseeable

future. Table 2.5 shows that for all modes of travel the average trip time was ranged

between 15 minutes for walk trips to 45 minutes for bus trips.

From another point of view, passenger-kilometer per day for different modes in the

metropolitan area reflects the travel pattern of its inhabitants. It is calculated from average
passenger boarding, average trip length, and average number of trips per day for each
vehicle. According to DITS (1993), among the motorized transport in Greater Dhaka,
busses run the highest passenger-miles per day (9520 passenger-miles) while motorcycle
runs the lowest passenger miles (passenger-35 miles). On the other hand among non-
motorized transports, rickshaws contribute the highest average passenger miles per

vehicle per day (72 miles) and bicycle runs the lowest average passenger miles (10

miles). So when the passenger miles per day is considered, rickshaw runs 10,800,000

miles, which is around 36 percent of the total passenger miles per day by all the modes in

metropolitan Dhaka.

Again if only mechanized transports and central metropolitan area of Dhaka are

considered, then busses run the highest passenger-krn per day (39.8% of total passenger-
krn) while car runs the lowest passenger-km (11.9% of total passenger-krn), (Hoque and
Alam, 2002). On the other hand, in terms of passenger trip, rickshaw is the highest and
car is the lowest. Customarily the modal share of any urban area is expressed in terms of
passenger trips (Hoque and Alam, 2002). So, if only four major types of modes and only

the inter-zonal trips are considered, then Rickshaw shares 40% to 45% of total person-



trips, Auto Rickshaw Shares 13% to 16% of total person-trips,

person-trips

and car shares 10% to 12% of person-trips.

Bus shares

25

25% to 35% of

Table 2. 4: Trip Task by Mode in Greater Dhaka
Mode Daily_Trips 9% by Made VP N
T4V ITaYRT 2N
Auto Rickshaw 1,21,542 1.42 z\l'% I
| Bicycle 76,737 0.90 22
Bus 7,87,028 9.19 24
Car 2,66,243 3.11 25
—MVotorcycle 129,761 151 22
RICKSTaw 16,46,064 19.21 26
Tempo 93,587 1.01 51
T Z, 152 0.03 118
vvark 01,099,007 60.22 15
—Afate Caya: e 3.92 50
TFotat 85,867,350 100.00
Source: (DUTP-11, 1998)
Fable—2—-5—Metro-Dhaka——Persor—F+ip—hy—Modes-
No. of Terson Trips Passenger { km
Mode Avg. Trip | ength per
‘000/ day % Day (km) ‘660+—day %
Car 576 40 (10.5 I0A 5990 119
BUS 1,482 10.2 (27.0) 13.5 20.007 308
AUIO. +.<|<I:Ksnaw 845 58 (15.2) 12.8 10,816 21.6
RI(.KIbHdW 1,927 13.3 (35.0) 43 8,286 16.5
otiers 675 4.7 J.12.3) 7.5 5,066 10.1
otl.u.u.).ldl 5,505 38.0 (I00) 9.1 50,165 100.0
vvarK J,00U 0Z.0 1.0
Total 14,505 100 4.1 5%,01%?3 ((11053)

Source: (Hoque and A~am, 2002)
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Estimated Modal Share of Mechanized
modes of Metro Dhaka

Car
10%-12%

Bus
25%-35%

Auto
Rickshaw
13%-16%

Figure 2. 1: Estimated Modal Share of Urban Area of Dhaka in Person-Trips

255 Road Traffic Congestion in Dhaka City

The common terms that can be used to describe the present condition of Dhaka City are:
congestion, delays, pollution, etc. These are the symptoms of transportation system
deficiencies of Dhaka. The population of Dhaka has grown in 50 years from less than a
million to over ten million. Now the population is expanding at an average rate of 4.5%
(DCC, 2001) annually. Motor vehicle ownership faces a growth rate of average 10%
annually (Monayem, 2001). According to DITS (1993), although compared to other large
cities of the world, Dhaka has a very low level of motorization (about 60% of trips are
made on foot, while almost half of the remaining trips are on human pulled vehicles),
intermingle of motorized and non-motorized modes results in a very low speed travel in
its streets. With increasing rate of motorization, together with heterogeneous mix of
traffic, the road traffic situation of Dhaka is degrading day by day. This picture becomes

clear during the morning and evening peak hours, when long queue of vehicles remain
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stagnant for long time on roads. It might sound inane that we are in a hurry, because we
are actually late. If the society reacts very slowly, if at all, the result will be like in
Mexico city, where twenty percent of workers spend more than 3 hours traveling to and
from work place everyday, and 10% people has that over 5 hours (DSM, 2001). The
causes of traffic congestion in Dhaka city can be divided into three broad categories.
These are site-specific causes, transportation system capacity related causes and planning

or policy related causes.

The site-specific causes are mainly traffic management related problems. The important
maneuverings like left turning, through movement along the intersections etc. are often
seriously obstructed for the poor quality and in maximum cases absence of traffic
management system, uncontrolled parking of both motorized and non-motorized vehicles
etc. In many locations of the road network, the effective roadway spaces are reduced by
roadside activities, presence of dustbins, hawkers etc. Such reduction in effective
roadway spaces in links and intersections creates bottlenecks to traffic flow and causes

congestion.

The transportation system of Dhaka city is mainly road based. The population of the city
is increasing day by day but the capacity of the road network is not increasing at the same
pace. The lag between increasing travel demand and system capacity is resulting traffic
congestion. Another important factor is the uncontrolled increase in rickshaw traffic. As
there is no segregation of motorized and non-motorized traffic in the network, the
increasing rickshaws are occupying the maximum roadway space and compelling the

other modes to move slowly and creating congestion.

The overall transportation system of Dhaka city has not been developed in a planned way
rather it has been developed in dynamic response to increasing travel demand. Even there
is no definite policy to a sustainable transportation system. Uncontrolled land-use
together with increasing migration of rural people towards Dhaka is increasing pressure

on transportation system and creating traffic congestion and other related problems.

2.5.6 Traffic Induced Air Pollution in Dhaka City

Air pollution is recognized as a major health hazard. Vehicle emissions are increasingly

being recognized as the dominant cause of air pollution and health problems in Dhaka
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city (Bhuiyan, 2001). The pressing demands for motorized form of personal mobility are

generating pressures on road network and resulting in congestion, which threatens the

sustainability of the socio-economic progress. Our country generally has been much
slower than other industrialized countries in recognizing these risks and taking technical

steps to reduce air pollution from automobiles. A few meaningful research works have

been done in Bangladesh in this regard. Most recently a detail study was carried out by

Jaigirdar (1998) to identify the motor vehicle induced pollution in Dhaka City.

According to Jaigirdar (1998), the maximum instantaneous concentrations of SOz, NOZ

and CO are 0.7 ppm, 0.3 ppm, and 93 ppm respectively. Instantaneous concentration of

SOz and NOz are high at two intersections named Gulistan and Mohakhali where diesel
fuelled vehicles like busses, trucks operation are high. The concentration of CO is high
where car, microbus, two stroke vehicles like baby taxi and tempo movements are high.

Most of the road intersections are highly polluted by SOz and NO,. Although the

concentration of CO is seemed to be moderate as compared with SOz and NO,, the

concentration of CO in most of the intersections is harmful for heart patients (Stewart,

1975). Large number of rickshaws and other vehicles in the city streets frequently cause
severe traffic jam, which consequently cause the city dwellers to be exposed to highly
polluted air for a long period and immediate surrounding of vehicle emission. This causes
serious damage to public health. SOz emission of truck is highest 5.98 gm / I of fuel
consumption, followed by tempo 4.78 gm / | and double decker bus 4.25 gm /1 of fuel
consumption. SOz emission for premium bus is 2.69 gm /1 of fuel consumption, whereas
from car and baby taxi is 2.85 gm / | and 3.6 gm / | of fuel consumption respectively.
Diesel fuelled vehicles like truck, bus etc produce high rate of SOz NOZ emission of
truck is the highest, which is 31.65 gm / | of fuel consumption. For premium bus, car,
tempo and baby taxi, the SOz emissions are 18.87 gm / I, 10.39 gm / I, 1.99 gm / | and
2.39 gm / | of fuel consumption respectively. CO emission of microbus is the highest,
which is 276.2 gm / | of fuel consumption, followed by tempo and baby taxi that are

268.3 gm/ land 226.5 gm / | respectively.

Estimated total emissions of SOz, NOz and CO in Dhaka city are 5.43 ton / day, 21.57 ton
/day and 215.34 ton / day respectively. Bus/minibus emits the highest amount of SOz
(23% of daily emission) and NO: (32% of daily emission). In case of CO emission car

takes the lead and emits 40% of total daily emission. Baby taxi also emits a significant
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amount, which is 26% of total daily CO emission. Total daily emission of SOz, NO; and
CO indicates that emission from Dhaka's vehicles is higher than the Bombay city with
respect to number of vehicles (Jaigirdar, 1998). The relative contribution of Different

modes in air pollution can be easily understood by the following pie charts.

S02 Emission by Modes

Molor Cycle
Babylaxi 4%
17%
Tempo
2%
Bus/Minibus
23%
JeeplMicro
14%

NO2 Emission by Modes

Jeep/Mero
22%

Tempo
0%

Baby laxi
3%

Motor Cyele
Bus/Mnibus 0%
32%

-
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CO Emission by Modes

Terrpo Baby taxi
3% 26%

Jeep/Mero
18%

Figure 2. 2: Relative Pollution by Different Motorized Modes of Travel
Source: (Jaigirdar, 1998)

2.6 Summary

From the above review, it appeared that most of the transport studies in metropolitan

Dhaka were related to the transport inventory and traffic management. Some of them

dealt with mass transit system in the metropolitan area. There had been no study

dedicated to traffic congestion, consequent air pollution and their evaluation techniques.

Information on parameters relating to the system development and performance

evaluation techniques of the existing road network was not available in these literatures.
Tools and methods for assessing the performance of a road network are the first

requirement of transport planners. Standard procedures to procure information about the

impact of changes in road network is deemed important in providing guidelines for future

policies investments and improvements in the existing road network. Although DITS and

DUTP dealt a little about the transportation system performance, they concentrated on

Greater Dhaka. Traffic congestion and consequent air pollution is more serious in the

central urban portion of Dhaka than its periphery. So if the Greater Dhaka is taken as

study area, the central's problems may be under estimated. That is why, a study on traffic
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congestion and consequent air pollution, especially on the central urban portion of Dhaka
is felt necessary. The following chapters describe the approaches for the development of a
transportation model for Dhaka city and its application for evaluation for some planning

options to alleviate traffic congestion and air pollution problems of Dhaka city.
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Chapter 3
STUDY DESIGN AND METHODOLOGY

3.1 Introduction

Traffic congestion is a consequence of disparity between transportation demand and

supply. Demand for transportation in urban areas is an increasing phenomenon for the

continuous increase in urban population and economic activities lagging behind the

transportation supply. As a result, traffic congestion has already become a part of urban

transportation  system. Such traffic congestion not only causes problems to urban

transportation activities but also causes degradation to natural environment by increasing

the magnitude and intensity of air pollution. Efforts to eliminate traffic congestion

completely from the transportation network may be unrealistic; rather the way to
minimize traffic congestion and consequent air pollution is a challenge for transportation

engineers and urban planners.

The methodology used for evaluation of different planning options as well as baseline

situation is described in the following sections. The evaluation is based on two

parameters: traffic congestion and air pollution. The parameters are estimated for both

baseline situation and different alternative planning options using the output form a

UTMS developed in this study. The model is named Dhaka Urban Transport Model

(DUTM). The steps involved in the evaluation process are shown in Figure 3.1.
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Development of an Urban
Transportation Modeling
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Figure 3. 1 The Evaluation Process
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3.2 Development of a Strategic Urban Transportation Model for Dhaka

3.2.10utline of the Model Structure

The overall structure of the DUTM is traditional in terms of the sequence of the structural
form i.e. Trip Generation and Attraction, Trip Distribution, Modal Split and then Trip
Assignment stages. The general approach follows the line taken by different studies for
development of urban transportation model and it has been possible to develop a free-
standing model of considerable complexity for Dhaka city. Because of the inclusion of
capacity effects, the model is designed to iterate to convergence. Again because of time
and need to run the model many times, it was essential to keep the modeling at the
‘'strategic’ level and to aim for fast turnaround. Most of the components of the model are
conventional, in transportation modeling terms. What are perhaps less conventional are

the features, which justify the term 'strategic' that are:

e Arrestriction in the number of analysis zones and road network.
e The emphasis given to 'supply-side constraints' and iterative structure, which
achieves equilibrium between supply and demand.
The general structure of the strategic model is shown in the Figure 4.1 and it can be seen

that it has two independent parts:

e Pure changes in demand brought about by external changes (e.g. effects due to
population, employment, land-use etc.)
e Changes brought about by the transport system, including the result of supply-side
constraints (in terms of travel time, cost, and comfort).
The basic demand for travel varies by person-type in term of his job, and changes in the
distribution of such person-types and job opportunities will have repercussions on total
demand. There is therefore a need for an interface between the 'trip generation' stage and
‘planning’ data assumptions. Given a basic forecast, the function of transport model is to
predict the result of a transport strategy - that is, a combination of different transport
components. This model is postulated on the basis that any changes in the transportation
system can be represented by the changes in the components of the generalized cost
(journey time, cost, comfort etc). Where the changes relate to capacity (number of lanes,

new links, new modes etc.) there is the option as to whether the forecast of changes in
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travel time etc. should be directly input, or deduced in the model Via an appropriate
modification of the supply-side relationship. For this reason the strategies to be tested
may impact either directly on generalized cost, or on the way in which the supply effects

modify the generalized cost.

Base Year Control Growth Factor

Base "Observed
uMatrices by
Purpose & Matrices of Zonal Population

Segment & Employment
And Employment

Supply
Effects

Modification
to Generalized
Cost

Spatial & Modal
Desegregation of Trips

Figure 3. 2: Overall Structure of Strategic Model

Due to lack of sufficient data, the model has not been calibrated for the whole study area
(rather calibrated for small parts of the whole study area) at the preliminary building
stages. Instead, matrices have been built to reflect the current travel pattern and modal
share. As far as mode is concerned, the original intention was to include car trips, bus and
other para transit trips, baby taxi or scooter trips, rickshaw trips and walk and cycle trips.

However, unable to assemble anything resembling a reliable matrix of walk and cycle
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movement, these two modes therefore had to be dropped and only inter-zonal trips are
considered. So the model will deal only with trips by mechanized modes. It has the
provision to add any new modes in the system, provided appropriate attribute data will
have to be supplied. The individual components ofDUTM are

1. Trip generation.

2. Trip distribution.

3. Modal split.

4. Trip assignment.
Having presented a broad outline of the model structure, the next sections indicate the

individual components ofDUTM.

3.2.2 Trip Generation and Attraction

Trip generation is the prediction of number of trips produced by and attracted to each
zone, that is, the number of trip ends "generated” within the urban area. Trip generation
models are basically of two types. One is 'multiple linear regression analysis' the other is

‘category analysis', (Meyer and Miller, 1984).

Multiple linear regression analysis: The 'multiple linear regression analysis' method
establishes a mathematical relationship between the number of trip ends and different
socio-economic variables. It is again divided into two types, such as ‘'aggregate analyses
and 'disaggregate analyses'. In ‘'aggregate analyses' each Transportation Analysis Zone
(TAZ) is treated as one observation, where as 'disaggregate’ analyses treat individual
household or person as an observation. Disaggregate analyses provides more accurate

result than aggregate analyses.

Category analysis or Cross-classification  technique: It determines the number of trip
ends individually from certain defined category of household or people. The whole
concept of household trip making is simplified in this technique by categorizing the
households according to certain socio-economic  characteristics.  Unlike regression
analysis technique, no mathematical relationship is derived between trip making and
household characteristics and thus takes away many statistical drawbacks of regression
analysis. But the problem is that this type needs accurate census data of the analysis

Zones.
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Due to the lack of availability of proper census data of the study area, 'disaggregate

multiple linear regressions' type model is taken as the trip generation part ofDUTM.

3.2.3 Trip Distribution

Trip distribution is the prediction of origin-destination flows that is linking of trip ends
predicted by the trip generation models together to form trip interchanges or flows. Trip
distribution models are basically two types. Theses are 'Growth factor methods' and

'Synthetic methods', (Meyer and Miller, 1984).

Growth factor methods: The growth factor methods are again of four types. These are
(I) Uniform factor method, (2) Average factor method, (3) Fratar method, (4) Furness
method. The basic theory of these four types is that the design year number of trips from
one zone to another is the multiplication of base year trips and a growth factor. The
application of 'growth factor' is different for different types of growth factor methods but
the problem is that, for each type, the present trip distribution matrix has to be obtained
first, for which a large scale 0-0 studies and high sampling sizes are needed. Again these
methods do not provide a measure of resistance to travel and imply that the resistance to
travel will remain constant. This methods neglect the effect of changes in travel pattern

by the construction of new facilities.

Synthetic methods: In synthetic models of trip distribution, an attempt is made to discern
the underlying causes of movement between places, and relationships are developed
between trips and measures of attraction, generation and travel resistance. Synthetic
models have an important advantage that they can be used not only to predict future trip
distributions but also to synthesize the base year flows. The necessity of having survey of
every individual cell in the trip matrix is thus obviated and cost of data collection is
reduced. Such synthetic models are mainly of two types. These are: (I) Gravity model,

(2) opportunity model.

The Gravity model uses deterministic approach to trip distribution, where it is assumed
that according to Newton's concept of gravity, the interchanges of trips between zones of
the area is depended upon the relative attraction between zones and spatial separation

between them as measured by an appropriate function of distance. These functions of
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spatial separation adjust the relative attraction of each zone for the ability, desire or

necessity of the trip maker to overcome the spatial separation.

Opportunity  models, such as 'Intervening opportunities model' and 'Competing
Opportunity model" use statistical theory of probability as the theoretical foundation. In
such types of model, it is assumed that the trip interchange between an origin and
destination zone is equal to the total trips emanating from the origin zone multiplied by
the probability that each trip will find an acceptable terminal at the destination. It is
further assumed that the probability that a destination will be acceptable is determined by
two zonal characteristics: the size of the destination and the order in which it is

encountered as trips proceed from the origins.

The opportunity models are suitable for developed countries, where the urban people with
abundant employment opportunities can decide their residence and work place
considering the available transportation facilities. In case of cities of developing
countries, where due to lack of enough employment opportunities the urban people get
little scope to change work places to avoid transportation difficulties, the deterministic
approach is more realistic. For this reason, the trip distribution model of the DUTM is

selected as a gravity type model.

3.2.4 Modal Split

Modal split models predict the percentages of flow, which will use each of the modes that
are available for travel between each origin-destination pair. When modal split occurs
after trip distribution then the model is known as a 'trip-interchange model'. If modal
split is performed prior to distribution, the model is known as 'trip-end model'. Since trip-
end model splits trip ends, rather than flows, the characteristics of transportation system
are fed on an average area wide basis. Trip-end model is insensitive to future
developments in inter-zonal travel and does not consider the trip generation
characteristics. Trip-end model is also insensitive to transportation policy change like
improvement of public transportation systems where significantly different levels of
service are contemplated. On the other hand, although the trip-interchange model is more
complex, it is free from above mentioned problems of trip-end model, (Meyer and Miller,
1984).
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The modal split analyses are basically of two types. These are: (I) Probit analysis and (2)
Logit analysis, (BenAkiva and Lerman, 1985).

Probit analysis: In this analysis the stimulus is assumed to be made up of relative
disutility of travel of two modes and of users' characteristics. The probit equation can be

written as

Y =ao+a Ix | +a2x2+ +a"xn (3.1)

The determination of coefficients of disutility is often very lengthy and time consuming.

But the logit analysis is simpler than probit analysis for use and interpretation.

Logit analysis: The logit analysis assumes that probability of occurrence an event varies
like a function of sigmoid curve called the logistic curve. The logit choice model is of two
types, Binary Logit model and Multinomial Logit model.

In random utility Logit models, the probability of any alternative i being selected by

person n from choice set Cnis given by the following:

(3.2)

Where the probability that Uin= Ujnfor any i and j in the choice set is normally ignored.
Formally, the distribution of Uin and Ujn can be characterized by a probability density

function,

Pr(Uin=Ujn) = 0, Denoting the choice set Cn as {i,j}, where, for example, alternative i
might be the option of driving to work and alternative j would be using transit. The

probability of person n choosing iis
Pn(i) =Pr(Un ;> Ujn) and probability ofchoosingj isP.(j) = I-Pn(i)

Now each of the utility Uinand On can be divided into two additive parts as follows:

uU,n = Vin+ (in
On =Ijn +0n
Vinand Ijn are called systemic component of utility of i andj; (in and On are called the

random components. Rewriting the probability that n chooses alternative i as
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or
P.()=@. -fi 5V, Vj)

It can be seen that for binary choice situation, the absolute levels of Vand ~do not matter;

all that matters is whether the difference in V's is less than that of fs

The first issue in specifying Vin_and ljn is to ask what type of variable can enter this
function? For any individual n, any alternative i can be characterized by a vector of
attributes  Zin. It is also useful to characterize the decision maker n by another vector of
attribute, Sn' The function Vinand ljn consist of Zin, 'Zjnand Sn, which reflect reasonable
hypothesis about the effects of such variables. It will generally be convenient to define a
new vector of attribute X; which includes both 'Zjn and Sn. That means X;n=h(zin, SJ and
Jijn=h(Zjn, SJ, where h is a vector-valued function. Now it can be written that the

synthetic component of the utilities of iandj as
Vin=V(X;,J and Ijn = V(Jij,J
Ifit is taken that, P = {Pi. P2, Pk} as the vector ofK unknown parameters,
(3.3)
(3.4)
Both utilities have the same vector parameters. It is important to stress that this is only a

notational convention because, by appropriately defining the various parameter X, each

systematic utility function can be given different coefficients effectively.

The binary logit model arises from the assumption that ~n = I;jn- ~in is logistically

distributed, namely

Frsn) = Il (1+e'l'l;n), VO, -(< En< @

Frsn) =Jle'dn/ (1 +e-%n

Where Il is a positive scale parameter. Besides approximating the normal distribution
quite well, the logistic distribution is analytically convenient. To provide continuity with
the development of multimodal choice models, the assumption that ~n is logistically

distributed is equivalent to assuming that ~inand Qn are independent and identically

Gumbel distributed.
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Under the assumption that —nis logistically distributed, the probability for alternative 1 is

given by

This is binary logit model. If Vinand fin are linear in their parameters, then

Pfixin
" - e
Pn (i) = - :

ePflxin + ePfJxjn I+e -pfi(xin  -Xjn)

In the case of linear-in-parameter utilities the parameter it cannot be distinguished from
the overall scale of p's. For convenience it is generally made an arbitrary assumption that
fl = 1. This correspond to assuming the variances of ~inand —jnare both 12/6, implying the
var(L;in - ~jn)=1, and it implies that the scaled probit coefficients are 1t/ .j 3 times larger
than the scaled logit coefficients.

The above mentioned methods are only for two types of modes. In the present study total
number of modes is greater than 2, so the modal choice equation used in this study is a
multinomial logit model. Here the choice phenomenon is called multinomial choice rather

than binary choice. The analysis of multinomial choice is based on 'Gumbel

Distribution’. The choice probability in this case is give by

ef|Y.In eﬂY'ln
Pr(in) = -----m-mmm- = _
WV vy, iV, fiv v
e +e +e N o+ +e ™y 0/ (3.5)
=1

As described earlier, the scale parameter' it' is not identifiable and it can arbitrarily be set
to 1.0 without influencing the relative importance of parameters of indirect utility
function.

The parameters of multinomial logit model are estimated using 'Maximum likelihood
method. In this approach, the parameters are estimated through optimizing the likelihood
(or log-likelihood) function. If N denotes the sample size and the choice variable is

defined as follows,
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y = {" ,.where 1 is for observation n chose alternative | and o is for otherwise.

Then, the likelihood function is defined as,

N

L' =TITIPnw" (3.6)

n=1 jeC~

Here Pn(i) is defined in Equation 3.5

Putting the value of Pn(i) in Equation 3.2 and taking logarithm, the following log-

likelihood function can be obtained.

The parameters (fJ) are estimated at the maximum value of log-likelihood function. By
setting the first derivatives of the function with respect to the parameters equal to zero,

the necessary first order conditions can be obtained.

8L .

gy =1 1y xink (3.8)

or, I 1 (yin- Pn(i)Ixnk = 0, vk (3.9
11=1 jeC" .

By solving these equation using Newton-Rapson Method, the parameter (fJ) can be
estimated. To satisfy second order condition, the Hessian matrix (second derivatives)

must be examined. The component ofthe matrix is given by

I I
8_|_2 =- I.IPn(i)[Xink - IX‘i‘nk?" (O1[Xink- .I)finIPn(j)] (3.10)

k ) 11=1leC"

3.2.5 Trip Assignment

Traffic assignment is last the part of the process of estimating traffic volume on urban
transportation network. It deals with the steps, which follow the trip distribution and
modal split of traffic. Thus the origin to destination trip table for trips via a particular

mode in question is known in this stage. There are various approaches to traffic
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assignment. Three widely used methods are ‘All-or-nothing assignment, 'Capacity

restraint assignment' and 'Stochastic assignment’, (Meyer and Miller, 1984).

All-or-nothing  Assignment: It is called all or nothing because every path from an origin

to a destination has either all the traffic or none of them. Here it is assumed that all

travelers will use the minimum path. Once all of the minimum paths have been

determined, the flow between each origin destination pair is associated with that path.
The total flow is the sum of all flows on each of the links of network. The principal

shortcoming of this method is that it completely ignores the effect of volume of traffic on

a link on user's cost, time and level of service.

method: It overcomes the problems of all-or-nothing assignment
the changes in

Capacity Restraint
method by assigning fraction of total flow incrementally, considering

travel time after each cycle of assignment. The adjusted link speed or its associated travel

impedance (time) is computed by using the following capacity restraint functions:

T, = To[i + 0.i5 (VICI5] (3.11)

Stochastic Assignment: This type of assignment recognizes that several routes between

an origin and destination might be perceived to have equal travel time or otherwise be
equally attractive to a traveler and, as a result, might be equally likely to be used by that

traveler. Or in other words it treats link costs as random variables that can vary among

individuals (given their individual preferences, experiences and perceptions) rather than

deterministically  (as is done by other assignment techniques discussed above).

Stochastic types of assignments are suitable where city people have a lot of choice about

their jobs. But in developing cities, like Dhaka, due to limited job scopes the origin-

destination of maximum people is more or less fixed. For such condition capacity
restraint type assignment gives more accurate result. So in DUTM capacity restraint type

assignment is used.

3.3 Selection of Study Area

3.3.1 Overview of the Study Area

The study area selected for this study comprises 154 km2 area of central urban portion of

Dhaka Metropolitan City. The administrative authority of this portion is Dhaka City
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Corporation (DCC). This portion is the core of Greater Dhaka and contains all major
government and private commercial activities. Due to lack of proper planning and control
over land use activities, people from all over the country rush to this portion and made it a
horde of residential, commercial and business centers. According to Bureau of Statistics
(BBS, 1991) and DCC, the total population of this area was 3.5 million in 1991. DCC
estimates that this portion has the average growth rate of 4.5 percent annually (2 percent
national growth rate plus 2.5 percent migration). So this portion has the population of
over six million at present and by 2020 it will be over nine million. Considering the
whole area of Greater Dhaka, although it is told that Dhaka is a mega city (population
greater than 10 million), by 2020 the core of the city itself will be have around 10 million
people. Traffic congestion and resulting air pollution problems are concentrated here and

are much greater than other peripheral portions of Greater Dhaka.

3.3.2 Zoning of the Study Area for Analysis

For the analysis of regional transportation activities, the study area, which is under the
authorization of Dhaka City Corporation (DCC), is divided into eight broad sub-regions
or Specific Zones (SPZ). These are:

Sub-Region A: Central metropolitan of CBD (Central Business District).
Sub-Region B: Old Dhaka.
Sub-Region C: North-West Dhaka.

: Greater Mirpur.

Sub-Region F: UUara.

: Eastern Metropolitan.

1.

2.

3

4. Sub-Region
)

6

7. Sub-Region
8

C
D
Sub-Region E: Greater Gulshan.
F
G
H

Sub-Region H: Dhanmondi & Farmgate Area.

Sub-Region A covers Il DCC wards; Sub-Region B covers 27 DCC wards; Sub-Region
C covers 15 Dee wards; Sub-Region D cover 7 DeC wards; Sub-Region E covers 5
Dee wards; Sub-Region F eovers | Dee ward, Sub-Region G covers 15 Dee wards,
Sub-Region H covers 9 DeC wards. In accordance with Dec wards, all SPZs are again
divided into a number of Transportation Analysis Zones (TAZ). The identification

numbers ofTAZs are kept same as their DCe ward number. The total number ofTAZs is
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equal to the total number ofDCC wards. The map of study area is shown in Figure 3.3. In

the figure the ward numbers are actually the TAZ numbers.

N

Km 2 0}

Word Boundary
Word No. 90
Main Rood

Figure 3. 3 Map of Study Area
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3.3.3 Employment and Demographic Characteristics  of Study Area

The objective of sub-regional division of the study area is to use employment data from
suitable secondary sources and the selection of TAZ number same as that of ward number
is to get population data from census report. DITS (1993) performed a rigorous
employment survey in Greater Dhaka. The present study area was also a part of DITS. By
analyzing the gross data of Household Interview Survey of DITS, the percentage of total
employments provided by each Sub-Region is determined and shown in the Table 3.1.
The employment attraction variation within the Sub-Region is also calculated. At last
employment attraction by each individual TAZ is determined as a percentage of total

employment opportunity present in the whole study area (90 TAZs).

Tahle 3 1- Fmplnymnnf rppnrnmify in Qllh-Dnginnc of; thdy Area
% of Total
Rigibn-n No. ofDCC Wards Name of the Sub-region ODI[EJSI]’?UI(;?{[\T%TWE
Urban Dhaka

A ] Central Metropolitan Area 25
B 27 Old Dhaka Area 25
C 15 North-West Dhaka. 12
D 7 Greater Mirour 4
E 5 Greater Gulshan 4
F I Uttara. 4
G 15 Eastern Metropolitan 13
H 9 Dhanmondi & Farmgate Area 13

Source: (DITS, 1993)

The total employment of the study area is expressed as a percentage to total population.
According to DITS, 40 percent of total population of the Urban Dhaka is employed in
such types of employments that require the use of transportation facilities of the city. The
employment attractions to different types of employment of each individual TAZ are also
estimated according to the percentage of its share to total employment opportunity of the
whole study area. The employment shares of individual TAZs within the sub-region are

shown in Appendix-B (TABLE-I, Il and IlI).

It is estimated that on an average 0.6 percent of city people are employed in Primary
types, 8.6 percent are in Secondary type and 30.8 percent are in Tertiary types of
employment (DITS, 1993). Where Primary types are Agricultural works, Secondary types

are Manufacturing, Food, Textile, Heavy Engineering, and Laboring types of works and
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Tertiary types are Professional, Administration, Transport, Sales and Services types of
works.

The population data of TAZs are estimated on the basis of census, 1991 and considering
the constant growth rate of 4.5 percent annually. The estimated population of 90 TAZs in
2002 is 61,38,526. Among 90 TAZs, the largest one is TAZ no. 82 having the estimated
population of 3,55,644 and the smallest one is TAZ no. 64 having the estimated
population of 29,311 in the year of 2002. The population concentration is the highest in
Sub-region B (Old Dhaka) and the lowest in Sub-region F (Uttara).

3.3.4 Transportation Network of Study Area

The DUTM is designed to produce output of hourly traffic volume on the links of the
road network. The model takes the geometric inventory of the road network as the
number of road-way intersections or nodes, number of road links to be analyzed,
connectivity of the nodes to form road links including length of each link in kilometer.
For each individual link the number of lanes available in one direction, number of ways,
average speed of all types of vehicles in the link, average speed of each individual type of
vehicle in the link etc. are to input.

The information about the road network is collected from city guide map. A total of 350
km of road is selected for present study. Only the main roadway links, which are
normally used for inter zonal movements are taken into consideration in this study. The
network considered in this study consists 0f242 nodes and 355 links with total length 350
kilometer. Each TAZ is assigned to a single node (zone centroid). Although the length of
roadway links are collected from guide maps, more than 30 link lengths are compared
with observed length got from field odometer survey. It is seen that the link lengths
measured from guide map give more than 90 percent fit with the field measurement. The
map of road network used in this study is shown in Appendix-A in four divided portions

(FIGURE-I, FIGURE-II, FIGURE-IIl, FIGURE-IV and FIGURE V).
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3.4 Evaluation of Transportation System Performance

The basic terms, normally used to indicate the transportation system performance are
Mobility, Accessibility, Traffic Congestion and resulting Environmental  Pollution.
According to the NCHRP report 398, the definitions of these terms are as follows:

Mobility is the ability of people and goods to move quickly, easily and cheaply to where
they are destined at a speed that represents free flow and comparably high-quality

conditions.

Accessibility 1s the achievement of travel objectives within time limits regarded as

acceptable.

Congestion is the roadway traffic condition, which occurs in a particular section of road,
in an intersection or within a network when the capacity of that particular area to
accommodate traffic can not cope with the demand of that time. It may occur either
recurrently or incidentally. It costs extra travel time, fuel cost and discomfort to the road
users. Congestion is often considered as a situation reciprocal of mobility and
accessibility. Hence the magnitude of congestion during urban peak hours indirectly
indicates the level of mobility and accessibility of that situation. In this study, therefore
recurrent traffic congestion is taken as a major transportation system performance

indicator.

Environmental pollution means creating imbalance in natural environment. Modem
motorized transportation system is fully dependent on fossil fuel. The use of fossil fuel
has some serious effects on natural environment. The effects are both direct and indirect
and result from the production, use, servicing, and disposal of motor vehicles.
Environmental effects include air and water pollution, ozone depletion, effects on climate,
hazardous and solid waste production, noise pollution, loss of habitat, species and
biodiversity, and reduced visibility (ICF, 1997). Out of all, the air pollution is most direct
impact of transportation activities on environment (Bhuiyan, 2001). For this reason, air

pollution is taken as indicator of environmental pollution.
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3.4.1 Way to Quantify Congestion

According to the review of various literatures and reports, the traffic congestion measures

can be broadly categorized into six categories (NCHRP, 1997). These are as follows:

I. Early empirical concepts;
Highway Capacity Manual (HCM) related concept;

Lane occupancy rate and queues;

2

3

4. Travel time measures;
5. Miscellaneous measures (e.g. headway distribution);

6. Traffic flow per effective lane measures and congestion indices.

7. Measure of mobility level by peak hour volume-capacity ratio or peak hour

average link speed.

Empirical measures (such as Green Shield's quality of transmission index) are difficult to

visualize and comprehend, require extensive data collection and complicate any statistical
analyses, relate specifically automobile and truck and thus lack applicability to several

other modes of travel, (NCHRP, 1997).

HCM related measures are primarily based upon Level of Service determination. Such

measures are easy to understand but require detail site and location specific input data and
in some instances, the application of complex models. These measures are well suited to
analyze intersections or short roadway section problems but not well suited for policy or

large scale planning analyses (NCHRP, 1997).

Lane occupancy rates, travel time, headway distribution etc. are direct measures and need
The primary problems with these direct measures are that,
levels. Again it is difficult to

real-time traffic information.

they are difficult to use in predicting future congestion

address non-technical audiences without meaningful summary of congestion statistics.

These difficulties have led many to suggest the need for a Surrogate measures called
congestion indices (NCHRP, 1997).

A number of studies have been carried out by a number of researchers and professional
Indices. Pioneers of such studies are National

Institute (TTI),

organization to develop Congestion

Cooperative Highway Research Program (USA); Texas Transportation

and Federal Highway Administration etc. A number of indices have also been proposed

but they are mainly for freeways, corridor analysis or arterial roads etc. For regional or
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area wide analysis such type of indices can not be used directly but the theme can be
translated from a particular scope to a broader perspective. The congestion indices

selected for this study are described as follows:

Roadway Congestion Index (RCI): The overall regional Volume/Capacity ratio is a
useful indicator of regional congestion (Shrank and Lomax, 1998). Shrank and Lomax
define their "Roadway Congestion Index", RCI, as a weighted average Volume/Capacity

ratio comprising Freeway and Principle Arterial components. The equation is:

RCI =[Fi /FLM +AV?/ ALM} / [13000* FV + 5000 * AV} (3.1)
Where,

FV = Regional Freeway Volume, Vehicle-miles / day

AV = Regional Arterial Volume, Vehicle-miles / day

FLM = Regional freeway Lane-miles

ALM = Regional Arterial Lane-miles

To further illustrate the significance of RCI, it is useful to define,

FC = Freeway Nominal Capacity = 13000 * FLM veh-mile/day

AC =Arterial nominal Capacity = 5000 * ALM veh-mile/day.

Here 13000 and 5000 are freeway and arterial capacity per lane per day respectively. It
should be understood that nominal capacity is not the maximum capacity rather it is a
capacity close to the threshold of significant congestion. Further it must be emphasized
that FC and AC thus defined are not the capacity defined by ITE or TRB, which refer to a
point or screen line along a roadway rather than a region as a whole (Mallinckrodt, 200 I).

Using definition of nominal capacity, the RCI, equation (1) can be written as

RCI =[(FV/IFC)*FW + (AV/AC)*AW] / [FW +AW) (3.2)
Where,

FW = 13000 * FV

AW = 5000*AV

Expression in this form may be recognized as the weighting coefficients in a weighted

average of freeway and arterial volume to capacity ratios. The ratios for these particular
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coefficients are not clear. Nevertheless the resulting RCI has a close relationship to

congestion and perhaps it was on the basis, the weighting was chosen.

For the present study on Dhaka, the road network is not well classified. Again this study
is being carried out for a four-hour peak period rather than whole day. So according to the
suggestion ofTTI, if the equation (3.2) for RCI is modified for the present study it stands

as
rel = 2 [(LV/LCY*LW] / 2. Lw 3.3)
Where,

LV = Link volume in Vehicle-km in peak hour = Vehicle per peak hour * Link Length.
LC = Link nominal capacity = Total capacity in vehicle per peak hour.

LW = (Capacity per Lane per Peak hour)*L V

If, for the whole network, capacity per lane per peak hour is taken as 650 (as per HCM,

1994), then after generalization it stands as;
RCI = 2:  [(LV/LC)*(650)*LV] /2: 650*LV
= 2. [(LVILC)*LV] /2: LV

= 2. (LVILC)/2: LV

2: (Vehicle per Peak Hour *Link Length)
RCI (Link Capacity *link lLength)
2: (Vehicle per Peak Hour *Link Length)
L ,(YEh_IC_I_g_p(_ar_ligglf Hour). (Vehicle per Peak Hour * Lk Length)
{(Link Capacity)
2: (Vehicle per Peak Hour *Link Length)

RCI

Here the RCI stands as the network weighted average volume capacity ratio, which
indicates the index value of extra vehicle kilometer travel needed due to congestion in

peak hours.
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Travel Rate Index (TRI): The Travel Rate Index is a way oflooking travel condition in
peak period (Schrank and Lomax, 1999). It focuses on travel time rather than more
traditional measure-speed. The TRI indicates how much longer it takes to make a trip
than would be the case if trip occurred in free-flow conditions. For example, a TRI value
of 1.3 indicates that it takes 30 percent longer time to make a trip than it would take if
travel occurred at free-flow speed. In general TRI equation stands as a weighted average

of peak period travel on freeway and arterial streets.

Freeway Peak Period Travel Rate Freeway Peak Period Travel Rate
—————————— *Freeway Peak VMT +-------———-_ FreewayPeak\VVMT
Freeway Free Flow Travel Rate Ereeway Free Flow Travel Rate

TRI =
Freeway Peak VMT + Arterial Peak VMT

This equation can be modified for the present study to determine TRI of the network as
follows:

Peak Period Travel Rate*Peak Penod VehlICle KllometerTravel ]
Free Flow Trave | Rate (3.13)

LPeak Period Vehicle KilometerTravel

Here individual link vehicle-kilometer travel is increased by a factor equal to the ratio of
congested and free flow travel time. Actually it gives the value of network weighted

average congested to free flow travel time ratio.

Multimodal Congestion Index (MCI) or Volume-Capacity Index (VCI): According to
Mallinckrodt (2001), adhering as closely as possible to the TRB Highway Capacity
Manual, the definition of 'effective regional capacity or RC', herein for the purpose of

congestion mitigation, can be stated as follows:
For congesting subsystems:

RC =the maximum volume of traffic, persons or vehicle kilometer per peak hour,
which under the prevailing conditions, can reasonably expected to be supported by the
subsystem at an acceptable or better level of congestion. Operating conditions specifically

include public acceptance as well as managerial controls.

For non-congesting sub-systems:
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RC =the maximum volume of traffic, persons or vehicle kilometer per peak hour,
which under the prevailing operating conditions, can reasonably expected to be diverted
from congesting sub-systems. Operating conditions specifically include public acceptance

as well as managerial controls.

VCI Defined: These definitions lead to define the Multimodal "Volume / Capacity
Index" (VCI) as follows:

VCI= RVs-RVnc (3.14)
RCc

Where:
RVs =Total (all Modes) System Demand Volume, Vehicle-kilometer per peak hour.

RVnc = Summed effective volume (Vehicle-kilometer per peak hour) of non-congesting

elements or links.

RCc = Summed Effective capacity (Vehicle-kilometer per peak hour) of all congesting

sub-systems.

Here the definition (Mallinckrodt, 2001) is changed from persons to vehicle to simplify

the calculation according to the objective of present study.

Congestion  Severity Index (CSI): It is used by Federal highway Administration
Authority (FHA, USA) in reporting the results of system analyses using 'Highway
Performance Monitoring System' data. The CSI has units of roadway delay per million
vehicle kilometer of travel. For present study, if only peak period is considered rather
than daily basis and the index is determined for thousand vehicle-kilometer travel, then

the equation of CSI is stands as follows:
csl =( Total Delay(Vehicle - hours) per Peak Hour ) (3.15)
Total Vehicle - Kilometer Travel in Thousand per Peak Hour

It indicates the loss of Vehicle-hour per Thousand Vehicle-Kilometer travel in Peak Hour.

It can easily be converted to delay per vehicle-km travel.
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3.4.2 Mobility Level

Sometimes the mobility level of an individual link is measured by volume-capacity ratio.

Such type of measure is proposed by Houston-Galveston Council of Traffic Modeling

(HGAC,1998), which is shown in Table 3.2.

Table 3. 2: Scale of Different Mobility Levels
Level of Mobility Volume | Capacity
Tolerable <0.85
Moderate >=0.85 < 1.00
Serious >= 1.00 < 1.25
Severe >=1.25

This type of measure divides the roadway lengths of the network into a number of classes,

expressed as percentage of total lengths according to mobility levels.

3.4.3 Measurement of Air Pollution

Air pollution by vehicular activity is quantified by using emission factor. The emission
factor is defined as the estimated average emission rate of a given pollutant for a given
class of vehicle. It is estimated by emission produced by kilometer traveled or hour
traveled by the vehicle. Estimates of vehicle emissions are obtained by multiplying an
estimate of distance traveled or time of running by a given class of vehicle with an

appropriate emission factor (Alam et ai, 2000). A comprehensive study was carried out by

Jaigirdar (1998) to determine the average emission factors of SOx, NOX and CO for

typical vehicular modes present in Dhaka city. The average emission rates of of SO" NOX

and CO for common types of vehicles of Dhaka city are shown in Table 3.3

Tabte 33, Emisstons| by DifferentTypes of venictes
e NE— NO CO
| \/ehicle Mode | gmlpasse— e Lomipass: e | OMVDASS  qpninuie o
lan lan m
Rickshaw 0 0 0 0 0 0
Baby Taxiandi ggpg 0.21 0.0606 0.1399 57218  13.2174
Scooter
Bus and Mini 0-0528 1.7470 0.2720 8.9963 0.3504 11.5919
Egi 0.1852 0.4532 0.6749 16515 | 128848 35276 |

Reference: (Jaigirdar, 1998)
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3.3 Summary

This chapter described the overall methodology of the development of a transportation
model and its application for Dhaka city through the sections of transportation model
review, selection of study area and selection of transportation system performance. In
model review sections, the wunderlying concepts and principal components of
transportation models were described. The details of the study area together with method
of zoning and selection of road network were described. In transportation system
performance sections, the concepts and definitions of various system performance
parameters were illustrated. Based on the concepts and methods described in this chapter,
an urban transportation model for Dhaka city is developed, calibrated and applied to
analyze planning options. The next chapter describes the details of the transportation

model developed for Dhaka (DUTM).
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Chapter 4
MODEL DEVELOPMENT AND CALIBRATION

4.1 Introduction

The standard approach to urban transport demand modeling, commonly employed to
transportation planning professionals, is embodied in a system of models generally known
as urban transportation modeling system (UTMS), (Meyer and MilJer, 1984). Model is
used to predict the number of trips made within an urban area, time of day (peak-period,
daily) and zonal origin-destination (O-D) pair. Models also determine the mode of travel
used to make these trips and the routes taken through the transportation network by these
trips. The final product of UTMS s a predicted set of modal flows on links in a network.
As such it represents an "equilibrium” procedure, in which the demand for transportation
(representing by zonal O-D flows by modes) is assigned to modal networks that constitute
the transportation system as a function of their performance (supply) characteristics. The
major inputs to UTMS are a specification of the activity system generating these flows
and characteristics of transport system, which is to serve these flows. This chapter
describes the components of the model developed for Dhaka, named as DUTM and the
ways to adjust its parameters. The individual modules of the DUTM are developed by
using limited surveys at different parts of the study area and taking basic ideas and
patterns folJowed in similar type of study by DITS (1993). So the performance of the
model should be carefully verified to represent the actual situation of the area of concern.
Keeping this fact in mind, DUTM is formulated in such a way that the basic model
parameters (impedance factors, ratio of inter-zonal to total trip ratio or trip generation
factor, coefficients of 'generalized cost' components etc) can be determined indirectly,
that means by comparing the model prediction with the observed data. The objectives of
such indirect method of fixing the model parameters are to use the secondary data

available and to make the DUTM suitable for adjustments in changing situation.
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4.2 Components ofDUTM

The DUTM is developed for urban areas of Dhaka and is based on conventional
transportation planning models concept. There are four distinct components of DUTM,
which are Trip Generation, Trip Distribution, Modal Split and Trip Assignment. The

schematic diagram of DUTM is shown in Figure 4.1:

Activityl System
For|cast

1) Trip_Generation |

1
I ., 2) Trip Distribution

Transport
System Network
and Performance
Characteristics A 3) Modal Split

| . .
"1 4) Trip TSSlgnment

Link (route) Flows by

[P
IvViuutT
Environmental Transportation
Impact Performance
Assessment Assessment

Figure 4. 1: The Urban Transportation Modeling System for Dhaka City
Traditionally such type of UTMS is referred as four-stage model. The details of

individual components of the DUTM are described in the following sections.
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4.2.1 Trip Generation Model

The trip generation component of DUTM is a 'disaggregate multiple linear regressions'

type model. The general structures of the model are:

Generated Trips = Trip Generation Factor * {a+L)D, *PpJ+(c, *eJ} (4.1)

X

Attracted Trips = Trip Generation Factor * {a + I (ox *PJ +(Cx *ex) } 4.2

X

Where 'a' is a constant, 'p' is the population of a particular type; 'e' is the employment of
particular type; 'b' and 'c’ are corresponding regression coefficients. Population and
employments are categorized into three groups namely primary, secondary and tertiary,

which are described bellow:

e Primary types: Agricultural Works.

» Secondary types: Manufacturing, Food, Textile, Heavy Engineering, Laboring.

e Tertiary types: Professional, Administration, Transport, Sales, Services, Building.
The regression coefficients are taken from a study undertaken on urban areas of Dhaka
(Jaigirdar, 1998) and shown in Table 4.1. But the value of Trip Generation Factor is fixed

through an iterative calibration process, which is described later.

l—'F&b+e—4.—|-1:—eee=Ff-'re1'-ants of Regression |Equation for Trip Ggneratign and [Attractiop
Purpose L o L L
of T1ins ° -0 il S - - -
HW 1283 - - 031 | 05| - - - -
Generation WW -1562.5 - - - - - - 0295 | 05 |
B 7775 0 p195 | 011 | 058 - - 00os | 05
MIS -2570.5 0.525 - - - 0.73 - - -
HW -803 - - - - - - 0.39 0.5
HS 326 0.115 - - - - - - -
Attraction WW -1517.5 - - - - - - 0.29 0.5
| HB -717 - - 0.13 ] 05 - 1185 [ 0.07 | 05 |
MIS -2576 0.765 - - - - - 0.29 0.5

Source: (Jaigirdar, 1998)
Where HW is "Home to Work"; HS is "Home to School"; WW is "Work to work"; HB is

"Home based Business"; MIS is "Provision for commercial and through traffic"
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4.2.2 Trip Distribution

The trip distribution component of the DUTM s a gravity type model. The model

structure is as follows:

(4.3)

Where 'tii' is the number of trips from ongm 'i' to destination 'j'; A and Bare

corresponding zonal attributes; f) is the impedance factor; Cij is the generalized cost of i-j
pair, which represents a function of spatial separation of zones in terms of time, cost and
comfort, Oi is total trips generated from zone 'i' and Dj is the total trips attracted to zone
'J' ' Here Oi and D; are output of 'Trip Generation model'. Ai and Bj are zonal balancing
factors, which produce a balanced O-D matrix satisfying both trip generation and

attraction constraints. These coefficients are endogenously determined as follows:

D= 1 d - .
Al =1 an Bj J , where f is manuall
Lij *exp(-jJ * Cij) Ai *exp(-jJ *Ci) y
i i
determined from trip length distribution characteristics and depends on unit as well as

specification of generalized cost function.
The equation of generalized cost Cijis:
Cij = (ae * Cost) + (at * Time) + (acomj* Comfort) (4.4)

ac, at and acom#re coefficients of time, cost and comfort of O-D pair.

4.2.3 Modal Split

The modal split component of the DUTM is a multinomial trip interchange logit model.

The choice probability in this case is give by

Pr(n) = =

Y \Y \Y \% m V
e 1l+e2 +e 3 + + em) Len (4.5)

n=I
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Where Pr(n) is the probability of choosing a mode 'n' for traveling between particular O-
D pairs and V is the utility function of individual modes. The equation of utility function

IS:
V=(a * Cost x + a, * Timey + agy,! * Comfort 2) 4.6)

<le, at, <ieomf are the coefficient of cost, time and comfort of particular mode respectively.
X, ¥y and z are the corresponding power of cost, time and comfort respectively. Based on
above mentioned probability function, the distributed traffic volumes of O-D pairs are

assigned to different types of modes under consideration.

4.2.4 Traffic Assignment

The trip assignment component of DUTM uses the equilibrium capacity restraint type
assignment in which traffic flow is incrementally loaded on network, allowing congestion
to gradually "build up" and travel time estimates to adjust in response to this. The
adjusted link speed or its associated travel impedance (time) is computed by using the

following capacity restraint functions:
4.7
The assignment procedure used in this study can be summarized as follows:

I. Using free flow travel speed minimum path tree is calculated.

2. Some percentage (Q%) of traffic is assigned to the minimum path. The lower the
percentage, the higher the accuracy. The best procedure is to assign one vehicle
each time. But the time required for this process will be very high. For the
analysis of this study the percentage selected is 25%.

3. After each cycle of assignment, new travel time tree is estimated for links of the
network by using capacity restraint function, as shown in equation (4.15).

4, Step 2 and step 3 are repeated for required number of times to assign all the
traffic.

Number of repetition, N = 100/ Q

For present study N =4, so the number of repetition is 4.
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4.3 Model Calibration

4.3.1 Calibration Process
The basic parameters of the UTMS to be fixed are:

>~ Value of travel time.
>~ Impedance factors of trip distribution and modal split.
>- Fraction of total trips assigned to inter-zonal movement or Trip generation
factor and duration of peak period.
>- Coefficients of cost, speed and comfort for determination of generalized
cost and power of elements of utility function.
The average value of travel time is fixed as 0.3 taka per minute (Alam et al, 1999).
Average comfort unit, average occupancy, average PCE, average speed, average
operating cost per kilometer for each individual mode are selected from a survey

conducted on the urban areas of Dhaka (Jaigirdar, 1998).

Power of elements of utility function and impedance factor for trip distribution and modal
split are first selected getting ideas from similar type of research study conducted on
Dhaka (DITS, 1993; Jaigirdar, 1998; Khan, 2000; Monayem, 2001). These all are also
adjusted time to time with adjustments of other parameters to obtain the required total
modal share of the urban area and link volume of a number of links, whose observed

volume (year 2001) are known.

The model parameters are determined by an iterative process. The parameters are more or
less related to one another and thereby changes of any parameter have effects on the
performance of others. First, the coefficients of generalized cost are estimated to get the
modal share similar to the observed values. Then the trip generation factor is adjusted by
comparing assigned volume of a number of links with corresponding observed volumes
of the year of 2001. After a number of iterations the values of all coefficients and
parameters are reached to a stable equilibrium state. The finally adjusted parameters and

coefficients for the calibration base year 0f2001 are shown in Table 4.2.
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Parameters \Zalues
X, Y, Z; the power of time, cost and comfort of
utility function 125;0.75; 1.25
Coefficient of Time, at 0.06
Coefficient of Cost, a, 0.15
Coefficient of Comfort, a,omt 0.21
IMpeddrice FaClor 101 ASSIgHITieTIt 0.005
:III'JCUIC\I It.:C :_G.\.:tUI -::UI :V‘:UUILC C: TUITUC 0.01
—Trip Generatiom Factor 032

4.3.2 Calibration of Modal Split

Using the above mentioned calibrated parameters;

the modal shares in terms of person-

trip are got as shown in Figure 4.2. Here the modal share of rickshaw, auto-rickshaw, bus

and car are got as 41%, 14%, 34% and 11% respectively for the year of 2001. These

values of modal shares are within the range of estimated modal shares for urban Dhaka,

as described in Chapter 2 (rickshaw 40% - 45%, auto-rickshaw 13% - 16%, bus 25% _

35% and car 10% - 12%p».

Car
11%

Bus
34%

Auto Rickshaw

& Tempoo

14%

Figure 4.2: The Estimated Modal Share of Metro Dhaka for Base Year 2001




63

4.3.3 Calibration of Link Volume

A measure often used to determine the degree of fit between observed traffic and

predicted traffic is MAD (Mean Assigned Deviation) ratio. The MAD ratio is defined as:

MAD ratio = I’| Absolute(Estj - Countj)/ Countj} /n (4.8)

J

Where, Esti = Estimated Traffic Assignment at location j

Countj = Estimated Traffic Count at location j
n = Number oflocations of traffic counts.
A very good fit would give a value of 0.35, which means that on average the difference

between traffic assignment and observed count is 35% (DITS, 1993). But this type of

measure is always biased to one side only. So it is better to use average of Estj & Countj

in denominator of the MAD equation:

MAD ratio = I’| Absolute(Estj - Countj)/(Average _ of _ Countj & Estj} /n (4.9

]

Actual hourly volume of traffic in peak period had been collected at 20 links of

designated road network (Monayem, 2001). The prediction of the model for the same

time and locations are checked against observed data. The MAD ratio for these 20 links is

found as 0.30. This value of MAD ratio means that the model predictions fit with the real

data by 70%, which implies an acceptable goodness of the fit statistically. The

comparisons between observed and predicted values are shown in Table 4.3. Although the
number of compared links is only 20, these 20 links are not parts of a single route, rather
1st to 12th number of observations are of a major arterial road named "Mirpur Road" and
I3th to 20th number of observations are of another major arterial road named "Kazi

Nazrul Islam Avenue". These two arterial roads are at the two opposite sides of the

network; with one has restriction on a special type of vehicle (Rickshaw in Kazi Nazrul

Islam Avenue). It is seen in that although the predicted values are almost similar to the

observed values for Kazi Nazrul Islam Avenue, in case of Mirpur Road the model, to

some extend, over estimates. This is due to the trip generation error. The trip generation

part of DUTM is calibrated by a small-scale survey on some parts of the study area and it
is considered that trip generation rate is same for all TAZs. Actually trip generation rate

varies with socio-economic conditions of individual zones. Such as trip generation rate of
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Gulshan area will be different from that of Mirpur area. To overcome this problem,
comprehensive survey should be conducted for each TAZ, which is very expensive and

time consuming.

For the minimum MAD ratio of 0.3, the trip generation factor is found as 0.32. Trip
generation factor 0.32 means 32 percent of total generated trips are involved in inter-
zonal movements. According to Hoque and Alam, (2002); in Dhaka 62 percent of total
trips are walking trips, which are mainly intra-zonal trips; 13.3 percent of total trips are
rickshaw trips, around fifty percent (6 percent) of which are intra-zonal trips. The
remaining (100-62-6 = 32) 32 percent of total generated trips are inter-zonal trips, which
are the main consideration of this study. So the trip generation factor of 0.32 is thus
justified. The changing pattern of MAD ratio with changes of trip generatiol} factor is

shown in Figure 4.3.

IablF 4. 5. (,ornparlson ofr MPGEl Assignments | with Ubserqu data of Basq year 2001 |

Model Actual Assigned Mean
From To No. of Assignment, Volume Deviation assigned
Node Node | Observation PCU/Hr PCILI/Hy Erom Mean | Deviation——

A B of A&R MAD
61 144 1 4216 2546 0491
144 61 2 2947 2725 0078
144 143 3 2935 3094 0.053
143 144 4 2215 3032 0311
143 34 5 3420 3456 0.010
34 143 6 2657 2775 0,043
35 190 7 3976 4985 0.225
190 35 8 3603 4246 0164
190 191 9 3925 5286 0.296
191 190 10 3935 4298 0.088

193 194 11 3709 5854 0.449 0-30
97 193 12 4472 5707 0.243
16 15 13 4305 2452 0.548
ko) 10 11 4381 2682 0.481
5 1% 15 4296 2344 0.588
21 15 16 4398 2691 0.482
21 17 17 4638 4682 0.009
t# 217 18 o514 3081 0.566
Tt 1O TS 0lZ3 o120 0.484
13 t# 20 5149 3280 0.443
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Figure 4. 3: Plot of MAD Ratio versus Trip Generation Factor
4.5 Limitations of Developed Model

Model is not a panacea; rather model gives the impression of real life situation. Model

cannot simulate real life by cent percent. Again in transportation activity, where human

behavior is involved in various decision-makings or choices, the uncertainty is obvious.

In such uncertain situation, any type of model must have some limitations. For this

reason, it is called that transport model is acceptable, if it can give 65% accurate result or
maximum of 35% error (DITS, 1993). Although the DUTM, described above, gives 70%
accurate (MAD ratio of 0.30) result, it have some limitations. The limitations can be

summarized as follows:

In trip generation analysis, multiple regression equation is used, where only trips
to purpose and people are classified according to

are classified according
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employment. It would give better result if cross-classification or category analysis
was used. Due to lack of sufficient data it was not possible.

e The employment fraction sharing by each TAZ is got from DITS household
interview survey (1991-1993) and considered constant over the years. It would be
better, if a comprehensive household interview survey could be carried out and
results were compared with those of DITS survey to get the changing trends of
such ratios. But such type of household interview survey requires huge money and
time.

e Walking, which provides 62% of total person-trips in Dhaka, is ignored in
DUTM. Although almost 99% of walking is intra-zonal movement, which is
avoided in this study on the ground of not using arterials and main links; it
(pedestrian 'crossing) creates hindrances to traffic flow in arterials and main links
during peak period and thereby contributes to roadway congestion. But due to lack
of proper theoretical basis it could not be included.

e For calibration, out of 355 links, only 20 links were considered. The calibration
would be more precise if number oflink would be more. Again time and cost were
the main obstacles in that purpose.

e DUTM can predict only peak period recurrent congestion. But non-recurrent
traffic congestion is also very important. So further study is necessary to

incorporate non-recurrent traffic congestion in DUTM.

4.6 Summary

This chapter described the details of individual components and calibration process of
DUTM. It also described the scope of application and limitations of DUTM. It was seen
that although there were some limitations, the developed DUTM could predict the peak-
hour traffic conditions of the selected road network with high level of accuracy. The
DUTM described in this chapter' is designed in such a way that it is also capable of
predicting the impact of changes in transportation system such as removal or addition of
new modes, opening of missing links, improvement of modal characteristics etc. The next
chapter describes the application of the model to analyze the present and future situation

in do-nothing-case, termed as baseline situation.
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Chapter 5

BASELINE ANALYSIS AND PLANNING NEED
ASSESSMENT USING DUTM

5.1 Introduction

The situation of traffic congestion and consequent air pollution of Dhaka city is extremely
poor, which is well recognized by the inhabitants of the city. Such recognition is
qualitative and subjective in nature. For the purpose of planning and design of measures
in order to improve the situation, it is required to obtain quantitative or objective
evaluation regarding the situation. Particularly in the case of transportation system, it is
required to visualize future situations on quantitative basis and design improvement
measures satisfying a set of goals. Quantitative measurements of present and future
situations may be obtained either from trend analysis using time series data or from model
based analysis. In the absence of time series data, which is the case of Dhaka city, models
become only tool for such analysis. Even where time series data are available, models are
widely used to analyze alternative scenarios. This chapter presents the quantification of
traffic congestion and air pollution of the whole road network of Dhaka in an aggregate
way by using DUTM. Attempts have been made to estimate traffic congestion and
consequent air pollution for the base year of DUTM (2001) and then extend the
estimation for future and the past. Since analyses described in this chapter are for the past,
existing and future situation without alteration of transportation system components
(except for socio-economic variables change with time), these are termed as baseline

analyses.

DUTM estimates peak hour traffic volume on the roadway links of the network for
different socio-economic and operating conditions (a sample output of DUTM is shown
in Appendix C). For baseline analysis, peak hour traffic data of different years are used to
estimate current and projected regional traffic congestion and consequent air pollution of

the study area. The results of baseline analyses are described in the following sections.



68

5.2 Impact Analysis

At present Metro Dhaka hosts for a population size of over six million. In addition to
national growth rate (yearly around 2%), rapid urbanization attracts people to migrate
(yearly around 2.5%) from rural areas (DCC, 2001). Population of Metro Dhaka is
increasing irrespective of the necessary improvements of the urban facilities, especially in
transport sectors. The impacts of population and employment changes are described

bellow.

5.2.1 Impact on Peak Period Transportation Demands

With increasing population, demand for travel also increases. The travel demand is
normally expressed in two terms. These are total Vehicle-Kilometer (Veh-km) travel and
total Vehicle-Hour (veh-hr) travel. Total veh-km travel indicates the basic travel demand
but total veh-hr travel includes transportation system deficiencies with the basic travel
demand. The changes of population and travel demand in peak period with time are
shown in Table 5.1. It is seen that total peak period vehicle-km demand of the year 2002
(13,45,260 veh-km) will be 1.76 times in the year 2020 (23,70,220 veh-km) and the total
peak period vehicle-hour demand of the year 2002 (59,500 veh-hr) will be the 4.24 times
in the year 2020 (252,550 veh-hr). When these data are plotted, as shown in Figure 5.1, it
clarifies that population of Dhaka increases linearly but the travel demands increase
exponentially. The rates of change in total veh-km travel and total veh-hr travel demands
become clear from Figure 5.2. In Figure 5.2, it is seen that total vehicle-hour travel
demand increases exponentially but with higher order than that of total vehicle-km travel
demand. Actually such trend indicates transportation system deficiency. With increasing
demand, the traffic volume in different road links approaches to the capacity and
consequently congestion incurs. Traffic congestion consumes extra time. The cause of
higher order increasing rate of total vehicle-hour demand than that of total vehicle-km
demand is to satisfy the travel need at the same time compensate for the traffic

congestion.
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5.2.2 Impact on Peak Period Volume-Capacity Ratio and Average Speed

The transportation network performs by reduced average speed and increasing volume-
capacity ratio with increasing travel demands. As shown in Table 5.1, in the present year
of 2002, 62 percent of total road lengths of the network are to carry traffic flow with

volume-capacity ratio greater than 1.25 in peak period and 47 percent of total road length

of the network are to carry traffic flow with average speed bellow IS kilometer per hour
in peak period. Although in 2002, 47 percent of total length carries peak period traffic
with average speed less than IS kilometer per hour, 51 percent of them (24 percent of
total) carry peak period traffic with average speed less than 5 kilometer per hour. With
increasing travel demand the transportation network goes for saturation. The term
saturation implies that the roadway links are approached to their capacity at the same time
the average speed falls. The Figure 5.3 and Figure 5.4 show that with increasing demand,
the transportation network of Dhaka goes for saturation in terms of increasing peak period
ratio and becomes gridlocked with successively higher percentage of
less than 15 kilometer per hour in peak

volume-capacity
link lengths with peak period average speed

period.
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Figure 5. 1: Changes in Peak Period Travel Demand and Population with Time.
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Figure 5. 3: Increase in Volume-Capacity ratios of Links with Increasing Demand.
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5.2.3 Impacts on Peak Period Mobility or Traffic congestion

Four types of indices have been described in Chapter 3 for measurement of traffic
congestion or mobility. These are Roadway Congestion Index (RCI), Travel Rate Index
(TRI), Volume-Capacity Index (VCI), and Congestion Severity Index (CSl). Details of
each index have been discussed in Chapter 3. From those discussions, it is clear that RCI
is a measure of mobility as well as congestion, which indicates the extra amount of veh-
km travel need for increasing congestion or decreasing mobility. RCI takes the
multiplying factor from peak period link Volume-Capacity ratio and estimates the overall
network average of volume-capacity ratio. The higher value of RCI than 1 indicates lower
mobility and higher congestion. Value of RCI less than or equal to 1 indicates non-
congested situation. TRI is similar to RCI but TRI takes the multiplying factor from the
ratio of peak-period and free flow travel time. TRI signifies the travel time rather than
Volume-Capacity ratio and indicates the average fraction of extra time required in peak
period overall for the network. It estimates the network average of peak period to free
flow travel time ratio. VCI is somewhat different from RCI and TRI. VCI is actually the
overall ratio of peak hour vehicle-km demand and peak hour vehicle-km capacity,
excluding the non-congesting links. For this study, links with Volume-Capacity ratio less
than 0.85 is considered as non-congesting links. Value of VCI indicates increasing
demand as well as saturation of regional network. CSI measures the overall network
average delay per thousand Kkilometer travel during peak hour. The values of RCI, TRI,
VCI and CSI with increasing demand are shown in Table 5.2. The plots of the values of
each four indices in different years are shown in Figure 5.5, 5.6, 5.7 and 5.8. These

figures show the trend of traffic congestion in Dhaka.

From Table 5.2 it is seen than at present (2002) the value ofRCI is 2.53. It means that the
road network of study area carries peak period vehicle-kilometer demand, which is 2.5
times more than its capacity. If the present condition persists without any improvement of

network capacity then Figure 5.5 shows that RCI value will increase linearly with time.

In case of TRI, for present year of 2002 the value is 5.67. This indicates that during peak
hour the road network of the study area requires on an average 4.67 times more travel
time than free flow travel time. TRI value gives the network average, as congestion may

not be uniform throughout the whole network, this situation may not be realized by an
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individual traveling in a particular link of the network. This means that some parts of the

network experience delays many times more than TRr value. The Figure 5.6 indicates that

if no measures are taken to improve the network capacity, the TRI value increases

exponentially with increasing population. The rate of change of TRI value remains slower
unto when the whole network becomes congested, and then it increases abruptly.

In case of VCI, for the present year of 2002, the value of vcr is 2.26. It indicates that at

present, the congested portions (Volume-Capacity >0.85) of road network are to carry

traffic 2.26 times more than their capacity during peak hour. Figure 5.7 shows that vcr

value increases almost linearly with time. This means if no improvement of network'

capacity is made, the whole network will be saturated gradually.

In case of csr, for the present year of 2002, the value is 226.51. This means at present,

during peak period, on an average the delay is 226.51 hours per 1000 kilometer travel. In
simple words, on average 13.60 minute delay per kilometer travel occurs during peak

hour in the road network of study area. Figure 5.8 shows the variation of csr with time. It

value increases exponentially with increasing population. It means that

is clear that csr
remain slower up to the time required to fully saturate the

the increase rate of csr
network, then it increase abruptly.
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5.2.4 Impact of Air Pollution

The overall effect of transportation activity on natural environment has been described in
Chapter 3. The urban transportation activities affect the environment mainly in term of air
pollution. In this study the motor vehicle emissions, mainly SOx, NOyx and CO emissions
during peak hour have been estimated. The emissions in peak hour of different years are
shown in Table 5.3. It is seen that at present (Year 2002) the average peak period
emission rates of SOz, NOz and CO are 0.26,0.79 and 13.44 ton per hour. Ifno measures
are taken to improve the situation by the year 2020 the emission rates of SOz, NO; and
CO will be 1.25, 4.11 and 61.68 ton per peak hour. The changing pattern of peak period

emission rates with time are shown in Figure 5.9, 5.10, 5.11.

It is obvious that with increasing population, both peak period travel-length and peak
period travel-time increases. The air polluting emissions from different vehicles are
normally expressed as functions of total vehicle-kilometer travel or total vehicle-hour
travel by different motorized vehicles. The emissions from total veh-km travel and total
veh-hr travel are calculated individually and the higher one is taken as the actual emission
rate. In this study it is revealed that emission rate as per total vehicle-hour travel governs
over the emission rate as per total vehicle-km travel. It is the result of congestion. Due to
traffic congestion, vehicles are to remain more times on road in peak period than off-peak
hours to cross the same distance. If no traffic congestion exists that means if all vehicles
can move in free flow speed then the emission rate from total veh-km travel and emission

rate from total veh-hr travel will be the same.

As emissions of a particular pollutant are not same for all types of motorized vehicles, the
changing patterns of emissions of SOx, NOx and CO are obviously functions of vehicle
composition. The described table and figures of this chapter are for the present traffic
composition of motorized traffic in Metropolitan Dhaka. (41% rickshaw, 14% auto-
rickshaw & tempo, 34% bus and 11% car; in terms of person-trip). So the analysis of
emission rates will evaluate different planning options both in terms of changes in travel
demand as well as vehicle composition. For the present vehicle composition the
relationship between peak period emission rate and peak period total travel demand (in

veh-hr) are deduced and shown in Figure 5.12.5.13 and 5.14. The relation ships are:

Peak period SO] emission in tonlhr = 0.0053.(Peakperiod  Total Veh-hr Demand) - 0.0714



Peak period NO, emission in lonlhr = 0.0174.(peak period Tolal Veh-hr Demand) - 0.2906

Peak period CO emission in lonlhr =0.2574.(Peak period Tolal Veh.hr Demand) - 2.8931
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It is seen that the emission rates are linearly related with total peak period travel demand

in terms of vehicle-hour.

Table 5. 3: Changes qf Emissions per Peak Hour with Population Change in Time

Pollution Emission per Peak Hourl Peak Period [Travel Demand
Year | NO, inton CO in ton
SO, in ton per | per Peak per Peak '000 veh-hr '000 veh km
Peak Hour Hour Hour
1997 0.08 0.22 4.08 32,67 905 56
1998 0.08 0.25 4.41 35.41 966.11
1999 0.09 0.28 477 38.38 1026 60
2000 0.17 0.5 9.1 41.65 1091.11
2001 0.19 0.56 9.96 45.54 1161.67
2002 0.26 0.79 13.44 59.50 1345.26
2003 0.3 0.92 15.29 67.23 1430.10
2004 0.34 1.07 17.45 76.17 1515.07
2005 0.41 1.3 20.92 89.94 1614.39
2008 0.48 1.52 24.1 102.92 1741.66
2010 0.56 1.8 28.18 119.96 1865.23
2012 0.67 2.18 33.83 142.32 1981.07
2014 0.82 266 4082 1035 2426-08
2018 1.03 3.36 50.87 210.82 2243.95
2020 25 T 1T 61.68 252.55 2370.22
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Figure 5. 9: Changes

in Peak Period S02 Emission Rate with increasing population
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5.3 Summary

The aim of the analyses described in this chapter was to estimate the existing situation
and changing patterns of traffic congestion and consequent air pollution in the central
urban portion of Dhaka, which were termed as baseline analyses. The attempts had been
made to quantify congestion and air pollution, and then the relationships of such
congestion and air pollution with changing travel demand resulting from population
increase over the years were deduced. From the analyses it was observed that the road
traffic congestion and resulting air pollution in Dhaka would be unacceptably poor in
base year of analyses and degrading in alarming rates with increasing population.
Unfortunately, the elimination of such traffic congestion and resulting air pollution may
not be a realistic goal. Some level of rush hour is likely to remain as a part of life in
Metropolitan Dhaka. It should be tried to make the transportation investment decisions

that maintain a level of mobility ensuring a functional urban transportation system. While
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free flowing urban traffic at all hours of the day may not be practical, the road network
should not be allowed to become totally grid locked. Rather, the efficiency of the
transportation  system should be improved. The next chapter presents some alternative
planning options and evaluates the impact of these measures on traffic congestion and air

pollution.
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Chapter 6
EVALUATION OF ALTERNATIVE PLANNING OPTIONS

6.1 Introduction

Chapter 5 described past, present and future conditions of road traffic and resulting air
pollution situations for business as usual case of Dhaka city during peak period. Such
analyses provided base-line situation of traffic congestion and consequent air pollution of
Dhaka. Engineering and planning measures are usually taken to improve such situations.
There exist numerous engineering measures from which the optimum solution should be
selected through planning process. This chapter describes effectiveness of some
alternative planning options to alleviate traffic congestion and to improve air pollution

situation in comparison to baseline situations.

6.2 Alternative Planning Options

6.2.1 Planning Options Overview

One of the solutions to the problems of present traffic congestion and consequent air
pollution of Dhaka is the construction of new roads and widening of existing roads. Such
type of measure is called 'Structural Improvement' of network. This type of measure may
resolve the problems for some period of time but the situations will again become as bad
as before due to suppressed demands and increase in population. The best solutions are
those, which require fewer amounts of money, easy to implement and effective for longer
period of time. 'Transportation system management’ (TSM) and 'Transportation demand

management' (TOM) measures fulfill these purposes, (TOM Encyclopedia, 2000).

TSM is a process of optimizing an existing transportation system. These strategies
consists of lower cost actions that increase the capacity of existing facilities in terms of
their capacity to carry more persons by eliminating lower occupancy vehicles, slower
vehicles etc. TOM describes a wide range of actions to increase the efficiency of network.
Quite simply TOM programs are designed to maximize the people moving capability of

the transportation system by increasing the number of persons in a vehicle, or by
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influencing the time of or need to travel. TDM programs must rely on incentives or

disincentives to make these shifts in behavior attractive.

6.2.2 Planning Options for Immediate Implementation

Considering the feasibility, resource requirements and time frame regarding immediate
implementation, the following measures are selected in this study as alternative options.

The options analyzed in this study are;

1. Eliminating Rickshaws from main urban roadway links of Dhaka.

2. Eliminating Auto-Rickshaws from Dhaka.

3. Opening of some closed links and widening of some links creating bottlenecks to

traffic movements.

4. Improvement of bus service in urban areas of Dhaka.

5. Incorporation of intra-city rail service.
Here option 1, 2, 4 and 5 are TSM and TDM types of measure and the option 3 s a
'structural improvement’ type of measure. The impacts of above mentioned options on
traffic congestion and resulting air pollution of Dhaka are described in the following

sections.

6.3 Elimination of Rickshaws from Main Road links of urban Dhaka

Rickshaw is the non-motorized part of road traffic of Dhaka city. It is blamed for creating
traffic congestion in the city, especially for its low operating speed and low occupancy
level. Authorities often contemplate to alleviate traffic congestion by banning rickshaw in
some links and making separate lanes for it. But the quantitative benefit of removal of
rickshaw is yet to be estimated. This section describes the results of elimination of

rickshaw from the road network of Dhaka in quantitative form.

6.3.1 Impact on Traffic Congestion

Table 6.1 shows that peak period total vehicle-km and vehicle-hour demand reduce for
the removal of rickshaw. Figure 6.1 shows the comparative graphical presentations of the
situations. For present year of 2002 the total peak period vehicular travel demands in

network are 1345,260 vehicle-krn and 59,500 vehicle-hours. If rickshaws are removed
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from the network, total vehicle-km demand reduces by 48.52% (692,550 veh-km) and
total vehicle-hours demand reduces by 24.28% (45,049 vehicle-hours) and it also reduces

the future increase rate of travel demand.

The cause of reduction of total vehicle-km travel demand is the shifting of rickshaw users
to other modes having higher occupancy level than rickshaw. Such as occupancy level of
bus, car and auto-rickshaw are 66 times, 1.6 times and 2 of times that of rickshaw
respectively. Figure 6.1 shows that the total vehicle-km demand curve of with-rickshaw
composition is steeper than that of without-rickshaw composition. The total demand in
person-trip increases with the increase in population and due to the lower occupancy level
(0.6, which is less than 1) of rickshaw, total peak period vehicle-km travel demand
increases with higher degree than the increase rate of person-trip. Elimination of rickshaw
from network reduces this increase rate of peak period total vehicle-kilometer travel

demand.

The cause of reduction of total peak period vehicle-hour travel demand is the increase in
average speed of traffic flow for rickshaw removal. The peak period total vehicle-hour
travel demand is more reflective to traffic congestion than peak period total vehicle-km
travel demand. With increasing traffic congestion, the average speed of traffic flow
reduces and total vehicle-hour travel demand increases. For the year of 2002, removal of
rickshaw reduces total vehicle-hour demand by 24.28% but for the year of 2020 it will be
62%. This is the indication of rickshaw's major contribution to city traffic congestion.
The total peak period vehicle-hour demand increases exponentially if rickshaw presents
but removal of rickshaw makes the increase rate from exponential to linear type. These
are the sign of rickshaw's contribution to traffic congestion. The picture will be clear after

comparing the congestion indices.

Table 6.2 shows that the values of indices fall drastically due to removal of rickshaw. For
the year of 2002, if RCI and VCI are considered; where both are volume-capacity related
measures; both of them reduces to almost half of their present value (RCI; 2.53 to 1.25
and VCI; 2.26 to 1.43) due to removal of rickshaw. That means without rickshaw, the
links of urban road network will have to carry almost half of the peak period traffic
volume than former condition. If TRl and CSI are considered; where both of them are

travel time related measures; they reduce to almost one fourth (TRI; 5.67 to 1.51) to one
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tenth (CSI; 226.51 to 23.17) of their present value due to removal of rickshaw. The
reduction of TRI value to around one fourth of original value means extra travel time
required for congestion in peak hour, reduces to one fourth value if rickshaws are
removed. On the other hand reduction of CSI value to one tenth of original value means,
due to removal of rickshaw the delay per kilometer travel reduces to one tenth of original
value. The changes of indices with time for with rickshaw and without rickshaw
combination are shown in Figure 6.2. From the figure, it is clear that slopes of the curves
of indices fall drastically and exponential type changing patterns become linear type due
to removal of rickshaws. This means rickshaw removal not only reduces congestion for
present time but also dampens the intensity of increase in congestion with time.

The situation after removal of rickshaw can be better perceived from the figures of Table
6.3 and Figure 6.3. Due to removal of rickshaw, the overall network will enjoy the
significant reduction of peak hour volume and significant increase of peak hour average
travel speed. For the present year 0f2002, total 47% of urban roadway length has to carry
peak period traffic with average speed of 15 kilometer per hour and for the year of 2020 it
will be 68%, where as if rickshaws are removed, this percentage becomes 14% for the
year of 2002 and 46% for the year of 2020. Again for the present year of 2002, total 62%
of urban roadway length has to carry peak period traffic with volume-capacity ratio
greater than 1.25 and this will be 85% for the year 2020, whereas if rickshaws are
removed then this percentage becomes 21% for the year of 2002 and 61% for the year of
2020. So it is seen that the removal of rickshaw shifts the situations of the year 2002 to

the year of 2020.

6.3.2 Impact on Air Pollution

One of the main logics in favor of rickshaw is that it is a pollution free mode. Rickshaw
produces no direct air pollution, but the problem is that it intensifies traffic congestion
and let the other motorized modes to remain more times on the road and thereby increases
air pollution. The peak period emissions of SOx, NOx and CO in terms of ton/hr are
shown in table 6.4. The graphical presentations of changes of emission rates over the
years are shown in Figure 6.4. Although removal of rickshaws increases the emission
rates of SOx and NOXx in the present year of 2002, the Figure 6.4 shows that the rate of

increase of emission rates of SOx and NOx fall if rickshaws are removed from the network
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and in future the rates will be much lower. In case of CO emission, it is seen that emission

rate of CO reduces from the present year of 2002 due to removal of rickshaws. This is

The major contributor of CO is car.

because of the reduction of traffic congestion.
Though car use increases by 19 percent for rickshaw removal, the total peak period

vehicle-hour demand of car reduces for increase in overall travel speed; as a result total
CO emission rate reduces. Removal of rickshaw makes the increase rate of SOx, NOy, and

CO from exponential type to linear type in future.

6.3.3 Impact on Demand for Other Modes

of urban Dhaka and

60%

Rickshaw is the non-motorized part of the vehicular composition

posses a major modal share. For Greater Dhaka rickshaw provides of total

mechanized person trips (excluding walking) (DUTP-II, 1998). For central urban areas of

Dhaka (study area of present research) rickshaw occupies 41% of modal share. If

rickshaws are removed at a time or gradually, the people who depend on rickshaw will
shift to other modes. The demand of rickshaws should be compensated by increasing the
number of other modes. The analysis shows that if rickshaws are removed totally from

main roadway links of the network, rickshaw users will shift to bus, auto-rickshaw and

car. To compensate the rickshaws, the percentages of present amount of bus, auto-

rickshaw and car have to be increased by 51%, 28% and 19% respectively. The

comparative figure is shown in Figure 6.5.

Table 6. 1: Peak Period Total Travel Demand in the Conditions of With-rickshaw and
\Without-rickshaw (‘nmlnncitinn

Year Population _ (000) _('000)
('000) With- Without- % With- \Without- %
rickshaw rickshaw Reduction rickshaw rickshaw Reduction

2002 6139 692.55 1345.26 48.52 45.05 59.50 24.28
2003 5415 735.73 1430.10 4855 48.25 67.23 28.23
7004 5704 78151 1515.07 48.42 51.73 76.17 32,08
005 005 531,98 614,30 48.46 55.70 89.94 38.06
7010 7650 070,58 1865.24 2956 65.20 120.00 45.65

e avpes: 5357 TO5330 7T75.08 79,90 77.40 170.40 5457
2620 9123 TI88 43 7370.22 79.86 95.73 252.50 62.09
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Figure 6. 2: Peak Period Congestion Indices
Table 6. 3: Peak Period Volume-Capacity Ratj0 and Average Speed In the Condiions of
| With-rickshaw  and Withoutirickshaw Composition
% of Total Roadway Length with
< flometer per % of Total Roadway Length [With Volume-
Year hour | Laqa_hR”y atio> I.25
\Alathaut ALtk s
Rickshaw | _Rickshaw | 00 Reduction ickahaws — =1 00 Reduction
2002 14 47 70.21 21 62 66.13
2003 15 48 68.75 25 65 61.54
2004 18 53 66.04 32 67 52.24
2005 21 56 62.5 36 73 50.68
2010 30 57 47.37 44 79 44 .3
2014 39 61 36.07 54 82 34.15
ZAVAY 46 68 32.35 61 85 28.24
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6. 3: Condition of Road Network in Peak Period in Terms of Average Speed

Table 6. 4: Peak Period Emission Rates in the Conditions of With-rickshaw and Without-

SO. ton/hr | NO, ton/hr CO ton/hr
Year 5o Mam— <'g ‘i:"_':- Moy ~\£~ %)-:“ ""...: _—l
~12 !_nn ¢ ,E ._12 a' 12 J Wi ” = 12 (-
?;2 i — —_— T e 2.~ i =
T+ \v 7 LB U.
2002 0.27 0.26 -3.85 0.83 0.79 -5.06 1312 1344 | 233 |
2003 0.29 03 3.33 0.9 0.92 2.17 14.02 15.29 831
2004 0.31 0.34 8.82 0.97 1.07 9.35 14.99 17.45 14.1
Z005 0.33 0.4T 1951 1.05 1.3 1923 | 161 2092 23.04 |
2010 0.39 056 30.36 1.25 1.8 30.56 18.78 28.18 33.36
20T 040 0.02 43.9 15 2.66 43.61 22.3 40.82 45.37
2020 0.58 1.25 53.6 1.89 411 54.01 27.58 61.68 55.29
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Figure 6. 5: Increase in Peak Period Demand of Other Modes for Rickshaw Removal

6.4 Elimination of Auto-Rickshaws from Main Road links of urban

Dhaka

Auto-rickshaw is an important mode of transportation in Dhaka and in popularity it is
next to rickshaw. Its main advantage is its small size and resulting easy accessibility to
different narrow links of the city. But its inherent disadvantage is the use of two stroke
engine, which causes serious air pollution. Considering the air pollution, the government
of Bangladesh has already contemplated to ban it. This section describes the quantitative

result of banning auto-rickshaws in Dhaka.

6.4.1 Impact on Traffic Congestion

Removal of auto-rickshaw from the road network of Urban Dhaka improves the traffic
congestion. Table 6.5 shows that peak period travel demand, 1345,260 vehicle-kilometers
and 59,500 vehicle-hours reduce to 1244,650 vehicle-kilometers (7.48% reduction) and
42,600 vehicle-hours (28.39% reduction) for the removal of auto-rickshaw from main
roadway links of urban Dhaka. Figure 6.6 shows the changing pattern of peak period
travel demand with time for with-au to-rickshaw and without-auto-rickshaw composition.
The maximum portions of auto-rickshaw users shift to bus, which has on an average 33

times higher occupancy level than that of auto-rickshaw, for this reason the total peak
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period vehicle-krn travel demand reduces for the removal of auto-rickshaw. The vehicle-
hour demand reduces because of removal of congestion and increase in overall peak
period travel speed. The figure 6.6 shows that the vehicle-hour demand curve is much

steeper for with-auto-rickshaw composition than without-auto-rickshaw  composition.

The removal of auto-rickshaw reduces the values of RCI, TRI, VCI and CSI from 2.53,
567, 2.26 and 226.5 respectively to 2.43, 5.19, 221 and 202 respectively. The
comparative values of indices for different years in future are shown in the Table 6.6. The
changing patterns of indices are shown in Figure 6.7. Removal of auto-rickshaws makes
the changing pattern of TRI and CSI value from exponential to linear type that means
traffic congestion will increase linearly rather than exponentially for removal of auto-
rickshaw. Again the removal of auto-rickshaw reduces the values of indices by a smaller
degree in comparison to that of rickshaw removal. The cause of this less reduction of
congestion indices is the higher speed of auto-rickshaw than that of rickshaw. Average
speed of auto-rickshaw is greater than that of bus but the inefficiency of this mode and

thereby traffic congestion is only due to low occupancy level than bus.

6.4.2 Impact on Air Pollution

The main objection against auto-rickshaw is the air pollution. Auto-rickshaw uses two-
stroke engine. The inherent disadvantage of two-stroke engine is the production of un-
burnt fuel gas (Buyan, 200 I). In this study, due to the lack of proper data to calculate
emission rate of un-burnt fuel gas, it was not possible to estimate reduction of un-burnt
fuel gas emission due to auto-rickshaw removal. The comparative reductions of SOx, NO,
and CO are shown in Table 6.7 and Figure 6.8. It is seen that as major contribution of
auto-rickshaw in air pollution is by SOx and CO emission so removal of auto-rickshaw in
the present year of 2002 reduces SOx and CO emission rate by 26.92% and 34.82% of
present values respectively, it also reduces the increase rate of emission in future. But the
removal of auto-rickshaw increases the emission of NOy. This is because of the shifting
of a major share of auto-rickshaw users to bus and car, which produce higher rate of NO x

emission than auto-rickshaw.
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Auto-rickshaw

In the present analysis it is found that auto-rickshaw

trips of central

urban portion of Dhaka.

is another popular mode of transportation

Its popularity

93

in urban Dhaka like rickshaw.

shares 14 percent of total person

is for its smaller size and easy

access to different narrow roadway links. It provides better comfort in the form of better

privacy. If auto-rickshaw is totally removed from road network of urban Dhaka, the auto-

rickshaw users will shift to other modes like bus, car and rickshaw. From the analysis it is

seen that if auto-rickshaw is removed totally, then to compensate the demands for auto-

rickshaws the present amount of bus, car and rickshaw will have to be increased by 17%,

7% and 8% respectively.

Table 6.5; Peak Period Total Travel Demand in the Conditions of With-Auto rickshaw and
‘vAv';thuut-r’-\\utu 1 ;\,:\ohavv CUI 1 I}. UD;t;UI 1
Demand —in Vehicle-km PBermat |d ;II ‘vlch; :c hl
v Population . (OOO) . | (000) 1
ear (1000) With Without o With Without .
AUT0- Auto- ettt Auto- Auto- -
rickshaw rickshaw FHHLERT rickshaw rickshaw reduction
2002 6139 1345.26 1244.65 7.48 59.5 42.6 28.39
2005 7005 1614.39 1500.73 7.04 89.94 61.68 31.42
2010 7650 1865.24 1699.88 8.87 120 80.96 32.51
2014 8354 2126.08 2017.88 5.09 170.4 114.2 32.98
2020 9123 2370.22 2289.53 34 252.5 172.2 31.8
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Figure 6. 6: Peak Period Total Vehicular Travel Demand

Table 6. 6: Peak Period Congestion Indices in the Conditions of With-Auto rickshaw

and—Whithout=Auto—Ticksiaw—Composition
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Tahle 6_7- Peak Period Emissio Rates in the Conditions of With-Auto rickshaw and
Without-Auto  rickshaw Composition
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Figure 6. 9: Increase in Peak Period Demand of Other Modes for Rickshaw Removal

6.5 Effects of Road Network Improvement

Sometimes traffic congestion becomes exaggerated due to some physical deficiencies in
the road network. Such physical deficiency may be the closer of some strategically
important roadway links or reduction of effective roadway width creating bottlenecks to
traffic flow. Simulation of present year peak period traffic in road network of Dhaka by
DUTM shows that there are a number of missing or closed links and bottle neck points in
the network. Rigorous study is deemed necessary to identify all bottleneck points and
missing or closed links of the network. Improvement of road network refers to opening of
closed roads, construction of missing links or widening of links creating bottlenecks. This
section describes the benefits of such improvement of road network of Dhaka city by

opening two closed roads and widening two bottleneck points in the network.

6.5.1 Identification = of Network Deficiency and Bottlenecks

Analysis of the present situation of road network of Dhaka shows that there are two
strategically important roadway links in the network which are closed in some way. One
of such roads is 1.52 kilometer long "Pilkhana Road" through BDR Staff Quarter. This

road is totally restricted for public use. The other is 0.465 kilometer long link behind
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"Nagar Bhaban" from "Fulbaria Bus Stand" to "Banga Bazar Market", which is actually
used as bus depot. These two roads are very important for their strategic positions
considering travel patterns of zone to zone movement in the network. Closer of such
roads compels the peak period traffic to redistribute in the network that creates congestion
in other links. Again analyzing the peak period travel conditions, it is found that
tremendous bottle necks are created in two places, one is at "Rampura DIT Road" near
"Mailbag Bazar Intersection” and the other is at the junction of "Tongi Diversion Road"
with "Dhaka-Mymensingh Road" near the office of "Survey of Bangladesh”. It is seen
that the peak hour travel time is around 33 times of free flow travel time at first place and
around 30 times at second place, which are also supported by practical experience.
Though the road links at above mentioned bottleneck points are actually very wide (6
lanes total in both directions) but in some portions, the roadway widths are occupied by
roadside non-motor activities, which effectively reduce the overall capacity of links. The
DUTM considers only the roadway widths effective for traffic movement, so it is easy to
utilize the information of actual roadway width used by road traffic. An attempt has been
made to evaluate the situation, which will happen if the above mentioned two closed
roads are made open for public use and effective roadway widths are increased at the two

major bottlenecks. The modified parts of the network are:

1

Opening of 1.52 kilometer long "Pilkhana Road" through BDR Staff Quarter.

~ Opening of 0.465 kilometer long link behind "Nagar Bhaban" from "Fulbaria Bus
Stand" to "Banga Bazar Market"

~ Increase to total 6 effective lanes from 4 actually effective lanes of "Mailbag

Bazar Intersection” to "New Circular Road" and "Tongi Diversion Road"

6.5.2 Impact on Traffic Congestion and Air Pollution

Opening of such closed roads for public use changes the land-use pattern. Ignoring such
land-use change, the changes in peak period total travel demand in vehicle-km and
vehicle-hour are shown in Table 6.8. It shows that peak period total vehicle-km and
vehicle-hr travel demand reduce from 59,500 vehicle-hours to 56,160 vehicle-hours
(3.07% reduction) and 1345,260 vehicle-km to 1303,960 vehicle-km (5.61 % reduction)
respectively for such improvement of road network. The changing patterns of peak period

demands in future are shown in Figure 6.10. It shows that such improvement of road
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network reduces sudden upslope of vehicle-hour demand curve; it means that such
improvements not only reduces present year demand but also reduces the increase rate of
peak period traffic congestion in future, because sudden upslope of demand curve is an
indication of sudden increase in traffic congestion. It is seen that widening of effective
roadway widths of the two proposed locations reduces the peak period travel time to free

flow travel time ratio from 30 t04.6 and 33 to 5.9 respectively.

The reduction of congestion situation due to such improvements can be better perceived
by observing the changes in congestion indices as shown in Table 6.9. The changing
patterns of indices are shown in Figure 6.11. RCI, TRI, VCI and CSI rcduce from 2.53,
567, 2.26 and 226.5 respectively to 2.37, 497, 217 and 192.7 respectively. The
reduction of indices is greater than those for auto-rickshaw removal for the present year
of 2002. The changing pattern of CSI value shows that such network improvement
reduces average delay for some period of time only and the previous situation will
retrieve after some period of time with the increase in population This is the inherent

disadvantages of 'structural improvement' type of measure.

6.5.3 Impact on Air Pollution

With the reduction of peak period total demand and traffic congestion, the emission rates
of SOx, NOx and CO also reduce for network improvement. The comparative values of
emission rate are shown in Table 6.10. For the present year of 2002, SOx, NOx and CO
emission rates reduce by 7.69%, 6.33% and 5.88% respectively. The changing pattern of
emission rates are shown in Figure 6.12 and it is seen that such improvement in network
prevents the sudden increase in emission rates in future. As the emission rates are
functions of peak period vehicle-hour demand, the emission rates increase at the same
rate as that of vehicle-hour demand rate increases and such improvements in road
network reduce traffic congestion and prevent the sudden increase in peak period total

vehicle-hour demand and emission rates in future.
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. Total Demand in '000 Vehicle-hour Total Demand in '000 Vehicle-km
Population
Year 10006 E/ip e D+ 0, et A
TOOT TS 1) 7XIceT O CATSTTY ATLICT 0
Condition Improvement Reduction Condition Improvement Reduction
2002 6139 59.50 56.16 3.07 1345.26 1303.96 5.61
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Figure 6.12: Changes of Peak Period Emission Rates for Network Improvements

6.6 Effects of Improvement of Bus Services

The term 'mass transit' indicates the public transportation modes, which have higher
occupancy level compared to other private modes of transportation. For urban areas of
Dhaka, all types of bus services are considered as 'mass transit'. From a study (Jaigirdar,
1998) on urban Dhaka, it is seen that average occupancy of bus (Double-decker bus,
Normal bus, Mini.bus, Para transits such as maxi, rider etc all), rickshaw, auto-rickshaw

and car are 40, 0.6, 1.2, and 1.3 respectively, where as the PCV of bus, rickshaw, auto-
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rickshaw and car are 3, 0.5, 0.75, and 1.0 respectively. It is seen that although rickshaw
occupies around one sixth of roadway space of that of a bus, rickshaw carries around one
sixty sixth passenger of that of a bus. Similarly auto-rickshaw and car are also less
efficient in passenger carrying capacity than bus. So increase in modal share of bus in
urban area will definitely reduce number of vehicle on road. This section describes the

benefit of improvement of bus service in Dhaka and scope of such improvements.

6.6.1 Impact on Traffic Congestion

Table 6.11 shows the peak period total vehicular travel demands for different modal
shares of bus and Figure 6.13 shows the changing pattern of peak period vehicular travel
demand with changes in modal share of bus in Dhaka. It is seen that peak period

vehicular travel demand reduces exponentially with the increase in modal share of bus.

The picture of peak period congestion reduction becomes clear by comparing the
changing rate of indices with increasing modal share of bus, as shown in Table 6.12 and

Figure 6.14. The equations of peak period congestion indices as functions of modal share

of bus are:

RC/=3.926. exp(-0.0174.  (%ofmodalshareofbus)) (6.1)
VCI=2.85. exp (-0.0102. ((% of modal share of bus)) (6.2)
TRI = 11.05 « exp (-0.0265. (% of modal share of bus)) (6.3)
CS/= 741.73. exp (-0.0436. (%ofmodalshareofbus)) (6.4)

All of these indices reduce exponentially with the increase in percentage of modal share
of bus. The improvement of congestion situation with increase in modal share of bus is
due to the overall reduction of peak period vehicular travel demand and at the same time

reduction of number of other modes of travel on road.

6.6.2 Impact on Air Pollution

It is seen that for urban areas of Dhaka, peak period emission (SOx, NOy and COX) rates
are functions of both the number and staying period of vehicles on road. Increase in
modal share of bus reduces the total number as well as staying period (due to increase of
average speed of peak period traffic flow) of vehicles on road network. So it is clear that

the improvement of bus service will definitely reduce peak hour pollution rates. The
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values of peak period emission (SOx, NOx and CO) rates for different modal share of bus
is shown in Table 6.13 and the changing patterns of emission rates are shown in Figure

6.15. The relationships between emission rates and modal share of bus are:

SO} Emission per Peak Hour = 0.3001 « exp (-0.0134. (% of modal share of bus)) (6.5)
NO} Emission per Peak Hour = 0.6303. exp (-0.0033. (%ofmodal share of bus)) (6.6)
CO Emission per Peak Hour = 35.537. exp (-0.0363. (%ofmodal share of bus)) (6.7)

It is seen that peak period emission rates reduce exponentially with the increase of modal
share of bus. The reason of this exponential reduction of emission rates is the exponential
reduction of traffic congestion in terms of reduction of total vehicular demand (in term of

vehicle-hour) with the increase of modal share of bus.

6.6.3 Scope of Improvement of Bus Services in Urban Dhaka

The discussions of above two sections clarify that one of the major ways to reduce traffic
congestion and consequent air pollution is the increase of modal share of urban bus
service. It is important to determine the way or scope of the improvement of the modal
share of bus. As described in chapter three and four, three types of modal attributes
influence urban people in modal choice. These attributes are speed, cost and comfort.
Attempts have been made in this study to determine the scope of increase in modal share
of bus by changing speed, cost and comfort. The graphical representation of influence of
these attributes on modal share of bus is shown in Figure 6.16. If the modal share of bus
is designated as 'B, the changes of speed, cost and comfort as percentage of base year
value (base year values of speed, cost and comfort are 9 kmph, 2 taka per hour and 0.1
respectively) are designated as 'x', 'y, 'z' respectively, then the relationship between 'B'

and the attributes are as follows:

B = 0.00007x° - 0.0132x*> + 0.9743x + 38.303 (6.8)
B = 38.23 e-0008y (6.9)
B = 37.044 eo.001s: (6.10)

These equations express the modal share of bus in terms of speed (x), cost (y) and
comfort (z) for urban areas of Dhaka. The elasticity of demand is the rate of change of

demand changing rate with respect to particular attribute. Now if elasticity of modal share
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of bus is calculated individually and elasticity for speed, cost and time are designated as

Ex, Ey and E; then,

as

E = S =aSs*~
X ax axs

X
or  Ex =(0.00021 x*- 0.0264 x + 0.9743) x /S
or  Ex =(0.00021 x*- 0.0264 x* + 0.9743x) /S (6.11)
as
E_B as*y
y-—- 8y s
y
or Ey =-0.008 Y (6.12)
as
E,_B_as*:
-az-aZ S
z
or E; = +0.0015 z (6.13)

The attributes are expressed as percentages of base year value, in the above expressions.
Here it is found that the elasticity of any attribute is a function of that attribute. To
determine the sensitivities of individual attributes, if a 10% increase of all attributes are
considered, then the values of corresponding elasticity are: Ex = 0.156; E, = -0.08; E, =
0.015. Here it is seen that speed is the most sensitive attribute, the people of urban areas
of Dhaka are more concern about travel time than travel cost or comfort. So to increase
the modal share of bus, improved bus service should be ensured that provides higher

speed and thereby less travel time.

Table 6. 11: Relationship between Modal Share of Bus aud Peak Period Vehicular Travel
Demand

Peak Period Vehicular Travel Demand
Modal Share of Bus

'000 vehicle-hour '000 vehicle-km
34 4554 1161.7
57.39 29.87 770.73
63.15 25.26 639.09
66.59 22.86 567.71

68.8 21.54 526.07
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Figure 6. 13: Changing Pattern of Peak Period Demand with Modal Share of Bus

Table 6. 12: VValues of Peak Period Congestion Indices for Different Values of Modal Share
of Bus in Urban Areas of Dhaka
| Modal I—l-Peak—Peﬂed—eeﬁgreeﬂeﬁ—md-rees—l—|
Share of
RCI IRI \/ClI CS|

BUS

34 2.13 443 2 160.7

57 152 251 1.62 69.07

63 1.33 2.12 1.49 50.52
66 T.20 T.86 T.22 38.79 '

[613) .12 1.75 1.39 33.82
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Table 6. 13: Peak Per

Modal Share of

od Emission (SO" NO, and CO) Rates for Different Modal Shares of

Bus in Urban Areas of Dhaka

Peak Perfjod Emission Rate in [fonlHour

Bus
S0Z NOZ CcO
34 0.19 0.56 9.96
57.39 0.14 0.53 4.97
63.15 0.13 0.51 3.7
66.50 0.12 0.5 3.05
68.8 0.12 0.5 2.72
3 0.19 0.56 9.96
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6.7 Incorporation  of Intra-city Rail Service

Although a part of national railway line lies within Dhaka. there is no intra-city rail
service in Dhaka. Incorporation of a new mode in Dhaka like intra-city rail service is
likely to reduce modal share of road traffic modes and alleviate traffic congestion thereby.
This section describes the quantitative benefit of incorporation of an intra-city rail service

within Dhaka along the existing rail line.

6.7.1 Selection of Rail Route and Service

An intra-city rail service has been considered from Uttara to Kamalapur. It connects 15
analysis zones. The Connecting zones are Uttara sub-region (TAZ no 0I), four zones of
Gulshan sub-region (TAZ no. 17, 18, 19,20), five zones of Central Metropolitan sub-
region (TAZ no 33, 34, 35, 36, 54), two zones of Eastern Metropolitan sub-region (TAZ
no. 28, 55) and three zones of Dhanmondi-Farmgate sub-region (TAZ n0.37, 38,39). The
connecting route is a part of existing rail line as shown in the map in Appendix. For
analysis it is considered that the intra-city rail service will provide speed, same as that of
car (20 kilometer per hour), comfort is considered as half of that of car (0.5) and cost is
considered as same as that of bus (2 taka per kilometer). Analyses have been done
without considering long term land-use changes for incorporation of intra-city rail service

in the city transportation system.

6.7.2 Impact on Traffic Congestion

Total peak period vehicular road travel demand of the whole road network reduces from
1345,260 vehicle-km to 1330,560 vehicle-km and 59,500 vehicle-hours to 58,480
vehicle-hours for incorporation of intra-city rail system in urban Dhaka. This is citywide
short term network effect. The rail line considered here is a single line that connects
Uttara to Kamalapur, so effect of this small part on the overall city network may not be
pronounced. If a particular zone is considered, such as Uttara (TAZ no. 01), total peak
period generated person-trip is 8,910. If the proposed rail service starts then total 796
person-trips  divert to rail. The corresponding percentage diversion of road traffic to
railway is 9%. This is the overall diversion of peak period traffic from Uttara but actually

the proposed rail lines gives the connection of Uttara with other 14 zones only and if only
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the rail connected zones are considered, then out of total 1,471 peak period person-trips
(from Uttara to other 14 rail connected zones only) from Uttara, 796 are diverted to rail,

which is 54% diversion.

Similarly if two individual roads, New Airport road and Dhaka-Mymensingh road (which
are parallel to the proposed rail line) are considered rather than the whole network, it is
seen that incorporation of such rail mode reduces peak hour traffic volume from 6294
PCU to 6063 PCU, that means 4% reduction of peak hour traffic volume on New Airport
road and 7809 PCU to 6870 PCU, that means 12% reduction of peak hour traffic volume
on Dhaka-Mymensingh road. Average speed of traffic flow varies with the fourth power
of volume-capacity ratio; [(ti/to = 1+0.15*(VVolume/Capacity)4; tl is the actual travel time
and to is the free flow travel time], so 4% reduction of peak period traffic volume
increases peak period average speed of Airport road by 6% and 12% reduction of peak
period traffic volume increases peak period average speed of Dhaka-Mymensingh road by

40%.

The diversion of traffic from roadway to railway depends on a number of factors. As
railway is a rigid type of traveling mode, the major factors influencing rail use is the
accessibility to railway. So, only incorporation of rail mode will have a little value unless
appropriate access modes are available. In this study the average speed of access mode is
taken as 9 kilometer per hour and it is seen that increasing of access mode speed from 9 to
15 kilometer per hour increases the diversion of traffic of Uttara (TAZ no. 1) from
roadway to railway from 796 person-trips to 872 person-trips, thus percentage of

diversion increases from 54% to 59%.

Incorporation of a new mode, like railway creates diverted traffic (changing route),
transferred traffic (changing mode), shifted traffic (changing origin-destination) and
induced traffic (generated after the changes in the system take place). In this analysis only
diverted and transferred traffic are taken into account by the DUTM, so further rigorous

study is necessary in this regard.

6.7.3 Impact on Air Pollution

Effects of incorporation of the rail line in network on peak period air pollution are shown

in Table 6.14. These are the overall network effects. Table 6.14 shows that although the



reduction of air pollution is lower at present, the effects become more positive in future.
This is due to the long term effect of rail. Actually the short term effect of such a single
rail line may be small, again in this analysis, changes in land-use pattern due to starting of
rail mode are not considered, so the result of present analyses may underestimate the

actual effect of incorporation of rail in city transportation network.

6.7.4 Impact on Demand for Other Modes

In this analyses a single rail line is considered, which connect Uttara to Kamalapur. The
TAZs in between Uttara and Kamalapur, like Gulshan and Central Metropolitan areas are
connected to this rail line by access links. The average speed of rail is considered as 20
kilometer per hour and average speed of access mode is considered as that of bus, 9
kilometer per hour. The comparative amounts of peak period travel demand satisfied by
individual modes are shown in Table 6.15 and 6.16. If overall citywide network is
considered, then for the year of 2002 the reductions of total peak period travel demand in
vehicle-hour of Rickshaw, Auto-rickshaw, Car and Bus as percentage of present value are
1.82%, 1.74%, 2.24% and 1.37% respectively and in vehicle-kilometer 0.98%, 1.06%,
2.12% and 1.09 respectively. But for a single TAZ, Uttara (TAZ no. 01), which is directly
connected to the rail line, it is seen that 9% of total peak hour trips (in PCU) is shifted to
rail and the reduction of modal share of Rickshaw, Auto-rickshaw, Car and Bus as

percentage of present value are 10.35%, 9.27%, 12.84% and 5.1% respectively.

Table 6. JaTEffect of Itjcorporation of Intra-city Rail on Peak Period Total Air Pollution in
LUie INEWUIrk

Population 802_ in Ton/Hour Nog in Ton/Hour CO in Tpn/Hour

Year 000 With Without With Without With Without
Rail Rail Rail Rail Rail Rail

2002 6139 0.25 0.26 0.78 0.79 13.24 13.44
2005 7005 0.4 0041 1.27 1.3 2004 20.92
2010 7650 0.54 0.56 1.74 1.8 27.37 28.18
2014 8354 0.79 0.82 258 | 2.66 39.58 40.82

2020 9173 .19 1.25 3.93 4.11 59 61.68
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Table 6.15: Share of Total Peak Period Vehicle-hour Demand by Different Modes in the

Network
2002 205 2010 2014 20120
< = = = e =
Mode — | O:: S = | 0:: |[= = - o--
— .C . = ?7 " - fh Cn e M ™ n SES:
—— | <0 — =z [ AL L [ v
Rickshaw | 304334 [ 300065 | 411272 | 4223491 | 517087 | 5362486 | 679181 | 7052023 | 9261677 | 9433652
Auto-
oo L L 25818 °£°7R 3 3215 ')OC‘IA'O 4’\:-’:3 JJ-ULE-I U%DDQ LI 1 L0309 ly/aaa
RICKSI AWV
_B'Ug 2387.3 2442 4088.6 4213.9 5759.2 5963.6 8662.8 8977.9 13533.2 14175.6
Cal’ 16734 16965.7 26514.1 27215.8 35894 36952.4 52685.2 54249.6 78757.3 82266.8

Table 6. 16: Share of Total Peak Period Vehicle-km Demand by Different Modes in the

Bl ok
INTLU

1
VUK

2h01 2005 2d10 2014 2020
= = = - -
Mode o | Q= < | 0 |y Q:= < _n (_'8:'.' < O::
— [ = ' [ = [ ~C
Rickshaw | 1589592 | 1605359 | 1851288 | 1881203 | 2145424 | 2148007 | 2308902 | 2437049 | 2667440 | 2693605
n.AI\uE?-‘ _ 256064 | 2537061 2100483 | 3116814 | se11080 | seusans | se0ss6—| wruseos—| smesser—t rermere—]
T\TUNOITTAVYV
BUS 30712.8 31378.9 42641.4 43409.3 52407.6 53228.2 62287.8 63232.1 72519.4 73578.9
Car 251580 254344 306073.3 309828.6 355246.1 358448.9 400946.4 407207.8 445807.1 449583.5

6.8 Comparison among Evaluated Planning Options

In this study five types of planning options were evaluated for alleviating peak period

traffic congestion and air pollution. Parametric analyses of the selected options were

discussed in the foregoing sections.

The first option considered was the elimination of rickshaws from the main roadway links

of urban Dhaka. It was seen that the removal of rickshaw significantly improved the

situation. The average delay per kilometer travel in peak period reduced by 89.77% and

average peak hour delay rate (ratio of actual travel time and free flow travel time) reduced

by 73.45% for removal of rickshaw. It also reduced the increasing rate of traffic

congestion and delay for increase in city population. of rickshaw reduced the

Removal

emission rate of CO by 2.38% and reduced the increasing rate of emission of SOx, NOy

and CO in future for the increase in city population. But the removal of rickshaws
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increased the demands of other modes. It increased peak period demand of bus by 51%,
auto-rickshaw by 28% and car by 19%. So to keep the mobility level constant after

removal of rickshaw, numbers of other individual modes should be increased accordingly.

The second option considered was the withdrawal of two-stroke engine driven auto-
rickshaws from the city streets. This option improved the situation but to a lesser degree
than the option of rickshaw removal. The average delay per kilometer travel in peak
period reduced by 10.47% and average peak hour delay rate (ratio of actual travel time
and free flow travel time) reduced by 8.56% for removal of auto-rickshaw. It also reduced
the increasing rate of traffic congestion and delay for increase in city population. It
reduced the emission rates of SOx and CO by 26.92% and 34.82% respectively. It also
reduced the increase rates of emission of SOx, NOx and CO for the increase in city
population. Banning of auto-rickshaw is easier to implement than banning of rickshaw
right now and the government of Bangladesh has already contemplated to implement this

option.

The third option considered was the improvement of road network of Dhaka. Analysis
was performed by opening two closed roads (Pilkhana road and road behind Nagar
Bhaban from Fulbaria to Banga Bazar market) and increasing effective roadway widths of
two bottlenecks (Malibagh bazar moar and Tongi Diversion road) in the road network. It
was seen that the peak period total demand in vehicle-krn reduced by 5.61% and in
vehicle-hour reduced by 3.07%. The average delay per kilometer travel in peak period
reduced by 14.9% and average peak hour delay rate (ratio of actual travel time and free
flow travel time) reduced by 3.98% for such improvements. It also reduced the increasing
rate of traffic congestion and delay for increase in city population. Such improvements in
the network reduced emission rates of SOx, NOx and CO by 7.69%, 6.33% and 5.88%
respectively. It also reduced the increase rates of emission rates of SOx, NOy, and CO for

the increase in city population.

The fourth option considered was the improvement of existing mass transit system of the
city. It was seen that traffic congestion in terms of peak period network average delay per
kilometer travel, delay rate, volume-capacity ratio etc all reduced exponentially with the
increase in modal share of bus. The emission rates of SOx, NOy and CO also reduced

exponentially with increasing modal share of bus. For the increase of modal share of bus
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average speed of bus or travel time was the most sensitive parameter. With only 2%
increase in average speed of bus, modal share of bus increased by 6.7%; peak period
network average delay per kilometer travel, delay rate, volume-capacity ratio etc.
reduced by 5%, 2% and 5% respectively and corresponding SaX, NO, and CO emission

rates reduced by 3%, 1% and 4% respectively.

The fifth and last planning option analyzed in this study was incorporation of an intra-city
rail service from Uttara to Kamalapur connecting fifteen TAZS. The Connecting TAZs
were Uttara sub-region (TAZ no 01), four zones of Gulshan sub-region (TAZ no. 17, 18,
19, 20) and five zones of Central Metropolitan sub-region (TAZ n033,34,35,36,54), two
zones of Eastern Metropolitan  sub-region (TAZ no. 28, 55) and three zones of
Dhanmondi-Farmgate  sub-region (TAZ no.37, 38,39). The analyses were conducted
without considering long term land-use pattern change, which was beyond the scope of
the study. Although overall network effect of such a line connecting only 15 TAZs out of
90 TAZs was relatively low, it was seen that it diverts 54% of total peak period generated
road trips of Uttara zone. Such a rail transit system increased average peak period speed
of Airport road by 6% and for Dhaka-Mymensingh road it increased peak period average
speed by 40%. In facts these are the short term effects of railway and in the long run,
overall land-use and corresponding travel pattern will experience a significant change for
such intra-city rail service. However, note that, easy access to such rail service is very
important Full utilization of such intra-city rail service can not be achieved unless suitable

access mode to railway is provided.

6.9 Summary

This chapter described the result of parametric studies of five alternative planning
options. Using Dhaka Urban Transportation Model (DUTM), the evaluations were made
mainly from the traffic congestion and air pollution reduction perspective. The analyses
were conducted to measure resulting traffic congestion and air pollution caused by
implementation of the planning options and to compare them with base-line situations
described in Chapter 5. The options considered in this study were removal of rickshaws,
removal of auto-rickshaws, improvements of road network, improvements of city bus

service and incorporation of intra-city rail service. It was seen that removal of rickshaws
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and auto-rickshaws improved both traffic congestion and air pollution situation but other
modes would have to be increased accordingly to keep the mobility level unchanged.
Improvement of road network by opening closed roadway links and removing bottlenecks
to flow reduced traffic congestion and resulting air pollution significantly. Increase in
modal share of bus reduced traffic congestion and air pollution but it required providing
high speed city bus service. Incorporation of intra-city rail service diverted a significant
amount of road traffic from nearby zones of rail transit service and reduced traffic

congestion and resulting air pollution.
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Chapter 7
CONCLUSIONS AND RECOMMENDATIONS

7.1 Conclusions

This study was motivated by the severe traffic congestion and environmental pollution
situation prevailing in Dhaka city. Although there exist plethora of opinions regarding
improvement of the situation, only few detailed analytical studies had been done on the
issue. Due to the lack of scientific and engineering basis, most of the measures
undertaken in order to improve the situation, failed to produce desired result. In fact, to
improve the situation a comprehensive planning is required incorporating various
planning options and analyzing their impacts. The aim of this study was to evaluate some
alternative planning options to alleviate traffic congestion and consequent air pollution of
Dhaka city. To evaluate the consequences of alternative planning options, an urban
transportation modeling system for Dhaka, named as Dhaka Urban Transportation Model
(DUTM), was developed. The DUTM incorporated 154 krn? area of central urban portion
of Dhaka, which is divided into 90 DCC wards and contains a total present population of
61,38,526. The road network of main roadway links of the area having total length 0f350
krn was considered in the analysis. To measure the performance of transportation system
and quantify traffic congestion, four types of congestion indices were used, which include
Roadway Congestion Index (RCI), Travel Rate Index (TRI), Volume Capacity Index
(VCI) and Congestion Severity Index (CSI). These indices estimate citywide aggregate
measure of traffic congestion. For air pollution emission rates of SO" NO, and CO
caused by traffic were selected for analysis. These indices and pollution rates were used
to estimate baseline situation and to evaluate five alternative options, which included
removal of rickshaw, removal of auto-rickshaw, network improvement, improvement of
bus service and incorporation of intra-city rail service. The impacts of the planning
options were compared with the baseline situation to measure their effectiveness for the
planning period up to 2020. It is to be noted here that these analyses considered recurrent
traffic congestion and resulting air pollution during peak period. Details of analyses

results were presented in the earlier chapters. On the basis of the analyses, summary of
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findings and recommendations for future probable research study are presented in the

following sections.

7.1.1 Findings of the Study

Baseline situation analysis: Analyses for past, present and future years were performed
under business as usual situation without altering the transportation system components,
(except for socio-economic variables changing with time) and termed as baseline
analysis. From the baseline analyses, it was found that for the year of 2002, the peak
period total vehicular travel demands on the selected road network were 13,45,260
vehicle-km and 59,500 vehicle-hours. Total peak period travel demand both in terms of
vehicle-km and vehicle-hour were increasing exponentially with the increase in city
population and by 2020 total peak period vehicle-km travel demand would be 2.6 times of
that of the year 2002 at the same time total peak period vehicle-hour demand would be
7.73 times of that of the year 2002. For the year of 2002, 62% of tota! roadway length of
urban Dhaka had to carry peak hour traffic with volume-capacity ratio greater than 1.25
and by 2020 it would be 85%. For the year of 2002, 47% of the total roadway length of
urban Dhaka had peak hour average travel speed less than 15 kilometer per hour within
which 51 percent (24 percent of total) had less than 5 kilometer per hour and by 2020,
68% of the total roadway length would carry peak period traffic with average speed less
than 15 kilometer per hour within which 85 percent (58 percent of total) would have less

than 5 kilometer per hour.

The value of RCI was 2.53 at the year of 2002 and by 2020 it would be almost double
(4.60). The value of TRI was 5.67 at the year of 2002 and by 2020 it would be almost 12
times (68.53). The value of VCI was 2.26 at the year of 2002 and by 2020 it would be
almost 1.66 times (3.75). The value of CSI was 226.51 at the year of 2002 and by 2020 it
would be almost 16 times (3574.54). It was seen that travel time related measures (TRI,
CSI) were increasing exponentially with the increase in city population, which also
indicated that traffic congestion and resulting delay were increasing exponentially with

time.

The peak period emission rate of S02 was 0.26 ton per hour at the year of 2002 and it
would be 1.25 ton per hour by 2020. The peak period emission rate of NOp was 0.79 ton
per hour at the year of 2002 and by 2020 it would be 4.11 ton per hour. The peak period
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emission rate of CO was 13.44 ton per hour at the year 0f2002 and by 2020 it would be
61.68 ton per hour. Since emission rates of the pollutants were functions of total vehicle
hour demand so those emission rates were also increasing exponentially with the increase

in city population.

7.1.2 Impacts of Alternative Planning Options

Considering the present traffic congestion and resulting air pollution situations of Dhaka
city and their degrading rates, five planning options were selected in this study and their
effectiveness in reduction of traffic congestion and consequent air pollution were
evaluated. The effects of individual implementation of five alternative planning options

were found as follows:

(1) Removal of Rickshaw: The elimination of rickshaws from the main roadway links
(links selected for present study) reduced 48.52% of peak period total vehicle-km demand
and 24.28% of peak period total vehicle-hours demand for the year of 2002. Such
rickshaw elimination made the increase rate of peak period total network demand from
exponential to linear type. It reduced the percentage of total roadway length carrying
peak hour traffic with volume-capacity ratio greater than 1.25, from 47% to 14% for the
year of 2002 and from 85% to 61% for the year of 2020. It reduced the percentage of total
roadway length carrying peak hour traffic with average speed less than 15 kilometer per

hour, from 62% to 21% for the year of 2002 and from 68% to 46% for the year of 2020.

For the year of 2002, peak period values of RCI, TRI, VCI and CSI reduced 50.69%,
73.45%, 36.97% and 89.77% respectively for removal of rickshaws. It reduced the
increase rate ofRCI and VCI and made the increase rate of TRl and CSI from exponential
to linear type. Although removal of rickshaw increased SOx and NOyx emission rate of the
year 2002 by 3.80% and 5.06% respectively, it reduced the increase rates of emission
rates and by 2020 it would reduce SOx and NOx emission rates by 53.60% and 54.00%
respectively. For 2002 it reduced CO emission rate by 2.38% and by 2020 it would be
reduced by 55.29%.

But the removal of rickshaws from the network increased the demand for other modes.

Such removal of rickshaws, without altering the peak period total travel demands, would
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only be possible if the total amount of auto-rickshaw, bus and car could be increased by

28%, 51%, and 19% respectively.

(2) Removal of Auto-rickshaw:  The elimination of auto-rickshaws from the mam
roadway links (links selected for present study) reduced 7.8% of peak period total
vehicle-km demand and 28.39% of peak period total vehicle-hours demand for the year of
2002, Such auto-rickshaw elimination reduced the increase rate of peak period total

network demand.

The peak period values ofRCI, TRI, Vel and eSl of the year 0f2002 reduced by 3.22%,
8.56%,2.27% and 10.47% respectively for the removal of auto-rickshaws. It reduced the
increase rate ofRCI and VCI and made the increase rate of TRI and eSI from exponential
to linear type. For the year of 2002, peak period emission rates of S02 and CO reduced by
26.92% and 34.82% respectively for the removal of auto-rickshaw. It also reduced the

increase rates of S02 and CO in future.

The removal of auto-rickshaws from the network increased the demand for other modes.
Such removal of auto-rickshaws, without altering the peak period total travel demands,
would require increasing the amount of rickshaw, bus and car by 8%, 17%, and 7%

respectively.

(3) Improvements of Road Network: Analyses of peak hour situations of the year of
2002 showed that there were a number of bottleneck points and missing links in the
network. A rigorous study is required to identify all bottleneck points and missing links.
In this study two major bottleneck points and two closed links were identified to estimate
the effects of their improvements. One of the bottleneck points was at "Rampura DIT
Road" near "Mailbag Bazar Intersection” and the other was the junction of "Tongi
Diversion Road" and "Dhaka-Mymensingh Road". It was seen that the peak hour travel
time was about 30 times higher than that of free flow travel time at those two places.
Among the two closed links one was "Pilkhana Road" through 'BDR Staff Quarter' and
the other was behind "Nagar Bhaban" from "Fulbaria Bus Stand" to "Banga Bazar
Market”, It was seen that although those two links were practically existed, those were
completely closed for free movements of traffic. Analyses were made by increasing total
effective roadway width of two bottleneck places and opening two closed roads for free

movements of traffic. It was seen that such improvements of road network reduced total
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peak period vehicle-km travel demand by 5.61% and vehicle-hours travel demands by
3%. The values of RCI, TRI, VCI and CSI reduced by 6.17%, 12.37%, 3.98% and
14.90% respectively for such improvements. For such improvements, the peak period
emission rates of S02, NO2 and CO reduced by 7.69%, 6.33% and 5.88% respectively.
Improvement of road network also reduced the increase rate of peak period total travel

demand, congestion indices and emission rates of pollutants.

(4) Improvement of City Bus service: At present, modal share of bus in central urban
portion of Dhaka is 34% and it was seen that peak period total vehicular travel demands,
both in terms of total vehicle-km and total vehicle-hours reduced exponentially with the
increase in modal share of bus. The values of RCI, TRI, VCI and CSI also reduced
exponentially with the increase in modal share of bus. In addition to exponential
reduction of traffic congestion, pollution rates also reduced exponentially with increasing
modal share of bus. In an attempt to analyze the scope of improving modal share of bus, it
was seen that average speed of bus was the most sensitive parameter. The modal share of
bus increased with increasing bus speed. So to increase the modal share of bus higher
speed of bus should be ensured. It was seen that with 2% increase in average speed of
bus, modal share of bus increased by 6.70%, peak period network average delay per
kilometer travel, delay rate, volume-capacity ratio reduced by 5%, 2% and 5%
respectively and corresponding SOx, NOx and CO emission rates reduced by 3%, 1% and

4% respectively.

(5) Incorporation  of Intra-city Rail Service: An intra-city rail service from Uttara to
Kamalapur, connecting fifteen TAZs were considered in this study. The Connecting
TAZs were Uttara sub-region (TAZ no 01), four zones of Gulshan sub-region (TAZ no.
17, 18, 19,20), five zones of Central Metropolitan sub-region (TAZ no. 33, 34, 35, 36,
54), two zones of Eastern Metropolitan sub-region (TAZ no. 28, 55) and three zones of
Dhanmondi-Farmgate  sub-region (TAZ no. 37,38,39). The analyses were made without
considering long term land-use pattern changes. It was seen that incorporation of such an
additional mode diverted a significant portion of road traffic and reduced traffic
congestion on different roadway links. It was seen that for a particular zone of Uttara, it
diverted 54% of total peak period generated road trips, thereby increased average peak
period speed of Airport road by 6% and average peak period speed of Dhaka-

Mymensingh road by 40%. It was also found that for such intra-city rail service, the
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access to rail service was very important. Full utilization of such intra-city rail service

would not be effective unless suitable access mode to railway could be provided.

(6) Remarks on the Selected Planning Options: Evaluations of five alternative planning
options reveal that removal of rickshaw is highly beneficial. But in this case, the major
portion of rickshaw users shifts to bus. In order to keep the mobility level unchanged after
removal of rickshaw, bus service should be improved and the number of buses should be
increased by 51 percent. Removal of auto-rickshaw reduces air pollution and traffic
congestion but demands the increase of other modes accordingly. Within the road
network, there exist a number of bottleneck points and missing or closed links.
Improvements of bottleneck points and opening of closed links or construction of missing
links will reduce both traffic congestion and resulting air pollution. In this connection it is
important to identify all bottlenecks and the missing links in the network. Increase in

modal share of bus reduces the number of vehicle on the roads and thereby reduces traffic
congestion and resulting air pollution. Maximum increase in modal share of bus can be
achieved by increasing the speed of bus service. Incorporation of intra-city rail service
diverts road traffic towards it and thereby reduces road traffic congestion and resulting air
pollution. For such intra-city rail service, the access to rail service is important. For
effective use of intra-city rail service, location of railway stations should be carefully
selected to give better access of people to rail service from different zones and convenient

access mode should be provided.

7.2 Recommendation for Future Research

This study was undertaken to develop a transportation planning tool for Dhaka city and
evaluate a few planning options. In this regard a transportation model has been developed

for Dhaka city. Considering the demand and supply structure as well as characteristics of

associated variables, there exist many other options to improve the situation. Also
considering the complex relationships among associated variables, further study is
deemed necessary to improve the model. In this connection a couple of research

directives are suggested below.
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In this study the area wide network effects of different alternative planning options are

evaluated. Any changes in transportation system have a long term impact on land-use

pattern. Further study considering the land-use pattern changes for the planning options

are necessary.

This study dealt with the mobility aspects of traffic congestion but the economic aspects

of traffic congestion are also very important. Further study regarding the economic

aspects of traffic congestion is deemed necessary.

In this study only recurrent traffic congestion had been considered. But non-recurrent

traffic congestion is also very common in urban transportation network. Further study

considering non-recurrent traffic congestion is required to be analyzed.

This study evaluates the incorporation of intra-city rail service, which connects only 15

TAZs. Further study is necessary to determine scope and effects of city wide rail service.

For trip generation model of this study a multiple regression type model is used. Further

study regarding the trip generation incorporating category analysis according to socio-

economic classes and transportation characteristics is required to enhance the scope of

the model.
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APPENDIX-B
TABLE-I: Employment Shares ofindividual TAZs within Sub-region
Employment  as % Employment as % of
Sub-Region of Total Regional TAZNumber Total Suh-Regional
Employment Errol I

30 14
21 i
22 360
33 234
34 :.;Q

A 25 35 278
206 422
b3 g 20
24 879
57 254
58 192
59 192
60 1.20
61 4
62 229
63 213
64 7.79
65 2.68
66 6.17
67 5.03
68 5.03
69 203
70 3.69

B 25 1 3.41
2 7.08
3 2.01
4 7.75
75 3.91
76 2.44
7 4.87
78 2.52
79 2.2
80 2.45
81 0.87
82 6.42
83 4
90 4

58 1.92
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TABLE-II: Employment Shares of Individual TAZs within Sub-region
Employment  as % Employment as % of
Sub-Region of Total Regional TAZNumber Total Sub-Regional
Employment Employment
7 075
Q 347
10 2.54
11 186
12 18.6
13 2
14 £.99
C 12 41 4,52
42 14.8
43 16
44 3.87
45 3.87
46 1.96
47 4.51
48 5,88
2 13.9
3 37.6
4 529
D 4 5 15.1
6 5.34
8 797
15 14.8
17 8.69
18 8.69
E 4 19 34.9
20 27.2
21 20.5
F Z 1 1
22 9.3
23 9
24 6.8
25 7.5
[ 26 7.5
27 4.9
28 8.8
G 13 29 5.7
55 8
84 4.3
85 5.3
86 6
87 5.6
| 38 5.3
89 5.9
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TAZs within Sub-region

TABLE-II: Employment Shares ofindividual
Employment as % Employment as % of
Sub-Region of Total Regional TAZNumber Total Sub-Regional
Employment Employment
7 0.75
9 3 47
10 2.04
1 18.6
12 18.6
13 2
14 6.99
C 12 41 4,52
42 14.8
43 7.6
44 3.87
45 3.87
46 1.96
47 4.51
48 5.88
2 13.9
3 37.6
4 5.29
D 4 5 15.1
6 5.34
8 7.97
15 14.8
17 8.69
18 8.69
E 4 19 34.9
20 27.2
21 20.5
F 4 1 1
22 9.3
23 9
24 6.8
25 7.5
26 7.5
27 4.9
28 8.8
G 13 29 5.7
55 8
84 4.3
85 5.3
86 6
87 2.0
| 060 9.9
LY 5.9
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TABLE-III: Employment Shares of Individual TAZs within Sub-region

Employment as %

Employment as % of

Sub-Region of Total Regional TAZNumber Total Sub-Regional
Employment Employment

52 8.4
16 6.8
37 26
38 16

H 13 39 16
40 4.7
79 7
o0 7
5T 8.6
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APPENDIX-C
' Microsoft ¥~ual[++OUTPLV.DAT*L 2'i\~~ (W
~|DEle ~clttew Insert ~oject ~df "IDols - Ife\]
M 1 In
]j ~LHLI" L= 0- tij-1-1vear2ozg 31~... I
I:I C” - I _gw~ﬁ1.— ~r
IE Link Volume & Link Travel Time
Dest  Link Len. k. Tr.volume Tr.Ti.e.Min InitTr.Ti.e LCapacity "
1 0.32 11282 2.21 1.09 1950
o 201 0.25 6656 6.83 0.61 1950
o 203 0.41 4989 1.91 1.01 1950
0 235 0.46 5950 16.92 1.21 1950
1 2 0.19 13124 25.00 0.61 1950
1 204 0.50 12820 1.10 1.32 1950
1 23% 0.11 3334 3.26 0.46 1300
2 1 0.19 9219 31.91 0.51 1950
2 121 0.16 5893 2.69 0.54 1300
2 122 0.32 9490 92.14 1.11 1300
3 4 0.31 1213 1.08 1.08 1300
3 204 0.13 3605 0.94 0.34 1950
4 3 0.31 3605 8.04 0.81 1300
4 5 0.11 1213 0.60 0.60 1300
5 4 0.11 3605 4.46 0.45 1300
5 6 0.41 9438 1.62 1.61 1300
5 206 0.14 2625 0.54 0.36 1950
5 241 0.62 3851 36.11 2.13 650
6 5 0.41 3691 13.10 1.22 1300
6 1 0.66 8102 2.29 229 1300
6 208 0.38 1229 0.98 0.98 1950
1 6 0.66 3691 18.60 1.13 1300
1 8 0.64 12912 2.29 2.21 1300
1 113 0.33 1486 142.06 0.86 1300
1 210 0.25 6635 4.61 0.65 1950
1 239 0.10 3181 411.19 2.40 650
8 1 0.64 3385 13.22 1.68 1300
8 9 0.18 6818 22.81 0.41 1300
8 42 0.16 14119 10.11 2.61 1300
8 231 0.34 5510 2.10 0.88 1950~1 o
9 8 .18 5656 10.00 0.62 1300 ~
L ~~0~~~2g: i~~~ ~-~2- 2~
Re 1_~gCc!fiRIcSI@AIRE-
\starll) =~ Qu@lewneoeNies  AU(L)MKro2~¥IS~ it 12821~ 4500w

FIGURE: Interface of Output File of DUTM
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