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ABSTRACT

Dhaka is the administrative capital and commercial center of Bangladesh. The

demographic trends of the last decades have resulted in rapid population growth

which is expected to continue in the coming decades. As the road facilities have not

been developed in the same pace of population growth producing resultant effects of

delay and concentrated vehicular emissions. From the baseline analyses, it is revealed

that in 2005, the road network of Dhaka city carried traffic volume 4.38 times higher

than its capacity and in 2025 the network will have to bear peak period travel demand

almost 7 times higher than its capacity. In 2025 travel time in Dhaka city will increase

40% more than that of 2005. If Tk 5.00 congestion charge would be imposed on

motor vehicle. for entrance in CBD during peak period, travel time within the CBD

would be reduced by 28% alld 60% for the year of 2005 and 2025 respectively as

compared to the baseline situation. Results of the analysis further reveals that if

TkJO.OOwould be-imposed on motor vehicle for entrance in CBD, travel time within

the CBD would be reduced by 9.62% and 63.36% for the year of 2005 and 2025

respectively as compared to the baseline condition. Moreover, in the case of Tk15.00

congestion charge, travel time within the CBD would be reduced by 9.62% and

63.36% for the year of 2005 and 2025 respectively as compared to the baseline

situation. Furthermore, in the case of Tk50.00 congestion charge, travel time within

the CBD would be reduced by 44.96% and 64.08% for the year of 2015 and 2025

respectively as compared to the baseline situation. Besides, in the case of Tkl 00.00

congestion charge, travel time within the CBD would be reduced by 57.99% and

67.09% for the year of 2005 and 2025 respectively as compared to the baseline

situation. Analyses also reveal that the overall network performance of Dhaka city

could not be significantly improved through imposing congestion charge alone as

there is no alternative option available for the captive users to change their mode. But

after the introduction of BRT system in Dhaka city, the total peak period vehicle-km

travel demand would be reduced by 26.10% and 19.36% in the year of 20 15 and 2025

respectively as compared to the baseline situation. As a result of reduced vehicle-km

travel demand due to the introduction of BRT system in Dhaka city, the emission rate
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of sax would reduce by 54.13% and 16.89% in the year of 2015 and 2025

respectively. For the case of NOx, the emission rate would reduce by 55.33% and

16.98% in the year 2015 and 2025 respectively. In the case of CO, emission rate

would reduce by 51.33% and 16.64% in the year of2015 and 2025 respectively as

compared to the baseline condition. Again after the introduction of MRT system in

Dhaka city, the total peak period vehicle-km travel demand in network would be

reduced by 27.44% for the year of 2025. As a result of reduced vehicle-km travel.
demand due to the introduction of MRT system in Dhaka city, the emission rate of

sax, NOx and CO would reduce by 42.33%, 42.04% and 41.70% in the year of 2025

respectively as compared to the baseline scenario. After the introduction of BRT or

MRT system, the overall motor vehicular travel demand in the Dhaka city road

network would significantly reduce because significant portion of travelers may

change their traveling mode and switch from motor vehicular mode to the BRT or

MRT system to avoid the excessive traveling time.
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Chapter 1

1

1.1 Background of the Study

Traffic congestion arises when the volume of traffic exceeds the free-flow capacity of

the link or junction, and in such cases each additional vehicle causes delays to other

vehicles and suffers in turn from a slower and thus costlier journey. Traffic congestion

is one of the most pressing problems in almost all-large metropolitan area. Suburbs

grow faster than the national average growth rate resulting in growth in housing,

office space and both vertical and horizontal sprawl. With the 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.

Today, many cities are facing traffic problems which include serious congestion, air

pollution from transport sources, high rates of traffic accidents and inadequate access

to transport facilities by poor and vulnerable groups, such as people with disabilities.

The deteriorating urban environment threatens the "liveability" and productivity of

many cities. In some of the major capitals, such as Dhaka, Bangkok, Manila and New

Delhi, the situation is so severe that the efficiency of their urban economy is

negatively affected, as is health and welfare of the people living in them. A recent

study estimates that Bangkok loses one third of its potential output due to congestion

(Ohta, 2006). In 1997, Arnett and Small (1994) estimated that the total cost of delay

in 39 metropolitan areas of United States is $48 billion per year, an amount that

translates to $640 per driver. Congestion imposes huge costs on the economy. These

costs include unpredictable travel times, environmental damage, property damage,

delays, and lost production. Congestion thus reduces the quality of life, but

government efforts to limit it have been, for the most part, woefully inadequate. In

most of the mega-cities, the search for suitable congestion management strategies has

become a prime national concern.

To overcome the problem, plethora of strategies, that have been tried, include

building more roads, trying to change land use patterns, encouraging people to make

greater use of public transport, and so on. Furthermore, the huge capital costs and

time required to develop high capacity transit systems have prevented the timely
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implemcntation of such systems in rapidly growing urban areas. As a result, many

cities have relied on road-based systems which have serious capacity constraints,

negative environmental consequences and other limitations. None has been able to

prevent traffic bottlenecks. from getting worse. 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 because of scarcity of resources.

For decades economists have recommended road congestion pricing (special tolls for

driving on congested roadways) as a way to encourage more efficient use .of the

transport system, and address congestion and pollution problems, providing net

benefits to society (Litman, 2006). A basic economic principle is that CDnsumers

should pay directly for the costs they impose as an incentive to use resources

efficiently. Urban traffic congestion is often cited as an example of invisible pricing:

if there is no additional charge on the use of road space traffic volumes will increase

until congestion limits further grow. Recent studies suggest that the strategy that has

shown promise in making a lasting dent in peak period congestian is road user

pricing. Road pricing is now considered as practical palicy instrument for controlling

traffic congestion, following successful implementations in Singapore, Durham and

London. Unlike traditional toll roads that have been in place for years, with the

primary goal of raising revenue, one of the main purposes of most oftoaay's schemes

is to ease congestion. Transport pricing policies in urban areas are becaming

increasingly appropriate in dealing with rising road traffic congestion, environmental

impacts and sustainable mobility requirements (Keong, 2002).

1.2 Motivation of the Study

Dhaka is the capital and largest city of Bangladesh. It is daminant in terms of

populatian cancentration, economy, trade and commerce, education, and

administration. The population of the Dhaka Metropolitan Area is presently estimated

to be 12 Million (2004), a number that is expected to more than double by 2024 (STP,

2005). Given the political system, economic situation, and environmental condition,

it is impossible to restrict migration into Dhaka, and therefore the city is likely to

continue to grow rapidly in near future. The demagraphic trends .of the last decades

have resulted in rapid papulatian growth and are expected ta cantinue in the earning
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decades. The impact of such rapid growth has major consequences on the ability of

the transport sector to provide mobility for all people as they seek to take advantage

of employment, education, health and social opportunities. As the road facilities have

not been developed in the same pace of population and size, the city is notorious for

traffic jams everyday with the resultant effects of delay and concentrated vehicular

emissions. The existing transportation system of Dhaka has become a bottleneck for

the development of the city. To maintain the economic viability of Dhaka and

maintain a sustainable environment, it is imperative that an efficient transportation

system must be developed. The present government has demonstrated its

wholehearted willingness to take effective measures in this regard. Such measures

ranged from traffic engineering approaches such as creating separate lanes for

rickshaws, making one-way roads prohibiting movements of vehicles, etc. to long-

term measures such as changing taxes, introducing different types of new or improved

types of vehicles. With the implementation of such measures traffic condition slightly

improves but these are not capable of alleviating congestion for long period. Probably,

such a wide variety of experiments with traffic situation without conducting any

traffic engineering study had never been done in any other country: For effective

congestion management adequate consideration must be gIven on the issue of

controlling traffic in a comprehensive and organized manner.

Traffic congestion problems cannot be resolved merely by building roads and better

trartic management. They give temporary reprieve, but attract more vehicles to use

them. Furthermore, in a small country, vast amounts of land cannot be devoted to

roads. Currently, about 10% of land is already allocated for land transport facilities

(STP, 2005). Besides road building can never keep pace with the annual growth in

vehicle population. In other words, supply will always fall short of demand. Also a lot

of measures which have been proved effective in other countries have not been

implemented yet. To keep the city mobile and liveable in the future, long term

policies and systematic programs need to be implemented. In this connection, it is

worthy to mention that successful measures implemented in other countries might not

be as fruitful here due to indigenous characteristics. It is a challenge to provide a

transport system to meet rapidly expanding needs. Population is growing, and makes

it difficult to supply transport infrastructure to cope with increasing demand.
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Long term demand management strategies reqUlre careful planning to efficiently

accommodate all modes and trip distance. Main roads in modem cities are not only

devoted to fast moving, long distance motorized traffic, but are designed to

accommodate a variety of modes of transport, speeds and trip distance. This is

especially important in Dhaka, where extremely high density, mixed land use and low

incomes results in a large proportion of short, non-motorized trips. In the case of

Dhaka city it may be more effective to take a measure to reduce peak period travel

demand rather than to expand capacity by building new road or upgrading existing

ones. Shortening trip lengths, discouraging non-essential trips, and restraining private

car use are some of the measures that can be taken to reduce the overall demand for

motorized transport. Use of private vehicles can. be limited both by pricing and by

administrative regulation. From the economic and environmental concern, road

pricing would be effective measure to reduce the congestion level of Dhaka city as

wcll as to generate revenue for roadway expansion or improving transit service

without adding to existing tax burden. The interaction among road pricing and travel

demand as well as externalities like air pollution, congestion and delay is required to

be investigated for Dhaka city.

Strategic Transport Plan (STP) is a comprehensive study for Dhaka to guide the

. development of transport infrastructure over the next 20 years. The project mainly

emphasized on the advance mass transit system especially Bus Rapid Transit (BRT)

and Metro Rail system to cope with the excessive travel demand in future based on

land-use, population and economic development of Dhaka. So it is necessary to assess

the impact of BRT and MRT system in the context of transport problems in Dhaka

city.

For the purpose of planning and design of measures in order to improve the situation

it is required to obtain a qualitative or objective evaluation regarding the situation.

Particularly in the case of transportation system it is required to visualize the future

situation 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 by using time series data or from model based analysis. In

the absence of time series data particularly in the case of Dhaka city, model becomes

the only tool for such analysis. For the study a classical four stage transport model for
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Dhaka city named as Dhaka Urban Transport Model is used to analyze baseline

situation of traffic congestion and consequent air pollution and also assess the impact

of road pricing options and as well as Bus Rapid Transit (BRT) and Mass Rapid

Transit (MRT) system in the context of transport problems in Dhaka city.

1.3 Scope of the Study

The study is dedicated to the central urban portion of Dhaka city (area under

jurisdiction of Dhaka City Corporation) and evaluated the impact of road pricing

options which include fixed congestion charges as well as Bus Rapid Transit (BRT)

and Mass Rapid Transit (MRT) proposed by STP. Motijheel is the principal

commercial district of Dhaka city, capital of Bangladesh. It is situated at the heart of

the city (the General Post Office is considered the zero point of Dhaka). Motijheel is

the headquarter of Bangladesh Bank, the state-owned banks like Sonali Bank, Rupali

Bank, the Dhaka Stock Exchange and many other important Government and private

organisations. So a lot of people come from different parts of Dhaka city in CBD for

working purpose. For this reason, CBD is selected as a congestion charging zone for

road pricing options.

The study concentrated on the effect of cordon based pricing options In Central

Business District of Dhaka as well as the option of introducing BRT and MRT with

respect to congestion and consequent air pollution of Dhaka city.

1.4 Objectives of the Study

Development of an et1icient transportation system requires rigorous planning, prior to

its implementation. Also because of large amount of resources involved, investment

in transportation sector needs to be rigorously analyzed. Usually such analyses are

performed through transportation models. The purpose of this research is to forecast

transport demand at different planning period and analyze the impact of road pricing

options as well as BRT and MRT system proposed by STP for Dhaka city by Dhaka

Urban Transport Model (DUTM) in the context of traffic congestion and consequent

environmental pollution.



6

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

• To determine the relationship between the congestion charge, travel
demand and environmental pollution.

• To assess the impact of road pricing options in the travel demands of
Dhaka city.

• To evaluate the impact of road pricing options in the travel pattern, traffic
congestion and air pollution of Dhaka city by using the transport model.

• To assess the impact of BRT and MRT proposed by STP in the transport

problems of Dhaka city.

1.5 Organization of the Research

The thesis is composed of the six chapters and references. Chapter 2 reviews the

related literatures about road pricing, bus rapid transit (BRT) system and metro rail. In

this chapter, the effectiveness of road pricing options on different part of the world

and their form of implementation is described.

Chapter 3 describes the methodology of the study, which includes illustrating each

component of DUTM for Dhaka city and the ways to quantify transportation system

performance, particularly traffic congestion and consequent air pollution.

Chapter 4 describes the presenttraffic situation and consequent air pollution of Dhaka

city and tries to give an idea about future traffic situation and air pollution for

difTerent planning period if the present condition persists.

Chapter 5 describes the effectiveness of some alternative planning options in the

context of transport problems of Dhaka city.

Chapter 6 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 plan of the research work is presented schematically in Figure 1.1, which outlines

the broad structure of the thesis.



Literature Review

Incorporation of Road Pricing Options in Dhaka Urban
Transport Model (DUTM)

Determination of Transportation System Performance
Measures

Evaluation of Baseline Traffic Congestion and Air
Pollution Situation of Dhaka by Using DUTM

Evaluation of Alternative Road Pricing Options, BRT
and MRT System Proposed by STP to Alleviate Traffic

Congestion and Air Pollution

Conclusions and Recommendations for Future Study

Figure 1.1: Flow Chart Showing the Outline of the Thesis

7

•
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Chapter 2

LITERATURE REVIEW

2.1 Introduction

Traffic congestion continues to be a serious problem in major cities around the world.

Congestion results not only in time lost while sitting in traffic jams but also constitutes a

disruption to company supply chains and the general flow of commerce. Idling vehicles

contribute as well to air pollution. Congestion thus reduces the quality of life. It is well

known from basic transport economics that a higher level of supply will result in an

increase of demand. In the last decade traffic engineers and practitioners came to the

conclusion that traffic problems can be mastered only through the introduction of

appropriate Transport Demand Management (TOM) measures rather than through the

provision of new highway infrastructure. There are a lot of demand management policies

but road pricing is now considered as practical policy instrument for controlling traffic

congestion, following successful implementations in Singapore, Norwegian cities and

London. This chapter presents a review of literature on congestion mechanism,

alternative measures of alleviating traffic congestion and the role of road pricing options

in transport problems of different cities.

2.2 Issues Related to Traffic Congestion

Traffic congestion means there are more people trying to use a gIven transportation

facility during a specific period of time than the facility can handle with what are

considered to be acceptable levels of delay or inconvenience. In a broader sense, a

congested facility is just one element of a transportation system's inability to provide

mobility and accessibility. Delays at particular locations in a transportation network are

ccrtainly disco).lnting to those using the system. Congested road condition also has a

detrimental effect on the environment, particularly in air quality.

2.2.1 Causes of Congestion

The causes of traffic congestion can be grouped into three broad categories, as shown
below:
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Category 1 - Traffic-Influencing Events

Traffic Incidents are events that disrupt the normal flow of traffic, usually by physical

impedance in the travel lanes. Events such as vehicular crashes, breakdowns, and debris

in travel lanes are the most common form of incidents. In addition to blocking travel

lanes physically, events that occur on the shoulder or roadside can also influence traffic

flow by distracting drivers, leading to changes in driver behavior and ultimately

degrading' the quality of traffic flow.

Work Zones are construction activities on the roadway that result in physical changes to

the roadway environment. These changes may include a reductiotl in the number or width

of travel lanes, lane diversions etc. Delays caused by work zones have been cited by

travelers as one of the most frustrating conditions they encounter on trips.

Weather Conditions can lead to changes in driver behavior that affect traffic flow. Due

to reduced visibility, drivers will usually lower their speeds and increase their headways

when precipitation, bright sunlight on the horizon are present.

Catcgory 2 - Traffic Demand

Fluctuations in Normal Traffic day-to-day variability in demand leads to some days

with higher traffic volumes than others. Varying demand volumes superimposed on a

system with fixed capacity also results in variable (i.e., unreliable) travel times.

Special Events are a special case of demand fluctuations where traffic flow In the

vicinity of the event will be radically different from "typical" patterns. Special events

occasionally cause "surges" in traffic demand that overwhelm the system.

Category 3 - Physical Roadway Features

Traffic Control Devices - Intermittent disruption of traffic flow by control devices such

as railroad grade crossings and poorly timed signals also contribute to congestion and

travel time variability,



10

2.2.2 Economic Theories of Traffic Congestion

Congested roads can be an example of the tragedy of the commons. Because roads in

most places are free at the point of usage, there is little financial incentive for drivers not

to over-utilize them, up to the point where traffic collapses into a jam, where demand is

limited by opportunity cost. Privatization of highways and road pricing are measures that

can prevent recurring congestion through economic incentives. Congestion can also

happen due to non-recurring highway incidents, such as a crash or construction, which

may reduce the road's capacity below normal levels.

During rush hour traffic congestion is inevitable because of high demand resulting from

the benefits of having a relatively standard work time. In the context of economic

perspective of road congestion and pricing, transportation facilities can be considered as

product. In a market economy, product can be allocated either by pricing (ability to pay)

or by queueing (first-come first-serve) where congestion is an example of the latter. One

way of reducing congestion is increasing the number of exits or exit-flow volume which

is considered as a supply side solution. On the contrary, congestion reduction strategies

may persue strategies to reduce the volume of entry traffic by Travel Demand

Management or road pricing.

New evidence is emerging that building more roads increases traffic congestion. The

logic being that with extra road capacity, more cars will use the road at a time and as a

result more traffic congestion will arise.

Shortening trip lengths, discouraging non-essential trips, and restraining private car use

are some of the measures that can be taken to reduce the overall demand for motorized

transport. Use of private vehicles can be limited both by pricing and by administrative

regulation. In practice, the demand for movement is a function not only of the location of

activities but also of the costs of movement. Any form of subsidy of transport; whether

public or private, will tend to increase trip lengths by broadening the range of locations at

which it is affordable to satisfy particular demands. Correcting that by the introduction of

road congestion pricing or some proxy, such as high fuel taxation or parking charges,

may be essential to the creation of appropriate long-term incentives on activity location
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and trip distribution decisions. The theoretical case for road pricing IS now widely

accepted by economists.

Road pricing is now considered as practical policy instrument for controlling traffic

congestion, following successful implementations in Singapore, Norwegian cities and

London. Transport pricing policies in urban areas are becoming increasingly appropriate

in dealing with rising road traffic congestion, environmental impacts and sustainable

mobility requirements.

2.3 Concept of Road Pricing

Road pricing is a generic term charging for the use of roads using direct methods,

charging the users of a specific section of the road network for its use. Depending on the

method, it is used to generate transportation revenue, reduce congestion, encourage use of

other transport modes such as transit, and/ or to reduce vehicle emissions. According to

the Department of Transport in UK, the following definition states simply what road

pricing has mean

'Road pricing is a charge for the use of a motor vehicle on public roads which reflects

the user's choice of where and when to drive'.

Because road pricing attaches an economic cost to the use of roads, it enables drivers to

directly associate the use of their vehicle with the cost to both the road infrastructure, and

society as a whole. Neither vehicle excise duty (YEO) (commonly called 'car tax') and

tuel duty on the petrol, diesel and other fuels fit into the above definition ofroad pricing

nor reflects the choice of the motorist on where and when to drive. They have an indirect

influence on decisions about whether to own a vehicle in the first place, and some effect

on the engine size chosen. The key difference between existing motoring taxes and a road

pricing rcgimc is onc of"choicc. Once the decision is made to buy a car the motorist is

committed to paying YEO and fuel duty, and has little opportunity to vary those costs,

particularly given the limited alternatives provided by public transport in many parts of

the country.
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Road pricing has been attempted on a local scale in a number of cities around the world

in the form of cordon charges and road and bridge tolls. In principle these are similar to

the congestion charging regimes recently introduced in London and Durham. At the

initial stage congestion charging in the UK was limited in scope and politically

controversial, both of the aforementioned schemes were constructed in such a way as to

give road users real choices 'about whether, where and when they drive and therefore,

whether they pay the charge. After a few years of implementation the schemes proved to

be a grand success in alleviating traffic congestion; increasing usage of public transport

and encouraging the people to walk and use bicycle.

2.4 Purpose of Road Pricing

Road pricing may have two main purposes

• Managing the traffic

• Financing

Road pricing can be implemented with the main purpose to raise money. The money can

then be used in road construction or to improve public transport, but of course the money

can also be used in other areas than the transportation system. This may become more

important in the future if gasoline is replaced as a source of fuel for automobiles by

hybrid vehicles or alternative fuel vehicles (such as fuel cells) which consume little or no

petrol and thus don't generate petrol tax revenue. The most common cases are the toll

roads (expressways) that are to be found in many countries.

A second aim is demand management, by varying charges by time of day (sometimes

called congestion pricing or value pricing), users can be discouraged from making trips

during the peak times and encouraged to travel in the off-peak, thus balancing flows and

reducing congestion loss. In the absence of pricing, individual drivers do not consider the

congestion costs (amongst other externalities they impose on others. Similarly, by

varying charges by location (like the London congestion charge), travelers can be

dissuaded from driving to a specific place or via a specific route.
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Road pricing can also be implemented as environmental measures, for example to reduce

emissions, noise and other disturbances caused by traffic. In some cases the objective is

to reduce the total traffic load, hut in other cases the intention is to protect a certain area,

for example a city center. Few or no road pricing systems have been implemented with

environmental measures as the main purpose, but many are designed with this in mind by

reducing the traffic in sensitive areas.

2.5 Economic Implication of Road Pricing

Elementary economics teaches us that an excess demand for a good or service can be

eliminated if its price is raised sufficiently high. The demand for roadway use is no

exception. Chronic traffic congestion indicates that there is an excess demand for

roadway use, but in most cases, there is no explicit price charged for driving on streets

and highways.

Gasoline taxes may mildly discourage driving, but they do not charge vehicles according

to time and place. Roadways may be mostly free of vehicles at some times and places,

but they may be extremely congested at other times and locations. Moreover, traffic

patterns may change over the years. Road pricing offers the possibility of targeting

specific thoroughfares at specific times for more intensive traffic control.

If the prices charged bear a reasonable relationship to the supply and demand for

roadways, there are also payoffs with respect to information about driver preferences ~nd

road construction. In response to a higher price, for example, some travelers may choose

to carpool, change the time of their travel, or use an alternative form of transportation.

The higher price signals to people that they should consider changing their behavior, but

the people involved make the decisions based on their own information about

circumstances of time and place (Hayek 1945). In the presence of a higher price, some

people may prefer another form of transportation, and some people may not. Some

people may continue to drive, but can take another route. Others cannot. In the long run,

some people may even change where they want to live. Others would prefer to stay put.

•
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2.6 Methods of Road Pricing

There are many forms of road pricing and even more ways of characterizing the options.

Each places different emphasis on the sometimes competing objectives of raising

revenue, reducing congestion, improving network efficiency and managing transportation

demand. Deloitte Research (2003) suggests there are four "stages" of road pricing which

vary according to their complexity and their impacts on overall road system efficiency.

These stages are illustrated and described below.

THE FOUR STAGE OF ROAD PRICING

Integrated
Scheme

National
Scheme

Corridor
Scheme

Complexity/risk

(Source: Eggers et, al 2003)

The Corridor Scheme: The Corridor Scheme is the traditional method of charging for

the use of a road (or portion of a road), bridge or tunnel. It includes charging for the use

of an existing facility or a new facility. The typical objective is to generate revenue to pay

for thc facility and in some cases to also generate revenue for other transportation

infrastructure. There are many examples of this approach around the world.

The Area Scheme: The Area Scheme involves charging for driving into or within a

designated area. The objectives are broader than the facility-specific approach described

above: it is intended to generate revenue, reduce congestion in the affected area, and

improvc road network efficiency. It is typically used in urban centers where congestion is

" .'.'.,--
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severe. This approach has had over 30 years of application, starting with Singapore in

1975 and more recently in centro I London, England.

The National Scheme: The National or Trans-National Scheme involves the charged

area being extended to the broader national network. The objectives are to regulate

overall distance traveled within the network and introduce a more direct system of user

fees than traditional vehicle and fuel taxes, which are not directly tied to use of the roads.

It involves a movement towards standardized national road pricing policies and fees, and

greater inter operability between countries with connecting transportation corridors. To-

date these systems have only been used for goods vehicles. Germany, Switzerland,

France, Austria and the UK all either have or plan to launch such systems. Charges apply

to trucks over a certain weight and are based on distance traveled, calculated through a

combination of GPS and transponder technology, and the vehicle's odometer. Because

this approach covers entire road networks it has the potential to substantially improve

overall system efficiency road usage. However, its scale makes it a complex and costly

option to implement.

The Integrated Scheme: The Integrated Scheme is a vIsion for the future in which

people who use the transportation system make informed choices at every step .of a

journey, including which mode of transport should be used, which route io take, and the

associated costs and benefits. An intell igent system could use single payment methods

such as smart cards for all road and public transportation use, supported by vehicle

monitoring technology and "smart roads" that monitor congestion levels, accidents and

other factors affecting use of the system. Theoretically, this is the most efficient road

pricing concept, since all road users would make rational and overt transportation

decisions, and competition between modes would be encouraged. To work, it would have

to apply at large scales (state/province or national) to all primary transportation modes in

a fully integrated manner. The level of organization and integration required would be

daunting, although the potential benefits could be substantial.
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2.7 Examples of Road Pricing Schemes

Road pricing as a demand management tool which has been successfully implemented in

Singapore, London and Durham. The impacts of these schemes are briefly outlined

below.

2.7.1 The Singapore Scheme

Singapore is a city-state of about four million people. In 1972, policies to address

worsening traffic problems started coming to the fore. In that year, the import duty on

motor vehicles was raised from 30 to 45 percent. A separate registration fee equal to 25

percent of a vehicle's market value was introduced. However, those measures had little

impact on traffic volumes. In 1975 the special registration fee was increased to 55 percent

of a vehicle's market value, with the owner being eligible for a discount if an old vehicle

was being scrapped. In the field of transportation, road pricing or congestion pricing has

long been associated with Singapore. Indeed, road pricing started in Singapore in June

1975. Many changes have been made to the road pricing scheme since that time. Initially,

a manual scheme based on paper permits and applicable during the morning peak period

only, it has evolved over the past 27 years to an electronic version that operates almost

throughout the day presently. The schemes in Singapore have become classic examples

of road pricing in the literature.

Area Licensing Scheme

The first road pricing scheme to have ever been implemented anywhere in the world was

the Singapore Area Licensing Scheme (ALS) on 2 June 1975. Vehicles were charged on

entry (and later exit in the evenings) into the restricted zone (RZ). Vehicles entering the 7

km" RZ, which included the central business district, were required to purchase a paper

area license in advance and display it on their windscreen. This was then valid for entry

an unlimited number of times whilst valid.

The system was manually enforced by officers standing at the boundaries of the RZ.

Violators were lined. Although the vehicles that were exempt varied over the years, by

1989 the only exemptions were granted to public transport buses and emergency vehicles
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(Willoughby, 2000). There were no discounts for residents, although residents could

avoid paying a charge by driving in the zone without crossing the boundary. ALS

increased average speeds from 19 to 36 km per hour (phang and Toh, 1997). Traffic

volumes during the morning peak hours fell by 45 per cent, and car entries decreased by

70 per cent (Willoughby, 2000).

Electronic Road Pricing

Although ALS was successful in drastically reducing traffic volumes and congestion at a

minimal operating cost, there were a number of problems with the scheme, such as

bunching of traffic just before and after the restricted hours, manual enforcement prone to

crror, and a general perception that a paper based ALS scheme was becoming out-of

place in a city-state that was becoming high-tech and aspired to be regarded as such

(Santos et ai, 2004). Thus, on September I, 1998 an Electronic Road Pricing (ERP)

scheme replaced the ALS (and also a paper permit system that had been introduced on

some expressways outside the city centre). This ERP is as of2005, still the only one of its

kind in the world.

With ERr, there is not one charging area with a defined boundary, but rather, links that

are charged. Charging times vary but in general these are from 7:30am to 7pm on very

central roads, and from 7:30am to 9:30am on expressways and outer roads.

Vehicles, equipped with In-vehicle Units (IUs), which have a smart card inserted in them,

are charged automatically each time they cross a gantry without the need to slow down. If

motorists pass through an operational ERP gantry without a properly inserted smart card

or with a smart card that has insufficient balance to pay the charge, a valid transaction

will not take place. When this happens the enforcement cameras take a digital picture of

the rear license plate and the registered keeper of the vehicle is then fined. The only

vehicles exempt are emergency vehicles. ERP rates, published on the Land Transport

Authority website, vary with vehicle type, time of day and location of the gantry. In

February 2003 a graduated ERr rate was introduced in the first five minutes of the time

slot with a higher charge in order to discourage motorists from speeding up or slowing

down to avoid higher charges. For example, on some gantries where the charge for
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passenger cars would be S$I.50 between 8.30 and 9am, and S$0.50 between 9 and

9.30am, it is now S$] between 8.30 and 8.35am, S$1.50 between 8.35 and 8.55am, and

S$] between 8.55 and 9am, when it changes to S$0.50.

Menon (2000, p.42) reports that although ERP charges were lower than ALS charges, one

ycar after the introduction of ERP, traffic volumes in the RZ had fallen by ]5 percent for

the whole day and by 16 per cent during the morning peak, although there had been an

increase between 6:30 and 7pm, the last half-hour of ERP operation. At the same time,

traffic volumes had increased in the pre-ERP period 7 to 7.30am, mainly as a result of

vehicles avoiding the charge. Some months had also seen an increase in traffic in the

post-ERP period 7 to 7.30pm. Speeds did not increase, since the idea was not to increase

ALS speeds, but rather, to have a fine-tuned system that would charge road users more

accurately for actual usage.

General Remarks

Road pricing in Singapore has been effective in managing congestion on roads in the

CBD since its inception in 1975, and in recent years on expressways and other major

roads outside the CBD. Technology had helped to make the expansion of the original

road pricing scheme' possible; and the authorities are still keeping tab on new

developments in road pricing technology to further enhance the present ERP system.

2.7.2 The London Scheme

The London Congestion Charging Scheme (LCCS) started on February ]7, 2003. The

Scheme, implemented and operated by Transport for London (TtL), operates by an area

licensing system. All vehicles entering, leaving, driving or parking on a public road

inside the zone between 7am and 6:30pm, Monday to Friday, excluding public holidays

are charged £8. The charge was originally £5 but was changed to £8 on July 4, 2005. The

limit of the charging area is given by the Inner Ring Road, which mainly surrounds

Central London. No charge is made for driving on the Inner Ring Road itself.

The charging area is relatively small. It only covers 21 km2 (8.4 mi\ representing 1.3 per

cent of the total,] ,579 km2 (617 mi2) of Greater London. There are] 74 entry and exit
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boundary points around the zone. Traffic signs make it clear where exactly the charging

zone IS.

The charge has to be paid in advance or on the day until 10pm with late payment

available between lOpm and midnight but with the charge rising to £10. The charge can

be paid daily, weekly, monthly or yearly.

Enforcement is undertaken with video cameras that provide high-quality video signals to

Automatic Number Plate Recognition (ANPR) software, which reads and records each

number plate with a 90 per cent accuracy rate. At midnight, images of all the vehicles that

have been in the congestion charging zone are checked against the vehicle registration

numbers of vehicles which have paid their congestion charge for that day. The computer

keeps the registration numbers of vehicles that should have paid but have not done so. A

manual check of each recorded image is then made and a Penalty Charge Notice is then

issued to the registered keeper of the vehicle.

Impacts on Traffic

According to TfL (2004a, p.7) the average travel rate in the charging zone during the first

year of the scheme was between 3.5 and 3.7 min per km, which is equivalent to an

average speed of between 16 and 17 km per hour. This represents an increase of between

14 and 21 per cent with respect to the average speed pre-charging, which was 14 km per

hour.

The total number of vehicles with four or more wheels entering the zone during the

charging hours was reduced by J 8 per cent (TfL, 2005a). As expected, there was a

reduction of potentially chargeable vehicles and an increase in exempt vehicles.

Since traffic travelling on the Inner Ring Road does not pay the congestion charge, TfL

cxrcctcd that through traffic. with origin and destination outside the charging zone,

would divert and use the Inner Ring Road instead. This indeed happened raising the total

veh-km on the Inner Ring Road by 4 per cent when compared with 2002 (TfL, 2004a,

2004b). However, improved traffic management arrangements were put into place on the
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Inner Ring Road before the Scheme started and this prevented an increase in congestion.

For example, between one and two seconds were taken off green light time on radial

roads, which were anticipated would have less traffic, and added on to green light time on

the Inner Ring Road. That, combined with the end of disruptions linked to road-works in

the area during 2002, made a sufficient difference to keep the Ring Road operating

satisfactorily with marginally lower levels of congestion during 2003, when compared to

pre-charging conditions (TtL, 2004b). Although during 2004 the Inner Ring Road did not

have higher levels of congestion due to re-routing traffic, levels of congestion were

comparable to pre-charging conditions (TtL, 2005b). Traffic outside the Inner Ring Road

did not change much. Speed surveys conducted in 2004 show that the main radial routes

approaching the zone were only marginally less congested than before the LCCS was

introduced (TtL, 2005b).

Impacts on Public Transport

Before the Scheme started, TtL increased the number of bus places with a combination of

more frequent services, new and altered routes, and bigger buses (TtL, 2004a). There was

an increase in bus patronage both in 2003 and 2004.

The reasons for the increase in bus patronage can be found not just in the LCCS and cars

users wanting to avoid the charge by switching mode, but also in the induced demand in

response to large-scale London-wide improvements to the bus network (TtL, 2005b).

Average bus speeds increased by 7 per cent inside the charging zone and by 3 per cent on

sections close to the zone and on the Inner Ring Road during the first year of charging

(TtL. 2004a). Additional time waited by passengers over and above the' route schedule

decreased by 24 per cent across Greater London and by 30 per cent in and around the

charging zone (TtL, 2005a).

2.7.3 The Durham Scheme

The Durham Scheme is a small and modest example of road pricing. Although it can be

seen as the first scheme to have been implemented in England, after the Transport Act

2000 was passed, it does not really represent a typical road user charging project, mainly
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because of its limited scale. Nonetheless, the objective of the charge, which was to reduce

traffic demand on a piece of road, was achieved, and therefore the example deserves at

least a mention.

I.
On October, 2002 Durham County Council implemented a £2 charge for all vehicles

using Saddler Street and the Market Place between lOam and 4pm, Monday to Saturday

(Durham County Council, 2003). A small number of exemptions apply, including

emergency vehicles, City Council Liveried vehicles, and Public Utility vehicles on

emergency duty, Bullion Vehicles, Royal Mail and Recovery Vehicles. Finally, a small

number of transponders are issued for attachment to vehicles with high frequency use.

These transponders are attached to the windscreens of vehicles so that the bollard can

detect them and lower automatically.

Although drivers who fail to pay the charge are still permitted to use the road, a penalty

notice is issued to the vehicle's registered keeper if payment is not made before the end

of the working day. The number of violators however is negligible. Vehicles are recorded

on the CCTV system and owners traced through the Driver and Vehicle Licensing

Agency (DVLA).

,
The number of vehicles using the road, from the Market Place to the Cathedral, afti:r the

scheme was introduced fell by between 50 and 80 per cent, depending ,?n the traffic count

used as the base (Durham County Council, 2003). The number of pedestrians increased

by 10 per cent on average, from 14,000-14,500 a day to 15,000-16,000 a day (Durham

County Council, 2003).

Although the scheme is not technologically advanced, it is a measure that has proved

effective for the purpose intended: to reduce traffic on one road in the historic Peninsula.

2.7.4 Congestion Pricing in Developing Countries

Traffic congestion in Seoul, Republic of Korea, increased dramatically during the 1980s

and early 1990s, despite extensive construction of new urban freeway and subway lines.

In 1996, the Seoul Metropolitan Government commenced charging 2,000 won (US$2.20)
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for the Namsan # I and #3 Tunnels, two corridors with high private vehicle use linking

downtown Seoul to the southern part of the city. Private cars with three or more

passcngcrs and taxis. as well as all buses, vans, and trucks, were exempted from cHarges,

as was all traffic on Sundays and national holidays. In the two years fonpwing

commencement of the congestion pricing scheme for the Namsan #1 and #3 Tunnels,

there was a 34 percent reduction in peak period passenger vehicle volumes. The average

travel speed increased by 50 percent from 20 to 30 kmlh, and the number of toll-free

category vehicles increased substantially in both corridors. On the alternative routes,

traffic volumes increased by up to 15 percent, but average speeds also increased as a

result of improved flows at signaled intersections linked to' the Namsan corridors and

increased enforcement of on-street parking rules on the alternative routes. The whole of

the annual revenue from the two tunnels (equivalent to about $15 million) goes into a

special account used exclusively for transport projects, including transport systems

management and transport demand management measures throughout the city.

Other cities, such as Bangkok, Hong Kong, and Kuala Lumpur, have previously begun

introducing road pricing but have abandoned it in the face of political difficulties. (World

Bank Report, 2002).

2.8 Charging Technologies and Existing Schemes

Different charging technologies have been used in schemes around the world and vary

according to the objectives and specifications of each. Most of the current schemls use

either a daily license or microwave technology. The German, Swiss and AJstrian

schemes use one or more advanced technologies including microwave, infra-red, satellite

navigation and cellular networks (mobile phone technology), yet these schemes operate

amongst HGYs only.

There are essentially three approaches to scheme design which can be implemented using

charging technologies:

• an area or zonal charge e.g. London, Durham, Singapore, Oslo, Trondheim.

• a fixed length link e.g. Melbourne City Link, French Autoroutes, M6 Toll.
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• measurmg the distance, either actual or approximate e.g. Swiss, Gennan

scheme or cell-based charging.

Existing schemes can therefore be seen to be falling into the following categories

according to the charging technology used - see Table 2.1:

Table 2.1: Existing Types of Schemes and Technologies for Charging

Permit Microwave Tachograph Satellite Position Fix
Technology And Map Matching

Area/Zonal London Singapore
Durham Trondheim

Link Melbourne
M6 Toll
SR91

Distance n/a n/a Swiss German Road
(Distance Charging) Segment Charging

2.8.1 Single Zone Schemes

A single zone scheme can be implemented using:

• A paper vignette - as in the first phase of the Singapore scheme

• Fee collection and no On-Board Unit (OBU) e.g. London

• Electronic fee collection using an OBU e.g. Singapore.

The user buys a 'license', linked to the user's vehicle number plate, for entry into a zone,
I

as demonstrated in Figure 2.1. Payment could be made at authorized outlets i.e.

newsagents, petrol stations etc. or by post, telephone, Internet or text messages. Such

schemes use Automatic Number Plate Recognition (ANPR) equipment for checking and

enforcement, placed at strategic locations on and within the boundary of the charge zone.

There are also mobile enforcement units. The units capture images of vehicle license

plates in the zone which are compared with a database of the registrations of users who

have paid. Matched records are ignored; those where the vehicle owner has not pre-paid

or post-paid are then checked against the central database of vehicle keepers and Penalty

Charge Notices are issued ..
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Figure 2.1: Schematic Operation of Daily License System

A zonal scheme using ANPR can be made to support charging on the basis of vehicle

class but it is not suitable for charging for the amount of use in the charged zone in a

given pcriod.

2.8.2 Microwave Charging Technology

Microwavc charging is a mature technology and the dominant form of electronic

charging in the world for both toll plazas and free-flow operations. In a free-flow

charging system an OBU is installed in each car. It is usually retrofitted to the vehicle

behind the windscreen, though line fitting at the point of vehicle manufacture, to form a

less obtrusive installation powered from the vehicle electrical system, is feasible. At the

point on thc road where a charge is to be collected and enforccd, infrastructure is installed

comprising microwave beacons and reccivers, ANPR cameras, processing and a power

supply. At each infrastructurc site, the OBU will transact with beacons. This allows for

the location and identity of the OBU to bc captured, which then permits the system to
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match transaction records with vehicle detection images from any co-located camera and

vehicle detection sub-system. Several beacons are normally required to cover the full

width of a multi-lane road.

Schemes currently using microwave charging technology include: French Autoroutes,

Austrian Lorry Charging, Singapore, Melbourne, Trondheim, Toronto, Italian Autostrada,

I-IOV lanes in California, Dartford River Crossing and the M6 Toll.

Figure 2.2: Schematic Operation of a Microwave System

2.8.3 Distance Charging

Distance charging can take several forms ranging from crude measurements to more

accurate position determination. In the first instance, distance traveled can be derived

from changes in tachograph readings (Swiss Lorry Charging Scheme). However,

tachographs arc not present in cars and a similar device is not yet available that provides

comparable robustness. Distance traveled can also be calculated by charging according to

links on a road network i.e. where the distance is known between two junction points on a

motorway (German Lorry Charging scheme).
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More accurate distance charging requires positioning technology, which comes in several

forms. Cell-based charging would provide an approximate distance-based charge, which

works on the basis of determining when a vehicle is passing through square 'cells', of a

set size. Comprehensive distance charging, varying by place and time of day, would

require accurate position fixes, in all terrains, linked to a stored map of charge zones with

cellular communication. Both options are utilized technology that is at the forefront of

development and requires further investigation.

2.8.4 Mobile Phone Technology

For completeness, it should be noted that a number of research activities are underway

around the world to improve the accuracy of position determination from cellular

telephones. Some of these may turn out to be of use for road pricing and developments

should be watched with interest.

Table 2.2 Summary of Congestion Pricing Around the World

SCHEME COVERAGE OPERATIONAL TECHNOLOGY
Austria ~ 'Electronic All Austrian motorways Since 2004 5.8Ghz. On board unit
Toll System and express roads HGYs 120 Camera
Ecopoints' >3.5 tonnes enforcement gantries

Automatic license plate
reading

France -' Autoroute' Most major national For many years Fixed stop and start toll
Toll (Liber-t and TIS motorways All vehicles Big growth in booths
scheme) 1980s.
Spain - Autopista
Tolls
Portugal - Motorway
Toll
Italy - Autostrada
Toll.

Hungary -National Selected Hungarian Not before 2005 Vignette or 'badge'
Motorway Toll l11otorways 1\11 vehicles system

Italy - Rome Road All Central Rome roads Since Jan 200 I OBU 5.8Ghz
Charge All vehicles transponder based

Number plate
recognition for
enforcement. 27 gates
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SCHEME COVERAGE OPERATIONAL TECHNOLOGY
Norway - Autopass Variety of Norway's Autopass Autopass contract and

principle motorways and technology since onboard unit required to
roads All vehicles 2001 obtain toll reduction

Pass works with all toll
roads regardless of
operational company

Singapore - Urban Central Singapore all September 1998 On board. units in
Road pricing First roads (2.7miles sq) All vehicles with smart card
variable rate scheme vehicles 44 gantries
in the world
Sweden - Congestion All Stockholm city Full scale DSRC Transponder
Charging in centre roads All vehicles experiment 2005- technology
Stockholm 2006 Referendum

2006
Switzerland ~ Heavy All public roads HGVs Since Jan 200] On Board Unit linked to
Vehicles Fee Reduce >3.5tonnes tachograph DSRC
alpine transit and shift 5.8Ghz and GPS
to rail a key objective antennas 100 equipped
Swiss OBUs can be border stations
used in Austria, first Automatic license plate
example of reading
interoperability
UK - Durham Specified city centre Since October Payment on exit Rising
Congestion Charge roads All vehicles 2002 bollard control
UK - Edinburgh All city centre roads All Residents vote in Automatic Number

vehicles Feb 2005. plate recognition
Operational from cameras
2006/2007

UK - Existing M6 27km of M6 All December 2003 Stop & start toll booths
Toll vehicles or Electronic tag for

free flow
UK - London All central London 2003 Camera enforced
Congestion Charge roads All vehicles number plate

recognition
UK - Nottingham Specified employers Will start April Permit system
workplace parking Specified commuter 2005
levy vehicles
UK - National Lorry All UK roads HGVs Delayed 2006 GPS Satellite based
Road User Charge >3.5tonnes start Will now system. Receiver to
(LRUC) The Dff's start 2008 record vehicle's
road user charge position, tachopraph to
(LRlJC) now due to record mileage
begin in 2008
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2.9 Bus Rapid Transit System

Bus rapid transit (BRT) systems are found 10 cities throughout the world. It is high-

quality, customerorientated transit that delivers fast, comfortable and low-cost urban

mobility. Compared with regular bus services, BRT offers higher speed, higher

frequencies, better information and more comfort. It is a concept which covers

infrastructure, vehicles, urban design and management. It can attract new riders and

induce transit-oriented development. Their operating flexibility and their ability to be

built quickly, incrementally, and economically underlie their growing popularity. The

systems vary in design, operations, usage, and effectiveness. Generally, BRT systems can

provide sufficient capacity to meet peak-hour travel demands.

2.9.1 What Is BRT System

BRT can be defined as a flexible, rubber-tired rapid-transit mode that combines stations,

vehicles, services, running ways, and Intelligent Transportation System (ITS) elements

into an integrated system with a strong positive identity that evokes a unique image. BRT

appl ications are designed to be appropriate to the market they serVe and their physical

surroundings, and they can be incrementally implemented in a variety of environments.

In brief, BRT is an integrated system of facilities, services, and amenities that collectively

improves the speed, reliability, and identity of bus transit.

2.9.2 Reasons for Implementing BRT System

Transportation and community-planning officials all over the world are examining

improved public transportation solutions to mobility issues. This renewed interest in

transit reflects concerns ranging from environmental consciousness to the desire for

alternatives to clogged highways and urban sprawl. These concerns have led to a re-

examination of existing transit technologies and the embrace of new, creative ways of

providing transit service and performance. BRT can be an extremely cost-effective way

of providing high-quality, high-performance transit. The main reasons for implementing

BRT systems were lower development costs and greater operating flexibility as compared

with rail transit. Other reasons are that BRT is a practical alternative to major highway
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reconstruction, an integral part of the city's structure, and a catalyst for redevelopment. A

1976 study in Ottawa, for example, found that a bus-based system could be built for half

of the capital costs of rail transit, and it would cost 20% less to operate (Bonsell, 1976).

In Boston, BRT was selected because of its operational and service benefits, rather than

its cost advantages.

2.9.3 Features of BRT System

The National Bus Rapid Transit Institute (NBRTI) is currently updating the

"Characteristics of Bus Rapid Transit" document for the Federal Transit Administration

(FTA). This document identifies the major elements, performance measures, and benefits

ofBRT as the following:

1. Running Ways - BRT systems can operate on a variety of running way types that

range from mixed flow arterials and freeways, dedicated arterial and shoulders

lanes, exclusive at-grade busways, to fully grade-separated transitways above

or below the surface.

2. Stations - Aesthetically designed stations enhance the permanence and

attractiveness of the system and station areas with passenger amenities such as

shelters, benches, lighting, ticket vending machines, security features, and

next vehicle arrival information.

3. Vehicles - Stylized and specialized buses provide comfort, modem design,

accessibility, good passenger circulation, environmentally-friendly propulsion

and maintainability.

4. Intelligent Transportation Systems - Applications such as transit signal priority

(TSP), advanced communication systems, automated scheduling and dispatch,

and real-time traveler information at stations and on vehicles allow faster and

more convenient trips.
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5. Fare Collection - Electronic fare cards, off-board fare collection, or proof-of-

payment options allow for shorter dwell times and shorter overall travel times.

6. Service and Operations Plan - BRT systems generally include rapid transit

features like more frequent service than local bus service, all-day service

spans, and greater spacing between stations. The flexibility and lower-cost of

BRT allow it to provide greater network co~erage.

7. Branding and Marketing - Distinctive logos, colors, styling and technologies for

vehicles and facilities help develop a system identity. BRT services can be

marketed as a new tier of service or as part of a multi-modal rapid transit

network.

The selection and integration of these elements and their implementation over the length

of the alignment and over time is also an important consideration in BRT planning. As

with any truly integrated system of elements, the whole is greater than the sum of the

parts.

BRT System Performance: Among the most important measures of performance for a

BRT system are:

1. Increased Capacity: The maximum number of passengers carried by a critical

segment of the BRT system in a period of time is a function of the size and

design of the vehicles, stations, running way and the level of service. For

instance, the maximum number of passengers carried per hour per direction

typically ranges from 10,000 on arterials to more than 40,000 on exclusive

running ways, which is comparable to the capacities of some rail-based transit

systems.

2. Decreased Travel Time: Exclusive busways have been shown to operate at an

average of 30 miles per hour or more with travel time savings as high as 55

percent compared to regular bus services.
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3. Increased Reliability: The use of exclusive running ways, level boarding, off-

board farc collection and automated vehicle location technologies allow for

greater service reliability in terms of running time, dwell time and recovery.

4. Improved Accessibility: The design of vehicles, stations, ITS, and fare collection

systems can greatly influence the accessibility of a BRT system to the

mobility impaired and the general rider-ship as well.

5. Increased Safety and Security: The combination of modem technologies,

facilities, and personnel can improve the customer perception of safety and

security and reduce the number of incidents.

6. Enhanced Identity and Image: The effective integration of the various elements

can foster a quality image and unique identity for the BRT system as

measured by public perception.

BRT Potential Benefits: The potential benefits of a BRT system depend on the element

and performance, and can be characterized by the following measures:

1. Increased Rider-ship: BRT systems have been shown to attract choice rider-ship

and increase total corridor rider-ship. As much as one-third of BRT riders

have been shown to previously use private automobiles. Corridor rider-ship

gains of 20 percent to 96 percent have also been recorded.

2. Improved Capital Cost Effectiveness: BRT systems can use less costly or

existing infrastructure compared to other rapid transit modes. BRT can also

reduce fleet requirements with better vehicle utilization.

3. Improved Operating Cost Efficiency: Indicators of operating efficiency such as

passengers per revenue hour, subsidy per passenger mile, and subsidy per

passenger can improve when BRT service is introduced to a corridor.

,.
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4. Improved Environmental Quality: By attracting choice riders and using

advanced vehicles with cleaner propulsion systems and emissions controls,

BRT may improve air quality, noise level and help reduce overall congestion.

5. Transit-supportive Land Development: Investments in BRT infrastructure and

related streetscape improvements may result in positive development effects

much like other high-quality transit modes.

2.9.4 Historical Development ofBRT in the World

The first wide-scale development of the BRTs started in Curitiba (Brazil) in 1974,

although there were several smaller-scale projects prior to its development. Since then,

Curitiba's experience has inspired other cities to develop similar systems. In the 1970s,

development of BRT systems was limited to the North and South American continent. In

the late 1990s, the replication of the BRT concept gained momentum and BRT systems

were opened in Quito, Equador (1996), Los Angeles, USA (1999) and Bogota, Columbia

(2000). Especially, the TransMilenio project in Bogota started operation in 2000 and its

success drew attention from the world community as an example of the state of the art in

BRT systems. The largest BRT system in the world, with 250 kilometres of exclusive

busways, can be found in Sao Paolo. Besides these Latin American cities there are also

good examples of BRT in more developed nations: Brisbane (Australia), Ottowa

(Canada) and Rouen(France).

In Asia, prior to 2000, the experience of BRTs was very limited in number and scope.

The systems in Nagoya, Japan and Taipei were regarded as relatively complete systems

in the Asian region (Wright 2005). The spread of BRT in Asia has become more

conspicuous since 2004. In 2004, the TransJakarta busway was started along through the

city centre (Hook and Ernst 2005). On 1 July 2004, three BRT corridors totaling about 37

km were installed as a part of Seoul's reform of its public transport system (Pucher et al.

2005). On 25 December 2004, the first stage commercial operation of BRT was started in

Beijing as a pilot line for 5 km (Chang 2005). In Bangkok, the plan for BRT was d~clared
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in 2004 by the newly elected governor of Bangkok Metropolitan Administration (SMA)

indicating that the first BRT lines would be opened in October 2005.

Jakarta: It is the capital of Indonesia and located in Java Island. The total area of DKI

Jakarta (Daerah Khusus Ibukota, a province with special status as the capital of

Indonesia) is 661.52 km population was .approximately 8.7 million in 2005, with a

population density of 13,150persons/km (BPS Propinsi DK] Jakarta, 2005). On 15

January 2004, the 12.9 km trunk corridor busway was finally opened on the main corridor

through the city centre, in line with the extension and expansion of the three"in-one

traffic policy to the evening period (Hook and Ernst, 2005). The construction of the first

BRT cost US$29million (Harsanto, 2005). In July 2004, six months after the

inauguration, the TransJakarta Busway recorded an average 46,000 passenger a day,

which exceeded its estimated target of 20,000 passengers out of the 60,000 people who

commute between Blok M and Kota daily (Nurabianto, 2004). 20% of TransJakarta

busway passengers had switched from private motorized vehicles for the same trip (Ernst,

2005). As of November 2005, the city administration was planning to develop four new

busway corridors in 2006 to bring the total to seven by the end of the year (The Jakarta

Post, 2005).

Seoul: It is the capital city of Korea, has a population of more than 10 million residents in

an area of 605.39km2• The city's population density was 16,994persons/km2 in 2004

(Seoul Metropolitan Government 2006b; Pucher et al. 2005). The increase in private car

use overwhelmed the capacity of the existing infrastructure and resulted in serious traffic

congestion, air pollution, noise, traffic accidents as well as excessive use of scarce land

for roadways and parking facilities. In January 2004, bus services were completely

reorganized and BRTs in the form of median bus lanes were installed along three

corridors. The daily average number of public transport passengers rose from 9.32

million to 9.83 million, i.e., by 5.5%. Specifically, bus passengers increased significantly:

city bus passengers have risen by as 13.2 % on a daily average. The Seoul Government

plans to open median bus lanes on the remaining 10 of 16 trunk and feeder lines (191 km)

by 2008. All buses in Seoul will be replaced with premium buses: articulated buses, low-

floor buses, and eNG buses.
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Beijing: In early 2006, there were around 2.8 million cars in the Beijing, meaning that

about 20% of the citizens own private vehicles (Liu, 2006). The growing motorisation

trend has caused serious congestion. The first BRT line was implemented in two phases.

The first phase, line for 5 km, started operation on 25 December 2004 from Qianmen in

the city centre southward to Muxiyuan, (Chang, 2005). The second phase, the corridor for

16-km, called the Southern Axis BRT Line One in Beijing, was opened on 30 December

2005 (Liu, 2006; Fjellstrom, 2005). The full BRT line has achieved a large rider-ship

within the first two months of operation. Daily passenger flows averaged around 80,000

commuters (Liu, 2006). The operational speed during the peak period was around

22km/hr as of May 2006, which is slightly faster than the speed ofregular buses in the

same corridor. Although the corridor is not currently congested except for the northern

section which does not have segregated bus lanes, congestion can be expected to increase

in future and the BRT will bring more significant travel time savings for passengers

compared to regular buses (Hook, Fjellstrom, and Diaz 2006). The BRT network is

planned to be extended to 60 km by the year 2008 (Xu, 2005; Beijing Changdatong

Transit Ltd, 2006).

There will be a growing number of fully integrated systems and even more examples of

selected BRT elements being implemented. These efforts will lead to substantial

improvements in urban transit access, mobility, and quality of life.

2.10 Metro Rail Transit System

Metro system is an electric passenger railway in an urban area with a high capacity and

frequency, and grade separation from other traffic. Rapid transit systems are typically

located either in underground tunnels or on elevated rails above street level. However

outside urban centres rapid transit lines sometimes run on grade separated ground level

tracks.

The firsl rapid transit system was the London Underground which opened in 1863. The

technology quickly spread to other cities in Europe, and then to the United States where a

number of elevated systems were built. Since then the largest growth has been in Asia
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and with driverless systems. More than 160 cities have rapid transit systems, totalling

more than 8,000 km (4,900 miles) of track and 7,000 stations (Wikipedia). Twenty-five

cities have new systems under construction.

The Moscow Metro which spans almost the entire Russian capital is the world's second

most heavily used rapid-transit system. Opened in 1935, it is well known for the ornate

design of many of its stations, which contain outstanding examples of socialist realist art.

In total, the Moscow Metro has 292.2 km (181.6 miles) of route length, 12 lines and 177

stations; on a normal weekday it carries over 7 million passengers (Wikipedia). Passenger

traffic is considerably lower on weekends bringing the average daily passenger traffic

during the year to 6.8 million passengers per day (Wikipedia). The Moscow Metro is a

state-owned enterprise.

The Los Angeles County Metro Rail is the mass transit rail system of Los Angeles

County. It is run by the Los Angeles County Metropolitan Transportation Authority and

is the indirect descendant of the Pacific Electric Red Car system and Los Angeles

Railway Yellow Car lines, which operated in the area from the early to middle twentieth

century. Currently, Metro Rail operates three light rail lines and two rapid transit subway

lines, altogether totaling 73.1 miles of rail, 62 stations, and over 300,000 daily weekday

boardings as of June 2008 (Wikipedia).

The Copenhagen Metro, also known simply as the Metro, is a rail rapid transit system

serving Copenhagen, Frederiksberg and Tilrnby, Denmark. The system opened in 2002

and currently has two lines with 22 stations, following the 2007 opening of an extension

to Copenhagen Airport. On December 2, 2005, Copenhagen and Frederiksberg

municipalities agreed on expanding the Metro network with the City Circle Line

(Cilyringen) to connect areas of the city centre which are not well-served by the current

metro and S-trains. Plans for the new line were approved by the Danish Parliament on 1

June 2007. The future line will include a total of 17 stations, twelve of which will be new

constructions and an additional three will be conversions of existing railway stations to
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dual railway/metro use. Construction of this line will increase the number of metro

stations to 37.

The technology used by the Metro has inspired some other European cities to build or

expand metro networks using the same system. These include Brescia Metrobus, Rome

and Milan in Italy, and Thessaloniki in Greece, which all have signed contracts with

Ansaldobreda, the supplier of the Metro trains and train systems.

Rail based public transport systems have larger passenger capacity, higher speed and less

emission of air pollutants than bus systems (Litman, 2006). However, the investment cost

of rail-based public transport is significant and many Asian cities have not been able to

afford to construct rail-based systems. Even in the cities with rail-based systems, many of

them cannot raise the operating costs and only operate by receiving subsidies from the

government (Matsumoto, 2004).

The infrastructure costs of BRT systems are far less than that for rail-based systems.

Existing BRT systems were constructed with costs in the range of US$1-l5 million/km,

depending on the capacity requirements and complexity of the project, while elevated rail

systems and underground systems can cost from US$50 million to over US$200 million

/km (Wright and Fulton, 2005).

Strategic Transport Plan (STP) is a comprehensive study for Dhaka is conducted to

provide a description of the main activities leading up to the selection of the long term

strategic plan for the greater Dhaka area. The objectives of that study are to guide the

development of transport infrastructure over the next 20 years. The project mainly

emphasized on the advance mass transit system especially Bus Rapid Transit (BRT) and

Metro Rail system to cope with the excessive travel demand in future based on land-use,

population and economic development of Dhaka. But there is least scope for roadway

expansion in Dhaka city. So it is necessary to assess the impact of BRT and MRT system

in the context of transport problems in Dhaka city.
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2.11 Studies of Transportation Planning in Dhaka City

Before starting the present study, it is desirable and informative to review the past studies

in Bangladesh, especially those concerning Dhaka. Only a limited number of studies have

becn accomplished by different organization to quantify the severity of transport

problems of Dhaka. This section summarizes those studies.

The first study on road network planning "Dhaka City Master Plan" was prepared by

Dhaka Improvement Trust (DIT) in 1959. It provided a detailed plan for future roads

construction 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 comprehensive study on nature, cause and probable solution

of traffic congestion in Old Dhaka. From the study it was found that traffic congestion

stir up because the city road network was not designed to cope with new forms of road

transport and their increasing numbers. She suggested some traffic management options

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.

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.
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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) conducted a study to examine the condition of public transport systems in

Metropolitan Dhaka. Particular consideration was given to the requirement 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 suggested improving maintenance facilities, bus-stop and terminal layouts, the

quality of services and development of more advance forms of transit facility, such as

rapid transit system.

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

and Nagari, 2001).

With assistance from UNDP, the Government of Bangladesh took an initiative known as

"The Greater Dhaka Metropolitan Area Integrated Transport Study" (DITS). The

objective of that project was to collect the 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
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planning of longer term transport infrastructure investments In the Greater Dhaka

Mctropolitan Area. DITS began in 1991 and ended in 1993.

With the help of World Bank (WB), Government of Bangladesh approved a project

named Dhaka Urban Transport Project (DUTP) to recognize the need for a sustainable

increase in investment in transport sector of Dhaka. It started in two phases. DUTP I

ended in 1998 and DUTP 11started in 1998 with reference to work of DUTP I. The main

objective of this project was to provide detailed plan and scope for structural

improvement of road transportation system of Dhaka city.

Jaigirdar (1998) conducted a study to assess the ambient air quality of Dhaka City. He

investigated the impacts of improved bus service in reducing environmental pollution.

Habib (2002) conducted a study to assess present and future traffic congestion and

resulting air pollution in Dhaka city. For the study, a few immediately feasible alternative

planning options were considered for performance evaluation of road network of Dhaka

which includes elimination of rickshaw and auto-rickshaw, improvement of road

network, improvement of bus transit and introduction of rail transit system in Dhaka city.

In that regard a transportation model, named as "Dhaka Urban Transportation Model"

(DUTM) had been developed and calibrated for the study area.

Strategic Transport Plan (STP) is a comprehensive study for Dhaka is conducted to

provide a description of the main activities leading up to the selection of the long term

strategic plan for the greater Dhaka area. The objectives of that study are to guide the

development of transport infrastructure over the next 20 years. The aim of that project is

to establish an overall framework for a multi-modal transport system that efficiently

serves current and future land use pattern. The project mainly emphasized on the advance

mass transit system especially Bus Rapid Transit (BRT) and Metro Rail system to cope

with the excessive travel demand in future based on land-use, population and economic

development of Dhaka.

Road pricing is not only a useful technique to optimize the efficiency of transport

infrastructure but also an effective tool to encourage the utilization of mass transit system
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instead of using private transport. But in this regard no research has been taken in

Bangladesh especially in Dhaka city. The objective of the present study is to assess the

effectiveness of road pricing options and as well as the impact of BRT and MRT system

which are proposed by STP, in the context of transport problems in Dhaka City.

2.12 Summary

From the above review, it appears that road pricing in Singapore has been effective in

managing congestion' on roads in the CBD since its inception in 1975, and in recent years

on expressways and other major roads outside the CBD. [n developing countries many

cities, which include Bangkok, Hong Kong, and Kuala Lumpur, previously began

introducing road pricing but abandoned it in the face of political difficulties. Strategic

Transport Plan (STP) is a comprehensive study for Dhaka to establish all. overall

framework for a multi-modal transport system that efficiently serves current and future

land use pattern. The project mainly emphasized on the advance mass transit system

especially Bus Rapid Transit (BRT) and Metro Rail system to cope with the excessive

travel demand in future based on land-use, population and economic qevelopment of

Dhaka. That is why, the interaction among road pricing, BRT and MRT on travel demand

as well as cxternalities like air pollution, congestion and delay is required to be

investigated for Dhaka city. The chapter also reveals that transport scenario for planning

purpose had been analyzed elaborately in a few studies. But none of those studies

considered road pricing on transportation and environmental parameters can be an

interesting research topic. The analysis may be based on previously developed models.

The following chapter describes the each component of Dhaka Urban Transport Model

(DUTM) and its extension to include road-pricing options. In the subsequent chapters to

extended model is applied for analysis of planning scenario.
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Chapter 3

STUDY DESIGN AND METHODOLOGY

3.1 Introduction

Transportation facilities accessibility to resources and opportunities is vitally important

for economic activities. With growing population, expanding economy and diversified

land-usc activities, transportation system needs to be updated or readjusted. Any short fall
o

between growing transportation demand and network capacity results in traffic

congestion, thereby causing economic loss and environmental degradation. It is

recognized that traffic congestion problems cannot be resolved by the mere building of

roads and better traffic management but it is big a challenge for transportation engineers

and town planners to minimize traffic congestion and consequent air pollution.

Dhaka, the capital city of Bangladesh has a population of about 9 million that is projected

to grow to about 16 million by year 2015, making it the seventh largest mega city in the

world. Traffic congestion is part of daily life in Dhaka, vehicle-related air pollution is

growing at an alarming rate, and traffic delays have tripled in the last three years. To keep

the city mobile in the future long term polices need to be implemented. Congestion

pricing is such type of policy which is considered to be an appropriate mechanism to deal

with this problem by allocating scarce roadway capacity to users. The methodology used

for evaluation of impact of alternative 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 a model is named as Dhaka Urban Transport

Model (DUTM). The steps involved in the evaluation process are shown in Figure 3.1.

Each components of DUTM is briefly described in this chapter.
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Selection of Study Area and Road
Network

Simulation of Peak Period
Traffic Condition by

DUTM

Evaluation of System
Performance Measures

~ •••,
Measurement of Measurement of
Emission of SO" Traffic
NO, and CO in Congestion
Peak Hours Impacts

~ •••
Road Pricing Options

Assessment of Baseline •••••

Traffic Congestion and Bus Rapid Transit

Air Pollution Situation (BRT) System

Mass Rapid Transit
(MRT) System

Figure 3.1: , Schematic Diagram of Evaluation Process
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3.2 Components of DUTM

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 casc 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.

DUTM model has been developed at BUET in the purpose of analyzing macroscopic

traffic demand and flow (Habib, 2002). The DUTM has been developed for urban areas

of Dhaka and is based on conventional transportation planning models concept. But there

is no option to assess the impact of road pricing options. In this study the model modified

for road pricing options. Four distinct components of DUTM are,

~ Trip Generation

~ Trip Distribution

~ Modal Split

~ Trip Assignment.

Traditionally such type or UTMS is referred as four-stage model. The details of

individual components of the DUTM are described in the following sections.

3.2.1 Trip Generation

The first stage is called trip generation and deals with trip rate estimates, usually at the

zonal level. Trip Generation uses mathematical models to determine the number of

productions and attractions associated with each zone in the community. The most

common methods for trip generation are cross-classification (also referred to as category

analysis) and multiple regression analysis. Cross-classification seeks to identify specific

socioeconomic groups within the population that have common trip generation

characteristics. The trip generation of a zone will thus be the outcome of its composition.

,
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Regression analysis estimates the number of trips generated by a zone (dependant

variable) as a function of a series of independent variables.

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

type model. The gencral structures of the model are:

Generated Trips = Trip Generation Factor * {a + I(b,* p,) + (cx+* ex)}
x

Attraeted Trips = Trip Generation Factor * {a + Db, * Px)+ (ex+* ex)}
x

(3.1)

(3.2)

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.

The regression coefficients are taken from a study undertaken on urban areas of Dhaka

(Habib, 2002) and shown in Table 3.1.

Tahle 3.1: Co-efficient of Regression Equation for Trip Generation and Attraction

Purpose a bo bl b2 b) Co CI Cz c)
of Trips
HW 1283 - - 0.31 0.5 - - - -
HS 79.5 0.12 - - - - - - -

Generation WW -1562.5 - - - - - - 0.295 0.5

HB -777.5 0 0.195 0.11 0.5 - - 0.095 0.5
MIS -2570.5 0.525 - - - 0.73 - - -
HW -803 - - - - - - 0.39 0.5

HS 326 0.115 - - - - - - -
WW -1517.5 - - - - - - 0.29 0.5

Attraction
HB -717 - - 0.13 0.5 - 1.185 0.07 0.5
MIS -2576 0.765 - - - - - 0.29 0.5

(Source: Habib, 2002)

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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3.2.2 Trip Distribution

The second stage is referred to as trip dIstribution and deals with spatial movement

patterns; the links between trip origins and destinations. The most common technique for

estimating trip distribution is the gravity model. There are various forms of the gravity

model and vario.us calibration techniques as well. Cross-classification and multiple

regressions can also be used to estimate the number a trips a zone would attract.

Trip distribution is the second component in the traditional four-step transportation

forecasting model. This step matches trip makers' origins and destinations to develop a

"trip table" a matrix that displays the number of trips going from each origin to each

destination.

Where: T1= Trips from origin i to destination).

The trip distribution component of the OUTM IS a gravity type model. The model

structure is as follows:

11 = Ai 0, Bj D} * exp (-fJ*CuJ (3.3)

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

corresponding zonal attributes; fJ is the impedance factor; Cij is the generalized cost of i-

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 OJ is the total trips attracted to zone

'j'. Here Oi and OJ are output of 'Trip Generation model'. Ai and Bj are zonal balancing

factors, which produce a balanced 0-0 matrix satisfying both trip generation and

attraction constraints. These coefficients are endogenously determined as follows:

I
Ai =" * (fJ * )L,B, exp- Cli,

and
I

Bi= 2:Ai*exp(-fJ*C,J
where fJ is manually

determined from trip length distribution characteristics and depends on unit as well as

specification of generalized cost function.
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The equation of generalized cost Cj is:

e'i = (," * Cost) + (al * Time) + (a"",,/* Comfort)

a" atand aoomfare coefficients of time, cost ana comfort of O-D pair.

3.2.3 Modal Split

(3.4)

The third stage is referred to as modal split identifies the number of trips that will use the

various modes of transportation available within the community. The modal split

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

probability in this case is give by

eVn eVn
Pr(n) = -V~~V~~V~~V~~~~-V~ = -m--

e l+e 2+e 3+e 4 +e m IeVn
n=l

(3.5)

Wherc Pr(n) is the probability of choosing a mode 'n' for traveling between particular 0-

D pairs and V i~;the utility function of individual modes. The equation of utility function

IS:

v = (ae * Cos! x + al * Time Y + Qcom.r* Comfort =) (3.6)

a" a" 3cnmf, 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.

3.2.4 Traffic Assignment

Thc final stage is referred to as traffic assignment calculates the number of trips that are

forecasted to use each of the different routes available. 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:

T, = Til [J + O.J5 (VIC)"} (3.7)
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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.

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

traffic.

Number of repetition, N = 100 I Q

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

3.2.5 The Model of Road Pricing

Urban areas are divided into I discrete zones, and trips are originated from and destined

to zone centroids. The network consists of nodes and links where some nodes represent

the zone centroids. Trip cost is defined as the sum of monetary cost and time cost, as

follows

(3.8)

Where t" and T •• are respectively trip time and monetary cost (= toll) for j-th route

between rand s. w is the opportunity cost of trip time. A trip maker chooses the mode so

as to minimize the trip cost, thus trip cost included in the demand function

isc, .•= Min{c:.}. Trip timet:. is the sum of times required to pass through the links on the
/

j-th route, as follows

t;:\, = :LO~rsta(Xa)
a

(3.9)

Where 0;" is a 0-1 variable taking the value one if the link a is included on thej-th path

for O-D pair r s, and zero otherwise. la(XaJ is an increasing function with respect to link
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flow, x,,, which represents the time required to pass through the link a. Link flow is the

sum of 0-0 trips using that link

x" = III5;,J:,
r s .I

(3.1 0)

where I:., is the path flow that is the number of trips on the j-th route of O-D pair rs.

Likewis.e, monetary cost is the sum of tolls for links on the path,

T~s= L:8L.\ T"

"

Where T, is the toll for link a.

(3.11 )

Suppose that the number of O-D trips is given by Q ,'S' User equilibrium of route choice is

attained when no driver has an incentive to change the route. This is Wardrop's first

principle that the trip costs in all routes actually used are equal and less than those which

would be experienced by a single vehicle on any unused route. Let R " be the set of

available routes between rand s. Then user equilibrium requires that the following

condition holds for alIj E R

II 0 i - •
r.\' > ==> C r.\' - C r.l'

(' 0 . •. >,= =>C~'\'>Crs

where C;, is trip cost in user equilibrium of route choice. The above conditions are

equivalent to the following:

I:,~O

Conservation of flows requires that the following relation holds:

(3.12a)

(3.12b)

(3.13)

Q" = I I:, (3.14)
JER",

Each individual will makc a trip as long as private marginal benefit exceeds trip cost. The

private marginal benefit of the trip from r to s is given by the inverse demand

function, O~-'(Q,J and trip cost is given by C;, which is equalized regardless of routes in

•..•...., .
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the user equilibrium of route choice. Thus, the equilibrium number of O-D trips Q rs is

determined so that the following relation holds:

-I (Q) .
Dr,I' (.I" = C rs (3.15)

Network equilibrium under elastic demand IS characterized by the solution to the

equation system (3.12)-(3.15), which is the combination of O-D trips Q,." O-D trip

costs CO;" link flows x" and path flowsj';,. Although path flows are not uniquely

determined, it does not matter because link flows give sufficient information to evaluate

the traffic patterns and level of economic welfare.

The case of no-toll equilibrium as the benchmark, which is obtained by solving the above

equations by setting T, = 0 for all a E A (in 3.11)

On the other hand, socially efficient road use IS obtained by maximizing the social

surplus as follows.

subject to (3.13) and (3.14).

First order conditions for optimization are

D~,'( Qrs J - w~O~"Va (Xa)+ /~(xJxa} = 0

(3.16)

(3.17)

where the //'(X,,)Xa that is shown in the bracket of LHS represents the congestion

externalities that an additional flow on the link a imposes on all vehicles using the link.

Eq. (3.17) is consistent with the general rule for social efficiency: social marginal benefit

should be equal to (less than) the social marginal cost for used routes (for unused routes).

I-Icreafter the expression "first-best" is use to denote the most efficient road use.
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Comparing the above conditions with equilibrium conditions (3.12)-(3.15), it is seen that

the first-best situation is decentralized if the toll at each link is determined in the

following way

(3.18)

That is, the toll of each link should be equal to the congestion externality. Implementing

this tolling scheme is practically infeasible since imposing tolls on all links requires

prohibitive cost. This case does not provide an alternative policy but serves as a reference

point for evaluating the performance of second-best pricing policies.

Single Cordon Pricing: The single cordon pricing system is designed as follows: each

vehicle is charged a fixed toll when it passes through the specified cordon surrounding

the central area of a city. In this case, the set oflinks crossing the cordon line becomes H,

the set of tolled links. A uniform toll equal tOT-< is applied to all links in H. The problem

of obtaining optimal single cordon pricing is formulated as follows,

(3.19)

subject to

T
Q
= T-" ,for aEH

T"=O,foraEH

In DUTM road prices has been included in generalized cost function in each stage.

"G.e!,eralized cost Cij is calculated for all modes in i-j route which is mentioned in

....•~'.equation 3.4. Operating cost of each mode is defined as the sum of monetary cost (Toll)

,and time cost (operation cost / fare). A trip maker chooses the mode so as to minimize the

. 'trip cost in i-j route. The single cordon pricing system is designed as follows: each

.'specific vehicle is charged a fixed toll when it passes through the specified cordon

'sDrrounding the central area of a city.
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3.3 Selection of Study Area

3.3.1 Background Information

Dhaka, the capital city of Bangladesh, is the largest and most industrialized city in a

nation of some 150 million. The city will remain the most important urban agglomeration

in the country and one of the largest in the world. Given the political system, economic

situation, and environmental condition, it is impossible to restrict migration into Dhaka,

and therefore the city is likely to continue to grow rapidly for the foreseeable future. The

impact of such rapid growth has major consequences on the ability of the transport sector

to provide mobility for all people as they seek to take advantage of employment,

education, health and social opportunities.

The transport sector in Dhaka city includes many different modes of travel-both

motorized and non-motorized. These diverse modes often use the same road space,

resulting in a high level of operational disorder. This lack of discipline significantly

diminishes the efficiencies of the existing transport system. Dhaka is perhaps the only

city of its size without a well organized properly scheduled bus system or any type of

mass transit system. The deteriorating traffic conditions are causing increasing delays and

worsening air pollution, and seriously compromise the ability of the transport sector to

serve and sustain economic growth and provide an acceptable quality of life.

WhiIe much needs to be done to serve existing transport needs better, much more will be

required to serve the transport needs of a rapidly expanding population in the coming

decades.

3.3.2 Population and Economy of Study Area

Bangladesh is the most densely populated and one of the poorest countries in the world,

with a current population estimated to exceed 146 million people. If current growth rate

01' 2'Yo per year continues, the population could be double to 250 million by 2050. Due to

lack of proper planning and control over land use activities, people from all over the

country rush to Dhaka and made it a horde of residential, commercial and business
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centers. Estimated present population of Dhaka is about 8 million for the central city area

(area of Dhaka City Corporation or DCC) and average annual growth rate is

approximately 3%.and the year of2015 population of the Dhaka city will be 11 million.

Dhaka is the commercial heart of Bangladesh. The city has a large middle class

population, increasing the market for modern consumer and luxury goods. The main

business districts of the city include Motijheel, Pantapath and Gulshan. According to City

Mayors Statistics (World Gazetteer, 2006), Dhaka's GDP registered at $52 billion in 2005

with an annual growth rate of 6.1%. Its estimated GDP in the year 2020 is $126 billion ..
The annual per capita income of Dhaka is estimated at $550, although a large segment of

the population lives below the poverty line, with many surviving on less than $3 a day

(Lawson, Alistair, 2006).

3.3.3 Transportation Network of Study Area

As in many developing cities, Dhaka's road network hierarchy is poorly defined. Rapid

growth in population and fast urbanization has led to the demand for better transport

facilities. Existing roads were not planned to accommodate the growth. Certain road links

are insufficient to provide for the efficient movement of traffic.

There is common perception in Dhaka that traffic congestion on main roads are caused by

the sharing of road space between fast moving and slow moving vehicle. Therefore, it is

argued, slow moving vehicle and pedestrians should be restricted on main roads.

In the case of Dhaka, the city has primarily a road-based transportation system served by

a network of 61 km of primary roads, 117 km of secondary roads, 220 km of collector

roads, 570 km of local road and about 318 km of narrow roads. Table (3.2) provides a

summary of the road network of Dhaka City Corporation (DCC) that falls within each

category as well as a general indication of the widths and surface treatments. 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 of 242 nodes and 355 links with total length

350 kilometer. Each TAZ is assigned to a single node (zone centroid).



Table 3.2: Road Network of Dhaka City Corporation

A. ROAD CATEGORY
Cateeorv Kilometers %
Primary 61 5%
Secondary II7 9%
'Connector 220 17%
Local 570 44%
Narrow 318 25%
Total 1286 100%

(Source: STP, 2005)

B. ROAD WIDTH
Width Kilometers %
<l.5m 14 1%
1.5m3.5m 315 25%
3.5m6.5m 619 48%
6.5m9.5m 128 10%
9.5m-13m 53 4%
>13m 157 12%
Total 1286 100%
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Figure3.2: Road Network of Dhaka City Corporation
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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.

3.3.4 Vehicle Fleet Composition and Growth Rates

The motor vehicle fleet in Dhaka according to official registrations is described in Figure

3.3. The number of motor vehicles especially cars and motorcycles has been growing

steadily. Motorized vehicles although they have problems of accuracy they are

registration with BRTA but non-motorized vehicles particularly the statistics for rickshaw

vans is absent. Since 1989 Dee stopped registering the NMT in the city. Table 3.3

presents the composition of the motor vehicle fleet according to this vehicle registration

data. Modal mix of vehicles shows that the number of motorcycle is the highest

representing 37% of the vehicles followed by car 26% and auto-rickshaw 11%. Total

number of vehicles in Dhaka in December 2005 was 377,221 compared to 246,441

vehicles in 2000 and the average annual growth rate is about 8.70 per cent. If the growth

rate is persistcd in the future the total number of motorized vehicle will be 870,000 in the

year of 2015 and the year of 2025 the number will be 2000,700. Over a period of five

years between 2000 and 2005, the city's car population increased from 70;601 to 98,233

representing an annual growth of about 7.83 percent. If the present average annual

growth rate is persisted in the future the total number of motor car will be 225,000 in the

year of 2015 and the year of 2025 the number will be 513,000. Over a period of five

years between 2000 and 2005, the number of buses increased from 1,155 to 4,121 (51.36

per cent annually), and the nlllnbcr of taxis from 1,526 to 10,408 (4.12 per cent annually)

and the number of auto-rickshaw increased from 26,429 to 39,599 (15.72 per cent

annually).
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Table 3.3: Vehicle Fleet in Dhaka City

I Vehicle Type
~~ Averageannual

2000 2005 growth rate (%)

I MotorCar I 70,601 I 98,233 I 8.61

I jeep/ SW/ Microbus . I 26,091 I 37,808 I 6.44

I Taxi I 1,526 I 10,406 I 28.24

I Bus I 1,155 I 4,121 I 26.30

I Minibus I 3,654 I 7,946 I 12.65

I Truck I 16,197 I 22,883 I 7.40

I Auto-rickshaw/Tempo I 26,429 I 39,599 I 15.72

I Motor Cycle I 94,368 I 140,050 I 7.13

I Others Vehicles I 6,420 I 16,175 I 19.40

I Total I 246,441 I 377,221 I 8.70

(Source: BRTA)
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Figure 3.3: Vehicle Composition of Dhaka City
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3.4.1 Background Information

3.4 Cordon Area for Road Pricing Option

~~.<a::~:.~~Mi\,~ 3%
Auto- . \" ~ Bus

rickshawfT Truck Minibu~%
empo 6% 2%
11%

Motor
Cycle
37%

Motijheel is the principal commercial district of Dhaka city, capital of Bangladesh, where

most of the commercial activity is found. This area is' dominated by shops, offices,

entertainment venues, and local-government buildings. It is situated at the heart of the

city (the General Post Office is considered the zero point of Dhaka). Motijheel is the

headquarter of Bangladesh Bank, the state-owned banks like Sonali Bank, Rupali Bank,

the Dhaka Stock Exchange and many other important Government and private

organizations. Due to the high cost of the land buildings are built upwards. Many people

working in the CBD which may have narrow streets. Shortage of off-street parking which

means people park on the roads and so increase congestion. More people own and use

Vehicle Fleet Composition of
. Dhaka City (2005)

Among the fast growing vehicles percentage is the increase of large bus (26%) and

minibus (13%). But the number of public transport (including Bus and minibus) are still

low. Annual average growth rate of car is almost 9%. The car population is about to cross

the 100,000 mark in the early 2006. According to the BRTA 85% of new motor vehicle

registrations take place in Dhaka, with only 15% elsewhere in Bangladesh.

,
Figure3.4: Registered Motor Vehicle Fleet (in %) in Dhaka
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cars. CBD's suffer from the worst traffic congestion. Traffic congestion IS one

manifestation of inefficient urban management. Many roads are partially under hawker's

control. Journeys between one.s residence and one.s workplace have become longer,

more expensive, and more hazardous. The city's traffic problems have reached a crisis

proportion (delays have tripled ih the last three years and automobile-related air pollution

has become a major health problem) such that these shortcomings seriously compromise

the ability of the transport sector in DMA to sustain economic growth and reasonable

quality of life.

3.4.2 Road Network of the Cordon Area

Lack of minimum required road structure. and dispr~portionate road width comparing to

the traffic load causes severe traffic congestion in the CBD during the peak period. The

width of the roads varies from 6 to 40 m. The main roads are 15 to 25 m wide, newly

built roads are 40 m wide while the roads in the older part of Dhaka are less than 6 m

wide. Again most of the new shopping centers or commercial buildings in the CBD do

not have adequate parking facilities. People have to park on the roads, which ultimately

narrow down the effective width of the roads to great extent. Traffic congestion always

poses negative externality upon the society. It poses severe threat to the economy aswell

as to the environment. In 1997, the annual country wise Economic Wastage occasioned

by Traffic Congestion was $75 million. Since Dhaka City has large share of the total

vehicles of the whole country, it can be said that most of this congestion occurred in

Dhaka. And now, in the year of 2005, the wastage will be definitely higher; because the

vehicles of this city, not the roads, are increasing significantly each year.

Santinagore, kakrial, naya paltan, purana paltan, sagunbagicha and motijheel CIA are in

the cordon area. The charging area which is selected for the present study is shown in

Figure 3.5. From the Figure it is seen that there are 30 entries and exits points through

which traffic may enter in the cordon area by paying a charge during the morning peak

period or exit.
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Figure 3.5: Cordon Area for Road Pricing Option

Figure 3.6 shows the comparative image of road network within the cordon area which is

'selected for road pricing option according to their width. In this Figure road which width

is more than 10 meters is marked by brown color. And road which width is less than 5

meters is marked by yellow color.
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Figure 3.6: Road Network of the Cordon Area according to the Road Width

3.4.3 Traffic Composition of the Cordon Area

The Figure 3.7 shows the traffic composition within the cordon area during the morning

peak period. From the traffic composition analysis within the cordon area it is seen that

rickshaw is about 57.32% and motor car is about 24.55% but bus is about 3.90%. Form

the traffic composition analysis within the cordon area it is also seen that there are

57.32% non-motorized transport and 42.68% motorized transport.
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Figure 3.7: Traffic Composition within the Cordon Area

3.4.4 Network Performance of the Cordon Area

According to the STP report, average speed of bus is about 17.40 krnIhr in the Dhaka city

and average running speed is about 31.90krnlhr. According to the travel time delay

survey, average delay is about 44%. But average speed in primary road within the cordon

area is about18krn1hr and in the case of secondary road it is about 15km/hr. Again

average speed of motor car within the cordon area is about 19.5krn1hr. average speed of

bus within the cordon area is about 19krn1hr. In cordon area, both motorized and non-

motorized vehicles occupy the same streets at the same time. Their speed is different and

that is why it creates chaos and congestion on the street.

3.5 Evaluation of Transportation System Performance

The basic terms1 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 ofthese terms are as follows:

Mobility is the ability to reach a destination in a time and cost that are satisfactory. In

broader sense it 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.

I
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Accessibility is defined as the measure of the capacity of a location to be reached by, or

to reach different locations. Therefore, the capacity and the arrangement of transport

infrastructure are key elements in the determination of accessibility. It is the achievement

of travel objectives within time limits regarded as acceptable.

Traffic congestion means there are more people trying to use a given transportation

facility during a specific period of time than the facility can handle with what are

considered to be acceptable levels of delay or inconvenience. It may occur either

recurrently or incidentally. It causes 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. For the study, recurrent

traffic congestion is taken as a major transportation system performance indicator.

Environmental pollution means creating imbalance in natural environment. Modem

mot?rized 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 (lCF, 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.

3.5.1 Way to Quantify Congestion

Congestion occurs when the road capacity does not meet traffic demand at an adequate

speed, traffic controls are improperly used, or there is an incident on the road such as an

accident or disabled vehicle. Congestion can occur during any time of the day ~nd along

any type of roadway. To the traveler, congestion comprises motionless or slowly moving

lines of vehicles on a freeway or city-street, a lane closure because of road construction

or an accident, or some sort of traffic backup. The transportation professional, on the
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other hand, thinks of congestion in terms of flow rates, capacities, volumes, speeds, and

delay. The increasing congestion on many roadways is a major concern to travelers and

. transportation managers. Congestion causes longer travel times, higher fuel consumption,

and increased emissions of air pollutants. Even though congestion is an important policy

issue in most urban areas, many planning organizations have little or no quantitative

information regarding levels of congestion on the roadways within their jurisdiction.

Currently, there is no accepted set of performance measures to be used by all

transportation professionals to monitor system conditions. There is a need for reliable

congestion performance measures that can be applied to specific routes in a region and be

understood by the public. Such performance measures should define the quality of traffic

flow and be useful in determining where improvements need to be made within a

transportation system.

Travel time, lane occupancy rates, queues, headway distribution etc. are the direct

measures but require real-time traffic information. But the problem is that it is difficult to

use these direct measures for predicting future congestion levels. These difficulties have

led many to suggest the need for substitute measures called congestion indices (NCHRP,

1997). These congestion indices provide a basis for evaluating the transportation system

operating conditions and help to identify the location, extent and severity of congestion.

These indicators can also be used to evaluate the effectiveness of implemented

congestion management strategies.

To overcome this problem, a number of studies have been taken to develop Congestion

Indices by a number of researchers and professional organization such as National

Cooperative Highway Research Program (USA); Texas Transportation' Institute (1'1'1)

and Federal Highway Administration etc. But those proposed indices are mainly for

freeways, corridor analysis or arterial roads etc. These indices can not be directly used for

regional or area wide analysis but the theme can be translated from a particular scope to a

hroadcr rcrspcctive. The congestion indices selected for the present study are given

below:
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Roadway Congestion Index (RCI): The Roadway Congestion Index (RCI) is based on

the number of hours of the day that might be affected by congested conditions. It is the

ratio of daily traffic volume to the roadway demand (with regard to traffic handling

capacity). Shrank and Lomax define their "Roadway Congestion Index", RCI, as a

weighted average Volume/Capacity ratio comprising Freeway and Principle Arterial

components. RCI takes the multiplying factor from peak period link Volume-Capacity

ratio and estimates thc ovcrall network average of volume-capacity ratio. This index

allows for comparison across metropolitan areas by measuring the full range of system

performance by focusing on the physical capacity of the roadway in terms of vehicles.

The higher value of RCI than I indicates lower mobility and higher congestion. Value of

RCI less than or equal to I indicates non-congested situation. The equation is:

RCI = [FV2 / FLM + AV2 / ALM] / [13000* FV + 5000 * AV] (3.20)

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

Nominal capacity is not the maximum capacity but the capacity close to the threshold of

significant congestion. Using definition of nominal capacity, the RCI, equation (3.20) can

be written as

RCI = [(FV/FC)*FW + (AV/AC)*AW] / [FW +AW]

Where,
FW = 13000 * FV
AW = 5000*AV

(3.21)

The road network of Dhaka city is not well classified. So according to the suggestion of

TTL the modified form RCI for the present study is stands as

(VchiclepcrpeakHour)*( . .)l: ----~-~---._~~- Vehicle per Peak Hour * Lmk Length
RCI = (Link Capacity)

l:(Vehicle per Peak Hour * Link Length)
(3.22)
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Here the stands as the network weighted average volume capacity ratio. It is clear that

RCI is a measure of mobility as well as congestion, which indicates the extra amount of

veh-km travel needed for increasing congestion or decreasing mobility in peak hours.

Travel Rate Index (TRI): Travel rate indices were developed as part of an urban

mobility study performed at Texas A&M University to assess congestion and delay. The

travel rate index measure for each community was determined using the uncongested

travel speed for the roadways and the actual travel speeds for the roadways. The travel

rate index for the community shows the additional time required to make a trip during the

peak hour versus the time during an uncongested flow hour. For example, a travel rate

index of 1.25 implies that trips made during the peak period would require an additional

25 percent travel time.

[

Freeway Peak Period Travel Rate", L' P k VMT Arterials Peak Period Travel Rate", Ar . I P ak VMT]•.reeway ea +---------- fenas c
TRI ::: Freeway Free Flow Travel Rate Arterials Free Flow Travel Rate

Freeway Peak YMT + Arterials Peak VMT

The modified form TRI equation for the present study is stand as

[

" pe.ak Period Travel Rate * P k.P . d V h. I K.I T I]L.- ea eno e IC e I ometer rave
TRI = Free Flow Travel Rate

. I PeakPcriod Vehicle Kilometer Travel
(3.23)

(3.24)

Here individual link vehicle-kilometer travel is increased by a factor equal to the ratio of

congested and free flow travel time. It estimates the network average of peak period to

free flow travel time ratio.

Volume-Capacity Index (VCI): The Multimodal "Volume / Capacity Index" (VCI) as

follows:

vel = (RV. - RV"JRe
Where:

RV, = Total (all Modes) System Demand Volume, Vehicle-kilometer per peak hour.
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RVnc = Summed effective volume (Veh-km/ hr) of non-congesting elements or links.

RCc = Summed Effective capacity (Veh-km/ hr) of all congesting sub-systems.

VCI is indicates 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.

Congestion Severity Index (CSI): Federal highway Administration Authority (FHA,

USA) is used CSI in reporting the results of system analyses for 'Highway Performance

Monitoring System' data. This index is a measure of roadway delay per million

kilometers of travel. If 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:

[

Total Delay (Vehicle- hours) per Peak Hour J
CSI = Total Vehicle-KilometerTravel in Thousandper PeakHour (3.25)

It indicates the overall network average delay per thousand kilometer travel during peak

hour.

3.5.2 Mobility Level

A system of performance measurement techniques that use travel time-based measures to

estimate the effect of improvements on person travel and freight movement offers a better

chance of satisfying the full range of potential needs than conventional level-of-service

(LOS) measures. The transportation network performance is normally expressed in terms

of mobility level. Houston-Galveston Council of Traffic Modeling is proposed that

mobility level of an individual link is measured by volume-capacity ratio (HGAC, 1998),

which is shown in Table 3.4.
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Table 3.4: Scale of Different Mobility Levels

Level of Mobili
Tolerable
Moderate
Serious
Severe

Volume / Ca aci
<0.85

>= 0.85 < 1.00
>= 1.00 < 1.25

>= 1.25
(Source: Habib, 2002)

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.

3.6 Dhaka Air Quality Context

Air pollution is one of the manmade environmental disasters that are taking place all over

the world. Bangladesh is one of the most densely populated countries in the world and its

urban air pollution is worsening rapidly due to upward trends in vehicle ownership and

use and it is extremely high in the Dhaka city where the population is about 12 million in

300 km' of surface area. Besides the composition and size of vehicle fleet, poor

maintenance, excessive commercial use, fuel adulteration,. use of lubricants of sub

standard quality and poor management of traffic will further result in severe congestion

and vehicular pollution in Dhaka. Air pollution can also damage our living environment

including plants and animals, change weather.

3.6.1 Control of Air Pollution

There exist a good number of laws and regulations in the country to confront air

pollution. The Department of Environment (DoE) has been implementing a number of

projects to control air pollution. In view of the heightened awareness of the dangers of

lead pollution, the Government executed the decision of providing only lead-free gasoline

in the country since July 1999. To control air pollution, the Government has amended

Environment Conservation Rules 1997 with new rules under which the use of catalytic

converter, oxidation catalyst and diesel particulate filter has been made mandatory

respectively in petrol, diesel and CNG driven vehicles. Plying of bus, minibus, microbus,

taxi which is more than twenty years old and truck, mini-truck, tank lorry and van which

are more than twenty five years old has been banned since 151 January 2002. Plying of
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two-stroke three- wheeler has been banned in Dhaka city since Isl January 2003. As a

consequence ambient air quality of Dhaka improved to a great extent. Unfortunately, the

gains were very short lived and they are progressively being lost due to introduction of

low quality diesel vehicles into the public transport fleet of Dhaka. Current levels of

concentration of particulate matters are similar to pre phase out levels of the two stroke

three wheelers. Worldwide, improving air quality in urban settings has been a long-

standing planning objective and road transport using diesel vehicles has been identified as

major contributor to such air pollution. To help address this problem, increasingly

stringent vehicle emission standards came in to force worldwide. It also stimulated

research into alternative fuels and technologies that promise cleaner and lower emissions.

Various fuels that are alternatives to diesel and petrol have been proposed for use in
"

vehicles, Alternative fuel vehicles use such fuels as compressed natural gas (CNG),

liquefied natural gas (LNG), methanol, ethanol, bio-diesel fuel and propane. Among

these fuels, Natural Gas, either in the form of CNG or LNG, is more in the news. Reasons

behind the popularity of these fuels are 'economic as well as environmental. Many vehicle

owners use CNG as it is cost effective as compared to diesel. In Japan, however, it is used

mainly because of its environmental advantages even though CNG cost more than diesel.

The Government of Bangladesh has introduced CNG driven four-stroke three wheelers

and encouraging CNG driven automobile to improve the air quality of urban area

especially Dhaka.

3.6.2 Air Quality Standards

The Bangladesh standards for suspended particulate matter (SPM) are 500, 200 and 100

~g/m3, 8-hour average in industrial, residential/commercial and sensitive land use

categories respectively, World Health Organization (WHO) air quality guidelines for

SPM were, prior to 1996, 150-230 ~g/m3 24 hour average and 60-90 ~g/m3 annual

average. A sulfur dioxide standard of 120, 80 and 30 ~g/m3, 8-hour average for these

same three land use categories has also been adopted, Table 3.5 lists air quality standards

adopted in Bangladesh, World health organization standards and National Ambient Air

Quality standards adopted in the US for comparison purpose,
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Table 3.5: Air Quality Standard

Std. SPM S02 CO N02 Land Use
~ • 500 pg/mJ • 120 pg/mJ .5 mg/mJ • ]00 pg/mJ Industrial-~..c .400 pg/m3 100 pg/mJ • 5 mg/mJ • 100 pg/mJ Commercial'" •""0
" • 200 pg/mJ 80 Ilg/mJ .2 mg/m] .80 llg/mJ ResidentialbiJ •
=" • 100 Ilg/m3 • 30 Ilg/mJ • I mg/m] •30Ilg/mJ . SensitiveI:ll

60 mg/m'
30-minave. 200 Ilg/m]~

N No 125 Ilg/m] 30 mg/mJ ]-hr avg.~
0 guideline at Any:I: 24hr avg. I-hr avg.
~ this time 40-50 pg/mJ

10 mg/mJ annual avg.

8-hr avg.
0.05ppm,

[FJ 15Ollg/mJ 3hr avg.
0- 24-hr 9 ppm 2nd<~ 0.14ppm 0.053 ppm<x highest 8 Any:zc. 60 Ilg/mJ 24-hr avg. hr avg annual avg.
[FJ
:;;J annual avg. 0.03 ppm

annual avg
(Source: UTEIS, September 2001)

Tablc 3.6: Emission Standards for Petrol and CNG Driven Vehicles during
Registration

Emission Standards Emissions due to TestVehicle type (I1m/km) Evaporation Procedure
CO HC+ NO, (g/test)

(2 and 3 wheeled) 4.5 3 - ECE-404-stroke
Light duty (Not more than
8 seats in addition to driver 2.2 0.5 2 94112/EC
& max. GYW. 2.5 tons)
Medium duty (More than
8 seats in addition to driver
but less than 15 seats & 5 0.7 2 96/69/EC
GYW more than 2.5 tons

but max. 3.5 tons)
(Source: AQMP, July 2005)
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Table 3.7: Emission Standards for Petrol and CNG Driven Vehicles Registered
before September 1, 2004

Veh icle Type Test CO (% by HC (ppm)volume)

1 2 3 4

4-wheeled petrol vehicles Idle Speed 4.5 1,200

All CNG driven vehicles Idle Speed 3 -
Petrol driven 2-Stroke engine 2 Idle Speed 7 12,000and 3-wheelers

Petrol driven 4-Stroke 2 and 3- Idle Speed 7 3,000wheelers
(Source: AQMP, July 2005)

3.6.3 Current Trends in Development of NGVs

As early as in 1985-86, Bangladesh Petroleum Corporation started a project to use CNG

in vehicles instead of Gasoline. The World Bank donated Tk 225.1 million to initiate the

project (Singh, J.P. and Pannu, Y, 2002). The primary objective of this project was to

reduce vehicular emissions as combustion of CNG produces less pollutant than the

gasoline. After a decade in 1996, there were only 86 vehicles converted under the project,

'while in that year the volume of traffic in Dhaka only was composed of 84411 cars, 9135

buses, 15600 trucks, 66360 three wheelers and 121156 two wheelers. In year 2000, there

were 1799 CNG driven vehicles among total number of vehicle in the Dhaka city were

246,441. As of December, 2005 there were approximately 66,724 CNG driven vehicles in

operation throughout Dhaka city. From the Figure 3.8 it is seen that 18.28% motor car

(including car, jeep, taxi etc) were CNG driven and only 2.91% buses are CNG driven.

Table 3.8: Number of Converted NGVs in Dhaka City in 2005

Vehicle Type Total Number CNG Driven % ofCNG
of Vehicle Vehicle Driven Vehicle

Motor Car 146447 26774 18.28 %
Auto Rickshaw 39599 39599 100 %
Bus 12067 351 2.91 %

(Source: RPGCL)
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Figure 3.8: Conventional Fuel and CNG Driven Vehicle Fleet in Dhaka City in 2005

3.6.4 Air Pollutants Emit from Conventional Fuel and eNG Driven Vehicle

Natural gas is used as a transportation fuel in many countries around the world, and its

use in vehicle applications is growing. Besides displacing imported petroleum fuels, one

of the primary benefits of using natural gas as a vehicle fuel is the potential to

substantially reduce exhaust emissions of harmful pollutants.

There are three primary air pollutants of particular interest. These are carbon monoxide

(CO), oxides of nitrogen (NOx) and oxides of sulfur (SOx). Other pollutants are also

concern, including SPM, ozone (03), toxic gases and heavy metals, but there is little or

no information available for these pollutants. In this regard a study is taken to assess the

emission rate of different air pollutant from CNG driven vehicle in Dhaka city and also

compared with the conventional fuel driven vehicle. In the following section provide a

summary of emission rate of air pollutants from NGV and conventional fuel driven

vehicle.

Nitrogen Oxides (NOx)

Nitrogen oxides (N0x) are formed during combustion as nitrogen in the air reacts at high

temperatures with oxygen. NOx contributes to acid rain and secondary particulate

formation and is a precursor of ground-level ozone. Nitrogen dioxide (N02) causes

changes in lung function in asthmatics. The comparison of emission rate of NOx for

different type of vehicle is shown in the Table 3.9 for conventional fuel and CNG. For
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Conventional fuel driven motor car, emissions of NOx is 2.02 gm/km. For the case of

auto rickshaw and bus the emission rate of NOx is 0.16gm/km and 13.60 gm/km

respectively. But in the case of compressed natural gas (CNG) emissions of NOx are

significantly high. The emission rate of NOx in the case of CNG as a fuel for motor car,

Auto-rickshaw and bus are 3.47gm/km, 0.16 gm/km and 58.27 gm/km respectively.

CNG vehicles emit more NOx in comparison with conventional fuel. The explanation for

increasing NOx concentration seems to be related with the higher flash-point of CNG

(540°C) compared to that of diesel (232-282°C). At such a high temperature, more

nitrogen from the air compresses and reacts with oxygen in the combustion chamber of

CNG driven vehicles and thus produces more NOx. The amount of NO x formed can be

reduced by controlling the peak combustion temperature (for example, by recirculating

exhaust gas in vehicles), by reducing the amount of oxygen available during combustion,

or by converting NOx to nitrogen and oxygen-containing inorganic compounds after its

formation (for example, by installing three-way catalytic converters for gasoline engines).

Table 3.9: Emission Rate of NOx from Conventional Fuel and CNG Driven Vehicle

Vehicle Type
NOx (I'm/kn0

Conventional Fuel CNG % Reduction
Motor Car 2.02 3.47 -71.78
Auto-R ickshaw 0.12 0.16 -33.33
Bus 13.6 58.27 -328.46

Emission of NOx from CNG and Conventional
Fuel Driven Vehicle

100
• Conventional Fuel 0 eNG

E 10
-"E
~
~oz

0.1
tvkJtorCar Auto Rickshaw Bus

Figure 3.9: Emission Rate of NOx from Conventional Fuel and CNG Driven Vehicle
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Carbon Monoxide (CO)

Carbon monoxide (CO) is a colorless, odorless, poisonous gas. A product of incomplete

burning of hydrocarbon-based fuels, carbon monoxide consists of a carbon atom and an

oxygen atom linked together. Persons with heart disease are especially sensitive to carbon

monoxide poisoning and may experience chest pain if they breathe the gas while

exercising. Carbon monoxide can affect healthy individuals, impairing exercise capacity,

visual perception, manual dexterity, learning functions, and ability to perform complex

tasks. The initial symptoms of CO poisoning may include headache, dizziness,

drowsiness and nausea. These initial symptoms may advance to vomiting, loss of

consciousness. Coma or death may occur ifhigh exposures continue.

Because natural gas contains less carbon and more hydrogen than liquid transportation

fuels like gasoline, ethanol, and diesel fuel, natural gas engines produce less CO for the

same amount of energy consumed. Table 3.10 shows the comparison of emission rate of

different type of vehicle run on conventional fuel and CNG. In the case of CNG motor

car CO reduced by 90.92% than conventional fuel. In the case of 3 wheeler auto rickshaw

run on CNG CO reduced by 98.25% than conventional fuel. And in the case of bus CO

reduced by 83.85% than conventional fuel. Figure 3.10 shows that the emission of CNG

driven vehicle have significantly lower emissions of CO than a conventional fuel driven

vehicle.

Table 3.10: Emission Rate of CO from Conventional Fuel and CNG Driven Vehicles

Vehicle Type
CO (!!m!km)

Conventional Fuel CNG % Reduction
Motor Car 38.65 3.51 90.92
Auto-Rickshaw 11.44 0.2 98.25
Bus 17.52 2.83 83.85
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Figure 3.10: Emission Rate of CO from Conventional Fuel and CNG Driven
Vehicle.

Sulfur Oxides (SOx)

Sulfur oxides (Sax) are products of the combustion of sulfur-containing fossil fuels. sax

contribute to acid rain, which is a regional air pollution problem, and to the formation of

secondary particulate matter. Sulfur dioxide (S02) causes changes in lung function in

asthmatics and exacerbates respiratory symptoms in sensitive individuals. The amount of

sulfur emitted is directly proportional to the amount of sulfur in the fuel and is reduced by

treating the fuel itself (for example, by hydro treating diesel and gasoline). The

comparison of emission rate of sax for different type of vehicle is shown in the Table

3. II for conventional fuel and CNG. For Conventional fuel driven motor car, emissions

of sax is 0.55 gm/km. For the case of auto rickshaw and bus the emission rate of sax is

0.18 gm/km and 2.64 gm/km respectively. But Natural gas available in Bangladesh has

nearly zero sulfur levels and, thus, emissions of sulfur oxides sax from CNG vehicle is

negligible.

Table 3.11: Emission Rate of SOx from Conventional Fuel and CNG Driven Vehicle

Vehicle Type
SOx (!!m/km)

Conventional Fuel CNG % Reduction
Motor Car 0.55 a 100
Auto-Rickshaw 0.18 a 100
Bus 2.64 a 100
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Figure 3.11: Emission Rate of SOx from Conventional Fuel and CNG Driven
Vehicle

3.7 Summary

This chapter illustrated the details of individual components of classical four stages

transport model named as Dhaka Urban Transport Model (DUTM) which had been

developed for Dhaka city at BUET. In background information of study area section, the

current situation with expected future scenario .of population, economy and existing

transport network as well as vehicle fleet of Dhaka city 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 has been applied to analyze alternative

planning options. The chapter also describes the initiative taken by Government of

Bangladesh to improve the air quality of Dhaka city and gave a comparative picture of

emission rate of pollutants from eNG and conventional fuel driven vehicle. The next

chapter wi II present the current and future situation in do-nothing-case, termed as

baseline situation in the context of transport problems in Dhaka city.
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Chapter 4

ASSESSMENT OF BASELINE SITUATION BY USING DUTM

4.1 Introduction

Over the last few years the transportation problem of Dhaka City has visibly been

deteriorating steadily. Citizens constantly complain about the unbearable twin problems

of traffic congestion and air pollution. Due to lack of proper planning and control over

land use activities, people from all over the country run to this portion and made it a

crowd of residential, commercial and business centers. The existing transportation

system, however, has become a bottleneck for the development of the city. To maintain

the economic viability of Dhaka and maintain a sustainable environment, it is imperative

that an efficient transportation system must be developed. For the purpose of planning

and designing measures in order to improve the situation, it is required to obtain

quantitative or objective evaluation regarding the situation. Especially in the case of

transportation system, it is required to visualize future situations on quantitative basis and

design improvement measures satisfying a set of aspiration. Quantitative measurements

of present and future situations may be obtained either from trend analysis by using time

series data or from model based analysis. Even where time series data are available,

models are widely used to analyze alternative scenarios. By using a classical four stage of

transport model (DUTM), .traffic congestion and consequent air pollution of the whole

road network of Dhaka for the base year of DUTM (2005) have been estimated in an

aggregated way and then extended for future. Since analysis described in this chapter are

for the existing and future situation without major change of transportation system

components (except for socio-economic variables change with time), these are termed as

baseline analysis.

By using the DUTM, peak hour traffic volume of every link of the road network of

Dhaka have been estimated for the year of 2005 and then extended for the future. The

results of baseline analysis are described in the following sections.
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4.2 Baseline Analysis

Dhaka is the capital and primal city of Bangladesh. It is dominant in terms of population

concentration, economy, trade and commerce, education and administration. Estimated

present population is about 8 million for the central city area (area of Dhaka City

Corporation or DCC) and average annual growth rate is approximately 3% and at the year

of 2015, population of the Dhaka city is projected to be II million. Rapid economic

growth drives considerable growth in the demand for transport of both people and goods

in urban areas, with particular emphasis on growth of motor cars, which now dominate

vehicle fleets and streets in Dhaka. As the road facilities have not been developed in the

same pace of population growth, the city is notorious for traffic jams everyday with the

resulting effects of delay and concentrated vehicular emissions. For the present study a

classical four stage transport model is used to estimate peak hour traffic volume on the

roadway links of the network for different socio-economic and operating conditions. In

the analysis, peak hour traffic data of different years are used to estimate current and

projected regional traffic congestion and consequent air pollution of Dhaka city. The

results of baseline analysis are described in the following sections.

4.2.1 Impact on Peak Period Travel Demand

. As a consequence of rapid urbanization and faster population growth, demand for travel

also increases. In the absence of pricing or regulation, the demand-supply equilibrium for

road space settles at a suboptimal point where users recognize only average travel time

rather than the true marginal (social) cost of their travel. This negative externality results

in over-consumption and excessive roadway congestion. Such inefficiency, due to an

absence of a demand moderating policy, pervades many road networks at peak periods.

The travel demand is a generic term, for the study two terms are used to express the total

travel demand i.eltotal 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 veh-hr

travel demand, as compared to veh-km travel demand, is more reflective to traffic

congestion. Peak period travel demand with increasing population and time (year) is
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shown in Table 4.1. Figure 4.1 shows the graphical representation of peak period travel

demand with population and time. From the Table 4.1 it is seen that total peak period

vehicle-km demand of the year 2025 (31,37,970 veh-km) will be 1.44 times of that in the

year 2005 and the total peak period vehicle-hour demand (693,365 veh-hr) of the year

2025 will be 2.20 times of that in the year 2005. From 2005 through 20 IS, the population

of Dhaka city will be increased by 34.40% at a growth rate of 3% per annum, while

vehicle kilometers traveled will be increased by 21.48%. During the same period,

roadway capacity will not be significantly increased according to the present plan of

Government of Bangladesh. From 2005 to 20 IS, veh-km travel demand would increase

21.48 times faster than roadway capacity. With increasing demand, the traffic volume in

different road of Dhaka city approaches to the capacity and consequently congestion

occurs. Actually such trend indicates transportation system deficiency. Traffic congestion

consumes extra travel 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 and at the

same time to compensate for the traffic congestion. Figure 4.1 reveals that the slope of

vehicle-hr travel demands curve is steeper than the curves of population of Dhaka as well

as vehicle-km travel demand. The rates of change in total vehicle-km travel and total

vehicle-hr travel demands become clear from Figure 4.1. In Figure 4.1 it is perceived that

total vehicle-hour travel demand increases in higher order than total vehicle-km travel

demand.

Table 4.1: Effect of Population on Peak Period Travel Demand

Year Population Travel Demand
( in 1000) Vehicle-kmrOOm Vehicle-hr('OOO)

2005 7885 2184.83 314.88
2015 10,596 2654.08 523.87
2025 14,240 3137.97 693.64
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Figure 4.1: Effect of Peak Period Travel Demand with Population and Time (Year)

4.2.2 Impact on Peak Period Mobility Level

The transportation network performance is normally expressed in terms of mobility level.

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 mentioned in chapter 3. They proposed that if volume-capacity ratio is greater

than 1.25, the mobility level of that link is serious. If volume-capacity ratio of a link is

less than 0.85 then the link is considered as non-congested link. The interaction among

travel demand, volume-capacity ratio and average speed of the network is shown in Table

4.2. As shown in Table 4.2, in the year of 2005, 85% of total road lengths of the network

were to carry traffic flow with volume-capacity ratio greater than 1.25 in peak period and

70% of total road length of the network were to carry traffic flow with average speed

bellow 15 kilometer per hour in peak period. In the year of 2025, 91% of total road

lengths of the network will be carried traffic flow with volume-capacity ratio greater than

1.25 in peak period and 75% of total road length of the network will be carried traffic

flow with average speed bellow 15 kilometer per hour in peak period. With increasing

travcl dcmand the transportation nctwork goes for saturation. The term saturation implies

that the roadway Iinks are approached to their capacity and at the same time the average

speed falls. Figure 4.2 reveals that with increasing demand, the transportation network of
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Dhaka goes for saturation in terms of increasing peak period volume-capacity ratio and

becomes grid locked with successively higher percentage of link lengths with peak period

average speed less than 15 ki lometer per hour in peak period. Figure 4.3 reveals that there

is a linear relationship between vehicle-hr travel demand with volume-capacity ratio and

average speed of the network.

Tahle 4.2: Effect of Population Change on Peak Period Mobility Level

'Percentage of Total Percentage of Total

Year Population Vehiclc-hr Road Length with VIC Road Length with
('1000) Travel ('000) Speed < 15 km/hr

> 1.25 (%) (%)
2005 7885 314.88 85 70
2015 10,596 523.87 . 89 73
2025 14,240 693.64 91 75
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Figure 4.3: Mobility level of Dhaka City Road Network with Travel Demand

4.2.3 Impact on Peak Period Traffic Congestion

It is difficult to addrcss non-technical audiences without meaningful summary of

congestion statistics. Travel time, lane occupancy rates, queues, headway distribution etc.

are the direct measures but require real-time traffic information. But the problem is that it

is difficult to use these direct measures for predicting future congestion levels. These

dif1iculties have led many to suggest the need for a substitute measures called Congestion

Indices (NCI-IRP, 1997). In this regard a number of studies have been taken to develop

Congestion Indices by a number of researchers and professional organizations.

Throughout the assessment, four types of indices .have been selected for measurement of

traffic congestion or mobility level. These are Roadway Congestion Index (RCI), Travel

Rate Index (TRI), Volume-Capacity Index (VCI), and Congestion Severity Index (CSI).

RCI is the ratio of daily traffic volume to the roadway demand (with regard to traffic

handling capacity). 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. Actually it gives the ratio of travel time in network weighted average congested

situation to that in free flow situation. Value of VCI indicates increasing demand as well

as saturation or regional network. CSI measures the loss of vehicle-hour per thousand

vehicle-kilometer travel in peak hour. The values of RCI, TRI, VCI and CSI with

increasing demand are shown in Table 4.3. The graphical representations of changing
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pattern of congestion indices with different years are shown in Figure 4.4. These Figures

show the trend of traffic congestion in Dhaka.

From Table 4.3 it is perceived that the value of RCI was 4.38 at 2005. In 2015 the value

will be 5.59 and it will be 7.04 in the year of 2025. It indicates that in 2005, peak period

vehicle-kilometer demand carried by the road network of the study area was 4.38 times

higher than its capacity and in the year of 2025 the network will carry peak period travel

demand almost 7 times of its capacity. Figure 4.4(a) shows that RCI value increases

linearly with time if no improvement of network capacity is made.

In 2005, the value of VCI was 3.57. In 2015 the value will be 4.36 and in the year of

2025 it will be 5.39. It indicates that during peak hour the congested portion of the road

network was to carry traffic 3.57 times more than its capacity and in the year of 2025 the

network will carry peak period traffic flow 5.39 times of its capacity. Figure 4.4(b) shows

that value of VCI increases almost linearly with time. This means the whole network will

bc saturated gradually if the present condition will persist.

"

In 2005, the'value of TRI was 51.92. In 2015 the value will be 710.88 and in the year of

2025 it will be 2168.52. It indicates that in 2005, during peak hour, the required travel

time in the road network of the study area was 51.92 (on an average) times more than that

in rrcc Ilow situation. The Figure 4.4(c) indicates that with increasing population the

value of TRI increases exponentially. The rate of change of TRI value remains slower

unto when the whole network becomes congested, and then it increases abruptly.

In 2005, the value CSI was 2505.90. It indicates that during peak period, on an average

the delay was 2505.90 hours per 1000 kilometer travel in the road network of the study

area. Figure 4.4( d) shows that CSI value increases exponentially with increasing

population. The rate of change of CSJ value remains slower unto when the whole

network becomes saturated, then it increases abruptly.
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Year
Population Peak Period Con!!estion Indices
('000) RCI VCI TRI CSI

2005 7885 4.38 3.57 51.92 2505.90
)015 10596 5.59 4.36 710.88 33549.28
)025 14240 7.04 5.39 2168.52 11 1972.60
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Figure 4.4: Change of Peak Period Congestion Indices with Time
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4.2.4 Impact on Air Pollution

In many large urban centers around the world, especially in developing countries,

deteriorating urban air quality is a worsening environmental problem. Poor air quality

threatens human health and causes other forms of environmental damage. This problem is

acute in Dhaka, the capital of Bangladesh and also the hub of commercial activity. With

increased rate of urbanization in the country, the number of vehicles is also increasing

rapidly and contributing to more and more air pollution. In this study the motor vehicle

emissions, mainly SOx, NOx and CO emissions during peak hour have been estimated.

The emissions in peak hour of different years are shown in Table 4.4. It is seen that at

present (Year 2005) the average peak period emission rates of SOx, NOx and CO were

1.43, 10.28 and 88.92 ton per hour consequently. Ifno measures are taken to improve the

situation by the year 2025 the emission rates of SOx, NOx and CO will be 2.96, 21.67

and 171.04 ton per peak hour consequently. The changing pattern of peak period

emission rates with time are shown in Figure 4.5.

It is obvious that with increasing population, peak period travel-length and as well as

travel-time also increases. The amount of air pollutants emitting from different vehicles is

a function 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 have

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. Ifno traffic congestion exists than the emission rate from total

veh-km travel and total veh-hr travel will be the same that means all vehicles can move in

free flow speed.

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. For the present vehicle composition, the relationship between emission

rates of pollutants with the travel demand (in veh-hr) is deduced and shown in Figure 4.6.
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Air Pollution(Emission ner Peak Hour) Peak Period Travel Demand
SOx in ton NOx in ton CO in ton Veh-hr Veh-km

Year per Peak per Peak per Peak '000 '000
Hour Hour Hour

2005 1.43 10.28 88.92 314.85 2184.83
2015 2.19 16.00 127.73 523.87 2654.08
2025 2.96 21.67 171.04 693.37 3136.97
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4.3 Summary

This chapter illustrated details of the assessment of transport network performance of

Dhaka city for present and future planning period if present condition persists. From the

Model based assessment it is revealed that with the growing population in Dhaka city, the

efficiencies of the existing transport system gradually diminish. The deteriorating traffic

conditions are causing increasing delays and worsening air pollution and seriously

compromise the ability of the transport sector to serve and sustain economic growth and
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provide an acceptable quality of life. While much needs to be done to improve the

existing transport system, much more will be required to serve the transport needs of a

rapidly expanding population in the upcoming years. With the prediction of faster

urbanization, the city will have to accommodate future influx of population. It is a

burning question of planner, engineer and decision makers that to what extent Dhaka will

be able to meet the challcnge of rapid urbanization and continue to offer a conductive

environment for economic development. An efficient transport system is a crucial

requirement for Dhaka city. The next chapter will present the effectiveness of road

pricing options as well as advance mass transit system such as BRT and MRT as

proposed by STP, in the context of transport problems of Dhaka city.
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Chapter 5

EVALVAnON OF ROAD PRICING, BRT AND MRT SCHEMES

5.1 Introduction

From the baseline analysis it is revealed that overall transportation network performance

will be horrific in future. Some measures have been taken to improve the situation but

they are fall in the category of short term policies. To keep the city mobile and livable in

the future, long term demand management policies and systematic programs need to be

taken. Traffic congestion is a consequence of the nature of supply and demand. Demand

fluctuates over time, and transport services in order to smooth imbalances between

capacity and demand cannot be stored for a long time. Various policies to curb traffic

congestion have been adopted or proposed over the years. The traditional response is to

expand capacity by building new roads or upgrading existing ones. A second method is to

reduce demand by discouraging peak-period travel, limiting access to congested areas by

using permit systems and parking restrictions, imposing bans on commercial vehicles

during certain hours, and so on. A third approach is to improve the efficiency of the road

system, so that the same demand can be accommodated at a lower cost. Re-timing of

traffic lights, metering access to highway entrance ramps, high-occupancy vehicle lanes

and Advanced Traveler Information Systems are examples of such measures.

This study is concerned with road pricing as a tool for alleviating traffic congestion. The
"insight for road pricing comes from the observation that people tend to make socially

efficient choices when they are faced with all the social benefits and costs of their

actions. As just noted various demand management tools to accomplish this can be used.

But road pricing is widely viewed by economists as the most efficient means because it

employs the price mechanism, with all its advantages of clarity, universality and

efficiency. Road pricing is common in other sectors of the economy - from telephone

rates and air fares and public utilities. Tolls are not charged on most roads and fuel taxes

do not vary with traffic volumes. And costs of registration, licensing and insurance do not

even depend on distance traveled. Nevertheless, the number of applications and

experiments in road pricing is growing slowly, spurred on by the combined impetus of



88

worsening traffic conditions and advances in automatic vehicle identification technology.

Road pricing is such type of demand management policy to controlling excessive travel

demand. In the following section the impact of road pricing options is assessed for the

case of Dhaka city.

5.2 Planning Options Overview

Road pricing allocates roadway capacity according to willingness (and ability) to pay.

Implementation of road pricing requires some method for setting prices for road use and

some mechanism for collecting the price of road use from road users. The traditional

implementation of this allocation approach is toll roads, toll bridges, and toll ferries. New

technological developments and the increasing difficulty of expanding roadway capacity

have again raised discussions of road pricing for managing congestion. Road pricing

would be very effective, very efficient, and (if revenues are spent appropriately) very

equitable. But it is difficult to implement. A large number of possible road pricing

options were considered during the course of the study. Of these, some were rejected

early in the study; some were assessed with the model used for the study; and a final set

have been examined in terms of network performance and consequent air pollution. The

road pricing options have been considered in the following ways:

Methods of Charging: There are many forms of road pricing and even more ways of

characterizing the options. Each places different emphasis on the sometimes competing

objectives of raising revenue, reducing congestion, improving network efficiency and

managing transportation demand.

Fixed tolls are usually one-time, point fees charged for the use of or access to a specific

transportation facility or even to a portion ofa facility (eg. a specific stretch of highway).

Most of the expanded highways, tunnels or bridges are accompanied by toll charging

system.

Congestion pncmg (also called "value pricing" or "variable pricing") involves tolls

which are lower or zero at off-peak periods, and possibly lower for mass transit such as

bus, carpools etc. Congestion pricing uses market forces to shift discretionary peak period
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travel to other modes or times of the day, and to generate revenue. DUTM can predict

only peak period recurrent congestion. So for the present study congestion pricing option

is considered.

Area charges (also called "cordon tolls") are tolls paid by motorists to enter/drive in a

defined area, usually a city centre. Motorists are charged either a flat rate, or the rate can

vary by time of day (which would make it a form of congestion pricing).

For the study DUTM is used to assess the impact of road pricing options which can

predict only peak period recurrent congestion. So Area Scheme is used for the present

assessment which involves charging for driving into or within a designated area. The

objectives of this approach are intended to generate revenue, reduce congestion in the

affected area, and improve road network efficiency. It is typically used in urban centers

where congestion is severe.

Charged Area: Motijheel is the mam business districts of Dhaka city. Panthapath,

Gulshan and Bashundhara City are a recently developed economic area that houses many

high-tech industries and corporations and a shopping mall that is one of the largest in

South Asia. Motijheel is the principal commercial district of Dhaka city, capital of

Bangladesh. It is situated at the heart of the city (the General Post Office is considered

the zero point of Dhaka). Motijheel is the headquarter of Bangladesh Bank, the state-

owned banks like Sonali Bank, Rupali Bank, the Dhaka Stock Exchange and many other

important Government and private organizations. For this reason, CBD .is selected as a

congestion charging zone to assess the impact of road pricing options. The charging area

is shown in Figure 5.1.

Congestion Charge: Marginal cost pricing has proved difficult to implement. Marginal

cost pricing would require highly differentiated pricing systems in time and space, which

would be expensive to provide and confusing to users (Nash and Sansom, 2001). In the

real world it is not that easy to implement real road pricing. It is difficult to calculate

what thc right cost is and it is very costly. if possible, to implement a charging system

that can adjust to all the given parameters. Congestion charge varies from country to
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country according to their economic condition. There is no certain economic parameter to

express economic condition of a country in a direct manner. But there is some parameter

by which economic condition of a country can be express by in direct manner. These are

GDP per capita. GNI, Per capita income etc. Table 5.1 shows the congestion charge in

Singapore and UK with their economic status. Table 5.2 shows that the amount of

congestion charge of Dhaka city as compared to the Singapore and London congestion

charge on the basis of economic parameters.

Table 5.1: Congestion Charge of Different Countries

Economic Parameter Conl!estion Charl!e
Country GDPUS$ GNIUS$ Per Capita In own In US$

Per capita Per capita Income US$ Currency
Singapore 30900 27490 25,000 S$3 1.99
UK (London) 31400 37600 24,678 £5 9.26
Bangladesh 2200 470 550 - -

Table 5.2: Proportional Congestion Charge (BOT) in Dhaka on the Basis of
Economic Parameter in Different Cities

Congestion charge(BDT) of Dhaka on the basis of Economic
City Parameters

GOP Per canita GNI Per capita Per Capita Income
Singapore 8.49 2.04 2.57
London 38.92 6.94 12.38

Congestion charge of Dhaka would be Tk8.5 as compared to the Singapore's GDP per

capita income and the value would be Tk2.5 on the basis of Per capita income. But

according to the London congestion charge the charge would be Tk38.92 on the basis of

GDP per capita and the value would be Tk12.38 on the basis of Per capita income.

According to the STP report about 45% people of Dhaka with monthly income less than

Tk12000 and 51% people with monthly income Tk12000-55000 and only 4% people

with a monthly income more than Tk55000. Commensurate with the income level and

congestion charges of the other countries Tk05, TklO, Tk15, Tk50 and Tk100 are

considered for the present study to assess the impact of road pricing options.
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Figure 5.1: Congestion Charging Zone

5.3 Alternative Planning Options for the Study

Congestion charge may be imposed on zone based or link based. Again congestion

charge may be fixed during the peak period or varying during the peak period according

to the congestion level. For the study, the charge is fixed throughout the charging period.

And Central Business District (CBD) of Dhaka city is considered as charging zone. And

three level of charge have considered for road pricing options. For entrance in the CBD

during the peak period, any motor vehicle has to pay certain amount of charge. In the

Figure 5.1 selected zone is shown.

Strategic Transport Plan (STP) proposed Bus Rapid Transit (BRT) in Dhaka city which

is consisted of three major lines. Line I which is marked by Red line in the map of Dhaka

city Road network to serve the eastern corridor from Uttara to Saidabad Bus Terminal.
-.l
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The main route is based on Pragati Sarani and DIT Road. The line could be extended to

tongi and Gazipur in the north and to Demra and Narayanganj in the South.

o

NBrt-line1.shp
Z\l.Brt-line2.shp
NBrt-line3.shp
/\1 Minorroads.shp
NMainroad.shp
N'Rall IIne.shp

.200 200

HAllA

400 Miles

Figure 5.2: Bus Rapid Transit (BRT) Lines Proposed by STP
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Line 2 which is marked by blue color in the Dhaka city road network map is planned to

scrve the wcstern corridor and runs from Gabtali to Saidabad. Primarily it is based on

Mirpur Road and then crosses over to Zahir Raihan Sharani Road. The line could be

extended to Savar in the west and to Demra and Narayanganj in the south.

Line 3 which is marked by yellow color in the Dhaka city Road Network map is planned

to serve the central corridor and runs from international airport to old Dhaka city.

Primarily it is based on the Airport Road, Shaheed Tazuddin Road and the Ramna area.

This line begins at the international airport and can run as an Express, limited stop service

as far as the Cantonment Area at the north of New Airport Road. Over part of this section

it shares thc Line 3 is to run the service in one direction in an anti-clockwise loop based

on college Road, Phonenix and Nazrul Islam Sarani. The loop may first of all be based on

Phonenix Road until true access can be made into the old Dhaka city area. Later the loop

could be extended south to include Kazi Allauddin Road. This will also provide a good

interface between the transit system and the waterways system at Sadar Ghat. The lines

of BRT are shown in the Figure 5.2.

To analyzc the impact of Bus Rapid Transit (BRT) system with the DUTM, different

sorts of data such as length of BRT lane, occupancy rate, speed, emission rate air

pollutants are required. But occupancy rate, speed, emission rate of air pollutants, fare

and operating cost of BRT system, which is proposed by STP, are not available. For the

present study, BRT is assumed as the advance from of bus mode following parameters is

assumed.

./ Occupancy Rate

./ Spced

./ Fare

50

30km/hr

Tk4.00/km

Strategic Transport Plan (STP) proposed Metro Rail Transit in Dhaka city which is

consisted of three major lines. Line 1 which is marked by Blue line in the map of Dhaka

city Road Network is planned to serve the central corridor connecting the north, Uttara

and the International Airport with Saidabad Bus Terminal. It is based on the use of

existing railway corridor. The line would begin at Uttara, serve the inter,national Airport
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and could run .at-grade possibly as far as the Cantonment Area at the north of New

Airport Road.

1,
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Figure 5.3: Metro Rail Transit Lines Proposed by STP
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Metro line 2 which is marked by Purple line in the map of Dhaka city Road Network is

planned as a continuous loop serving the high density residential areas of Gulshan,

Dhanmondi and Mirpur and the developing areas to the west of the Cantonment Area. In

addition, it is planned to provide two good east-west connections across the city located

some 4km apart. The alignment is also planned to connect other elements of the transit

system and interfaces with BRT lines I, 2 and 3 and Metro Rail lines 2 and 3.

Commencing in Gulshan at Pragati Sarani, the route follows Madani Avenue and Kamal

Attaturk across New Airport Road.

Metro line 3 which is marked by Green line in the map of Dhaka city Road Network is

planned to provide a connection between the developing areas to the west of the

Cantonment Area and the central area and Saidabad Bus Terminal. The alignment is

based on Begum Rokeya Sarani, Sonargaon Road and Zahir Raihan Sarani. The lines of

Metro are shown in Figure 5.3.

To analyze the impact of Metro Rail Transit system with the DUTM, different sorts of

data such as length of Metro rail lane, occupancy rate, speed, emission rate air pollutants

are required. But occupancy rate, speed, emission rate of air pollutants, fare and operating

cost of Metro, which is proposed by STP, are not available. For the present study, Metro

rail is assumed as the advance from of rail mode following parameters is assumed .

./ Occupancy Rate 200

./ Speed 40km/hr

./ Fare Tk6.00/km

The following measures are selected in this as alternative options. The options analyzed

in the study are -

I. Road Pricing Options

2. Bus Rapid Transit System Proposed by STP

3. Mass Rapid Transit System Proposed by STP

The impacts of above mentioned options on traffic congestion and resulting air pollution

of Dhaka are described in the following sections.
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5.4 Scenario lA: Congestion Charge Tk5.00

In this stage Tk5.00 is taken for congestion charge which is fixed throughout the peak

period. 1'01' the entrance of motor vehicle in Central Business Oistrict (CBO). In the peak

period, rickshaw is prohibited in the charging zone.

5.4.1 Impact on Travel Demand

As a consequence of rapid urbanization and faster population growth demand for travel

also increases. Table 5.3 gives a comparative picture of total travel demand of Dhaka city

road network at different planning period with and without congestion charge. Figure 5.4

shows the comparative graphical presentations of the situations. For year of 2005, the

tota,1 peak period vehicular travel demands in network were 2184830 vehicle-km and

314884 vehicle-hours. If the present condition will persist, the total peak period vehicular

travel demands in network would be 2654080 vehicle-km and 527590 vehicle-hours in

the year of 2015 and in 2025 the total vehicular travel demand would be 3136965

vehicle-km and 678726 vehicle-hours. After imposing congestion charge for entrance in

CBO, in 2005, the total peak period vehicular travel demands in network would be

2207841 vehicle-km and 337863 vehicle-hours. In the year of2015 the total peak period

vehicular travel demands in network will be 2639046 vehicle-km and 527590 vehicle-

hours. Oue to imposing Tk05 congestion charge, vehicle-km travel demand would be

increased by 1.05% for the year of 2005 but in 2025 it would reduce by 2.34% as

compared to the baseline situation.

Furthermore, due to imposing Tk5.00 congestion charge, vehicle-hI' travel demand would

be increased by about 7.30% in the year of 2005 but in 2025 it would reduce by about

2.15% as compared to the baseline situation. After imposing congestion charge for

entrance in CBO, the travel demand would reduce in the cordon area but travel demand in

outside of cordon area would increase. Because some people, due to imposing .charge for

entrance in CBO, might not use the road network within the cordon area to avoid paying

the charge. That is why travel demand in the overall network would increase. But in the

year of 2025 the whole network will be saturated if the present condition will persist.

After imposing the congestion charge, the total travel demand would reduce thus vehicle-
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hr travel demand would reduce by about 2.15%, i.e the average speed of traffic flow

would increase in 2025. The picture will be clear after comparing the mobility analysis

and congestion indices.

Table 5.3: Impact of TkOS Congestion Charge on the Travel Demand

Demand in Vehicle-km ('000) Demand in Vehicle-hr ('OOm
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Figure 5.4: Peak Period Vehicular Travel Demand for TkOSCharge

5.4.2 Impact on Mobility level

The transportation network performance is normally expressed in terms of mobility level.

Mobility level of an individual link is measured by volume-capacity ratio and average

speed. Table 5.4 shows the condition of road network in terms of peak period average

speed, due to imposing Tk05 congestion charge for entrance in CBD. For the year of

2005, total 70% of urban roadway length had to carry peak period traffic with average

speed of 15 kilometer per hour and in 2025, it will be 75%, whereas after imposing

congestion charge for entrance in CBD, this percentage became 70% for the year of 2005
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and in 2025, it will be 75%. But in the case of CBD, in 2005, total 69% of urban roadway

length had to carry peak period traffic with average speed of 15 kilometer per hour and

for the year of 2025 it will be 76%, whereas after imposing congestion charge, this

percentage became 62% for the year of 2005 and in the year of 2025 it will be 70%. The

situation after imposing congestion charge can be better perceived from the Figure 5.5. It

is visualized from the Figure 5.5 that due to imposing congestion charge within CBD

area, the network performance within the cordon area would improve but the overall

network performance in terms of average speed would not significantly change. Because

some people, due to imposing charge for entrance in CBD, might not use the road

network within the cordon area to avoid paying the charge.

Table 5.4: Peak Period Average Speed in Road Network with Tk05 Charge

% of Total Roadwav Lenlrth with Averae:e speed<15 kilometer per hour
Road Network in Dhaka City Road Network in CBD
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Figure 5.5: Total Link Length with Peak Period Average Speed for Tk05 Charge
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Table 5.5 shows the situation of road network in terms of peak period volume capacity

ratio, due to impose Tk05 congestion charge for entrance in CBO. In 2005, total 85% of

urban roadway length had to carry peak period traffic with volume-capacity ratio greater

than 1.25 and for the year of 2025 it will be 91%, whereas after imposing congestion

charge for entrance in CBO, this percentage would be 85% for the year of 2005 and in

2025, it will be 90%. But in the case ofCBO, in 2005, total 78% of urban roadway length

had to carry peak period traffic with volume-capacity ratio greater than 1.25 and for the

year of 2025, it will be 89%, whereas after imposing congestion charge, this percentage

would be 70% for the year of 2005 and in 2025 it will be 87%. The situation after

imposing congestion charge can be better perceived from the Figure 5.6. It is visualized

from the Figure 5.6 that due to imposing congestion charge within CBO area, the network

performance within the cordon area would improve but the overall network performance

in terms of volume-capacity ratio would not significantly change. Due to imposing

charge for entrance in CBO, some people might not use the road network within the

cordon area to avoid paying the charge.

Table 5.5: Peak Period Volume/Capacity Ratio in Road Network with TkOS Charge

% of Total Roadwav Lenl!th Ikm
Road Network in Dhaka City

with Volume-Capacity Ratio> 1.25
Road Network in CBO
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Figure 5.6: Total Link Length with Peak Period Volume ICapaeity for TkOS Charge

5.4.3 Impact on Traffic Congestion

The Roadway Congestion Index (RCI) is based on the number of hours of the day that

might be affected by congested conditions. It is the ratio of daily traffic volume to the

roadway demand (with regard to traffic handling capacity). Table 5.6 gives a comparative

picture of the impact of road pricing option at different planning period in terms of

roadway congestion index for CBD as well as whole Dhaka city. For the year of 2005,

the value ofRCI for whole Dhaka city road network was 4.38 and in 2025, it will be 7.04

if present condition will persist. For the case of CBD the value of RCI was 3.49 for the

year of 2005 and it will be 4.44 in the year of2025. After imposing congestion charge for

entrance in CBD, the value ofRCI for CBD would be reduced by 3.44% for the year of

2005 and in 2025, it will be 14.29%. On the other hand, the value of RCI for whole

Dhaka city would not be significantly changed. In 2025, the value of RCI for Dhaka city

will be reduced by 3.69% due to imposing congestion charge. In 2025, the overall

network will be almost saturated. If congestion charge will be imposed then travel

demand will be reduced. That is why the value of RCI will be reduced. Figure 5.7 gives a

comparative image of roadway congestion index for CBD as well as whole Dhaka city

road network at different planning period with road pricing option.

"' -.•,.,: ,~
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Table 5.6: Peak Period Roadway Congestion Index (RCI) for TkOS Charge

Roadway Con2estion Index (RCD
Road Network in Dhaka City Road Network in CBD

<: '" <:
<: <: '" <:

<:
0 0

Year 'ES.9 (l)
o 0 .~ ~.9 Q)

o 0 '.p~'...-l (]) ~ ~ ._ ll)

o ~ OJ) E--tilOD u o~OIl ~1nbJ) u
..<:i <I) til ..<:i ~jg .g ..<:i ~ til <I) ••• ;:l

..<:i OIl oj '"0.t= OJ)...t::
~

.t:: OJ)...t:: ~<:..<:i
~~SU .t:: l:: U ~SU .~ u

u ~8 ~ u ~8 ~

2005 4.38 4.37 0.23 3.49 3.37 3.44
2015 5.59 5.66 -1.25 4.37 4.22 3.43
2025 7.04 6.78 3.69 5.18 4.44 14.29

8
Road Network in Dhaka City

a NoCharge .1
)(

o 11<05Charge -
"~ 6
l:
0

'""':g, 4 - - -
l:
0
0
>- I---~ 2 -

"l!la:
0

2005 2015 2025
Year

6

o

Road Network in CBD
a No Charge J
o 11<05Chargel -

'--
- I-

I- - I-

- 1- - 1-

- - 1-

2005 2015 2025
Year

Figure 5.7: Peak Period Roadway Congestion Index for TkOS Charge

The Volume Capacity Index (VCI) is the ratio of daily traffic volume to the roadway

demand (with regard to traffic handling capacity). Table 5.7 gives a comparative picture

of the impact of road pricing option by volume capacity index for CBD as well as whole

Dhaka city road network, at different planning period. For the year of 2005, the value of

VCI for whole Dhaka city road network was 3.35 and in 2025, it will be 5.39 if present

condition will persist. For the case ofCBD, in 2005, the value ofVCI was 3.01 and it will

be 4.41 for the year of 2025. After imposing congestion charge for entrance in CBD, the

value of VCI for CBD would be reduced by 0.66% for the year of 2005 and in 2025, it

will be 11.11%. The value of VCI will be reduced by 11.11% which means due to impose

congestion charge the links of CBD road network will have to carry almost 88.89% of
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peak period traffic volume as compared to the situation without taking any initiatives. On

the other hand the value of VCI for whole Dhaka city will not be significantly changed.

In the year of 2025 the value of VCI for whole Dhaka city will be reduced by 2.60% due

to impose congestion charge. In 2025, the overall network will be almost saturated. If

congestion charge will be imposed, then travel demand will be reduced. That is why the

value ofVCI will be reduced. Figure 5.8 gives a comparative image of volume capacity

index for CBD as well as whole Dhaka city road network at different planning period

with road pricing option.

Table 5.7: Peak Period Volume Capacity Index (VCI) for TkOS Charge
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Travel Rate Index (TRI) is the ratio of additional time required to make a trip in

congested conditions over the time required in free flowing traffic. Table 5.8 gives a

comparative image of travel rate index for CBO as well as whole Dhaka city road

network at different planning period with road pricing option. For the year of 2005, the

value ofTRI for whole Dhaka city road network was 51.92 and in 2025, the value will be

2168.52, if present condition will persist. For the case of CBO, the value of TRI was

20.80 for the year of 2005 and in 2025, it will be 184.06. After imposing congestion

charge for entrance in CBO, the value of TRI for CBO would be reduced by 4.38% for

the year of 2005 and in 2025 it would reduce by 63.68%. The value of TRI would be

reduced by 4.38% which means due to imposing congestion charge in CBO delay would

be reduced by 4.38% which was required for former condition. On the other hand, the

value ofTRI for whole Dhaka city would not be significantly changed. In 2025, the value

ofTRI for whole Dhaka city would reduce by 41.71% after imposing congestion charge.

In the year of 2025 the overall network will be almost saturated. If congestion charge

would be imposed, then total travel demand will be reduced. That is why the value ofTRI

will be reduced. Figure 5.9 gives a comparative picture of travel rate index for CBO as

well as whole Dhaka city road network at different planning period with road pricing

option.

Table 5.8: Peak Period Travel Rate Index (TRI) for TkOS Charge

Travel Rate Index(TRI)
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Figure 5.9: Peak Period Travel Rate Index for TkOSCharge

Congestion Severity index (CSI) is a measure of roadway delay per million kilometers of

travel. Table 5.9 gives a comparative picture of congestion severity index for CBD as

well as whole Dhaka city road network at different planning period with road pricing

option. For the year of 2005, the value of CSI for whole Dhaka city road network was

2505 and in 2025, it will be 111972.60, if the present condition will persist. For the case

of CBD, the value of CSI was 971.58 for the year of 2005 and in year 2025, it will be

8683.94. After imposing congestion charge for entrance in CBD, the value of CSI for

CBD, would be reduced by 8.07% for the year of2005 and in 2025, it will be reduced by

66.22%. The value of CSI would be reduced by 8.07% which means due to impose

congestion charge in CBD delay per kilometer travel would be reduced by 8.07% than

former condition. On the other hand, the value of CSI for whole Dhaka city would be

increased by 5.51% for the year of 2005 but in 2025, it would reduce by 38.91 % due to

imposing congestion charge. In the year of 2025 the overall network will be almost

saturated. If congestion charge will be imposed, then total travel demand will be reduced.

That is why the value of CSI will be reduced. Figure 5.10 gives a comparative picture of

congestion severity index for 'CBD as well as whole Dhaka city road network at different

planning period with road pricing option.

. ,
I'
i~-' .
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Table 5.9: Peak Period Congestion Severity Index (CSI) for TkOS Charge

Con!!estion Severitv Index (CSI)
Road Network in Dhaka City Road Network in CBD
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Figure 5.10: Peak Period Congestion Severity Index for TkOS Charge

5.4.4 Impact on Air Pollution

Table 5.10 gives a comparative image of emission rates of different pollutants from

vehicular emission for Dhaka city road network at different planning period with road

pricing option. For the year of 2005, emission of Sulpher Oxides (SOx) from vehicular

pollution was 1.43 ton/hr and in 2025, it will be 2.96 ton/hr. In the case of Nitrogen

Oxides (NOx), for the year of 2005, the value waslO.28 ton/hr and in 2025, it will be

21.67 ton/hr. For the case of Carbon Monoxide (CO), for the year of2005, the value was

88.92 ton/hr and in 2025, it will be 171.04 ton/hr. After imposing congestion charge for

entrance in CBD, the emission rate of SOx would be increased by 7.69% in the year of

2005 but in 2025, it would reduce by 3.38%. For the case of NOx, the emission rate
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would be increased by 7.20% in the year of 2005 but in 2025, it would reduce by 3.00%.

And in the case of CO, emission rate would be increased by 7.35% in the year of 2005

but in 2025, it would reduce by 4.13%. Though the total travel demand within CBD

would be reduced due to imposing congestion charge but the overall travel demand in

terms of vehicle-kIn and vehicle-hr would be increased. That is why the emission rate of

air pollutants would be increased due to imposing congestion charge. The impact of air

pollution of Dhaka city can be better perceived from the Figure 5.11 due to imposing

congestion charge.

Table 5.10: Peak Period Air Pollution for TkOSCharge
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Figure 5.11: Peak Period Air Pollution for TkOSCharge

5.5 Scenario IB: Fixed Congestion Charge Tkl0.00

In this stage Tk lOis taken for congestion charge which is fixed throughout the peak

period for the entrance of motor vehicle in Central Business District (CBD). In the peak

period rickshaw is prohibited in the charging zone.

5.5.1 Impact on Travel Demand

Table 5.11 gives a comparative picture of total travel demand of Dhaka city road network

at different planning period with congestion charge. Figure 5.4 shows the comparative

graphical presentations of the situations. After imposing congestion charge for entrance

in CBD, in 2005, the total peak period vehicular travel demands in network would be

2207841 vehicle-kID and 337863 vehicle-hours. In the year of20l5 the total peak period

vehicular travel demands in network will be 2639046 vehicle-kID and 527590 vehicle-

hours. Due to imposing TklO congestion charge, vehicle-kID travel demand would reduce

by 0.32% for the year of20l5 and in 2025 it would reduce by 2.38% as compared to the

baseline situation.

Furthermore, due to Imposmg TklO.OO congestion charge, vehicle-hr travel demand

would increase by about 7.03% in the year of2005 as ,compared to the baseline situation.

But in 2025, vehicle-hr travel demand would reduce by about 2.15% from the baseline
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scenano. After imposing congestion charge for entrance in CBD, the travel demand

would reduce in the cordon area but travel demand in outside of cordon area would

increase. Because some people, due to imposing charge for entrance in CBD, might not

use the road network within the cordon area to avoid paying the charge. That is why

travel demand in the overall network would increase. But in the year of 2025 the whole

network will be satnrated if the present condition will persist. After imposing the

congestion charge, the total travel demand would reduce thus vehicle-hr travel demand

would reduce by about 2.19%, i.e the average speed of traffic flow would increase in

2025. The pictnre will be clear after comparing the mobility analysis and congestion

indices.

Table 5.11: Impact ofTkl0 Congestion Charge on the Travel Demand
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5.5.2 Impact on Mobility level

Table 5.12 shows the condition of road network in terms of peak period average speed,

due to imposing Tk 10 congestion charge for entrance in CBD. After imposing congestion

charge for entrance in CBD, the percentage of total urban roadway length of Dhaka city

had to carry pcak period traffic with average speed of 15 kilometer per hour would not

significantly change as compared to the baseline situation. But in the case of CBD, in'

2005, the percentage of total urban roadway length had to carry peak period traffic with

average speed of 15 kilometer per hour would be reduced by 10.14% and in the year of

2025 it would reduce by 10.53% as compared to the baseline situation. The situation after

imposing congestion charge can be better perceived from the Figure 5.13. It is visualized

from the Figure 5.13 that due to imposing congestion charge within CBD area, the

network performance within the cordon area would improve but the overall network

performance in terms of average speed would not significantly change. Because some

people, due to imposing charge for entrance in CBD, might not use the road network

within thc cordon arca to avoid paying the charge.

Table 5.12: Peak Period Average Speed in Road Network with TklO Charge

% of Total Roadway Len!!th with Avera!!e soeed<15 kilometer oerhour
Road Network in Dhaka City Road Network in CBD

Year

2005
2015
2025

70
73
75

70
72
74

0.00
1.37
1.33

69
74
76

62
60
68

10.14
18.92
10.53
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Figure 5.13: Total Link Length with Peak Period Average Speed for TklO Charge

Table 5.13 shows the condition of road network in terms of peak period volume-capacity

ratio, due to imposing Tk 10 congestion charge for entrance in CBD. After imposing

congestion charge for entrance in CBD, the percentage of total urban roadway length in

Dhaka city with peak period traffic with volume capacity ratio more than 0.85 would not

significantly change as compared to the baseline situation. But in the case of CBD, in

2005;=Thepercentage of total urban roadway length with peak period traffic with volume

capacity ratio more than 0.85 would be reduced by 15.38% in 2005 and for the year of

2025 it would reduce by 4.49% as compared to the baseline situation. The situation after

imposing congestion charge can be better perceived from the Figure 5.14. It is visualized

from the Figure 5.14 that due to imposing congestion charge within CBD area, the

network performance within the cordon area would improve but the overall network

performance in terms of volume capacity ratio would not significantly change. Because

some people, due to imposing charge for entrance in CBD, might not use the road

network within the cordon area to avoid paying the charge.

,I
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Table 5.13: Peak Period Volume/Capacity Ratio in Road Network with TklO
Charge

% of Total Roadwav Lenl!th (km with Volume-Canacitv Ratio>1.25
Road Network in Dhaka City Road Network in CBD
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Figure 5.14: Total Link Length with Peak Period Volume/Capacity for Tkl 0 Charge

5.5.3 Impact on Traffic Congestion

Table 5.14 gives a comparative picture of roadway congestion index for CBD as well as

whole Dhaka city road network at different planning period with road pricing option.

After imposing congestion charge for entrance in CBD, the value of RCI for whole

Dhaka city would not significantly change. But in the case of CBD, in 2005, the value of

RCI would be reduced by 4.30% in 2005 and for the year of 2025 it would reduce by

14.48% as compared to the baseline situation. In the year of 2025 the overall network

will be almost saturated, if congestion charge will be imposed then travel demand will be

reduced. That is why the value of RCI for the whole city road network would reduce.

".
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Figure 5.15 gives a comparative image of roadway congestion index for CBD as well as

whole Dhaka city road network at different planning period with road pricing option.

Table 5.14: Peak Period Roadway Congestion Index (RCI) For Tk10 Charge

Roadway Cone:estion Index (RCI)
Road Network in Dhaka City Road Network in CBD
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Figure 5.15: Peak Period Roadway Congestion Index for Tk10 Charge

Table 5.15 gives a comparative image of the impact of road pricing option in terms of

volume capacity index for CBD as well as whole Dhaka city road at different planning

period. After imposing congestion charge for entrance in CBD, the value of VCT for

whole Dhaka city would not significantly change. But in the case of CBD, in 2005, the

value of VCT would be reduced by 0.33% in 2005 and for the year of 2025 it would

reduce by 10.88% as compared to the baseline situation. In the year of 2025 the overall

network will be almost saturated, if congestion charge will be imposed then travel

demand will be reduced. That is why the value of VCT for the whole city road network
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would reduce. Figure 5.16 gives a comparative image of roadway congestion index for

CBD as well as whole Dhaka city road network at different planning period with road

pricing option.

Table 5.15: Peak Period Volume Capacity Index (VCI) for Tk10 Charge

Volume Capacity Index (Vcn
Road Network in Dhaka City Road Network in CBD
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Figure 5.16: Peak Period Volume Capacity Index for Tk10 Charge

Table 5.16 gives a comparative image of travel rate index for CBD as well as whole

Dhaka city road network at different planning period with road pricing option. After.

imposing congestion charge for entrance in CBD, the value of TRI for whole Dhaka city

would not significantly change. But in the case ofCBD, in 2005, the value ofTRI would

be reduced by 9.62% in 2005 and for the year of 2025 it would reduce by 63.36% as

compared to the baseline situation. In the year of 2025 the overall network will be almost

saturated, if congestion charge will be imposed then travel demand will be reduced. That
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is why the value ofTRI for the whole city road network would reduce. Figure 5.17 gives

a comparative picture of travel rate index for CBD as well as whole Dhaka city road

network at different planning period for road pricing option.

Table 5.16: Peak Period Travel Rate Index (TRI) for Tk10 Charge

Travel Rate Index (TRI)
Road Network in Dhaka City Road Network in CBD
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Figure 5.17: Peak Period Travel Rate Index for Tk10 Charge

Table 5.17 gives a comparative picture of congestion severity index for CBD as well as

whole Dhaka city road network at different planning period for road pricing option. After

imposing congestion charge for entrance in CBD, the value of CSI for whole Dhaka city

would not significantly change. But in the case of CBD, in 2005, the value of CSI would

be reduced by 13.29% in 2005 and for the year of 2025 it would reduce by 65.85% as

compared to the baseline situation. In the year of 2025 the overall network will be almost

saturated, if congestion charge will be imposed then travel demand will be reduced. That

,
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is why the value of CSI will be reduced. Figure 5.18 gives a comparative picture of

congestion severity index for CBD as well as whole Dhaka city road network at different

planning period for road pricing option.

Table 5.17: Peak Period Congestion Severity Index (CSI) for TklO Charge

Congestion SeverltVIndex (CSI)
Road Network in Dhaka City Road Network in CBD
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Figure 5.18: Peak Period Congestion Severity Index for TklO Charge

5.5.4 Impact on Air Pollution

Table 5.18 shows a comparative picture of air pollution of Dhaka city due to impose

TklO congestion charge at different planning period for road pricing option. After

imposing congestion charge for entrance in CBD, the emission rate of SOx would be

increased by 6.99% in the year of 2005 but in the year of 2025 the emission rate will be

reduced by 3.38% as compared to the baseline situation. For the case of NOx, the
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emission rate in the year of 2005 would be increased by 6.81% but in the year 2025 it

will be reduced by 3.09% as compared to the baseline scenario. And in the case of CO,

emission rate would be increased by 7.00% in the year of 2005 but in the year of 2025 it

will be reduced by 4.37%. Though the total travel demand within CBD will be reduced

due to imposing congestion charge but the overall travel demand in terms of vehicle-km

and vehicle-hr will be increased. Vehicular emissions are directly related to the travel

demand. If the travel demand will be reduced then the vehicular pollution will be

reduced. That is why the emission rate of air pollutants would be increased due to

imposing congestion charge. The impact of air pollution of Dhaka city can be better

perceived from the Figure 5.19 due to impose congestion charge.

Table 5.18: Peak Period Air Pollution for TklO Charge
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Figure 5.19: Peak Period Air Pollution for Tkl0 Charge

5.6 Scenario lC: Congestion Charge Tk15.00

In this stage TkI5.00 is taken for congestion charge which is fixed throughout the peak

period, for the entrance of motor vehicle in Central Business District (CBD). In the peak

period rickshaw is prohibited in the charging zone.

5.6.1 Impact on Travel Demand

Table 5.19 gives a comparative picture of total travel demand of Dhaka city road network

at different planning period for road pricing option. Figure 5.20 shows the comparative

graphical presentations of the situations. After imposing congestion charge for entrance

in CBD, in 2005, the total peak period vehicular travel demands in network would be

2207841 vehicle-km and 337863 vehicle-hours. In the year of 2025 the total peak period

vehicular travel demands in network would be 3063210 vehicle-km and 675790 vehicle-

hours. Due to imposing Tkl5 congestion charge, vehicle-km travel demand would reduce

by 0.15% for the year of2015 and in 2025 it would reduce by 2.35% as compared to the

baseline situation.

Furthermore, due to imposing Tk15.00 congestion charge, vehicle-hr travel demand

would be increased by about 7.37% in the year of 2005 as compared to the baseline

situation. But in 2025, vehicle-hr travel demand would reduce by about 2.57% from the

baseline scenario. After imposing congestion charge for entrance in CBD, the travel
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demand would reduce in the cordon area but travel demand in outside of cordon area

would increase. Because some people, due to imposing charge for entrance in CBD,

might not use the road network within the cordon area to avoid paying the charge. That is

why travel demand in the overall network would increase. But in the year of 2025 the

whole network will be saturated if the present condition will persist. After imposing the

congestion charge, the total travel demand would reduce thus vehicle-hr travel demand

would reduce by about 2.57%, i.e the average speed of traffic flow would increase in

2025. The picture will be clear after comparing the mobility analysis and congestion

indices.

Table 5.19: Impact ofTk15 Congestion Charge on the Travel Demand
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Figure 5.20: Peak Period Vehicular Travel Demand for Tk15 Charge
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5.6.2 Impact on Mobility level

Table 5.20 shows the condition of road network in terms of peak period average speed,

due to imposing Tk 15 congestion charge for entrance in CBO. After imposing congestion

charge for entrance in CBO, the percentage of total urban roadway length of Ohaka city

had to carry peak period traffic with average speed of 15 kilometer per hour would not

significantly change as compared to the baseline situation. But in the case of CBO, in

2005, the percentage of total urban .roadway length with peak period traffic with average

speed of 15 kilometer per hour would be reduced by 11.59% and in the year 0[2025 it

would reduce by 13.16% as compared to the baseline situation. The situation after

imposing congestion charge can be better perceived from the Figure 5.21. It is visualized

from the Figure 5.21 that due to imposing congestion charge within CBO area, the

network performance within the cordon area would improve but the overall network

performance in terms of average speed would not significantly change. Because some

people, due to imposing charge for entrance in CBO, might not use the road network

within the cordon area to avoid paying the charge.

Table 5.20: Peak Period Average Speed in Road Network with Tk15 Charge

% of Total Roadwav Lenl!th with Averal!e sDeed<15 kilometer Derhour
Road Network in Ohaka Citv Road Network in CBO
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Table 5.21 shows the condition of road network in terms of peak period volume-capacity

ratio, due to imposing Tkl5 congestion charge for entrance in CBD. After imposing

congestion charge for entrance in CBD, the percentage of tota! urban roadway length in

Dhaka city with peak period traffic with volume capacity ratio more than 0.85 would not

significantly change as compared to the baseline situation. But in the case of CBD, in

2005, the percentage of total urban roadway length with peak period traffic with volume

capacity ratio more than 0.85 would be reduced by 17.95% in 2005 and for the year of

2025 it would reduce by 6.74% as compared to the baseline situation. The situation after

imposing congestion charge can be better perceived from the Figure 5.22. It is visualized

from the Figure 5.22 that due to imposing congestion charge within CBD area, the

network performance within the cordon area would improve but the overall network

performance in terms of volume capacity ratio would not significantly change. Because

some people, due to imposing charge for entrance in CBD, might not use the road

network within the cordon area to avoid paying the charge.
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Table 5.21: Peak Period Volume/Capacity Ratio in Road Network with Tk15
Charge

% of Total Roadwav Lenlrth (km with Volume-Capacity Ratio> 1.25
Road Network in Dhaka City Road Network in CBD
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Figure 5.22: Total Link Length with Peak Period Volume/Capacity for Tk15 Charge

5.6.3 Impact on Traffic Congestion

Table 5.22 gives a comparative picture of roadway congestion index for CBD as well as

whole Dhaka city road network at different planning period for road pricing option. After

imposing congestion charge for entrance in CBD, the value of RCI for whole Dhaka city

would not significantly change. But 'in the case of CBD, in 2005, the value of RCI would

be reduced by 5.16% in 2005 and for the year of 2025 it would reduce by 15.83% as

compared to the baseline situation. In the year of 2025 the overall network will be almost

saturated, if congestion charge will be imposed then travel demand will be reduced. That

is why the value ofRCI for the whole city road network would reduce. Figure 5.23 gives
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a comparative image of roadway congestion index for CBD as well as whole Dhaka city

road network at different planning period for road pricing option.

Table 5.22: Peak Period Roadway Congestion Index (RCI) for Tk15 Charge

Roadway Conl!estion Index (RCI)
Road Network in Dhaka City Road Network in CBD
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Figure 5.23: Peak Period Roadway Congestion Index for Tk15 Charge

Table 5.23 gives a comparative image of volume capacity index for CBD as well as

whole Dhaka city road network at different planning period for road pricing option. After

imposing congestion charge for entrance in CBD, the value of VCI for whole Dhaka city

would not significantly change. But in the case of CBD, in 2005, the value ofVCI would

be reduced by 1.00% in 2005 and for the year of 2025 it would reduce by 12.47% as

compared to the baseline situation. In the year of 2025 the overall network will be almost

saturated, if congestion charge will be imposed then travel demand will be reduced. That

is why the value ofVCI for the whole city road network would reduce. Figure 5.23 gives

I

.')
•
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a comparative image of roadway congestion index for CBD as well as whole Dhaka city

road network at different planning period for road pricing option.

Table 5.23: Peak Period Volume Capacity Index (VCI) for Tk15 Charge

Volume Capacity ludex (VCI)
Road Network in Dhaka City Road Network in CBD
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Figure 5.24: Peak Period Volume Capacity Index for Tk15 Charge

Table 5.24 gives a comparative image of travel rate index for CBD as well as whole

Dhaka city road network at different planning period for road pricing option: After

imposing congestion charge for entrance in CBD, the value of TRI for whole Dhaka city

would not significantly change. But in the case of CBD, in 2005, the value of TRI would

be reduced by 9.62% in 2005 and for the year of 2025 it would reduce by 63.36% as

compared to the baseline situation. In the year of 2025 the overall network will be almost

saturated, if congestion charge will be imposed then travel demand will be reduced. That

is why the value of TRI for the whole city road network would reduce. Figure 5.25 gives
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a comparative picture of travel rate index for CBD as well as whole Dhaka city road

network at different planning period for road pricing option.

Table 5.24: Peak Period Travel Rate Index (TRI) for TkI5 Charge

Travel Rate Index (TRI)
Road Network in Dhaka City Road Network in CBD
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Figure 5.25: Peak Period Travel Rate Index for TkI5 Charge

Table 5.25 gives a comparative picture of congestion severity index for CBD as well as

whole Dhaka city road network at different planning period for road pricing option. After

imposing congestion charge for entrance in CBD, the value of CSI for whole Dhaka city

would not significantly change. But in the case of CBD, in 2005, the value of CSI would

be reduced by 12.57% in 2005 and for the year of 2025 it would reduce by 65.03% as

compared to the baseline situation. In the year of2025 the overall network will be almost

saturated, if congestion charge will be imposed then travel demand will be reduced. That

is why the value of CSl for the whole city road network would reduce. Figure 5.26 gives

.n.
•••

t'l.
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a comparative picture of congestion severity index for CBD as well as whole Dhaka city

road network at different planning period for road pricing option.

Table 5.25: Peak Period Congestion Severity Index (CSI) for Tk15 Charge

Conl!estion Severity Index (CSI)
Road Network in Dhaka City Road Network in CBD
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Figure 5.26: Peak Period Congestiou Severity Index for Tk15 Charge

5.6.4 Impact on Air Pollution

Table 5.26 shows a comparative picture of air pollution of Dhaka city due to impose

Tkl5 congestion charge at different planning period for road pricing option. After

imposing congestion charge for entrance in CBD, the emission rate of SOx would be

increased by 6.99% in the year of 2005 but in the year of 2025 the emission rate would

reduce by 3.72% as compared to the baseline situation. For the case of NOx, the emission

rate in the year of 2005 would be increased by 7.20% but in the year 2025 it would

reduce by 3.41% as compared to the baseline scenario. And in the case of CO, emission
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rate would be increased by 7.40% in the year of 2005 but in the year of 2025 it would

reduce by 4.37%. Though the total travel demand within CBD will be reduced due to

imposing congestion charge but the overall travel demand in terms of vehicle-km and

vehicJe-hr will be increased. Vehicular emissions are directly related to the travel

demand. If the travel demand will be reduced then the vehicular pollution will be

reduced. That is why the emission rate of air pollutants would be increased due to

imposing congestion charge. The impact of air pollution of Dhaka city can be better

perceived from the Figure 5.27 due to imposing congestion charge.

Table 5.26: Peak Period Air Pollution for Tk15 Charge
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Figure 5.27: Peak Period Air Pollution for Tk15 Charge

5.7 Scenario ID: Congestion Charge Tk50.00

In this stage Tk50.00 is taken for congestion charge which is fixed throughout the peak

period, for the entrance of motor vehicle in Central Business District (CBD). In the peak

period rickshaw is prohibited in the charging zone.

5.7.1 Impact on Travel Demand

Table 5.27 gives a comparative picture oftotaI travel demand of Dhaka city road network

at different planning period for road pricing option. Figure 5.28 shows the comparative

graphical presentations of the situations. After imposing Tk50 congestion charge,

vehicle-km travel demand would reduce by 1.52% and 8.22% for the year of 2015 and

2025 respectively as compared to the baseline situation. Furthermore, vehicle-hr travel

demand would increase by about 22.60% in the year of 2015 as compared to the baseline

situation. But in 2025, vehicle-hr travel demand would reduce by about 14.23% from the

baseline scenario. After imposing congestion charge for entrance in CBD, the travel

demand would reduce in the cordon area but travel demand in outside of cordon area

would increase. Because some people, due to imposing charge for entrance in CBD,

might not use the road network within the cordon area to avoid paying the charge. But in

the year of 2025 the whole network will be saturated if the present condition will persist.

After imposing the congestion charge, the total travel demand would reduce thus vehic1e-
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hr travel demand would reduce by about 14.23%, i.e the average speed of traffic flow

would increase in 2025. The picture will be clear after comparing the mobility analysis

and congestion indices.

Table 5.27: Impact of Tk50 Congestion Charge on the Travel Demand

Demand in Vehicle-km ('000) Demand in Vehicle-hr ('000)
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Figure 5.28: Peak Period Vehicular Travel Demand for TkSO Charge

5.7.2 Impact on Mobility level

Table 5.28 shows the condition of road network in terms of peak period average speed,

due to imposirig Tk50 congestion charge for entrance in CBD. After imposing congestion

charge for entrance in CBD, the percentage of total urban roadway length of Dhaka city

had to carry peak period traffic with average speed of 15 kilometer per hour would not

significantly change as compared to the baseline situation. But in the case of CBD, the

percentage of total urban roadway length with peak period traffic with average speed of

f\, '
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15 kilometer per hour would reduce by 21.62% and 18.42% in the year of 2015 and 2025

respectively as compared to the baseline situation. The situation after imposing

congestion charge can be better perceived from the Figure 5.29. It is visualized from the

Figure 5.29 that due to imposing congestion charge within CBD area, the network

performance within the cordon area would improve but the overall network performance

in terms of average speed would not significantly change. Because some people, due to

imposing charge for entrance in CBD, might not use the road network within the cordon

area to avoid paying the charge.

Table 5.28: Peak Period Average Speed in Road Network with TkSO Charge
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Table 5.29 shows the condition of road network in terms of peak period volume-capacity

ratio, due to imposing Tk50 congestion charge for entrance in CBD. After imposing

congestion charge, the percentage of total urban roadway length in Dhaka city with peak

period traffic with volume capacity ratio more than 0.85 would not significantly change

as compared to the baseline situation. But in the case of CBD, the percentage of total

urban roadway length with peak period traffic with volume capacity ratio more than 0.85

would reduce by 20.93% and 17.98% for the year of 2015 and 2025 respectively as

compared to the baseline situation. The situation after imposing congestion charge can be

better perceived from the Figure 5.30. It is visualized from the Figure 5.30 that due to

imposing congestion charge within CBD area, the network performance within the

cordon area would improve but the overall network performance in terms of volume

capacity ratio would not significantly change. Because some people, due to imposing

charge for entrance in CBD, might not use the road network within the cordon area to

avoid paying the charge.

Table 5.29: Peak Period Volume/Capacity Ratio in Road Network with TkSO
Charge

% of Total Roadway Lenlrth (km with Volume-Capacity Ratio> 1.25
Road Network in Dhaka City Road Network in CBD
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Figure 5.30: Total Link Length with Peak Period Volume/Capacity for TkSO Charge

5.7.3 Impact on Traffic Congestion

Table 5.30 gives a comparative picture of roadway congestion index for CBD as well as

whole Dhaka city road network at different planning period for road pricing option. After

imposing congestion charge for entrance in CBD, the value of RC1 for whole Dhaka city

would not significantly change. But in the case of CBD, the value of RC1 would reduce

by 7.78% and 19.30% for the year of 2015 and 2025 respectively as compared to the

baseline situation. In the year of 2025 the overall network will be almost saturated, if

congestion charge will be imposed then travel demand will be reduced. That is why the

value of RCI for the whole city road network would reduce. Figure 5.31 gives a

comparative image of roadway congestion index for CBD as well as whole Dhaka city

road network at different planning period for road pricing option.
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Table 5.30: Peak Period Roadway Congestion Index (RCI) for TkSO Charge

Roadway Con2estion Index (RCI)
Road Network in Dhaka City Road Network in CBD
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Figure 5.31: Peak Period Roadway Congestion Index for TkSO Charge

Table 5.31 gives a comparative image of volume capacity index for CBD as well as

whole Dhaka city road network at different planning period for road pricing option. After

imposing congestion charge for entrance in CBD, the value ofVCI for whole Dhaka city

would not significantly change. But in the case of CBD, the value of VCI would reduce

by 6.70% and 21.32% for the year of 2015 and 2025 as compared to the baseline

situation. In the year of 2025 the overall network will be almost saturated, if congestion

charge will be imposed then travel demand will be reduced. That is why the value ofVCI

for the whole city road network would reduce. Figure 5.32 gives a comparative image of

volume capacity index for CBD as well as whole Dhaka city road network at different

planning period for road pricing option.
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Table 5.31: Peak Period Volume Capacity Index (VCI) for Tk50 Charge

Volume Canacitv Index (vCI)
. Road Network in Dhaka City Road Network in CBD
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Figure 5.32: Peak Period Volume Capacity Index for TkSO Charge

Table 5.32 gives a comparative image of travel rate index for CBD as well as whole

Dhaka city road network at different planning period for road pricing option. After

imposing congestion charge for entrance in CBD, the value of TRI for whole Dhaka city

would not significantly change. But in the case of CBD, the value of TRI would reduce

by 44.96% and 64.08% for the year of 2015 and 2025 respectively as compared to the

baseline situation. In the year of 2025 the overall network will be almost saturated, if

congestion charge will be imposed then travel demand will be reduced. That is why the

value of TRI for the whole city road network would reduce. Figure 5.33 gives a

comparative picture of travel rate index for CBD as well as whole Dhaka city road

network at different planning period for road pricing option.
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Table 5.32: Peak Period Travel Rate Index (TRI) for Tk50 Charge

Travel Rate Index (TRl)
Road Network in Dhaka City Road Network in CBD
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Figure 5.33: Peak Period Travel Rate Index for Tk50 Charge

Table 5.33 gives a comparative picture of congestion severity index for CBD as well as

whole Dhaka city road network at different planning period for road pricing option. After

imposing congestion charge for entrance in CBD, the value of CSI for whole Dhaka city

would not significantly change. But in the case of CBD, the value of CSI would reduce

by 60.44% and 63.35% for the year of 2015 and 2025 respectively as compared to the

baseline situation. In the year of 2025 the overall network will be almost saturated, if

congestion charge will be imposed then travel demand will be reduced. That is why the

value of CSI for the whole city road network would reduce. Figure 5.34 gives a

comparative picture of congestion severity index for CBD as well as whole Dhaka city

road network at different planning period for road pricing option.
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Table 5.33: Peak Period Congestion Severity Index (CSI) for TkSO Charge

Conl!estion Severity Index (CSI)
Road Network in Dhaka Citv Road Network in CBD
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Figure 5.34: Peak Period Congestion Severity Index for Tk50 Charge

5.7.4 Impact on Air Pollution

Table 5.34 shows a comparative picture of air pollution of Dhaka city due to impose

Tk50 congestion charge at different planning period for road pricing option. After

imposing congestion charge for entrance in CBD, the emission rate of SOx would

increase by 27.06% in the year of 2015 but in the year of 2025 the emission rate would

reduce by 16.55% as compared to the baseline situation. For the case of NOx, the

emission rate in the year of2015 would increase by 25.94% but in the year 2025 it would

reduce by 18.17% as compared to the baseline scenario. And in the case of CO, emission

rate would increase by 26.47% in the year of 20 15 but in the year of 2025 it would reduce

by 18.72%. Though the total travel demand within CBD will be reduced due to imposing
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congestion charge but the overall travel demand in terms of vehicle-km and vehicle-hr

will be increased. Vehicular emissions are directly related to the travel demand. If the

travel demand will be reduced then the vehicular pollution will be reduced. That is why

the emission rate of air pollutants would be increased due to imposing congestion charge.

The impact of air pollution of Dhaka city can be better perceived from the Figure 5.35

due to imposing congestion charge.

Table 5.34: Peak Period Air Pollution for Tk50 Charge
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Figure 5.35: Peak Period Air Pollution for TkSOCharge

5.8 Scenario IE: Congestion Charge Tkl00.00

In this stage TkIOO.OOis taken for congestion charge which is fixed throughout the peak

period, for the entrance of motor vehicle in Central Business District (CBD). In the peak

period rickshaw is prohibited in the charging zone.

5.8.1 Impact on Travel Demand

Table 5.35 gives a comparative picture of total travel demand of Dhaka city road network

at different planning period for road pricing option. Figure 5.36 shows the comparative

graphical presentations of the situations. Due to imposing Tk 100 congestion charge,

vehicle-km travel demand would reduce by 2.20% and 9.20% for the year of 2015 and

2025 respectively as compared to the baseline situation. Furthermore, after imposing

TkIOO.OOcongestion charge, vehicle-hr travel demand would increase by about 8.78% in

the year of 2015 as compared to the baseline situation. But in 2025, vehicle-hr travel

demand would reduce by about 9.27% from the baseline scenario. After imposing

congestion charge for entrance in CBD, the travel demand would reduce in the cordon

area but travel demand in outside of cordon area would increase. Because some people,

due to imposing charge for entrance in CBD, might not use the road network within the

cordon area to avoid paying the charge. That is why travel demand in the overall network

would increase. But in the year of 2025 the whole network will be saturated if the present
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condition will persist. After imposing the congestion charge, the total travel demand

would reduce thus vehicle-hr travel demand would reduce, i.e.the average speed of traffic

flow would increase in 2025. The picture will be clear after comparing the mobility

analysis and congestion indices.

Table 5:35: Impact of TklOO Congestion Charge on the Travel Demand

Demand in Vehicle-km (1000) Demand in Vehicle-hr ('000)
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Figure 5.36: Peak Period Vehicular Travel Demand for TklOO Charge

5.8.2 Impact on Mobility level

Table 5.36 shows the condition of road network in terms of peak period average speed,

due to imposing Tkl00 congestion charge for entrance in CBD. After imposing

congestion charge for entrance in CBD, the percentage of total urban roadway length of

Dhaka city had to carry peak period traffic with average speed of 15 kilometer per hour

would not significantly change as compared to the baseline situation. But in the case of
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CBD, in 2015, the percentage of total urban roadway length with peak period traffic with

average speed of 15 kilometer per hour would reduce by 25.68% and in the year of 2025

it would reduce by 21.05% as compared to the baseline situation. The situation after

imposing congestion charge can be better perceived from the Figure 5.37. It is visualized

from the Figure 5.37 that due to imposing congestion charge within CBD area, the

network performance within the cordon area would improve but the overall network

performance in terms of average speed would not significantly change. Because some

people, due to imposing charge for entrance in CBD, might not use the road network

within the cordon area to avoid paying the charge.

Table 5.36: Peak Period Average Speed in Road Network with TklOO Charge

% of Total Roadwav Lenlrth with Average speed<15 kilometer per hour
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Figure 5.37: Total Link Length with Peak Period Average Speed for TklOO Charge
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Table 5.37 shows the condition of road network in terms of peak period volume-capacity

ratio, due to imposing Tk 100 congestion charge for entrance in CBD. After imposing

congestion charge for entrance in CBD, the percentage of total urban roadway length in

Dhaka city with peak period traffic with volume capacity ratio more than 0.85 would not

significantly change as compared to the baseline situation. But in the case of CBD, the

percentage of total urban roadway length with peak period traffic with volume capacity

ratio more than 0.85 would reduce by 20.93% and 17.98% for the year of2015 and 2025

respectively as compared to the baseline situation. The situation after imposing

congestion charge can be better perceived from the Figure 5.38. It is visualized from the

Figure 5.38 that due to imposing congestion charge within CBD area, the network

performance within the cordon area would improve but the overall network performance

in terms of volume capacity ratio would not significantly change. Because some people,

due to imposing charge for entrance in CBD, might not use the road network within the

cordon area to avoid paying the charge.

Table 5.37: Peak Period Volume/Capacity Ratio in Road Network with TklOO
Charge

% of Total Roadwav Length (km with Volume-Canacitv Ratio> 1.25
Road Network in Dhaka City Road Network in CBD
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Figure 5.38: Total Link Length with Peak Period Volume/Capacity for TklOO
Charge

5.8.3 Impact on Traffic Congestion

Table 5.38 gives a comparative picture of roadway congestion index for CBD as well as

whole Dhaka city road network at different planning period for road pricing option. After

imposing congestion charge for entrance in CBD, the value of RCI for whole Dhaka city

would not significantly change. But in the case of CBD, the value of RCI would reduce

by 9.38% and 20.08% for the year of 2015 and 2025 respectively as compared to the

baseline situation. In the year of 2025 the overall network will be almost saturated, if

congestion charge will be imposed then travel demand will be reduced. That is why the

value of RCI for the whole city road network would reduce. Figure 5.39 gives a

comparative image of roadway congestion index for CBD as well as whole Dhaka city

road network at different planning period for road pricing option.
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Table 5.38: Peak Period Roadway Congestion Index (RCI) for TklOO Charge

Roadwav Conl!estion Index (RCI)
Road Network in Dhaka City Road Network in CBD
<: <: <: <: <: <:

Year 'Et.9 (I)
0 .8 'S.S \1) 0 00''''' (I) 0'- \1) .~

O-bll -:$otnbl} - o-bll oSot;;bll -oS ~ ~ ._.,.....; Q) ~ ::? u oS ~ ~ ••.•• ,.....; Q) ~ ::? u
bll..c: :s'" bll..c: o .g bll..c: :s'" bll..c:

0 .g
~ aU f-<aU

~ ~ au f-<aU
~u u u u

2005 4.38 - - 3.49 - -
2015 5.59 5.63 -0.72 4.37 3.96 9.38
2025 7.04 6.78 6.69 5.18 4.14 20.08

20252005 2015
Year

o

Road Network in CSO
6 • NoOlarge

>< 0 11<100Olarge
G> 5
~
~ 4.,
G>g> 3
oi2
2:n:

20252005 2015
Year

Road Network in Dhaka City

• NoOiarge
011<100Olarge

8

><
-!l.5 6
<:
.2-.,8,4
l5u
•••
~ 2
2:n: 0

Figure 5.39: Peak Period Roadway Congestion Index for TklOO Charge

Table 5.39 gives a comparative image of volume capacity index for CBD as well as

whole Dhaka city road network at different planning period for road pricing option. After

imposing congestion charge for entrance in CBD, the value of vcr for whole Dhaka city

would not significantly change. But in the case of CBD, the value of vcr would reduce

by 9.65% and 23.81% for the year of 2015 and 2025 as compared to the baseline

situation. In the year of 2025 the overall network will be almost saturated, if congestion

charge will be imposed then travel demand will be reduced. That is why the value of vcr
for the whole city road network would reduce. Figure 5.40 gives a comparative image of

volume capacity index for CBD as well as whole Dhaka city road network at different

planning period for road pricing option.
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Table 5.39: Peak Period Volume Capacity Index (VCI) for TkIOO Charge

Volume Canacitv Index (VCI)
Road Network in Dhaka City Road Network in CBD
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Figure SAO: Peak Period Volume Capacity Index for TkIOO Charge

Table 5.40 gives a comparative image of travel rate index for CBD as well as whole

Dhaka city road network at different planning period for road pricing option. After

imposing congestion charge for entrance in CBD, the value of TRl for whole Dhaka city

would not significantly change. But in the case of CBD, the value of TRl would reduce

by 44.96% and 64.08% for the year of 2015 and 2025 respectively as compared to the

baseline situation. In the year of 2025 the overall network will be almost saturated, if

congestion charge will be imposed then travel demand will be reduced. That is why the

value of TRl for the whole city road network would reduce. Figure 5.41 gives a

comparative picture of travel rate index for CBD as well as whole Dhaka city road

network at different planning period for road pricing option.
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Table S.40: Peak Period Travel Rate Index (TRI) for TklOO Charge

Travel Rate Index (TRI)
Road Network in Dhaka City Road Network in CBD
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Figure S.4l: Peak Period Travel Rate Index for TklOO Charge

Table 5.41 gives a comparative picture of congestion severity index for CBD as well as

whole Dhaka city road network at different planning period for road pricing option. After

imposing congestion charge for entrance in CBD, the value of CSI for whole Dhaka city

would not significantly change. But in the case of CBD, the value of CSI would reduce

by 69.81% and 67.42% for the year of2015 and 2025 respectively as compared to the

baseline situation. In the year of 2025 the overall network will be almost saturated, if

congestion charge will be imposed then travel demand will be reduced. That is why the

value of CSI for the whole city road network would reduce. Figure 5.42 gives a

comparative picture of congestion severity index for CBD as well as whole Dhaka city

road network at different planning period for road pricing option.
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Table 5.41: Peak Period Congestion Severity Index (CSI) for TklOO Charge

Conl!:estion Severitv Index (CSI)
Road Network in Dhaka City Road Network in CBD
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Figure 5.42: Peak Period Congestion Severity Index for TklOO Charge

5.8.4 Impact on Air Pollution

Table 5.42 shows a comparative picture of air pollution of Dhaka city due to impose

Tk50 congestion charge at different planning period for road pricing option. After

imposing congestion charge for entrance in CBD, the emission rate of sax would

increase by 24.77% in the year of 2015 but in the year of 2025 the emission rate would

reduce by 20.27% as compared to the baseline situation. For the case of NOx, the

emission rate in the year of2015 would increase by 23.56% but in the year 2025 it would

reduce by 19.89% as compared to the baseline scenario. And in the case of CO, emission

rate would increase by 23.17% in the year of 20 15 but in the year of 2025 it would reduce

by 20.52%. Though the total travel demand within CBD will be reduced due to imposing
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congestion charge but the overall travel demand in terms of vehicle-kIn and vehicle-hr

will be increased. Vehicular emissions are directly related to the travel demand. If the

travel demand will be reduced then the vehicular pollution will be reduced. That is why

the emission rate of air pollutants would be increased due to imposing congestion charge.

The impact of air pollution of Dhaka city can be better perceived from the Figure 5.43

due to imposing congestion charge.

Table 5.42: Peak Period Air Pollution for TklOOCharge
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Figure 5.43: Peak Period Air Pollution for TklOOCharge

5.9 Scenario 2: Bus Rapid Transit System Proposed by STP

Strategic Transport Plan (STP) proposed Bus Rapid Transit (BRT) in Dhaka city which is

consisted of three major lines that are mentioned in the alternative planning options

section of this chapter.

5.9.1 Impact on Travel Demand

Table 5.43 gives a comparative picture of total travel demand of Dhaka city road network

at different planning period for BRT system. Figure 5.44 shows the comparative

graphical presentations of the situations. After the introduction of BRT system in Dhaka

city, the total peak period vehicle-km travel demand in network would reduce by 26.10%

and 19.36% for the year of 2015 and 2025 respectively as compared to the baseline

situation. Furthermore, due to launch a BRT system in Dhaka city, vehicle-hr travel

demand would reduce by about 56.82% and 16.80% in the year of 2015 and 2025

respectively as compared to the baseline scenario.

After the introduction of BRT system in Dhaka city, the overall travel demand would

significantly reduce because some people may change their traveling mode and switch

from road transport mode to the BRT system to avoid the excessive traveling time. The

picture will be clear after comparing the mobility analysis and congestion indices.
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Table 5.43: Impact ofBRT System on the Travel Demand
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Figure 5.44: Peak Period Vehicular Travel Demand for BRT System

5.9.2 Impact on Mobility level

Table 5.44 shows the condition of road network in terms of peak period average speed as

well as volume-capacity ratio with proposed BRT system at different planning period.

After the introduction of BRT system in Dhaka city, the percentage of total urban

roadway length with peak period traffic with average speed of 15 kilometer per hour

would reduce by 10.96% and 6.67% in the year of 2015 and 2025 respectively as

compared to the baseline situation. It is visualized from the Figure 5.45 that overall

network performance in terms of average speed would improve due to introduction of

BRT system. On the other hand, the percentage of total urban roadway length with peak
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period traffic with volume capacity ratio more than 1.25, would reduce by '12.36% and

6.59% in the year of20l5 and 2025 respectively as compared to the baseline situation

After the introduction of BRT system in Dhaka city, the overall network performance in

terms of mobility level would significantly improve because some people may change

their traveling mode and switch from road transport mode to the BRT system to avoid the

excessive traveling time. The situation after introduction of BRT system can be better

perceived from the Figure 5.45.

Table 5.44: Peak Period Mobility Level in Road Network for BRT System
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Figure 5.45: Peak Period Mobility Level for BRT System
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5.9.3 Impact on Traffic Congestion

Table 5.45 gives a comparative picture of roadway congestion index as well as volume

capacity index for Dhaka city road network at different planning period for BRT system.

RC1 and VCI both are volume-capacity related measures. After the introduction of BRT

system in Dhaka city, the value of RCI for whole Dhaka city would reduce by 30.23%

and 24.86% in the year of 2015 and 2025 respectively as compared to the baseline

situation. In the case ofVCI, the index will be reduced by 26.38% and 23.73% in the year

of 2015 and 2025 respectively as compared to the baseline scenario. The value of VCI

will be reduced by 26.38% in the year of2015 which means with the introduction ofBRT

system the road network will have to carry almost 73.62% of peak period traffic volume

than baseline situation.

After the introduction of BRT system in Dhaka city, the overall travel demand would

significantly reduced because some people may change their traveling mode and switch

from road transport mode to the BRT system to avoid the excessive traveling time. That

is why the value of roadway congestion index (RCI) and volume capacity index (VCI)

would reduce after the introduction of BRT system. Figure 5.46 gives a comparative

image of roadway congestion index as well as volume capacity index at different

planning period with proposed BRT system.

Table 5.45: Peak Period RCI and VCI for BRT System
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Figure 5.46: Peak Period RCI and VCI for BRT System

Table 5.46 gives a comparative image of travel rate index as well as congestion severity

index for Dhaka city road network at different planning period for BRT system. TRI and

CSI both are travel time related measures. After the introduction of BRT system in Dhaka

city, the value of TRI for Dhaka city would reduce by 96.53% and 61.97% in the year of

20 15 and 2025 respectively as compared to the baseline situation. The value of TRI will

be reduced by 96.53% which means delay will be reduced by 96.53% which will be

required for baseline situation. In the case of CSI, the index would reduce by 96.50% and

66.39% in the year of 2015 and 2025 respectively as compared to the baseline scenario.

The value of CSI will be reduced by 96.50% which means delay per kilometer travel will

be reduced by 96.50% than baseline situation. After the introduction ofBRT system, total

travel demand in the Dhaka city road network will be reduced and consequently average

speed in the network will be increased. That is why the value of TRI as well as CSI will

be reduced. Figure 5.47 gives a comparative picture of travel rate index (TRI) as well as

congestion severity index (CSI) for Dhaka city road network with proposed BRT system

at different planning period.
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Table 5.46: Peak Period TRI and CSI for BRT System

Travel Rate Index (TRI) Congestion Severity Index (CSI)
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Figure 5.47: Peak Period TRI and CSI for BRT System

5.9.4 Impact on Air Pollution

Table 5.47 shows a comparative picture of air pollution of Dhaka city at different

planning period with proposed BRT system. After the introduction of BRT system in

Dhaka city, the emission rate of SOx would reduce by 54.13% and 16.89% in the year of

2015 and 2025 respectively as compared to the baseline situation. For the case of NOx,

the emission rate would reduce by 55.33% and 16.98% in the year of 2015 and 2025

respectively as compared to the baseline scenario. And in the case of CO, emission rate

would reduce by 51.33% and 16.64% in the year of 2015 and 2025 respectively as

compared to the baseline condition.
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After the introduction of BRT system in Dhaka city, the overall travel demand would

significantly reduced because some people may change their traveling mode and switch

from road transport mode to the BRT system to avoid the excessive traveling time.

Vehicular emissions are directly related to the travel demand. If the travel demand will be

reduced then the vehicular pollution will be reduced. That is why the emission rate of air

pollutants will be reduced with the introduction of BRT system. The impact of air

pollution of Dhaka city with the introduction of BRT can be better perceived from the

Figure 5.48.

Table 5.47: Peak Period Air Pollution for BRT System
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Figure 5.48: Peak Period Air Pollution for BRT System

5.10 Scenario 3: Mass Rapid Transit System Proposed by STP

Strategic Transport Plan (STP) has defined MRT - Mass Rapid Transit - as being a

combination of Bus Rapid Transit (BRT) and Metro. Bus Rapid Transit (BRT) as well as

Metro Rail system which is proposed by STP for Dhaka city which are consisted of six

major lines that are mentioned in the alternative planning options section of this chapter.

5.10.1 Impact on Travel Demand

Table 5.48 gives a comparative picture of total travel demand of Dhaka city road network

with proposed MRT system. Figure 5.49 shows the comparative graphical presentations

of the situations. After the introduction of MRT system in Dhaka city, the total peak

period vehicle-km travel demand in network would reduce by 27.44% for the year of

2025 as compared to the baseline situation.

Furthermore, due to a launch of MRT system in Dhaka city, vehicle-hr travel demand

would reduce by about 39.82% in the year of 2025 as compared to the baseline scenario.

After the introduction of MRT system in Dhaka city, the overall travel demand would

significantly reduce because some people may change their traveling mode and switch

from road transport mode to the MRT system to avoid the excessive traveling time. The

picture will be clear after comparing the mobility analysis and congestion indices.
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Table 5.48: Impact of MRT System on the Travel Demand
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Figure 5.49: Peak Period Vehicular Travel Demand for MRT System

5.10.2 Impact on Mobility'Level

Table 5.49 shows the condition of road network in terms of peak period average speed as

well as volume-capacity ratio with proposed MRT system. After the introduction of MRT

system in Dhaka city, the percentage of total urban roadway length with peak period

traffic with average speed of 15 kilometer per hour would reduce by 8.00% in the year of

2025 as compared to the baseline situation. It is visualized from the Figure 5.50 that

overall network performance in terms of average speed would improve due to the

introduction of MRT system. On the other hand, the percentage of total urban roadway
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length with peak period traffic with volume capacity ratio more than 1.25, would reduce

by 7.69% in the year of 2025 as compared to the baseline situation

After the introduction of MRT system in Dhaka city, the overall network performance in

terms of mobility level would significantly improve because some people may change

their traveling mode and switch from road transport mode to the MRT system to avoid

the excessive traveling time. The situation after introduction ofMRT system can be better

perceived from the Figure 5.50.

Table 5.49: Peak Period Mobility Level with MRT System
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Figure 5.50: Peak Period Mobility Level for MRT System
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5.10.3 Impact on Traffic Congestion

Table 5.50 gives a comparative picture of roadway congestion index as well as volume

capacity index for Dhaka city road network with proposed MRT system. RCI and VCl

both are volume-capacity related measures. After the introduction of MRT system in

Dhaka city, the value of RCI for whole Dhaka city would reduce by 33.24% in the year

of 2025 as compared to the baseline situation. In the case ofVCI, the index would reduce

by 30.43% in the year of 2025 as compared to the baseline scenario. The value of VCI

will be reduced by 30.43% in the year of 2025 which means with the introduction of

MRT system the road network will have to carry almost 69.57% of peak period traffic

volume than baseline situation.

After the introduction of MRT system in Dhaka city, the overall travel demand would

significantly reduced because some people may change their traveling mode and switch

from road transport mode to the MRT system to avoid the excessive traveling time. That

is why the value of roadway congestion index (RCI) and volume capacity index (VCI)

would reduce after the introduction of MRT system. Figure 5.51 gives a comparative

image of roadway congestion index as well as volume capacity index with proposed

MRTsystem.

Table 5.50: Peak Period RCI and VCI for MRT System
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Figure 5.51: Peak Period RCI and VCI for MRT System

Table 5.51 gives a comparative image of travel rate index as well as congestion severity

index for whole Dhaka city road network with proposed MRT system. TRl and CSI both

are travel time related measures. After the introduction ofMRT system in Dhaka city, the

value ofTRI for Dhaka city would reduce by 95.18% in the year of 2025 as compared to

the baseline situation. The value ofTRl will be reduced by 95.18% which means delay

will be reduced by 95.18% which will be required for baseline situation. In the case of

CSI, the index would reduce by 95.24% in the year of 2025 as compared to the baseline

scenario. The value of CSI will be reduced by 95.24% which means delay per kilometer

travel will be reduced by 95.24% than the baseline situation. After the introduction of

MRT system, total travel demand in the Dhaka city road network will be reduced and

consequently average speed in the network will be increased. That is why the value of

TRl as well as CSI would reduce. Figure 5.52 gives a comparative picture of travel rate

index (TRl) as well as congestion severity index (CSI) for Dhaka city road network with

and without proposed MRT system.
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Table 5.51: Peak Period TRI and CSI for MRT System
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Figure 5.52: Peak Period TRI and CSI for MRT System

5.10.4 Impact on Air Pollution

Table 5.52 shows a comparative picture of air pollution of Dhaka city with or without

proposed MRT system. After the introduction of MRT system in Dhaka city, the

emission rate of SOx would reduce by 42.33% in the year of 2025 as compared to the

baseline situation. For the case of NOx, the emission rate would reduce by 42.04% in the

year of 2025 as compared to the baseline scenario. And in the case of CO, emission rate

would reduce by 41. 70% in the year of 2025 as compared to the baseline condition.

After the introduction of MRT system in Dhaka city, the overall travel demand would

significantly reduced because some people may change their traveling mode and switch

from road transport mode to the MRT system to avoid the excessive traveling time.

..•.
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Vehicular emissions are directly related to the travel demand. If the travel demand will be

reduced then the vehicular pollution will be reduced. That is why, the emission rate of air

pollutants will be reduced with the introduction of MRT system. The impact of air

pollution of Dhaka city with the introduction of MRT can be better perceived from the

Figure 5.53.

Table 5.52: Peak Period Air Pollution for MRT System
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Figure 5.53: Peak Period Air Pollution for MRT System

5.11 Prerequisite Condition of Planning Options

The sustainability of urban transport systems cannot be expressed in absolute terms. The

strategy should maintain a proper balance between the use of private and public transport

and increase the efficiency of traffic flow on the roads. Increased public transport usage

has been touted as an effective measure to tackle congestion. Though it is fairly

successful, the mere improvement and upgrading of public transport services cannot

persuade enough ofthe car users to use it. The "pull" factor is not sufficient for motorists,

there has to be a "push" factor to influence motorists to switch. The "Push" will be in two

forms, namely vehicle ownership controls and vehicle usage controls. Vehicle ownership

control aims to manage annual vehicle growth to manageable levels. Vehicle usage

controls aims to make the drivers aware of the cost of congestion he is causing by driving

his vehicle at a particular place at a particular time; and charge him this cost. Since 1990,

the government of Singapore introduced Vehicle Quota System allows an annual growth

of 3% in vehicle population. The long term planning projections of development of land

uses and transport facilities show this to be a reasonable growth rate. That is why road

pricing policy has been very successful in Singapore.

Success in road pricing will depend on politics, good assessment, public consultation,

planning, advocacy, and implementation. It will also depend on the prudent boldness of

•
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good leadership. But the main issue is that road pricing policy is an enforcement type

measures. People are not willingly to pay money. So the success of road pricing policy is

mainly depends on the public acceptance. Before implementation of road pricing policy,

following issues must be considered.

1. Banning on-street parking. At present, parking facilities is not well developed,

defined or regulated part of the transport system in Dhaka. This is due in large part to the

relatively limited role that automobiles have filled in serving transport needs. Vehicles of

all types park on the road sides thereby reducing capacity and creating reduced traffic

flow.

2. Reduce the need to travel (examples include telecommuting, internet purchases, land

use integration of residence, employment and shopping).

3. Promote public transport (examples include new and improved services, reduce wait

times, travel allowance for use of public transport, bus priorities to improve service, etc.),

4. Shifting peak-hour travel (examples include staggered work hours, flexible work

hours and flexible working week)

Aim of road pricing policy is to switch off private mode users to public mode users.

Before implementation of road pricing policy, mass transit system of Dhaka city should

:be improved. If people get the better opportunity in mass transit system than private

mode then substantial portion of public mode user switched off to mass transit system.
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5.12 Summary

This chapter illustrates the overall planning options of the present study which are consist

of road pricing options for the entrance of motor vehicles within the Central Business

District (CBD) of Dhaka as well as BRT and MRT proposed by STP. From the Model

baseq assessment it is revealed that due to impose congestion charge on motor vehicle for

entrance in CBD during peak period, the performance of the road network within CBD

was improved but the overall network performance was not significantly improved. On

the other hand the network performance was significantly improved with the introduction

of Bus rapid Transit (BRT) and Mass Rapid Transit (MRT) system which is proposed by

STP though it is required a huge amount of investment to establish BRT and MRT in

Dhaka city. In the next chapter major findings of the study will be described.
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Chapter 6

CONCLUSIONS AND RECOMMENDATIONS

Dhaka is the capital and primal city of Bangladesh. It is dominant in terms of population

concentration, economy, trade and commerce, education, and administration. Due to lack

of proper planning and control over land use activities, people from all over the country

rush to Dhaka and made it a horde of residential, commercial and business centers.

Estimated present population is 8 million for the central city area (area of Dhaka City

Corporation or DCC) and average annual growth rate is approximately 3% and in the year

of 2015, population of the Dhaka city will be II million. Urbanization of Dhaka will

continue rapidly in the next few decades. Rapid economic growth in urban areas leads to

the considerable growth in the demand of transport for both people and goods in urban

areas. Rising level of car ownership, along with increasing travel by car, has led to two

major problems associated with road transport for Dhaka- growing levels of congestion

and increasing air pollutants emission. The number of vehicles on the roads is steadily

increasing whereas the roads and the land available for bui Iding new roads are very

limited. As the road facilities have not been developed in the same pace of population

growth, the city is notorious for traffic jams with the resultant effects of delay and

concentrated vehicular emissions. Several attempts have been taken to improve the traffic

situation of Dhaka city but they are fall in the category of short term management policies.

To keep the city mobile and livable in future, long term policies need to be taken. In fact,

to improve the situation a comprehensive planning incorporating various planning options

and analyzing their impacts is required. Traffic congestion is a pervasive problem in

nearly all urban areas, creating impacts on different aspects of urban life. The problem

cannot be resolved by the mere building of roads and better traffic management. They give

temporary reprieve, but attract more vehicles. Furthermore, in a small country, vast

amounts of land cannot be devoted to roads. Currently, about 10% of land is already

allocated for land transport facilities. Besides road building can never keep pace with the

annual growth in vehicle population. In other words, supply will always outstrip demand.

Managing, redirecting and decongesting the traffic within the existing roads and space are

indeed a challenging task. Road pricing - the charging of road space by time and location

- could be useful in successfully combating these problems. Cities around the world have

started pondering road pricing as a way of providing transportation infrastructure that
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conventional funding sources cannot achieve. The aim of this study was to evaluate the

impact of road pricing options as well as Bus Rapid Transit (BRT) and Metro Rail Transit

systems as proposed by Strategic Transport Plan (STP) on the issues of traffic congestion

and consequent air pollution of Dhaka city. DUTM has been used for the present study to

assess the impact of alternative planning options in the context of transport problem of

Dhaka city. The study area mainly considers the central urban portion of Dhaka which is

divided into 90 DCC wards with a population of about 8 million. For analytical purpose,

the road network of the study area mainly considers the main roadway links of the Dhaka

city corporation (DCC) area. To assess the performance of transportation system and

quantifY traffic congestion, four types of congestion indices were used, which include

Roadway Congestion Index (RCI), Volume Capacity Index (VCI), Travel Rate Index

(TRI) and Congestion Severity Index (CSI). For air pollution emission rates of sax, NOx

and CO caused by traffic were selected for analysis. The impacts of the planning options

were compared with the baseline situation to measure their efficacy for the planning

period up to 2025. For the case of road pricing options three levels of charge - Tk5.00,

Tkl0.00, Tk15.00, Tk50.00 and TkIOO.OO- are considered. For the present study, routes

ofBRT and MRT system were considered according to the STP proposal. 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, major findings from the study and recommendations for future

study are presented in the following sections.

6.1 Major Findings from the Study

6.1.1 Baseline Analysis

From the baseline analyses, it is revealed that during the peak hour total vehicular travel

demands on the selected road network were 2184,830 vehicle-km and 314,884 vehicle-

hours for the year of2005 and in the year of2025 the total travel demand will be 3137970

vehicle-km and 693370 vehicle-hr. Though total peak hour vehicle-km travel demand was

increasing almost linearly with time but the slope of vehicle-hour travel demand curve are

steeper than vehicle-km travel demand curve. 1t means that with changing time the

network will be more congested, i.e. delay will be increased. In the year of 2025, total

peak period vehicle-km travel demand and vehicle-hour travel demand would respectively

be 1.44 times and 2.20 times that in the year of2005, if the present condition persists. For

,,
I I

'cc.
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the year of 2005, 85% of total roadway length of urban Dhaka had to carry peak hour

traffic with volume-capacity ratio greater than 1.25, and in the year of 2025, it would be

91%. For the year of2005, 70% of the total roadway length of urban Dhaka had peak hour

average travel speed less than 15 kilometer per hour and by 2025, 75% of the total

roadway length would carry peak period traffic with average speed less than J 5 kilometer

per hour. From the mobility and travel demand assessment, it was revealed that the

network of Dhaka city will be almost saturated with the time. The situation of the network

will be clear after the congestion indices assessment.

The value of Rei was 4.38 in 2005, and in 2025, it would increase almost 1.61 times

(7.04). It indicates that in 2005, the road network of the study area carried peak period

vehicle-kilometer demand 4.38 times higher than its capacity and in the year of 2025, the

network will be carry peak period travel demand almost 7 times higher than its capacity.

The value ofVCI was 3.57 in the year of2005 and by 2025, it would increase almost 1.5

times (5.39). It shows that during peak hour the congested portions of road network

carried traffic 3.57 times more than their capacity and in the year of2025, the network will

carry peak period traffic flow 5.39 times more than its capacity. The value of TRI was

51.92 at the year of 2005 and by 2025 it would increase almost 41.76 times (2168.52). It

indicates that in 2005, during peak hour the road network of the study area required travel

time almost 51.92 times more than travel time in free flow situation. The value ofCSI was

2505.90 at the year of 2005 and by 2025 it would increase almost 44.68 times (111972.6).

It is seen that travel time related measures (TRI, CSI) were increasing exponentially with

the increase in city population indicating that traffic congestion and resulting delay were

also increasing exponentially with time.

The peak period emission rate of SOx was 1.43 ton per hour at the year of 2005 and it

would be 2.96 ton per hour by 2025. The peak period emission rate of NOx was 10.28 ton

per hour at the year of2005 and by 2025 it would be 21.67 ton per hour. The peak period

emission rate of CO was 88.92 ton per hour at the year of 2005 and by 2025 it would be

171.04 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.
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6.1.2 Impact of Alternative Planning Options

Impact of Road Pricing Options: Considering the present traffic congestion and resulting

air pollution situations of Dhaka city and their degrading rates, road pricing options

according to the amount of charge were selected for CBD and their effectiveness in

reducing traffic congestion and consequent air pollution were evaluated. The effects of

implementation of alternative road pricing options were found as follows:

TkS.OO as Congestion Charge: After imposing congestion charge for entrance in Central

Business District (CBD), total travel demand was increased by 1.05% of peak period total

vehicle-km demand and 7.30% of peak period total vehicle-hours demand for the year of

2005. But in the year of 2025, vehicle-km travel demand and vehicle-hr travel demand

would reduce by 2.34% and 2.15% respectively. For the case ofCBD, it would reduce the

percentage of total roadway length, carrying peak hour traffic with volume-capacity ratio

greater than 1.25, from 78% to 70% for the year of 2005 and from 89% to 87% for the

year of2025. It would reduce the percentage of total roadway length, carrying peak hour

traffic with average speed less than 15 kilometer per hour, from 69% to 62% for the year

of 2005 and from 76% to 78% for the year of 2025 within CBD. But there was no

significant change in overall network performance due to imposing Tk05 congestion

charge for entrance within the CBD during peak period.

For the year of 2005, peak period values of RCI, VCI, TRI and CSI within the CBD

reduced 3.44%, 0.66%, 4.38% and 8.07% respectively for imposing congestion charge for

entrance in CBD area. And in the year of 2025, the indices would reduce by 14.29%,

lUI %, 63.68% and 66.22% respectively. Due to imposing congestion charge within

CBD area, the network performance within the cordon area would improve but the overall

network performance would not significantly change. Because some people, due to

imposing charge for entrance in CBD, might not use the road network within the cordon

area to avoid paying the charge. That is why travel demand in the exterior area of CBD

would increase and the overall network performance would not improve.

As a result of imposing congestion charge for entrance within CBD area during peak

period, emission rate of SOx, NOx and CO were increased by about 7.69%, 7.20% and

7.35% respectively in the year 2005 but in the year of 2025 the values would reduce by

about 3.38%, 3.00% and 4.13% respectively. Within the CBD, total travel demand would

reduce due to imposing congestion charge but the overall travel demand in terms of
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vehicle-hr would increase though vehicle-kIn would not significantly change in the year of

2005 and 2015. But in the year of 2025, the overall travel demand would reduce due to

imposing congestion charge within the cordon area because at that period the overall

network would almost be saturated. That is why emission rate of pollutants would increase

in the year of 2005 and 2015 but the values would reduce in the year of 2025 due to

imposing charge.

TklO.OO as Congestion Charge: After imposing congestion charge for entrance in

Central Business District (CBD), total travel demand was increased by 2.49% of peak

period total vehicle-km demand and 7.00% of peak period total vehicle-hours demand for

the year of 2005. But in the year of 2025, vehicle-kIn travel demand and vehicle-hr travel

demand would reduce by 2.38% and 2. I9% respectively. For the case of CBD, it would

reduce the percentage of total roadway length, carrying peak hour traffic with volume-

capacity ratio greater than 1.25, from 78% to 66% for the year of 2005 and from 89% to

87% for the year of2025. It would reduce the percentage oftotal roadway length, carrying

peak hour traffic with average speed less than 15 kilometer per hour, from 69% to 62% for

the year of 2005 and from 76% to 68% for the year of 2025 within CBD. But there would

no significant change in overall network performance due to imposing TklO congestion

charge for entrance within the CBD during peak period.

For the year of 2005, peak period values of RCI, VCl, TRl and CSI within the CBD

reduced 4.30%, 0.33%, 9.62% and 13.29% respectively for imposing congestion charge

for entrance in CBD area. And in the year of 2025, the indices would reduce by 14.48%,

10.88%, 63.36% and 65.85% respectively. Due to imposing congestion charge within

CBD area, the network performance within the cordon area would improve but the overall

network performance would not significantly change. Because some people, due to

imposing charge for entrance in CBD, might not use the road network within the cordon

area to avoid paying the charge. That is why travel demand in the exterior area of CBD

would increase and the overall network performance would not improve.

As a result of imposing congestion charge for entrance within CBD area during peak

period, emission rate of SOx, NOx and CO were increased by about 6.99%, 6.84% and

7.00% respectively in the year 2005 but in the year of 2025 the values would reduce by

about 3.38%, 3.09% and 4.37% respectively. Within the CBD, total travel demand would
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reduce due to imposing congestion charge but the overall travel demand in terms of

vehicle-hr would increase though vehicle-km would not significantly change in the year of

2005 and 2015. But in the year of 2025, the overall travel demand would reduce due to

imposing congestion charge within the cordon area because at that period the overall

network would almost be saturated. That is why emission rate of pollutants would increase

in the year of 2005 and 2015 but the values would reduce in the year of 2025 due to

imposing charge.

Tk15.00 as Congestion Charge: After imposing congestion charge for entrance in

Central Business District (CBD), total travel demand was increased by 1.02% of peak

period total vehicle-km demand and 7.37% of peak period total vehicle-hours demand for

the year of 2005. But in the year of 2025, vehicle-km travel demand and vehicle.hr travel

demand would reduce by 2.35% and 2.57% respectively. For the case of CBD, it would

reduce the percentage of total roadway length, carrying peak hour traffic with volume-

capacity ratio greater than 1.25, from 78% to 66% for the year of 2005 and from 89% to

85% for the year of 2025. It would reduce the percentage of total roadway length, carrying

peak hour traffic with average speed less than 15 kilometer per hour, from 69% to 62% for

the year of2005 and from 76% to 78% for the year of 2025 within CBD. But there would

no significant change in overall network performance due to imposing Tkl5 congestion

charge for entrance within the CBD during peak period.

For the year of 2005, peak period values of RCI, VCI, TRI and CSI within the CBD

reduced 5.16%, 1.00%, 9.13% and 12.57% respectively for imposing congestion charge

for entrance in CBD area. And in the year of 2025, the indices would reduce by 15.83%,

12.47%, 61.87% and 65.03% respectively. Due to imposing congestion charge within

CBD area, the network performance within the cordon area would improve but the overall

network performance would not significantly change. Because some people, due to

imposing charge for entrance in CBD, might not use the road network within the cordon

area to avoid paying the charge. That is why travel demand in the exterior area of CBD

would increase and the overall network performance would not improve.

As a result of imposing congestion charge for entrance within CBD area during peak

period, emission rate of SOx, NOx and CO were increased by about 6.99%, 7.20% and

7.40% respectively in the year 2005 but in the year of 2025 the values would reduce by
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about 3.72%,3.41% and 4.72% respectively. Within the CBO, total travel demand would

reduce due to imposing congestion charge but the overall travel demand in terms of

vehicle-hr would increase though vehicle-Ian would not significantly change in the year of

2005 and 2015. But in the year of 2025, the overall travel demand would reduce due to

imposing congestion charge within the cordon area because at that period the overall

network would almost be saturated. That is why emission rate of pollutants would increase

in the year of 2005 and 2015 but the values would reduce in the year of 2025 due to

imposing charge.

Tk50.00 as Congestion Charge: After imposing congestion charge for entrance in

Central Business Oistrict (CBO), as compared to the baseline situation, total peak period

total vehicle-km travel demand was reduced by 1.52% and 8.22% respectively for the year

of 2015 and 2025. Though total peak period total vehicle-hr travel demand was increased

by about 22.60% in 2015 but in 2025, it was reduced by 14.23% as compared to the

baseline situation. For the case of CBO, it would reduce the percentage of total roadway

length, carrying peak hour traffic with volume-capacity ratio greater than 1.25, from 86%

to 69% for the year of 2015 and from 89% to 73% for the year of 2025. It would reduce

the percentage of total roadway length, carrying peak hour traffic with average speed less

than 15 kilometer per hour, from 74% to 58% for the year of 2005 and from 76% to 62%

for the year of2025 within CBO. But there would no significant change in overall network

performance due to imposing Tk50 congestion charge for entrance within the CBO during

peak period.

For the year of2015, peak period values of RCI, VCI, TRI and CSI within the CBO would

reduce by 7.78%, 6.70%, 44.96% and 60.44% respectively for imposing congestion charge

for entrance in CBO area. And in the year of 2025, the indices would reduce by 19.31%,

21.32%, 64.08% and 63.35% respectively. Oue to imposing congestion charge within

CBO area, the network performance within the cordon area would improve but the overall

network performance would not significantly change. Because some people, due to

imposing charge for entrance in CBO, might not use the road network within the cordon

area to avoid paying the charge. That is why travel demand in the exterior area of CBO

would increase and the overall network performance would not improve.

As a result of imposing congestion charge for entrance within CBO area during peak

period, emission rate of SOx, NOx and CO would increase by about 27.06%, 25.94% and
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26.47% respectively in the year 2015 but in the year of 2025 the values would reduce by

about 16.55%,16.15% and 18.72% respectively. Within the CBD, total travel demand

would reduce due to imposing congestion charge but the overall travel demand in terms of

vehicle-hr would increase though vehicle-kni would not significantly change in the year of

2015. But in the year of 2025, the overall travel demand would reduce due to imposing

congestion charge within the cordon area because at that period the overall network would

almost be saturated. That is why emission rate of pollutants would increase in the year of

2015 but the values would reduce in the year of2025 due to imposing charge.

TklOO.OOas Congestion Charge: After imposing congestion charge for entrance In

Central Business District (CBD), as compared to the baseline situation, total peak period

total vehicle-km travel demand was reduced by 2.20% and 9.20% respectively for the year

of 2015 and 2025. Though total peak period total vehicle-hr travel demand was increased

by about 8.78% in 2015 but in 2025, it was reduced by 9.27% as compared to the baseline

situation. For the case of CBD, it would reduce the percentage of total roadway length,

carrying peak hour traffic with volume-capacity ratio greater than ].25, from 86% to 68%

for the year of 2015 and /Tom 89% to 73% for the year of 2025. It would reduce the

percentage of total roadway length, carrying peak hour traffic with average speed less than

15 kilometer per hour, from 74% to 55% for the year of 2005 and from 76% to 60% for

the year of 2025 within CBD. But there would no significant change in overall network

performance due to imposing Tk100 congestion charge for entrance within the CBD

during peak period.

For the year of2015, peak period values of RCI, VCI, TRI and CSI within the CBD would

reduce by 9.38%,9.65%,57.99% and 69.81% respectively for imposing congestion charge

for entrance in CBD area. And in the year of 2025, the indices would reduce by 20.08%,

23.81%, 67.09% and 67.42% respectively. Due to imposing congestion charge within

CBD area, the network performance within the cordon area would improve but the overall

network performance would not significantly change. Because some people, due to

imposing charge for entrance in CBD, might not use the road network within the cordon

area to avoid paying the charge. That is why travel demand in the exterior area of CBD

would increase and the overall network performance would not improve.

As a result of imposing congestion charge for entrance within CBD area during peak

period, emission rate of SOx, NOx and CO would increase by about 24.77%, 23.56% and
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23.17% respectively in the year 2015 but in the year of 2025 the values would reduce by

about 20.27%, 19.89% and 22.52% respectively. Within the CBD, total travel demand

would reduce due to imposing congestion charge but the overall travel demand in terms of

vehicle-hr would increase though vehicle-km would not significantly change in the year of

2015. But in the year of 2025, the overall travel demand would reduce due to imposing

congestion charge within the cordon area because at that period the overall network would

almost be saturated. That is why emission rate of pollutants would increase in the year of

2015 but the values would reduce in the year of 2025 due to imposing charge.

Impact of Bus Rapid Transit (BRT) System: After the introduction of BRT system,

total travel demand would reduce by 26.10% of peak period total vehicle-km demand and

56.82% of peak period total vehicle-hours demand for the year of2015. And in 2025, total

travel demand would reduce by 19.36% of peak period total vehicle-km demand and

16.80% of peak period total vehicle-hours demand. It would reduce the percentage of total

roadway length, carrying peak hour traffic with volume-capacity ratio greater than L25,

from 89% to 78% for the year of 2015 and from 91% to 85% for the year of 2025. It

would reduce the percentage of total roadway length, carrying peak hour traffic with

average speed less than 15 kilometer per hour, from 73% to 65% for the year of 2015 and

from 75% to 70% for the year of 2025. So it is revealed that there would be significant

change in overall network performance with the introduction of Bus Rapid Transit system

in Dhaka. The situation of network of Dhaka city is better perceived from the congestion

indices analysis.

For the year of2015, peak period RCI and VCI, which are mainly volume capacity related

measures, would reduce by 30.23% and 26.38%. TRI and CSI, which are mainly travel

time related measures, would reduce by 96.53% and 96.50% respectively. And in the year

of 2025 the indices would reduce by 24.86%, 23.75%, 61.97% and 66.39% respectively.

The overall network performance would significantly improve with the introduction of

BRT.

With the introduction of BRT within Dhaka city, emission rate of sax, NOx and CO

would reduce by about 16.89%, 16.98% and 16.64% respectively in the year 2025 during

peak period. The total travel demand will be reduced with the introduction of proposed

BRT system. Vehicular emissions are directly related to the travel demand. If the travel



173

demand gets reduced, the vehicular pollution will be reduced. That is why the emission

rate of air pollutants will be reduced with the introduction of proposed BRT system.

Impact of Mass Rapid Transit (MRT) System: The total travel demand would reduce

by 27.44% of peak period total vehicle-km and consequently peak period total vehicle-

hour would reduce by 39.82% for the year of2025 with the introduction ofMRT. It would

reduce the percentage of total roadway length, carrying peak hour traffic with volume-

capacity ratio greater than 1.25, from 91% to 84% for the year of 2025. It would reduce

the percentage of total roadway length, carrying peak hour traffic with average speed less

than 15 kilometer per hour, from 75% to 69% for the year of 2025. So it is revealed that

the overall network performance would improve with the introduction of MRT system in

Dhaka. The situation of network performance of Dhaka city is better perceived from the

congestion indices analysis.

For the year of 2025, peak period Rei and VCI, which are mainly volume capacity related

measures, would reduce by 33.24% and 30.43% respectively. TRI and CSI, which are

mainly travel time related measures, would reduce by 95.18% and 95.24% respectively.

With the introduction of MRT system within Dhaka city, emission rate of SOx, NOx and

CO during peak period would reduce by about 42.23%,42.04% and 41.70% respectively

in the year 2025, because total vehicle-km demand and total vehicle-hr demand would

reduce by about 27.44% and 39.82% respectively than baseline situation.

6.2 Remarks on the Selected Planning Options

Results of the analysis reveal that the network performance within the CBD could be

improved by the road pricing policy. But the overall network performance M Dhaka city

could not be significantly improved through imposing congestion charge alone as there is

no alternative option available for the captive users to change their mode. But after the

introduction of BRT or MRT system, the overall motor vehicular travel demand in the

Dhaka city road network would significantly reduce because significant portion of

travelers may change their traveling mode and switch from motor vehicular mode to the

BRT or MRT system to avoid the excessive traveling time.
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6.3 Recommendation for Future Research

This study was undertaken to assess the impact of road pricing option on the transport

problems and consequent air pollution of Dhaka city. In this regard a classical four stage

transport model (DUTM) has been used. Although there are many alternative demand

management policy to cope with the excessive travel demand, in the study only road

pricing option is considered. Here single cordon based charging option is considered.

Before implementation of any engineering measures to alleviate transport problems and

consequent air pollution, it is important to evaluate which measure is most feasible and

beneficial to minimize transport problems. In this connection, a few research directives are

suggested below.

The study only deals with single cordon based road pricing option. Further study may

consider the multiple cordon based road pricing option as well as corridor based options.

The study only deals with Central Business District (CBD). But there are some other

important locations of Dhaka city which become congested during the peak period.

Further study is required for locating probable zones under road pricing option to improve

the overall transport problems in Dhaka city.

The study is only focused on single demand management policy to improve the transport

problems in Dhaka city. But a combination of travel demand management policies which

have been successfully implemented in different parts of world should be investigated.

Further study may consider the other demand management policies which include land use

control, flexible working hours, parking control. etc. to assess their impact on transport

problems in Dhaka city. Also commensurate supply side options like ITS based public.

transportation, smart ticket system, traveler information systems might be considered for

analysis.
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