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Abstract 
This master-thesis analyzes the deployment of congestion protection strategies to improve 

the bus running time through a specific case; an intersection in the city of Boston, United 

States of America. At this juncture two bus routes, operated by the Massachusetts Bay 

Transportation Authority (the transit authority), suffer from congestion impacting on their travel 

time. Different congestion protection strategies -strategies that procure a sense of priority-

are evaluated using a micro-simulation program. The results are presented in terms of the 

travel time and the delay suffered by the transit vehicle and other vehicle classes. To 

implement the proposed strategies at the intersection an analysis of the policies and actors, 

technology, and management tools is perfomned. Throughout the analysis several aspects, 

which have limited the deployment of congestion protection strategies in the city of Boston, 

are identified. The research concludes that in order to implement congestion protection 

strategies a shift in perception towards the dependency to use private vehicles and old 

common practices of priority is to happen in the United States of America. Furthennore an 

improvement in running time for the bus is achieved when the traffic signal control -fixed time-

is changed to vehicle actuated. The report is concluded with suggestions for further research. 
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Executive Summary 
This master-thesis focuses on deployment of transit priority to improve the bus running time, 

with particular attention to the intersection of Massachusetts Avenue and Beacon Street in the 

city of Boston, United States of America (USA). At this intersection, large traffic volumes 

generally create congestion impacting on two bus routes operated by the transit authority A 

solution to improve congested situations is possible by deploying congestion protection 

strategies. Procuring a sense of priority towards the public transportation vehicle they are 

implemented throughout the use of different strategies. However, despite their benefits they 

have seen limited deployment in the United States of America and the city of Boston. The 

report concludes that a change from fixed time to vehicle-actuated traffic signal program 

reduces delay and improves travel time for public transportation. Further benefits arise by the 

application of strategies such as a priority call or a bus lane over the Harvard Bridge. The 

benefits arise primarily from the elimination of the protected left turn from the control phase, 

improving primarily public transportation vehicles inbound and other vehicle classes. 

However, to deploy the congestion protection strategies requires a shift in perception of public 

transit and the dependence of private vehicles in the United States of America. These two 

issues can be considered as the initial constraints towards the limited implementation of 

congestion protection strategies. 

Deriving from the problem definition, the research has centered on trying to answer the 

following research question: 

"What are the necessary policies (changes or new), technology strategies and 

management tools that can work together to improve the running time by giving 

priority to public transportation in Boston?" 

This question is answered by firstly answering a series of sub-questions that have been 

established to deal with the various subjects addressed as part of the research process. The 

thesis is structured in four parts; Part I serves as the research demarcation and a brief 

discussion regarding public transportation, congestion protection strategies and the transit 

authority provided as background information. Part II proposes and evaluates different 

congestion protection strategies for deployment at the intersection in question. Part III 

analyzes the policies and actors, technology and management tools behind public 

transportation to implement congestion protection strategies. Part IV discusses the 

possibilities to implement the proposed strategies through a synthesis. The main findings of 

the research are discussed by answering the main research question along with the various 

sub-questions. Finally, the part and the report are brought to an end with suggestions for 

future research and a reflection from the author. 
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Part I Background 

In Chapter 1 the research demarcation describes the problem, problem owner, research 

objective, research questions and sub-questions and, the research scope and structure. 

In Chapter 2 the importance and role of public transportation and the impacts of congestion 

are described in terms of the benefits and impacts on society, image, reliability, the 

environment, non-users, and economic development among others. In the United States of 

America the car is still the preferred mode of transport while the perception of public transit is 

towards the less fortunate. The modes and network of the transit authority are briefly 

discussed. The Massachusetts Bay Transportation Authority, the fifth largest in the country 

with daily ridership over 1 million, serves 175 cities and towns operating a vast infrastructure 

and range of modes. The transit authority embarked in a bus service route (the Silver Line) 

deploying congestion protection strategies. Congestion protection strategies are slight 

modifications to the road geometry and or traffic control procuring a sense of priority towards 

the transit vehicle. Bus Rapid Transit (BRT) and Transit Signal Priority (TSP) are two of the 

most common congestion protection strategies deployed in the USA. BRT is a cost efficient 

and flexible alternative to rapid transportation. TSP, a feature of BRT and one of the most 

successful, is a tool to improve the running time of a bus by introducing a priority call within 

the traffic control phase. The Silver Line (SL) incorporates the basic elements of a BRT; 

implementing gates and or tunnels, and conditional Transit Signal Priority at a few 

intersections. The SL, illustrates the use of old common practices of priority -underground-

which are still preferred despite the high investments and justifications compared with TSP. 

Regardless of the priority strategies, the Silver Line has been highly beneficial; reducing travel 

time, increasing ridership and improving the reliability of the bus service. Other transit 

authorities in the State of Massachusetts have successfully implemented congestion 

protection strategies at some intersections and or bus corridors. 

In Chapter 3 state-of-the-art cases from the USA and around the world are presented. 

Throughout the world different cases have delivered benefits and lessons to improve 

development and deployment. In the United States of America different cases are presented 

highlighting the priority strategy, characteristics, benefits and barriers that resulted from 

deployment. Within each case, a wide range of benefits resulted but the barriers can be 

considered as similar by all cases. Institutional barriers, such as high complexity given the 

number of actors and communication between actors, as well as other greater obstacles, 

which arise from the institutional barrier referring to coordination and communication between 

actors need to be addressed. These can be addressed through partnerships. In addition, the 

bureaucratic process in which these projects fall needs to be considered. Minimizing such 

process and the bureaucratic hurdle that comes with the project can be achieved through the 

leadership of one of the actors involved. In this particular case, through the Central 

Transportation Planning Staff -in charge of multimodal transportation planning and analysis-
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can provide such leadership to develop and deploy congestion protection strategies not only 

at the relevant intersection but also throughout the city of Boston. The agency can promote 

the necessary communication, coordination and partnerships between actors that will 

encourage the deployment benefiting the transit authority and its users. 

Part II Site Evaluation 

In Chapter 4 the characteristics of the intersection of Massachusetts Avenue (Mass Ave) and 

Beacon Street subject to evaluation of diverse congestion protection strategies are described. 

To account for downstream and upstream effects other intersections are considered; 

Memorial Drive (downstream) and, Marlborough Street and Commonwealth Avenue 

(upstream) over Mass Ave. Massachusetts Avenue is a major north to south thoroughfare 

connecting the cities of Boston and Cambridge. To cross the Charles River, the Harvard 

Bridge is an important landmark between the intersections of Memorial Dr. and Beacon St. 

During baseball season, Mass Ave provides an excellent alternative to reach Fenway Park via 

Beacon Street. The intersection is chosen due to its characteristics; infrastructure surrounding 

(historical buildings and the Harvard Bridge), high traffic volumes, road geometry, location of 

bus stops and the traffic control program (protected left turn). All of these characteristics 

participate in the creation of congestion hampering the bus. Furthermore, they represent a 

constraint towards the different congestion protection strategies that can be deployed. 

In Chapter 5 the relevant intersections are analyzed in a quantitative manner. The 

intersections following the approach depicted in the Highway Capacity Manual are calculated 

in respect to their volume/capacity ratio, average delay and Level of Service. As observed in 

the field and resulting from the calculations several streams have a volume to capacity ratio 

higher than design levels impacting their Level of Service (LOS). Primarily, inbound -stream 

11- over the intersections of Memorial Drive and Beacon Street are affected generating a 

queue. The cause can be attributed by protected left turn at Beacon St. and insufficient green 

time at Memorial Drive. Allocating longer green time by increasing the cycle time and or 

eliminating left turn possibilities by rerouting traffic are possible solutions to improve the 

performance of the intersections and increase their Level of Service. 

In Chapter 6 different congestion protection strategies are proposed through "scenarios" to 

improve/decrease the bus running time at the intersection of Mass Ave. and Beacon St. The 

scenarios are developed based on the characteristics of the relevant intersections as 

described in Chapter 4. The scenarios consider changes in the traffic signal control without 

making changes to the road geometry. Seven scenarios result. A "as-is" scenario is 

developed in order to compare the current situation with the proposed strategies. To 

incorporate Transit Signal Priority within the traffic control and evaluate all possible strategies 

the traffic control program is modify, fixed time to vehicle actuated. This resulted in two 

different scenarios. A scenario evaluates the possibility of actuated left turn by introducing it in 



the traffic control phase. The change in traffic control program eliminated protected left turn, 

reason for proposing this scenario. A scenario to increase the capacity of the intersection is 

proposed by modifying the lane markings. To improve the operational speed and performance 

of the bus a bus lane over the Harvard Bridge is proposed. This scenario is evaluated as well 

introducing a priority call to cross the intersection. Finally, to evaluate the future performance 

of the bus and other vehicles at the intersection, two scenarios are developed increasing the 

traffic volumes. 

In Chapter 7 the results of the scenarios -proposed strategies- modeled using a micro-

simulation program are presented. The results are based on two performance indicators; 

delay -average delay over the travel section- and travel time -average travel time over the 

travel section. Introducing a priority call within the vehicle actuated traffic control program and 

or a bus lane represents one of the best congestion protection strategies for the bus with 

minimum impact over other vehicle classes to be implemented. Inbound and outbound 

movements are balanced and protected left turn eliminated as the traffic control program is 

changed. The change represents an improvement in the bus running time and minimization of 

the delay for the bus, even if congestion protection strategies are not preferred. However, 

there is a slight increase in delay for all vehicle classes and the effect over side streets is not 

considered. 

Part III Policy, Technology and Management Tools 

In Chapter 8 \he "carrots and sticks" for public transportation projects considering congestion 

protection strategies in the United States of America identified at the relevant intersection are 

analyzed. The "carrots", policies and programs provide the funds for public transportation 

projects. Notwithstanding the achievement of public transportation projects, the policies lack 

"sticks", penalties for none attainment of the project. Through an actor analysis the actors and 

their main objectives are analyzed, visualizing the interrelations between policies and actors. 

A reference framework is proposed towards setting thresholds as the initial step to compare 

the objectives with the results of any transit project, therefore, developing "sticks" for none 

attainment. A discrepancy exists at the policy level between rail and bus projects competing 

for funding. A distinction between modes is required. Funding resources are provided through 

Federal, State, and or local sources. Local shares of up to 50% are required for public 

transportation projects to qualify for other funds, e.g. Federal resources. The local share 

forces State and local agencies to go through long and difficult processes and or even find 

innovative ways to accomplish the required funds. Jurisdiction conflicts at the intersection 

arise given the large number of actors; they own, operate and maintain the roads, traffic 

signals, bus stops, the bridge and other infrastructure. Such conflict represents from the 

transit authority point of view one of the primary constraints to implement and deploy priority 

strategies. The number of actors requires agencies to create cooperative and well-built 
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partnerships. In addition, communication channels need to be defined in order to achieve 

congestion protection strategies. 

In Chapter 9 the software and hardware required to deploy congestion protection strategies, 

more over, the technology for Transit Signal Priority (TSP) is described. The capabilities of 

the traffic signal in the United States of America are briefly discussed to analyze the available 

products offered by different manufacturers. The technology developments during the last 

decades have improved the systems in terms of their management, operation over networks 

and vehicles leading to a diversification of products, requiring standards. These standards 

regulate manufacturers and their products. Between products, primarily for TSP, there is still a 

strong relation between hardware and software capabilities. The information provided by the 

manufacturers is unclear in terms of the capabilities of their products. The products, 

communication capabilities between traffic signal controller and detection systems require in 

many cases the use of different products. Therefore, the use of a wide variety of products to 

achieve the priority strategy increases investment, threatening the project. 

In Chapter /öperfonnance measures as management tools used by transit authorities to fine-

tune the operation and service quality are presented. The Massachusetts Bay Transportation 

Authority evaluates its operation and service through several performance indicators to make 

improvements or propose new services and their quality. Several performance indicators are 

used to evaluate the bus service. Nevertheless, the impacts of congestion over the bus or 

public transportation vehicle are not quantified. The MBTA is compared with other major 

transit authorities in the United States of America. The performance indicators for the MBTA 

and given the transit profile make the MBTA a productive and cost effective transit authority. 

However, its cost efficiency is one of the highest in the USA driving the budget of the authority 

to a deficit. An analysis of the key bus routes as defined by the transit authority is made in 

order to assess the impact of congestion (in minutes) over the bus. Accounting for other 

factors besides congestion, the delay suffered for all bus routes is considerably high primarily 

in the afternoon peak. 

Part IV The End 

In Chapter 11 a synthesis, the main findings, recommendations and a reflection are 

presented. The synthesis discusses the possibility of implementing the proposed congestion 

protection strategies at the relevant intersection considering the actors, policies, technology, 

and perfomnance measures. The primary constraint to deploy congestion protection strategies 

is given by the jurisdiction conflict. Actors need to overcome their preference over the car and 

the perception of public transportation. Further, partnerships and communication channels are 

required to achieve the implementation of priority strategies. Willingness and skepticism from 

the actors needs to shift recognized by the benefits of public transportation and congestion 

protection strategies. However, the proposed congestion protection strategies can be 



deployed if all actors, through the leadership of the CTPS and or the MBTA participate with 

the same objectives and enthusiasm. 

The main conclusions reached are based on answering the main research question and sub-

questions considering the objective of the research. Answering the main research question 

towards improving the running time of the bus in the city of Boston; 1) a policy focusing 

towards public transportation priority at a State level should fund transit projects while transit 

authorities over come their jurisdiction conflicts through cooperative programs and or 

partnerships. The policy should specify the "carrots and sticks" to implement such projects. 2) 

Technology manufactures should be able to provide more and specific information about their 

software and hardware. 3) Transit authorities should apply performance measures quantifying 

the impacts of congestion towards public transportation in order to provide information which 

can be used to generate sufficient pressure to deploy and fine-tune congestion protection 

strategies. 

Further following the goal of this investigation, the limitations towards deploying congestion 

protection strategies need to be overcome by all of the actors involved. Among several 

identified limitations, two main limitations need to be addressed; public transportation 

perception and the reliance of old common priority practices. Recommendations for future 

research are proposed in the field of transportation policies. Transit Signal Priority and 

evaluating other congestion protection strategies at the intersection in question as well as 

other congested areas. In the city of Boston the Massachusetts Bay Transportation Authority 

in combination with the Central Planning Transportation Staff should continue to perform 

studies in the field of congestion protection strategies. Such studies could become the initial 

step towards a shift of public transportation and deployment of congestion protection 

strategies at conflict areas. The report is brought to an end with a reflection from the author. 

Appendices are provided as background information to the different subjects dealt in this 

report. 
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About this Document 
The report is written on the assumption that the reader has previous knowledge of public 

transportation, traffic signal control, Transit Signal Priority and micro-simulation programs 

(VISSIM) as well as the subjects dealt herewith. If the reader does not have previous 

knowledge off these subjects it might be a bit complicated to understand this report. 

The report is structured in four parts to ease the flow of infomnation and reading. Each chapter 

is provided with a small introduction and conclusions reached within the chapter. Figures are 

used for illustration purposes. Tables are used to present, as an overview, the infonTiation 

dealt within the chapter and support the main text. A list of figures and tables is provided. 

Throughout the report abbreviations are written in full length every time they are used for the 

first time and a list of abbreviations is provided at the end of the report. References are used 

when relevant. Appendices are provided at the end of the report to support and as additional 

information to the subjects dealt with. 

In this report, congestion protection strategies, priority strategies, transit priority and public 

transportation priority are used synonymously. As well, mass transit, public transportation, 

public transit and mass transportation are used synonymously. In the context of this report 

congestion refers to the delay (effect on the travel time) a mass transit vehicle suffers. 

The report is intended for research professionals, students, transportation managers and 

everyone involved with public transportation focusing on congestion protection strategies. 
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Part I. Background 

As a starting point to this report. Part I serves as the research demarcation 

discussing the problem at hand. Public transportation, modes, characteristics and 

the network of the transit authority for the city of Boston and strategies to improve 

the running time of the bus are discussed as background information. 

The chapters presented in this part are: 

• Chapter 1 Research Demarcation 

• Chapter 2 Boston; a Public Transportation Capital 

• Chapter 3 Global to Local Perspective 

Figure 1: Logo of the Massachusetts Bay Transportation Authority 

Source; wwwl 
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Part I - Background 

Chapter 1 Research Demarcation 

1.1 Introduction 

This chapter serves as the starting point, the introductory process, for the thesis report. It 

highlights the process by which the problem statement has been defined and the problem 

owner identified, leading to the fomnulation of the research question and sub-questions. The 

goal of this thesis research is to arrive at a conclusion by firstly finding answers to each of the 

sub-questions and finally answering the main research question. The research approach 

described below sets how the subjects of this research would be addressed. This thesis has 

been structured in four parts shown in an infomnation flow highlighting the subjects of this 

research. 

1.2 Research Problem 

A problem can be perceived when there is a gap between the existing situation and the 

desired situation. In the case of this thesis, a gap has been identified between the existing 

and a decrease in circulating time or passenger travel time of public transportation in the city 

of Boston, Massachusetts (United States of America). A decrease in running time brings 

different benefits such as; improves reliability, saves money as fewer busses are needed, 

travel time for passengers is reduced and competitiveness with other modes. To accomplish 

an improvement can be done by either helping or hearting users. It is necessary to find the 

win-win situation. Arguably the cause of this gap is congestion, even though congestion 

protection strategies have been developed to narrow this gap. Worth noting that in urbanized 

cities in the United States of America (USA), large traffic numbers generally create 

congestion, which in turn, affects public transportation. Notwithstanding the benefits of 

congestion protection strategies and the fact that they generally procure a sense of priority by 

implementing different strategies, they have seen limited deployment in the United States of 

America and the city of Boston. 

The problem statement in which this research is initiated is therefore as follows; 

In major urbanized cities within the United States of America, why have congestion 

protection strategies seen such limited deployment as a solution to improve the running time 

of public transportation, which is significantly affected by congestion ? 

For example, in the city of Boston considering two bus routes (1 and CT1) running through a 

major thoroughfare encounter congestion cause by a diversity of issues that affect its 

operational speed. At a specific intersection, in this case Massachusetts Ave and Beacon St., 

the causes of congestion can be attributed to the high volume of traffic, the geometry of the 

intersection, the location of the bus stops, turning fractions and driving behavior. Therefore, 

impacting on the reliability, image, role and, ultimately, the perception of public transportation. 
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Through congestion protection strategies the intersection crossing for the bus can be 

improved. However, implementing congestion protection strategies, generally in the United 

States of America and particulariy in the city of Boston might require a shift in perception 

towards public transportation and the current preference of cars. These, among other reasons 

make it difficult to implement congestion protection strategies. The benefits of congestion 

protection strategies have proven highly beneficial where deployed. Hence, this research will 

focus on policies, technology and management tools to aid the deployment of congestion 

protection strategies in order to improve the running time of the relevant bus routes. 

1.3 Research Problem Owner 
The Massachusetts Bay Transportation Authority (MBTA) has been identified as the problem 

owner. Due in fact that as the transit authority renders public transportation services over the 

city, it would be the primary beneficiary from the deployment of congestion protection 

strategies as these focus on the transit vehicle. 

1.4 Research Objective 
Relating to the problem statement and the research question, this research will try to 

accomplish the following objective: 

Identify the reasons that have limited the deployment of congestion protection 

strategies considering the policies, technology and performance measures involved in public 

transportation to increase the running time (operational speed) of the bus in the city of 

Boston. 

As part of the objective, it is intended to identify the necessary balance required between 

policies, technology and performance measures to deploy congestion protection strategies in 

order to increase the operational speed of public transit. This will be achieved by considering 

an intersection in Boston which, given its characteristics, provides the necessary insight to 

uncover some of the reasons that have limited the deployment of congestion protection 

strategies. 

1.5 Research Questions 
A research question has been formulated based on the problem statement in order to find 

alternatives or solutions and serving the purpose of this thesis: 

"What are the necessary policies (changes or new), technology strategies and 

management tools that can work together to improve the running time by giving 

priority to public transportation in Boston ?" 

The research question is centered among four subjects, and to find a unified answer it has 

been subdivided in a series of simpler questions. Categorizing by subject and answering the 
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sub-questions individually, provides the necessary information to achieve a solution. The sub-

questions are: 

1. Policy 

a. Which are the transportation policies for public transportation in the United States 

of America? Do any acknowledge or promote the use of congestion protection 

strategies for public transportation projects? What are the funding possibilities 

derived from the transportation policies for public transportation projects? 

b. Who are the actors involved? 

c. What are their expectations / goals towards public transportation and priority 

strategies? 

d. Is there a need for new or improved policies relating to public transport focusing 

on priority strategies? 

2. Technology 

a. What technology applications and products does the market offer to deploy 

congestion protection strategies? 

b. What developments of technology are needed to have solutions at a local level? 

c. What is the current state-of-the-art in congestion protection strategies deployed in 

the city of Boston, the United States of America and other countries? 

3. Management Tools 

a. Which performance measures exist to evaluate the performance of the transit 

modes? 

b. What performance measures does the relevant transit authority use? Do any 

consider the impact of congestion? 

c. Can we predict the cost - benefit efficiency over the congestion impact? 

4. Boston 

a. Which strategies of congestion protection can be deployed at the site being 

evaluated? 

b. Are these strategies particular to a conflict area? Should they focus to other 

conflict areas? 

c. Which priority strategy would benefit the bus and other vehicle classes at the 

intersection under evaluation? 

4 



Chapter 1 - Research Demarcation 

1.6 Research Approach 
The research approach in this investigation is partly empirical and model based. Literature 

review, interviews and input from observed situations, form the base for the development of 

the analysis (actor, performance measures, and state-of-the-art cases), the concepts further 

in this thesis, and ultimately the findings of the investigation. The use of software such as a 

micro-simulation program provides the source to model diverse situations creating a 

framework to validate different scenarios. The selected research approach allows gathering 

information and achieving a level of understanding in order to evaluate the problem -based 

on a hypothesis and a range of possible solutions. 

1.7 Research Scope 
The research focuses on; public transportation with particular consideration towards the bus, 

as one of the modes of public transport, the transit authority -Massachusetts Bay 

Transportation Authority- congestion and congestion protection strategies - primarily Transit 

Signal Priority and Bus Rapid Transit. Furthermore, consideration has been given to 

transportation policies in the USA that encourage or fund public transportation projects and 

congestion protection strategies. Technology to implement these strategies and the 

management tools used to evaluate the peri'ormance of the bus by the problem owner are 

also regarded. A specific site is modeled considering only the intersections of Massachusetts 

Avenue with Memorial Drive, Beacon Street, Mariborough Street and Commonwealth Avenue 

in the city of Boston. 

1.8 Research Outline 
The report is divided in four parts. Each part contains different chapters discussing in an 

orderly manner the subjects of the investigation (see Figure 2). The parts and their respective 

chapters are as follows. Part I - Background, presents a discussion over the role of public 

transportation and the impacts of congestion (paragraph 2.2), the transit authority 

characteristics and modes (paragraph 2.3) and its network (paragraph 2.4). Further, this Part 

defines congestion protection strategies (paragraph 2.5) and analyses the strategies 

deployed in the city of Boston and other cities in the State of Massachusetts (paragraph 2.6 

and 2.7) respectively. Different strategies have been deployed in other cities around the 

worid, which are subject of Chapter 3 highlighting the benefits and barriers (paragraph 3.2). In 

addition, this chapter discusses the bureaucratic hurdle and the leadership to be provided 

(paragraph 3.3) in order to deploy a preferred congestion protection strategy at the relevant 

site. 

Part II -Site Evaluation- evaluates a specific intersection in the city of Boston to evaluate and 

different congestion protection strategies. Downstream and upstream are included in the 

evaluation where in (paragraph 4.2) the characteristics of the intersections are discussed. 
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Calculations for each of the intersections are performed (paragraph 5.2). Considering the 

characteristics of the relevant intersection different congestion protection strategies -

scenarios- are proposed (paragraph 6.2) and simulated using a micro-simulation program. 

The results of the simulated congestion protection strategies are discussed in relation to the 

performance indicator; travel time and delay (paragraph 7.2 and paragraph 7.3 respectively). 

Part III -Policy, Technology and Management Tools- analyzes these subjects towards the 

deployment of congestion protection strategies in the city of Boston. The transportation 

policies within the United States of America and the actors identified at the site evaluation 

(paragraph 8.3) are analyzed through an actor analysis (paragraph 8.4). The traffic signal in 

the USA and its characteristics (paragraph 9.2) are presented. Transit signal priority the 

considerations, products and detection technologies are discussed in (paragraph 9.3 to 

paragraph 9.5) order to deploy and accomplish such strategy. Transit authorities fine-tune 

their operations and service quality through performance measures which are dealt in 

(paragraph 10.2). The performance of the transit authority in the city of Boston is analyzed 

and compared with other transit authorities (paragraph 10.3). Performance measures do not 

account for the impact of congestion towards the bus; therefore, an analysis (paragraph 10.4) 

of such impact over some bus routes in the city of Boston is performed. 

Part IV -The End- presents a synthesis (paragraph 11.2) and the main findings of the 

research (paragraph 11.3). The chapter and the report conclude with recommendations for 

future research (paragraph 11.4) and with a reflection (paragraph 11.5). 

In order to guide the reader into the subjects dealt within every chapter a brief introduction is 

provided. In addition, each chapter is brought to a close with a conclusion reached over the 

relevant chapter. 

The appendices provided at the end of the research present a further discussion over the 

subjects dealt with and serve as an illustrative guide. 

1.9 Research Structure 

The subjects dealt within this research are depicted in the following infomnation flow chart. 

This is done in order to lead the reader through the parts of the report and illustrate the 

interrelation between the subjects dealt herewith. 
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The initial step is to identify a "Hot Spot", which is a conflict area where congestion protection 

strategies are to be analyzed for and further deployed. This step initially identifies the transit 

authority. The site is evaluated based on the characteristics of the relevant intersection, which 

determines the strategies -scenarios- to be assessed in relation to the congestion protection 

strategies that can be implemented. The policies and actors, technology and management 

tools are those identified within and for the intersection. The dotted line provides the link 

between Part II and Part III. This link is made through state-of-the-art cases in the United 

States of America. The case, the site evaluation, identifies the benefits and barriers of 

congestion protection strategies, while by the analysis of the actors, technology and 

management tools allows through the identified barriers to further evaluate the possibilities for 

deployment. The synthesis presents a discussion of how deployment of preferred congestion 

protection strategies at the site evaluation can be achieved. Finally, the conclusions and 

recommendations resulting from the analysis performed throughout the previous chapters are 

discussed. This thesis intends to provide an understanding on how to improve the running 

time (or operational speed) for buses in the city of Boston; a consequence of this would be an 

improvement of the public transportation system, which ultimately impacts on the society as a 

whole. 
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Chapter 2 Boston; a Public Transportation Capital 

2.1 Introduction 
This chapter initially addresses several concepts and defines the subjects that serve as 

background information to comprehend the research at hand. The Massachusetts Bay 

Transportation Authority (MBTA) has a long history in the city of Boston; operating several 

modes it serves over 4.5 million inhabitants. It is the 5th largest operating transit authority in 

the USA. The characteristics and the range of modes it operates through a vast network are 

further discussed in this chapter. 

Further, the chapter discusses a solution to improve congestion situations primarily in 

urbanized cities affecting public transportation. Congestion protection strategies are briefly 

defined and analyzed. In combination with the latter, the transit authority has deployed 

several congestion protection strategies throughout the city with the development of a Bus 

Rapid Transit; the Silver Line. Other transit agencies have also realized congestion protection 

strategies in the State of Massachusetts; these are also briefly discussed. 

2.2 Public Transportation versus congestion 
In this paragraph public transportation and congestion will be defined and subsequently the 

role of public transportation and the impacts of congestion will be depicted. First, public 

transportation individually or combined provides greater mobility, access, opportunity, and 

choice for all users. Defined as "transportation by a conveyance that provides regular and 

continuing general or special transportation to the public..." [1] by Federal government of the 

United States of America, it renders means of transportation to all citizens communities of all 

sizes. Public transportation includes modes like; bus, subway, rail, trolleys (tram and or 

streetcars), monorails, cable cars, light rail, and ferryboats. Paratransit services (Demand 

Responsive Transport, DRT) for elderly and disable, van pool services, taxis and other 

subcontracted services provided by the transportation authority are also considered public 

transportation. 

Second, 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 convenience" [2]. A bus suffering from congestion could 

mean, under this definition the following. The bus and therefore bus route is able to provide 

mobility and accessibility. This being true, at certain points of the route the bus will face 

delays, interruptions or a decrease in convenience. The combinations of different factors 

working all together generate congestion -factors such as; capacity, driving behavior, traffic 

signals, and road geometry amongst many others- affecting all vehicle classes. A wide variety 

of innovative solutions have been implemented effectively to minimize the impact of 
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congestion over public transportation. The impacts of congestion over public transportation 

can be minimized by slight changes and or modifications to the factors generating congestion. 

In addition the user, public transportation employees and transport policies, technology and 

management tools, among other indirect factors surrounding the system should be 

considered. 

From a society, image, reliability, environment, economic development and non-users point of 

view public transportation plays a key role, which could be heavily impacted by congestion. In 

Table 1 the role of public transportation and impact of congestion are discussed. 

Table 1: Role of Public Transportation versus Impact of Congestion 

Role Public Transportation Impact of Congestion 

Society Mobility for all members helps build 

richer social networks 

High operation costs, communities 

developed under the premise of the private 

car, limited mobility. 

Image Accessible, comfortable, fast, a good 

transportation alternative 

Slow, crowded, long running times, delays 

and perception as inaccessible to perform 

all daily activities. 

Reliability 

Economic 

Development 

Well planned systems (high 

frequency), operation and service 

processes related to the network and 

modes 

Thrives economic development as it 

promotes smart growth, caters for 

shift in market demands and lifestyle. 

A public transportation node can help 

to attract development. 

Bad planning, inefficient services, driving 

behavior and unbalance in road capacity. 

Scarce resources to develop public 

transportation systems. Public transportation 

has returns to scale, highways and streets 

decrease the returns of scale 

Environment Green alternative to mobility (pax/per 

vehicle) and low emissions; 

alternative fuels (CNG) 

Gas-guzzlers and high traffic volumes 

generate higher emissions; vehicles stand 

idle for long periods. 

Non-users Convenient and less expensive 

alternative to transport, creates a 

modal shift, reduces congestion 

Private vehicle dependency is high where 

public transportation systems must provide 

an efficient and genuine alternative to cars, 

a challenge in urbanized cities. 

Public transportation also plays a role in case of emergencies as it can transport large 

number of people and or save numerous lives. For example, in New York City when the 

attack to the World Trade Center (9/11) buses where used to evacuate the city, providing a 

transportation alternative. 
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2.3 The Transit Authority: IVIassachusetts Bay Transportation Authority 

The Massachusetts Bay Transportation Authority, MBTA, (locally known as the 'T") was one 

of the first combined regional transportation planning and operating agencies to be 

established in the USA, August 3rd, 1964 [wwwl]. However, the first transportation mode in 

the city of Boston dates from 1897 considered as light rail. 

Figure 3: Subway entrance sign at Back Bay 

Source; www1 

A political body and subdivision of the Commonwealth, the MBTA has grown to service more 

than 175 cities and towns of the Massachusetts Bay area with a total population of 

approximately 4.7 million. It is the fifth largest mass transit system in the USA in terms of daily 

ridership with 1.1 million passenger trips (weekday and all modes) [wwwl]. In Boston, 55% of 

all work trips and 42% of all trips into downtown are made by transit [3]. The MBTA system 

serves the area in a largely hub-and-spoke network. The MBTA is one of the few agencies in 

the USA regulated at a State level where all 175 cities have decision-making ability towards 

transportation programs and or plans operated by the transit authority. Therefore the agency 

encounters a few difficulties in terms of accomplishing public transportation projects (new or 

improvements and developing programs) as well as funding. Further analysis of the policies 

and programs for the MBTA (refer to Chapter 8 and Appendix B -) discusses several issues to 

be addressed in order to fulfill its objectives. 

The MBTA is in constant management of projects. Some of the projects, aimed to increase 

ridership and benefit riders, fall into high investment costs. Boston is typical of many 

metropolitan areas struggling to maintain or increase their ridership while keeping their transit 

deficits under control [4]. Many of the projects managed by the MBTA focusing on 

improvements or new services make use of one of the oldest practices of "priority": grade 

separation - underground. Many transportation planners and decision-making agencies relate 

to this as "the priority strategy" for public transportation. Notwithstanding this solution as one 

of the best, it comes with high investment costs and is quite difficult to justify. 
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Despite its costs and justification, subway lines are still being developed representing an 

optimal solution to traveling faster. The MBTA has been trying and pushing among its 

stakeholders, agencies, and governing towns and cities involved for further deployment of 

congestion protection strategies. Although a priority strategy has been successfully deployed 

in the Silver Line (described in paragraph 2.6) it has been difficult for the transit authority to 

achieve congestion protection strategies for other bus routes due to several factors; primarily 

the effect of priority on the surrounding routes and traffic congestion [1NT1]. 

2.4 The Transit Authority Networl< 
The Massachusetts Bay Transportation Authority operates and maintains approximately 185 

bus routes, three Bus Rapid Transit lines, 5 streetcar routes, 4 trackless trolley lines and 13 

commuter rail routes. It also operates inner-harbor ferries and commuter boats, and has para­

transit services sub contracted to a third party [wwwl, 3]. The MBTA owns some of the 

commuter rail routes but a coordination-relation to operate these lines exists with Amtrak^. 

The rapid transit system, as the subway lines are labeled, the bus rapid transit and bus 

service, commuter rail, para-transit and commuter boat, are briefly described in Table 2. In 

Figure 10 the rapid transit and key bus routes network map is depicted. In addition some 

commuter rail lines and commuter boat lines are shown in this network map. 

Signals and dispatch are operated by Amtrak, as well as it provides service in other routes. 
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Table 2: Transit modes operated by the MBTA 

Rapid Transit System 

Four rapid transit lines (Red, Orange, Green and Blue) 

are operated in approximately 408 heavy rail vehicles 

over 38 miles of heavy rail routes and 53 stations and 2 

streetcars (Green Line and Mattapan line) in 

approximately 26 miles of rail routes serving 78 stations 

with a fleet of approximately 207 light rail vehicles Figure 4: Blue line vehicle, Rapid Transit Lines 

Bus Rapid Transit 

The Silver Line is a BRT project serving 14 stations, 

operating in an exclusive bus-lane only on portions of 

Washington Street, South Station to the South Boston 

Seaport District, and a direct service to Logan Airport 

Figure 5: Silver Line vehicle 

Bus Service 

With over 175 bus routes and a fleet of over 991 buses 

(564 diesel buses, 360 CNG and 2 prototype alternative 

fuel buses) bus services cover more than 763 route 

miles with a frequency approx. of 5 to 10 minutes in 

peak hour and 15 to 20 off peak. Additionally, four bus 

routes operate in the urban core areas a frequent 

schedule express service to and from downtown Boston 

and manage six local service subsidy programs. 

Figure 6: Bus service vehicle 

Commuter Rail 

Commuter rail routes provide long haul linking the outer 

regions with downtown Boston with over 80 commuter 

rail locomotives and 410 commuter rail coaches 

servicing 131 stations on 11 commuter rail lines. 

Figure 7: Commuter Rail vehicle 

Para-transit 

Named 'THE RIDE" is a door-to-door demand response 

para-transit program. Operates 453 vehicles in over 62 

cities and towns with monthly average trips of 

approximately 115,000 providing the elderly and disable 

with transportation. 
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^JHĵ H 
B^i^^J 
v^jjiflÉ 
^•^^^^^^^1 
^ • H H H I 

Figure 8: The RIDE Para-transit vehicle 

Commuter Boat 

Service is provided over several routes between Boston 

and various points in the inner Boston Harbor area and 

three terminals on the south shore. It owns two of the 

ferry boats while the rest are subcontracted to third 

parties Figure 9: Silver Line vehicle 

Source; information and figures adapted from www1 and [6] 
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Figure 10: Massachusetts Bay Transportation Authority Rapid Transit and Key Bus Routes Network map 

Source: wwwl 
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2.5 A Solution for Public Transportation: Congestion Protection Strategies 

Delays aggravate the travel times for the users and drivers impacting on the reliability of the 

entire public transport system. When a driver (in a private vehicle) encounters a congested 

zone or situation will quickly try to look for alternative routes to by-pass the congested area. 

However, a bus or public transportation vehicle runs over a fixed infrastructure or route 

without having the capabilities to by-pass the congested area. It must wait until it can properly 

pass the congested area or congestion disseminates. Therefore, congestion protection 

strategies have been developed and deployed. 

A bus requires much less road space for the same number or passengers commuting by car. 

Congestion protection strategies offer a solution to by-pass congested areas focusing towards 

the mass transit vehicle by developing and deploying techniques, which are simple measures 

that procure a sense of priority maintaining its travel time. To procure a sense of priority is 

especially important when the vehicle shares a right-of-way. Priority strategies have proven 

extremely cost effective and a simple solution to improve the reliability, image and service of 

public transportation. 

The strategies to protect the transit vehicle from congestion they include physical 

improvements, operating changes, and regulatory changes. A single strategy not always 'tits-

all" congested situations. As every congestion situation is different it is necessary to consider 

the circumstances and characteristics of the area and or transit system in order to detennine 

the strategy to be adopted. Therefore, it is not possible to assess or deploy one strategy in 

itself but rather a combination of strategies to achieve the desired situation. Congestion 

protection strategies present a mean to integrate all existing strategies. Examples of 

congestion protection strategies are briefly described and illustrated here below. 

Where do Congestion Protection Strategies come from? 

Congestion Protection Strategies derive from the combination of Dynamic Traffic Management (DTM) 

measures. Dynamic Traffic Management is a set of different strategies such as traffic control being one 

of the possible ways to manage the use of infrastructure [7]. The purpose of the measures is to [7]; 

• Improve travel comfort; 

• Improve utilization of infrastructure; 

• Reduce travel time; 

• Improve reliability of the transport system and; 

• Influence route (mode) choice. 
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Table 3: Examples of Congestion Protection Strategies 

Bus only roadways; this design pertains to the BRT 

strategy where single or dual bus lanes in each 

direction are reserved and platforms are at the center, 

e.g. Bogota 
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Figure 11: Congestion Protection Strategy; Bus roadway 

Source; www2 

Median or roadside reservation; this design provides 

buses with their own roadway, e.g. Washington D.C. 

Counter flow lanes; this design provides the bus with a 

lane flowing in opposite direction than traffic, e.g. 

Mexico City 

^ f f • _ • -j&fL«*»i'r 

Figure 12: Congestion Protection Strategy; Counter Flow 

Lanes 

Source; www3 

Bus lanes; this design distinguishes a bus lane by 

markings in the pavement, e.g. Seoul 

Figure 13: Congestion Protection Strategy; Bus lanes 

Source; www4 

Queue jump lane; this design provides with an extra Ail-but approach lane witti pre-signal; it is the inverse of 

lane at the intersection only for the bus, with sufficient a queue jump lane, acts as a buffer lane to the bus but 

length for the bus to clear the queue and reach the stop at the intersection the bus runs in mixed traffic, e.g. 

line, get ahead of the queue, e.g. Ottawa. New Zeeland. 
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Figure 14: Congestion Protection Strategy; Median Road Figure 15: Congestion Protection Strategy; Queue jump lanes Figure 16: Congestion Protection Strategy; All but approach 

Resen/ation Source; www6 '^"^ ^''^ pre-signal 

Source; www5 Source; www7 
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Gates; this design restricts the access to only buses, 

like a tunnel or separate right-of-way, e.g. Boston. 

Figure 17: Congestion Protection Strategy; Gates and or 

Tunnels 

Source; www2 

Transit Signal Priority; provides a priority call when a 

detector mounted on the street detects a vehicle, e.g. 

Ottawa. 

Figure 18: Congestion Protection Strategy; Gates and or 

Tunnels 

Source; www6 

Reversible lane (by signal only); The use of signal for a 

bus lane, which can be used in either direction 

depending on the time of day and with no reservation or 

separate right-of-way, e.g. Montreal. 

Figure 19: Congestion Protection Strategy; Reversible Ian* 

Source; www8 
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Curb extension and ordinances to yield for public transportation by motorists can be 

considered as alternatives of congestion protection strategies. Several strategies oriented 

within and or to the transit vehicle, e.g. fare box collection methods, accessibility to the 

vehicle (kneeling buses), and traffic enhancements and calming strategies can also be 

considered as congestion protection strategies. Fare box collection methods expedite dwell 

times when passengers acquire a prep-paid card, for example. Traffic enhancements and 

calming strategies are made to sections of the route such as lower curbsides or curb 

alignments for vehicles, while accessibility to the vehicle is smoother through low-floor 

vehicles or kneeling buses (when boarding a bus or tram with steps the dwell time increases). 

A number of authors and agencies have recognized several strategies and adopted those that 

best fit. The transit authority from the city of Portland, Oregon, TriMet^ can be cited as one of 

the pioneer agencies in the USA in terms of priority for public transportation, it has deployed 

several congestion protection strategies throughout its network. Through its Transit 

Preferential Streets Program, five bus priority strategies are recognized; Queue Bypass, 

Queue Jump lane, Curb Extensions, Fare Collection Change and Traffic Signal Priority [8]. 

One of the most successful congestion protection strategies for buses is Transit Signal 

Priority (TSP). TSP is one of the features of Bus Rapid Transit (BRT). The thesis will further 

focus in these two congestion protection strategies, described further here below. 

2.5.1 Bus Rapid Transit 

Bus Rapid Transit (BRT) is "a rapid mode of transportation that can provide the quality of rail 

transit and flexibility of buses" as defined in part by the Federal Transit Administration [9]. 

BRT has been developed and deployed in different cities woridwide. Its potential lays in the 

provision of flexible and cost effective alternatives to rapid transit systems. Bus rapid systems 

provide a combination of routing options with the flexibility to accomplish a route within 

metropolitan areas. The essential elements of BRT make it an alternative to transit with 

characteristics of light-rail and even heavy rail systems. In a nutshell, it is a bus (rubber-tired 

vehicle) with the flexibility to form a rapid transit system combining stations, vehicles, and 

technology elements in an integrated manner. 

Since 1999, the Federal Transit Administration (FTA) began deploying as a demonstration 

program Bus Rapid Transit throughout the United States of America. The federal agency 

identified a number of primary features of a BRT system. 

2 Concerning Traffic Signal Priority this agency has undertaken several projects to asses the applicability and 

effectiveness of TSP through early green phase or green phase extension. 
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These included the following [9]: 

• Bus lane-related right-of-way enhancements; 

• Bus signal preference and preemption; 

• Vehicle design; 

• Stop spacing and design; 

• Fare collection; 

• Marketing, information, and Automatic Vehicle Location (AVL) and other ITS 

features; and 

• Land use policy. 

Recent policies provide funds for public transportation projects that incorporate features of 

BRT without specifying the criteria that defines such strategy (e.g. speed, control tactics). The 

Federal Transit Authority to evaluate the effectiveness and cost of the BRT features identified 

several performance measures (transit travel time and delay) related to operational 

performance, costumer satisfaction and traffic. The perfomnance measures benchmarked 

from other cases are established based on the results of the previous cases without 

distinguishing a threshold or an operational objective, such as speed higher than or travel 

time reduction and or ridership increase of minimum... Benefits are considered when the Bus 

Rapid Transit evaluation attracts ridership and decreases delay or travel time. In paragraph 

8.4.1 a frame of reference is proposed to develop thresholds evaluating BRT projects and 

their benefits. 

2.5.2 Transit Signal Priority 

Signal priority is one of the most important features of Bus Rapid Transit (BRT) [10]. Transit 

Signal Priority (TSP) is not solely deployed in BRT projects but can also be deployed 

independently. TSP is a tool that can be used to help make transit service more reliable, 

faster and more cost effective [11]. Basically, TSP implements a control strategy at traffic 

signals providing the public transit vehicle with extra green time (green time extension) or 

reduce the red time (red truncation) from the opposite approach, amongst other control 

strategies. 

The management of TSP can be done at the intersection level or at the system level, 

distributed or centralized respectively. The priority call from an approaching bus at the 

intersection is defined as distributed, while centralized is given from a traffic management 

center as the bus approaches the intersection. The focus will be on distributed priority calls. 

TSP control strategies are simply the method to implement priority by interfering in numerous 

ways with the traffic signal control sequence. These not only involve the traffic signal but also 

other detection technologies affecting the timing control through variant algorithms and 
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detectors. TSP strategies have been defined in different ways. Vincent, Cooper and Wood 

suggested the following four; priority extension or green extension, priority call or red 

truncation, compensation green to the cross street if the priority call extended beyond the 

normal maximum green, and inhibit placed on priority call during cross street green, following 

a granted priority call [12]. 

Furth and Muller [13] define transit priority at signalized intersections in three broad 

dimensions; 1) distinction between active or passive priority; 2) categorizing priority as full, 

partial and relative; and 3) choice of conditional or unconditional priority. In the USA, the most 

common are partial priority and conditional priority. Partial priority, green extension and early 

green start are allowed; conditional priority refers to vehicle request priority while behind 

schedule. Other priority strategies are also used in rare cases, e.g. phase skipping [14]. 

The United States of America Department of Transportation, ITS America, handbook on TSP 

defines control strategies in passive, active priority and real time [11]. Under active priority, 

five strategies are defined; green extension, eariy green, actuated transit phases, phase 

insertion and phase rotation. Real time TSP is defined through the use of adaptive signal 

priority and adaptive signal control systems. This type of priority is not very common as the 

systems are very sophisticated and complex. Still in eariy developments, however, they might 

be the trend of the future. 

Following the definition and classification from the ITS America handbook on Transit Signal 

Priority the traffic signal control strategies will be further described. 

Passive Priority 

This type of priority operates continuously and does not require the software and hardware of 

active and real time. The priority call is given based on the route and ridership patterns and 

does not detect / request a priority call. This strategy is used when operations are predictable 

with understanding of the routes, ridership, schedule and or dwell times. A green wave at a 

corridor where a bus runs and the schedule is known is an example of passive priority. 

Active Priority 

This type of priority operates under the premise of detection / request for priority. Various 

types of active priority can be implemented. 

Green extension: a green phase within the control sequence is extended as a vehicle 

is detected and the priority requested. This strategy requires the traffic signal phase to be 

green. It is the most effective fonn of TSP. 

Red Truncation (also called eariy green); this strategy shortens the red phase 

(expedites green phase), having an impact on the other streams when the traffic signal phase 

is green. The request needs to be while the red phase. 
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The figure below illustrates the concept of green extension and red truncation at an 

intersection. 

RED TRUNCAHON GJIEEN EXTENSION 

1) The bus approaches ttve red slgival 1) The bus approaches tfie (jreen signal 

JT 

2) The signal controHer detects the bus; 
it terminates side street green phase early 

2) The signal controller detects the bus; 
It extends tjiegyret^ green phase 

W6ei 

H i"!!^ 

3) The Uis proceeds on the wriy <r€en signal 3) The bus proceeds on an extended (Keen signal 

Figure 20: Green Extension and Red Truncation 

Source; www9 

Generally these two strategy types are combined when TSP is applied. Other strategies 

possible within active priority are: 

Actuated transit phases: the signal phase is actuated by a public transport vehicle 

only as it approaches and requests a priority call, then the traffic signal is displayed, e.g. a 

dedicated left turn for public transport vehicles only. 

Phase insertion; a special priority phase is inserted within the normal sequence 

phase. It is inserted as the priority call is received. 

Phase rotation: rotates the control sequence, meaning it rotates a lagging phase to a 

leading phase in order to sen/e a priority call. 

Real time 

This type of strategy works within very sophisticates and complex systems that are not yet 

common, i.e. adaptive signal control systems (provide a priority call while trying to optimize 

traffic performance) and adaptive signal priority (considers the trade-offs between transit and 
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traffic delay and adjusts the signal timing by adapting the transit vehicle and the traffic 

conditions). 

A common misunderstanding is made between signal priority and signal pre-emption. These 

two terms are often used as synonyms, while in fact their control strategy is different. Within 

the control sequence, signal priority extends or truncates the sequence when a priority call is 

active, while signal pre-emption (generally for emergency vehicles) simply extends or 

interrupts the sequence when a call is active. 

In order 

intersec 

to implement Transit Signal Priority and define the strategy to be deployed at any 

ion the following variables need to be considered. The variables are: 

Traffic volumes; 

Queue length; 

Intersection capacity; 

Type of transit vehicle (bus or tram); 

Stops, its location (near or far-side)^; 

Dwell times; 

Headways, frequency and cycle length; 

Number of priority calls to be requested; 

The effects of priority calls on side streets and on pedestrians; 

The cycle phase when priority is requested; 

Road speed (minimum speed limit) 

Preceding intersections (upstream and downstream). 

Flexibility within the system shall provide for the TSP strategy realizing the priority call. 

Deployment of the strategy as a tool has proven successful. The success of TSP is due to its 

minimal influence on other traffic streams, its cost-effective approach and the increase in 

reliability of the public transport system as well as the provision of mobility. 

In the United States of America, several cases [10] have been deployed with proven 

outstanding benefits, although there is still skepticism regarding their effectiveness. An 

analysis over the policies, technologies and management tools will further try to detennine the 

reasons behind the skepticism and the possibilities to deploy priority strategies. An 

intersection where the bus encounters congestion is subject of evaluation to analyze the 

impact of Transit Signal Priority (applying either green extension or red truncation as the TSP 

strategy) and other congestion protection strategies. 

3 A nearside stop refers to locating the bus stop upstream of the intersection, while far side locates the 

bus stop downstream of the intersection. 
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2.6 The Silver Line an example of Congestion Protection Strategies 
The Silver Line (SL) is a three-phase project in the City of Boston adding a fifth rapid transit 

line to downtown. The SL incorporates the essential elements of a BRT project through 

tunnels and Transit Signal Priority, conditional priority at some intersections. In Table 4 the 

Silver Line protection congestion strategies and costs are presented. 

Table 4: The Silver Line Congestion Protection Strategies and Costs 

SILVER LINE Phase Congestion Protection Strategy Cost 

Phase 1 

Phase II 

Phase III 

Bus Tunnel with 1.1 miles (2 km) in length running 

between South station and the Water Front 

2.2 miles (3.5 km) in length of curbed bus lanes between 

Dudley Square and Downtown Boston 

Bus tunnel corridor between South station and 

Washington Street 

$ 600 million 

$ 50 million 

$700 million 

The Silver Line BRT project incorporates several technologies. The MBTA will stager these 

instead of unveiling them in a full BRT system. The buses are equipped with onboard 

communication systems to enhance schedule adherence and dispatch capabilities 

(CAD/AVL). Passenger infomnation is provided at stations via talking stations and passenger 

infomnation kiosks. The SL articulated 60-foot long dual-mode electric and low-pollution fuel 

buses operate at 40 to 80 second headway during peak periods. It is estimated by the Central 

Planning Transportation Staff that by 2025, when completed 65,000 riders will be attracted to 

the system [10]. 

The congestion protection strategies deployed at the Silver Line, primarily, are bus tunnels 

and conditional priority (priority when bus running behind schedule) at some of the 

intersections over Washington Street. To achieve this service, Washington Street needed to 

be redesign to incorporate a reserve bus lane and the bus tunnels designed to be similar to 

an LRT line. However, the Silver Line is a case where old common practices of priority and 

the perception of public transportation come to play. This project has cost the city and federal 

government millions of dollars to accomplish tunnels and underground stations. Bus Rapid 

Transit as described previously is a cost efficient alternative to rapid transit. The key reason 

for selecting BRT is "the ability to directly reach a much broader service area without major 

additionalinvestments"[9]. But the reason behind the applicability of a bus tunnel as stated in 

the TCRP Report 90, Volume 1, BRT Case Studies - Boston, MA Silver Line is "the concept 

of a BRT tunnel in congested areas affords promise where essential to provide desired 

service reliability - especially in large cities"[^0]. As this is true in many cases other solutions 

providing priority to bus fixed routes have proven beneficial at lower investment costs. In 

order to avoid high investment costs and justifications simply required a compromise to be 

made between private cars and public transportation. 
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The Silver Line has been beneficial and highly regarded from its users in terms of reliability. 

Reported benefits have been several; its running times are nearly or slightly below scheduled 

running times, ridership has increased 24% in the overall public transit to the airport [10]. The 

SL has provided a new image and identity in terms of bus service in Boston, according to the 

FTA Silver Line Project report [15]. A survey from the Central Transportation Planning Staff 

conducted in 2006, showed the 80% of those surveyed rated safety, travel time and 

directness of the Silver Line Waterfront service as above average or excellent and 70% rated 

service reliability above average or excellent [3]. 

2.7 Transit Signal Priority in other cities of the State Massachusetts 
A side from the Silver Line in Boston other cities have successfully implemented TSP on one 

or several bus routes. This is the case of the City of Springfield, where the Pioneer Valley 

Transit Authority implemented one of the first TSP in the region. The authority through four 

different fixed route operators carries nearly 10 million passengers per year [16]. The control 

strategy, green extension or red truncation is provided by the use of optical based 

transmitters emitting visible and infrared light and a receiver detects the optical transmission. 

To overcome the disruption of the precisely timing of the traffic signal network along the bus 

route, a new algorithm governs the signal timings and a wireless GPS system maintains 

accurate time reference between intersections. 

Funding for this project was granted through the Congestion Mitigation and Air Quality 

program due to its air quality improvement. The deployment of TSP brought to the City of 

Springfield and the Transit Authority the following results: travel time on the green line service 

was reduced by nearly 15 minutes, ridership has increased by 8% (shifted demand) and the 

performance is in line with the authority's other express routes [16]. 

The deployment of the TSP in the city of Springfield acknowledges the necessity to foster the 

relation between the different entities to be successful. The actors concerned needed to set 

the mutual benefits since the beginning. Allowing communication and information resources 

to flow by creating interagency agreements was one of the key successful factors. In addition 

these agreements allow implementing in the future TSP in other corridors. 

2.8 Conclusions 
Public transportation plays a key role in society as it renders transportation services to all 

members of society. The benefits of public transit are impacted by the generation of 

congestion. Congestion created by a multitude of factors working together. In Boston, public 

transit vehicles suffer from congestion impacting on the image and reliability of the system 

and even of the transit authority. The Massachusetts Bay Transportation Authority (MBTA) is 

in this research the problem owner. The MBTA operates a large number of vehicles over a 
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vast infrastructure. Serving 175 cities and towns in the Massachusetts Bay Area the MBTA 

renders subway, bus, commuter, ferry, and paratransit service to over 1.1 million riders' daily. 

Different strategies have been developed as a solution to minimize the impacts of congestion. 

These strategies are called congestion protection strategies. Congestion protection strategies 

assist the transit vehicle to by-pass or avoid congested situations by procuring a sense of 

priority. Congestion areas are site specific, for this reason the congested area needs to be 

evaluated in order to select the appropriate congestion protection strategy. There are different 

congestion protection strategies among which Bus Rapid Transit (BRT) and Transit Signal 

Priority (TSP) are the most deployed. The transit authority embarked into a BRT project to 

propose an alternative mode of rapid transit in the city. The Silver Line overcame several 

conflicts, such as policies, funding and public transportation perception in order to be 

achieved. In addition, it deploys priority controls through tunnels and conditional priority in 

some intersections over a small corridor. The BRT service serves as an example to illustrate 

how old common practices of priority -underground- are still preferred despite the high 

investment costs and required justifications. Despite the priority strategies deployed the Silver 

Line benefited it users and attracted non-users. However, this project as well as others has 

driven the budget of the transit authority into deficit. 

Other transit authorities in the State of Massachusetts have deployed TSP in one or several 

bus route corridors. The Pioneer Valley Transit Authority deployed TSP in the City of 

Springfield, which resulted in benefits to riders and non-users. The authority recognizes the 

importance of inter-agency cooperation to accomplish this type of projects. A conflict, further 

discussed, which occurs given the large service area (increase number of actors) and 

agencies involved within the transportation system and the site to deploy congestion 

protection strategies. 

The information provided in this chapter will serve as background information in order to 

analyze and present the discussion of the subjects dealt in Part II and Part III. 
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Chapter 3 Global to Local Perspective 

3.1 Introduction 
This chapter presents a state-of-the-art in congestion protection cases in the United States of 

America as well as from other countries around the worid. Describes the benefits of 

deployment through different cases where congestion protection strategies, primarily Transit 

Signal Priority (TSP) have been deployed. Further it discusses the barriers to be overcome 

and the measures of effectiveness, which are considered as the main issues towards 

implementation. Implementation involves the bureaucratic process that can be overpowered 

through an agency providing the necessary leadership. 

3.2 State of the Art - Cases and Benefits 
Throughout the worid there have been several countries that have implemented congestion 

protection strategies. Regarding Transit Signal Priority, several have been the experiences 

where TSP is operational, making a classification of the TSP techniques, identifying their 

benefits and other lessons learned from implementation. Some of the cases where Transit 

Signal Priority and or other strategies have been deployed are discussed hereafter. 

In Europe, different countries focus primarily on public transportation applying priority 

controls, strategies and measures in comparison with other countries. Eindhoven, Vicenza, 

Dublin, Brussels, and Zurich [18] are some of the cities in Europe where different congestion 

protection strategies and or systems are either in full operation or have been tested. 

Asian countries are focusing more on developing better public transportation systems as their 

cities grow. For example Shizouka City, Japan [19], a bus priority lane provided a solution to 

congestion creating a modal shift. In Latin America the focus has been in priority for public 

transportation through developing BRT systems. The pioneer in this system is the city of 

Curitiba in Brazil [10, 20]. Other cities have attempted to copy this model with mixed results, 

e.g. Mexico City. In Bogota, Colombia, a similar system, with slight modifications being site 

specific, has proven outstanding benefits [20]. 

In the United States of America, there are different cases that applied a priority strategy. In 

relation to traffic signal priority, some only involve a few intersections where others have 

incorporated almost their entire network. Different strategies to improve buses and fixed 

routes have been applied. In Cities like; Boston, Massachusetts; Minneapolis, Minnesota; 

Seattle, Washington; Portland, Oregon; Eugene, Oregon; Los Angeles, California; Houston, 

Texas among many others, traffic signal priority, BRT, Rapid Transit and or other strategies of 

priority have improved the service and reliability of the public transportation network. 
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Houston Metropolitan Transit Authority is one of the transit authorities with the highest 

number (1,563) of signalized intersections with priority controls [11] in the United States of 

America. Other transit agencies with signalized intersections where priority controls are 

operational range from two to even 600 intersections. 

It is worth noting that the uses of TSP controls, in most of the USA cases hereafter, were 

deployed as demonstration projects. Funding, skepticism, lack of information, coordination, 

willingness, and or other issues could be acknowledged as the probable causes for limited 

deployment. Despite this, several cases in the USA have been realized with extraordinary 

results. 

Below a short overview of several USA cases is given. The oven/iew illustrates the benefits, 

strategy and the obstacles encountered by the transit agencies when implementing 

congestion protection strategies. An oven/iew of state-of-the-art cases in Europe, Asia and 

The Americas, is provided in Appendix E. 

The state-of-the-art cases have been adapted from several sources: report published by the 

TCRP in 2003 BRT Case Studies [10], The Transit Signal Priority (TSP): A Planning and 

Implementation Handbook [11], The Bus Rapid Transport Policy Center Database [www20] 

and literature review from different journals with information ranging from 2001 to 2007. 

26 



Chapter 3 - Global to Local Perspective 

Table 5: Overview of State-of-the-Art Cases in the states of California and Washington 

Corridor 

Congestion Protection Strategy 

Traffic Signal Priority 

Institutional Barriers 

Reported Travel Time Savings 

(min) 

Measures of effectiveness 

Greatest obstacles 

Keys to success 

AC Transit, Oakland, CA 

One - San Pablo Corridor 

Early green or green extension 

Conditional 

TSP low importance to some 

jurisdictions 

9% time savings 

Extrapolation of data, attempting to 

develop software feedback loop 

Adequate software design 

Standardization of equipment; 

simplicity of TSP objectives 

King County Metro, Seattle, WA 

Three 

Green extension and red truncation 

Many traffic-related conditions, not 

based on schedule adherence 

Number of jurisdictions involved and 

complexity 

25-34% reduction of average 

intersection delay for eligible buses; 14-

24% reduction of stops at intersections; 

35-40% reduction of trip travel time 

variability; 5.5-8% reduction in travel 

time during peak hour 

Average intersection control delay; 

average minor movement delay; minor 

movement cycle features; Bus travel 

times; schedule reliability; average 

intersection bus delay; Average person 

delay; vehicle emissions; accidents 

Specifications and operations 

acceptable to the stakeholders due to 

jurisdiction 

Maintaining communication 
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Table 6: Overview of State-of-the-Art Cases in the states of Washington and Oregon 

Tacoma, WA TRIMET, Portland, OR 

Corridor 

Congestion Protection 

Strategy 

Traffk; Signal Priority 

Institutional Banners 

Reported Travel Time 

Savings (min) 

Measures of effectiveness 

Greatest obstacles 

Keys to success 

Six Corridors 

Developed strategies that include, 

green extension and red truncation 

only phase insertion for a queue jump 

developed on one downtown arterial 

Unconditional, emitter always on 

There was not much communication 

between traffic and Transit agency in 

the beginning 

Phase I complete 8 corridors, phase II 

adds corridors and other intersections 

Green Extension and Red Truncation 

TSP is an effective tool and 

significantly reduces signal delay and 

improves transit speed and reliability. 

Delay reductions for general public as 

well as Transit 

Comprehensive before and after 

studies; travel time; stop and signal 

delay; fuel savings; air quality 

benefits; public schedule changes; 

operating resources required and 

signal delay significantly increases 

transit travel time 

Convincing traffic engineers of the 

need of TSP and keeping everyone 

focused on working on same project 

and communication open. On the 

whole public is unaware of TSP. 

Develop strong jurisdictional 

partnerships for project coordination 

and implementation. Provide 

measurable and quantifiable project 

results and outcomes 

Conditional based on four criteria 

No due to great communication. TSP 

implementation still requires time. An 

intergovernmental agreement (IGA) has 

to be signed with each suburb for future 

expansion, and this takes 6 - 1 8 

months, which is longer than 

anticipated in TIP 

Reduced recovery time and increased 

reliability. For Line 4 in Nov 2000 TriMet 

was able to avoid adding one more bus. 

There are also benefits on-time 

performances for transit vehicles. 

TriMet MOE was reduced variability. As 

variability is reduced, recovery time can 

be reduced as well. Because of lack of 

data from controller actions, TriMet is 

unable to assess directly the impact of 

specific strategies on reduced variability 

and running time. 

For Tri Met; Getting activation points 

into TriMet data, Define usage 

parameters. For the City; Controller 

upgrade and software, deployment or 

installation problems. 

Stakeholder Partnerships. Extensive 

inter-agency cooperation and trust, 

pitching the right ideas from the 

beginning 

28 



Chapter 3 - Global to Local Perspective 

Table 7: Overview of State-of-the-Art Cases in the states of Illinois, California and Virginia 

Comdor 

Congestion 

Protection 

Strategy 

Traffic Signal 

Priority 

Institutional 

Baniers 

Reported Travel 

Time Savings 

(min) 

Measures of 

effectiveness 

Greatest 

obstacles 

Keys to success 

Pace, Chicago, IL 

One 

TSP Requested by all 

buses 

Early green and green 

extensions 

DOT reluctant in 

support due to 

significant adverse 

impact on traffic 

operations from transit 

priority. CTA reluctant 

as it was pursuing other 

priorities and 

approaches 

15% reduction in running 

time. Pace realized 

savings of one weekday 

bus while maintaining 

same frequency of service 

Average vehicle delay, 

average vehicle speed, 

average bus delay and 

average bus speed all 

bases on TraF-NETSIM 

output 

Support from all agencies 

and collection of data 

Cooperation, enthusiastic 

support of at least some 

agencies, Econolite 

support to change 

finmware 

MTA, Los Angeles, CA 

9 equipped, 19 other planned, 

BRT Corridors 

Eariy green, green extension 

and phase hold 

Conditional base don headway 

management 

Minimal LADOT instigated the 

project 

19 to 25% reduction travel times, 

4-40% increase ridership 

depending on line 

Reduce travel time and 

increased delay to motorists 

Rapid deployment of new 

technology and bureaucratic 

limitations to implementation. 86 

cities involved to request 

implementation agreements of 

the technology, green time 

precious 

Extensive technology evaluation 

and selection of a reliable 

technology and continuous and 

ongoing monitoring of 

performance. "Dare to be 

Simple" 

Fairfax, VA 

One 

Signal priority is not 

dependent on the bus 

lateness. Green 

extension. 

Green Extension 

System ownership and 

maintenance (VDOT vs. 

Fairfax County) is a 

problem. Also internal 

Fairfax County logistics 

since two departments 

(EMS and Fairfax DOT) 

share same equipment. 

-

Queue. Number of cycles 

to clear a queue. Queue 

on mainline. Delay to 

vehicles. Reduction in 

accidents. Travel time for 

buses. Reduced accidents 

-

Communication, and keep 

moving ahead despite the 

obstacles 

^ =^^^ 
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The benefits of congestion protection strategies are several. They range from reduction in 

travel time to improvements of traffic flow. These results also translate to savings in 

infrastructure and costs. However, to implement and deploy these strategies as well as other 

cases has come at a price. There are two important aspects to consider here; the institutional 

barrier and great obstacles. Institutional barriers range from importance given to the project, 

to the high complexity of actors involved and communication between actors. Derived from 

the institutional barriers, there are greater obstacles to get through. Given the large number of 

actors involve requires their coordination and communication. The latter is perhaps the most 

important obstacle to be addressed. Jurisdictions involve in many cases a large number of 

actors, where information, data and the bureaucratic process just make it more difficult for the 

project to be developed and deployed. On the other hand, the measures of effectiveness 

have been so diverse that the information they provide is, to a certain point, limited to only the 

case at hand. This is, each of the cases has selected the measures of effectiveness from 

which they will evaluate their project. The most common; travel time and vehicle delay. The 

way in which the measures are evaluated is unknown. However, there are no thresholds 

towards these measures. A simple reduction in travel time is already considered a benefit. 

The results are presented in a wide variety of ways that lack to provide the necessary 

infomnation to seize in reality what the benefits are. 

To implement the congestion protection strategies at a local site evaluation requires, 

therefore, an analysis of the actors. The analysis also proposes different thresholds in order 

to evaluate the performance of a congestion protection project. Furthermore, implementation 

involves considering the technologies behind Transit Signal Priority. As the strategies focus 

towards the transit vehicle it is necessary to know what management tools are used by the 

transit authority. The site evaluation and characteristics are presented in Part II, while Part III 

analyzes the policies, actors, technologies and management tools. Notwithstanding, the result 

of the site evaluation, implementation and or deployment involves overcoming the 

bureaucratic hurdle. 

3.3 Bureaucratic Hurdle and Leadership for Implementation 
The previous paragraph provided several state-of-the-art cases highlighting the benefits and 

barriers towards development and deployment of congestion protection strategies. However, 

for implementation and or deployment it is necessary to overcome the bureaucratic hurdle. 

The bureaucratic process in which the project -public transportation deploying congestion 

protection strategy- needs to go through is, in some cases, endless. Considering the amount 

of infomnation, reports, data, debates and consensus amongst many other aspects required to 

fulfill such project threaten it. Even more when there is skepticism, lack of information or even 

the perception towards the mode in question can jeopardize the entire project. To defeat the 

bureaucratic hurdle and even perhaps the institutional barriers calls for leadership. 
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Leadership towards guiding the project, providing the necessary information and promoting it 

does not necessary come from the transit authority -although in many cases it does as it is 

the primary beneficiary. In the case discussed in this report, such leadership can come from 

the Central Transportation Planning Staff (CTPS) of the Metropolitan Planning Organization 

(MPO). As it is discussed in Part III and in Appendix C, the CTPS is in charged of multimodal 

transportation planning and analysis for the MPO. Through the agency different programs and 

projects can be accomplished. This actor can be seen as the link to promote the cooperation 

required between agencies. The cooperation, as mentioned before and identified in the latter 

parts of this report plays an important role. Therefore, the CTPS, not only has the ability to 

promote cooperation but it also has the necessary power and interest towards support and 

encouragement to deploy projects that involve congestion protection strategies. 

3.4 Conclusions 
This chapter presents a state-of-the-art of cases in the United States of America where 

different congestion protection strategies have been implemented. Furthermore, it identified 

the benefits and barriers of deployment and how allocating the appropriate leadership can 

defeat the bureaucratic hurdle. 

Despite the institutional barriers and measures of effectiveness, which are two aspects to 

consider in the implementation of congestion protection strategies, diverse project have had 

outstanding benefits. The benefits translate to a decrease in travel time and delay to savings 

in infrastructure and operational costs. Congestion protection strategies benefit public 

transportation users as well as non-users. However, coordination and communication have 

been identified as the major obstacles towards deployment. Coordination and communication 

lack is caused due to the large number of actors and the jurisdiction conflict. 

The bureaucratic process is in many cases endless. Moreover, when trying to implement and 

or deploy a project that is seen with skepticism, a lack of enthusiasm or perception the 

hurdles are more difficult to overcome. Through leadership, however, appointing an actor with 

the sufficient interest and power the bureaucratic process and barriers can be minimized. In 

the case of this report, for example, the Central Transportation Planning Staff, has the 

sufficient power and interest to promote, support and encourage public transportation project 

that deploy congestion protection strategies in the city of Boston. 

The information in this chapter serves to highlight the interrelation between the site evaluation 

(Part II) and the analysis performed to the actors, policies, technology and management tools 

(Part III), towards finding the benefits, barriers and obstacles of deploying the preferred 

congestion protection strategy at the site evaluation. 
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Part II. Site Evaluation 

Bus route 1 and CT1, a key bus route and express bus route running along 

Massachusetts Avenue, a major thoroughfare in Boston, encountering 

congestion at different intersections. At the intersection of Beacon Street 

before crossing the Harvard Bridge congestion effects hamper all vehicles, 

specially the bus. Throughout several scenarios different congestion 

protection strategies will be modeled with the help of a micro-simulation 

program. 

The chapters in this Part are: 

• Chapter 4 A Specific Case; Massachusetts Avenue 

• Chapter 5 Analyzing Massachusetts Avenue 

• Chapter 6 Scenarios at Mass Ave and Beacon St 

• Chapter 7 Results at Mass Ave and Beacon St 

/ BUT I AÂ  A eus p p i v e p ' 
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Figure 21: Cartoon of bus driver on bus lane 

Source;www44 
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Chapter 4 A Specific Case; Massachusetts Avenue 

4.1 Introduction 

Part I has described the research demarcation, the transit authority and congestion protection 

strategies. The previous chapter described the benefits and barriers of deployment of 

congestion protection strategies encountered by several cases primarily in the USA. This 

chapter focuses on a specific case in the city of Boston. In the relevant city several 

intersections could be labeled as "Hot Spots" for public transportation vehicles due to the 

congestion effects encountered impacting on their running time. One of these "Hot Spots" is 

the intersection of Massachusetts Avenue and Beacon Street where the combination of 

different factors creates congestion. At the intersection two bus routes operated by the transit 

authority as well as regular traffic suffer a delay and or increase in travel time. To alleviate the 

bus routes from congestion different congestion protection strategies will be assessed. 

However, this intersection represents a challenge given the characteristics of the intersection 

and the surrounding infrastructure described in the ensuing. 

4.2 Intersection Characteristics 

Located in the Back Bay neighborhood the intersection of Massachusetts Avenue and 

Beacon Street will be evaluated assessing different congestion protection strategies to 

improve the running time of two bus routes. 

Massachusetts Avenue (Mass Ave) is a major thoroughfare in the city of Boston with an 

approximately length of 24 km or 15 miles [wwwIO] running north - northwest connects the 

city of Boston to the city of Cambridge and other towns and south - southeast towards 

Suffolk. Mass Ave is a 2x2 lane for traffic flow and a parking lane (in some sections) by the 

curb. 

Beacon Street is another mayor thoroughfare running east to west, through the Back Bay 

neighborhood of Boston and other towns with five-lanes, until it reaches Kenmore Square 

(approximately 0.4 miles or .62 km to the west) where then three lanes accommodate flowing 

traffic and the other two lanes by the curb are for parking. 

To account for spillbacks and other effects other intersections over Mass Ave. are considered; 

downstream (Memorial Drive) and h«o upstream (Mariborough Street and Commonwealth 

Avenue). The intersection of Memorial Drive is located opposite of the Charies River in the 

city of Cambridge. Mariborough Street is a small side street, while Commonwealth Avenue is 

a major thoroughfare. The corridor of intersections is depicted in Figure 22. 

34 



Chapter 4 - A Specific Case; Massachusetts Avenue 

Memorial Drive 

Harvard Bridge 

Beacon Street 

Marlborough Street 

Commonwealth Ave 

Figure 22: intersections of the site under evaluation 

Source; wwwl 0 
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Through Mass Ave two important bus routes operated by the Massachusetts Bay 

Transportation Authority (MBTA) render a service. Bus route "1-Han/ard-Dudley via 

Massachusetts Avenue and Boston Medical Center" runs mostly along Massachusetts 

Avenue, from Harvard, past the Massachusetts Institute of Technology, over the Charies 

River via the Harvard Bridge into Boston, continuing to Boston Medical Center. Route "CT1-

Central Square, Cambridge - B.U. Medical Center", offers a service running through Mass 

Ave with limited stops. Basically route CT1, follows a similar path of bus route 1, being 

considered by the Massachusetts Bay Transportation Authority an express service -with 

limited stops. The frequency of bus route 1 and CT1 considering the schedule effective 

03/22/08 is; at peak hours up to 6 buses per hour for route 1 and 3 buses per hour for CT1 

and at non-peak hours 4 buses and 2 buses respectively. 

The following characterize the "Hot Spot" and are considered the reasons for selection. 1) 

The "Hot Spot" is located at the edge of the Harvard Bridge. The Harvard Bridge (also known 

as the M.I.T. Bridge or Mass Ave Bridge) is the bridge that connects Cambridge and the Back 

Bay area, being the longest bridge crossing the Charies River with a length 659.82 meters on 

the roadway and 620 meters on the sidewalk [17]. The bridge has 2x2 lanes for vehicles, a 

bicycle lane and pedestrian sidewalks on each side. Given the history and importance of the 

bridge, congestion protection strategies to be deployed present a challenge, as it is almost 

impossible to change the road geometry. 

2) Beacon St. has a considerable volume of traffic, primarily during baseball season as it 

offers one of the few alternatives to access Cambridge and Fenway Park. As vehicles turn 

(right) from Mass Ave (Cambridge) after the bridge into Beacon St. the turning ratio is 

considerably high compared to other days, even on peak hours. Vehicles coming from the 

south of Mass Ave, turn left (protected left turn) into Beacon St. having an effect over traffic 

running through Mass Ave inbound and outbound. 

3) The problem of congestion has increased in recent years throughout the city due to a 

higher number of private vehicles. The congestion conflict present at this intersection is in 

some instances severe impacting on drivers, buses, pedestrians and cyclist. Congestion 

causes observed at the corridors involved faulty traffic signals, protected left turns, driver 

behavior and parking lanes. The Harvard Bridge serves as a buffer allocating a considerable 

amount of vehicles primarily inbound. Downstream of Beacon Street other intersections are 

also at capacity and turning fractions (left turns allowed, reducing the lane capacity to one) 

create congestion upstream. Outbound, before arriving to the mentioned intersection, a 

similar conflict created by turning fractions exists. However, the primary cause of congestion 

affecting the bus is driving behavior. Drivers stand in through lanes, double park, stand at bus 

stops, delivery trucks are idle on through traffic lanes, right turn on red from side streets, 
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merging possibilities between vehicles, lack of buffer space to vehicles turning are among the 

many causes of congestion observed. 

4) A bus stop at the intersection of Beacon St. is located (near side) for inbound and 

outbound. The buses suffering from congestion given the location of the stop (by the curb) 

have led bus drivers to apply diverse strategies to overcome these situations. For example, 

as observed, some bus drivers dwell passengers at the middle lane without reaching the curb 

due to limited possibilities (right-of-way) to merge back after stopping and crossing the 

intersection (see intersection layout in figure below). Effects such as bus bunching also occur, 

as both bus routes run on a short headway between each other's schedules and most stop at 

Beacon St. bus stop. 

5) Finally, at the relevant intersection different actors have a jurisdiction, creating a jurisdiction 

conflict when developing and deploying congestion protection strategies. The jurisdiction 

conflict is further addressed and depicted in Chapter 8. 

Figure 23 presents a sketch of the intersection of Massachusetts Ave and Beacon St. 

highlighting the streams, lanes, markings and bus stops. In Figure 24, an old aerial snapshot, 

it can be seen a 3 lane configuration, markings, different from the current markings. In 

addition, a bus dwelling at the center line between two lanes for inbound (stream 11). 

Outbound a bus bay allows buses to dwell by the curb, where no vehicles are allowed to stop 

or park here (although these situations occur). It can be noted how after crossing the 

intersection from three lanes it is reduced to 2 lanes for inbound and outbound. 
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Figure 23: Sketch of streams, markings and lanes at Mass Ave. and Beacon St. 
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Figure 24: Old satellite picture of Mass Ave and Beacon St. stiowing ttiree lane markings inbound 

Source; wwwl 1 

Measuring the Han/ard Bridge 

The Harvard Bridge is 364.4 smoots +- one ear long on the sidewalk [18]. Smoots are a 

measurement adopted after a fraternity of M.I.T. students measured the bridge using one of its 

members (by laying him down) on the eastern sidewalk. A smoot is a nonstandard unit of length 

named after Oliver R. Smoot who was five feet and seven inches or 1.7018 meters. The bridge 

4.3 Conclusions 

The "Hot Spot" an intersection in the Back Bay neighborhood where Massachusetts Avenue 

and Beacon Street meet is an ideal candidate to assess congestion protection strategies. 

Massachusetts Avenue is a major thoroughfare where two bus routes run suffering from 

congestion, especially at the relevant intersection impacts on the running time of the bus. 

Congestion primarily caused by driver behavior and capacity intersection. In addition, other 

conflicts affect such as high traffic volumes (peak and seasonal), turning fractions, road 

markings and geometry as well as the infrastructure surrounding the area. The intersection is 

at the edge of the Harvard Bridge, a landmark in the city, connecting the city of Boston and 

Cambridge. Due to the causes of congestion and the geometry of the intersection represent a 

challenge to develop and deploy congestion protection strategies in the City of Boston. 

Moreover, as the layout of the intersection can not be altered.. 

The information contained in this chapter will serve as the initial input to develop scenarios 

(Chapter 6) to evaluate congestion protection strategies previously discussed. As well it 

identifies the policies and actors (Chapter 8) comprehended at the relevant intersection, 

define technology (Chapter 9) and performance measures (Chapter 10). 

38 



Part II - Site Evaluation 

Chapter 5 Analyzing Massachusetts Avenue 

5.1 Introduction 

An analysis of the intersections comprehended in the site evaluation in a quantitative manner 

is performed in this chapter. The calculations are performed evaluating the concepts of 

volume/capacity ratio, minimum green time, average delay and Level of Service per stream. 

The results render the current situation in order to identify if any stream is above acceptable 

levels of volume to capacity ratio, delay and Level of Service. 

5.2 Intersection Calculations 

Calculations performed for each of the intersections follow the parameters and approach 

formulas of the Highway Capacity Manual [21] and the lecture notes from CT4822 [7]. The 

input data is obtained from traffic volumes, cycle time of the traffic signal and intersection 

characteristics described in Appendix E. In Figure 25 to Figure 28 a sketch of each 

intersection depicts the stream numbers and lane markings. Table 8 to Table 11 provides the 

results obtained from the calculations for each of the intersections. 
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Table 8: Intersection Calculations at Memorial Drive 

Memorial Drive and Mass Ave 
Concept 

Lanes 

Saturation Flow (veh/hr/ln) 
Adjusted Saturation Flow 

Volume 

Flow ratio via 

Cycle length C (sec) 

Green time G (sec) 

Yellow time Y (sec) 

Lost time L (sec) 

Effective red r (sec) 

Effective green g (sec) 
Minimum green (sec) 

Green ratio g/C 
Capacity (veh/hr) 

Volume / Capacity 

Formulas 

So 
S= b1 * So 

Volume/S 

C-G-Y+L 

G+Y-L 
C * v / s 

g/C 
s*(g/C) 

Volume/(S*(g/C)) 

1 

1 

1800 

1523 

148 

0,10 

100 

18 

3 

4 

83 

17 

10 

0,17 

259 

0,57 

5 

2 

1800 

2815 

985 

0,35 

100 

47 

3 

4 

54 

46 

35 

0,46 

1295 

0,76 

7 

1 

1800 

1523 

398 

0,26 

100 

34 

3 

4 

67 

33 

26 

0,33 

503 

0,79 

11 

2 

1800 

2939 

862 

0,29 

100 

29 

3 

4 

72 

28 

29 

0,28 

823 

1,05 

65 

2 

1800 

2985 

558 

0,19 

100 

53 

3 

4 

48 

52 

19 

0,52 

1552 

0,36 

66 

1 

1800 

1523 

133 

0,09 

100 

13 

3 

4 

88 

12 

9 

0,12 

183 

0,73 

71 

2 

1800 

2985 

793 

0,27 

100 

35 

3 

4 

66 

34 

27 

0,34 

1015 

0.78 

Resulting Delay 

d1 (sec) 

d2(sec) 

Total Delay D (sec) 

Level of Service LOS 

LOS Intersection 

0,5*C*((1-g/C)'2)/(1-(Vol/Cap*g/C)) 

900*0,25*((Vol/Cap-1)+ 

SQRT((Vol/Cap-1)«2 + (8 

'0.5*Vol/Cap /(Cap'0,25)))) 

d 1 + d 2 

38,15 

8,87 

47,03 

D 

22,43 

4,25 

26,68 

D 

30,39 

12,08 

42,47 

D 

36,68 

44,51 

81,18 

F 

14,17 

0,65 

14,82 

B 

42,43 

22,29 

64,71 

E 

29,66 

5,98 

35,64 

D 

D 1 

Table 9: Intersection Calculations at Beacon Street 

Beacon St and Mass Ave. 
Concept 
Lanes 

Saturation Flow (veh/hr/ln) 
Adjusted Saturation Flow 
Volume 

Flow ratio v/s 

Cycle length C (sec) 
Green time G (sec) 
Yellow time Y (sec) 

Lost time L (sec) 
Effective red r (sec) 
Effective green g (sec) 
Minimum green (sec) 
Green ratio g/C 

Capacity (veh/hr) 
Volume / Capacity 

Formulas 

So 
S= b1 * So 

Volume/S 

C-G-Y+L 
G+Y-L 
C*v/s 
g/C 
s*(g/C) 
Volume/(S*(g/C)) 

2 

3 

1800 
3765 
732 

0,19 

110 
38 
3 
4 
73 
37 
21 

0,34 
1266 
0,58 

5 
2 

1800 
2205 

952 
0,43 

110 
65 
3 
4 
46 
64 
47 

0,58 
1283 
0,74 

11 J 
2 

1800 

2457 

1174 

0,48 

110 

42 

3 

4 

6 9 

41 

53 

0,37 

916 

1,28 

Resulting Delay 
d1 (sec) 

d2 (sec) 

Total Delay D (sec) 
Level of Service LOS 

LOS Intersection 

0,5*C*((1-g/C)'*2)/(1-(Vol/Cap*g/C)) 
900*0,25*((Vol/Cap-1)+ 
SQRT((Vol/Cap-1)V + (8 
*0,5*Vol/Cap /(Cap*0,25)))) 
d1 +d2 

30,07 

1,93 
32,00 

D 

16,93 

3,91 

20,83 
C 

41,44 

135,15 

176,58 
F 

1 
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Table 10: Intersection Calculations at Marlborougti Street 

Marlborough St and Mass Ave 
Concept 

Lanes 
Saturation Flow (veh/hr/ln) 
Adjusted Saturation Flow 
Volume 

Flow ratio v/s 

Cycle length C (sec) 
Green time G (sec) 
Yellow time Y (sec) 
Lost time L (sec) 
Effective red r (sec) 
Effective green g (sec) 
Minimum green (sec) 
Green ratio g/C 
Capacity (veh/hr) 

Volume / Capacity 

Formulas 

So 
S= b1 * So 

Volume/S 

C-G-Y+L 
G+Y-L 
C*v/s 
g/C 
S*(g/C) 

Volume/(S*(g/C)) 

5 

2 
1800 
2734 

944 

0,35 

110 
66 
3 
4 
45 
65 
38 

0,59 
1616 
0,58 

8 

2 
1800 
2152 

78 

0,04 

110 
25 
3 
4 
86 
24 
4 

0,22 
469 
0,17 

11 

2 
1800 
2667 

798 

0,30 

110 
78 
3 
4 
33 
77 
33 

0,70 
1867 

0,43 

Resulting Delay 

d1 (sec) 

d2 (sec) 

Total Delay D (sec) 
Level of Service LOS 
LOS Intersection 

0,5*C*((1-g/C)*2)/(1-(Vol/Cap*g/C)) 

900*0,25*((Vol/Cap-1)+ 
SQRT((Vol/Cap-1)'^2 + (8 
*0,5*Vol/Cap/(Cap*0,25)))) 
d1 +d2 

14,06 

1,55 

15,61 

B 

34,88 

0,76 

35,65 

D 

7,06 

0,72 

7,78 

A 

1 

Table 11: Intersection Calculations at Commonwealthi Avenue 

Commonwealth Ave and Mass Ave 
Concept 

Lanes 
Saturation Flow (veh/hr/ln) 
Adjusted Saturation Flow 
Volume 

Flow ratio v/s 

Cycle length C (sec) 
Green time G (sec) 
Yellow time Y (sec) 
Lost time L (sec) 
Effective red r (sec) 
Effective green g (sec) 
Minimum green (sec) 
Green ratio g/C 
Capacity (veh/hr) 
Volume / Capacity 

Formulas 

So 
S= b1 * So 

Volume/S 

C-G-Y+L 
G+Y-L 
C*v/s 
g/C 
S*(g/C) 

Volume/(S*(g/C)) 

2 

2 
1800 
2241 

198 

0,09 

110 
40 
3 
4 
71 
39 
10 

0,35 
795 
0,25 

5 

2 
1800 
2726 

795 

0,29 

110 
55 
3 
4 
56 
54 
32 

0,49 
1338 
0,59 

8 

2 
1800 
2105 

418 

0,20 

110 
40 
3 
4 
71 
39 
22 

0,35 
746 
0,56 

11 

2 
1800 
2724 

833 

0,31 

110 
55 
3 
4 
56 
54 
34 

0,49 
1337 
0.62 

65 

3 
1800 
4343 

947 

0,22 

110 
62 
3 
4 
49 
61 
24 

0,55 
2408 

0.39 

71 

3 
1800 
4191 

813 

0,19 

110 
62 
3 
4 
49 
61 
21 

0,55 
2324 

0.35 

Resulting Delay 

d1 (sec) 

d2 (sec) 
Total Delay D (sec) 
Level of Service LOS 
LOS Intersection 

0,5*C*((1-g/C)'^2)/(1-
(Vol/Cap*g/C)) 
900*0,25*((Vol/Cap-1)+ 
SQRT((Vol/Cap-1)'̂ 2 + (8 
*0,5*Vol/Cap /(Cap*0,25)))) 
d1 +d2 

25 

1 

26 

D 

20 

2 

22 

C 

29 

3 
32 

D 

21 

2 

23 

C 

14 

0 
14 

B 

14 

0 

14 

B 

c 1 
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In the tables above b1 factors the parameters of each stream, such as adjustment for parking 

lanes, turning fractions, bus stops and or slope. Following the Streetscape Guidelines for 

Boston's Major Roads [22] all intersections (fixed time control) should satisfy a volume to 

capacity value of .85 and a Level of Service (LOS) of "D" or better. However, for certain 

streams the volume to capacity ratio is below acceptable levels. For stream 11, inbound, at 

Memorial Dr. the volume to capacity ratio is 0.20 higher than acceptable. The green time of 

this stream is 29 seconds and the minimum time is also 29. This means that not all vehicles 

are able to clear the intersection creating a queue. At the "Hot Spot" for this stream a queue 

build-up, dissolving at the next cycle, was observed in different occasions. A solution would 

be to reduce green time from stream 66 and or increase the cycle time to 110 to generate 

new traffic timings. The latter would help to have the same cycle time at all of the 

intersections and probably coordinate their time sequence. Currently, the intersections of 

Beacon St., Marlborough St. and Commonwealth Ave. are coordinated, creating a green 

wave effect. 

At Beacon St. stream 11, inbound, has a lagged start of 23 seconds, protected left turn, from 

stream 05 (outbound). Stream 11 is saturated, as green times are not sufficient to cross the 

intersection creating a queue. The volume to capacity ration is 0.43 above acceptable. The 

elimination of the protected left turn would have simultaneous movement for both streams 

improving the flow of stream 11. At peak hours queues were observed, in some cases 

reaching the intersection of Memorial Drive, a length of more than 600 meters. 

The Level of Service rates the performance of the intersection based on the total delay 

vehicles experience. Acceptable levels are a delay of 25 seconds or less. The delay caused 

at the previously discussed stream affects the LOS of the intersection of Beacon St., LOS "E". 

The remaining intersections have a level of service "D" or better. 

To alleviate both streams, previously mentioned, can be done by improving their traffic 

control, a proposed solution is to change from fixed time to vehicle actuated. Vehicle actuated 

control is the mode of operation where all approaches have detectors and all green phases 

are controlled by means of detector information [7]. Modeling of the site will be done using 

vehicle actuated traffic control as it allows introducing a priority call into the control phase. 

5.3 Conclusions 
Following the approach of the Highway Capacity Manual [35] and the lecture notes of CT4822 

[7] the intersections at the site are analyzed in a quantitative manner. The results of the 

calculation draw the following conclusions. According to the Streetscape Guidelines for 

Boston's Major Roads [40] and the Highway Capacity Manual for the intersections each 

approach should have a volume to capacity ratio below 0.85 and Level of Service (LOS) of 
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"D" or better. For Memorial Drive and Beacon St. stream 11 is above design standards. The 

green time of this stream in both intersections is not sufficient saturating the intersection. At 

Beacon St. the cause of the queue forming over the Harvard Bridge is due to the green time 

lagged between stream 05 (protected left turn) and stream 11. Eliminating the left turn and 

allocating turning traffic through side streets will balance both movements improving inbound 

traffic. Stream 66 at Memorial Drive, a cycle time of 100 and all pedestrian phase could be 

changed to provide stream 11 with a few more seconds of green time. 

The Level of Sen/ice evaluates the delay of the intersection. Despite the high delay of stream 

11 at Memorial Drive, the Level of Service of the intersection is "D". For Beacon St. the Level 

of Service is considerably low, LOS "E". Both Levels of Service could be improved by 

changing the traffic control program and or reconfiguration of the signal timings to allocate 

more time to through traffic and less to turning movements. The intersections of Marlborough 

SL and Commonwealth Ave. perform within acceptable design levels with a LOS of "B" and 

"C" respectively. 

The information contained in this chapter is used to comprehend the situation of the site 

subject of evaluation and in coordination with the information discussed in previous chapters 

develop different scenarios to propose a solution to improve the running time of the bus at the 

"Hot Spot" 
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Chapter 6 Scenarios at Mass Ave and Beacon St 

6.1 Introduction 

In order to deploy congestion protection strategies to improve running time of public 

transportation requires modeling diverse strategies. Evaluating them presents the necessary 

information to comprehend and assess which strategy will provide the best benefits. At the 

"Hot Spot" different congestion protection strategies will be modeled using a micro-simulation 

program to further propose the most appropriate congestion protection strategy towards 

improving the running time of bus route 1 and CTl . 

In Appendix E information about the software program, input parameters and other relevant 

information required to perform the simulation of the "Hot Spot" are discussed. 

6.2 Intersection Scenarios 

Based on a range of congestion protection strategies several scenarios are developed for the 

"Hot Spot". The scenarios focus on strategies to improve the travel time of bus route 1 and 

CTl by simply modifying the traffic signal control strategy and/or other protection congestion 

strategies at Mass Ave and Beacon St. The congestion protection strategies that can be 

developed are limited by the existing road geometry and the importance of the infrastructure 

surrounding the "Hot Spot" (refer to Chapter 4). Modifications to the layout of the intersections 

(e.g. adding an extra lane or widening the Harvard Bridge) are impossible. The latter resulted 

in seven different scenarios listed here below and further described in the ensuing 

paragraphs: 

• Base Scenario 

• Vehicle Actuated Scenario 

• Vehicle Actuated with Priority Control Scenario 

• Three Lane Scenario 

• Vehicle Actuated Left Turn Actuated 

• Bus Lane Scenario 

• Bus Lane with Priority Scenario 

In the future an increase in traffic will occur. Therefore, 2 scenarios were developed to 

examine the impact of an increase in traffic over the site -Base Scenario 10% and Vehicle 

Actuated 10%. In all scenarios, except the base scenarios, the adopted traffic control strategy 

is vehicle actuated control for all intersections. Vehicle actuated control allows to introduce 

priority calls for public transport integrated into the traffic control phase. 
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6.2.1 Base Scenario 

Called the base scenario, this scenario is the "as-is scenario". The control program for the 

traffic signals throughout the relevant intersections is fixed time. With a cycle time of 110 

seconds (100 seconds for Memorial Drive), this scenario will be used as base case to 

develop, evaluate and compare alternative scenarios that will try to improve the situation at 

the "Hot Spot". 

A screen shot of the intersection of Beacon Street in 3D from the simulation program is shown 

in Figure 29. 

Figure 29: Screenshot of Base Case Scenario in 3D for the intersection of Mass Ave and Beacon St. 

6.2.2 BaseScenarlo10% 

Based on the "as-is scenario"; this scenario considers an increase by 10% of the traffic 

volume (vehicle counts) at the site. As traffic will increase in the coming years, the 

assumption of an increase in traffic volumes helps to comprehend what would be the impact if 

no priority strategies are considered. Although, a 10% increase in traffic might not happen in 

the near future such a high increase allows a considerable assessment into analyzing the 

reliability and future conditions of the "Hot Spot". 
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6.2.3 Vehicle Actuated Scenario 

The traffic signal control program in this scenario is changed from fixed time to vehicle 

actuated. By setting detectors in the pavement, traffic at the intersection flows as vehicles 

occupy the detector area where a control sequence provides green to those streams 

occupied following a control sequence previously determined for each intersection. 

It is necessary to change fixed time control to vehicle actuated in order to integrate priority 

strategies to the traffic control. This scenario serves as the base scenario to develop 

congestion protection strategies. 

6.2.4 Vehicle Actuated Scenario 10% 

The scenario is based on the vehicle actuated scenario (all things being equal) considering an 

increase of 10 % in traffic volume (vehicle count). Base scenario 10% provides insight behind 

the increase in traffic volumes. 

6.2.5 Vehicle Actuated with Priority Control Scenario 

This scenario incorporates a traffic signal priority control for buses at Mass Ave and Beacon 

SL The priority call allows buses to cross the intersection by either green extension or red 

truncation. 

When a bus is detected (detector occupied) the control sequence provides a green extension 

if the sequences is in progress or a red truncation of the phase in progress changing to the 

phase that made the call returning to the subsequent phase after the priority call ends. This 

would not be possible with fixed time control. 

The location of the bus stop becomes a limitation in relation to the stop line, the traffic signal 

and the detector. The detector needs to be placed or programmed to request a priority call 

after the bus has dwelled. This is one of the reasons why far side bus stop locations are 

preferred. Several studies have shown that priority calls work better if the bus stop is 

downstream and not upstream of the intersection [10]. In order to evaluate this possibility the 

bus stop would have to be relocated. However, at the intersection of Mass Ave and Beacon it 

is impossible due to policies and actors and the infrastructure'' (historical buildings and 

parking spaces) surrounding the intersection. 

'' Opposite from the bus stop (outbound) an old churcti building is located where the dimensions of the 

sidewalk over Mass Ave are considerably small to relocate the bus stop. As well after this building the 

Harvard Bridge begins without sufficient buffer area. 
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Figure 30 shows the bus (in pink) being granted priority to cross the intersection. Notice the 

green bus further downstream. This bus is bus route 1 and the pink bus is CTl. Both were 

granted priority to cross the intersection, green extension. This caused long queues over 

Beacon St. and illustrates the effect of bus bunching between both bus routes. 

6.2.6 Vehicle Actuated Left Turn Actuated Scenario 

One of the situations observed at the "Hot Spot" is the queue generated by cars turning left on 

Mass Ave to Beacon St. In the base scenario the first 23 seconds of the fixed time control 

sequence allow a protected left turn, after this time turning is possible at the discretion of the 

driver, creating a bottleneck. Therefore, this scenario incorporates left turn phase to the 

control sequence (adding stream 06), a dedicated lane, in order to have an actuated left turn. 

This lane will be provided with sufficient length to accommodate certain number of vehicles 

turning left. Although it has been mentioned that road layout and geometry cannot be 

changed due to the characteristics of the intersection, this scenario only considers removing 

one and maximum two parking places to be accomplished^ without affecting the capacity of 

the intersection. The bus bay lane (lane by the curb) would have to be increased upstream to 

allow through going cars to use it. This will mix the bus and therefore the bus with other 

vehicles at the bus stop. In Boston, it is not possible to park or use the bus stop areas for 

other vehicle classes. Figure 31 shows a screenshot of the lane configuration and traffic flow 

at Beacon St. in this scenario. 

6.2.7 Three-Lane Scenario 

In this scenario a three-lane configuration to cross the intersection of Beacon St and Mass 

Ave. for streams inbound and outbound (streams 11 and 05, respectively) without changing 

the layout and or road geometry is proposed. For stream 11 the right lane is sufficiently wide 

to have two lanes (resulting in a 3 lane configuration as previously shown in Figure 24, page 

30) at the stop line. The right lane would allocate buses and cars turning right. At Mass Ave. 

outbound, cars make use of the right lane (where the bus stop is located) allocating the right 

lane and the middle lane for cars and buses going through. The left lane is for protected left 

turns. This scenario tries to assess if an increase in capacity (without major modifications to 

the layout) with a protected left turn for 05 would have a significant decrease in congestion 

(cycle time smaller than V/C ratio) at the "Hot Spot". In addition, increasing the capacity for 

stream 11 where long queues were observed during peak hours would reduce running time of 

the bus. 

Merging of the bus after crossing the intersection becomes a setback towards realizing this 

scenario, as there is a reduction in lanes from 3 to two. In the simulation the bus has a priority 

to merge as soon as possible having a minimal impact over the bus. 

5 It is assumed that if the results of this scenario are highly beneficial, removing one or two parking 

spaces to decrease congestion might be possible. 
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Figure 30: Screenshot of Vehicle Actuated with Priority Scenario at Mass Ave and Beacon St. 

Figure 31: Screenshot of Vehicle Actuated Left Turn Actuated Scenario at Mass Ave and Beacon St. 
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6.2.8 Bus Lane Scenario 

The length of the Harvard Bridge can be considered sufficient to incorporate a dedicated bus 

lane or intennittent bus lane^ as a priority strategy. A dedicated bus lane along the Harvard 

Bridge for both directions could provide the bus with fewer delays. To keep the capacity of 

both intersections "as-is" incorporating a bus lane requires to start after crossing the 

intersection and end a few meters before the stop line of the intersection downstream. This 

scenario does not affect the capacity over the bridge. For outbound, stream 05 at Beacon St. 

the bus lane can be easily established. However, inbound, stream 11 becomes slightly more 

difficult to accomplish due to the bridge width and the layout of the intersection at the end of 

the bridge. 

In Figure 32, the markings where the bus lane begins and ends at the intersection of Beacon 

St are depicted. 

Figure 32: Bus Lane markers for Bus Lane Scenario 

^ The Intermittent Bus Lane [23], still in research trials uses a lane within a section of roadway for buses 

where road design changes are possible. When a bus approaches this lane through a traffic signal the 

lane changes to a dedicated bus lane. After the bus has traveled along the section, the lane is set back 

to mixed traffic. Mixed traffic can also flow behind the bus but on certain specific cases. 
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At begins and ends, buses run in mixed traffic were priorities are set to allow the bus to merge 

with ease. As cars would require merging, all merging possibilities are considered in advance 

and done as soon as a gap is available with minor or almost non-observed bottleneck 

situations. 

6.2.9 Bus Lane with Priority Scenario 

This scenario incorporates a priority call to reach the bus lane at the intersection of Beacon 

St The scenario is a combination between vehicle actuated with priority scenario and bus 

lane scenario. A set back, for stream 11 (inbound) occurs given the road geometry and right 

turn. The bus lane ends at the end of the Harvard Bridge, where right turning vehicles use the 

right lane to turn right. Vehicles waiting to turn right occupy the bus stop and hamper the bus 

from reaching the bus stop. All buses make a stop at the bus stop. Placing the detector at the 

end of the bus lane did not provide enough time for the bus to dwell and cross the 

intersection. Therefore, the detector was placed between the bus lane and the bus stop. 

Locating the bus stop far side would allow the bus to cross the intersection with less delay. 

6.3 Conclusions 
In this chapter seven developed scenarios are proposed with the objective to improve the 

running time of the bus routes 1 and CTl when reaching the intersection of Mass Ave and 

Beacon St. The scenarios consider different congestion protection strategies without making 

changes or modifications to the geometry of the intersection due to the characteristics of the 

"Hot Spot' (surrounding historical buildings and infrastructure). 

To compare the proposed strategies with the current situation an "as-is scenario" (base 

scenario) is developed. In the base scenario the traffic control is fixed time. In all proposed 

scenarios the traffic control is modified to vehicle actuated. This allows incorporating a priority 

call within the control phase. Two scenarios evaluate the situation of the intersection when an 

increase in traffic volumes is to occur. In addition, congestion protection strategies such as 

Transit Signal Priority and a bus lane are formulated. The scenarios are modeled using a 

micro-simulation program to assess their effectiveness and performance in reducing travel 

time and or delay. In Chapter 7 the results from the simulated scenarios using travel time and 

delay as performance indicators are discussed. 

The information in this chapter is used as input to simulate different congestion protection 

strategies at the "Hot Spot" in order to improve the running time of bus route 1 and CTl . 
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Chapter 7 Results at Mass Ave and Beacon St 

7.1 Introduction 

The previous chapters presented the characteristics of the "Hot Spot", performed intersection 

calculations and developed scenarios to simulate different strategies of congestion protection 

at the intersection of Mass Ave and Beacon St Seven scenarios were modeled using a 

micro-simulation program. Each of the scenarios analyzes a different strategy of priority with 

potential to be implemented at the aforementioned intersection. In Appendix E - the 

parameters and simulation input data are presented. The result of the simulation, in this 

chapter, presents in a visual manner the outcome of the following performance indicators: 

delay and travel time. In paragraph 7.2 the travel time and in paragraph 7.3 the delay results 

for all scenarios are discussed. 

The performance indicators are calculated as follow: delay -by averaging the delay over the 

travel sections- and travel time -by the average travel time for each travel section-

differentiating between all vehicle classes and bus route one and CTl. 

The travel time and delay results described hereafter are made on the basis of the deployed 

strategies impacting over the intersection at Beacon St. without considering (specific) 

situations that occur at other intersections, such as turning right at Mariborough Street for 

example. The results are provided for the travel sections over Mass Ave from Commonwealth 

Avenue to Memorial Drive. It is assumed that all things being equal the priority strategies 

affecting Beacon St. have an impact over other preceding intersections, allowing to 

quantitatively asses the effects of the priority strategies at the relevant intersection. 

7.2 Travel Time Results 

The results based on the performance indicator -travel time- for all vehicle classes and for 

bus route 1 and CTl are presented in Table 12. The table compares the base scenario with 

the proposed scenarios providing the difference in travel time for all vehicle classes and bus 

route 1 and CTl outbound and inbound (to and form MIT). The negative values represent a 

reduction of seconds in travel time. 
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Table 12: Difference in travel time between base scenario and proposed scenarios 

All Vehicles Bus Rte 1 & CT1 All Vehicles Bus Rte 1 & CTl 

Mass Ave Mass Ave Mass Ave Mass Ave 

SCENARIO Outbound (sec) Outbound (sec) Inbound (sec) Inbound (sec) 

Vehicle actuated 

Vehicle actuated 

with priority 

Vehicle Tum 

Actuated 

Three lanes 

Bus lane 

Bus Lane with 

priority 

22 

33 

59 

5 

28 

29 

-5 

- t2 

7 

-10 

-11 

-14 

-28 

-27 

0 

-33 

-21 

131 

-79 

-88 

-48 

-105 

-83 

-32 

Outbound (to MIT, stream 05) there is an increase in travel time for all vehicle classes while a 

decrease in travel time occurs for all other streams and classes. The increase in travel time to 

MIT can be explained by the following. The base scenario traffic control is fixed time and lags 

the start of this stream (protected left turn), which in turn creates a queue for stream 11 as 

there is insufficient time to cross the intersection (see chapter 5). In all of the scenarios the 

traffic control is changed to vehicle actuated. The traffic control balances both streams as it 

provides simultaneous movement. The bus under this scenario experiences a considerable 

reduction in travel time, primarily for stream 11. The reduction is even greater when a priority 

call is introduced. Stream 05 however, does not experience such a reduction in travel time 

due to the queue that builds up to turn left. In addition, when the priority call is introduced all 

vehicle classes suffer an increase of 33 seconds in travel time. The left turn queue effect can 

also be seen in the travel time result of the three-lane scenario. There is a slight increase in 

travel time for stream 05 for all vehicles as they queue behind the left lane but a reduction of 

10 seconds for the bus occurs. Three-lane scenario represents the best alternative, which is a 

more or less expected result, as an increase in capacity improves crossing the intersection. 

Primarily, it benefits all vehicles outbound. The scenario bus lane increases the travel time by 

28 seconds inbound due to the geometry of the intersection and the short distance to 

incorporate the bus lane. Vehicles need to merge from right to left after crossing the 

intersection to avoid the queue of left turning vehicles. Bus lane with priority affects the travel 

time for vehicles inbound (increase of 131 seconds) due to the geometry of the intersection, 

the location of the bus stop and right turning fractions. Despite these reasons the bus sees a 

reduction in travel time; however, it is relatively low to the decrease obtained in the bus lane 

scenario. The benefits of adding a priority call to this scenario might not justify the investment 

to deploy such strategy. Without considering scenario three lanes, vehicle actuated with 

priority and or bus lane scenario become one of the most beneficial strategies to improve the 

travel time of the bus. 
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To assess the situation of an increase in traffic volume at the intersection the base scenario 

10% scenario and vehicle actuated 10% scenario were develop. In Table 13 the results of 

these scenarios is depicted. 

Table 13: Difference in travel time between base scenario and proposed scenarios with an increase in traffic volumes 

All Vehicles All Vehicles 

SCENARIO Mass Ave Outbound (sec) Mass Ave Inbound (sec) 

Base scenario 10% 16 304 

Vehicle actuated 10% 23 -28 

An increase in traffic of 10% at the relevant intersections increases for stream 11 (inbound) 

with fixed time control the travel time 304 seconds for all vehicles classes. The increase can 

be explained by the layout of the road as discussed previously. An increase in travel time of 

16 seconds for stream 05 also takes place. Vehicle actuated traffic signal control increases 

the travel time for stream 05 while reducing it for stream 11. The traffic control for both 

streams balances the movements, therefore, the reduction of minus 28 seconds bound from 

MIT and the increase of 23 seconds outbound. The reason behind this is the elimination of 

protected left turn from the control sequence. However, vehicle actuated control with an 

increase in traffic results in long periods of movement for the streams over Mass Ave. The 

effect on side streets, the queues generated, were quite considerable. Subsequently, the 

increase in traffic over the site would have a considerable effect on all vehicle classes 

including the bus. 

The travel time of all vehicle classes and the bus is improved when deploying different priority 

strategies. An improvement in travel time means an improvement in the speed experienced 

by all vehicles, particularly the bus. This is shown in Figure 33. 

The average speed depicted in Figure 33 is the operational speed for bus route 1 and CTl 

considering dwelling and stops at congested points and bus stops. The increase in speed 

over the site subject of evaluation for the bus improves the running time of route 1 and CTl. 

Notwithstanding this increase in speed and the mix results in travel time the bus still suffers 

from congestion and encounters queues. The result of the delay encountered by the bus and 

all vehicle classes is discussed hereafter. 
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Average Speed per Scenario 
Bus Route 1 and CTl 

Base Scenario Veh Actuated Weh Actuated w Veh Turn Actuated Three lanes 
priority 

Bus tane Bus fane w priority 

[ ORoute 1 - CT1 OuHMund 'Route 1 - CTl Intoound 

Figure 33: Average Speed per Scenario for Bus Route 1 and CTl on Mass Ave 

7.3 Delay Results 

The results based on the performance indicator -delay- for all vehicle classes and for bus 

route 1 and CTl are presented in Figure 34 and Figure 35, respectively. Figure 36, depicts 

the results of the simulation where an increase in traffic flow was considered. 

Delay per Scenario 
for all veh at Mass Ave 

Base Scenario Veh Actuated Veti Actuated w Veh Tum Actuated Three lanes Bus lane Bus lane w priority 
priority 

I O Outbound Oinliound | 

Figure 34: Average Delay for all vehicle classes on Mass Ave 
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The encountered average delay for all vehicle classes is slightly increased in all scenarios. 

Evaluating each bound per scenario, the delay for inbound is decreased whilst outbound is 

increased. This shift in delay could be explained by the change in the control sequence 

affecting all of the intersections at the site. Scenario vehicle actuated balances the delay 

experienced by both streams. The protected left turn is taken away from the control 

sequence. In vehicle turn actuated scenario, the introduction of an actuated left turn increases 

the delay for through traffic. Introducing a priority call for the bus increases the delay for both 

streams. Traffic outbound sees an increase in delay due to the queue forming of vehicles to 

turn left on the left lane, which reduces the capacity for this stream to one lane. Increasing the 

capacity of the intersection to three lanes seems to be the scenario with the smallest effect in 

delay. 

The increase in delay can also be explained by the strategies in relation with the geometry of 

the intersection, right turn volumes and the location of the bus stop. The latter are the reasons 

behind the extremely high delay values of the bus lane with priority scenario. The geometry of 

the intersection does not allow to properly designing this strategy affecting all vehicle classes. 

The bus lane scenario has hardly any impact over the capacity of the bridge as it increases 

slightly the delay compared with the vehicle-actuated scenario, merging capabilities are the 

cause of such delay. It is worth remembering that delay caused at other intersections is also 

accounted for in these results. Consequently, the effects of the proposed congestion 

protection strategies also affect the intersections downstream and upstream. 

The priority strategies focus towards reducing the delay of bus routes 1 and CTl besides the 

effect over all other vehicle classes. The delay results for vehicle class bus route 1 and CTl 

are depicted in Figure 35. 

A situation encountered in the field and seen in the simulation was bus bunching at the 

intersection of Beacon St. It is worth remembering that bus route 1 and CTl run over the 

same segment with very short headway. Despite this effect, there is a considerable decrease 

in average delay encountered by the bus. Primarily, the bus routes benefit from the 

congestion protection strategies inbound as the delay is considerably reduced. The reason 

behind this is the elimination of the protected left turn for outbound. Vehicle turn actuated 

scenario increases the delay (compared with vehicle actuated scenario) due to left turn in the 

control phase. A priority call reduces delay for the bus despite the geometry and location of 

the bus stop. Three-lane scenario represents the scenario with minimal delay effects. 

The delay for scenario bus lane with a priority call for inbound (from MIT) is extremely high 

due to the geometry of the intersection and the location of the bus stop. These two factors 

constrain the location of the detector required to provide the priority call. Notwithstanding this 

effect the scenario decreases the delay for the bus routes compared to the "as-is" situation. 
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Delay per Scenario 
for Route 1 - CT1 over Mass Ave 

200 

Base Scenaiio Veh Actuated Veti Actuated w Veh Turn Actuated Three lanes 
pnonty 
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Figure 35: Average Delay per Scenario for Bus Route 1 and CTl on Mass Ave 
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Figure 36: Average Queue per Scenario for all vehicle classes on Mass Ave with a traffic increase 

Veh Actuated 10% 
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An increase of 10% in traffic considerably increments the average delay, especially, inbound 

360% increase while for the opposite bound the increase was 24%. The effect of an increase 

in traffic helps to highlight what the delay effects will be in the future. 

Once more it can be mentioned that the cause of such effect is protected left turn within the 

traffic control. On the other hand the increase in delay for vehicle actuated scenario is 35% for 

outbound, while inbound sees a decrease in delay. The latter is caused by balance in the 

control phase as both streams provide movement simultaneously. Effects over side streets 

are not considered. However, observations reveled long queues as vehicle actuated provided 

long movement times for the streams over Mass Ave. 

Taking into consideration the perfomnance indicators, scenario vehicle actuated becomes a 

beneficial strategy. In addition, the deployment of congestion protection strategies has mixed 

results. To change the traffic control sequence might be the required approach towards a 

solution to improve the running time of bus route 1 and CTl if priority strategies are not 

preferred. Side street effects are not considered as the research focus is on improving the 

running time of the bus by proposing different congestion protection strategies. 

7.4 Conclusions 

At the "Hot Spot" seven scenarios were modeled using a micro-simulation program assessing 

different congestion protection strategies to improve bus running time. This chapter presents 

the results from the simulation through two performance indicators: travel time and delay 

In relation to travel time performance, the scenarios showed an increase in travel time 

outbound (to MIT - stream 05) while reducing travel time for the opposite bound. The reason 

behind the mixed results can be explained by the change in traffic control -fixed time to 

vehicle actuated. Stream 05 has a lagged start of 23 seconds in fixed time for protected left 

turn. Vehicle actuated balances the movements of both streams, eliminating the protected left 

turn. The latter is also the cause of the results for the delay experienced at the "Hot Spot". 

Delay is slightly increased outbound, while decreasing it inbound. Bus route 1 and CTl 

experience a reduction in travel time and in average delay. The delay currently suffered by 

the bus can be attributed to the traffic control program. A change in traffic control program 

reduces considerably the delay experienced by the bus. 

Considering the scenario vehicle actuated to compare the other proposed scenarios delivers 

mixed results as well. Notwithstanding the effect over other vehicle classes, an increase in 

capacity at the intersection, which is to be expected, presents the best results. However, this 

might be difficult to accomplish. Therefore, not considering the latter scenario, vehicle 

actuated with priority or bus lane scenarios are the most suited scenarios to improve the 

running time of the bus. The geometry of the intersection, protected left turns and the location 
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of the bus stops make it difficult to implement a congestion protection strategy at this "Hot 

Spot" in order to reduce the travel time and delay of the bus with minimum effect over other 

vehicle classes. 

The priority strategies proved beneficial towards the bus and mixed results towards other 

vehicle classes. If congestion protection strategies are (or not) preferred the required 

approach to improve the bus running time might be the change in traffic control program and 

elimination of protected left turn at the intersection. Turning vehicles could be re-routed by 

turning right at Mariborough St. reaching Beacon St. through backside streets. It is 

recommended to further analyze the latter considering the effects over all side streets and 

vehicle classes. 

Research is recommended to assess the possibilities to change the road geometry and or 

eliminating parking possibilities in order to model other congestion protection strategies. 

Furthermore, other intersections over Massachusetts Avenue (primarily towards the south) 

and the effects of bus bunching should also be included. 

The information provided in this chapter is used in the main conclusions towards proposing 

which congestion protection strategy best suits at the "Hot Spot" to improve the running time 

of bus route 1 and CTl. As well, suggestions for future research are made based on the 

information from this chapter. 
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Part III. Policy, Technology and Management Tools 

Part III presents an analysis of the policies, technology and management tools 

towards improving the bus running time through deploying congestion protection 

strategies. The site identified the policies and actors individually, which are 

analyzed by means of an actor analysis. The technology to develop and deploy 

priority strategies is discussed. Finally, the management tools (performance 

measures) that transit authorities use to rate the performance of the service and 

quality are presented. An analysis of the key bus routes towards quantifying 

congestion for buses is performed. 

The chapters in this part are: 

• Chapter 8 Policies and Actors for Public Transportation 

• Chapter 9 Technology for Public Transportation 

• Chapter 10 Management Tools 

Figure 37: Investment paradox cartoon 

Source; www43 
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Chapter 8 Policies and Actors for Public Transportation 

8.1 Introduction 
In the USA, since 1970, different studies, programs and policies have focused on signal 

priority and or bus lanes [13]. Two strategies converged since the late 1970s and early 1980s. 

First, development of federal programs aimed at reducing highway congestion through 

improved management. Second, the emphasis on encouraging consideration of a range of 

actions to meet mobility needs and enhance environmental quality as required through 

successive federal planning and environmental regulations [24]. The concept of priority was 

relatively new at the time, where development of plans and programs focus primarily towards 

vehicles. Known as the Interstate Era, it led to a slow development of plans and programs 

towards public transportation. In the early 1990's public transportation interest and 

development showed a gradual increase. Ever since, the Federal Transit Administration 

(FTA) has procured for the development and deployment of public transportation projects with 

priority controls, Transit Signal Priority (TSP) and or Bus Rapid Transit (BRT). Although study 

results and interest from stakeholders towards TSP and BRT projects have had an impact on 

the consideration over public transportation projects, this mode still struggles and competes 

for funding in relation to highway projects. 

The chapter discusses the policies and actors identified at the site under evaluation. The 

jurisdiction conflict encountered when there are a numerous number of actors from the 

perspective of the MBTA is addressed. Through an actor analysis the policies and actors are 

analyzed. The policies and actors are further described in Appendix B and Appendix C 

respectively. A frame of reference is proposed to develop thresholds to evaluate the efficiency 

and performance of BRT and TSP projects. 

The policies identified at the site regulating public transportation in the United States of 

America analyzed in this chapter are listed here below: 

• Title 49 of the United States Code (US Code 49); 

• Safe, Accountable, Flexible and Efficient Equity Transportation Act: a Legacy for 

Users (SAFETEA-LU); 

• Clean Ai r Act (CAA); 

• Congestion Mitigation and Air Quality Improvement Program (CMAQ); 

• Traffic Operation; 

• General Laws of Massachusetts and; 

• City of Boston (Boston). 
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The actors identifted at the site with decision-making power and enforcing the policies 

previously listed are listed here below: 

• Department of Transportation (DOT); 

• Federal Highway Administration (FHWA); 

• Federal Transit Administration (FTA); 

• Executive Office of Transportation and Public Works (EOT); 

• State Department of Transportation - Massachusetts Highway Department (Mass 

Highway); 

• Department of Recreation and Conservation (DRC); 

• Metropolitan Planning Organization (MPO); 

• Metropolitan Area Planning Council (MAPC); 

• Boston Transportation Department (BTD) and; 

• Massachusetts Bay Transportation Authority (MBTA). 

City Groups and Organizations are considered as the citizens and users of the public 

transportation system and other stakeholders involved who have decision-making power over 

transportation projects. 

8.2 Jurisdiction Conflict 

The identified actors at the site play a role in terms of the infrastructure and policies 

surrounding the "Hot Spot". The actors' involvement translates to a jurisdiction barrier 

between infrastructure, policies and funding possibilities. Their involvement is necessary to 

consider when developing and deploying congestion protection strategies. As each actor has 

different interests and objectives at the site concerning infrastructure, where deployment of 

congestion protection strategies might come into conflict, perceived as the jurisdiction conflict. 

To further explain this effect, it is necessary to consider the following. At the "Hot Spot" the 

actors operate, maintain, own and have a decision-making power over the infrastructure. In 

Figure 38 each actor's jurisdiction is illustrated. Mass Highway (the State Department of 

Transportation) maintains and owns the Harvard Bridge. Mass Ave is labeled as Route 2A a 

Secondary Highway. Arguably, State routes are under Mass Highway jurisdiction, although 

not entirely clear if it is maintained by this agency or the city of Boston. The Department of 

Recreation and Conservation maintains and operates the intersection of Memorial Dr. as it is 

within the Charles River reservation (in Appendix C a figure of the Charies River reservation 

is provided). The MBTA operates the bus routes, while it is the city of Boston who determines 

the location of the bus stop not to interfere with parking spaces. The Boston Transportation 

Department owns and maintains some of the traffic signals operating at the site under 

evaluation and determines the traffic control program. This agency also owns and maintains 

some of the detectors. 
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Figure 38: Jurisdiction Demarcation 
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The jurisdiction conflict represents one of the constraints that the Massachusetts Bay 

Transportation Authority needs to overcome in order to achieve any type of priority strategy. 

By means of an actor analysis the relation between actors and policies focusing on the MBTA 

will be visualized. 

To get a better understanding about the policies and actors' jurisdiction, perspective and 

objectives, these need to be defined. An overview of the actors and policies is presented in 

the ensuing paragraphs to subsequently perform an actor analysis. Appendix B - and 

Appendix C - further information about their mission, objectives, characteristics and funding 

capabilities from the actors and policies. 

8.3 Policies and Actors for Public Transportation 

8.3.1 Policies 

The policies through the development of programs specify the "carrots and sticks" for public 

transportation. The programs define the funds, the "carrots", to implement public 

transportation projects, while the "sticks", what are the penalties for incompliance, are not 

mentioned within the identified policies. Classified at different levels of government, the funds 

allocated come from different sources, primarily federal programs and agencies, e.g. the 

Highway Aid fund and or fuel tax. In Appendix B - the policies regarding their characteristics 

and funding capabilities are discussed. The table below depicts in a summarized manner the 

policies and their funding characteristics towards public transportation projects identifying the 

conflicts of each policy. 
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Table 14: Policy problem demarcation 

Policy 

US Code Title 49 -

Public Transit 

Govemance Role 

Federal Government 

Characteristics 

Witti a countrywide focus it encourages the 

development of infrastructure favoring 

private vehicles and freight. 

Funding Projects 

All programs and projects under the 

SAFETEA-LU 

Conflicts 

High correlation to title 23 Highways; 

policy and programs fund public transit 

projects 

Safe, Accountable, 

Flexible & Efficient 

Transportation Equity 

Act; a Legacy for 

Users 

(SAFETEA-LU) 

Federal Government 

Encourages and assist in planning public 

transit in urbanized areas. Provides funds Different programs fund capital projects 

for Bus Rapid Transit projects. Recognizes for buses; Urbanized Formula Grants, 

the benefits of these projects that are in the New Starts Program, CMAQ and, 

starting stages and deployed as bus and bus related facilities 

demonstration projects. 

Funds for transit projects are only 18% 

of the total funds for surface 

transportation projects. 

Clean Air Act 

(CAA) 

Federal Govemment 

The air quality legislation intended to 

reduce smog and air pollution. Sets the 

standards for air quality improving human 

health and longer life pans by 

environmental standards for tail pipe 

exhaust from buses as well as emissions 

control and use of fuels 

Funds for the CMAQ programs as well 

as projects that demonstrate an 

improvement in the quality of the air or 

reduce emissions 

See CMAQ conflicts 
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Policy Governance Role Characteristics Funding Projects Conflicts 

Congestion Mit^Hiim 

and Air Quality 

(CMAQ) 

Federal Government 

An amendment of the CAA and strongly 

related to the SAFETEA-LU, the program 

funds transportation projects that improve 

air quality and or reduce congestion. The 

program only applies to areas that do not 

meet the National Ambient Air Quality 

Standards (majority of urbanized cities) 

Public Transit & Traffic Flow 

Improvements; 

Transportation Demand Management; 

Bicycle and Pedestrian; and Alternative 

Fuel Projects; Inspection and 

Maintenance Programs; Intermodal 

Freight Transportation; 

Public Education and Outreach; Idle 

Reduction Technology and; Intelligent 

Transportation Systems 

Long list of projects that qualify for 

funds while the amounts apportioned to 

this program are small. The funds come 

from the Federal Highway Aid Fund 

Massachusetts 

General Laws 

state Government 

Different amendments provide funds for 

The Massachusetts Bay Transportation transportation projects; transit projects 

Authority is regulated at a State level. fund primarily subway and rail projects. 

Transit policies strongly related to Highway States have to fund up to 50% of transit 

policies, hardly procure realization of projects to receive federal funds, finding 

public transportation projects alternative means from bonds or lottery 

tax. 

Highway projects receive more funds 

than public transit, strong relation to 

Highway policies and funds from local 

share 

City Govemment 

Boston Municipal Code describes policies 

for parking, use of vehicles, licenses, and 

violations among others 

No funds for public transportation projects 
Primary focus is parking policies and 

private cars 

Note; the infomiation provided in this table results from the analysis performed to the policies which are described in Appendix B -. 

67 



Chapter 8 - Policies and Actors for Public Transportation 

There are limitations on how public transportation can be funded. A discrepancy between rail 

and bus projects competing for funding arises. The latter still needs to overcome some 

constrains and difficulties to fulfill as a project. The primary conflict is the involvement of Bus 

Rapid Transit (BRT) or bus related projects to the definition of fixed guide way, referring 

primarily to rail. If BRT projects are to be introduced as strategies for developing public 

transportation projects a distinction is required between modes. Secondly, funding for public 

transportation projects is primarily done with Federal, State and or Local sources, with no (or 

hardly none) private involvement. As infrastructure and operating costs are part of the public 

sector costs the budgets of the transit authorities fall or are already in deficits [4, 20]. Public 

transportation projects to qualify for funding require a local share, in some instances of up to 

50% depending on the funding program. In addition, funding from these programs may not be 

used for operating costs for example. Local share makes State or local agencies find means 

to fund their project through local taxes or bonds. State and local capital infrastructure or 

maintenance budgets can be an important source to fund projects [25]. States and local 

agencies go through long and difficult accounting processes to find funds for their projects. 

Even, in some cases, innovative ways have to be developed despite the procedure and local 

policy entanglements to make funding available. For example, the Silver Line in Boston was 

primarily funded by the DOT of the State (Mass Highway) as it runs and creates 

improvements to the roads under the jurisdiction of the agency [25, www1]. 

The actors identified at the site, being those agencies that enforce the programs and provide 

the funds for public transportation projects, are described in the ensuing paragraph. 

8.3.2 Actors 

As part of the analysis performed in this research, each of the identified actors at the site is 

individually assessed identifying their interest, objectives, characteristics and funding 

possibilities towards deploying priority strategies for public transportation. Table 16 provides a 

snapshot of information for each identified actor to carry out an actor analysis. In Appendix C 

- the mission, objectives, goals, characteristics and funding possibilities for each of the actors 

are individually described. Actors' perceptions, objectives and goals as well as policies 

allocating funds change continually, resulfing in a strategic and institufional uncertainty. The 

actor analysis as a result is simply a snapshot of a moment in which the dynamic change has 

been halted. 

The actors' interdependencies have been identified in a power versus interest grid table, as 

shown below. The power versus interest grids typically helps determine which players' 

interests and power bases must be taken into account in order to address the problem or 

issue at hand [26]. The interest and power grids are focused towards deploying congestion 

protection strategies and the power to achieve these. 
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Table 15: Interest versus Power Grid 

r 

w 
lU 

Subjecls 

MPO 
MAPC 

Crowd 

DRC 
City Groups & 
Organizations 

PiByers 

FTA 
MBTA 

Context Sailers 

DOT 
FHWA 

Mass Higliway 
EOT 
BTD 

Low •^ High 

POWER 

The classification of the actors in four categories; players (high interest and high power), 

context setters (low interest and high power), subjects (high interest and low power) and 

crowd (low power and low interest) illustrates how partnerships and collaboration between 

actors can be encouraged to shift interests and decision making power. 

Table 16 presents the problem formulation towards congesfion protection strategies from all 

of the identified actors. 
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Table 16: Actors problem formulation towards congestion protection strategies 

Actors 
Govemance 

Role 

Massachusetts 

Bay 

Transportation Problem 

Authority owner. State 

(MBTA) Government 

Department of 

Transportation 

(DOT) 

Interest Desire Situation / Objectives 

Transit system built upon 

customer service excellence, 

accessibility, reliability, state-of-

the-art technology, and a diverse 

work force reflected in the 

communities served 

Develop transportation policies 

Federal and programs to contribute to 

Government fast, efficient and convenient 

transportation 

Public transportation 

Service, Infrastructure, 

Financial Condition, 

Employee Development, 

Communication 

Safety, Mobility, Global 

connectivity. Environment 

and Security 

Existing or Expected 

Situation 

Reliability and image 

of the system. Funds 

allocated to preferred 

modes, limited 

deployment of priority 

strategies 

Causes 

Congestion, cities 

served, funding, 

policies and 

bureaucratic process 

for public 

transportation projects 

Possible Solutions 

Among others; 

Congestion protection 

strategies deployed and 

encouraged by policies 

and funding capabilities 

Private car preferred Shift in mode 

Primary focus of mode of transportation preference and image 

policies and programs in the USA public of public transportation 

towards private car transportation image - through recognizing its 

less fortunate. benefits 

Federal 

Highway 

Administration 

(FWHA) 

Federal 

Government, 

Subdivision of Same interests as the 

the Department of Transportation 

Department of 

Transportation 

Focus to Highway 

infrastructure; safety, 

mobility and productivity, 

global connectivity, 

environment and national 

homeland security 

Policies and programs 

for highway projects 

provide funds for 

public transportation 

projects 

Policies encourage 

Highway projects and 

are the origin of 

funding resources 

Separate the modes of 

transport through 

policies and fund 

resources focused 

individually 
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Actors 
Govemance 

Role 
Interest Desire Situation / Objectives 

Existing or Expected 

Situation 
Causes Possible Solutions 

Federal Transit Leadership, technical assistance, 

Administration and financial resources for safe, 

(FTA) technologically advanced public 

Federal transportation that enhances 

Government, mobility and accessibility. 

Subdivision of improves America's communities, 

the preserves the natural 

Department of environment, advances economic 

Transportation growth, and ensures that transit 

systems are prepared to function 

during and after criminal or 

terrorist attack 

Affordable mobility, 

congestion management, 

support transit intensive 

neighborhoods, economic 

benefits of transit, transit 

system usage and 

characteristics and transit 

finance 

Among others; policy 

High interdependwicy Decrease dependency and programs creating 

and relation from and interrelation funding sources 

policies and progrswis through policies and exclusive for public 

which focus in funding sources transportation. 

Highway projects allocated to this mode recognition of role and 

importance of mode 

Exec 

of 

Transportation 

and Public 

Works (EOT) 

State 

Government, 

Massachusetts 

State 

Transportation 

Department 

To promote economic vitality and 

a better quality of life by safely 

and efficiently moving people and 

goods within and through the 

Commonwealth 

Developing, coordinating, 

administering and 

managing transportation 

policies, planning and 

programs related to design, 

construction, maintenance, 

operations and financing. 

Assure the coordination 

and quality of roadway, 

transit, airport and port 

infrastructure and security. 

Strong interrelation to 

Federal Transportation 

Department. Mode 

preference and similar 

situations as Federal 

agency 

State laws derive from 

federal policies, transit 

authority State 

governance, public 

transportation 

perception, funding 

resources Federal and 

State 

Minimize interrelation 

between modes at StaH 

level through changes 

of policies and 

programs from Federal 

government, recognize 

the benefits of public 

transportation for the 

Commonwealth 
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Actors 
Govemance 

Role 
Interest Desire Situation / Objectives 

Existing or Expected 

Situation 
Causes 

Massachusetts 

Highway 

Department 

(Mass Highway) 

State 

government, 

subdivision of 

FHWA, under 

State 

Transport 

Department. 

The design, construction and 

maintenance of all State 

highways, bridges and signage 

of numbered routes 

Similar to those of the 

Federal Highway 

Administration. 

Funding for Highway 

and public transport 

projects provided from 

the Federal and State 

resources 

Strong relation to 

Federal agency, 

primary focus to 

Highway projects 

Department of 

Recreation and 

Consen/ation 

(DRC) State 

Government, 

under State 

Department of 

Transportation 

To protect, promote and enhance 

our common wealth of natural, 

cultural and recreational 

resources 

Improving outdoor 

recreational opportunities 

and natural resource 

conservation; Expanding 

public involvement in 

carrying out DRC's 

mission; and Establishing 

first-rate management 

systems and practices 

Memorial Drive Is part 

of the Charies River 

reservation under 

protection and 

jurisdiction of this 

agency 

Possible Solutions 

Policies and funding 

resources for each 

mode from Federal and 

State agencies 

Change agency 

jurisdiction for this 

intersection (minimize 

number of actors). 
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Actors 

Metropolitan 

Planning 

Organization 

(MPO); 

Metropolitan 

Area Planning 

Council 

(MAPC); 

Govemance 

Role 

Regional 

Governmeirt 

Regional 

GovernmeWt 

regional 

planning 

agency for the 

city of Boston 

Interest 

Work together on the federally 

required transportation planning 

process; Establish a Joint 

Regional Transportation 

Committee to ensure citizen 

participation in regional 

transportation planning; Work 

together to ensure compliance 

with federally mandated planning 

documents and; Establish a joint 

technical staff to support decision 

making 

Provides the technical assistance 

to improve environmental, social 

and economic health through 

services that include 

transportation to the 101 cities 

and towns. 

Existing or Expected 
Desire Situation / Objectives 

Situation 

System preservation; 

modernization and 

efficiency; mobility; 

Environment; Safety and 

security; Regional equality; 

Land use and economic 

development, public 

participation and finance 

Need for mobility, impacts 

transportation has on 

environment, social and 

economic matters and the 

necessity to continue with 

careful allocation of funds 

to roads, bridges and 

public transportation 
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Through different 

State programs 

appoints funding for 

public transportation 

projects, defines the 

projects and 

recognizes the 

situation of the system 

Coordinates and 

implements different 

programs, a 

combination of 

Federal and State 

programs providing 

funds for a wide 

variety of projects 

Causes 

Focuses on rail and 

subway projects 

which still apply old 

common priority 

practices. Bus 

projects recognize 

the use of priority 

strategies without any 

project in the near 

future 

Funds for transport 

projects only possible 

for those focusing on 

the environment and 

transportation 

enhancement 

program 

Possible Solutions 

Among others; Deploy 

priority strategies by 

benchmarking the 

benefits from other bus 

projects, procure funds 

for these projects and 

procure a shift in 

preferred mode 

Among others; 

development of a 

program finding 

alternatives to fund 

public transportation 

projects considering 

priority strategies 
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Actors 
Govemance 

Role 
Interest Desire Situation / Objectives 

Existing or Expected 

Situation 

Boston 

Transportation 

Department 

(BTD); 

Promote public safety, manage 

the city's transportation network, 

and enhance the quality of life for 

City residents of our city 

Government neighborhoods, ensured through 

the use of planning coordinated 

engineering, education and 

enforcement 

Parking, use of vehicles, 

violations and licenses 

policies and programs. 

Street Guidelines for the 

streets within the city 

Policies and programs 

only; focus on parking, 

use of vehicles, 

violations and licenses. 

Causes Possible Solutions 

Member of the Board Among others; shift 

of the MBTA and MPO, preference of mode and 

key player in 

transportation 

planning with primary 

focus to private 

vehicles 

minimize policies for 

private vehicles that 

hamper public 

transportation 

development 

City groups 

and 

organizations 

Non­

governmental 

Procure and enhance the 

transportation system within the 

city 

Diverse objectives, 

depending on their advocacy 

Public participation 

over public 

transportation projects 

with veto powers over 

the project 

Among others; interest 

parties should consider 

the overall benefits of 

public transportation 

and coordinate their 

objectives with 

development of transit 

projects 

Note; the table is adapted from lecture notes course EPA1121-Policy Analysis of Multi-Actor Systems [27] (columns) and the information provided is adapted from the information and resources 

consulted which are described in Appendix C -. 
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A complex situation arises for the MBTA in relation to priority strategies being developed and 

deployed for public transportation. The MBTA supports the development of BRT, 

acknowledges that priority is beneficial bringing higher performance as well as acceptability 

and image among other reasons to the entire system. Despite, this knowledge, it developed 

the Silver Line through the design of a tunnel, instead of a different strategy. Through this 

strategy the service was achieved and qualified for funding. Public transportation perception, 

jurisdiction, interests, decision making, existing policies and perhaps understanding from all 

actors involved in the decision-making process towards priority strategies might be the cause 

to choose and develop an old priority practice. In addition, the complexity of sources to fund 

capital projects plays an economic role. Investing in BRT, signals and other infrastructure is 

relatively cheaper than a tunnel. Not accounting for the inconvenience it brings to the people 

of the city as well as the hidden costs. Consequently, it seems easier to fund a small tunnel 

than traffic signals, equipment and other infrastructure needed for BRT and or TSP, which in 

turn results in improvements of the whole network and not a small area. 

Agencies strongly require to cooperate but also to create well-built and inter-agency 

partnerships. The MBTA serves 175 cities and the MPO only 101 for example, creating a 

discrepancy and large number of decision-makers over public transportation projects that the 

MBTA needs to consider. For these reasons partnerships, not only public but also perhaps 

public-private-partnerships (PPP) should be considered. Public transportation in the USA is 

funded primarily through public agencies. Partnerships with private agencies further provide 

commercialization of transit and can increase reliability when tendering processes are 

effective driving transit authorities out of deficits. However, this type of partnership is not 

subject of study or reviewed in this research. 

8.4 Actor Analysis 
The actor analysis consists of a number of steps. First step is to identify the actors and 

describe their objectives, goals and characteristics. Secondly, identify the critical actors 

highlighting their relations to finally present the actors and their relations in a visualized 

manner. The goal is to find if any of the current policies promotes through funding public 

transportation projects with priority strategies (TSP or BRT) and or if a new policy should be 

proposed among the actors involved to accomplish the deployment of such projects. The 

latter, will support and encourage the development and deployment not only in the city in 

question but also perhaps from a country wide perspective. In Table 14 and Table 16 the 

necessary input to conduct the analysis has been depicted. In this paragraph an actor-policy 

diagram (actor network) is presented. 

Table 17 summarizes the objectives and goals from each of the identified actors. 
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Table 17: Common Actor Objectives 

Safety 

Mobility 

Global Connectivity 

Environment 

Security 

Productivity 

Congestion 

Management 

Land use 

Economic Benefits / 

Development 

Transit Usage and 

Characteristics 

Finance 

Public participation 

DOT 

X 

X 

X 

X 

X 

FHWA/ 

Mass Highway 

X 

X 

X 

X 

X 

X 

X 

FTA 

X 

X 

X 

X 

X 

X 

X 

X 

EOT 

X 

X 

X 

X 

MPO 

X 

X 

X 

X 

X 

X 

X 

X 

X 

MAPC 

X 

X 

X 

X 

BTD 

X 

X 

X 

X 

X 

X 

MBTA 

X 

X 

X 

X 

The objectives presented highlight the perception from the actors towards public 

transportation projects. The policies to accomplish such projects render their involvement. To 

simplify this involvement, the funds apportioned to public transportation projects by the 

policies have been expressed in units. The units are High!, Med! and Low!. The units depend 

on apportions made by the actors through the programs and the mutual goals between the 

policies. Therefore the connectors will be represented in threefold. In order to include those 

actors that have no direct relation to the policies, they will be considered as indirect actors 

given their decision-making power and or influence. 

The critical actors shown in Table 18 are; The Federal Highway Administration through the 

State Department of Transportation (Mass Highway), The Federal Transportation Authority 

and the Executive Office of Transportation and Public Works. All apportions and projects to 

be developed are intended to benefit the services provided by the MBTA and being the 

problem owner all relations are focused towards the transit authority. Distinguishing the transit 

authority separately provides the flexibility to include other transit authorities and or agencies 

into the scheme. All actors either provide funding opportunities or have decision-making 

power to achieve public transportation projects. Hence, all actors can be regarded as highly 

dependent. Table 18 presents the actor analysis disfinguishing the policies and involvement, 

as well as critical actors. 
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Table 18: Actor Analysis 

Actor Policy Funding / Programs Involvement 

MBTA 

DOT 

FHWA 

FTA 

EOT 

Mass Highway 

MPO 

MAPC 

BTD 

DRC 

Massachusetts General Laws 

Quality Service Manual 

U.S. Code Title 23 and 49 

U.S. Code 23 and SAFETEA-LU 

U.S. Code 49 and SAFETEA-LU 

Massachusetts General Laws 

Massachusetts General Laws 

SAFETEA-LU 

Massachusetts General Laws 

Massachusetts General Laws 

Massachusetts General Laws 

Jurisdiction 

Jurisdiction 

Federal, State and Local 

Federal 

Mass Transit Account of the Highway Trust Fund 

CMAQ 

Funds primarily come from the FHWA 

Diverse federal and non-federal sources (State) 

CMAQ 

Design projects or construction contracts 

CMAQ 

Planning of expenditures and funding resources 

Federal funds: there are 7 different programs 

Problem Owner 

High 

High 

High 

State DOT 

High 

State FHWA 

High 

Med 

Med 

Low 

Low 

Yes 

Yes 

Yes 

Yes 
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Figure 39 shows the relations in the actor network around the MBTA. The actors (blocks) 

interact between each other linked through their involvement determined by funding 

possibilities (connectors) to achieve public transportation projects with the intention to deploy 

priority strategies. 
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Internal actor relation 

Figure 39: Actor Network 

It is worth remembering that the Executive Office of Transportation (EOT) is the State 

Department of Transportation, while Mass Highway is the State representation of the Federal 

Highway Administration (FHWA). Through local offices subdivided in different regions the 

Federal Transit Administration (FTA) is represented. The Department of Recreation and 

Conservation is considered as an indirect actor given the jurisdiction conflict at the site. The 

Boston Transportation Department has a double function as it has jurisdiction over streets, 

signs and traffic signals as well as being a member of the board of the MBTA. For these 

reasons it is not considered as an indirect actor. 

In order to overcome conflicts, which are difficult to identify, but in many cases exist between 

actor objectives and goals, a general objective is proposed. The goal of such objective shall 

identify and minimize the conflicts between actors. Therefore in this particular case, derived 

from the actor analysis the following statement is proposed serving as a common objective for 

all actors; 

To ensure a public transportation system that provides mobility to all members of society, 

where planning and communication involves all agencies in a systematic manner to overcome 

communication and jurisdiction conflicts, intended to minimize congestion and improve bus 

running time by applying cost-efficient strategies and technology. 

The statement addresses two key issues that need to be resolved between actors; 

communication and jurisdiction. Through cooperation and creating coordination programs 
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these issues can be resolved. Although the benefits of priority strategies are known there is 

still further implementation needed. 

8.4.1 Frame of Reference 

The funds, "carrots" provided to implement transportation projects derive from the policies. 

However, the policies set a side the penalties for non-attainment or incompletion of the 

project, the "sficks". There is a lack from the policies as to state the consequences of non-

attainment perhaps caused by the inexistence of thresholds to evaluate the project. These 

shall be described by the policies in order to quantify the benefits of the project. Thresholds 

allow evaluating the efficiency of the project and making necessary adjustments in order to 

reach the objectives of such project. Therefore, a Frame of Reference, following the 

methodology described in the user guide Sustainable Traffic Management [28] will be 

proposed. A frame of reference specifies criteria and thresholds resulting in a quantitative 

measurement to achieve a goal. The frame of reference is achieved by defining a theme, 

criterion and threshold. The goal is to reach a desirable situation. 

The theme derives from the mission, objectives and goals of the actors as well as from the 

problem statement. The criterion, which is closely related to the theme, represents the means 

(the criteria) in which the theme will be fulfilled. The threshold is a quantitative representation 

of the criterion. The thresholds are roughly mentioned without specifying any measure for 

desirable situation. Specific measures of the desirable situation, such as to reduce by 2 

minutes congestion are not the intention at this time. The intention is to propose a set of 

thresholds to evaluate and therefore develop "sticks" for projects deploying priority strategies 

for public transportation. The desirable situafion; describe in a quantitative manner what the 

benefits are in relation to the set objectives. The frame of reference is presented in Table 10 

following the problem statement, the integration of priority control strategies to public 

transportation, the objectives of the actors and policies. 

Note that the frame of reference proposed does not consider the conflicts, objectives and 

agendas that arise from each of the actors and or policies. 
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Theme 

Transit Mobility and 

Benefit 

Environment 

Planning and Design 

Finance 

Congestion 

Congestion 

Protection 

Criterion 

Reliable public transportation 

Running Time 

Delay 

Speed 

Reduce Emissions and Air Quality 

Road Selection 

Communication process 

Jurisdiction 

Public Participation 

Implementation costs 

Funding 

Queue length 

Impact of congestion on buses 

Priority Strategy 

Technology 

Threshold 

Variation of travel time and delay 

Minutes form point to point 

Minutes saved 

Miles per hour 

Assumed environmental impact 

Hot Spots 

Between stakeholders 

Limit and constrains 

Plans and Programs 

In monetary terms 

Alternative funding programs 

Reduction in meters (mile) 

Minutes / Minutes per $ 

Different layouts and controls 

Implementation 

The proposed frame of reference is just an initial step to establish penalties for projects that 

do not meet the objectives and or intended benefits. Further work is required to evaluate a 

minimum threshold value for public transportation projects and how "sticks" can be 

accomplished. 

8.5 Conclusions 

This chapter presented an analysis of the policies and actors involved at the "Hot Spot". 

Through an actor analysis the relations and interdependencies of the actors where visualized. 

A frame of reference was proposed as an initial step to establish threshold values in order to 

develop penalties for public transportation projects deploying priority strategies. 

The analysis presented in this chapter can in practice be used to identify the conflicts 

between actors and understand what their goals and expectations are. The latter in order to 

determine to what extend their involvement and their interests as well as power play a role 

identifying the leader, critical and other actors that interact to develop and deploy a public 

transportation project. 

A jurisdiction conflict arises with the number of actors, which determines their involvement 

given the infrastructure and policies regulating at the site under evaluation. In this case, the 

infrastructure is own, operated and or maintained by several actors. The result from the 

perspective of the Massachusetts Bay Transportation Authority is the limitations of the actors 
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given their goals and or perspectives to deploy congestion protection strategies. There is a 

strong need for agencies not only to cooperate but also to create well built and inter-agencies 

partnerships. Through these agreements and cooperation, transit authorities will accomplish 

efficient and reliable public transportation projects. A common objective to address the issues 

of communication and jurisdiction should be adopted by all actors. 

The need for mobility, increase in congestion, jurisdiction conflicts, satisfactory movement of 

people, the financial burdensome to maintain the system as well as the difficulties (existing) 

for development make the primary interest of the USA in terms of public transportation difflcult 

to achieve. Within the policies for public transportation there is a sturdy correlation between 

highway and public transportation projects. The policies are interrelated. The majority of the 

federal funds for public transportation projects come from Highway Aid funds. The Federal 

Highway Administration manages a Mass Transit fund being the primary source of funds for 

public transportation. In addition, funding capabilities are possible within other programs. 

However, by federal mandate Sates are required to meet 50% of the funds for public transit 

projects. Innovative ways have to be found in order to qualify or even get the grants for the 

projects in question meeting the local share. A separation between modes by recognizing 

public transit through its benefits should happen in order to create a shift in the preferred 

mode, cars. 

Policies for public transportation projects lack the "sticks", penalties when the projects, 

primarily Bus Rapid Transit (BRT) and or Transit Signal Priority (TSP), do not meet their 

objectives. Therefore, a frame of reference was proposed. The frame of reference is 

developed under consideration of the common objecfives of the actors and through a set of 

criteria to evaluate the performance of the project. The performance is measured through 

thresholds that define the benefits of the project when completed. Through evaluating in a 

quantitative manner BRT and TSP projects could be the initial step towards a shift in mode 

preference and perception of public transportation. Recognizing such benefits from a global 

perspective might also help to eliminate the skepticism from different actors. Be that as it 

may, it is necessary to begin developing BRT and or TSP projects without the premise -for 

demonstration purposes. 

The information in this chapter serves to discuss the findings of this thesis by answering the 

research question and sub-questions in order to find the reasons behind the limited 

deployment of congestion protection strategies to improve the running time of the bus in the 

city of Boston. 
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Chapter 9 Technology for Public Transportation 

9.1 Introduction 

The traffic signal since its invention has suffered several modifications. The communication 

with the controllers has brought changes due to the development of technology. Technology 

has develop different ways to detect a bus when approaching a traffic signal and 

communicating the bus route, bus number and location to provide a priority call dependent on 

the phase the traffic signal is in. 

This chapter analyzes the traffic signal in the United States of America (USA) to apply priority 

calls given the existing products. Products and communication technologies between traffic 

signals and controllers are described in paragraph 9.4 and 9.5 respectively. 

9.2 The Traffic Signal in the USA 

The development of technology and products to deploy Transit Signal Priority (TSP) has 

focused on isolated intersections as well as network-wide. Considering isolated intersections 

(one intersection at the time without considering adjacent intersections) is the most common 

practice in the USA; an attractive manner to deploy TSP given the jurisdiction and actor 

conflicts that exists. From the technology point of view, to implement TSP systems 

encounters a few conflicts; as a result of the interaction between the traffic signal, TSP 

products, technologies, traffic controllers and communication between hardware. Several 

agencies and transit authorities have identified a diversity of conflicts. For example, an 

Federal Transit Administration (FTA) report identified that; "Most transit agencies have neither 

jurisdiction nor adequate field operation knowledge over traffic control devices, including 

signals and signs and pavement markings" [29]. 

To execute TSP it is essential to know and consider the capabilities of the existing traffic 

signal. The USA Department of Transportation (DOT) reports that congestion is reduced by 

optimizing signal times; There are more than 300,000 traffic signals in the United States of 

America, and, according to U.S. DOT estimates, as many as 75 percent could be made to 

operate more efficiently by adjusting their timing plans, coordinating adjacent signals or 

updating equipment [30]. Not only updates to the traffic signals are beneficial. In addition to 

updates, coordination of signals and adaptive signal systems (those that adjust to traffic 

conditions) also provide benefits; decrease in travel time, fuel consumption and emissions. 

According to the DOT, ITS Deployment Statistics in a 2006 Survey to different metropolitan 

areas published a Nafional Summary covering several ITS subjects. For signalized 

intersections, it found, in the State of Massachusetts that out of the 2428 signalized 

intersections reported only 22 operate with transit signal priority, representing 1% [wwwl 2]. 
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Funding for TSP represents a challenge as it competes with other agency programs e.g. 

police department or fire department, for traffic signal pre-emption or simply updates to the 

traffic control system. According to a report from the FTA, the capital cost of updating or 

retiming a signal per intersection is $3,500 USD, while the capital cost for TSP per cost 

element is; signal priority software costs $300 to $600 USD, signal control hardware $4000 -

$10,000 USD, and vehicle $500 to $2,000 USD [30]. 

Throughout the USA intersections use a wide variety of traffic signal hardware. Some of the 

most common hardware used is National Electrical Manufactures Association (NEMA) 

controllers, type 170 and type 2070 controllers. Controller type 170 is designed to operate 

traffic applications from two/eight phase intersections to computerized network systems 

[wwwl 3]. Controller type 2070 is a modular, multipurpose controller used for traffic control 

operations. The functions they perform depend on their software. 

The table below describes a relation between the controller type, the TSP strategy and typical 

implementation capabilities using the most common controller in the country. The table has 

been adapted from the ITS America report [31]. Further, in Figure 40 the dual ring concept for 

the NEMA controller is depicted. 

Table 20: TSP Control and Implementations 

TSP Strategy Vehicle Detection Controller Type Traffic Control Implementation Area / 

Required Type 

Passive Priority NO NEMA, Type 170 Fixed Time Corridor, Network 
and Type 2070 

Early Green / Red 

Truncation 

Green Extension 

Actuated Vehicle 

Phase 

Phase Insertion 

Phase Rotation 

Adaptive 

YES 

YES 

YES 

YES 

YES 

YES 

NEMA, Type 170 

and Type 2070 

NEMA, Type 170 

and Type 2070 

NEMA, Type 170 

and Type 2070 

NEMA, Type 170 

and Type 2070 

Type 2070 

Type 2070 

Actuated 

Actuated 

Actuated 

Actuated 

Actuated 

Adaptive 

Intersection 

Intersection 

Intersection 

Intersection 

Intersection 

Intersection, 

Network 

Corridor, 

The table shows how within the existing controllers TSP can be realized. In most intersections 

(if not all) the traffic control currently is fixed fime. Deploying TSP in many cases involves 

changing the traffic controller to vehicle actuated, which might represent further challenges. 

By just changing the traffic controller might bring benefits i.e. improved traffic signal timings 
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improving the situation overall without realizing TSP. Traffic signals are not a panacea for 

street congestion as they have several disadvantages, e.g. increase vehicle speeds at 

intersections are prone to accidents and fatalities with pedestrians and cyclists. 

In the United States of America the conflicting phases that occur in an established manner 

are controlled differently than in Europe. A dual ring is employed when the traffic control is 

actuated. This traffic control is required to achieve a TSP strategy. The figure below shows 

the dual ring structure concept for a NEMA controller. 

DUAL RING STRUCTURE 

c 
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RING A 

^ BARRIER 1 > 
(LEFTSIDE) 
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BARRIER 2 
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) 

Figure 40: Dual ring NEMA controller concept 

Source; www14 

The two rings operate independently providing movement to 2 non-conflicting streams 

simultaneously (upper and lower ring). There are two legs - 8 phases (four on each ring) to 

accommodate traffic movements. Phases need to be terminated before the barrier is reached. 

Priority calls are introduced into any of the phases, where depending on the priority strategy 

the controller will provide the priority when requested. The phase might be extended or 

terminate the current phase and directly go to the phase requesting the call bypassing all 

others. To request a priority requires the controller to communicate with the detection system. 

Communication and detection technologies are discussed in the ensuing paragraphs. 

From the technology perspective, it is necessary to consider the lack of coordination between 

actors. Agencies must cooperate and share traffic information, create agreements and 
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develop methods of information and data sharing. At an intersection, for example, different 

f agencies have jurisdiction over the road, infrastructure, components, etc. Agencies and traffic 

engineers have to go through extensive procedures to accomplish TSP. In some cases, 

innovative and smart solutions only applicable to a specific site have been developed to 

overcome complex situations. Therefore, having a limited impact in the development of 

technology as it is site specific. 

9.3 Transit Signal Technology Considerations 

The development of technology in the past decades has resulted in improved systems to 

i manage, operated public transportation networks and vehicles. The technological advances 

have led to a diversity of products capable of providing a priority control at intersections for 

public transportafion. 

Considered as Intelligent Transportation Systems (ITS) for public transportation include 

among others; traffic signal priority, driver assistance, automation technology, passenger 

information, safety and security technology, advanced communication systems, automated 

dispatch and scheduling systems, video monitoring, real-time travel information and other 

supportive technologies. These technologies can be classified as follows; 

• The vehicle; In-Vehicle communication with the wayside 

• The traffic signals; Signal and cabinet controller 

• Communicafions; Center-to-field and center-to-center and field-to-field. 

Within this classification, there are two basic components to consider; the road and the 

vehicle. The road components refer to the traffic signals and the road infrastructure, while the 

vehicle refers to the equipment necessary to detect the vehicle. The communication 

equipment, e.g. detector loops, links the two components. These are further described in the 

subsequent paragraphs. 

Taking into consideration the road, the vehicle and the communication equipment to 

implement TSP and or ITS systems in public transportation to grant a priority call, transit 

agencies are required to make use of standards. The National Transportation 

Communications for ITS Protocol (NTCIP), is a joint standardization project of AASHTO, ITE, 

and NEMA, with funding from the FHWA [www5]. As defined by the NTCIP guide; "is a family 

of communicafions standards for transmitting data and messages between microcomputer 

controls devices used in Intelligent Transportation Systems (ITS) [32]. 

According to the NTCIP1211 standard, the standard defines the funcfional entities involved to 

grant priority: the Priority Request Generator (PRG), the communication system (links the 

components with the system) and the Priority Request Server (PRS). The use of different 
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technologies needs mulfiple standards working together to ensure interoperability. To work 

together it is necessary to understand how standards interface with another. Following the 

standard definition as a bus approaches the intersection (PRG), it is detected or sends a 

signal to a receiver antenna (depending on the system). The antenna transmits to a controller 

(or phase selector) to validate the priority call, depending on the phase (green extension or 

red truncation), sends the message to the traffic light, which in a smooth manner grants 

priority to the bus (PRS). The figure below depicts this in a simple manner. The use of 

different products and controllers under the implemented standards ensures the informafion 

and operability of the priority system. However, this leads to a conflict regarding the 

application of technologies, their products and communication. To grant a priority call, traffic 

signals, the bus, the detector equipment most be able to work together in order for a priority 

call to be accomplished. This confiict is further described and clarified in the ensuing 

paragraphs. 

Figure 4 1 : Simple fomn of TSP 

9.4 Products 

Priority for public transportation involves identifying the approaching vehicle, determining the 

priority dependent on the type of vehicle and or bus route and executing the priority call. Once 

the bus is detected and identified, an algorithm communicates the priority call to the 

hardware. Several companies manufacture hardware and the software for Transit Signal 

Priority systems. To accomplish TSP, the traffic signal control phase is interrupted or 

extended (depending on the phase it is). Therefore, the TSP product capability needs to be 

compatible and capable of working with the traffic signals and their controllers. A wide variety 

of computerized control sequences exist to control the traffic signal. The most common 

control sequences include; the basic controller (fixed time bases), vehicle actuated controllers 

(green time varies according to traffic flow), controllers with time variation (by day and time) 

and adaptive controllers (adjust timing or re-time) [7]. The two most applied are depicted in 

Figure 42. If traffic signal controllers cannot be integrated to the product capabilities and the 

software to accomplish TSP, priority will not be achieved. 
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Fixed Traffic Signal Control *'^«P«^ "^^^"^ Signal Control 

Figure 42: Fixed Traffic Signal Control and Adaptive Traffic Signal Control 

Source; wwwl 5 

Manufacturing companies offer a wide variety of products with diverse capabilities. However, 

product capabilities are constrained by the range of software variations. Product and software 

information has been regarded a very well kept secret making difficult to assess the product 

capabilities. Some product manufactures state that their products provide a wide range of 

capabilities without acknowledging if the software could be retrofitted to suit a different or 

specific situation. This is important as mentioned previously not all congestion situations and 

or intersections are identical. Therefore, transportation authorifies, planners and managers 

face a conflict in order to assess the capabilities of deploying a TSP system. 

Manufacturing companies include among others; Global Traffic Technologies Econolite, 

McCain, LoopComm or TOTE, and, Quixote Traffic Corporation. Many of the companies 

providing a range of products for traffic operation, for TSP a combination of their products are 

needed. Meaning that mix and matching within product capability is required. Many of the 

manufacturer products provide as default a condifional priority. The software and algorithms 

can be modified to perform other strategies, however, limited by the hardware capabilities. 

The result might constrain the requirements and or capabilities of the intersection and 

products 

Diverse agencies and traffic engineers state that the reliability of products is sfill unproven 

[29]. In some cases, even, different products have limited deployment. While all of the traffic 

signal traffic controllers available on the market today have internal preemption capability, not 

all of them have the specific capability to support a bus priority system [16]. 

9.5 Detection Technologies 
Technology evolved the way of communication between the two basic components; road and 

vehicle. Efficient technologies have resulted to detect the vehicle and communicate the 
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information detected. There are several ways to detect and communicate the information. 

Examples of different detection technologies are illustrated in the following table. 

It is quite robust to implement the communication link between the vehicle and the traffic. 

Operations with signal priority require constant updates and different types of data. Updates 

and extensive data need a high bandwidth and speed to perform their tasks. This may cause 

the communication system to fail. 

The communication technologies existing today when combined with the traffic signal and 

controllers provide a rather limited amount of information. The lack of development, limited 

algorithms, software, product capabilities, the design and existing road infrastructure among 

others are the reason behind the further constrains to deploy TSP. As to radio based 

systems, the City of Portland in part asserts; "Many systems such as Opticom, Tote, 

LoopComm are available of which all are third party systems. In addition, there are other, 

radio based systems which have not been extensively tested in this country" [8]. 
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Table 21: Examples of Detection Technologies 

Inductive loop-based detection 

A detector placed 250 meters 

downstream (generally a wired carved 

in the pavement) is reliable and does 

not require line-of-sight. An exit 

detector is generally used to call off the 

priority. A wire connects the detector to 

the traffic signal. Figure 43: Inductive loop-based detection 

Source; wwwl 6 

Infrared detection 

It is a well-tested technology, used in J ^ 

the USA primarily for emergency 

vehicle pre-emption. Mounting to a 

post is needed with accessibility to a 

power outlet. This system requires a 

line-of-sight between emitter and 

detector, missing the emitter is 

common if installation is improper. 
Figure 44: Infrared detection 

Source; www9 

Radio based detection 

Through radio frequencies emitter and 

detector communicate, no line-of-sight 

needed. RF tags are required for the 

bus and upstream of the intersection. 

Figure 45: Radio Based detection 

Source; www17 

Video Surveillance detection 

Video cameras mounted on a post 

connected to a central controller room 

that provides a priority call when a 

vehicle is approaching. 

Figure 46: Video Surveillance Detection 

Source; www18 
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Real-time can be recognized as another form of communicafion, although some recognize 

real-time as a control strategy. Real-time vehicle information to provide priority is not widely 

spread. Bus Information and Priority System (BIPS) is active real-time systems that can utilize 

different methods of detection [33]. The system considers the entire network where buses and 

signals interact. More and more buses are being equipped with systems like AVL and or other 

communication technology. To communicate with a traffic signal in real-time, however, the 

signal must incorporate the capabilities of this technology. Within the growing interest for 

improvements, different technologies have been adopted. These differ in sophistication but 

rely on the use of microprocessors. Different systems have been developed such as SCOOT, 

SCATS and UTOPIA [7]. These systems perform their control tactics in different manners 

(communicate in real-time) and are generally applied to a central corridor or whole networks. 

In addition, these systems provide an improvement in time delay reductions but have different 

disadvantages, such as limitations of traffic variable estimation or the effects in private 

vehicles. There is, despite the advances in technology, a lack of accurate models to predict 

traffic demand as well as proper algorithms to allow traffic to flow within these systems. This 

research does not look into systems such as SCOOT for example; therefore they are not 

furthered addressed. 

9.6 Conclusions 

This chapter discussed the technology to implement Transit Signal Priority (TSP). The traffic 

signal, being the basic element to deploy TSP, was described as well as products and 

communication systems. 

Through the use of technology, transportation agencies have seen remarkable results in the 

performance and reliability of their public transportation network. Notwithstanding the 

jurisdictional and policy conflicts, technology further limits the deployment of TSP. The traffic 

signal, TSP technology and products as well as the communications systems required 

between detector and trafflc signals need to work in a compatible manner. Hardware and 

software capabilities are not fully described by manufactures and their infomnafion is a very 

well kept secret. Products in some instances need to be used in combination in order to 

implement TSP systems. Software algorithms and intersection characteristics limit the 

capabilities of the products. Transportation agencies in many cases have a misunderstanding 

of the capabilities of their traffic signals. The result is a complex range of conflicts that 

agencies are left with if they are to deploy priority strategies. 

The development of technology is far from over. Technology develops while software 

algorithms, product capabilities, lack of cases to learn from, coordination between agencies 

amongst others limit how the technology can be used to implement Transit Signal Priority for 
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example. Nevertheless, TSP has been realized. Different cases overcame the technological 

issues deploying successful and efficient priority strategies. 

While the benefits and successful results of systems such as BRT and other priority strategies 

help to increase the interest of the transportation agencies to implement these strategies, 

technology is still far away from being the primary inifiator of priority for public transportation. 

The information in this chapter serves to discuss the findings of this thesis by answering the 

research question and sub-questions in order to find the reasons behind the limited 

deployment of congesfion protection strategies to improve the running time of the bus in the 

city of Boston. 
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Chapter 10 Management Tools for Public Transportation 

10.1 Introduction 
Performance measures are used as a management tool to fine-tune the public transportation 

system. Performance measures provide the necessary information to the transportation 

agency to improve the service and its reliability. In this case, the transit authority, the 

Massachusetts Bay Transportation Authority (MBTA) applies a wide range of performance 

measures to the different modes it operates. In this chapter, performance measures for public 

transportation services are briefly discussed. The performance measures the MBTA applies 

to the bus are described. An analysis of the bus key routes, as defined by the MBTA, is made 

in order to assess the impact of congestion over these bus routes. 

10.2 Performance Measures 
Performance measures derive from the individual characteristics of each transportation mode 

used to determine the successful operation and service quality of the public transportation 

system. Basically, performance measures capture the necessary information and data to 

process in order to make changes or improvements in the system. The measures help 

illustrate how well the goal of the transit authority is achieved throughout the system. The 

National Governors Association states that performance measures to gauge the overall 

effectiveness of activities and to serve as barometers for changing transportation needs 

should be a priority for every coordinating body [34]. The performance measures represented 

and classified by the National Governors Association are listed and further described here 

below [34]; 

• Cost efficiency; 

• Cost effectiveness; 

• Service effectiveness; 

• Service quality. 

Cost efficiency 

Cost efficiency as a performance measure refers to the relationship between resource inputs 

and service outputs. Cost efficiency provides information to measure, among others: 

• Total vehicle operating cost per hour; 

• Vehicle operating costs per mile; 

• Costs per driver per hour; 

• Operating hour to driver hour ratio; 

• Vehicle maintenance costs; 

• Administration costs per hour/vehicle; 

• Average service vehicle costs and; 

• Labor costs per vehicle hour. 
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Cost effectiveness 

The service becomes more cost effective the greater the consumption of services per dollar 

spent. Therefore, costs effectiveness refers to that relation between the consumption of public 

transportation services and the resources expended. The performance measures, among 

others, are: 

• Total operafing costs per passenger; 

• Passenger revenue as a function of the total operafing costs and; 

• Passengers per dollar spend. 

Service effectiveness 

This performance measure refers to the relation of consumption service versus service 

availability. Service effectiveness measures the capacity of the system, its reliability and 

overall performance. Service effectiveness is measured through: 

• Passenger per vehicles per hour; 

• Passengers per mile; 

• Passenger revenue per mile; 

• Average month passenger trips; 

• Average passenger per hour of operation. 

Service quality 

Sen/ice quality is measured through ridership sun/eys to passengers inquiring about: 

• On-time service; 

• Safety; 

• Driver appearance; 

• Schedule adherence. 

This performance measure is much harder to measure than the previously mentioned 

performance measures given that it is quantified by (user) opinions and not in a mathematical 

way. 

10.3 Performance of the Transit Authority 
The National Transit Database report published in 2007 the transit profile for the MBTA [5], 

depicted in Appendix A. The performance measures for service efficiency, cost effectiveness 

and sen/ice effectiveness are depicted here below. The graphs represent the performance 

measures for the last 10 years for bus and heavy rail. For the bus, in the last 5 years, 

operating expenses have almost doubled while unlinked passenger trips per vehicle revenue 

mile where steady for the years 2003, 2004, and 2005 suffering a decrease for 2006. The 

decrease of 2006 can be attributed to several factors influencing the decisions that the MBTA 

is to take in the coming years. 

93 



Chapter 10 - Management Tools for Public Transportation 

Prrfonuncc Measures 

HMvyRii 
ConiiUMR*i 
U^iUi 
Owiund FtMponM 
Trdtjtiui 
FtfrytoJt 

Opcrstng Eipenïes per 
Vehicle Rev f̂xie Mile 

tllOO, 

tMVic« Efficiency 

*ao.43 

S1&.48 

OpeiaUig Expenses per 
PasHUflerMii» 

I i i7 . ia 

•tM.45 

sisais 

«190.09 
i4oej2 

Uninked Paattigii Trpt 
Vetude Revenue hUe 

Co^ Eflecuwenms 
•perabng EipenM' pa Opn^mg Eipmir per 

S1JB c i n 
« 4 4 

Mwnotr T r^pc f 
hidt RMtnue IB» 

Unknlwd PswenaH- Trips paf 

11 ez 
I S B Z 

S32.35 
»13 

use 

WÜO 

LL 

._ 
«ÜÜ 

'"* 

Figure 47: Performance Measures from the transit profile of the MBTA 

Source: [5] 

A comparison between transit agencies in the United States of America renders how well the 

transit authority performs. In Table 22 the comparison is made in terms of their service area, 

population, speed, producfivity and, cost efficiency and effecfiveness. 

Table 22: Comparing Transit Auttiorities in ttie USA 

San 

Francisco 
Boston 

MBTA SFMTA 

New Yori< 

City 

NYCT 

Chicago 
Los Washington 

Angeles D.C. 

CTA LACMTA WMATA 

Service Area 

(square miles) 

Population 

(millions) 

Speed 

(mph) 

Productivity 

(unlinked pax trips per 

veh revenue hour) 

Cost Efficiency 

(operating costs per 

veh revenue hour) 

Cost Effectiveness 

(Operating cost per 

passenger trip) 

Cost Effectiveness 

(Operating cost per 

pax mile -bus only) 

3,244 

4.5 

16.9 

88 

$183 

$2.08 

$1.39 

49 

0.8 

' 8.1 

1 66 

$132 

$2.00 

$0.96 

320 

8 

14 

84 

$133 

$1.59 

$1.02 

360 

3.7 

12.8 

46 

$105 

$2.26 

$1.11 

1,220 

8.5 

13.3 

55 

$124 

$2.27 

$0.57 

690 

1.3 

16.8 

69 

$160 

$2.32 

$1.11 

Source: [5] 

The MBTA performs relatively well compared with other transit agencies in the USA making it 

a productive and cost effective transit authority in relation to the service area and passengers 
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it serves. However, its cost efficiency is one of the highest in the country driving the budget of 

the authority to a deficit. Operating cost per passenger mile for the bus is relatively high, 

however, compared with the service area and population the cost could be lowered or 

improved by applying priority strategies to attract ridership. 

10.3.1 Performance measures for the Bus 

The performance measures that the MBTA applies to all of the modes it operates in relation to 

the service effectiveness and quality are specified in the MBTA "Service Delivery Policy". The 

MBTA "Service Delivery Policy" update of 2006, sole purpose is to ensure that the transit 

authority provides quality transit services that meet the needs of the ridding public and are 

consistent with the MBTA's enabling legislation and other external mandates by [35]: 

• Establishing Service Objectives that define the key performance characteristics of 

quality transit services; 

• Identifying quantifiable Service Standards that are used to measure whether or 

not the MBTA's transit services achieve the Service Objecfives and to evaluate 

whether MBTA services are provided in an equitable manner (as defined by Title 

VI); 

• Outlining a Service Planning Process that applies the Service Standards in an 

objective, uniform, and accountable manner; and 

• Involving the public in the Service Planning Process in a consistent, fair and 

thorough manner. 

The MBTA measures the performance of its service throughout different service standards 

[35]: 

• Accessibility; 

• Reliability; 

• Safety; 

• Comfort; 

• Cost effectiveness. 

The reliability of the bus route and bus sen/ice is measured via schedule adherence 

standards. Two thresholds are specified in the bus schedule adherence standard: bus trip test 

(individual trips on time) bus route test (entire route on time). However, schedule adherence 

specifies a percentage of how late a bus/bus route departed or arrived. A quantifiable 

measure related towards how much the bus suffers from congestion lacks from the MBTA 

performance measures. To grasp how much buses suffer from congestion and how priority is 

beneficial, an analysis trying to achieve how much a bus suffers from congestion is 

perfonned. 
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10.4 Performance Measure; Impact of Congestion 
Within the Massachusetts Bay Transportation Authority performance measures congestion 

encountered by a bus or the impacts over a public transportation vehicle are not assessed. 

Therefore, an analysis is made in order to assess the impact of congestion over the bus. 

Defined in the "Service Delivery Policy" [35] different bus services are rendered by the MBTA: 

local key bus routes, key bus routes, commuter bus routes, express bus routes and 

community bus routes. Considering key bus routes due to their characteristics, e.g. they serve 

high-demand corridors with high frequencies; will provide insight into what is the impact of 

congestion over a bus route travel time. The bus routes considered as key bus routes are: 

• 1 - Harvard/Holyoke Gate - Dudley Station via Mass. Ave. 

• 15 - Kane Sq. or Fields Corner Sta. - Ruggles Sta. via Uphams Corner 

• 22 - Ashmont Sta. - Ruggles Sta. via Talbot Ave. & Jackson Sq. 

• 23 - Ashmont Sta. - Ruggles Sta. via Washington St. 

• 28 - Mattapan Sta. - Ruggles Sta. via Dudley Sta. 

• 32 - Wolcott Sq. or Cleary Sq. - Forest Hills Sta. via Hyde Park Ave. 

• 39 - Forest Hills Sta. - Back Bay Sta. via Huntington Ave. 

• 57 - Watertown Yard - Kenmore Sta. via Newton Corner & Brighton Center 

• 66 - Han/ard Square - Dudley Station via Allston & Brookline Village 

• 71 - Watertown Square - Harvard Station via Mt. Auburn St. 

• 73 - Waveriey Sq. - Harvard Station via Trapelo Road 

• 77 - Ariington Heights - Harvard Station via Massachusetts Ave. 

• 111 - Woodlawn or Broadway & Park Ave. - Haymarket Station via Mystic River 

• 116 - Wonderiand Station - Maverick Station via Revere Street 

• 117 - Wonderiand Station - Maverick Station via Beach St. 

It is worth noting bus route CTl is considered an express bus route, therefore, not included in 

the analysis. Express bus routes, CTl , CT2 and CT3 provide sen/ice as commuter bus routes 

characterized by high-speed, non-stop operafion and a limited number of stops with some 

restricfions. 

The analysis is performed as follows based on the key bus routes schedule for weekday and 

weekend, inbound and outbound service (schedule effective 03/22/08) taken from the MBTA 

webpage [wwwl]. The schedule considers the route running time, dwell time at stops and a 

certain degree of congestion. However, the extra time considered for congesfion from the free 

flow running time is unknown. The schedule for weekend (Sunday being different from 

Saturday) has a shorter running time compared with peak hour weekday schedule as there is 

less congestion in the weekend. Therefore, the weekend schedule is considered as the base 

running time for each key bus route. Ridership is also higher in the weekday. To account for 

increase in ridership (longer dwell fimes) and or any other affecting factors besides 
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congesfion an extra time variable is added to the weekend schedule. The extra time variable, 

called extra dwell time is calculated in terms of the frequency, ridership numbers (provided by 

the MBTA) and a dummy variable. The load passenger per bus was calculated given the 

frequency and passenger ridership. A dummy variable was added to account for a certain 

loss fime. Loss fime refers to the time lost by the number of stops and the starting and 

stopping of the bus for example besides the dwelling fime at the bus stop. The dummy 

variable (called extra dwell time) and the sum of the load passenger per bus is added to the 

running fime per bus for the weekend service inbound and outbound. The latter is a minimum 

running time for the bus route. This can be considered as the running time without 

congestion. When compared with the weekday running time results in a difference. Such 

difference is considered as the congestion encountered in minutes by the bus for inbound and 

outbound. Figure 48 only depicts the resulfing difference between weekend running time and 

weekday for inbound and outbound. Further below the running fime in the weekend, the 

weekday and the calculated running time with extra dwell time for inbound and outbound is 

depicted highlighting the difference between the calculated running time and the weekday 

schedule. 

Key Bus Routes 
Running Time Difference Weekday vs Weekend (min) 

1 15 22 23 28 32 39 57 66 71 73 77 111 

Routes 

1 Congestion Outtxjund DCongestion Inbound 

Figure 48: Key Bus Routes Weekday vs. Weekend Running Time for lnt)ound and Outtx)und 

The results provided in the graph above can be considered as the extra congestion the bus 

suffers in any weekday. Bus route 66 is one of the bus routes that most suffers from 

congestion. In general, the running fime of the bus is affected by congestion, primarily on 

outbound routes. 
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Key bus route 116 and 117 are not shown as congestion inbound values were negative. This 

can be explained by the following; the schedule between weekday and weekend is similar (1 

minute difference) for inbound route 117 while for outbound the running fime difference is 14 

minutes. The calculated dwell fime when added to the running fime results in a negative value 

for the minimum running fime with the extra dwell fime. An explanafion for the schedule being 

similar between weekday and weekend can be that the bus encounters several conflicts 

throughout its route (rail crossings, higher number of stops among others, which the MBTA 

has incorporated in the schedule. 

Figure 49 and Figure 50 depict a comparison between weekend running fime (RT WKND), 

weekday running time (RT WK) and the minimum running time with the extra dwell fime (Min 

RT w Extra DW) for inbound and outbound respectively. 

98 



Part III - Policy, Technology and Management Tools 

Key Bus Routes 
Running Time and Min Running Time with Extra Dwell Time 

Outbound 

1 15 22 23 28 32 39 57 66 71 73 77 111 116 117 

Routes 

• Running Time Weekend Inbound • Min Running Tifne w Extra Dwell Time D Running Time Weekday Inbound 

Figure 49: Key Bus Routes Running Time Weekday, Weekend and Minimum Running Time Outtxiund 

Key Bus Routes Running Time and Min Running Time with Extra Dwell Time 
Inbound 

1 15 22 23 28 32 39 57 66 71 73 77 111 116 117 

Routes 

• RunningTime Weekend Outbound • Min Running Time wExba Dwell Time D Running Time Weekday Outbound 

Figure 50: Key Bus Routes Running Time Weekday, Weekend and Minimum Running Time Intwund 
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In the previous graphs, the red line placed at the maximum value of the calculated minimum 

running time with extra dwell time (green colored column) distinguishes what can be 

considered as congestion. The congestion suffered is the value above the red line for the 

column running fime weekday outbound (light colored column). The blue column is the 

running fime in the weekend. 

In both graphs all key bus routes suffer from congestion (an average above 5 minutes), where 

bus route 66 is the most affected. To corroborate this effect, trips were made on bus route 66 

as well as in other bus routes at different times and days. The effect congestion had over the 

bus routes caused by numerous factors is considerable resulting in a delay. Congestion, 

therefore, is the primary cause that jeopardizes the reliability of the bus. 

In 2004 the CTPS published a report tified "2004 Congestion Management System report" 

[36] evaluating the quality of transit by applying two performance measures: schedule 

adherence (on-time performance) and passenger crowding. The on-time performance is 

measured by the MBTA for bus service with headways of 10 minutes or greater -75% of all 

trips departing and arriving within 5 minutes late- for bus service with headways of less than 

10 minutes -85% of all trips having actual headways within 150 percent of schedule 

headways [36]. The analysis from the CTPS performance measure for buses differs from that 

of the MBTA. The performance measure used in the analysis only accounts for arrivals and 

not departing buses and links poor bus on-fime performance to congesfion situafions during 

peak periods. The threshold is -60% of peak period trips arriving within 2 minutes early and 5 

minutes late. From the bus routes considered (all bus routes operated by the MBTA) in the 

report approximately on peak morning period 36% of trips arrive more than 5 minutes late and 

in the evening period 39%. For the bus routes considered as express service (CTl, CT2 and 

CT3) by the MBTA, the on-time performance percentage of inbound trips in the evening for 

CTl and CT3 is considerable, 38% and 17% respectively and 50% for CT3 outbound [34]. 

Express routes have fewer bus stops suffering as well from congestion. The Congestion 

Management system report from the MPO admits and recognizes the congestion situation in 

the city of Boston and that the bus performance is impaired by this. There is a need for 

policies and management tools to address mobility and congestion. 

If a cost were allocated to the congestion found in the analysis or the results provided by the 

CTPS, the outcome would be considerably high as the running time difference is greater too. 

Unfortunately, some of the bus routes in Boston run with a delay suffering from congestion 

and the impact over the transportation system is considerable. To minimize the effect of 

congestion and improve the operational speed congestion protection strategies at congested 

zones might be the solution. 
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10.5 Conclusions 

This chapter presented performance measures as a management tool. An analysis of the 

performance measures and the impact of congestion over the bus routes in the city of Boston 

were performed. 

Transit agencies develop performance measures in order to make changes or improvements 

to the public transportation system. Performance measures supply the necessary information 

to fine-tune the system. Furthermore, they assist transportation agencies in determining the 

successful operation and service quality of the public transportation system. Performance 

measures can be classified in cost efficiency, cost effectiveness, service effectiveness and 

service quality. 

The Massachusetts Bay Transportation Authority (MBTA) uses service quality as a 

performance measure. The service delivery policy of the MBTA defines the quality standards 

for the bus service. It measures the performance of the service through accessibility, 

reliability, safety, comfort, and cost effectiveness. The perfomnance of this transit authority is 

compared with other transit authorifies in the USA where the authority performs relatively well 

given the service area size and the population it serves. 

However, the MBTA lacks a perfomnance measure to quantify the impact of congestion over 

its bus route. Therefore, analysis was made of the key bus routes (as defined by the MBTA) 

given their characteristics; serving high demand areas and with high frequency. The analysis 

found that all of the bus routes considered suffered a considerable delay caused from 

congesfion. Bus route number 66 was the most affected bus route. It is clear that buses suffer 

from congestion; however, the effects of congestion over the running time of a bus are 

considerably high, ff this effect were to be quantified in, e.g. dollars per minute, the cost of 

such delay would be significant. The development and deployment of congesfion protection 

might provide benefits to reduce the delay encountered. In the ensuing paragraphs a site 

evaluation would be performed to assess how much the delay is reduced by applying 

congestion protection strategies at the intersection of Mass. Ave and Beacon St., Chapter 6. 

The information in this chapter serves to discuss the findings of this thesis by answering the 

research question and sub-questions in order to find the reasons behind the limited 

deployment of congestion protecfion strategies to improve the running fime of the bus in the 

city of Boston. 
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Part IV. The End 

Part II with Part III are discussed in combination through a synthesis focusing on 

deployment of congestion protection strategies at the site evaluated given the 

analysis of the actors, technology and management tools. The main conclusions 

reached by the subjects dealt are presented hereafter. In addition, 

recommendafions for further research are discussed. The report is brought to an 

end with a reflection. 

The chapters in this Part are: 

• Chapter 11 Synthesis, Main Conclusions and Reflection 

Figure 51: Congestion situation cartoon 

Source;www45 
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Chapter 11 Synthesis, Main Conclusions and Reflection 

11.1 Introduction 

The research carried out as part of this thesis has covered a range of subjects evolving from 

the importance of public transportation to the modeling of a specific site and analysis of the 

policies, actors, technology and management tools. All of this leading towards the evaluation 

of different congestion protection strategies. The goal of the research: to improve the running 

times of public transportation specifically the bus. The problem owner, the Massachusetts Bay 

Transportation Authority operates two bus routes that run over a major arterial in Boston 

which were subject of the evaluafion. The intersection of Massachusetts Avenue and Beacon 

St., just before crossing the Harvard Bridge, is identified as a "Hot Spot", where congestion 

affects the running time of the previously mentioned bus routes. 

The research performed the analysis of different proposed congesfion protection strategies 

and the actors, technology and management tools in order to evaluate and identify the 

reasons behind the limited deployment of congestion protection strategies in the USA and the 

city of Boston. The former analysis, conducted in Part II and Part III, through a synthesis 

discusses the capabilities towards deployment of the proposed strategies at the intersection 

of Mass Ave and Beacon St. 

To achieve the goal of the investigation, the problem statement led to the formulation of a 

research question and several sub-questions. The research questions and sub-questions are 

centered among four main subjects in order to find a (or several) solution(s). Therefore, this 

chapter presents the main findings and conclusions based on the research objecfive and 

answering the main research question. The conclusions are given in an orderly manner 

following each of the subjects addressed in this research. In addition, recommendations for 

future research are discussed. The report is brought to an end with a reflection form the 

author. 

11.2 Synthesis 

Deployment of congesfion protection strategies to improve the running time of public 

transportation can be achieved by the combinafion of several factors working together with 

and at the site. This combination is initiated by identifying the congested area and its 

characteristics. Essential in the "Hot Spot" is to determine the involvement of the unveiled 

actors and the policies to fund projects, which consider public transportafion and or priority 

strategies. In addition, technology capabilities within the proposed congestion protecfion 

strategies are necessary in order to comprehend to what extend the strategy can be 

accomplished. As well, performance measures are required to quantify the benefits and make 

any necessary adjustments. 
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In the case of the "Hot Spot" at Mass Ave and Beacon St. the proposed congestion protection 

strategies can be realized through the combinafion of actors, policies, technology, and 

management tools. For example, to implement a change in traffic control from fixed time to 

vehicle actuated requires among others the following commitments. From the actors 

perspective; Mass Highway allowing installation and operation of detectors, BTD to accept a 

change in traffic control. If Memorial Dr. is to be considered a shift in jurisdiction from DRC to 

Mass Highway or the city of Cambridge should take place. From the technology perspective it 

is necessary to determine the detection and communication between vehicles and traffic 

signals among the actors. The expected benefits from this change in terms of travel time or 

delay should be defined from the performance measure perspective. 

To accomplish all other scenarios, besides the previously mentioned, requires the following 

commitments explained individually hereafter. If a priority call is to be introduced to the traffic 

control phase from the actor perspective it is necessary for all actors to change their 

perspecfive towards public transportation as a priority call benefits this mode. The change in 

percepfion will also allow the actors to select an active priority strategy instead of only 

condifional priority. Given the characteristics of the intersection, the detection and 

communication of the bus needs to be defined according to the capabilities of the hardware 

and software for the existing traffic signals. Performance measures should be identified to 

quantify the benefits primarily of the bus. The impact over other traffic and over side streets 

should be also considered. In this scenario, changing the location of the bus stop to far side 

would be highly beneficial. However, it involves a shift in percepfion and parking policies from 

the Boston Transportation Department. Furthermore, the shift from the Boston Transportation 

Department is required if the three lane scenario and vehicle actuated left turn scenario are to 

be one of the preferred solutions. Here, the technology should consider one more lane and 

the software for the integration of a phase within the traffic control. Performance measures 

should be determined in relafion to the reduction of travel time for through traffic and the bus 

on both directions. Redirecting traffic to turn right at the previous intersection to subsequently 

reach Beacon St., eliminating left turns, might be beneficial in these (as well as all other 

scenarios). 

Bus lane scenario might be one of the straightforward scenarios to accomplish as Mass 

Highway has jurisdiction over the Harvard Bridge. A traffic signal closing the lane when a bus 

approaches and the detection of the bus are required. Mass Highway can decide the 

technology and location of the traffic signal as well as the detection and communication. 

Coordination between the technology and the bus (therefore the MBTA) is necessary. The 

scenario does not reduce capacity over the bridge. The commitments in order to insert a 

priority call in coordination with a bus lane over the Han/ard Bridge are similar to those 

described for bus lane and vehicle actuated with priority. 
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Given the large number of actors and their perceptions partnerships need to be created as 

well as determine the communication channels or tools between all actors involved, 

regardless of the previously mentioned commitments. The preferred or deployed congestion 

protection strategies have to achieve a common objective. Regarding this as the initial step 

can assist towards determining partnerships and communication channels. However, 

willingness and skepticism not only from the actors but all of the stakeholders plays an 

important role. Deployment of congestion protection strategies is constrained by the limited 

recognition of the benefits of public transportation and the preference of the car. Decision 

makers, agencies and transportation authorities are to overcome old practices and preference 

-cars to public transportation- in order to implement congestion protection strategies at the 

relevant intersecfion. 

The proposed congestion protection strategies can be deployed if all actors, through the 

leadership of the CTPS and or the MBTA participate with the same objectives and 

enthusiasm. 

11.3 Main Conclusions 
In relation with the objective of this investigation (Part I - paragraph 1.4) and answering the 

main research question (Part I - paragraph 1.4) through the analysis presented in the 

previous parts, the following main conclusion of this research is achieved. 

1) A policy focusing towards public transportation priority at a State level should fund 

transit projects while transit authorities over come their jurisdiction conflicts through 

cooperative programs and or partnerships. The policy should specify the "carrots and sticks" 

to accomplish such projects. 

2) Technology manufacturers should provide more and specific information about 

their software and hardware. 

3) Transit authorities should apply performance measures quantifying the impacts of 

congestion towards public transportation in order to provide information which can be used to 

generate the necessary pressure to deploy and fine-tune congestion protection strategies. 

Following the objective of this research, as described in Part I - paragraph 1.4, two main 

limitations towards deployment of congestion protection strategies have been identified: a) 

Public transportation perception and b) the reliance of old common practices of priority 

(underground). Other limitations include jurisdiction, willingness, funding possibilities (public 

transit receives fewer funds than highway projects), the inter-relation between traffic signal 

software and hardware (technology) and skepticism to develop performance measures, 

among others. 
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The above named limitations involve a countrywide perception over transportation. Although 

other cities have overcome these, it is possible, therefore, to consider them as country wide 

and not specific to the city of Boston. However, the achieved conclusion of this research 

might only be specific to the city of Boston and even the "Hot Spot" due to its charactensfics. 

The research sub-quesfions are answered in the ensuing, following the subjects the research 

has focused on. 

1. Policy 

a. Which are the transportation policies for public transportation in the United 

States of America? Do any acknowledge or promote the use of congestion 

protection strategies for public transportation projects? What are the funding 

possibilities derived from the transportation policies for public transportafion 

projects? 

There is a wide range of policies focusing on public transportation projects. However, none 

deal with priority directly but through different programs and innovative ways to fund these 

projects they have been realized. Furthermore, the majority of projects deployed (Transit 

Signal Priority or Bus Rapid Transit) have done it under the premise of -for demonstration-

purposes only or with limited potential 

b. Who are the actors involved? 

Considering the actors involved at the "Hot Spot", agencies at all levels of government are 

involved in diverse manners. This creates a jurisdiction conflict necessary to be overcome 

through cooperative sources and partnerships in order to have priority policies, funds and 

deploy projects focusing on transit priority. 

c. What are their expectations / goals towards public transportation and priority 

strategies? 

The actors identifted acknowledge a need to improve public transportation, increase mobility 

and improve reliability of the transportation system. However, underground priority strategies 

as a mean to provide priority are highly preferred. Projects tend to focus on vehicles and 

modes such as rail and subway. The use of technology within the projects is recognized but 

not for priority strategies. 

d. Is there a need for new or improved policies relafing to public transport focusing 

on priority strategies? 

A policy that would focus on promoting funds for projects that encourage the use of 

congestion protection strategies would be highly beneflcial. However, the skepticism, the 

reliance of old common practices and the vehicle as preferred mode should be overcome to 

have such a policy at a State level. 
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2. Technology 

a. What technology applications and products does the market offer to deploy 

congestion protection strategies? 

The market offers a wide range of products, technology and communication controllers. 

However the information provided by manufacturers is limited. This in turn affects the parties 

interested (e.g. transit authorities), as the capabilities between software and hardware are not 

entirely known. 

b. What developments of technology are needed to have solutions at a local level? 

Congestion situations are in many cases site specific; therefore, manufactures should provide 

easier access and product capabilities to achieve solutions at a local level without the use of 

numerous equipment quantities. Large number of equipment increases the investment costs 

and further limits the capabilities of the software and hardware of each product 

c. What is the current state-of-the-art in congestion protection strategies deployed 

in the city of Boston, the United States of America and other countries? 

Different congestion protection strategies with high results have been deployed in the USA. 

Through Transit Signal Priority and or Bus Rapid Transit transportation authorities have been 

able to improve the running time of one or several bus corridors. The Silver Line in Boston, 

through tunnels and conditional priority over Washington Street has been highly beneflcial to 

its users. Other strategies, primarily used in other countries, have also proven highly 

beneflcial. 

3. Management Tools 

a. Which performance measures exist to evaluate the performance of the transit 

modes? 

Transit authorities in the United States of America gather information to evaluate the 

operation and service quality of their modes through measures such as cost efficiency, cost 

effectiveness, service effectiveness and service quality. There is a lack in performance 

measures to evaluate the benefits and flne-tune projects that have deployed congestion 

protection strategies. 

b. What performance measures does the relevant transit authority use? Do any 

consider the impact of congestion? 

The Massachusetts Bay Transportation Authority assures the modes it operates, such as the 

bus meet the service quality standards as stated in the Service Delivery Policy. The service is 

measured through accessibility, reliability, safety, comfort and cost effectiveness. Neither the 

transit authority nor any of the agencies identifted apply performance measures to quantify 

the impact of congestion over public transportation. Implementing such a performance 
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measure might bring other issues derived primarily from the jurisdiction conflict between 

actors and the perception towards vehicles. 

c. Can we predict the cost - benefit efficiency over the congestion impact? 

An analysis of the key bus routes operated by the Massachusetts Bay Transportation 

Authority revealed that the congestion suffered by some of the bus routes is considerably 

high. The beneflt ratio of quantify this impact would be considerably high. However, knowing 

the impact is high and given the beneflts resulted from other cases, it is possible to predict the 

cost beneflt ratio of a bus route when priority strategies are deployed. 

4. Boston 

a. Which strategies of congestion protecfion can be deployed at the site being 

evaluated? 

Given the characteristics of the "Hot Spot" only those that do not alter the road geometry, 

such as Transit Signal Priority and a Bus Lane over the Harvard Bridge. Several scenarios 

proved beneflcial, where the simple change in trafflc control to vehicle actuated resulted in an 

improvement of travel time. 

b. Are these strategies particular to a conflict area? Should they focus to other 

conflict areas? 

There are diverse congestion protection strategies given that the majority of congestion 

situations and road layout are different The strategies therefore focus on a general basis 

where slight modiflcations are needed to suit the area in question. Through several scenarios, 

adapting congestion protection strategies to the site characteristics allowed to model and 

evaluates them. Congestion situations make the use of congestion protection strategies (mix 

and match) to reduce the impact of congestion. 

c. Which priority strategy would benefit the bus and other vehicle classes at the 

intersection under evaluation? 

Following the results from the site evaluation, where seven scenarios were proposed using 

the performance indicators delay and travel time the priority had an array of mixed results. 

However, a simple change to vehicle actuated from flxed time control already provides 

beneflts. 

The most suited congestion protection strategies for the "Hot Spot" are either traffic signal 

priority or a bus lane over the Harvard Bridge. The change in traffic control from fixed fime to 

vehicle actuated proved beneficial towards a reduction in travel time for the bus. The latter is 

the preferred approach when congestion protection strategies are to be disregarded in order 

to increase the travel time of the bus. The eliminafion of protected left turn is the primary 

reason behind the mixed results. The geometry of the intersection, protected left turns and the 
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location of the bus stops make it difficult to deploy a congestion protection strategy at this 

"Hot Spot" in order to reduce the travel time and delay of the bus with minimum effect over 

other vehicle classes. 

11.4 Reconnmendations 

The following recommendations could be considered for (in) future research. It is 

recommended to carry further research in the field of analyzing the possibilities to differentiate 

and separate public transit from cars in relation to the policies of transportation. Furthermore, 

considering the inter-relation that exists between the Federal Highway Administration (FHWA) 

and the Federal Transit Authority towards allocating funds that fund projects without 

depending on funds from the FHWA. Conduct research to create a framework towards 

cooperation and communication between agencies to accomplish public transportation 

projects focusing on priority. The proposed frame of reference should be further analyzed with 

the focus to develop thresholds to develop penalties for none-attainment of public 

transportation projects. Additionally, propose performance measures that will evaluate 

quantitatively the benefits of Bus Rapid Transit and Transit Signal Priority. Research should 

continue in the field of communication and detecfion technology and the capabilities of 

software and hardware to meet specific congestion situations. Further research should be 

carried out in order to evaluate the possibilities of Public-Private-Partnerships and tendering 

process towards the introduction of private companies rendering public transportation 

services in the city of Boston. 

The site characteristics such as the importance of the infrastructure surrounding the 

intersection and the geometry of the roads limited the possibilities to develop congestion 

protection strategies. Notwithstanding this limitation, it is recommended to further assess the 

congestion protection strategies considering side streets and a longer intersection corridor. 

Bus effects such as bus bunching and crossings at rail or tram intersections should be 

included too. Additionally, other "Hot Spots" throughout the city should also be evaluated. 

The simulation program in future versions should allow the user to change the geometry of 

the road without changing the parameters previously determined. This will facilitate the 

integration of congestion protection strategies, primarily those that consider changes in the 

road geometry. Driving behavior in the United States of America is different than that from 

European cities. The simulation program should allow making changes in the behavior in an 

easier manner as the program is developed considering the European behavior. 

As a final recommendation, the Massachusetts Bay Transportation Authority should perform 

studies in the field of deployment and implementation of congestion protection strategies at 
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different congested areas. The intention is to create the necessary information and pressure 

to achieve a shift in perception and preferred mode focusing on public transit. 

11.5 Reflection 

This paragraph presents a reflection of the research conducted in this master-thesis. 

The research presented the problem from a perspective of the Massachusetts Bay 

Transportation Authority. The author is of the opinion that the transportation authority has the 

relevant power to and would be the primary beneficiary from the implementation of congesfion 

protection strategies as they would increase ridership and improve the reliability of the bus. 

A wide diversity of subjects where addressed. The author is of the opinion that the several 

overviews presented, supply the necessary information to highlight the difficulties behind 

deployment of congestion protection strategies. Although, the subjects could have been 

addressed in full depth it would have been to complex to present in a thesis. The way the 

problem solving process was followed through the evaluation of different strategies and the 

analysis of actors and policies, technology and management tools helps to unveil the 

constrains for deployment. Furthermore, it also helped to identify what are the initial steps 

towards implementing a congestion protection strategy. The policies and actors subjects were 

perhaps the most complex as well as the different congestion protection strategies that could 

be deployed at the site. First, the policies, it is in the opinion of the author that a shift in 

perception and allocating more funds for mass transit is eminent. Further research will allow 

evaluating and analyzing how this could be a reality. Moreover, it should also be considered 

the relation and dependency of oil, highway construction and cars. It is concluded that in the 

United States of America a shift in the preference of the car and perception of public 

transportafion are to happen if public transit is to become the transportation alternative for 

urbanized areas. However, the authors' opinion is that such shift might never be possible but 

perhaps a balance could be achieved as it all depends on the actors and their perception. 

Secondly, congesfion protection strategies could easily be deployed and they present an 

optimal solution for public transportation. Deployment, unfortunately, depends on several 

factors besides policies and actors. Different solutions can be implemented together to boost 

performance of the system. In this case, the transit authority needs to overcome a large 

number of actors, the bureaucrafic hurdle and many other aspects in order to develop and 

deploy such strategies. It is in the author opinion that for the transit authority given the large 

number of actors and the perception of public transit to "sell" the idea of such strategies is 

quite difficult. 
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In the opinion of the author, to overcome the complexity and "sell" such solutions starts by 

acknowledging the benefits and minimizing the skepticism from the actors. However, to 

quantify the benefits and create the necessary (essential) input begins by the policies and 

funds towards public transportation projects focusing on congestion protection strategies. 

Therefore, it is a cycle that needs fine-tuning as cases and experiences are developed. 

The author concludes that it is indispensable to procure and maintain the flow of information 

through research, experiences and demonstration projects from transit authorities, public 

transit companies, activists, organizations and anyone interested in public transportation. 

When more highways are built, more vehicles will get to them generating traffic and inefficient 

suburban sprawl. If more public transportation systems are deployed efficient suburban 

development and fewer cars create less pollution (air and noise), better public health and, 

ulfimately, people living without cars in better and friendlier communifies. 
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VWWV38 http://www.walkboston.org 

WVWV39 http://www.livablestreets.info/ 

WVWV40 http://www.completestreets.org/ 

WWW41 http://www.ntcip.org/ 

WWW42 http://www.ustraffic.net/index.html 

WWW43 http://www.scaledown.ca 

VWWV44 http://www.cartoonstock.com 

VWW\/45 http://www.epiac1216.wordpress.com 

[INT 1] Interview with Melissa Duella, student at Northeastern University and staff at the 

Massachusetts Bay Transportation Authority. 
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Abbreviations and 
3C 

AASHTO 

AVL 

BIPS 

BRT 

BTD 

Bus 

CAA 

CIP 

CMAQ 

Commonwealth of 

Massachusetts 

Congress 

DOT 

FHWA 

FTA 

FY 

HCM 

HOV 

IBL 

ITE 

ITS 

LRT 

M.G.L. 

Mass Gov 

Mass Transit 

MBTA 

MPO 

MUTCD 

NEMA 

NTCIP 

PMT 

PPP 

PRG 

PRS 

Public Transportation, 

Public Transit, and or 

Acronyms 
Transportation Planning Process of the MPO 

American Association of State Highway and Transportation Officials 

Automatic Vehicle Locator 

Bus Information and Priority Systems 

Bus Rapid Transit 

Boston Transportation Department 

Rubber-tired vehicles operating on fixed routes and schedules on roadways. 

Clean Air Act 

Capital Investment Plan 

Congestion Mitigation and Air Quality Improvement Program 

Massachusetts is officially named "The Commonwealth of Massachusetts" by 

its constitution. This designation, which has no constitutional impact, 

emphasizes that they have a "government based on the common consent of 

the people." Also named "State of Massachusetts Bay" 

The United States Congress, House of Representatives 

Department of Transportation 

Federal Highway Administrafion 

Federal Transit Administration 

Fiscal Year 

Highway Capacity Manual 

High Occupancy Vehicle 

Intermittent Bus Lane 

Institute of Transportafion Engineers 

Intelligent Transportation Systems 

Light Rail Transit 

Massachusetts General Laws 

Massachusetts Government, Office of the Governor 

See Public Transportation 

Massachusetts Bay Transportation Authority 

Metropolitan Planning Organization 

Manual for Uniform Traffic Control Devices for Streets and Highways 

National Electrical Manufacturers Associafion 

National Transportation Communications for ITS Protocol 

Program for Mass Transportation 

Public Private Partnership 

Priority Request Generator 

Priority Request Server 

Transportation by a conveyance that provides regular and continuing general or 

special transportafion to the public, but does not include school bus, charter, or 
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Mass Transit intercity bus transportation or intercity passenger rail transportation. 

RITA 

r-o-w 

RTF 

SAFETEA-LU 

SCATS 

SCOOT 

SIP 

State 

STIP 

Surface Transportation 

TCM 

TE 

TIP 

Transit 

Transit Enhancement 

TRB 

TSP 

USA 

U.S.C. 

USD 

UTOPIA 

Research and Innovative Technology Administration 

Rights-of-way 

Transportafion Plan (Region) 

Safe, Accountable, Flexible Transportation Equity Act; a Legacy for Users 

Sydney Coordinated Adaptive Traffic System 

Split Cycle Offset Optimization Technique 

State Implementafion Plan 

Used indistinctively between The State of Massachusetts and or any of the fifty 

sub national entifies of the United States, the District of Columbia and Puerto 

Rico 

State Transportation Improvement Program, is a compilation of the Regional 

Transportafion Improvement Programs prepared annually by the state's 

Metropolitan Planning Organizations. 

See Public Transportation 

Transportafion Control Measures 

Transit Enhancement 

Transportation Improvement Plan 

Mass Transportation 

With respect to any project or an area to be served by a project, projects that 

are designed to enhance mass transportation service or use and that are 

physically or functionally related to transit facilities 

Transportation Research Board 

Transit Signal Priority 

United States of America 

United States Code 

American Dollars 

Urban Traffic Optimization by Integrated Automation 
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Appendix B - Policies for Public Transportation 

In this appendix an overview of the policies involved in public transportafion and their funding 

possibilities in the United States of America, the State of Massachusetts and the city of 

Boston are discussed. 

Federal Level 

The policies classified at a Federal level regulating and providing funds for public 

transportation projects are: 

• Title 49 of the United States Code (US Code 49); 

• Safe, Accountable, Flexible and Efficient Equity Transportation Act: a Legacy for 

Users (SAFETEA-LU); 

• Clean Air Act (CAA); 

• Congestion Mitigation and Air Quality Improvement Program (CMAQ). 

Title 49 of the United States Code 

The United States Code is the codification by subject matter of the general and permanent 

laws of the United States of America [www21]. Title 49 Chapter 53 Mass Transportation 

[www21] lays down the main policy standards for transportation, being the foundation for 

public transportafion policies. 

From the fitle in question the following policy standards can be summarized; 

• It is the policy of the United States of America to promote the construction and 

commercialization of high-speed ground transportation systems by; 

• Conducting economic and technological research; 

• Demonstrating advancements in high-speed ground transportation technologies; 

• Establishing a comprehensive policy for the development of such systems and 

the effective integration of the various high-speed ground transportation 

technologies; and 

• Minimizing the long-term risks of investors 

• It is the policy of the United States of America to establish in the shortest fime 

practicable a United States of America designed and constructed magnetic 

levitation transportation technology capable of operating along Federal-aid 

highway rights-of-way, as part of a national transportation system of the United 

States of America. 

• Intermodal Transportation; It is the policy of the United States of America 

Government to encourage and promote development of a national intermodal 

transportation system in the United States of America to move people and goods 

in an energy-efficient manner, provide the foundation for improved productivity 
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growth, strengthen the Nation's ability to compete in the global economy, and 

obtain the optimum yield from the Nafion's transportation resources. 

With a countrywide focus, referring to all modes of transportation, it primarily encourages 

infrastructure for cars and freight in order to achieve its goals. The achievement of an 

intermodal transportation system, as it links other modes, results in improvement of the entire 

transportation system. The benefits of public transportation as part of the intermodal 

transportation system have shown that bus priority is energy-efficient, as it creates a modal 

shift and reduces emissions and congestion [11]. 

Title 23 of the U.S. Code sets the policy standards for Highways. A strong co-relation exists 

between this title and Tifie 49. Several policies and programs for transportation are directly 

sourced through the highway policies and programs. This creates an un-clear disfinction 

between tifie 23 and 49. The existing co-relation still demonstrates how in terms of 

transportation the vehicle is still regarded as the preferred mode. 

An analysis of the U.S. Code Title 23 and 49 provided the following results towards 

acknowledging priority strategies for transportation, in particular public transportation. 

Through both tifies several sections lay down the provisions for signal control for emergency 

vehicles (preempfion control), at railroad crossings and HOV lanes at highways. The U.S. 

Code does not provide policies for priority strategies focused towards public transit. However, 

it lays the foundations for amendments that could procure the development and deployment 

of these strategies for public transport. 

To face the future challenges of transportafion in accordance to the era, since 1991 the 

Federal Transit Administration began creafing amendments to this title. The amendments 

resulted in a series of transportation acts, such as the Federal Public Transportation Act of 

2005 an amendment made from the Safe, Accountable, Flexible and Efficient Transportation 

Equity Act; a Legacy for Users [37]. 

Safe, Accountable, Flexible and Efficient Transportation Equity Act; a Legacy for 

Users 

The Intermodal Surface Transportafion Efficiency Act of 1991 (ISTEA) was the first USA 

Federal legislation on the subject in the post-Interstate Highway System era. It presented an 

overall intermodal approach to highway and transit funding with collaborative planning 

requirements, giving significant additional powers to metropolitan planning organizations. 

Preceded by the Surface Transportafion and Uniform Relocation Assistance Act of 1987 and 

followed by the Transportation Equity Act for the 21st Century (TEA-21) and most recently 

since 2005, the Safe, Accountable, Flexible, and Efficient Transportation Equity Act: A Legacy 

for Users (SAFETEA-LU) [www22]. 
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The Federal Highway Administration defines the SAFETEA-LU as; "Broad in scope, 

SAFETEA-LU addresses the many challenges facing today's transportation system, such as 

improving safety, reducing traffic congestion, improving efficiency in freight movement, 

increasing intermodal connectivity, and protecting the environment. The SAFETEA-LU also 

lays the groundwork for addressing future challenges" [www22]. 

The SAFETEA-LU assists and encourages the planning of public transportation, in urban 

areas. More and more agencies are planning or proposing the development of Bus Rapid 

Transit (BRT) projects for their cities as they have seen the benefits benchmarking from other 

agencies and cities. Several Bus Rapid Transit projects are being funded by the SAFETEA-

LU. The SAFETEA-LU through BRT projects recognizes the benefits that arise from 

deployment although these projects are in starting stages and developed as demonstration 

projects. 

Funding Characterisfics 

The SAFETEA-LU provides $286.4 billion USD in guarantee funding for federal surface 

transportation programs over five years, through FY 2009. From this funding, $52.6 billion 

USD is allocated for federal transit programs, representing a 46% increase over transit 

funding guaranteed in TEA-21 [www22]. 

Title III of the SAFETEA-LU can be sited as the Federal Public Transportation Act of 2005. A 

review of the title drew the following result: Funding is provided for Fixed Guideway Capital 

Projects, if the project represents a substantial investment in "demonstrated by features such 

as ... traffic signal priority [37]. There are different programs that provide funds for capital 

projects related to buses. These will be briefly described. 

First, Urbanized Formula Grants include eligible projects for, among others; "Transit 

enhancements. Operating costs of equipment and facilifies for use in public transportafion in a 

portion or portions of an urbanized area with a populafion of at least 200,000, but not more 

than 225,000" [37]. Funding is limited to the area for which the project could be applied too. If 

the area is above the population of 250,000 the funds can only be used for capital investment. 

Secondly, Capital Investment Grants Less than $75,000,000 USD, the "New Starts" program, 

funds major new public transportation capital investments. One of the most important funding 

programs for public transportation projects includes eligible projects if: "a corridor-based bus 

capital project if it represents a substantial investment in a defined corridor as demonstrated 

by features such as park-and-ride lots, transit stations, bus arrival and departure signage, 

intelligent transportation systems technology, traffic signal priority, off-board fare collection, 

advanced bus technology, and other features that support the long-term corridor investment" 

[37]. 
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Third, Congesfion Mitigation and Air Quality (CMAQ) programs, funded by the Highway 

Federal aid, funds projects that improve air quality and reduce emissions in areas classified 

as non-attainment or maintenance. Boston, in this case is a non-attainment area. An 

advantage is the full funding possibilities for all phases of the project and the small 

percentage to meet in local share. However, payment is not made unfil complefion of the 

project, a disadvantage of this fund. 

Forth, bus and bus related facilifies program, where there are 665 total projects, large or 

small. The program only funds bus related facilities where ITS technologies are applied, e.g. 

passenger information systems and AVL. 

In general, funding and programs are available for bus and or public transportation projects 

through the SAFETEA-LU. The policy does not set the necessary criteria (e.g. of criteria, 

speed or signal control system) in order for a project to be considered a BRT project. 

Additionally, limitations exist towards how these projects can be funded. A discrepancy 

between rail and bus project funding arises, where the latter still needs to overcome some 

constrains and difficulties to fulfill as a project. The primary conflict is the involvement of BRT 

or bus related projects to the definition of fixed guide way, referring primarily to rail, ff BRT 

projects are to be introduced as strategies for developing public transportation projects a 

distinction is required between modes. Secondly, funding for public transportation projects is 

primarily done with Federal, State and or Local sources, with no (or hardly none) private 

involvement. As infrastructure and operating costs are part of the public sector costs the 

budgets of the transit authorities fall or are already in deficits [4, 20]. Public transportation 

projects to qualify for funding require a local share, in some instances of up to 50% depending 

on the fund program. In addition, funding from these programs may not be used for operating 

costs for example. Local share makes State or local agencies find means to fund their project 

through local taxes or bonds. State and local capital infrastructure or maintenance budgets 

can be an important source to fund projects [21]. States and local agencies go through long 

and difficult accounting processes for funding of their projects. Even, in some cases go 

through innovative ways. Despite the procedure and local policy entanglements funding is 

made available. For example, the Silver Line in Boston was primarily funded by the DOT of 

the State (MassHighway) as it runs and creates improvements to the road within the agency's 

jurisdicfion (The MBTA) [21, wwwl]. 

The National Surface Transportafion Policy and Revenue Study Commission [www23], 

released on March 26, 2008 "Transportation for Tomorrow" [38] a report to the USA Congress 

concerning the current and future state of transportafion in the country. This report concedes 

with the increase in populafion growth in the USA calling for a higher need of mobility and 

efficient transportation, resulting in an emphasis to improve public transportation. 

Furthermore, it considers the changes in travel behavior, travel patterns and travel demand 
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having an impact on the mobility and efficiency of transportation. Recognizing that overall the 

culture of the country needs to change, the perception on how they commute, public 

transportation is perceived as eminent. However, it still makes a strong emphasis on highway 

transportation. Finally, it points out the necessity of a policy or restructuration of the policies 

towards Federal programs and those for public transportation as they deal with mobility but 

not in a comprehensive way. 

Clean Air Act 

The Clean Air Act (ACC) [www24] is the air quality legislation at a federal level intended to 

reduce smog and air pollufion. In addifion, sets the standards for air quality improving human 

health and longer life pans. By setting the standards for air quality in general, the policy, in 

this case sets the environmental standards for tail pipe exhaust from buses as well as 

emissions control and use of fuels. 

The Clean Air Act provides funds for projects that reduce emissions through the application of 

diverse strategies and solutions. An amendment to the CAA resulted in the Congestion 

Mitigation and Air Quality Improvement program. The Clean Air Act provisions towards public 

transportafion are given through this program. 

Congestion Mitigation and Air Quality 

The Congestion Mitigation and Air Quality (CMAQ) Improvement program as menfioned 

previously was authorized by an amendment to the Clean Air Act. With a direct relation 

towards the SAFETEA-LU as discussed previously, the improvement program. Congestion 

Mitigation and Air Quality provides funding for surface transportation and other related 

projects that contribute to air quality improvements and reduce congestion. For these reasons 

and the advantages it provides in terms of granting funds to projects that focus on improving 

the air quality this program is considered. 

Jointly administered by the Federal Highway Administration and the Federal Transit 

Administration, reauthorized by the SAFETEA-LU provides over $8.6 billion USD (FY 2008 

$1,749,098,821 USD) [39] in funds to State Department of Transportafions, Metropolitan 

Planning Organizations, and transit agencies to invest in projects that reduce air pollutants 

related to transportation sources. This fund only applies to areas that do not meet the 

National Ambient Air Quality Standards (non-attainment areas) as well as former non-

attainment areas that are now in compliance (maintenance areas) [www22]. The city of 

Boston as well as other major urban areas has been labeled as a non-attainment area. 

The program provides funds through a priority structure to distribute funds for projects that 

provide air quality benefits, congestion mitigation and others from State and Metropolitan 

Planning Organizafions. 
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The projects that qualify for CMAQ funds are; 

• Public Transportation Improvements; 

• Traffic Flow Improvements; 

• Transportation Demand Management; 

• Bicycle and Pedestrian Projects; 

• Alternative Fuel Projects; 

• Inspecfion and Maintenance Programs; 

• Intemnodal Freight Transportation; 

• Public Education and Outreach; 

• Idle Reduction Technology and; 

• Intelligent Transportation Systems. 

CMAQ funds may be used to support the use of public transportation. All projects should be 

mentioned on the State Transportation Plan and Transportafion Improvement Plan (TIP). 

These plans are further described in paragraph 0. 

There are three broad categories of transit projects eligible for funding: provision of new 

transit service, service or system expansion, and financial incentives to use existing transit 

services [www22]. CMAQ funds for the projects qualifying are provided by the Federal 

Highway aid. This program extends funds for transit improvements, travel demand 

management strategies, traffic flow improvements, and public fleet conversions to cleaner 

fuels, among others. However, not all transit improvements are eligible under the CMAQ 

program. The general guideline for determining eligibility is a reasonably expected increase in 

transit riders resulting from the project. The criteria as to what the number of increase in 

ridership necessary for eligibility is unclear. Projects with priority strategies do attract an 

increase in ridership, allowing for these projects to qualify for CMAQ funds. All CMAQ-funded 

projects must be supported by a quantified estimate of the emissions reductions resulfing 

from the project. The share of funds is 80% Federal and Local share 20% [37, 39]. The State 

is the responsible distributor of CMAQ funds. Funding is available for all phases of the project 

(other programs only fund certain phases) if project approval and operates on a reimbursable 

basis, so funds are not provided until work is completed. 

In addition, CMAQ provides funds for Transportation Control Measures (TCMs) [www22]. 

TCMs are specifically identified and committed too in State Implementation Plans (SIPs). 

Excluding measures that reduce emissions by improving vehicle technologies, fuels, or 

maintenance practices are not TCMs. 

The Clean Air Act defines the TCM projects to qualify for CMAQ funds, which include [www8]; 

• Improved public transit; 

• Traffic flow improvements and high-occupancy vehicle lanes; 
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• Shared-ride services; 

• Bicycle/pedestrian facilities and; 

• Flexible work schedules. 

Transportation Control Measures receive the highest priority for funding under the Congestion 

Mifigafion and Air Quality Improvement Program. Many other measures, similar to the TCMs 

listed in the CAA, are being used throughout the USA to manage traffic congestion on streets 

and highways and to reduce vehicle emissions. Increasingly TCM's are being recognized for 

their benefits toward improving an area's livability. 

The CMAQ program has a high rate of success for public transportation projects. Some of the 

projects procuring priority strategies, such as BRT have found funding through it, 

demonstrating the benefits of deploying projects with priority strategies. The program allows 

including priority strategies within the policies that combine the benefits of mobility and 

emissions reduction for public transportation. 

Traffic Operation Policies 

Traffic Operation policies are considered in order to comprehend the characteristics of the 

signal control devices and traffic control signals in the USA More specific, these policies will 

provide the necessary insight into the capabilities and possibilities to integrate priority 

strategies with the exiting technology and the traffic signals in use at intersections throughout 

the country. The traffic signal and the U.S and technology for congestion protection 

strategies, Transit Signal Priority, are discussed in Chapter 9. 

From title 23 of the U.S. Code Traffic the Manual for Unifomn Traffic Control Devices 

(MUTCD) derives. As well from this tifie the Highway Capacity Manual is of relevance as it 

sets the concepts and guidelines for signalized intersections 

The Federal Highway Administration through the Manual Unifomn Traffic Control Devices 

(MUTCD) specifies standards for traffic signs, road markings and signal design, installation 

and use. This manual is used by state, local agencies and private organizations to ensure 

conformity with national standards. Road managers nationwide use the manual to install and 

maintain traffic control devices on all streets and highways. Furthermore, the manual ensue 

the guidelines and standards towards priority control at traffic signals for signalized 

intersections [www25]. Recognizing the use of priority control strategies for certain vehicle 

classes the manual does not specify the complexity of the traffic signal and technology to be 

used. The vehicle classes are classified focusing on the importance and or difficulty in 

stopping of the vehicle class. Buses and vehicles are classified together. A conflict to make 
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an individual distinction for these two vehicles might arise when developing priority strategies 

at signalized intersections. 

The Transportation Research Board (TRB), in an effort of over 50 years, publishes concepts, 

guidelines and computational procedures to compute the capacity and quality of service of 

highways, intersections (signalized and un-signalized) as well as the effects of public 

transportation, pedestrians and bicycles on the performance of these systems, which are 

contained in the Highway Capacity Manual (HCM) [35]. The capacity calculations for the "Hot 

Spot" are done following the guidelines stated in the HCM (refer to paragraph 5.2). 

State Level 

The SAFETEA-LU requires that each State develop its own plans and programs focused 

towards statewide transportation improvement. These shall provide development and 

integration of management and operation of transportation systems and facilities functioning 

as an intermodal transportation system for the State and an integral part for the country. 

Development of the plans and programs in cooperation with other agencies allows the actors 

involved to participate in a coordinated way. The policies classified under this level are: the 

General Laws of Massachusetts. 

General Laws of Massachusetts 

The transportation policies for the State of Massachusetts regulated by the Massachusetts 

Government (Mass Gov) are provided in the General Laws of Massachusetts, under diverse 

chapters and sections [www26]. For public transportation policies, as the Massachusetts Bay 

Transportation Authority (MBTA) is in charge and provides all of the transportation modes 

serving the region of Boston, the agency at a State level is regulated under the 

Massachusetts General Laws. The General Laws of Massachusetts specify the "carrots and 

sticks" in terms of transportation for the State. Comparing these policies with those described 

at a federal level, the latter do not set penalties for non-accordance where the former does 

describe the penalties for non-accordance. 

In 1970, Governor Francis W. Sargent acknowledged critical issues in transportation 

planning, calling for a better planning process, setting an emphasis that included Transit. In 

1972, a report from the Boston Transportation Planning Review resulted in "Policy Statement 

on Transportation in the Boston Region," setting new policies for: highway construction, 

parking policies and freezes, and transit policy and funding [www26]. The first policy to help 

decision makers make oriented decisions. However, the statement towards transportation 

focused largely on highway projects, assisting the Central Artery project to be realized. In 

addition, public transportation investments expanded due to the parking freezes. The result 

provided public transportation with funds from the Interstate fund, "basically rebuilding the 
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public transportafion infrastructure of the city," as stated by Frederick Salvucci7 [40]. In 

addition, Salvucci recognizes that laws need to be changed in order for the policy to have an 

effect and procure realization of public transportation projects. In Massachusetts it led to 

amendments (called session laws), which resulted in the creation of the long-range 

transportation plans for the State with the involvement of all State agencies. The plans assist 

decision-makers by providing the necessary planning, design and funding information in order 

to develop and deploy transportation projects in the State. 

A review of the General Law of Massachusetts and the Session Laws provided the following 

results regarding public transportation policies, projects and funding opportunities. From the 

Acts of 2008, Chapter 86 [www26] is the only act concerning transportation for the 

Commonwealth of Massachusetts, the Region, City and MBTA. Being an act for financing 

improvements to the State's transportation system it provides the sums to accomplish 

different projects. In comparison between highway and public transportation projects, the 

amounts provided for the former are considerably higher than for the latter. 

States are required for certain programs to qualify for funds to meet a local share. Through 

State funds, non-federal, public transportation projects are realized. State funds are; Non 

federal aid, State bonds, revenues collected from the Massachusetts Turnpike Authority, 

Transportation Infrastructure Fund, some of the local tax revenues and lottery revenues 

provide the monetary resources to meet the local share. 

From the Acts of 2006 [www26] chapter 123 describes funding limits and authorizations for 

several transportation projects. Among other projects, those for public transportation improve 

transit and traffic controls in and around the city of Boston. In addition, the congestion 

situation in the city of Boston is addressed by funding projects that study diverse strategies to 

improve traffic flow. From the Massachusetts Community Investment Capital Program funds 

are provided, not less then $2,545,000 USD, for the feasibility study of a tunnel for the Silver 

Line under the city of Boston [www26]. A feasibility study of a tunnel is seen as an 

improvement to traffic flow, however, as previously discussed it follows to distinguished trends 

towards improvement of traffic flow: underground practices and solutions vehicle oriented. 

The funds allocated for the feasibility study have funded in other cities corridors where priority 

control strategies were deployed. Other Session laws, such as Chapter 291 of the acts of 

2004, an act modernizing the transportation system in the Commonwealth [www26], provide 

funds towards transit improvements for the State without considering BRT or any other priority 

strategy projects for public transportation. 

^ Frederick Salvucci, fomner State Secretary of Transportation, developed and pioneer of the Central 

Artery project, also known as "Tlie Big Dig" 
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In the Five-Year Capital Investment Plan for the Commonwealth of Massachusetts, FY2008-

FY2012 [41] specifies spending allocated to transportation. Substanfial gaps in funding to 

achieve projects for transportation exist according to the investment plan. As well 

acknowledges the need for improvements within public transportation. In addition, notes that 

the MBTA deficits would be difficult to be addressed by this agency alone. The list of project 

addressing mobility includes projects such as bridge improvement, highway maintenance and 

enhancement, and improvements or extensions to rail or subway modes. The improvements 

for rail and subway, generally incur in high investment costs. This might not be the answer to 

improve public transportation when budgets are in deficit and only if these two modes are 

addressed. 

City policies 

The policies for transportation are contained within the City of Boston Municipal Code 

[www27]. The municipal code derives from the General Laws of Massachusetts. The code 

sets the "carrots and sticks" regarding transportation for the city of Boston addressing issues, 

such as parking, use of vehicles, violations and licenses among others. As a result, the 

Municipal Code does not describe any related policies towards public transportation as these 

are contained in the General Laws of Massachusetts. 
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Appendix C - Actors involved at the "Hot Spot" 

In this appendix each of the actors identified at the "Hot Spot" and by the policies, having a 

decision-making power over projects that procure, develop and deploy priority controls for 

public transportafion in the city of Boston is discussed. In the subsequent paragraphs each of 

the actors' mission, objectives and goals are briefly described as well as their funding 

characteristics. 

Department of Transportation 

The United States Department of Transportation (DOT) is the highest-ranking authority 

regulating mass transportation, setting the Federal transportation policies, working with State, 

Local and the private sector. 

Mission, Objectives and Goals 

The mission of this stakeholder is; 

"The National objectives of general welfare, economic growth and stability, and the security of 

the United States require the development of transportation policies and programs that 

contribute to providing fast, efficient, and convenient transportation at the lowest cost 

consistent with those and other National objectives, including the efficient use and 

conservation of the resources of the United States" [\MVJW28]. 

The DOT recognizes the necessity for a transportation system that would be accessible to all 

members of society. Form this perspective and the reliance into creating a transportation 

system to serve all members of society the focus over the last decades has been primarily on 

highways and car transportation. It has encouraged and developed plans, policies and 

programs towards other modes. The encouragement towards other modes includes a 

magnetic levitation system as mentioned in the SAFETEA-LU in order to achieve its 

objecfives. 

As described by the DOT its goals are [www28]; 

• Safety; Enhance public health and safety by working toward the eliminafion of 

transportation-related deaths and injuries 

• Mobility; Advance accessible, efficient, intermodal transportation for the 

movement of people and goods 

• Global connectivity; Facilitate a more efficient domestic and global transportation 

system that enables economic growth and development, concerns the efficiency 

of transportafion, an important part of our competitive edge in global trade 

• Environment; Promote transportation solutions that enhance communifies and 

protect the natural and built environment 
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• Security; Balance homeland and national security transportation requirements 

with the mobility needs of the Nation for personal travel and commerce 

These goals inline with its mission and in order to achieve them have resulted in a number of 

programs, of interest, that procure and provide a source of funding to public transportation 

projects. Some of these programs are described hereafter. 

Characteristics 

The Federal Intelligent Transportation Systems Program is a DOT program, based on 

vehicles and infrastructure intelligent principle to create an intelligent transportation system. 

As stated by the program the investments will be directed at targets of opportunity - major 

initiatives - that have the potential for significant payoff in improving safety, mobility and 

productivity.[www28] In relation to the goals of the DOT this program falls into a preferred 

mode in terms of the preferred strategies for Intelligent Transportation Systems (ITS). The 

majority of ITS systems in effect in the USA can be seen in major highways and interstates 

and other transport modes (e.g. trains), with little application on public transport. ITS 

Deployment Statisfics in a 2006 Survey to different Metropolitan Areas published a National 

Summary covering several ITS subjects. It reported that at a country level only 2% of 

surveyed intersections operate with TSP 

Research and Innovative Technology Administration (RITA) [www29], coordinates the USA 

Department of Transportation's (DOT) research programs and is charged with advancing the 

deployment of cross-cutting technologies to improve the transportation system, also provides 

strategic direction and oversight of DOT'S Intelligent Transportation Systems Program. This 

agency recognizes the use of ITS and Transit Signal Priority (TSP) and BRT, under arterial 

management systems, which include other technologies as well. There is a recognition, 

intention, interest and knowledge towards the use and application of this technology. 

Throughout different publications, integrating different sources of information, the knowledge 

is made available. However, it is not clear how this administrative agency procures this 

knowledge towards decision-makers. The information available shows and references several 

pracfices and their results. Such cases and practices are; the benefit with a low cost margin 

(compared to other strategies) in USA cities as well as other countries in cities like Eindhoven 

in the Netheriands [www30] providing the work of Furth and Muller for example. 

Federal Highway Administration 

The Federal Highway Administration (FHWA) is a division under jurisdiction of the 

Department of Transportation (DOT) specializing in highway transportafion. This agency 

performs research in the areas of vehicle safety, congestion, highway materials and 

construction methods. It functions throughout the USA with a representative office in each 
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state. State DOT'S. In Massachusetts the state DOT is Massachusetts Highway Department 

described in paragraph 0. 

Mission, Objectives and Goals 

The FHWA follows the same mission of the DOT as it is a subdivision of the DOT. However, 

the goals are defined focusing on highways as described here below [www22]; 

• Safety; continually improve highway safety. 

• Mobility and Productivity; preserve, improve, and expand the Nation's highway 

transportation system while, at the same time, enhancing the operation of the 

existing highway system and intermodal connectors. 

• Global Connectivity; promote and facilitate a more efficient domestic and global 

transportation system that enables economic growth. 

• Environment - Protect and enhance the natural environment and communities 

affected by highway transportation. 

• National Homeland Security - Improve highway security and support national 

defense mobility. 

Characteristics 

The FHWA has a direct relation to public transportation. As the vehicle is the preferred mode 

of transportafion in the USA this agency has a strong influence over public transportation. 

Several sources of funding, programs and publications that lead to public transportation are 

administered through the FHWA. A conflict is encountered here, as the agency would procure 

its goals (towards highway development) with a hindrance over public transportation towards 

creating a modal shift. It is not possible to quantify and know the limitations this has over 

public transportation. 

One of the priorities of this agency is congestion mitigation. In order to achieve congestion 

mitigation, the agency should procure priority control strategies as they reduce travel costs for 

public transportation, reducing also private vehicle costs, as there is less congestion as 

shown by Mordridge (1997) [7]. Increasing the reliability creates a modal shift and 

accessibility of the public transportation system in urban areas as described in previous 

chapters. 

Within the information available by the FHWA, the agency published in 2005, an updated 

version of the "Traffic Control Systems Handbook" [42], which provides an extensive 

description of traffic control system technology, street traffic management, and traffic control 

systems. This publication is highly intended for vehicles and intersections, acknowledging the 

use of priority strategies (TSP and BRT) for public transportation. 
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Funding Characteristics 

A primary source of funding for this agency comes from gasoline tax. As the cost of fuel tends 

to increase, a modal shift might occur. However, the modal shift might also hindrance 

development of public transportation as the FHWA funds projects where the funds provided 

come from fuel tax. A recurrent conflict for pubic transportation projects, aside from other 

reasons that jeopardize funding from this agency towards public transportation projects. The 

majority of funds for public transportation projects come from the Mass Transit Account of the 

Highway Trust Fund. 

Federal Transit Administration 

The Federal Transit Administration (FTA) provides leadership, technical assistance, and 

financial resources for safe, technologically advanced public transportation that enhances 

mobility and accessibility, improves America's communities, preserves the natural 

environment, advances economic growth, and ensures that transit systems are prepared to 

function during and after criminal or terrorist attack [www31]. The FTA is under jurisdiction of 

the Department of Transportation (DOT), functioning with a headquarter office and 10 

regional offices throughout the country; region 1 includes the State of Massachusetts. 

Mission, Objectives and Goals 

The FTA follows the mission of the DOT as it an agency within the DOT jurisdicfion. When it 

comes to the public purposes of public transportation the FTA states the following [www31]; 

'Transit serves many public purposes among the most important ones are: affordable 

mobility, congestion management, and supporting neighborhoods served by intensive transit 

services. 

These objectives are not mutually exclusive and frequently overiap" [www31]; 

• Affordable Mobility; affordable mobility for all 

• Congesfion Management; Transit services that can compete effectively 

• Supporting Transit Intensive Neighborhoods; Transit trips that help support 

household locations 

• Economic Benefits of Transit; by economic yardsticks 

• Transit System Usage and Characteristics; Five hundred fifty-six (556) local 

public transit operators provided transit services in 408 urbanized areas of over 

50,000 population. An additional 1,215 organizafions provided transit services in 

non-urbanized (rural) areas and 3,673 organizations provided specialized 

services to the elderly and to people with disabilities. Over 9 billion trips 

representing 46 billion passenger miles of transit services were provided in 2001. 

• Transit Finance; Almost all-public transit systems need financial assistance. 
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These purposes recognize the need, advantages and importance of public transportation. 

Nevertheless, in terms of mobility the FTA regards the use of transit to people how cannot or 

do not want to drive and to people of low income as well as others. Among other 

misconceptions towards public transportation discussed previously, this perception is 

common in the USA 

Characteristics 

The FTA is legislated by the Federal Transit laws codified in the U.S. Code title 49: 

Transportation, chapter 53 [www31] and by the SAFETEA-LU which amends the Federal 

Transit laws. 

Since the late 1970s through different programs and studies, the FTA has reported the 

benefits, advantages and the need of priority strategies for public transportation. For the FTA, 

the bus and rail vehicles are regarded as the most common mode of public transportation. For 

this agency congestion mitigation thru increased reliability is regarded as an advantage and a 

necessity for this mode to develop efficient services to compete with the vehicle. It recognizes 

the environmental, air quality and emissions reduction, benefits that result from public 

transportafion systems. 

Funded by the DOT, in May 2005 the handbook; "Transit Signal Priority: A Planning and 

Implementation Handbook," was published [12]. A quite complete handbook acknowledging 

the objectives of Transit Signal Priority and its benefits as well as design, implementation, 

maintenance and technical approach describes the steps to follow in order to implement a 

successful TSP. The handbook provides transportation authorities and decision makers the 

approach towards implementation of a priority control for public transportation projects. This 

could be regarded as "the beginning" towards a push for transit priority by the federal 

government. Other programs, plans and publications are being developed towards providing 

the guidance and information to develop and deploy priority strategies for public 

transportation. 

Funding Characteristics 

The DOT through this agency provides the funding to develop new transit systems, maintain 

and operate existing systems. The FTA through its regional offices to State and local public 

transportation providers grants funds. They are responsible for managing their programs in 

accordance with Federal requirements. To fulfill all of the funding opportunities one of the 

areas that need attention to increase reliability and provide a better service is the fare box 

collection. This is a problem not only in this country but in others as well. There is a persistent 

need for funding from several levels and instances to afford this mode. 
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Executive Office of Transportation 

This stakeholder, Executive Office of Transportation (EOT), is considered as the 

Massachusetts State Department of Transportation (State Secretary of Transportation). It is 

the highest-ranking actor in the State of Massachusetts and the Massachusetts Office for 

Commonwealth in charge of managing the development of the majority of transportation. The 

agency sets the policies and coordinates the transportation work of the various State 

departments, commissions and authorities. It is an umbrella for all actors involved with 

transportation for the State of Massachusetts. The agencies part of the Massachusetts State 

government agencies under the EOT are; Massachusetts Highway Department (Mass 

Highway), the Massachusetts Bay Transportation Authority, Massachusetts Aeronautical 

Commission, the Registry of Motor Vehicles, Massachusetts Turnpike Authority (MassPike), 

and other regional transportation authorities. The Department of Recreation and 

Conservation, and Massachusetts Port Authority are not within the EOT. 

Mission, Objectives and Goals 

The mission and purpose of the EOT is to; 

"To promote economic vitality and a better quality of life by safely and efficiently moving 

people and goods within and through the Commonwealth" \mm'i7\ 

Its goals are [www32]; 

• Developing, coordinating, administering and managing transportation policies, 

planning and programs related to design, construction, maintenance, operations 

and financing; 

• Supervising and managing the organization and conduct of the business affairs of 

the departments, agencies, commissions, offices, boards, divisions, and other 

entities within the executive office to improve administrative efficiency and 

program effectiveness and to preserve fiscal resources; 

• Developing and implementing effective policies and programs to assure the 

coordination and quality of roadway, transit, airport and port infrastructure and 

security provided by the secretary and all of the departments, agencies, 

commissions, offices, boards, divisions, authorities and other enfifies within the 

executive office. 

Characteristics 

The Transit Unit Staff, an internal office within the EOT, oversees the 15 regional Transit 

Authorities in the State of Massachusetts. This staff unit receives capital funds from the FTA 

as well as other State sources. Assisting the State Secretary of Transportation in the 

development of policies, programs and projects intended to improve transit operations and 
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sen/ices and to provide an environment that encourages economic growth and alleviates 

congestion, minimizing the impacts of construction projects on traffic patterns [www32]. 

As priority control and traffic signal priority are considered Intelligent Transportafion Systems 

(ITS) solutions to include the priority strategy into projects of transportation most comply with 

the Boston Metropolitan ITS architecture [www32]. The EOT has published an ITS final report 

for the area of Boston [43] acknowledging priority strategies for public transportation. The 

report considers the existing priority control at the Silver Line as well as it describes a more 

general perspective towards transit priority for buses throughout the Commonwealth and the 

Boston area. One of the strongest recommendations is; "near-term" multi-agency initiatives 

are for traffic signal priority on MBTA buses, pushed by extending the existing priority control 

to other routes [43]. Recognizes the conflicts generated by different agencies involved and 

the definitions of different packages interfering with issues such as priority for buses. 

Coordination between agencies is necessary and a cooperative agreement must exist as 

different stakeholders manage and administer the informafion, roads, equipment and others. 

Towards priority strategies and their deployment in the State of Massachusetts, the report 

might be an advantage and the tool to the initiate further priority strategies for public 

transportation. However, this report as well as other information (as previously discussed) 

needs to reach the decision-making actors in order to have an effect towards transit projects. 

Funding Characterisfics 

According to the State's State Transportation Improvement Plan (STIP), from different funding 

sources, for the year 2008 throughout the State, for public transportation over $45 million 

USD are provided. Over $28 million are non-federal funds will be spent in different projects, 

must for bus capital and enhancements. In comparison with projects for roadway, bridge and 

intennodal projects, funds reach almost one billion ($992,884,287) [44] shows an enormous 

discrepancy and preference between modes. 

Massachusetts Highway Department 

Under the jurisdiction of the Executive Office of Transportation, as discussed previously, the 

Massachusetts Highway Department (Mass Highway) is the Department of Transportation 

(DOT) for the State of Massachusetts. This agency is responsible for the design, construction 

and maintenance of all State highways, bridges and signage of numbered routes. Organized 

in five District offices, each district office supervises all construction within its jurisdiction; 

performs on-site engineering; implements maintenance and preventive maintenance 

programs; generates proposals for maintenance and construction work; and provides 

engineering support to cities and towns [www33]. 
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Mission, Objectives and Goals 

As this stakeholder is the Federal entity at State level of the FHWA, the objectives are 

assumed the same, as there is no available information of objecfives and mission of Mass 

Highway. As discussed previously, this agency has a direct relation to public transportation 

projects as they are realized by funds provided by this agency. 

Characteristics 

In the State of Massachusetts, Mass Highway, owns and administers the bridges and some of 

the routes (aside from highways, municipal roadways and or rural roadways) throughout the 

State and in particular the city of Boston. Mass Highway focuses on highway maintenance, 

congestion impact and mifigation, bridges and safety through different Federal and State 

programs and plans. In addition, the agency publishes different manuals related to highways 

and bridges in design and maintenance. The bridges are considered as one of the most 

important assets of the agency. For this reason, it is important to consider the guidelines 

specifying the design, re-designing, markings and traffic signals over the bridge or at 

roadways, in particular for the Harvard Bridge, following the Bridge Manual, the 

Massachusetts Highway Department Project Development and Design Guide and the Manual 

for Uniform Traffic Control Devices, Federal and amended for the State [v\ww33]. In regard to 

the manuals and relation to the installation and operation of traffic signals (those owned by) 

the agency has developed several fomns and permits. The development and design 

guidelines of the agency include the integration of public transportation when planning and 

designing efficient transportation systems. The procedure is closely followed by the agency, 

creating an impact over the capabilities to deploy TSP at traffic signals under the agencies 

jurisdicfion. 

Funding Characteristics 

The programs under Mass Highway indirectly involve public transportation projects as funds 

might be provided by jurisdiction and or through innovative means. Funding for projects must 

qualify for one of the two organizafional structures from Mass Highway either by managing 

design projects or construction contracts. Design projects originate from those projects 

classified as priorities by the Metropolitan Planning Organization, bridge or highway 

maintenance, other federal funding programs such as CMAQ and district requests. An 

example of this is the Silver Line, as previously discussed qualified for Mass Highway funds 

as a design status project. 

Department of Recreation and Conservation 

The Department of Recreafion and Conservation (DRC) is under the Massachusetts 

Government, outside the Executive Office of Transportafion (EOT) jurisdiction, being a 
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steward of one of the largest state parks in the USA It is considered given the relationship 

with the "Hot Spot". 

Mission, Objectives and Goals; 

The agency's mission as stated is; "To protect, promote and enhance our common wealth of 

natural, cultural and recreational resources " [www34]. 

To fulfill its mission the agency focuses on the following; 

• Improving outdoor recreational opportunities and natural resource conservation; 

• Restoring and improving our facilifies; 

• Expanding public involvement in carrying out DRC's mission; and 

• Establishing first-rate management systems and practices. 

Characteristics 

The organizational structure of the agency is conformed by four divisions. The planning and 

engineering division is in charge of planning, engineering, design and construcfion 

management sen/ices. This division pays close attention to intersections and traffic control 

signals within its jurisdiction. 

The Harvard Bridge provides a crossing within the Charies River reservation, a park 

reservation between the cities of Boston and Cambridge under the jurisdiction of this agency. 

The intersection of Memorial Drive and Mass Ave is under the jurisdiction of the DRC. For this 

reason this agency is considered within the actor analysis. 

Appendix Figure II: Charles River Reservation 

Source: www34 

Metropolitan Planning Organization 

The Metropolitan Planning Organization (MPO) is a regional agency established to carryout 

federal funded transportation plans and programs throughout its regions. Subdivided in 13 

regions, the region for the city of Boston includes 101 cities and towns being home to over 
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three million people [www35]. Appendix Figure III shows a map of the 101 cities and towns 

subdivided in this region. The MPO collectively carries out the continuing, comprehensive and 

cooperative transportation planning process for the region. The city of Boston, the Federal 

Transit Administration (FTA) and Federal Highway Administration (FHWA), the Executive 

Office of Transportation (EOT), the Massachusetts Bay Transportation Authority (MBTA), 

Massachusetts Highway Department and among others like the city of Salem, Everett, 

Newton, and other agencies and towns are its primary stakeholders. 

Appendix Figure III: MPO map city jurisdiction 

Source: www36 

Mission, Objectives and Goals; 

As a mission for this agency given through a framework for regional transportation planning in 

the Boston area establishing the following [www36]; 

• Work together on the federally required transportation planning process; 

• Establish a Joint Regional Transportation Committee (now known as the 

Regional Transportation Advisory Council) to ensure citizen participation in 

regional transportafion planning; 

• Work together to ensure compliance with federally mandated planning documents 

and; 

• Establish a joint technical staff to support decision-making. 

Described in the Regional Transportation Plan, the objectives and policies of the MPO are the 

basis to accomplish the MPO's vision of the region. The policies and objectives are [www20]; 

• System preservation; 

• Modernization and efficiency; 

• Mobility; 

• Environment; 

• Safety and security; 
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• Regional equity; 

• Land use and; 

• Economic development, public participation and finance. 

The Boston Region Metropolitan Planning Organization is responsible for programming the 

spending of transportation funds and for conducting the regional transportation planning 

process through which it identifies and prioritizes the current and future transportation needs. 

In addifion, it is responsible for conducfing its work and decision-making as to equitably 

distribute the benefits and burdens of the transportation system, and utilize and conserve the 

available financial, infrastructure, natural and cultural resources in the most effective way 

possible [www36]. 

Characteristics 

The Central Transportation Planning Staff (CTPS) carries out the unified work program of the 

MPO. It conducts comprehensive mulfimodal transportation planning and analysis for the 

MPO. The CTPS "provides the technical and policy-analysis support perceived as a mean to 

promote cooperation between agencies and consistency among planning efforts" [www36]. 

The CTPS performs work under four major categories; 

• Travel modeling and forecasting; 

• Transportafion planning and analysis; 

• Certification activities; and 

• Data, maps, and graphics. 

Following the vision of the MPO and the work of the CTPS, the 3C transportation planning 

process; a Continuing, Comprehensive transportation planning process carried out 

Cooperatively by states and local communities, [www36], is required to developed documents 

and programs in the State of Massachusetts. The documents and programs are of interest as 

they appoint the funding for public transportation projects. The programs are; 

• The Regional Transportation Plan (RTP) [45], 

• The Transportation Improvement Plan (TIP) and; 

• The Unified Planning Work Program (describes transportation planning studies 

for a Federal FY). 

• Other documents considered include the MBTA Program for Mass Transportation 

(PMT). 

The Regional Transportation Plan (RTP) gathers information from other sources, which are 

developments of the agency such as; The Mobility Management System (monitors mobility in 

the region). Developed by the MPO, adopted in June 2007, the Regional Transportation Plan 
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fitted "Journey to 2030" [45] outlines the MPO's vision for the future in transportation in the 

region. The plan, developed by the CTPS every four years is the long-range, comprehensive 

transportation-planning document of the MPO. The program establishes policies and 

pnnciples leading to achieve the MPO's vision and allocates project revenues to reflect the 

policies and principles. The plan and policies follow the principles stated in the SAFETEA-LU. 

The RTP proposes a mobility requiring safe, reliable and convenient travel options where 

allocations of funds are focused towards improvements that can increase the system's 

mobility. This mobility should also reach those communities of low-income or without 

accessibility among other reasons to have an equitable transportation throughout the region. 

The environment, use of alternafive fuels, reduce energy consumption, single vehicle 

occupancy and natural resource protection are highly recognized and addressed. The plan 

identifies the needs for improvements, accessibility and reliability of public transportation 

through the use of ITS, traffic signal coordination and traffic signal priority. The plan 

recognizes the use of traffic signal priority under mobility, as a beneficial strategy for public 

transportation projects. "Traffic signal prioritization for transit vehicles has the potential to 

improve the speed and reliability of the MBTA bus system while maximizing the number of 

people passing through an intersection." [45] The MPO describes projects for intersection and 

signal improvements, including: signal upgrades and realignments. It recognizes the benefits 

that result from coordinated traffic signals and relatively low cost investment to increase 

mobility and efficiency of the system but also help to preserve the transportation system. The 

results are the continuing funding resources that the MPO allocates to projects improving 

intersections and traffic signals The agency is currently studying the application of traffic 

signal priority for a bus route (bus route 39) in order to asses the benefits of such priority 

strategy. Traffic signal priority, as conditional strategy exists in the city of Boston throughout 

the Silver Line. 

The system preservation, modernization and efficiency policy as stated in objective D, 

encourages and supports the planning and programming of projects that improve 

transportation primarily through the use of ITS, new technologies and or transportation 

system management. By modernizing transportation system elements with ITS, the MPO can 

improve operating efficiency without the physical expansion of facilities [www36]. In addition, 

it also refers to the U.S. DOT reported national benefits on ITS in regard to advanced traffic 

surveillance and signal control systems which results in decrease of travel time [45]. 

Despite the stated objective, sfill the use of technology is limited to; real-time travel 

infonnation for passengers, system monitoring provided incident response (regarded as one 

of the most important uses of ITS) and electronic use of payment at tolls and fare box 

collection for public transportation. The MPO objectives focused towards mobility, 

modernization and efficiency, safety and security and the environment and recognizing the 
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use of technology for public transportation projects make it a key actor for a push in priority at 

a State and Regional level. This can also be accomplished through the Central Transportation 

Planning Staff. 

Produced annually by federal mandate by the MPO the Transportation Improvement Program 

(TIP) [46] serves as a tool to monitor the Regional Transportation Plan (RTP). The TIP 

describes the projects expected for implementation for the next four years. The TIP contains a 

financial plan, current or proposed, for each project programmed to receive federal funding 

(for highway and transit projects) and state funding (for highways) over the four-year period 

[www36]. The TIP for FY 2008, states several projects for highway and transit, where transit 

projects are apportioned a small amount compared to highway projects. From the list of 

transit projects for FY 2008 none deal with priority strategies, TSP and or BRT. 

The CTPS produces the MBTA Program for Mass Transportation (PMT) a long-range 25-year 

capital planning document defining the authority's vision for public transportation in 

Massachusetts. Its objective is to identify and prioritize projects that will result in a cost-

effective public transportation system. 

Metropolitan Area Planning Council 

The regional planning agency that represents the 101 cities and towns in the metropolitan 

Boston area is the Metropolitan Area Planning Council (MAPC) [www35]. It serves as an 

independent public agency of the Commonwealth. State and local officials address issues of 

the region. A member of the MPO with oversight responsibility for the Region it is federally 

funded. 

This agency is quite relevant to consider as it involves land use and other aspects of planning 

to the transportation needs of the area. As it encompasses different issues that surround 

transportation, the fonner might orient its planning and design of transportation projects with a 

focus not towards mobility and transportation needs but towards suitable and reliable 

possibilifies. 

Mission, Objectives and Goals 

Throughout its council membership, provides the technical assistance to improve 

environmental, social and economic health through services that include transportation to the 

101 cities and towns. 

When dealing with transportation projects, the agency recognizes the need for mobility, the 

impacts transportation has on environment, social and economic matters and the necessity to 

continue with careful allocation of funds to roads, bridges and public transportation. The latter 
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is crifical to the long-tenn success of the Region. The support to transportation planning is 

done for the following services; air quality and transportation, transportation funding needs, 

transportafion alternatives, funding opportunities, and planning support to the MPO. 

Characteristics 

The organizational structure of the MAPC provides transportation alternatives services. These 

refer to the work the agency provides in conjunction with the CTPS. The work the two 

agencies perform is towards technical and research support for different Transportation 

Demand Management (TDM) services and for transit in under-served areas. The 

transportation alternatives have a strong focus towards pedestrian and bicycle transportation 

modes. 

The MAPC develops the Regional Plan for Metropolitan Boston area, where in 2002 the 

agency published an update of the previous plan titled: "MetroFuture: Making a Greater 

Boston Region" [47]. This plan is an approach to address the challenges and opportunities for 

the future. Regarding the future of transportation, it identifies an increase for the need of 

public transportation is to happen and alternatives should be provided. The plan outlines the 

following goals [47]; 

• Increase the percentage of trips made by public transportation; 

• Use of funds other than for highway expansions; 

• Eliminate deficit and add new revenues to pay for the transportation system and; 

• A revenue stream for transportation that is reliable. 

The goal increase on trips made by public transportation does not specify how this will be met 

nor does it specify which modes will be the preferred towards development. It is assumed 

from the different projects mentioned that heavy rail might be the preferred mode as it 

forecasts a future growth in suburban areas, where buses (local and feeders) would have to 

serve commuter rail stations. This also brings a development of bus routes not only in the 

inner core (Boston city area) but also in other areas where growth is forecasted. The need for 

new transit services and the need for alternatives to cars-based trips provide a future vision of 

public transportation development. BRT and TSP or any other priority strategy could see an 

opportunity for development. However, the plan does not discuss how these or if any other 

priority strategies might be developed. 

The agency is involved towards planning transportation matters in the region with a primary 

focus on economic, environmental and social issues, if the MAPC is seen as a stand alone 

agency. However it works in conjunction with the CTPS and the MPO, where all together 

provide the necessary scope to address the transportation issues of the State, Region and 

Boston area. 
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For transit in under-served areas the MAPC Creating Transit Friendly Communities, Draft, 

[48] provides a checklist of criteria to analyze the accessibility of transit in a community or 

area. Recognizes that an area served by transit is more livable and the need for transit within 

an area for its development. 

Funding Characteristics 

As to transportation funding needs, a report tified "Work Undone Report" [49] in partnership 

with the Massachusetts Association of Regional Governments describes the unfunded or 

under-funded projects for mobility, economic needs, connectivity and promotion of the public 

policy goals that would maintain, improve and expand the transportation infrastructure. The 

report only describes one project that includes BRT as a priority strategy. All others projects 

are focused on cars or railroad modes. 

The MAPC funding opportunifies service coordinates and implements different funding 

programs. There are seven different programs; 

• Enhancements Program; Federal funding for TE only those eligible according to 

criteria. Priority and TSP are not eligible. 

• Transportation Demand Management; programs that provide incentives for 

alternative ways of commuting primarily for businesses 

• Suburban Mobility Program; funds used under CMAQ program 

• Transportation Improvement Program (TIP); managed by the MPO, lists the 

transportation projects that will receive Federal funds and highway federal funds 

as well as State funds 

• Massachusetts State Trail and Greenway Programs; DCR recreational trails 

program and greenway corridors and grants 

• Scenic Byways; provides funds from the Federal Highway Administration program 

for communities to preserve and enhance corridor of roads having unique and 

regional qualities 

• Safe Routes to School Program; healthier alternatives to go to school 

The suburban mobility program provides funding resources for bus projects through the 

CMAQ program. This program has been previously discussed. 

City of Boston 

This actor is represented by the Boston Transportation Department (BTD) managing 

transportation within city limits. The city BTD jurisdiction of street elements, services and 

responsibilities extends to traffic signals and pedestrian signals, signs (regulatory and 

directional), roadway lane markings, parking meters and crosswalks. 
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The jurisdictional and ownership conflict arises for this actor as the agency manages the 

transportation in the city and owns some of the streets; traffic signals, parking lanes and 

spaces as well as determining the possible locations for bus stops (not interfere or reduce 

parking spaces). 

Only the city of Boston is regarded although the "Hot Spot" consider a intersecfion in 

Cambridge. This city is not considered as the intersection mentioned previously is under 

jurisdiction of the DRC. However, it is worth mentioning that the city of Cambridge has 

undertaken different strategies to improve mobility in this city (not addressed in this research). 

Mission, Objectives and Goals 

The BTD is a department within the Streets, Transportation and Sanitation cabinet of the city. 

Its mission is to; 

"Promote public safety, manage the city's transportation network, and enhance the quality of 

life for residents of our city neighborhoods. Accomplishment of our mission is ensured through 

the use of planning coordinated engineering, education and enforcement" \mHï2J\. 

Characteristics 

The policies for transportation within the city of Boston are contained in the city of Boston 

Municipal Code [www37]. This code primarily derives from the General Laws of 

Massachusetts as well as it refers to some of the policy provisions of these laws. This code 

sets the "carrots and sticks" regarding transportation issues, such as parking, use of vehicles, 

violations and licenses among others. As a result, the Municipal Code does not describe any 

related policies to this investigation. However, the BTD has developed several guidelines and 

a plan for the city. 

Access Boston 2000 - 2010 is Boston's Citywide Transportation Plan [www37], developed by 

the BTD. Through a one-year long workshop series throughout dialogue with the public, 

issues were identified to develop this plan. It deals with the various modes of transportation in 

the city. The initiative "doing while planning" provides the approach on implementation during 

the process. The report resulted in a multi-report effort, prioritizes programs and projects for 

the short term and develops strategies for the coming decade. However, there is no former 

report available and the series of available reports (results from the workshops) do not deal 

with projects or intenfions for public transportafion including priority strategies. 

The BTD plays a key role in the transportation planning of the city and the Region, as it is a 

permanent member of the Board of the MPO and the MBTA. There is a certain degree of 

complexity within this stakeholder and the investigation. Meaning the following; it does own 

the roads (not limited to all of them) and traffic signals as well as bus stops, participates in the 
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creation of public transportation Plans and Programs having an important role over the 

decision making process. 

The guidelines towards traffic rules and regulations and, traffic signals (different sections) are 

of interest. The city of Boston provides a Traffic Signal Standard Plan and Specifications 

where it deals with the current standards. None of them mention or state priority strategies for 

traffic signals. These standards are guidance towards installation, construction and 

maintenance of traffic signs in the city and owned by the BTD. The Traffic Rules and 

Regulations for the City of Boston, in Article III describe traffic signs, signals, markings, and 

devices. This policy only sets the limits towards display, interference, obedience, and time of 

traffic signs and exempfions of signs, signals, markings and devices. 

The BTD, published the Streetscape Guidelines for Boston's Major Roads [36] in July 1999, 

second edition (latest edition). Containing the guidelines for construction and or 

reconstruction of the major roads the plan's purpose is to create a co-existence of the 

different modes and provide an equitable share of the public right-of-way to develop balanced 

and efficient transportation systems. Roadway design deals with designing the road for 

vehicles, bikes and transit with goals such as; optimize roadway width to jusfiy accommodate 

all users, where possible separate the modes of travel by dedicated lanes. The guidelines 

recommend the use of bus lanes in the road design, limited by "where space is available, and 

should be considered on high-frequency routes" [36], acknowledging that this benefits public 

transportation. The guidelines specify different design patterns that throughout the city are 

limited. Even in some cases, the design guidelines come into conflict between modes, e.g. 

parking and bus stops. The city, known as a walking city has made efforts to design sidewalks 

and pedestrian needs. The guidelines pay close attention to this, as it is a city policy to 

maintain the "walking city" designation. Chapter IV of the streetscape guidelines for traffic 

signals states that the traffic signals design should be for a "LOS (Level of Service) "D" or 

higher for motor- vehicles during peak hours and a V/C (volume over capacity) ratio not to 

exceed 0.85 for each approach" [36]. For bicycles, if an exclusive lane exists, separated 

signals and phasing should be considered. Throughout the city, there are a few dedicated 

bike lanes, but a separate bike signal has not been seen (until date) providing cyclist with 

their own signal phase. Although the guidelines specify equitability of modes through the 

public right-of-way, the car is the preferred mode. The guidelines require a review in order to 

accomplish the goals and mission of the department. A tendering to update to streetscape 

guidelines was issued by the city to develop new street guidelines accommodating equally all 

modes of travel including the integrafion of "green" technologies. 

Nevertheless, the guidelines set the policies for the city roads and these will be followed to 

develop scenarios to simulate different pnonty strategies at the "Hot Spot", paragraph 6.2. 

150 



City Groups and Organizations 

In Boston and other cities within the Region, different city groups and organizations have a 

stake in relation with transportation matters in the city. They represent different communities 

with diverse ideals and opinions from the people and to the people. By Federal mandate, 

these and any other citizen is able to participate in decisions, planning, design and 

development of projects. Every time a project is for review, the interested stakeholder 

organizes meetings, workshops and or other kind of reunions to inform the public about the 

project. These become information sessions to discuss matters related with the project. The 

interests of these organizations lay on intending their mission and goals as well as the overall 

well being of the citizens they represent. In addition, they review that the government 

agencies involved adhere to the standards of the project and intended results. 

As these organizations participate in the decision-making for a project, as well as to a policy 

or other issues regarding transportation their input and influence is quite valuable. As an 

example, of a city group or organizafion, the organization walk Boston is considered. This 

organization is a non-profit organization dedicated to improve the walking conditions of the 

cities and towns of the State. Their goal is "to make walking and pedestrian needs a basic 

part of the transportation discussion" [www38]. Considering of such organization towards 

public transportation projects like TSP might have a double effect. These organizations can 

help to achieve a priority as long as there the project follows their views and improvements 

would assist the organization to meet their goal, a positive effect. On the other side, a 

negative effect, a veto from this organization could not make the project realizable. It is due to 

their influence in the process of decision-making that they have to be included as part of the 

stakeholders. 

Massachusetts Bay Transportation Authority 

The Massachusetts Bay Transportation Authority, MBTA [wwwl], is the principal actor as it is 

the agency responsible for public transportation in the Boston region and the problem owner. 

It is a regional transit agency, owned and controlled at the State level. 

Mission, Objectives and Goals 

The MBTA is under the leadership of a General Manager and governed by the Board of 

Directors chaired by the Secretary of the Executive Office of Transportation (EOT). 

The MBTA mission is; 

"The MBTA is a dedicated "world class" transit system built upon customer service 

excellence, accessibility, reliability, state-of-the-art technology, and a diverse workforce that 

reflects our commitment to the communities we serve' [33] 
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The goals of the MBTA, as described are [33]; 

• MBTA Service: To provide clean, safe, and reliable public transportation, 

accessible to everyone, and a clean and safe environment for employees 

• MBTA Infrastructure: To modernize the system through an aggressive State of 

Good Repair program while investing in cost-effective expansion projects to 

increase our customer base 

• MBTA Financial Condition: To provide affordable transit for the public toward 

reducing the burden to taxpayers through efficient operations, innovative fare 

policies, and the generation of non-fare revenues, while simultaneously 

supporting a balanced capital program of modernization and expansion through 

strong project and grant management 

• MBTA Employee Development: To recruit, train, and retain a highly professional, 

diverse, and committed workforce capable of improving the system in an efficient 

and cost-effective manner 

• MBTA Communication: To develop direct, effective communication techniques 

that inform our customers, obtain valuable feedback, and develop goodwill for the 

organization 

Characteristics 

The MBTA legislative mandate is specified in the Massachusetts General Laws (M.G.L.) 

under Chapter 161A [www26] and its sections setting the legislative powers, jurisdictions, 

purposes and limitations of activities and provisions of public transportation services to meet 

the Region's transportation needs. 

Within the MBTA policies, the Service Delivery Policy, the Environmental Management Policy 

and the Fare Policy are among the most important policies in order to accomplish the mission 

and goals of the authority. The Capital Investment Program and the Program for Mass 

Transportation describe the investments and funding needed for current and future projects 

as well as the current and future trends in public transportation. 

The Sen/ice Delivery Policy [33] and Chapter 161A of the M.G.L define the service quality 

standards and objectives to establish the effectiveness and quality of all modes of public 

transportation service based on measurements of; (a) comfort, (b) communication, (c) 

convenience, (d) rider satisfaction, (e) reliability, (f) security, and (g) environmental benefit 

[www26]. Within its services, the policy addresses fixed guide way services, the bus, 

describing key bus routes (some operate in dedicated r-o-w as BRT). However, these only 

operate for longer hours and in areas of high demand providing higher frequencies for 

corridors of high-density. Incorporating BRT acknowledges the benefits complying with the 

policy objectives setting the inifial steps towards servicing other corridors with this strategy. 

Bus route number one is described as a key bus route (does not operate in its own r-o-w) 
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among others in the system that fit the criteria for such a distinction. Neither this criteria nor 

the policy recognize the need for priority of this key route or the others. A criterion is to 

operate as BRT along a corridor. Defining or describing the characteristics of operation as 

BRT is for segments operated in dedicated r-o-w, not specifying any other priority or 

distinguished measure of BRT. The use of rapid transit and BRT from the MBTA is towards 

the subway lines (the former term) and the silver line, which falls under both terms, rapid 

transit for the schedules and BRT for the Sen/ice Delivery Policy. 

The Environmental Management Policy strives, different guidelines, for public transportation 

of '̂ A/orid-class" as environmentally friendly as possible. Emissions control and use of 

strategies for improvements are included. The policy does not include or discuss any further 

the strategies to follow as guidelines. 

Funding characteristics 

The MBTA collects its own funds for its budget, which is a State legislafion mandate. The 

MBTA is a self-sustained independent Authority responsible for balancing its budget. This 

mandate, in act since 2000, called "forward funding." There are four main sources; 20% of 

State's sales tax receipts, defined assessments on localities served by the MBTA, fare box 

collecfion and non-fare revenue (advertising for example) [wwwl]. 

The picture below shows the percentage of funding from these sources for FY 2007. 

^BTA Projected Revenues FY07 - $1,344,005,508 

Non-fare Revenues 

Fafs Revenues 

Appendix Figure IV: Funding sources for ttie MBTA, projected Revenues 

Source: wwwl 

For project funding the MBTA, sources are; the Federal level FTA and the State EOT. Other 

sources might provide funding for projects but this is dependent on the project characterisfics 

and criteria to provide funds from different agencies. As discussed previously projects that 

qualify as design status, toward improving mobility or environmentally friendly qualify for 

different sources of funding, provided by actors such as Mass Highway or CMAQ programs. 

The FY2008 revenue from all sources projects an increaseof 5.1% to $1.413 billion USD [48]. 

This revenue is supplied from the major sources, which are; operafing revenue, non-operating 

revenue and revenue from dedicated sources. Although there is an increase in revenue, this 
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does not put aside the deficit and financial struggle of the MBTA. The fare increase of 2006, 

restructuration of fares, programs and the four main sources of funding have helped to narrow 

that gap. However, the MBTA has a debt service of neariy $5.2 billion USD [www1]. 

The Program for Mass Transportation (PMT) is the MBTA's long-range capital planning 

defining the vision for the next 25-years for public transportation in the Region [3]. By 

legislative mandate, this program is updated every five years and the policies and priorities 

outlined are implemented through the CIP. This program (report), defines the universe of 

projects to be included in the MPO's RTP and TIP. These projects receive if eligible federal 

funding. A diagram providing the relationship of the PMT to other plans is given below. 

Appendix Figure V: Relationstiip between public transportation programs. 

Source; www36 

The PMT primarily focuses on potential public transportation expansion projects, prioritizing 

infrastructure investments. Due to several factors, primarily the Central Artery project and the 

MBTA budget deficit, the PMT of 2008 focus is on system presen/ation projects. The PMT 

2008 has defined two goals to meet the 25-year vision of public transportation; 1) those that 

deal with the planning process, and 2) those that state the outcomes that are necessary to 

fulfill the vision. The objectives identify actions that must be taken to achieve the goals 

[www35]. Projects regarded, as high priorities for rapid transit are the Silver Line phase 111 and 

the Urban Ring phase 2 and 3. Other projects are given a priority ranking, none of them BRT 

or focus on priority. The PMT includes a financial unconstrained analysis of the projects, 

which includes more projects than what the MBTA or the State can fund. This calls for 

innovative ways of sources for funding, given by the complexity of legislative procedures and 

the financial situation of the area after the Central Artery project. 

The PMT considers technology and ITS applications important for the provision of public 

transportation. The integration that the MBTA has made towards these applications is done in 

several ways, e.g. fare collection box and AVL. However, none of the applications deals with 

priority strategies for public transportation. Although recognition of technology and or ITS 

applications there is a strong focus towards the use of this technology for passenger travel 
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infonnation, adherence to schedule and information provision. The plan specifies different 

signal improvements; some regarded as high-priority projects, but only for the subway lines. 

The Capital Investment Plan (CIP) revised yearly, is a guide to the five-year capital budget. It 

authorizes funds for projects that will meet the MBTA's operational objectives within its 

financial capabilities. This plan is financially constrained, unlike the PMT and others, including 

only capital projects affordable by the MBTA. The CIP FY 2008 - 2013 authorizes 

approximately $3.9 billion in capital [6] for capital projects reinvesting in transportation 

infrastructure and expansion projects. The capital program is funded by Federal grants, Non-

Federal (revenue bonds, pay-as-you-go capital and State funds) and alternative financing 

(project financing grant anticipation notes). Funds from the Federal level, SAFETEA-LU, are a 

major contributor and component for the capital improvement program to implement 

transportafion projects. Reinvestment in the existing infrastructure, accessibility 

improvements, enhancement to existing services and system expansion efforts are the four 

major programmatic areas of the CIP. The chart Appendix Figure VI provides the amount and 

percentage considered for these areas form the $3.9 billion USD authorized. 

Infrastructure has the highest percentage of authorized funds, a major conflict for the authority 

due to extend infrastructure resulting in major capital needs. The chart Appendix Figure VII 

shows the investments for FY2008 per mode. 

Besides phase III of the Silver Line, projects authorized for the next five years do not include 

any other strategy of BRT or priority for public transportation. However, under the system 

enhancement - bus - funded projects, "this effort supports the conceptual development of bus 

rapid transit system wide" [6]. 
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Appendix Figure VI: Amounts and percentages authorized for ttie Capital Improvement Plan 

Source: wwwl 
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$3.97 billion 

Subway 
50% 

Silver Line 
3% 

Systemwide 
10% 

12% 

Appendix Figure VII: Investment for FY2008 per mode 

Source: wwwl 
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Appendix D - State-of-the-art cases in Europe, Asia and The Americas 

An overview of state-of-the-art cases in the United States of America has been provided in 

paragraph 3.2. In this appendix cases from Europe, Asia and the Americas are depicted. 

Each of the cases, where information was available, presents the characteristics, priority 

control, beneflts, future plans and conflicts encountered to achieve the project. The 

information provided has been adapted from several sources: The Transit Signal Priority 

(TSP): A Planning and Implementafion Handbook [12], report published by the TCRP in 2003 

BRT Case Studies [11], The Bus Rapid Transport Policy Center Database [www20] and 

literature review from different journals with information ranging from 2001 to 2007. 

Number of Corridors 

Length (miles) 

Total Costs (EUR) 

Funding 

Number of Stations 

Year First Opened 

Congestion Protection Strategy 

ITS 

AVL 

Passenger Infonnation 

announcements 

Real-Time Info at Stations 

Traffic Signal Priority 

Bus Type 

Bus Propulsion 

Level Boarding 

Number of Doors 

Fare Collection (Pre-Payment) 

Estimated Riderstiip (weekday 

bus riders) 

Reported Travel Time Savings 

(min) 

Capacity Comparison / 

Increase % / Modal Stiift 

Headway Peak tiour 

Future Plans 

Amsterdam, Ttie Nethertands 

One - Zuidtangent 

15.5 

€270 million Euros 

23 

Construction 1994, service opened 2002 

Mixed Traffic and Dedicated Bus Lanes 

Yes 

Yes 

No, plans delayed 

Absolute r-o-w at traffic ligtits 

Articulated 

Diesel 

Yes 

3 

Yes 

27,500 

In 2002 there were 4-5 million passengers/year. 7-8 million 

passengers/year are expected by 2007. 

7 minutes 

Southern branch will be operational by 2006. Construction of the East 

and West side extensions will be completed in 2008. ITS features, which 

have been delayed, will also be implemented. 
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Number of Corridors 

Length (miles) 

Total Costs (USD) 

Funding 

Number of Stations 

Year First Opened 

Congestion Protection Strategy 

ITS use? 

AVL 

Pax information announcements 

Real-Time Info at Stations 

Traffic Signal Priority 

Bus Type 

Bus Propulsion 

Level Boarding 

Number of Doors 

Fare Collection (Pre-Payment) 

Estimated Ridership (weekday bus 

riders) 

Reported Travel Time Savings (min) 

Capacity Comparison / Increase % / 

Modal Shift 

Headway Peak hour 

Future Plans 

Eindhoven, The Netherlands 

- Phileas 

9.3 

Federal, The Ministry of Transport and Public Works, The Ministry of 

Economic Affairs, The Ministry of Housing, Regional Development 

and the Environment. State, Province of North-Brabant. Local, 

Municipality of Eindhoven and Veldhoven. Other, Hermesgroep NV, 

APTS, stimulus (EG), FOCUS (EG), SRE. 

Several 

Dedicated bus lanes, electronic guidance 

Yes 

Yes 

Yes 

Yes 

Guidance system allows to adhere to schedule 

Articulated, Bi-articulated 

Hybrid Electric Diesel 

No 

3 

Yes 

10 minutes 
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Number of Corridors 

Length (miles) 

Total Costs (CAD) 

Funding 

Number of Stations 

Year First Opened 

Congestion Protection Strategy 

ITS 

AVL 

Passenger Information 

announcements 

Real-Time Info at Stations 

Traffic Signal Priority 

Bus Type 

Bus Propulsion 

Level Boarding 

Number of Doors 

Fare Collecfion (Pre-Payment) 

Estimated Ridership (weekday bus 

riders) 

Reported Travel Time Savings (min) 

Capacity Comparison / Increase % / 

Modal Shift 

Headway Peak hour 

Future Plans 

Vancouver, BC, Canada 

Two - Broadway and Richmond "B" Lines 

24 miles three different B lines 

51.8 millions 

Services are funded by fares and a number of dedicated taxes 

including an 11.5 cents/liter tax on gasoline that rises more than 

CAD$240 million per year for regional transportafion services. 

Transit services on average recover 54% of operating costs. 

40 in total 

1996 

Bus Lanes, Mixed Traffic 

Yes 

Y« i 

Y#B 

Yes 

Yes, only one line and TSP account for 0.5 to 1.5 minutes travel 

time savings 

Articulated 

Diesel 

Yes 

3 

No 

60,000 in all three lines 

10 

8000 new riders when bus started, 20% previously motorists, 5% 

new trips and 75% diverted from other bus line 

4 to 6 minutes 

All three routes are slated to be replaced with Skytrain, LRT, or 

dedicated bus ways. The agency is evaluating other corridors for 

B lines due to their success 
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Number of Corridors 

Length (miles) 

Total Costs (CAD) 

Funding 

Number of Stations 

Year First Opened 

Congestion Protecfion 

Strategy 

ITS 

Passenger Information 

announcements 

Real-Time Info at Stations 

Traffic Signal Priority 

Bus Type 

Bus Propulsion 

Level Boarding 

Number of Doors 

Fare Collection (Pre-

Payment) 

Estimated Ridership 

(weekday bus riders) 

Reported Travel Time 

Savings (min) 

Capacity Comparison / 

Increase % / Modal Shift 

Headway Peak hour 

Future Plans 

Ottawa, Canada 

- Transitway System 

37 miles 

435 millions 

State, 75% of construction was funded by the Province of Ontario. Local, 

25% of construction was funded by Region of Ottawa-Carleton. 

28 

Build in stages, 1978 to 1996, initial segment opened in 1983 

Busway, Bus Lanes 

Yes 

Yes 

Yes, selected stations 

Articulated / Standard 

Diesel 

Yes 

2 

Mixed 

200,000 

Ridership increase 25% over the past six years. Transit way ridership 

accounts for 12% of all daily trips and 16% of peak period trips. 

4 to 8 minutes 

"Smart card" technology planned in the future. The Ottawa 2020 

Transportation Master Plan includes plans for expansion of the transit 

route network to serve increasing numbers of passengers; increasing 

services on routes with growing ridership; attracting new transit users, 

improving cost-efficiency by acquiring high-capacity articulated buses; 

reallocating operating resources away from services that do not meet 

minimum ridership targets; improving the reliability of transit service 

through new technologies such as vehicle location; making use of 

advanced technologies to provide transit information; and developing 

quality of service indicators and targets that can be used to assess transit 

operating conditions and to evaluate possible changes. 
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Number of Corridors 

Length (miles) 

Total Costs (USD) 

Funding 

Number of Stations 

Year First Opened 

Congestion Protection Strategy 

ITS 

AVL 

Passenger Information 

announcements 

Real-Time Info at Stations 

Traffic Signal Priority 

Bus Type 

Bus Propulsion 

Level Boarding 

Number of Doors 

Fare Collection (Pre-Payment) 

Estimated Ridership (weekday bus 

riders) 

Reported Travel Time Savings (min) 

Capacity Comparison / Increase % / 

Modal Shift 

Headway Peak hour 

Future Plans 

Bogota, Colombia 

TransMiienio Median Busway 

mA 
$213 millions 

Federal, federal grants 20%, Local, a fuel charge a 25% tax which 

15% goes to TransMiienio provided 46% of funds, local revenues 

28%, other. World Bank loan 6% 

59 

Different phases, first phase 2000 completed in 28 months 

4 lanes Arterial Median Busways, high platfonn stations 

Yw 
Ym 

Yas 
Articulated 

Diesel 

Yes, High level Platform 

3 

Yes 

800,000 with planned extension. In 2002, 207 million passengers. 

Each bus moves an average of 1,596 passengers per day. Eleven 

percent of riders own cars. 

32% reduction in travel time 

Since TransMiienio service began there have been 89% fewer 

traffic accident fatalities and 83% fewer injuries. There has been a 

40% drop in air pollutants (S02 dropped 43%, N02 18% and 

particulates 18%), noise pollution has been reduced by 30% and 

violent crime has dropped 50% citywide. 

Additional 40 kilometers and 60 stations include three terminals 

and four integration stations (2 trunk line-trunk line and 2 feeder-

trunk line) to be completed by the first quarter of 2005. The overall 

expansion will continue unfil 2016, when the system will be 388 

km in length. When complete, more than 80% of Bogota's citizens 

will live less than 500 meters from a TransMiienio line. 
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Number of Corridors 

Length (miles) 

Total Costs (USD) 

Funding 

Number of Stations 

Year First Opened 

Congestion Protection Strategy 

ITS use? 

AVL 

Pax Information announcements 

Real-Time Info at Stafions 

Traffic Signal Priority 

Bus Type 

Bus Propulsion 

Level Boarding 

Number of Doors 

Fare Collection (Pre-Payment) 

Estimated Ridership (weekday bus 

riders) 

Reported Travel Time Savings (min) 

Capacity Comparison / Increase % / 

Modal Shift 

Headway Peak hour 

Future Plans 

Curitiba, Brazil 

- Median Busway System 

37.2 

$200,000 per mile 

Funded from bus fares without any public subsidies 

139 

1973 

Arterial Median Busways, high platform stations 

Yes 

Yes 

Yes 

Bi-Articulated 

Diesel 

Yes, High level Platform 

5 

Yes 

340,000 

Ridership growth with system expansion and the city as well. From 

400,000 daily trips in 1982 to 1.9 million in 2001. 27 million fewer 

automobile trips annually 

90 seconds 

Expand the network reducing the need for conventional bus 

services 
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Number of Corridors 

Length (miles) 

Total Costs (USD) 

Funding 

Number of Stations 

Year First Opened 

Congestion Protection Strategy 

ITS 

AVL 

Passenger Information 

announcements 

Real-Time Info at Stations 

Traffic Signal Priority 

Bus Type 

Bus Propulsion 

Level Boarding 

Number of Doors 

Fare Collection (Pre-Payment) 

Estimated Ridership (weekday bus 

riders) 

Reported Travel Time Savings (min) 

Capacity Comparison / Increase % / 

Modal Shift 

Headway Peak hour 

Future Plans 

Leeds, United Kingdom 

- Superbus Guided Bus System 

4.4 

1.35 billions 

3 

1995 

Mixed Traffic, guided bus tracks with queue bypass 

Yes 

Yas 

Yes 

Standard 

Diesel 

Yes 

1 

No 

Two different sun/eys, one reported 40% increase in 1999, 10 to 

20% being former drivers. The other survey of 1999 reported only 

6% 

10 minutes 

50% ridership growth in the first 2.5 years 
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Corridor 

Length (miles) 

Total Costs (AUD) 

Funding 

Number of Stations 

Year First Opened 

Congestion Protection Strategy 

ITS 

AVL 

Passenger Information 

announcements 

Real-Time Info at Stations 

Traffic Signal Priority 

Bus Type 

Bus Propulsion 

Level Boarding 

Number of Doors 

Fare Collection (Pre-Payment) 

Estimated Ridership (weekday bus 

riders) 

Reported Travel Time Savings (min) 

Capacity Comparison / Increase % / 

Modal Shift 

Headway Peak hour 

Future Plans 

Brisbane, Australia 

South East Busway 

10.5 

485 millions 

10 

Construction 1999, Phase II completed Feb 2004 

Bus Tunnel, Busway (separate r-o-w) 

Yes 

Yes 

Yes 

Yes 

Real Time Advanced Priority and Information Delivery is used 

Standard, Articulated 

CNG / Diesel 

Yes 

2 

Yes, ticket-machine and local shops 

30,873 per week in 2004, over 45 million per year 

2 minutes per mile 

42% increase in May-October 2001, 375,000 fewer annual private 

vehicle trips 

2 to 10 minutes 

The agency plans a fully integrated public transportation system to 

be running by 2025, "Smartcard" is also planned 
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Number of Corridors 

Length (miles) 

Total Costs (USD) 

Funding 

Number of Stations 

Year First Opened 

Congestion Protection Strategy 

ITS use 

AVL 

Passenger Information 

announcements 

Real-Time Info at Stations 

Traffic Signal Priority 

Bus Type 

Bus Propulsion 

Level Boarding 

Number of Doors 

Fare Collecfion (Pre-Payment) 

Estimated Ridership (weekday bus 

riders) 

Reported Travel Time Savings (min) 

Capacity Comparison / Increase % / 

Modal Shift 

Headway Peak hour 

Future Plans 

Seoul, Korea 

- Bus Rapid Transit and Bus Lanes 

Curbside lanes 182.5, Median bus lanes 118.8 miles total by 2008 

in 16 corridors 

5 to 15 billion won/km, Costs for the first BRT anticipated at $71 

million which is 5 billion won/km 

Federal, 40% covered by the Ministry of Planning and Budget, for 

the first BRT corridor, the city of Hanam will cover the remaining 

balance 

11 stations with BRT 

2004 

Median and Bus Lanes 

Yes 

GPS 

Yes 

Yes for the first BRT corridor 

Standard Articulated 

CNG 

No 

No 

The 2004 bus refonns have resulted in an 11.2% increase in total 

bus ridership and a 7.1% increase in total public transit trips. Bus-

related accidents have decreased by 23%. It is anticipated that 18 

BRT corridors will have a capacity of 30,000 passengers/hour and 

four BRT corridors will have a capacity of 20,000 passengers / 

hour. 

Median busway capacity is limited by officials to a maximum of 

250 buses/hour/direction (more than 10,000 

passengers/hour/direction). 

A full feature BRT planned for 2009 
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Appendix E - Simulation programs, parameters and input data 

This appendix discusses the software programs, input and parameters required to model the 

"Hot Spot" following the layout of the intersections of Memorial Dr., Beacon St., Mariborough 

St. and Commonwealth Ave. A screen shot of the "Hot Spot" is depicted in Figure 22. 

Simulation programs 

Modeling of the "Hot Spot" to assess different priority strategies is made possible by using the 

simulation program VISSIM 5.0. VISSIM 5.0 is a microscopic, fimestamp and behavior based 

simulation model developed to model urban traffic and public transportation operations 

[VISSIM 5.0]. 

VRIgen and Trafcod a development of the TU Delft are used in coordination with the 

simulation program to as they assist in the traffic control scheme. Trafcod is a signal control 

program, which stems the control sequences from VRIGen. The control sequences are 

generated in VRIgen. The control sequences are linked to VISSIM via Trafcod. The streams, 

conflict matrix and traffic counts are used as input data to generate the control sequences. 

Simulafion Assumptions and Observations 

Based on observations at the "Hot Spot" and due to the capability and requirements of the 

simulation program, to model the "Hot Spot" as close to reality as possible, assumptions have 

to be taken into account. Differentiating between the "real world" and the simulation the 

assumptions are described hereafter. 

At the intersection of Beacon St., the curb locates the bus stop. Outbound, Commonwealth 

Ave to Memorial Dr in some observed cases, the bus operator did not hit the curb to load or 

dwell passengers given the merging possibilities after crossing the intersection (as the layout 

changes from 3 to 2 lanes). For inbound the same occurs, however, the lane is wide enough 

to be divided in two lanes. The use of this lane into one or two depends on driving behavior. 

All buses dwell by the curb in the simulation program despite the observed situations. 

Between Commonwealth Ave East and West, Mass Ave becomes a three-lane avenue, 

returning to a 2-lane avenue after these intersections. The bus always dwells by the curb 

(right lane) due to passenger facilities at the bus stop of Commonwealth Ave on both 

directions. The right lane is hardly used by cars given the location of the bus stop and the 

required merging after crossing the intersection. Therefore in the simulation cars do not use 

this lane. Given the capabilities of the simulation program the driving behavior allows the bus 

to merge with ease, ff congestion is to build-up the bus will have priority to merge, which is 

not always the case at the "Hot Spot". 
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Parking lanes and therefore parking vehicles are not accounted for. Pedestrians crossing are 

assumed to do when not conflicting with a stream. Vehicles yield to pedestrians. At the "Hot 

Spot" markings for a bike lane are only present at the Harvard Bridge. 

Traffic Counts 

Traffic counts were obtained by counting traffic during three periods of five minutes and 

compared with traffic counts provided by Mass Highway. Hourly counts for a week (in some 

cases just a few days) either in 2005 or 2006 could not provide a real insight of the vehicle 

count due to the lack of differentiation between cars and trucks. Traffic counts were 

conducted in two different days^ between the months of April and May of 2008, at morning 

and afternoon hours to account for morning and afternoon peaks. According to the 

calculations the highest volume of vehicles encountered was in the afternoon. The results of 

the traffic counts are provided in Appendix Table I distinguishing turning ratios. 

Pedestrian and bicycle counts are taken from counts made at the intersecfion of Beacon St. 

and Mass Ave. They do not have a significant impact over traffic or bus travel time at the "Hot 

Spot". Given that the counts were significantly low and for aesthetic reasons in the simulation 

the traffic counts for bikes are increased. For pedestrians a value of 15 ped/hr is adopted, 

which is increased to 85 ped/hr between the intersections of Memorial Dr. and Beacon St. 

(pedestrians over the Harvard Bridge) as there is a high fiow of pedestrians over the bridge 

accessing the Charies River park areas. 

8 A game at Fenway Park took place in the afternoon of one of the days traffic was counted. 
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Appendix Table 1: Traffic Counts 

TRAFFIC C O U N T S 

Memoria l Drive 
Stream Name and Direction 

5 
5 

65 
66 

11 
11 
71 

7 

Mass Ave South - East 
Mass Ave South - North 

Mass Ave South - North 
Mass Ave South - West 

Mass Ave North - West 
Mass Ave North - South 
Mass Ave North - South 

Memorial Drive West - South 

1 Memorial Drive East - North 

Beacon St. 
Stream Name and Direction 

2 
2 
2 

5 
5 

Beacon St East - North 
Beacon St East - West 
Beacon St East - South 

Mass Ave South - North 
Mass Ave South - West 

11 Mass Ave North - West 
11 Mass ave North- South 

Marlborough St 
stream Name and Direction 

5 
5 

8 
8 
8 

Mass Ave South - East 
Mass Ave South - North 

Marlborough St West - North 
Mariborough St West - East 
Mariborough St West - South 

11 Mass Ave North - East 
11 Mass Ave North - South 

Commonwealth Ave 
stream Name and Direction 

2 
2 
2 

5 
5 

8 
8 
8 

11 
11 

65 
71 
71 

Commonwealth Ave East - North 
Commonwealth Ave East - West 
Commonwealth Ave East - South 
Mass Ave South - East 
Mass Ave South - North 

Commonwealth Ave West - North 
Commonwealth Ave West - East 
Commonwealth Ave East - South 

Mass Ave North - West 
Mass Ave North - South 

Mass Ave South - North 

Mass Ave North - East 
Mass Ave North - South 

"HOT SPOT 

IVIovement 
Right turn 
Through 

Through 
Left tum 

Right tum 
Through 

Through 
Right turn 

Right turn 

Movement 
Right turn 
Through 
Left Turn 
Through 
Left Turn 
Right turn 
Through 

Movement 
Right turn 
Through 

Left Turn 
Through 
Right turn 

Left Turn 
Through 

Movement 
Right turn 
Through 
Left turn 

Right turn 
Through 

Left turn 
Through 
Right turn 

Right turn 
Through 

Through 

Right turn 
Through 

f i 

Count 
294 
691 

558 
133 

69 
793 
793 

398 

148 

Count 
140 
480 
112 

754 
198 
308 
866 

Count 
21 

923 
42 
13 
23 
47 
751 

Count 
96 
34 
68 
30 

765 

251 
48 
119 

35 
798 
947 

59 
754 

Percentage 
30% 
70% 

8 1 % 
19% 

8% 
92% 
100% 
100% 

100% 

Percentage 
19% 
66% 
15% 

79% 
21% 
26% 
74% 

Percentage 
2% 

98% 

54% 
17% 
29% 
6% 

94% 

Percentage 
48% 
17% 
34% 

4% 
96% 

60% 
11% 
28% 
4% 

96% 
100% 
7% 

93% 

Traffic Control Program 

The traffic control program at each of the intersections' streams is fixed time. Fixed time also 

called pre-timed control refers to the sequence in the number of stages, cycle time, 

predetermined and with a fixed time. In order to analyze the control program of the "Hot Spot", 

the cycle time and time phase of each stream where provided by the Boston Transportation 

Department. A study performed at MIT regarding the intersection of Memorial Drive and Mass 

168 



Ave provided the phase times per stream for this intersection^. Observations at each traffic 

signal were performed to verify the obtained data. No variations were identified. Depending 

on the day of the week and time the cycle time and sequences for the intersecfions change. 

Given that in the afternoon of weekdays has a higher volume flow (as shown by the traffic 

counts) the phase times for weekday afternoon were selected. The phase time per sequence 

of each intersecfion is shown in Appendix Table II to Appendix Table V. 

Appendix Table II: Memorial Drive traffic signal timings 

Memorial Dr. 
stream Start Green Start Yellow Start Red 

1 
5 
7 
11 
65 
66 
71 

31 
32 
34 
35 
36 
38 

0 
23 
0 
41 
23 
23 
41 

81 
81 
81 
39 
81 
81 

18 

m 
m 
n 
n 
36 
79 
89 
88 
88 
89 
100 
89 

22 
74 
38 
74 
80 
40 
80 

100 
5 
100 
100 
13 
100 

Appendix Table III: Beacon Street traffic signal timings 

Beacon St 
Stream Start Green Start Yellow Start Red 

2 
5 
11 

32 
34 
36 
38 

69 
0 
23 

23 
69 
23 
69 

107 
65 
65 

38 
77 
38 
77 

110 
68 
68 

46 
92 
46 
92 

Appendix Table IV: Marlborough Street traffic signal timings 

Marlborough St 
Stream Start Green Start Yellow Start Red 

5 
8 
11 

32 
34 
36 
38 

12 
82 
0 

13 
82 
13 
82 

78 
107 
78 

m 
m 
n 
98 

81 
110 
81 

33 
108 
33 
108 

^ Information was not provided by BTD as the intersection Is under the jurisdiction of the Department of 

Recreation and Conservation. 
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Appendix Table V: Commonwealth Avenue traffic signal timings 

Commonwealth Ave 
Stream Start Green Start Yellow Start Red 

2 
5 
8 
11 
65 
71 

30 
31 
32 
34 
35 
36 
38 

88 
22 
88 
22 
22 
22 

88 
22 
22 
81 
22 
22 
88 

18 
77 
18 
77 
84 
84 

98 
68 
68 
91 
68 
68 
98 

21 
80 
21 
80 
87 
87 

4 
78 
78 
101 
78 
78 
4 

The cycle fime for the intersections is 110 seconds with the excepfion of Memorial Drive, 

which is 100 seconds. For Memorial Dnve an all-pedestrian phase allows pedestrians to cross 

diagonally the intersection. With the cycle fime known and the traffic volumes it is possible to 

calculate the volume capacity and Level of Service of each of the intersections. 

Conflict Matrix 

Between streams there are two types of conflicts: protected and permitted. Protected conflict 

refers to the prohibition of two streams having green and/or amber at the same time, while 

permitted allows combined movements of streams that would not conflict. Permitted conflicts 

are pedestrian streams and right turns where cars must yield to pedestrians. 

The conflict matrix shows the conflicting and non-conflicting pairs of streams at an 

intersection. Representing the conflicting streams with the clearance time to clear the 

intersection the conflict matrix represents mathematically the layout of the intersection. 

The computation of the conflict matrix consists of two steps. First, the clearance times are 

determined for each intersection. Second, the all-red times are calculated. The clearance 

times and all-red times calculated followed the approach described in the lecture notes of 

CT4822 [7]. The conflict matrix for each of the intersections is given in Appendix Figure VIII: 

to Appendix Figure X:. 
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ALL RED MATRIX / CONFLICT MATRIX 
Memorial Dr. 

To 
From 1 5 7 11 31 32 34 35 36 38 65 66 71 

Appendix Figure VIII: Memorial Drive Conflict Matrix (seconds) 

ALL RED MATRIX / CONFLICT MATRIX ALL RED MATRIX / CONFLICT MATRIX 

Beacon St. Marlborough St. 
To To 

From 2 5 11 32 34 36 38 From 5 8 11 32 34 36 38 

Appendix Figure IX: Beacon Street Conflict Matrix and Mariborough Street Conflict Matrix (seconds) 

ALL RED MATRIX / CONFLICT MATRIX 
Commonwealth Ave. 

To 
From 2 5 8 11 30 31 32 33 34 35 36 37 38 65 71 

Appendix Figure X: Memorial Drive Conflict Matrix (seconds) 

The values have been used as input data for each of the conflict matrices in VRIgen files for 

the simulafion. The layout of the intersections, the conflict area, remains the same for all 

scenarios allow the conflict matrix for each intersection to be the same in all scenarios. 

Control Sequence 

With the conflict matrix and traffic counts known the control sequences are generated for 

each of the intersections. This is done with the aid of the computer program VRIgen. The 

conflict matrix, the flows and turning fractions per stream are used to calculate the control 

sequences. The software calculates the control sequences given the input data. Appendix 
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Figure XI to Appendix Figure XIV provides screen shots of the control sequence of each 

intersection. The streams colored in red indicate the conflict streams (conflict group). 
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Appendix Figure XI: Memorial Drive Control Sequence 
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Appendix Figure XII: Beacon Street Control Sequence 

Struct. TCmin Flex. TCw. 

1 

0 
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20 

30 

40 

1 
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Appendix Figure XIII: Mariborough Street Control Sequence 

Appendix Figure XIV: Commonwealth Avenue Control Sequence 

The control sequences are similar for all scenarios in the case of Memorial Dr., Mariborough 

St. and Commonwealth Ave. Depending on the scenario characteristics the control sequence 

for Beacon St. has to be re-calculated. 

Validation and Calibration 

Simulations are site speciflc given a range of factors. Therefore, it is necessary to calibrate 

the simulation and fine tune with the default parameters to simulate as close as possible real 

situafions. The simulafion was calibrated by compiling field data such as: travel fime, 
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discharge rate and queue length. Trial simulation runs were compared with the field data. No 

significant deviations were found. 

Validation is made to test the calibrated parameters. The simulation was visually validated 

(after several runs) and verified; no collisions due to too short clearance times, missing 

priority rules, incorrect detector placement, priority strategy active and/or any other parameter 

was detected. In addition, the input and output flows are compared. The result of the trial 

simulation runs were compared with the data collected. When discrepancies were found the 

parameters were re-calibrated. Finally, when there were no discrepancies and significant 

deviations the different scenarios were generated. 

Perfomnance Indicators 

The simulation program can provide data for several performance indicators in order to 

evaluate the outcome of the simulation. As the MBTA is the problem owner and the objective 

of the investigation is to reduce travel time by applying congestion protection strategies and 

their effect over the bus and all other vehicle classes, the performance indicators evaluated 

are based on the effects congestion and the priority strategies have over the travel time. 

The performance indicators evaluated four different travel sections for all vehicle classes and 

two travel sections for bus route 1 and CTl. The travel secfions are: 1) Massachusetts 

Avenue outbound (called Mass Ave to MIT with a total length of 1216 meters), 2) 

Massachusetts Avenue inbound (called Mass Ave from MIT with a total length of 1215 

meters), 3) Mass Ave between Beacon St and Memorial Drive outbound (called Beacon & 

Memorial with a length of 845 meters), 4) Mass Ave between Beacon St and Memorial Drive 

inbound (called Memorial & Beacon with a length of 845 meters) for all vehicle classes. For 

bus route 1 and CTl along Massachusetts Avenue the travel sections are: 5) outbound 

(called Mass Ave to MIT with a length of 1214 meters) and 6) inbound (called Mass Ave from 

MIT with a length of 1213 meters). The distance between travel times 1 and 2 and 5 and 6 is 

not the same given that the travel links are drawn slightly longer. However, the difference can 

be negligible. For travel links 1 and 5 and 2 and 6, the distance is dependant on the location 

of the bus stop. Therefore not been equal but as stated before this has no impact over the 

results. In addifion, links 3 and 4 evaluate the causes of congesfion over the Harvard Bridge. 

The main performance indicators used to evaluate the priority strategies over the travel 

sections are: Delay and Travel Time. From the simulation runs the data for the performance 

indicators is provided. Delay as a perfonnance indicator is calculated averaging the delay in 

each travel section, the units being seconds. Travel time is calculated by averaging the travel 

fime of each travel section, the units being seconds. The results have been discussed in 

Chapter 7. 
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