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Overview of Chapters/Outline
The handbook contains ten chapters.  This draft annotated outline highlights the major topics to be included in each chapter.  As the draft annotated outline, it provides a more detailed description of the major topics to be covered than the initial annotated outline.  Some sections include draft text to provide examples of the anticipated approach for the handbook.  Comments and suggestions from FHWA staff, pooled fund study members, and others on the initial annotated outline have been addressed.  More detailed information on the topics in each chapter will be provided in the final annotated outline.  The following chapters are proposed for the handbook.
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CHAPTER ONE – INTRODUCTION
Welcome to the HOV Performance Monitoring, Evaluation, and Reporting Handbook.  This handbook provides a comprehensive guide to monitoring, evaluating, and reporting on the performance of high-occupancy vehicle (HOV) facilities.  The handbook is a one-stop reference for transportation professionals.  It is also of benefit to policy makers responsible for funding transportation facilities.

This chapter starts with a summary of the handbook chapters to help users find the sections of interest.  The chapter also describes the handbook purpose, goals, and audiences.  An overview of operating and managing HOV facilities is provided, along with a summary of the uses and benefits of HOV performance monitoring, evaluation, and reporting.  The relationship of HOV facilities to other elements of metropolitan transportation systems is highlighted.  Finally, development process for the handbook is summarized.
1. Chapters At-A-Glance – Finding What You Need.  This section highlights the major topics addressed in the handbook chapters.
Chapter Two – Overview of HOV Lane Monitoring, Evaluation, and Reporting.  This chapter provides a high level overview of the HOV performance monitoring, evaluation, and reporting handbook.
Chapter Three – HOV System Goals, Objectives, and Measures of Effectiveness.  This chapter first presents a high level summary of the metropolitan and state transportation planning processes and how goals and objectives related to HOV systems fit within these processes.  The agencies involved, including state departments of transportation, transit agencies, MPOs, cities, and counties, are described.  The goals and objectives, and measures of effectiveness (MOEs) typically associated with HOV facilities are discussed.  Case study examples are used to highlight the development of HOV goals, objectives, and MOEs.

Chapter Four – HOV Data Requirements.  This chapter presents the date requirements for the MOEs outlined in the previous chapters.

Chapter Five – HOV Data Collection Techniques.  This chapter presents the data collection techniques available to obtain the data requirements outlined in the previous chapter.  Graphics, including photographs, figures, and charts are used to enhance the descriptions of different techniques.  Case study examples are used to highlight the data collection methods

Chapter Six – HOV Data Analysis Techniques.  This chapter presents the analysis techniques commonly associated with HOV performance monitoring.  The techniques used to analyze the data described in the previous chapter help to determine if the MOEs are being accomplished.  Case study examples are used to highlight the data analysis techniques.

Chapter Seven – Conducting HOV Performance Monitoring Programs.  This chapter discusses conducting HOV performance programs.  It presents information on the frequency of data collection activities, and staffing and resources.  Case study examples highlighting the actual conduct of HOV performance monitoring programs are presented.

Chapter Eight – HOV Performance Reporting.  This chapter describes approaches for reporting information on HOV system performance.  It reviews the different methods that may be used for various stakeholder groups.  Topics discussed include reporting techniques, formats, frequency, and other factors.  Case studies provide examples of reporting methods targeted to different audiences.

Chapter Nine – Ongoing Performance Monitoring.  This chapter highlights the ongoing monitoring, evaluation, and reporting on HOV systems.  It highlights the key elements of ongoing programs, describes some of the issues that may be encountered in sustaining ongoing programs, and summarizes case study examples of ongoing programs.

Chapter Ten – Case Studies.  This chapter highlights examples of HOV performance monitoring, evaluation, and reporting programs used throughout the country.  The case studies were selected to highlight successful practices that reinforce the recommended approaches in the handbook.  The case studies demonstrate how the objectives, MOEs, data needs, data collection techniques, analysis methodologies, and reporting approaches described in the handbook are used in actual practice.  The case studies provide a mix of project, corridor, and area-wide HOV performance monitoring programs, as well as responsible agencies.  Photographs, graphs, charts, and other figures are used as appropriate to support the case studies.

Appendix A – References and Additional Resources.  This appendix contains the references used in the handbook.  It also provides additional resources related to topics associated with HOV performance monitoring, evaluating, and reporting.

Appendix B – Glossary of Terms.  This appendix contains a glossary of terms associated with HOV performance monitoring, evaluation, and reporting.  It focuses on terms used in the handbook.  The glossary included in the NCHRP HOV Systems Manual served as the starting point for the glossary.
2. Handbook purpose and goals.  The purpose of the handbook is to provide a comprehensive technical reference for HOV performance monitoring, evaluation, and reporting.  The goals of the handbook are to advance the state-of-the-practice in monitoring and evaluating HOV facilities and to help enhance the overall management and operation of HOV systems, as well as related services and facilities.
3. Primary and secondary audiences.  The handbook can be used to meet the needs of various audiences.  The primary audience of the handbook is transportation professionals responsible for planning, designing, funding, operating, enforcing, and managing HOV facilities.
The secondary audience includes higher level managers and policy makers interested in the performance of HOV facilities.  The handbook provides guidance for these individuals in carrying out HOV performance monitoring, evaluation, and reporting programs.  These individuals will typically be the most interested in the development of HOV system goal, objectives, and measures of effectiveness, and the reporting of HOV performance monitoring results.  
4. Operating and managing HOV facilities.  This section highlights the importance of planning, designing, operating, managing, and maintaining HOV facilities.  How changes throughout the life cycle of a facility may influence performance, reliability, and cost are highlighted.
5. Use and benefit of HOV performance monitoring, evaluation, and reporting.  This section highlights the use and benefit of HOV performance monitoring, evaluation, and reporting to transportation staff and agencies, policy makers, and the public.
The results of HOV project evaluations are of interest to a variety of groups.  These include transportation professionals and technical staff, decision makers, special interest groups, the general public, and state and federal agencies.
Multiple benefits may be realized from HOV performance monitoring, evaluation, and reporting.  Performance information provides the ability to determine if the goals and objectives of a project are being achieved.  Performance monitoring also provides information needed to make operating decisions, including changes in operation of an HOV facility.
It is important that the performance monitoring program cover all elements of the HOV facility.  Depending on the specific project, these might include HOV lanes, direct access connections, park-and-ride and park-and-pool lots, transit stations, and new or enhanced transit services.  In some instances it may be difficult to separate the impact of the various components.  The performance monitoring program should be designed to examine the individual components and the full HOV system.

HOV performance monitoring and evaluation identifies the benefits accrued from a project and helps determine if the goals and objectives of a project are being met.  HOV performance monitoring provides an opportunity to ascertain the degree to which the desired results are, in fact, occurring.  Ongoing evaluation studies provide an official database for a project.  This information can help ensure that all groups are utilizing the same data, assisting to clarify any possible disagreements over the impact of a project.

The information collected as part of an HOV performance monitoring program has value for operating decisions relating to the HOV facility.  Information on usage, violation rates, and crashes is critical for ensuring the efficient and safe operation of a facility.  Monitoring these and other aspects of an HOV facility helps identify problems that may need to be addressed.  For example, changes in operating hours, vehicle occupancy requirements, bus service levels, and access points may be necessary.  Longitudinal data on the use of a facility serves a critical operations function.  This information can also be used to evaluate the marketing and public information programs associated with a facility, as well as helping to identify if additional marketing is needed.

The results of HOV performance monitoring programs are beneficial in future planning efforts within a metropolitan area.  Information from performance monitoring programs can be used to calibrate planning and simulation models for future use.  Calibrating models with the results of local evaluations will ensure that they more accurately reflect actual experience, provide a valuable check on the modeling process, and improve the future capabilities of the models.  The results from HOV performance monitoring programs, along with the experience gained from a project, can enhance the decision-making process on future projects.

Evaluations may also be needed to meet federal or state re​quirements.  A variety of funding sources may be used to plan, design, construct, and operate various components of an HOV facility.  Different funding sources and programs may require ongoing performance monitoring and evaluations or other documentation of project results.  Even when not a re​quirement, HOV project performance monitoring can be useful to help justify future funding for similar facilities in an area.

Finally, by providing information on projects throughout the country, the results performance monitoring and evaluation efforts can assist in establishing an ongoing national data base on HOV facilities.  Building a common body of knowledge on the use and effectiveness of HOV facilities will assist transportation professionals and decision makers in keeping pace with critical issues.  A common national data base on HOV facilities can assist in ensuring that all areas are kept informed of the latest developments in the field.

6. Context of HOV performance monitoring, evaluation, and reporting.  This section highlights the context of the handbook and its relationship to freeway management programs, traffic operations programs, transportation corridor applications, and planning at agency, metropolitan, and regional levels.
7. Current state-of-the-practice, trends, and gaps associated with the development and use of HOV performance measures.  This section provides an overview of the current practices, trends, and gaps related to HOV performance monitoring.  It also highlights other national initiatives and technical documents that have been developed or initiated which can be used to support performance monitoring, evaluation, and reporting for HOV facilities.  The state-of-the-practice related to providing guidance and recommended practices for HOV performance monitoring, evaluation and reporting is summarized.
The development of an HOV performance monitoring program should include the major activities that would normally be undertaken as part of any evaluation program.  The major steps in this process are illustrated in Figure 1 and briefly outlined next.  More detailed information on each step is provided in the following chapters.  To ensure that a comprehensive, well-designed performance monitoring program is pursued, consideration should be given to each of these steps.
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Figure 1.  Steps in Developing and Conducting an
HOV Performance Monitoring Program.
Identification of Project Goals and Objectives.  The goals and objectives of an HOV project are intended to accomplish should be clearly defined as the first step in developing a performance monitoring program.    These goals and objectives should flow from, and be consistent with, those articulated during the policy development phase and the planning process.  This step is critical, as the remainder of the performance monitoring program will be designed to obtain and evaluate information that will be used to determine if these objectives have been met.  The development of measurable objectives is not an easy task, but time spent on this effort will help ensure a focused monitoring program.  Project goals and other objectives are described in more detail in Chapter Three.
The term objective is used here to indicate a goal or purpose an HOV facility is designed to meet.  The objectives for an HOV project should be stated clearly and concisely.  Each objective should represent a well-defined and measurable statement.  A commonly used approach in developing measurable objective statements is to ensure that the statement includes the desired end result, the action that will be taken to achieve this result, and the time frame within which the result will occur.

Identify Measures of Effectiveness.  For each objective, the appropriate measure or measures of effectiveness should be identified.  The desired threshold level of change that will be used to determine if the facility has met the objective should also be identified.  It is important that this activity focus on identifying the measures that most accurately relate to the objec​tives, and that meaningful threshold levels are established.  These measures and thresholds should relate to the key elements in the objective statements.  Possible MOEs are described in Chapter Three.
Identify Data Requirements.  This step identifies the data needed for the performance monitoring process.  The data needs for each measure of effectiveness should be outlined, and the appropriate methods to obtain and evaluate the information must also be identified.  It is important that the same procedures and definitions are used throughout the performance monitoring program to ensure comparability.
Collect Data.  In this step the data identified in the previous step is collected.  As described in Chapter Five, a variety of data collection techniques are typically associated with HOV performance monitoring programs.  Data collection techniques may include observation of vehicle volumes and vehicle-occupancy levels, using information from advanced transportation management systems (ATMS), and reviewing crash data and occupancy or buffer violation citations.
Analyze Data.  In this step the data collected in the previous step is analyzed to provide usable information.  The information is then used to determine if the MOEs have been met.  Chapter Six describes the analysis techniques typically used with HOV performance monitoring programs, as well as some of the issues that may be encountered in analyzing HOV data.

Report Results.  The results from HOV performance monitoring programs may be used for numerous purposes for different audiences.  As described in Chapter Eight, the results are used to determine if the project goals and objectives are being met.  The results are also used to make decisions concerning operation of an HOV facility.  A variety of methods are typically used to report the results to different audiences and stakeholder groups.
Following this general approach will result in the development, implementation, and conduct of a meaningful HOV performance monitoring program.  While some elements of this approach may vary in different areas, the basic procedures are appropriate for consideration in monitoring and evaluating all types of HOV facilities.
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CHAPTER TWO – OVERVIEW OF HOV LANE MONITORING, EVALUATION, AND REPORTING
This chapter provides a high level overview of the HOV performance monitoring, evaluation, and reporting handbook.
8. High-level overview of HOV performance monitoring, evaluation, and reporting.  This section provides a summary for individuals with limited or no experience with HOV performance monitoring.  It provides a very high-level overview of the topics to enhance the potential use of the handbook by all audiences.  The chapter provides readers with a basic understanding of the key topics to be covered in the document, their importance, and how use of the handbook can benefit the operation of HOV systems.
9. Audiences and use of HOV performance information.  This section highlights the audiences and the uses of HOV performance information.  It summarizes the typical information needs of the different audiences and the uses of HOV performance data by different groups.  Supporting materials are provided in both narrative and table format to highlight the audiences, the type of information, the use of that information, and the link to the ongoing management of the HOV system and policy decisions.

10. Summarize additional issues in greater detail.  This section highlights some of the topics discussed in the introduction in more detail.  The information presented will help the reader better understand these concepts and issues.  It also provides guidance on possible chapters of interest based on the reader’s experience, expertise, job responsibilities.
11. Case study examples.  This section highlights examples of successful practices and programs reinforcing the guidance and best practices provided in the handbook.  The more detailed case studies contained in the appendix are noted.
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CHAPTER THREE – HOV SYSTEM GOALS, OBJECTIVES, AND MEASURES OF EFFECTIVENESS
This chapter first presents a high level summary of the metropolitan and state transportation planning processes and how goals and objectives related to HOV systems fit within these processes.  The agencies involved, including state departments of transportation, transit agencies, MPOs, cities, and counties, are described.  The goals and objectives, and measures of effectiveness (MOEs) typically associated with HOV facilities are discussed.  Case study examples are used to highlight the development of HOV goals, objectives, and MOEs.
1. Transportation plans and HOV systems.  This section summarizes the metropolitan and state transportation planning process, including transportation goals and policies.  It describes how HOV goals and objectives fit into the broader transportation goals and policies.  Examples of metropolitan and state transportation goals and objectives are presented.  A review of Appendix B of NCHRP Report 446 is included to assist with identifying how HOV system performance may influence typical goals and measures of public agencies, service providers, and other stakeholders.

2. Agencies involved in HOV performance monitoring, evaluating, and reporting.  This section summarizes the agencies typically involved with HOV performance monitoring, evaluation, and reporting, including the development of HOV-related goals, objectives, and MOEs.  The typical agencies include state departments of transportation, transit agencies, MPOs, and the state police.  Cities and counties may also be involved.  Table 1 identifies the roles and responsibilities of each group, including those related to HOV performance monitoring programs.

Federal Government and Agencies.  The federal government is responsible for establishing national transportation policies, programs, and funding levels.  The Congress and the President are responsible for authorizing legislation, which is administered by the federal agencies.  Currently, the Transportation Equity Act for the 21st Century (TEA-21) provides the overall direction for the transportation system, establishes specific programs, and authorizes funding levels.  TEA-21 and other Acts provide policy level guidance related to HOV facilities, as well as establishing specific program requirements.  The Federal Highway Administration (FHWA) and the Federal Transit Administration (FTA) are the two modal agencies within the U.S. Department of Transportation with responsibilities for HOV facilities.  These responsibilities include developing specific rules and program guidelines in response to legislative directives, reviewing plans and designs, approving project funding, and providing technical assistance.  For example, HOV facilities may be the only type of new capacity that can be considered on freeways in some air quality non-attainment areas, although general-purpose lanes may be added if they are part of an approved Congestion Management System.  (Note:  This section will be updated based on action on the reauthorization).
Table 1.  Roles and Responsibilities of Federal, State, and Local Governments, Agencies, and Groups Related to HOV Performance Monitoring
	Government Level or Agency
	Potential Roles and Responsibility

	Federal Government and Federal Agencies
	(
Establish national transportation policies.

(
Establish programs and requirements.

(
Authorize and appropriate funding.

(
FHWA and FTA responsible for administering programs and funding and establishing monitoring and reporting guidelines.

	State Government and State Departments of Transportation
	(
Establish state transportation policies, plans, programs and requirements.

(
Authorize and appropriate state funds and the expenditure of federal funds.

(
State departments of transportation responsible for administering programs and funding.

(
Plan, design, construct, operate, and maintain Interstate system and state-owned roadways and other transportation components, including HOV facilities.
(
Frequently lead agency on HOV performance monitoring programs.

	Metropolitan Planning Organizations (MPO)
	(
Conduct (3-C( planning process.

(
Develop and adopt plans and policies.

(
Conduct project selection process.

(
May provide funding for HOV performance monitoring programs and assist with data collection, analysis, and reporting.

	Transit Agencies
	(
Establish plans and policies for public transit.

(
Receive federal and state funds.
· Construct, develop, and operate services.
· May be lead on BRT or bus-only projects, assist with data collection and analysis on other projects.

	Counties and Cities
	(
Establish local policies and plans.

(
Plan, design, construct, and operate local roadway and traffic signal system and other elements, including HOV facilities.

(
May lead or support HOV performance monitoring program.

	Rideshare Agencies
	(
Policies and plans relating to ridesharing.

· Plan, administer, and operate rideshare services.
· Coordinate with overall TDM initiatives.
· Assist with data collection activities.

	Local Police
	(
Enforce laws on roadways and other transportation elements, including HOV facilities.

(
Coordination with judicial personnel.

· Provide input on planning, operation, and enforcement of HOV, TDM, and TSM elements.
· Provide data on accidents and enforcement of HOV facilities.

	Judicial System(State and Local Courts
	· Enforce fines and penalties for violation of motor vehicle laws, settle lawsuits, and address other legal actions.
· Provide data on HOV-related citations.

	Transportation Management Organizations, Transportation Management Associations, Downtown Councils
	(
Employer support activities.

(
Promotion of bus use and ridesharing.

· Specialized information and marketing.
· Assist with data collection activities.


State Government.  State governments have responsibility for the Interstate highway system within their borders and state-owned transportation facilities.  State governments establish the programs, funding mechanisms, and policies related to the various components of the state transportation system.  For example, the legislative or executive branch may establish financing methods such as a state gasoline tax or other taxes and fees, adopt policies relating to the types of facilities and services that will be provided by the state, and authorize state agencies to carry out specific responsibilities related to planning, designing, constructing, and operating various transportation elements.  States also have responsibilities in a number of areas that may influence the transportation system.  These include land use and growth control regulations, trip reduction requirements, and other related programs.
The state department of transportation or highway department is the agency usually charged with planning, designing, constructing, operating, and maintaining the Interstate system, the state-owned roadway system, and other state transportation facilities.  The responsibilities of these agencies have expanded in many states and may include airports, ports, rail facilities, ferries, and public transportation services.  A state department of transportation will usually have the lead responsibility for HOV facilities on freeways and state-owned roadways.  On these projects, the state department of transportation typically is the lead agency with HOV performance monitoring programs.  These agencies often play important supporting roles with projects in separate rights-of-way and on local arterial streets.  In many areas, state departments of transportation have been responsible for organizing, staffing, and chairing the multi-agency project management team associated with an HOV project.
Metropolitan Planning Organization (MPO).  Metropolitan Planning Organizations (MPOs) were created in 1964 by federal legislation to coordinate the transportation planning process and the project selection process in urban areas.  MPOs were charged with conducting the (3 C(Continuous, Cooperative, and Coordinated((transportation planning process in these areas.  The roles and responsibilities of MPOs have been modified over the years.  Further, some MPOs have been given additional authority based on state legislation.

In general, MPOs are responsible for developing and adopting the long-range transportation plan, the short-range transportation improvement program, other policies and plans, and conducting the public involvement process.  The policy boards of MPOs are usually comprised of local elected officials and appointed representatives.  Further, most MPOs utilize an advisory committee structure involving policy makers, technical staff from other agencies and jurisdictions, and the public.  Representatives from an MPO are usually members of the multi-agency planning groups associated with HOV facilities and may head the coordinating committee on regional studies, including Major Investment Studies (MIS).  Staff from the MPO may help facilitate meetings or implementation strategies, as well as assist with multi-agency coordination and the public involvement process.  The policies, goals, and objectives included in the transportation plans completed by MPOs usually address HOV facilities.  MPOs may help fund HOV performance monitoring programs and may conduct some data collection, analysis, and reporting activities.
Transit Agency.  Most metropolitan regions, smaller communities, and rural areas are served by some type of public transportation system.  The exact agency or organizational structure may take a variety of forms and may provide a range of services.  Regional transit agencies have been created in most large metropolitan regions throughout the country based on some combination of state legislation, authorization from local jurisdictions, and voter approval.  These agencies are responsible for planning, designing, implementing, and operating transit modes which may include paratransit, local and express fixed route, LRT, heavy rail, commuter rail, people movers, and carpool and vanpool services.  Public transit agencies may finance these services and accompanying fixed facilities through a combination of federal, state, and local funds, and revenues from users.  Transit agencies often have the lead responsibility with HOV facilities in separate rights-of-way, including BRT, and may be a co-sponsor or play a supporting role with projects on freeways and arterial streets.  Further, transit agencies may be responsible for enforcing vehicle eligibility, vehicle-occupancy, and other requirements associated with HOV facilities.  Transit agencies typically provide data related to bus volumes, passenger levels, bus travel times, and other related activities associated with HOV performance monitoring programs.

Local Municipalities.  Cities and counties are responsible for local roadways and other local components of the transportation system.  As a result, these jurisdictions have authority over planning, designing, funding, implementing, and operating the local street and traffic signal systems.  Local municipalities usually have the lead responsibility on arterial street HOV applications and often have important supporting roles with HOV facilities on freeways and in separate rights-of-way.  Local municipalities may have policies and plans relating to HOV facilities.  In addition, local jurisdictions have authority for land use and development controls, including zoning, site design, and subdivision regulations.  Local governments thus play an important role in coordinating land use and transportation planning and development.

Rideshare Agency.  In many metropolitan areas, the transit agency operates not only bus or rail services, but also provides ridematching services, vanpool programs, and other ridesharing services.  In some areas, however, these activities are the responsibility of a separate agency or organization.  In these cases, the rideshare agency may participate in the metropolitan transportation planning process, adopt policies relating to HOVs, and provide technical assistance and services to public agencies, private businesses, and other groups.  Rideshare agencies may provide data on carpool matches, vanpools, and other related programs.
State and Local Police.  State and local police are responsible for enforcing the laws and regulations related to the safe operation of roadways and other elements of the transportation system.  Although the fines and other penalties imposed on violators are determined by state and local legislation, the police are responsible for enforcing these regulations.  Involving police personnel throughout all aspects of planning, designing, constructing, implementing, and operating transportation systems, including HOV facilities, is important to ensure that the completed projects can be safely and efficiently enforced.  Experience indicates that including state, local, and transit police, and other enforcement personnel throughout all phases of the development process is critical to the success of an HOV project.  State and local police typically maintain crash records and data on HOV-related citations.
Judicial System.  The federal, state, and local court systems are responsible for determining the validity of any appeal on the constitutionality of enforcement techniques, fines, or other legal issues.  In addition, lawsuits brought by neighborhoods, businesses, or other groups related to a specific transportation project are decided in the judicial system.  For example, some highway projects have been delayed and even stopped by legal actions taken by neighborhood or citizen groups.  The court system may also be used by individuals who wish to have a citation overturned.  Ensuring that the fines and citations issued by enforcement personnel are handled appropriately in the local or state court system is an important aspect to the success of HOV facilities.  Data on fines and HOV-related citations are typically obtained through the judicial system.
Transportation Management Organizations (TMOs), Transportation Management Associations (TMAs), Downtown Councils, and Other Groups.  These types of voluntary organizations, which are usually composed of major employers in an area, often promote specific transportation improvements, help facilitate programs and activities among members, and may assist in funding projects.  They can also help promote the use of an HOV facility or other program among their employees.  These organizations may provide information related to some of the MOEs in an HOV performance monitoring programs.
3. Examples of HOV goals and objectives.  This section summarizes the goals and objectives typically associated with HOV facilities.  Examples of the HOV goals and objectives currently adopted by different agencies will be presented.

4. Examples of HOV Objectives.  The first step in the development of an HOV performance monitoring program is to ensure that there is agreement on the project goals and objectives.  It is important to ensure that the objectives are measurable, as the remainder of the evaluation program will focus on gathering and analyzing information to determine if the objectives have been met.  The following nine objectives provide examples of HOV objectives that are used by different agencies in the country.
· The HOV facility should improve the capability of a congested freeway corridor to move more people by increasing the number of persons per vehicle.

· The HOV facility should increase the operating efficiency of bus service in the freeway corridor.

· The HOV facility should provide travel time savings and a more reliable trip time to high-occupancy vehicles utilizing the facility.

· The HOV facility should provide favorable impacts on air quality and energy consumption.

· The HOV facility should not unduly impact the operation of the freeway general-purpose mainlanes.

· The HOV facility should increase the per lane efficiency of the total freeway facility.

· The HOV facility should be safe and should not unduly impact the safety of the freeway general-purpose mainlanes.

· The HOV facility should have public support.

· The HOV facility should be a cost-effective transportation improvement.

5. Examples of typical measures of effectiveness (MOEs).  This section presents the MOEs typically associated with the different HOV goals and objectives.  This information will be presented in a narrative and in a table listing the goals, objectives, and MOEs.  Examples of the MOEs currently used by different agencies are presented.
Once the objectives have been clearly defined, the next step is to identify the appropriate measures of effectiveness (MOEs) or evaluation criteria that correspond to each objective.  These measures should focus on the key elements of the objectives, so that the information needed to determine if the objective has been achieved can be collected and analyzed.  Commonly used measures of effectiveness associated with each of the previous objectives are listed in Tables 2 and are described next along with possible threshold ranges and data needs.

6. Highlight successful practices and programs.  This section highlights the development and use of HOV goals, objectives, and MOEs by agencies throughout the country.

	Objective
	Measures of Effectiveness

	(
The HOV facility should improve the capability of a congested freeway corridor to move more people by increasing the number of persons per vehicle.

(
The HOV facility should increase the operating efficiency of bus service in the freeway corridor.

(
The HOV facility should provide travel time savings and a more reliable trip time to HOVs utilizing the facility.

(
The HOV facility should have favorable impacts on air quality and energy consumption.

(
The HOV facility should increase the per-lane efficiency of the total freeway corridor.

(
The HOV facility should not unduly impact the operation of the freeway general-purpose lanes.

(
The HOV facility should be safe and should not unduly impact the safety of the freeway general-purpose lanes.

(
The HOV facility should have public support.

(
The HOV facility should be a cost-effective transportation improvement.
	(
Actual and percent increase in the person-movement efficiency.

(
Actual and percent increase in average vehicle occupancy rate.

(
Actual and percent increase in carpools and vanpools.

(
Actual and percent increase in bus riders.

(
Improvement in vehicle productivity (operating cost per vehicle-kilometer, operating cost per passenger, operating cost per passenger-kilometer).

(
Improved bus schedule adherence (on-time performance).

(
Improved bus safety (accident rates).

(
Peak-period, peak-direction travel time in the HOV lane(s) should be less than the adjacent general-purpose freeway lanes.

(
Increase in travel time reliability for vehicles using the HOV lane(s).

(
Reduction in emissions.

(
Reduction in total fuel consumption.

(
Reduction in the growth of vehicle-kilometers of travel (VKT) and vehicle-hours of travel (VHT).

(
Improvement in the peak-hour per-lane efficiency of the total facility.

(
The level of service in the freeway general-purpose lanes should not decline.

(
Number and severity of accidents for HOV and general-purpose lanes.

(
Accident rate per 100 million vehicle-kilometers of travel.

(
Accident rate per million passenger-kilometers of travel.

(
Support for the facility among users, non-users, general public, and policy makers.

(
Violation rates (percent of vehicles not meeting the occupancy requirement).

(
Benefit-cost ratio.


Source:  (1)
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CHAPTER FOUR – HOV DATA REQUIREMENTS
This chapter presents the data requirements for the MOEs outlined in the previous chapters.
7. Data requirements.  The data requirements for the MOEs presented in the previous chapters are outlined.  The data needs are mapped to each MOE in both table and narrative formats.  Table 3 provides a preliminary example of how this information will be presented.  The following data requirements will be addressed.
· Regularly scheduled inventory reporting and mapping.

· HOV vehicle volumes by type of vehicle, including possible use by ILEVs, hybrid vehicles, value pricing participants, deadheading buses, and paratransit vehicles.
· HOV vehicle occupancy.

· Travel times in the HOV lanes and general-purpose lanes.

· Travel speeds in the HOV lanes and general-purpose lanes.

· Trip time reliability in the HOV lanes and general-purpose lanes.

· Occupancy violation rates, buffer violation rates, value pricing violation rates.

· Number and nature of crashes.

· Bus ridership.

· Park-and-ride lot use.

· Perceptions of users, non-users, the public, and policy makers.

· Measures relating to vehicle emissions and air quality.

· Measures related to vehicles per lane per hour and during peak periods for both HOV and general-purpose lanes.

8. Possible issues associated with data requirements.  This section highlights the potential issues associated with the data requirements outlined above.  These include quality, variability, level of aggregation, quality, control techniques, processing, techniques, formatting, storage, and archiving.
9. Developing and maintaining data.  This section describes considerations associated with developing and maintaining databases for HOV systems.

10. Examples of HOV data programs.  This section highlights case study examples of ongoing HOV data collection, warehousing, and analysis programs at different agencies.

Table 3.  Examples of Suggested Objectives, Data Collection Efforts, and Measures of Effectiveness

for Evaluating HOV Facilities

	Objective
	Data Collection Efforts
	Corresponding Measures of Effectiveness (MOEs)3

	
	Vehicle and Occupancy Counts
	Travel Time Runs
	Surveys1
	Other
	

	
	Freeway2
	HOV Lane
	Freeway2
	HOV Lane
	Freeway
	HOV Lane
	
	

	Increase vehicle occupancy

Bus operating efficiency

Travel time savings

Energy and air

Per lane efficiency

Freeway operations

Safety

Public support

Cost effective
	*

*

*

*

**

**
	*

*

*

**

**

*
	*

*

*

*

*

*
	*

*

*

*

*
	**

**

**

**

*
	**

**

**

*
	**4
*5
**6
**7
*8
**9
	Actual and percent increase in peak-hour, peak-direction person volume; increase in average vehicle occupancy; and modal shift.

Improved vehicle productivity; improved bus schedule adherence; and improved bus safety.

Amount of travel time saving by HOV users; reliability of trip time for HOV users.

Reduction in emissions; reduction in energy consumption facility.

Increase in peak-hour per lane efficiency of total freeway facility.

Maintain or improve level of service on freeway mainlanes.

Number and severity of accidents; accident rate per million vehicle kilometers of travel and per million passenger kilometers of travel.

Percent of users, non-users, and general public who approve of HOV facility; violation rates.

Benefit-cost ratio.


ADVANCE \d7
*
Indicates the top priority data collection efforts needed to evaluate the objectives.

**
Indicates data collection efforts which should ideally be conducted, but are not absolutely necessary to evaluate the objectives.ADVANCE \d7
1
Involves periodic use of surveys of HOV users (bus riders, carpoolers, and vanpoolers), non-HOV users in the general traffic lanes, and in some cases, the general public.

2
It is strongly suggested that these data be collected for both the freeway lanes adjacent to the HOV facility, parallel routes, and the control freeway.

3
Some, but not necessarily all, of the suggested MOEs associated with gauging the attainment of the objectives are shown.

4
Vehicle and occupancy counts on alternate arterial routes to identify any changes in throughput for the corridor, counts at park-and-ride lots, and vehicle and occupancy counts on a (control( freeway.

5
Before-and-after bus service levels, vehicle productivity, schedule adherence, number and severity of bus accidents, vehicle operating costs, and changes in labor, fuel, and other costs.

6
Monitoring bus on time performance and schedule adherence before-and-after implementation of the HOV lane(s).

7
Monitoring air quality levels along the corridor and use of simulation models to estimate impact.
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CHAPTER FIVE – HOV DATA COLLECTION TEHNICQUES
This chapter presents the data collection techniques used to obtain the data outlined in the previous chapter.  Graphics, including photographs, figures, and charts are used to enhance the descriptions of different techniques.  Case study examples will also be used to highlight the data collection methods.

1. Overview of data collection techniques linked to data requirements.  This section provides a summary of the data collection techniques used to obtain the data requirements presented in the previous chapter.  The data collection techniques are mapped to the data requirements and the MOEs in both table and narrative format.  Storing and maintaining the collected data is also discussed.

2. HOV data collection techniques.  Techniques for collection of data on the following data requirements are presented.

· Vehicle type counts (including possible use by ILEVs and HOT lane participants).  
· Bus ridership counts.  
· Park-and-ride lot use.  
· Travel times.  Travel time data represent the second most common type of information needed to evaluate HOV facilities.  Travel time data measure the time it takes a vehicle to travel a certain distance.  Travel time data are usually collected for the freeway facility, parallel routes, and the control freeway prior to construction of the HOV facility.  These same data are then collected for the HOV facility, the freeway mainlanes, parallel routes, and the control freeway after the HOV facility has been opened.  The differences in travel times can then be compared for the before-and-after freeway conditions, the before freeway with HOV lane(s), and current freeway with HOV lane(s). 

· Floating car technique.
· Tachometer runs.  
· ATMS/ITS monitoring data.  

· Travel speeds.  
· Travel time reliability.  
· Occupancy violation rates, buffer violation rates, value pricing violation rates.  
· Crashes and Accident Information.  

· Surveys of uses (HOV and transit), general-purpose travelers, general public, and policy makers.  
· Examine the appropriateness of specific techniques for addressing performance measures.

· Describe trade-offs in techniques.

· Discuss the ease of use of each technique.

· Discuss the anticipated accuracy and estimate cost of each technique.

· Outline a prototype evaluation plan at the project, corridor, and system levels.

· Discuss annual system-wide assessment.

· Discuss basic evaluation techniques for isolated projects.

3. Data storage techniques.  This section discusses data storage techniques including data management planning and data management and warehousing.  It describes approaches for information management and dissemination, including prototypical systems for data storage, analysis, and reporting of performance measures such as traffic volumes, occupancy rates, travel times, and violation rates.  It highlights the possible development of an overarching framework for data management activities, define functional ways of collecting, analyzing and compiling data for each key measure responding to project goals and objectives, and identify various means of reporting outputs to various stakeholders.

4. Data collection issues.  This section highlights potential issues that may need to be addressed with HOV data collection.  Possible issues include maintaining needed resources, coordination with other data collection activities, and dealing with unforeseen circumstances such as bad weather, major incidents, and technology failures.

5. Case study examples.  This section highlights examples of recent data collection efforts in case study locations where HOV system monitoring has been in place for a number of years.
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CHAPTER SIX – HOV ANALYSIS TECHNIQUES

This chapter presents the analysis techniques commonly associated with HOV performance monitoring.  The techniques used to analyze the data described in the previous chapter to help determine if the MOEs are being accomplished are presented.  Case study examples are used to highlight the data analysis techniques.

1. Overview of data analysis techniques linked to data requirements and data collection methods.  This section provides a summary of the data analysis techniques used to examine the data presented in the previous chapter.  Appropriate analysis methods are described.  Storing and maintaining data are also discussed.

2. Data analysis methods.  This section describes the analysis methods commonly used to translate the HOV data collected into useable measures.  Analysis methods covered include determining vehicle occupancy rates, violation rates, trip time reliability, vehicles per hour per lane, and other techniques.
3. Data analysis issues.  This section highlights issues that may arise in analyzing HOV-related data.  Potential issues included sample sizes, weather and incidents on data collection days, and technology failures.

4. Case study examples.  This section highlights case study examples of the use of HOV data analysis techniques.
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CHAPTER SEVEN – CONDUCTING HOV PERFORMANCE PROGRAMS

This chapter discusses conducting HOV performance programs.  It presents information on the frequency of data collection activities, and staffing and resources.  Case study examples highlighting the actual conduct of HOV performance monitoring programs are presented.
12. Frequency of data collection.  This section discusses the frequency of data collection activities.  It presents information on conducting before-and-after evaluations on new HOV facilities and ongoing monitoring activities for more mature HOV systems.

13. Staffing and resources.  This section discusses the staffing and funding associated with HOV performance monitoring.  Information is presented on the general staffing and funding levels associated with different types of data collection and analysis efforts.  The necessary resources to support ongoing reporting for performance monitoring, marketing, education, planning and design, and project accounting are presented.  The roles of agency staff and consultants are highlighted.  It also discusses how staffing and funding may vary for evaluating an HOV system, facilities within a corridor, a specific facility, transit services, specific user groups, HOV system program components, and various support services.  It also describes the sources of existing data collected from other interests, the ability to access and use existing data, and influencing factors associated with methods to access, collect, process, store, archive, and make information available to others.

14. Case study examples.  Examples of the staffing and resources associated with HOV performance monitoring in areas throughout the country are highlighted.
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CHAPTER EIGHT – HOV PERFORMANCE REPORTING

This chapter describes approaches for reporting information on HOV system performance.  It reviews the different methods that may be used for various stakeholder groups.  Topics discussed include reporting techniques, formats, frequency, and other factors.  Case studies provide examples of reporting methods targeted to different audiences.
15. Reporting approaches for stakeholder groups.  This section discusses reporting methods that are appropriate for presenting information on HOV performance to various stakeholder groups.  The methods illustrate the links to the HOV goals, objectives, and MOEs.  This chapter also summarizes how the information is used by different stakeholders in developing policies, funding, planning, designing, operating, managing, and enforcing HOV systems.  The following list provides examples of the stakeholder groups addressed.  Potential reporting techniques, formats, frequency, and other factors are discussed for each group.  The types of information presented, as well as the communication methods, should be tailored to the interests and levels of the various groups.  For example, consideration should be given to the format and to the approach used to present the results of the evaluation process to various audiences.  The scope, content, and level of detail used in different documents and presentations should be appropriate for the audiences being addressed.

· Technical staff responsible for planning and designing HOV systems.

· Technical staff responsible for daily operation, enforcement, and management of HOV facilities.

· Top agency staff responsible for overall operation of HOV systems.

· Policy makers, agency boards, and commissions, elected and appointed officials, and staff of elected and appointed officials responsible for policy development, project selection, and funding.
· Members of the print and electronic media.

· General public, including special interest groups.

16. Case study examples.  This section presents examples of the effective presentation of HOV performance to the different stakeholder groups.  Case study examples of different approaches are highlighted, along with the experience gained through the use of different techniques.  Potential case studies include the following.
· Technical staff responsible for planning and designing HOV systems.

· Houston and Dallas Quarterly Reports

· Mn/DOT Quarterly Report

· Caltrans Annual Report
· Technical staff responsible for daily operation, enforcement, and management of HOV facilities.

· Houston and Dallas Quarterly Reports

· Mn/DOT Quarterly Report

· Caltrans Annual Report
· Top agency staff responsible for overall operation of HOV systems. 
· LAMTA Executive Summary – Top Ten Questions

· TxDOT – The ABCs of HOVs

· Caltrans Annual Reports

· WSDOT Website
· Policy makers, agency boards, and commissions, elected and appointed officials, and staff of elected and appointed officials responsible for policy development, project section, and funding. 
· LAMTA Executive Summary – Top Ten Questions

· TxDOT – The ABCs of HOVs

· Caltrans Annual Reports

· WSDOT Website
· Members of the print and electronic media.

· LAMTA Executive Summary – Top Ten Questions

· TxDOT – The ABCs of HOVs

· Caltrans Annual Reports

· WSDOT Website
· General public, including special interest groups.

· LAMTA Executive Summary – Top Ten Questions

· TxDOT – The ABCs of HOVs

· WSDOT Website
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CHAPTER NINE – ONGOING HOV PERFORMANCE MONITORING

This chapter highlights the ongoing monitoring, evaluation, and reporting on HOV systems.  It highlights the key elements of ongoing programs, describes some of the issues that may be encountered in sustaining ongoing programs, and summarize case study examples of ongoing programs.

17. Elements of ongoing HOV performance monitoring programs.  This section highlights the basic elements of an ongoing HOV monitoring, evaluation, and reporting program.  Topics addressed include frequency of data collection, archiving data, maintaining data, and dealing with changes in data collection techniques.
18. Potential issues with ongoing HOV performance monitoring programs.  This section summarizes issues that may arise in sustaining an ongoing HOV performance monitoring program.  Possible issues include identifying the key program elements, maintaining ongoing funding, and coordinating with other monitoring efforts.  Approaches to address these issues are presented.
19. Case study examples.  This section highlights examples of ongoing HOV performance monitoring programs throughout the country.  Key elements related to maintaining the programs will be discussed.  The following areas and agencies represent potential case studies.
· California – Caltrans and LAMTA

· Washington – WSDOT

· Texas – TxDOT, Houston METRO, DART

· Minnesota – Mn/DOT

· Virginia/Maryland/Washington, D.C. – VDOT, MSHA, WASHCOG

· New York – NYDOT
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CHAPTER TEN – CASE STUDIES

This chapter highlights examples of HOV performance monitoring, evaluation, and reporting programs used throughout the country.  The case studies were selected to highlight successful practices that reinforce the recommended approaches in the handbook.  The case studies demonstrate how the objectives, MOEs, data needs, data collection techniques, analysis methodologies, and reporting approaches described in the handbook are used in actual practice.  The case studies provide a mix of project, corridor, and area-wide HOV performance monitoring programs, as well as responsible agencies.  Photographs, graphs, charts, and other figures are used as appropriate to support the case studies.

The following areas and agencies represent potential case studies.

· California – Caltrans and LAMTA

· Washington – WSDOT

· Texas – TxDOT, Houston METRO, DART

· Minnesota – Mn/DOT

· Virginia/Maryland/Washington, D.C. – VDOT MSHA, WASHCOG

· New York -- NYDOT

APPENDIX A –REFERENCES AND ADDITIONAL RESOURCES
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This appendix contains the references used in the handbook.  It also provides additional resources related to topics associated with HOV performance monitoring, evaluating, and reporting.
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APPENDIX B – GLOSSARY OF TERMS

This appendix contains a glossary of terms associated with HOV performance monitoring, evaluation, and reporting.  It focuses on terms used in the handbook.  The glossary included in the NCHRP HOV Systems Manual served as the starting point for the glossary.
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