Frequently Asked Questions
About

HOV Performance Monitoring, Evaluation, and Reporting
This document provides the answers to frequently asked questions about monitoring, evaluating, and reporting on the performance of high-occupancy vehicle (HOV) facilities.  The document was prepared as part of the HOV Pooled Fund Study project developing the HOV Performance Monitoring, Evaluation, and Reporting Handbook.  The questions and answers are targeted to transportation professionals responsible for various aspects of planning, designing, implementing, operating, managing, and monitoring HOV facilities.  Agency management personnel, policy makers, and other individuals interested in HOV performance monitoring may also find the questions and answers of benefit.
Why are federal agencies interested in performance monitoring of HOV lanes?

Federal agencies, primarily the Federal Highway Administration (FHWA) and the Federal Transit Administration (FTA) are interested in HOV performance monitoring for a number of reasons.  First, federal funding is typically used to support the design, right-of-way acquisition, construction, and operation of freeway HOV lanes and busways.  As a result, FHWA and FTA have an interest in maintaining the federal investment in these facilities and in maximizing the effective and efficient use of HOV lanes.

Second, provisions of the Safe, Accountable, Flexible, Efficient Transportation Equity Act:  A Legacy for Users (SAFETEA-LU) require that the agencies responsible for operating HOV lanes conduct monitoring programs if certain exempt vehicles are allowed to use the lanes.  These exempt categories include tolled vehicles and low-emission and energy-efficient vehicles.  More detailed information on the monitoring requirements for these types of vehicles is available in the FHWA HOV Program Guidance.

Why are HOV performance monitoring programs conducted?

HOV performance monitoring programs are conducted for a number of reasons.  The results of HOV performance monitoring programs are used by agency operating personnel, agency management, policy makers, federal agency personnel, and other groups.  The results from HOV performance monitoring programs are used to:

· make decisions concerning the operation of HOV facilities, including changes in operation;

· determine if HOV project goals and objectives are being met;

· meet possible federal, state, and metropolitan requirements, including those in SAFETEA-LU associated with exempt vehicle use of HOV lanes;
· communicate information on the use of HOV lanes to policy makers and the public;

· help plan for future projects; and
· help make future investment decisions.
What agency is typically responsible for an HOV performance monitoring program?

The agency responsible for operating the HOV lane is typically also responsible for the HOV performance monitoring program.  The state department of transportation is usually responsible for operating HOV lanes on freeways and is thus, also responsible for HOV performance monitoring programs.  Public transportation agencies are typically responsible for developing and operating busway projects and monitoring the performance of these facilities.  As noted next, other agencies are also involved in HOV performance monitoring programs.

What other agencies should be involved in HOV performance monitoring programs?
Involving appropriate local, regional, state, and federal agencies is key to developing and conducting successful HOV performance monitoring programs.  Assuming the state department of transportation is leading the effort, other groups typically involved include the public transportation agency, the metropolitan planning organization (MPO), state and local law enforcement agencies, FHWA and FTA, and local jurisdictions.  Additional groups may participate in a performance monitoring program depending on the scope of HOV projects in an area and the institutional setting.  State and regional air quality agencies, regional rideshare organizations, transportation management organizations, downtown councils, and other regional groups may also assist with HOV performance monitoring programs.

What are the key elements of an HOV performance monitoring program?

HOV performance monitoring programs follow the same process used to evaluate any transportation project.  As illustrated below, the first step in the process is to identify the goals and objectives for the HOV facilities in an area.  These goals and objectives should flow from those articulated in state, metropolitan, and local transportation policies and plans.  Measures of effectiveness are then identified for each objective, along with the corresponding data requirements.  Data collection efforts are undertaken and the results are processed and analyzed.  The results of the monitoring and analysis process are reported to the various stakeholder groups through a variety of methods.  The results are used to make operating decisions, to determine if the project objectives are being met, and to enhance future planning activities and investment decisions.













Steps in Developing and Conducting an HOV Performance Monitoring Program.

How are HOV objectives determined?

The objectives for individual HOV projects or regional HOV systems typically flow from the transportation plans and policies of the state department of transportation, MPO, public transportation agency, and other organizations.  The objectives may be identified during the planning process for an HOV facility or as part of a performance monitoring program.
What are typical objectives for HOV lanes?

A common objective for HOV lanes in many areas is to improve the capacity or person throughput of congested freeway corridors by increasing the number of persons per vehicle.  Another typical objective relates to providing travel time savings and trip time reliability to vehicles using the HOV lanes over those in the freeway general-purpose lanes.  Since transit is often a key component of HOV projects, another common objective is to improve bus operations and services.  Other objectives may relate to safety, public acceptance, and the environment.
What measures of effectiveness are typically used with objectives for HOV lanes?

Measures of effectiveness used with the objective of improving the capacity or throughput of a congested travel corridor include the percent increase in average vehicle occupancy (AVO), and the percent increase in vanpools, carpools, and bus riders.  Measures of effectiveness for the objective of providing travel time savings and trip time reliability to HOVs using the HOV lane focus on peak-direction, peak-period travel time savings by using the HOV lane over the freeway lanes and improved trip time reliability.

How are the measures of effectiveness evaluated?

The measures of effectiveness are assessed by collecting data on different elements related to the performance of the HOV lanes, the general-purpose lanes, and supporting facilities and services.  The data are analyzed and compared against criteria established in  the measures of effectiveness.

What type of data are collected?

First, an inventory of HOV facilities should be maintained.  This inventory should include the location of the HOV lanes, the length, the basic design and operating characteristics, and the opening date.  Second, vehicle volumes by vehicle classification are collected for the HOV lanes and the general-purpose lanes for different time periods.  Data are usually collected for the morning and afternoon peak hours and peak periods.  Data may be collected during the midday, in the evening, and on weekends if the HOV lanes are operated 24 hours a day, 7 days a week (24/7).  Third, vehicle-occupancy counts are taken on the HOV lane and the general-purpose lanes over the same time periods.  Fourth, travel times and travel speeds in the HOV lanes and the general-purpose lanes are obtained from field travel time runs or through data from advanced transportation management systems. Data on bus ridership levels, park-and-ride and park-and-pool lot use, vehicles violating occupancy requirements and other operating regulations, and crashes are also obtained.  Surveys, focus groups, and other market research techniques are frequently used to obtain information from HOV lane users, motorists in the general-purpose lanes, and the public.  Interviews may also be conducted with elected and appointed officials and other key stakeholders to gather information on their perceptions and opinions.

What information is typically included in an HOV facility inventory?
An up-to-date inventory of HOV facilities in an area should include information on the location and lengths of HOV lanes, access points, operating hours, vehicle eligibility requirements, vehicle-occupancy levels, and other key features.  This information may be maintained in table format, as part of a geographic information system (GIS), or as part of another database.  Information on park-and-ride and park-and-pool lots, bus routes, and other supporting elements, may also be included in the inventory.
How are vehicle volumes and vehicle classification obtained?

Data on vehicle volumes and vehicle classification are usually obtained either through special field surveys or from advanced transportation management systems or other technology-based systems.  Vehicle volumes and vehicle classification data is needed for the HOV facility and the freeway general-purpose lanes.  Consideration should also be given to conducting counts along freeway frontage roads, if they exist in the corridor, and a freeway without an HOV to provide a control facility.  The manual count technique relies on field personnel counting vehicles by type for the HOV and freeway lanes.  The count locations should be at the highest HOV volume point if possible.  The count location should provide a clear view of the lanes and should provide a safe environment for field personnel.  The vehicle and classification counts are recorded using traffic counters, data collection forms, or laptop computers.  In some metropolitan areas, data on vehicle volumes and vehicle classification may be available from advanced transportation management systems or other technology-based systems.
How are vehicle-occupancy counts taken?

Vehicle-occupancy counts are usually taken at the same locations as the vehicle volumes and vehicle classifications counts, although different sites may be used to ensure the safety of field personnel.  The count site should provide field personnel with a clear view of as much of the vehicle interior as possible and a safe environment.  Field staff record the type of vehicle and the number of occupants for a specific lane – HOV and general-purpose – for a specific time period, typically in 15-minute increments.  The counts are recorded using traffic counters, data forms, or computers.
How are high-occupancy toll (HOT) vehicles counted?

The number of HOT or toll-paying vehicles using an HOV lane is obtained from the toll collection records.  Electronic toll collection (ETC) transactions are automatically recorded.  The number of transactions for a specific time period are obtained from the operator.

How are other exempt vehicles counted?

Low-emission and energy-efficient vehicles, and other exempt vehicles, are typically included in the vehicle classification counts.  Depending on the state, low-emission and energy-efficient vehicles must have special license plates or decals. It may be difficult to distinguish these vehicles depending on the type of marking required.  Special counts may be taken focusing on just these vehicles at locations where the license plates or decals can be seen.
Are casual carpoolers ever counted?

Yes, in the three locations—I-395 (Shirley Highway) in Northern Virginia, I-10 West and US 290 in Houston, and the Bay Bridge in Oakland where casual carpooling is known to occur—special studies have been conducted periodically to count casual carpoolers.  These locations all have 3+ vehicle-occupancy requirements for all or part of the HOV operating period.  The special counts typically involve field personnel recording the number of casual carpoolers entering vehicles that stop to pick up passengers at specific locations.  The time spent waiting for a ride has been monitored in some areas.  Special surveys of casual carpoolers have also been conducted in some areas.
How are travel time and travel speed data obtained?
Travel time data measures the time it takes a vehicle to travel a certain distance.  Travel time data are collected for the HOV lane and the freeway general-purpose lanes so that comparisons can be made related to travel time savings from using the HOV lanes.  A number of methods may be used to collect travel time data.  The traditional method, typically called the test vehicle, floating car, or maximum car technique, involves a test vehicle making a number of trips in the HOV lane and the freeway lanes.  Two people per vehicle are needed to conduct travel time runs:  one to drive and one to monitor the stopwatch and record the results or to operate the computer and the electronic distance measuring instrument (DMI) or global positioning systems (GPS).  The test vehicles travel at the average speed of other traffic without exceeding the speed limit.  Ideally, travel time runs should be conducted during the same time periods for the HOV lane and the freeway lanes, requiring two-to-four test vehicles.
The use of intelligent transportation systems (ITS), including advanced transportation management systems (ATMS) and transportation management centers (TMCs), provides opportunities in some areas to obtain travel time and travel speed data from these systems.  Archived data from traffic operations systems may be used to compute travel speeds or travel times in HOV lanes and freeway lanes.

How are counts of park-and-ride and park-and-pool lots taken?
Field personnel count the number of cars parked at the lots during the middle of the day.  If a lot is well utilized, the number of empty spaces may be counted and subtracted from the total number of spaces.  The information is recorded on prepared data forms or entered into laptops or tablet computers.
How is information on bus services and ridership collected?
Information on bus routes, services, the frequency of service, the number of buses, and the type of buses can be obtained from the public transportation agency or agencies in the area.  Information can also be obtained from private bus operators, charter services, and school districts if they operate service on the HOV lanes.  These agencies and operators can also provide ridership information.  In addition, bus ridership is typically estimated during the vehicle-occupancy counts noted previously.

How is information on violations of occupancy requirements and operating regulations obtained?

The number of non-exempt vehicles violating the occupancy requirements is obtained from the vehicle-occupancy counts.  With a 2+ occupancy level, non-exempt single-occupant vehicles are violators.  With a 3+ occupancy requirement, non-exempt 2 person vehicles and single-occupant vehicles are violators.  The number of citations issued by enforcement personnel for violations of vehicle-occupancy requirements and operating regulations is also monitored.  The number of calls to peer enforcement telephone hot lines provides another source of information in areas with these programs.  Non-payment of tolls in a HOT project are typically tracked through ETC.
How is information on crashes obtained?

Information on crashes occurring on an HOV facility or freeway general-purpose lanes is typically recorded as part of the report by the state or local law enforcement agency documenting the crash.  Crash databases may be maintained by the enforcement agency, state department of transportation, or state or local department of public safety.  Information from these sources can be used to assess the number, type, and severity of crashes in a corridor with an HOV facility.  Care should be taken in the use of these sources, however, as it may be difficult to determine the exact cause of a crash, the exact locations a crash started and ended, and other factors relating to a crash.

How is information on HOV lane users and non-users obtained, including changes in travel behavior and perceptions related to HOV facilities?

A variety of market research techniques may be used to obtain information on the previous mode of carpoolers, vanpoolers, and bus riders, as well as perceptions about HOV lanes from users and non-users.  These techniques include focus groups, telephone and mail out/mail back surveys, Internet surveys, on-board surveys of bus riders, and interviews with key stakeholders.  Focus groups may be conducted with individuals from different user groups to gain insights on perceptions relating to HOV lanes, possible changes in operation, and potential public information strategies.  
Mail surveys may be used to obtain information from carpoolers, vanpoolers, and motorists in the general-purpose lanes.  Typically, license plate numbers of vehicles using the HOV lanes and the general-purpose lanes are recorded, the addresses of the registered owners are obtained from the appropriate state agency, and surveys are mailed to these individuals.  Mail surveys typically contain questions about current and previous travel modes, trip characteristics, and socio-economic information.  Similar surveys are conducted of bus riders by distributing surveys to passengers as they board buses and collecting them as they exit at the end of the trip.  Other techniques include intercept surveys with bus riders and park-and-ride and park-and-pool lot users, interviews with key stakeholders, Internet surveys, and telephone surveys.
What data is needed to examine potential emissions, air quality, and energy consumption impacts?
The input data needed for most air quality related models or estimation procedures include vehicles volumes, vehicle-occupancy levels, and vehicle speeds.  This information is collected through the steps noted previously.

What methods can be used for archiving, storage, and retention of the data collected in HOV performance monitoring programs?
To use the data collected through the methods described previously, a process must be established for archiving, storage, and retention of the data.  The process should be established prior to initiating the data collection activities.  The data collection methods will influence the data archiving, storage, and retention process.  Elements included in the data archiving, storage, and retention process include establishing a lead agency, developing the actual process, identifying funding sources, and establishing procedures for accessing and using the data.

What kind of quality control process can be used to help ensure data accuracy and quality?
Quality control is critical to ensuring the accuracy and quality of data.  A number of steps can be taken as part of a quality control process.  First, checks should be made to ensure field data that is reentered or downloaded is transferred to the correct files.  Second, checks should be made to identify suspect or invalid data values.  These checks can be performed manually or an automatic process can be developed.  Parameters are established for each data category and data with values outside these parameters, typically called outliers, can be flagged.  The suspect data can be reviewed by staff and a determination made to include or exclude it from the database and further analysis.  Comments from field crews or data collection logs associated with ATMS should be reviewed to identify any possible occurrences, such as crashes, snow, rain, or sleet that may impact normal operations of the HOV lanes and freeways.  Finally, quality control checks can be used to identify potential problems at a specific manual or automatic data collection site, and appropriate actions can be taken to address these concerns.

How are vehicle volumes and vehicle classification data analyzed?
Vehicle volumes and vehicle classifications are typically presented for the HOV lane and the freeway lanes at the data collection points for specific time periods, such as the morning and afternoon peak hours and peak periods.  The total vehicles and vehicles by classifications may be presented in table format or graphically.
How are person volumes and person throughput calculated?
Personal volumes are the total number of individuals in all vehicles at the specific data collection points.  Person volumes are reported for the HOV lane and the freeway separately.  A comparison can be made of the person volumes or person throughput in the HOV lane versus the freeway.  A comparison can also be made of the persons and vehicles in the HOV lane versus the persons and vehicles in the freeway lanes.  The total person throughput for the total facility can be calculated by adding the person volumes for the HOV and freeway lanes together.  Person volumes are usually presented in table format or graphically in bar charts.
How is average vehicle occupancy (AVO) calculated?
Average vehicle occupancy (AVO) is calculated from the vehicle volume by vehicle classification and person volume data.  AVO can be calculated by both vehicle classification and for the total vehicles using a facility.  AVO by vehicle classification is obtained by dividing the person volumes for a specific vehicle type by the number of vehicles in that classification.  The total AVO for an HOV lane or freeway is calculated by adding all person volumes for all vehicles and dividing by the total number of vehicles.  AVO is carried out to the hundredth of a decimal point (i.e., 1.24).  The AVO in an HOV lane can be compared to the AVO for the freeway lanes.  A total facility AVO can be calculated by dividing the total person volume for both the HOV and freeway lanes by the total vehicle volumes.
How are travel times and travel speeds analyzed?
The methods for calculating travel times and travel speeds will depend on the data collection technique.  Travel time data collected manually using the floating car technique are manually entered into a spreadsheet or database, which is then entered into a software program that calculates travel time and travel speed.  Travel time data collected electronically using the floating car technique is downloaded into the software program.  Travel time and travel speed data for multiple runs can be averaged, reported, and compared for the HOV and general-purpose lanes.  Data obtained from advanced transportation management systems typically provides travel speed data which can be analyzed using software programs to compute travel times.
How are travel time savings provided by using the HOV lanes calculated?

Travel time savings measures the amount of time a traveler saves by using an HOV lane rather than the general-purpose lanes for the same trip distance.  Travel time savings are calculated by taking the difference in travel times between the HOV and the general-purpose lanes.
What is the travel time index and how is it calculated?
The travel time index is a comparison between travel conditions in the peak period, when traffic is congested, and travel conditions in free flow periods.  The formula for the travel time index is:
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As an example, a travel time index of 1.20 indicates that the travel time during the peak period is 20 percent longer than the travel time during the off-peak period.

What is the buffer index and how is it calculated?
The buffer index is a measure of trip reliability.  It expresses the amount of extra time or the buffer needed to be on-time for 95 percent of trips made during a certain time, such as the peak period.  The 95 percent measure equates to being late for work or school one day a month.  The formula for the buffer index is:
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How is bus ridership information analyzed?
Information on bus volumes and ridership levels is usually presented numerically and as a percentage of the total vehicles and persons using an HOV facility.  The AVO for transit is calculated by dividing total bus passengers by the number of buses.  The total AVO for an HOV facility is calculated by adding the number of persons in all vehicles and dividing by the total number of vehicles.  The percentage of buses and bus riders comprising the total vehicle and person volumes can also be calculated by dividing the number of buses and bus riders by the total number of vehicles and persons using the HOV lane.

How is data on park-and-ride and park-and-pool lot use analyzed?
Data on the use of park-and-ride and park-and-pool lots is typically presented as the total number of vehicles parked at a specific lot, the total vehicles parked at all lots, the percentage of utilization at individual lots, and the total utilization for all lots.  The percent of lot utilization is calculated by dividing the number of parked vehicles by the total number of available parking spaces.

How is violation data analyzed?
The vehicle-occupancy violation ratio, which is typically referred to as the violation rate, measures the number of vehicles in the HOV lane not meeting the occupancy requirement.  This information is obtained in the vehicle-occupancy counts.  Violation levels are expressed as a percentage calculated by dividing the number of vehicles not meeting the requirement, excluding exempt vehicles, by the total number of vehicles in the HOV lane.  The number of citations issued by enforcement personnel may be reported on annual basis.  The number of citations for violating operating requirements, such as entering or exiting an HOV lane illegally, may also be reported on an annual basis.  Non-payment of tolls with HOT projects is calculated as the percentage of HOT violators by dividing the number of non-paying vehicles by the total number of HOT vehicles using the lane for the same time period.

How is crash data analyzed?
Crash data is often summarized as the number of crashes related to vehicle miles of travel (VMT) or passenger miles of travel.  Annual vehicle crash rates are calculated as vehicle crashes per 100 million VMT.  The number of crashes can be mapped and examined.  Since detailed crash data is often hard to obtain, it is suggested that crash data be collected for a number of years before an HOV lane is opened, as well as on a regular basis after the facility is opened.  Given potential limitations with many crash databases, however, a lane-by-lane comparison is often not possible, as crash rates are not typically lane-specific.  A general comparison of the crash rates for freeways with HOV lanes to freeways without HOV lanes and to the state average may be appropriate.
How are the results from user and non-user surveys, focus groups, and stakeholder interviews analyzed?
The results from focus groups and stakeholder interviews are usually summarized in narrative format, as there is no data associated with these techniques.  The results are typically provided in word processing files, as well as hard copies, and should be maintained as part of the HOV performance monitoring program.  The results from mail, telephone, intercept, and Internet surveys are analyzed using different software programs.  These programs allow for analysis of responses by subgroups and cross tabulations of specific characteristics.  The results of surveys are usually presented in narrative and graphic format, and the computerized results maintained in the performance monitoring database.
How is air quality and emissions data evaluated?
The potential air quality impacts associated with HOV lanes typically focus on vehicle emissions.  One common approach is to estimate vehicle emissions with and without an HOV lane.  Emissions in grams of carbon monoxide (CO), oxides of nitrogen (NOx), and particulate matter (PM10) are estimated based on passenger miles traveled with and without the HOV lane.  If specific air quality models were used during the planning process for an HOV project, these models may be re-run with data from the performance monitoring program.
How is cost-benefit data evaluated?
A cost-benefit ratio is sometimes used to assess the cost-effectiveness of HOV projects.  The total cost (capital and operating) of an HOV project and the cost of benefits is needed to develop a cost-benefit ratio.  As a simple approach, travel time savings maybe used as the only benefit from an HOV lane.  A project that has a benefit-cost ratio of grater than one based only on travel time savings by HOV lane users is usually considered cost-effective.  Benefit cost models have been developed and used with HOV projects in some states, such as the Cal-B/C Model in California.
Who is interested in the results of HOV performance monitoring programs and how do they use the information generated?

Numerous groups benefit from HOV performance monitoring programs and use the results in a variety of ways.  Groups typically interested in HOV performance monitoring programs and the use of the results include the following.
· Agency staff responsible for operating the HOV lanes use the results to make operation decisions and to assess possible changes in operations.

· Agency staff responsible for planning and designing HOV facilities use the results to enhance planning and designing future HOV projects.
· Federal agency staff uses the information to ensure that federal investments are maintained and that the facilities are operated efficiently.

· Transportation professionals in other areas use the results to assist in planning, designing, and monitoring HOV facilities in their areas.
· Agency management personnel use the results to determine if project goals and objectives are being met, to make decisions on future projects, and to allocate staff and other resources.

· Elected and appointed officials use the results for making policy and funding decisions related to current and future HOV projects.

· The media uses the results to present information to the public concerning the use and benefits of the lanes.

· The public, including special interest groups, are interested in the results as it impacts their specific travel in a corridor and within the context of the overall transportation system in the area.

How frequently should data be collected, analyzed, and reported?
The frequency of HOV data collection, analysis, and reporting will be influenced by a number of factors.  The type, number, and age of HOV lanes in an area will impact the performance monitoring schedule.  Other factors include the data collection techniques used, funding availability, and staff resources.  Changes in operations of the HOV lane and anticipated changes will also influence the monitoring schedule.

A base level of data collection, analysis, and reporting matched to common HOV objectives and measures of effectiveness can be identified.  For new HOV lanes, before data on vehicle volumes, vehicle classification, vehicle-occupancy, travel time, travel speeds, trip time reliability, bus services and ridership, and crashes should be obtained.  If possible, before data should be collected more than once.  Establishing a trend line over multiple years is desirable.

Data are typically collected more frequently during the initial operating phase of a new HOV lane or after major changes in operation have occurred.  Key data on vehicle volumes and classification, vehicle-occupancy, violations, and crashes may be collected monthly or quarterly during the initial phase of operation.  As a facility matures, the data collection schedule typically lengthens, with key data collected quarterly or annually.  Surveys of users and non-users may be conducted every two-to-five years.  Reporting annually on key performance measures and objectives provides critical information to all stakeholder groups.
What funding sources are available for HOV performance monitoring programs?
Funding for developing and conducting ongoing HOV performance monitoring programs may come from a variety of federal, state, and local sources.  Potential federal funding sources, which typically require some level of local match, include HOV project funding, metropolitan transportation planning funding, and state planning and research funding.  State departments of transportation, MPOs, public transportation agencies, and local areas may have additional sources to assist in funding HOV performance monitoring programs.
How are the results of HOV performance monitoring programs presented?

The results of HOV performance monitoring programs can be presented in numerous ways.  Possible methods include on-line data, technical reports, fact sheets, brochures, PowerPoint presentations, Internet sites, and videos and DVDs.  A key is to match the appropriate reporting technique to the various stakeholder groups, while maintaining a consistent format and information.  Technical reports, on-line data, and fact sheets are typically used by agency staff.  Fact sheets, brochures, PowerPoint presentations, Internet sites, and videos and DVDs are usually more oriented to agency management personnel, policy makers, the media, and the public.
Where can I find more information on HOV performance monitoring programs?

The HOV Performance Monitoring, Evaluating and Reporting Handbook is available at the FHWA Pooled Fund Study Website at http://hovpfs.ops.fhwa.dot.gov/index.cfm.
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