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This document is the culmination ofthe eighth offering ofan innovative transportation engineering graduate course
at Texas A&M University entitled, "Advanced Surface Transportation Systems," which was presented during the 1998
summer tenn. As part ofthe course, a Mentors Program provided the students with unique learning experiences. Six
top-level transportation professionals from private enterprise and departments of transportation were invited to Texas
A&M University to present a 1Yl-day Symposium on Advanced Surface Transportation Systems at the beginning of
the summer tenn. Immediately following the Symposium, the students enrolled in the course participated in a Forum
and a Workshop with the transportation professionals and course instructor. Each student held numerous discussions
with the transportation professionals and course instructor to identify a topic area for a term paper. Based on mutual
interests, each student was assigned to one of the professionals who served as a mentor (along with the course
instructor) for the remainder ofthe summer term. Each student worked with hislher mentor and course instructor to
identify a topic area and objectives for a term paper. In addition to discussions with the course instructor, the students
(communicating via telephone, fax and mail) worked directly with the mentors throughout the term while preparing
their term papers. The mentors returned to the Texas A&M University campus near the end ofthe summer term to
hear and critique the students' presentations.

One important objective of the program was to develop rapport between the students and the transportation
professionals. The opportunity for the students to communicate and interact with top transportation officials, who are
recognized transportation engineering experts, was a key element to the students gaining the type of learning
experiences intended by the instructor. Therefore, extra care was taken to encourage interaction through the
Symposium, Forum, Workshop and social events.

Comparable to the previous years, this program was again extremely successful. The students had an excellent
opportunity to interact directly for an extended period of time with top-level transportation professionals who are
recognized for their knowledge and significant contributions both nationally and internationally.

Marsha Anderson, Ginger Gherardi, Thomas Hicks, Colin Rayman, H. Douglas Robertson and William Spreitzer
devoted considerable time and energy to this program. We are extremely grateful for their valuable contributions to
the educational program at Texas A&M University.

The opportunity to bring top-level transportation professionals to the campus was made possible through financial
support provided by the "Advanced Institute" at Texas A&M University which is sponsored by the University
Transportation Centers Program ofthe U.S. Department ofTransportation, and from funds received from the zachry
Teaching Program from the College ofEngineering at Texas A&M University.

Sandra Schoeneman and Sherry Burr, Senior Secretaries with the Texas Transportation Institute, coordinated the
Symposium and Workshop in a very efficient and professional manner.

Congratulations are extended to the transportation engineering graduate
students who participated in this course. Their papers are presented in this
Compendium. Appendix A and B show the transportation professionals who
graciously served as mentors in previous years and the students who
participated in the Advanced Institute Program in previous. A listing of all the
papers that were prepared since the first offering ofthe course in 1991 is shown
in Appendix C ofthis Compendium.

Conrad L. Dudek
Professor ofCivil Engineering &
Associate Director, SWUTC
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MARSHA D. ANDERSON

In 1990, Ms. Anderson formed StreetSmarts, a transportation planning and
engineering consulting firm based in Atlanta, Georgia. She had the honor
ofbeing the first woman to serve as International President ofthe Institute
of Transportation Engineers. Ms. Anderson has received the Gwinnett
County Chamber of Commerce Athena Award. This is given to the
Outstanding Businesswoman who has made a significant contribution in
business, community service and her profession

The range of technical projects for which Ms. Anderson has been
responsible include: traffic impact and corridor studies, master
transportation plans and studies, transportation demand management
projects, parking studies and design analyses, freight studies, research,
analysis, planning, management and administration oftransportation and
engineering projects. She has managed transportation planning projects
employing microcomputer modeling, performed loading dock designs,
freight terminal analysis, utban and over-the-road goods movement studies,
area-wide studies, parking analyses and designs, expert witness testimony,
site studies, and development of a methodology for routing hazardous
materials movements. In the past several years, she has led the effort on the
application ofhandheld computer technology for data collection applications, as well as designing a transit system to
serve the cultural and historic sights ofAtlanta using Electric Vehicle technology, and assisted in the planning for the
Advantage 1-75 corridor and the 1-95 Corridor Coalition.

Ms. Anderson is past Chair ofthe Institute ofTransportationEngineers' Technical Council Design Department, Policy
Committee, Transportation Planners Council and is currently the Chair ofthe Goods Movement Council. She was a
Director of the New Jersey Motor Truck Association, as well as the American Trucking Associations' Scholar-In­
Residence. She has also been a special member ofthe Delaware Valley Regional Planning Commission's Urban Goods
Movement Advisory Committee. Ms. Anderson chaired the Olympic Task Force on Goods Movement for the 1996
Games in Atlanta, Georgia and served as a venue Transportation Manager for the Paralympics. Other affiliations
include the Transportation Research Board, Women's Transportation Seminar, Council for Quality Growth, Society
ofWomen Engineers and the American Public Works Association.

Ms. Anderson holds Bachelor and Masters degrees from the Polytechnic Institute ofBrooklyn in Mathematics and
Transportation Planning and Engineering, respectively. She also holds a Masters of Civil Engineering with a
concentration in Transportation from Princeton University. She is the author ofmore than two hundred publications
and studies. Ms. Anderson is listed in numerous Who's Who publications, including "Professional and Executive
Women", in the "South and Southwest", "in the East", and "Among Community Leaders".
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GINGER GHERARDI

In July of 1989, Ginger Gherardi became the first Executive Director ofthe
Ventura County Transportation Commission (VCTC), which is also the
Congestion Management Agency (CMA), the Airport Land Use
Commission (ALUC), the Service Authority for Freeway Emergencies
(SAFE), the Consolidated Transportation Service Authority (CTSA) and a
member of the Southern California Regional Rail Authority (SCRRA).
Under her leadership VCTC has adopted is Congestion Management
Program, Airport Land Use Plan and implemented a centralized Transit
Information System (Dial-A-Route). The Commission implemented
Metrolink commuter rail service October 1992, including the construction
of three rail stations (one of these as a result of the 1994 Northridge
Earthquake) and two layover facilities. Recently VCTC purchased the
Santa Pallia Branch Railroad Line for development and use as a
bicycle/trail/rail heritage corridor.

Ms. Gherardi was responsible for the expansion ofthe countywide call box
system, including the development of a cellular phone program for
physically challenged residents and the installation ofTIYITTD devices for
the hearing impaired and the development and distribution of countywide

bicycle maps. vcrc implemented a new countywide bus system, VISTA, linking municipal systems throughout the
County that was selected as one ofthe outstanding examples of the use of Congestion Mitigation Air Quality (CMAQ)
funds in the United States and received a 1997 Environmental Excellence Award from the Federal Highway
Administration. VCTC is currently participating in a federal "Smart Card" demonstration project known as the
Ventura County Passport. Most recently, vcrc implemented a website "Go Ventura" (http://www.goventura.org) that
not only contains needed transportation information but provides personalized On-Line Transit Routing, a:first in the
United States.

Between September 1985 and July 1989, Ms. Gherardi was the Manager ofthe HighwaylTSM Programs for the Los
Angeles County Transportation Commission. Among other things, she was responsible for developing the 10 Year
Highway Plan, "On the Road to the Year 2000"~ the Los Angeles "Smart" Corridor Demonstration project~ the
implementation of a SAFE to upgrade the call box system and the development ofa countywide bicycle map.

Prior to worldng at LAcrC, Ms. Gherardi worked for the Southern California Association of Governments, managing
the TransportationDevelopment Act Programs. She is a former Simi Valley City Councilwoman, Mayor and teacher.
Ms. Gherardi is a member of the Institute of Transportation Engineers (ITE), the Santa Pallia Rotary and is on the
Board ofDirectors ofthe Santa Pallia Boys and Girls Club and Palmer Drug Abuse Program ofVentura County. She
currently serves as the National Past President ofthe Women's Transportation Seminar (WTS). Ms. Gherardi received
B.S. and M.S. degrees from Pratt Institute in Brooklyn, New York.
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THOMASIDCKS

Thomas Hicks is presently the traffic engineer for the Maryland State
Highway Administration (SIlA) and one ofthe six Deputy ChiefEngineers
reporting to the Chief Engineer. He is responsible for coordinating the
work ofsix Divisions - Traffic Safety. Traffic Engineering/Design. Traffic
Operations (maintenance and operations). Traffic Development Support
(studies and research). Motor Carrier. and Intelligent Transportation
Systems (ITS/CHARI). In addition he is responsible for the Highway Sign
and Signal Shops.

Mr. Hicks has served as the State Traffic Engineer for the Maryland State
Highway Administration since 1968. Under the old State Roads
Commission, he served as Assistant ChiefEngineer for Traffic Safety. and
later as Assistant Chief Engineer for Traffic Engineering. In the early
1980s, as some states were cuttingback on traffic engineering activities. the
Matyland SIlA began a significant effort to expand theirs. and Mr. Hicks's
position was elevated to Deputy Chief Engineer. In 1991, the Office of
Traffic Engineering assumed control of the State's safety grant program
and the Motor Carrier Program. The office then became known as the
Officer ofTraffic & Safety. Maryland's traffic engineering program today
is one ofthe largest and most comprehensive in the country.
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Prior to his Maryland assignments. Mr. Hicks was the Traffic Engineer for the Oklahoma Department ofHighways.
becoming their first State Traffic Engineer. He is a graduate Civil Engineer with a BSCE from the University of
Matyland and he completed the graduate school program ofthe Bureau ofHighway Traffic at Yale University. Mr.
Hicks taught traffic engineering for three years at the University ofOklahoma.

Mr. Hicks has served in leadership rolls with several professional organizations including ITE. AASHTO. NCUTCD.
TRB, ATSSA, and the Safety Council ofMaryland. He is currently a Member ofthe AASHTO Standing Committee
onHighway Traffic Safety, Vice-Chairman ofAASHTO Committee on Traffic Engineering. and Member ofNCUTCD
where he served as Chairman, Construction & Maintenance Technical Committee. He is a member ofthe Washington
DC ITE; served as Vice-President, Safety Council ofMaryland; served as a Member ofvarious TRB committees; and
was the Co-Founder and first President ofthe Oklahoma Traffic Engineers Association. Mr. Hicks is the recipient of
the National Safety Award from ATSSA; Highway Safety Award from AASHTO; and the Community Transportation
Award from the Washington DC Section ofITE. He is a registered Professional Engineer in Maryland.
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COLIN RAYMAN

ColinRayman is recognized as one of the premier practitioners in the field
of Intelligent Transportation Systems (ITS) with special emphasis in
advanced traffic management systems. He has over 24 years ofprofessional
and management experience with the Ontario Ministry ofTransportation
(MTO) and with the private sector. He has developed transportation policy
and programs for the Ontario government and has also served as a senior
technical advisor to foreign governments as well as managed transportation
infrastructure projects in Ontario and internationally.

Mr. Rayman is the Manager of the Intelligent Transportation Systems
Office of the Ontario Ministry of Transportation in Toronto. He is
responsIble for providing leadership in the development ofa comprehensive
ITS policy and strategy for the Province ofOntario.

Prior to his most recent assignment, Mr. Rayman served in a number of
capacities with MTO. As Director of the Transportation Operations
Branch, he was responsible for overall direction and administration ofthe
MTO's highway maintenance and traffic operations sub-program and
developed policy related to the Ministry's transportation corridor permitting

function. As District Maintenance Engineer in Toronto, he was responsible for summer and winter maintenance in
MTO's largest and most urbanized district. As Head ofthe Freeway Traffic Management Section, he was responsible
for freeway traffic management systems implementation in the Province ofOntario. During this time, he successfully
commissioned two new systems (including the COMPASS system).

During a two and a halfyear stint with the private sector, he managed a consulting practice in California. Project
experience included Traffic Management Center Upgrades, Traffic Operations System designs and Fiber Optic
Communication System designs in Los Angeles and Orange County for Caltrans. He also advised on the 1-25
BUS/HOV Transportation Management System for the Regional Transportation District in Denver, CO and acted as
a Specialist Consultant to the University ofMinnesota for the development ofan automatic incident detector.

He is the Vice-Chair of the ITS Society of Canada; Chair of the Research & Development Subcommittee ofthe ITS
America AlMS Steering Committee; a Member ofthe Coordinating Council ofITS America; a Member ofAASHTO's
Advanced Transportation Systems Subcommittee; a Member ofthe NTCIP Joint Standards Committee; a Member of
the Institute of Transportation Engineers; and a former member ofTRB's Freeway Operations Committee. He is a
registered professional engineer in Ontario.
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H. DOUGLAS ROBERTSON

As a Vice President and Deputy Regional Manager for Transportation
Planning and Engineering at TransCore, Dr. Robertson directs the
operations of two area offices serving clients in Virginia, Maryland,
Delaware, Pennsylvania, and the District of Columbia. He leads business
development efforts and contributes to application projects in the areas of
intelligent transportation systems, transportation planning/design, and
traffic management/traveler information systems. Having worked in the
public and private sectors and academia, he has a broad perspective ofpast,
present, and future transportation needs and services.

Dr. Robertson also currently serves as TransCore's Senior Advisor for the
Northeast Consultants (a joint venture with PB Farradyne Systems) who
provide management support to the 1-95 Corridor Coalition. The Coalition
is made up oftwenty-eight transportation agencies in twelve Eastern states.
He is also the Responsible Manager for the Sydney, Australia Traffic
Management Systems Project, a $2.3 million effort to support the Roads
and Traffic Authority of New South Wales as they prepare for the Year
2000 summer Olympics.
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While Director ofPlans and Programs at ITS America, he co-chaired a joint effort with U.S. DOT to develop the
National ITS Program Plan. In other previous positions, Dr. Robertson was a professor of civil engineering at the
University of North Carolina at Charlotte and prior to that served in both the National Highway Traffic Safety
Administration and the Federal Highway Administration ofthe U.S. Department ofTransportation.

He is a Fellow ofthe Institute ofTransportation Engineers and a former Group 3 Council Chair ofthe Transportation
Research Board. He was the senior editor and a principal author of the Manual ofTransportation Engineering Studies
for the Institute ofTransportation Engineers and has published over 60 journal articles and reports.

Brigadier General Robertson serves in the U.S. Army Reserves as the Deputy Commanding General for the l08th
Division (Institutional Training), a unit of over 3,200 soldiers with subordinate units located in the two Carolinas,
Georgia, Florida, and Puerto Rico. He is a graduate ofthe U.S. Army War College. He has been selected to assume
command of the Division next March with a subsequent promotion to Major General.

He received his Bachelor's degree in Civil Engineering from Clemson University, his Master's in Transportation
Engineering from the University of South Carolina and his Doctorate in Civil Engineering from the University of
Maryland. He is a registered professional engineer.
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Mr. Spreitzer received his B.Ae.E. in Aeronautical Engineering, from the
University of Detroit in 1952 and P.Ae.E., Professional Aeronautical
Engineering degree (Honorary) from the University ofDetroit, 1957. He
is a recognized world leader in Intelligent Transportation Systems
(including AHS) and transportation research.

Mr. Spreitzer brings forty-six years of relevant experience to Intelligent
Transportation Studies including advanced automotive gas turbine engine
development; full-scale and on-the-road concept vehicle development in
applications ofgas turbines, advanced transmissions and automatic vehicle
controls to automobiles (Firebird I, Firebird II and Firebird III), buses
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systems (U.S. Department of Housing and Urban development Study of
New Systems for Urban Transportation) and interdisciplinary studies of
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and commercial (freight). Presently Mr. Spreitzer, as Technical Director,
General Motors ITS Program, is responsible for planning and coordination

of General Motors ITS Programs, corporate-wide and world-wide.

Mr. Spreitzer is active in national and international ITS efforts. He is past Chair of the ITS America Coordinating
Council (1994-97); Chair ofthe ITS America Futures Group; Chair of the Society of Automotive Engineers Technical
Standards Board ITS Division and a member ofthe SAB ITS Program Office and Chair of the United States Delegation
to the International Standards Organization (ISO) Technical Committee 204, Transport Information and Control
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SUMMARY
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The research reported in this paper is an investigation of the implementation of a dynamic HOV lane. A
dynamic HOV lane is an HOV lane that is converted to other uses at different times of the day or under
special circumstances using ITS technologies and real-time data in order to make more efficient use ofHOV
facilities and improve the safety ofmotorists, incident responders, and HOV lane operations personnel.

The development of the concept included a literature review of HOV system planning and operations,
incident management, and ITS research, as well as detailed interviews with agencies that oversee HOV lane
operations in cities across the United States. Information from the literature and agency interviews was
synthesized and analyzed to identify barriers to implementation and critical issues. Then a hypothetical
dynamic HOV lane was designed to illustrate how the HOV lane and ITS components fit together and how
the barriers might be overcome to preserve the benefits associated with a dynamic HOV lane.

The barriers identified were justifying the need for a dynamic HOV lane, ensuring motorists' safety,
technical reliability, adequacy of data, implementation costs, public perceptions, legality, and the wide
variety of contributing factors.

These barriers might be overcome by investigating potential applications carefully to ensure that there is a
practical problem to solve, building a reliance on HOV system technologies, proper design and placement
ofsystem components, extensive public education, maximizing technical reliability with backup systems and
good maintenance, archiving data for analysis and system improvements, using dynamic HOV lane
technologies for other ATMS applications, and developing policies and laws to support dynamic HOV lanes.

Research fmdings showed a reluctance to depend on advanced technology for the accurate and safe operation
ofa dynamic HOV lane as described in this report. Because the fundamental difference between a dynamic
HOV lane and a "normal" HOV lane is reliance upon a coordinated system of ITS technologies, it was
therefore concluded that a dynamic HOV lane cannot be implemented until the dependability of its
component technologies is successfully demonstrated.
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In some cities, high-occupancy vehicle (HOV) lanes are converted daily to general-purpose lanes during off­
peak hours to make more efficient use of available capacity. These are part-time HOV lanes. To reduce
delay and secondary accident potential, some cities also allow general traffic to divert to HOV lanes during
severe weather conditions or when major incidents occur. To date, Intelligent Transportation Systems (ITS)
technologies, which provide advantages in immediate, remote response and communications, have not been
fully utilized to facilitate such changes in HOV lane operations. Moreover, there are some HOV lane
innovations that ITS technologies make possible which have not been investigated at all.

The research reported in this paper is an investigation of the implementation of a dynamic HOV lane. A
dynamic HOV lane is an HOV lane that is converted to other uses at different times of the day or under
special circumstances using ITS technologies and real-time data. This investigation included development
of the concept of a dynamic HOV lane, examination of the actions that may be taken by agencies when
dynamic HOV lanes are implemented, and assessment of the issues and concerns relevant to implementing
such a system. It is hoped that this research will advance the state-of-the-art by applying existing ITS
technologies in new ways to serve practical transportation needs.

Objectives

The objectives of this research were to:

• Define a new concept of a dynamic HOV lane and the environment in which it can be implemented
• Examine new ways in which ITS technologies and real-time information can be used to solve problems

associated with HOV lane safety and efficiency
• Identify issues of concern and barriers that impede the implementation of a dynamic HOV lane
• Design a dynamic HOV lane

Scope

This research covered freeway applications ofdynamic HOV lanes and focused on part-time HOV lanes and
HOV lane operations during unplanned events such as major incidents on the mainlanes or severe weather
conditions, when the dynamic nature of such an HOV lane may be most valuable. Seven agencies
responsible for incident management or operations on a variety of established HOV lane networks were
selected for detailed telephone interviews. These interviews, in conjunction with a literature review ofHOV
lane and incident management practices, were used to identify critical issues and barriers and design a
hypothetical dynamic HOV lane.

Organization of Report

The Background section ofthis paper is a synopsis of relevant knowledge about HOV system planning and
operations, incident management, and ITS research.

In the Concept Development section ofthis paper, the dynamic HOV lane concept is established in terms of
structure, environment, and potential applications.

In the Agency Experience section, information gathered from agency interviews and agency publications is
summarized. This information includes freeway HOV lane configuration, incident management policies and
experience, existing ITS infrastructure, and agency concerns about dynamic HOV lanes and ITS
technologies.



Kelly L. Blume Page 6

In the Identification ofBarriers section, infonnation from the literature and agency interviews is synthesized
and analyzed to identify barriers to implementation and critical issues.

A dynamic HOV lane is designed for a hypothetical freeway in the Dynamic HOV Lane Design section to
illustrate how the HOV lane and ITS components fit together and how the barriers might be overcome to
preserve the benefits associated with a dynamic HOV lane.

The physical, operational, and environmental elements identified during the design process as necessary for
overcoming the implementation barriers are summarized in the Conclusions section. Criteria for evaluating
the appropriateness of a dynamic HOV lane for a freeway are developed, and the overall feasibility of the
concept is assessed.

In the Recommendations section, a demonstration project is discussed and ideas for future research are
proposed.
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The concept of a dynamic HOV lane blends three areas of transportation knowledge and research: HOV
system planning and operations, incident management, and the development and application of ITS
technologies. Current, relevant practices in these areas are briefly described here.

HOVLanes

HOV lanes are a congestion management strategy designed to provide benefits in the form of reduced,
predictable travel times to travelers who choose to carpool or take the bus instead of driving alone (1). The
provision of such benefits is most effective on heavily traveled roadways where breakdowns in traffic flow
occur regularly or where incidents can impede traffic flow for significant periods of time. The goal of
inducing travelers to use HOV facilities is to increase the average person-carrying capacity of the roadway
without constructing new general-purpose lanes, thus ensuring mobility where roadway expansion is not
possible Q.). Three classes ofHOV facilities are relevant to the subject ofthis paper: reversible flow lanes,
concurrent flow lanes, and contraflow lanes.

Reversible flow HOV lanes serve inbound traffic during the morning peak and outbound traffic during the
evening peak. To prevent collisions with opposing traffic and wrong-way entries, reversible flow HOV lanes
are separated from general purpose lanes by concrete barriers and access is controlled by gates and/or pylons
Q.). Figure 1 shows a sketch of a barrier-separated, reversible flow lane.

Concrete Barrier

A

Figure 1. Reversible Flow HOV Lane (.,D.

Concurrentflow HOVlanes operate in the same direction as adjacent general-purpose lanes and are separated
from them by painted stripes or buffer zones. Entries and exits may be limited to specific points or allowed
continuously along the length of the lane (2). Concurrent flow facilities can be restricted to HOVs all day
or only during portions of the day, in one direction or both directions, and they may be the inside lane, the
outside lane, or a shoulder lane. This type of HOV lane is the most common because it is less expensive to
implement than other types ofHOV lanes, but it is also the most difficult to enforce (1). Figure 2 illustrates
a concurrent flow lane.
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/

Figure 2. Concurrent Flow HOV Lane (.1).
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Contrajlow HOV lanes are lanes taken from the non-peak direction and converted to HOV facilities serving
the peak direction. They can operate only where a significant directional distribution exists on a freeway
facility and excess capacity is available in the non-peak direction. The HOV lane is separated from the
adjacent, opposing general-purpose lane by cones, pylons, or a moveable traffic barrier (1). These separators
are moveable so that the contraflow lane can be converted back to a general purpose lane for the other peak
period. Figure 3 depicts a contraflow lane. Figure 4 shows the reversal ofa contraflow lane with a moveable
barrier in Boston, Massachusetts.

Concrete Barrier

/

L \

Relocatable Barrier Used to
Close Crossover During Off­
Peak

Figure 3. Contraflow HOV Lane (.1).
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Figure 4. Reversal of a Contraflow HOV Lane Using a Barrier Transfer Machine (4).
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The National Highway Traffic Safety Administration defmes a "major freeway incident" to include downed
power lines, infrastructure failures, and crashes involving serious injuries, fatalities, vehicles on fire, spilled
cargo, hazardous cargo, and overturned vehicles (J). Events that might also be classified as major incidents
include flooding, icy roads, and other severe weather conditions (2). When such incidents occur, at least one
freeway lane may be blocked. It has been estimated that, for every minute a freeway lane is blocked by an
incident, it will take three to five minutes to restore the freeway to its original operating condition UJ&).

Each minute that roadway capacity is restricted results in longer queues, greater motorist delay, increased
emissions, and a higher potential for secondary accidents (1). Secondary accidents result when drivers arrive
at the end ofan unexpected queue of slower-moving vehicles, such as the queue that fonns when an incident
blocks a lane (Q). Secondary incidents may also result when cars overheat while waiting for the primary
incident to clear, when motorists "gawk," "gape," or "rubberneck" as they pass the scene of an incident, or
when motorists must merge with other traffic streams to bypass an incident. Few comprehensive studies of
secondary accidents have been made, but, in one study, 17 percent ofthe crashes filmed on a limited-access
roadway in Great Britain fit the definition of a secondary crash (£). It is estimated that the probability of a
motorist being in an accident is 66 percent higher when an incident is already present (2). In addition to
threatening motorists' safety, secondary accidents exacerbate delay, driver frustration, and vehicle emissions
(£,10).

To minimize incident duration and impacts, many metropolitan areas have implemented incident management
programs. Such programs coordinate agency resources to reduce incident detection, verification, response,
and clearance times. They also provide for proper traffic management so that incident responders are
equipped with all necessary traffic control devices and motorists can be safely diverted to preplanned
diversion routes (QJ1l.). Involved agencies may include state departments of transportation (DOTs), transit
agencies, police and fire departments, emergency medical services (EMS) teams, towing companies, and all
levels of government U).

Some agencies have made the use of HOV lanes a part of their incident management programs. There are
two roles that HOV lanes have traditionally played in such programs. First, general traffic may be allowed
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to divert to the HOV lane in order to bypass an incident (lOJJ..). This is allowed in Houston and San Diego,
among other cities. The diversion process depends on agency policy, the severity ofthe incident, and HOV
lane configuration. Second, the HOV lane is kept free ofgeneral traffic and emergency vehicles are allowed
to use it so that they might reach the scene of the incident quickly. In Seattle, for example, EMS units are
legally allowed to use any route-including HOV lanes and shoulders-that will bring them to the incident
scene. Theoretically, both procedures may be authorized for a given facility during a major incident: After
emergency responders arrive at the scene via the HOV lane, the HOV lane can be opened up to general
traffic. In this case, communicating changes in HOV lane use restrictions to motorists becomes very
important.

ITS Technologies

In general, using ITS technologies means applying computers and advanced telecommunications to the
transportation industry (12). One class of ITS technologies is Advanced Transportation Management
Systems (ATMS). ATMS technologies are designed to make the most efficient use of available capacity so
that congestion, travel times, and fuel usage are reduced (11).

Many urban areas that use advanced transportation technologies coordinate them through transportation
management centers or traffic operations centers. Transportation management centers such as Houston's
TranStar and Phoenix's Traffic Operations Center generally oversee freeway traffic surveillance and
operations, incident management, and ITS programs. They may also be responsible for regional traffic signal
systems, transit vehicle dispatching, ramp metering, emergency management, and the dissemination of
traveler information (lQ,liJ..J..).

Components ofATMS currently in use on freeways and relevant to the subject ofthis research include closed
circuit television cameras, automatic vehicle identification, automatic vehicle location, lane control signals,
variable message signs, highway advisory radio, detectors, and remotely operable gates and barriers U).

Closed Circuit Television Cameras

Closed circuit television (CCTV) cameras are used to verify freeway conditions and the incidents identified
by incident detection algorithms. They also provide information on the type of incident that has occurred
so that the proper response can be initiated (10.

Automatic Vehicle Identification andAutomatic Vehicle Location

Automatic vehicle identification (AV!) allows the location ofvehicles such as ambulances and police cars
to be monitored from a control center. A vehicle's identifying information is read from a transponder as the
vehicle passes an AVI reader. Automatic vehicle location (AVL) systems can also identify vehicles, but
AVL is used to place vehicles relative to specific times rather than specific locations. Vehicle location is
determined through techniques such as dead reckoning, roadside beacons, and global positioning systems
(13).

Lane Control Signals

Lane control signals can be located over individual lanes of travel or alongside the roadway. They display
arrows in green or amber and "X"s in red to indicate if a specific lane is open, about to be closed, or closed
downstream. Such signals are useful in providing advance warning of a lane blockage due to construction,
incidents, or debris, as is the case in San Antonio (10, particularly if the arrows and "X"s are used in
conjunction with other simple symbols, as in Figure 5. Lane control signals are used over reversible HOV
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lanes in Houston to warn motorists if they are traveling in the wrong direction (111). European speed control
signals have been used to display the advisory or regulatory speed over individual lanes oftravel (J.1~).

Figure 5. Lane Control Signals and Lane Use Signs in Europe (11).

Variable Message Signs

Variable message signs (VMSs) are larger and convey more information than lane control signals. A single
alphanumeric message can be electronically displayed, or multiple messages can be displayed in sequence.
A traffic management center might preconfigure messages for expected freeway incident scenarios (L6).

Highway Advisory Radio

Highway advisory radio (HAR) is a portable, low-power means of broadcasting area-specific traffic
information in the AM radio band to motorists. Portable signs announce the radio station to which motorists
should tune their radios. Incident, construction, and airport parking information are examples ofthe types
oftransportation information that HAR has been used to provide (211). Incident information that HAR can
provide includes advance notice of the incident location as well as diversion instructions.

In some areas of Europe, car radios are activated automatically as they pass an HAR station ()J1). This
refinement of HAR is called automatic highway advisory radio (AHAR). AHAR is designed to keep
motorists' visual attention on the roadway by making it unnecessary for them to read HAR information signs
or tune their radios to the proper station while driving. A study was conducted in the early 1980s by the
Federal Highway Administration (FHWA) to examine the feasibility of implementing AHAR in the United
States. A receiver was installed in the cars ofthe study's volunteers, whose radios would operate normally
until an "override" transmission was received from an AHAR transmitter. Most of the volunteers found
AHAR to be quite useful in providing advisory highway information and would purchase a receiver if the
cost was not exorbitant (21).

Hereafter, unless specifically noted, the acronym "HAR" will include both HAR and AHAR.

Detection Methods

Detection methods include inductance loop, radar, video, infrared, microwave, and audio detection.
Accuracy, reliability, installation costs, and maintainability vary with each detection method and the
environment in which it is applied (J§).
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Remotely operable gates and barriers include arms that lower to block the HOV lane entrance and plastic
poles or pylons that can be hydraulically raised or lowered to prevent or allow HOV lane access (ll). Arms
and pylons are illustrated in Figure 6 for the San Diego HOV lane system.

Figure 6. San Diego HOV Lane Barrier Arm and Pylons (21).
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As defmed previously, a dynamic HOV lane is an HOV lane that is converted to other uses at different times
ofthe day or under special circumstances using ITS technologies and real-time data. In the first part ofthis
section, the definition is applied to different HOV facility types and operating structures. Afterwards, the
potential benefits of a dynamic HOV lane and related implementation issues are described in more detail.

Definition

When a freeway surveillance system is in place to monitor speeds and volumes, the agency that operates a
dynamic HOV lane will ultimately be able to change the lane's hours ofoperation, occupancy requirements,
location, and number of lanes immediately and electronically from a remote location such as a traffic
management center through the manipulation of lane control signals, VMSs, and other ITS technologies.
Changes in HOV lane operating status will be conveyed immediately to the public through VMSs, HAR, and
lane control signals. The need to have personnel in the field to physically move barriers, open gates, or
change signs will be lessened, if not eliminated, by automated barrier systems and electronic signing.
Vehicle and crew locations will be tracked by AVI and AVL. Such a dynamic, flexible nature is practical
when major incidents occur and a response is required as soon as possible. Figure 7 illustrates how a
dynamic HOV lane might look.

Variable Message
Signs

CCTV
Call1eras

Static Signs

\. \ / /
~.. \" 1/.... .

H"R
Translllitters

Lane Control
Signals and
Lane Use Signs

Figure 7. Theoretical Dynamic HOV Lane.

The dynamic HOV lane concept can also be applied to part-time HOV lanes and traffic routing during special
events. The operating hours of a lane that is restricted to HOVs during peak commuting periods, for
example, can be extended ifHOV lane volumes remain high at the end of the period and mainlane level of
service (LOS) is low. Alternatively, ifHOV lane volumes are unusually low and mainlane LOS is high, the
HOVrestriction may be lifted early so that the entire freeway can be utilized more efficiently. Either way,



Kelly L. Blume Page 14

HOVs are guaranteed a reasonable travel time. During special events like Minnesota Vikings football games
in Minneapolis, HOV restrictions can be initiated and maintained until traffic volumes-monitored by the
traffic management center-decrease sufficiently.

In these cases, the agency that implements a dynamic HOV lane will be limited by driver expectancy and trip
planning issues. Current HOV lane status must be clearly signed, and drivers must be adequately warned
of imminent changes to lane status. For special events, the base hours of operation should be publicized in
advance. For commuters, the HOV lane will be restricted to HOVs whenever mainlane LOS is low. This
restriction will occur regularly during the peak hours so that commuters can plan trips and arrange carpools
accordingly.

The development ofa dynamic HOV lane is governed by existing facility characteristics. A barrier-separated
HOV lane, for example, would not benefit from dynamic characteristics to the extent that an unseparated lane
would because the presence of the barrier limits access to the lane. Reversible lanes, in addition, must be
periodically closed in order to reverse operations. Cities that currently have transportation management
centers, freeway surveillance networks, AVI or AVL resources, and well-developed motorist information
networks will fmd the concept more feasible in terms of implementation time and cost. Specific applications
will also depend on local demand patterns, as cities that experience high off-peak traffic volumes, where
nonrecurring congestion causes long delays, may fmd significant value in being able to dynamically change
HOV lane operating conditions (24).

Benefits and Implementation Issues

The advantages that a dynamic HOV lane can provide, compared to HOV lanes that do not make full use of
ITS technologies, are immediate response, more efficient use of existing ITS technologies, improved
communication with motorists, improved safety for incident responders, and more efficient HOV lane usage.
An increase in motorist safety is a result of each of these advantages. In this section, the characteristics of
a dynamic HOV lane that make the concept worthy of investigation-as well as associated implementation
issues-will be detailed.

Immediate Response

Remote operation means that changes in HOV lane operations can be affected quickly. Incident management
actions, for example, can be taken as soon as the incident is detected and evaluated. Such actions include
the raising ofbarriers, the lowering of pylon barricades, the changing ofVMSs or lane control signals, and
the broadcasting of incident information via HAR. General traffic can therefore begin diverting to the HOV
lane immediately instead ofwaiting for incident responders to arrive on the scene. The quicker a response
is initiated, the more delay, emissions, queue length, and secondary accidents are reduced.

In evaluating the efficacy of HOV lane diversion, an agency would be concerned with current HOV lane
operating status, HOV lane volumes, mainlane volumes, the time of day, and, if applicable, the direction in
which the HOV lane is operating. These issues must be addressed before a response can be initiated.
General questions that the agency might ask include:

• Is the HOV lane open at the time the incident occurs? If not, can the HOV lane be opened? How soon
will it become available as a diversion route?

• How heavy are HOV lane volumes, and what effect will the diversion ofgeneral traffic to the HOV lane
have on HOV lane LOS?

• Did the incident occur during a peak period? If the incident occurs just before the evening peak, for
example, what will happen to the diversion strategy as traffic volumes increase in subsequent hours?
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• If the incident occurs at the end ofthe morning peak, what effect will diverting traffic to the HOV lane
have on the process for closing the lane so that the lane may be reversed for the evening peak?

• What if the incident occurs in the non-peak direction and the HOV lane is operating in the peak
direction? Should the HOV lane be reversed for the diverting traffic? After the incident is cleared, is
the lane reversed yet again?

New Application ofExisting Technology

Dynamic HOV lanes allow more flexibility in making traffic diversion decisions. Traffic management
centers already monitor freeway operations through the collection and analysis of surveillance data such as
average speeds and detector occupancies. These real-time data are a vital part of incident detection
algorithms. They can also potentially be used in conjunction with AVL information to quantify when a
particular diversion scheme may be the most appropriate, based on minimization of motorist delay,
emissions, queue length, and the probability of secondary accidents.

For example, an agency with access to such data can calculate the utility of allowing general traffic in the
HOV lane and compare it to the utility of restricting the lane to emergency vehicles. The value of the first
option is that queues will not build up so quickly and motorists are immediately able to bypass the incident.
The value ofthe second option is that emergency vehicles can reach the incident sooner and may be able to
clear it in less time. Injuries and fatalities must, of course, be considered in choosing a diversion scheme.

With the ability to dynamically change the hours of operation for the HOV lane, the HOV-only restriction
could be lifted early ifHOV lane volumes are low. Likewise, HOV lane operating hours could be extended
if HOV lane volumes are particularly high (11). When the hours of operation are extended, HOVs will
benefit from an ensured high LOS. When the hours are shortened, mainlane traffic will be free to make use
ofextra capacity. The real-time volumes would be measured as part of a freeway surveillance system and,
after verification, would become the input for an algorithm or decision support system that would evaluate
the benefits to be gained by altering HOV lane operating hours. The change in operating status would be
immediately and clearly conveyed to motorists through VMSs, HAR, and lane control signals as
conceptualized in Figure 7. Such a strategy would be appropriate for concurrent facilities or for reversible
and contraflow lanes when there are no time conflicts with the lane reversal process, as long as local law
allows SOVs to use the HOV lane outside of restricted hours.

In some facilities, particularly reversible facilities, overhead lane control signals are used to provide relevant
operating information to HOV lane users at regular intervals, such as signaling the approaching end ofthe
HOV lane. If lane control signals are· present over both concurrent or contraflow HOV lanes and the
mainlanes, however, it is then technically feasible to designate multiple lanes as HOV lanes. Such a feature
would be useful during special events or for weekend traffic to popular destinations such as beaches and
amusement parks. During these times, HOV volumes may be a higher percentage oftotal traffic than during
commuting hours, although permanent HOV lane infrastructure to serve traffic for unique or seasonal events
may not be justified. To take away more than one general-purpose lane during commuting periods, however,
will not be feasible if the mainlanes become severely congested as a result and there is not a substantial
existing volume of carpoolers to make good use of the HOV lane an.
An example ofthe potential role ofa dynamic HOV lane in mitigating seasonal traffic volumes is found on
Cape Cod in Massachusetts. The Cape Cod Regional Transit Authority received funding from the Federal
Transit Administration in late 1997 to demonstrate intelligent computer control systems that can be applied
to improve the efficiency and performance of local transit services. It is hoped that this use of advanced
technology will "lessen seasonal traffic congestion and improve air quality." An alternative that might be
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considered in such a situation is the provision ofHOV facilities during the vacationing season only. Such
a facility would not be necessary during the rest ofthe year. A dynamic HOV lane might be developed that
would operate as a concurrent facility during the summer, either part-time or all day. IfHOV lane volumes
are high enough to justify it, a second lane may also be provided. Lane control signals would differentiate
the facility from the other general-purpose lanes in lieu ofpavement markings that would have to be removed
at the end ofevery season. Lane operations would be supplemented with HAR-already used in m"any areas
to provide tourist information-and portable VMSs to inform motorists ofHOV lane operating hours and
occupancy requirements. When the vacationing season concludes, the portable VMSs would be removed
and the lanes would revert back to general-purpose lanes (2Q).

Communication with Motorists

Dynamic signing is a necessary component of a dynamic HOV lane because ofthe availability of real-time
traffic information and the need to convey it to motorists as quickly and as clearly as possible. During
incidents, dynamic HOV lane signing means that unambiguous, up-to-date incident information and diversion
instructions can be provided to motorists as they need it in order to reduce motorist confusion and thereby
smooth and calm the diversion process, making the incident scene safer for both drivers and incident
responders.

Visual signing is capable of imparting necessary information to all motorists, independent of how they
otherwise receive information in their vehicles, and therefore must be the primary element of a motorist
information system in a dynamic HOV lane. Dynamic visual ITS communications technologies like VMSs
and lane control signals display only the specific information that is needed by motorists at the time they are
in the vicinity, such as a definitive statement that the HOV lane is currently open. Static signs, in contrast,
must provide information about operating policies at all times of the day. A single sign might convey all
required information, or a series of advance warning signs may present HOV lane operating policies in
stages. Either static case could result in "information overload" or confusion (lZ~). Static visual signs are
also inflexible: changes in HOV policy require employees to physically replace signs in the field (L7).

Audio signing and in-vehicle motorist information systems are supplemental information dissemination
media. This is because some of the information provided to motorists in the implementation of a dynamic
HOV lane, such as the operating status ofa part-time HOV lane, is needed by every motorist on the roadway,
and not all vehicles are equipped to receive such information. Moreover, motorists access these information
systems voluntarily. To date, HAR and in-vehicle systems in the United States have provided purely
advisory or general interest information to motorists. Unless AHAR specifically or in-vehicle displays
become a federally mandated component ofall motor vehicles, their inclusion in a dynamic HOV lane project
must therefore be implemented in support of VMSs and lane control signals, not as primary information
dissemination tools.

Safety

The freeway environment is not a safe place for unprotected police officers, DOT personnel, and incident
responders. In 1989, 1990, and 1991, 20 percent of the fatalities on U. S. interstate highways were
pedestrians or resulted from accidents involving vehicles stopped on the shoulder (Q). Seven freeway
construction workers were struck by vehicles and killed in Texas in 1995 (£2). Four police officers were
struck and killed at accident scenes in Texas between 1992 and 1996 (30).

With a dynamic HOV lane, some incident response tasks can be handled remotely using advanced electronics
and telecommunications. These tasks include traffic diversion and the posting "of incident information. The
alternative is to send incident response personnel into the field where they will be in danger ofbeing involved
in a secondary accident. DOT personnel who physically move HOV lane barriers and gates when lanes open
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and close or are reversed will also be removed from this dangerous environment if their tasks are automated
and controlled from a remote location.

More Efficient HOV Lane Usage

The "empty lane syndrome" is the perception that the HOV lane is being underutilized, from the point of
view of drivers who are not eligible to use the HOV lanes and view traffic volumes in terms of vehicles
moved rather than persons moved (ll). This perception is often a negative one. A dynamic HOV lane has
the capability to mitigate the empty lane syndrome because HOV lane operating status can be modified as
necessary. As described previously, for example, HOV lane restrictions can be terminated early when HOV
lane volumes are unusually low, thereby mollifying those motorists who would object to an HOV lane that
appears to be ineffective and inadequately used.

The operating hours and strategies ofa dynamic HOV lane can also be modified for future traffic conditions
more easily than those of a "normal" HOV lane can. This inflexibility is one disadvantage of fixed HOV
lane infrastructure.
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In order to evaluate the expected benefits, examine critical issues from the point of view of practical
experience, and identify barriers to the implementation of a dynamic HOV lane, agencies responsible for
operations or incident management on representative U. S. HOV facilities were interviewed by telephone,
following a review ofpertinent agency publications. Interview guideline questions, which were tailored for
specific HOV system configurations and policies as necessary, can be found in the appendix. The appendix
also contains a table summarizing HOV system information.

Dallas, Texas

The 1-30 contraflow lane opened in 1991 as an interim HOV facility. The inside lane of the non-peak
direction becomes a peak-direction lane using a moveable concrete barrier (1). This barrier is composed of
hinged concrete sections that are each one meter long. There are no emergency access gates along the length
of the barrier.

The reversal process, which involves changing signs and constructing a temporary barricade ofpylons, takes
approximately two hours to complete (12). Vehicles with two or more occupants may travel in the lane from
6 a.m. to 9 a.m. and from 4 p.m. to 7 p.m. in the peak direction (1). The lane is not available for use on
weekends because there is no directional distribution that makes it possible for a lane to be safely removed
from one side ofthe freeway.

Concurrent HOV facilities operate 24 hours a day on I-35E and 1-635. These lanes are open to vehicles with
at least two occupants and are separated from the general-purpose lanes by a double-wide stripe with two
designated entrances and two designated exits. General traffic is not allowed to use these lanes outside the
peak period because a 24-hour policy is believed to be less confusing for motorists and mainlane off-peak
volumes are not heavy enough to require the extra capacity.

The HOV system is operated by Dallas Area Rapid Transit (DART). A DART crew is stationed on 1-30
whenever the lane is open. If a major incident significantly blocks the 1-30 mainlanes, the superintendent
ofthe operating crew recommends to DART administrators whether or not the HOV lane should be opened
to general traffic. The contraflow facility cannot be reversed to divert non-peak mainlane traffic because
there are no emergency access gates that can be opened on the non-peak side. Furthermore, only the barrier
transfer machine can move the barrier to allow non-peak traffic into the HOV lane. To date, HOV lane
diversion has been implemented only a couple oftimes on 1-30. HOV lane diversion is also allowed on the
concurrent facilities.

Dallas is currently expanding its ITS infrastructure. The first stage ofan automated HOV lane enforcement
demonstration project in Dallas has just been completed. A project demonstrating AVI toll tag applications
on 1-635 is in the planning stages (12).

Houston, Texas

The Houston Metropolitan Transit Authority (METRO) and the Texas Department of Transportation
(TxDOT) operate five barrier-separated, reversible HOV lanes. All are one-lane facilities except for a short
two-lane, two-way section of US 290. The 1-45N, I-45S, US 59S, and US 290 HOV lanes are open to
inbound vehicles from 5 a.m. to 11 a.m. and to outbound traffic from 2 p.m. to 8 p.m. on weekdays. The 1­
45S lane is, in addition, open to inbound HOVs from 3 p.m. to 9 p.m. on weekends in the summer. These
HOV lanes restrict access to vehicles with a minimum oftwo occupants (11).
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The 1-10 HOV lane is one of three congestion pricing demonstration projects currently functioning in the
United States. Unlike the other Houston HOV lanes, which restrict access to vehicles with a minimum of
two occupants, 2+ vehicles pay a fixed toll to use the facility at certain times and are billed through
transponders. This facility is open to inbound 2+ traffic from 5 a.m. to 6:45 a.m. and 8 a.m. to 11 a.m.
Between 6:45 a.m. and 8 a.m., vehicles with three or more occupants travel the lane for free while vehicles
with only two occupants must pay a toll. The lane is open to outbound 2+ traffic from 2 p.m. to 5 p.m. and
6 p.m. to 8 p.m. From 5 p.m. to 6 p.m., a toll is assessed in the manner described for inbound HOVs. On
Saturdays, the 1-10 HOV lane is open to outbound vehicles with two or more occupants from 5 a.m. to 8 p.m.
On Sundays, the lane is open to inbound vehicles with two or more occupants during the same time period
(34).

ITS infrastructure in Houston is coordinated through the TranStar traffic management center, which is jointly
operated by Houston METRO, TxDOT, Harris County, and the City ofHouston. This infrastructure includes
loop detectors, AVI readers, VMSs, CCTV cameras, and overhead lane control signals. The overhead lane
control signals are spaced two miles apart throughout the HOV lane network to notify drivers if they are
traveling in the wrong direction (33). TranStar is currently investigating the deployment of remotely
operable gates.

HOV lane diversion is implemented nine to ten times per year. This statistic has increased since the opening
ofTranStar and its attendant freeway surveillance network. There is no specific policy in place governing
how many lanes must be blocked or how long incidents must last before HOV lane diversion is considered
(35). METRO's police force will lift HOV restrictions if a major incident causes "prolonged closure" of the
mainlanes, as evaluated in the field, regardless ofwhether or not the HOV lanes are open at the time (JJl).
In particularly severe cases, the HOV lane may be closed to peak direction traffic, reversed, and opened to
non-peak direction traffic ill). To provide incident and diversion information to motorists, VMSs upstream
of the incident are changed by a METRO police officer stationed at TranStar (J0).

In considering HOV lane diversion, METRO police must consider where HOV lane traffic will go once it
enters the HOV lane. 1-45S, for example, is a designated hurricane evacuation route for which the HOV lane
feeds into downtown Houston, where the number of cars that can be accommodated by the street network
is limited. Thus, to avoid creating downtown gridlock, the I-45S HOV lane may not be opened to general
traffic during hurricane evacuations ill).

Maryland

The Maryland State Highway Administration (SHA) operates a pair of concurrent HOV lanes along 1-270.
They are separated from the general-purpose lanes by a two-foot buffer 00. The first segment ofthe facility
commenced operating in 1993 (ll). Figure 8 is a real-time image of this facility.

The southbound lane is open to vehicles with a minimum oftwo occupants from 6 a.m. to 9 a.m., and the
northbound lane is open to HOVs from 3:30 p.m. to 6:30 p.m. Other traffic can use the lanes outside ofthese
time periods (38). The lanes have not been used for special event traffic.

The decision to allow general traffic to divert to the HOV lane is made by the incident manager or the police
officer in charge at the scene of the incident. A network of VMSs, HAR, and communications with local
traffic reporters, coordinated through the Statewide Operations Center, informs motorists that the restriction
is no longer in place. Emergency vehicles are able to make use of 14-foot shoulders along 1-270 to reach
incidents, so reserving the HOV lane for their use is not necessary. Diversion during severe weather has been
tried at least once.
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Figure 8. Concurrent HOV Lane Along the Inside of1-270 in Maryland <m.

When traffic is diverted to the HOV lane, the lane remains open to general traffic for the entire peak period
because it is difficult to clear the lanes of general traffic once the restrictions have been lifted. It is also
policy to have personnel in the field to set up arrow boards and direct the diversion process. This is because
some existing technology, particularly the CCTV cameras, is deemed inadequate for safe remote operation.

Extending or curtailing HOV lane operating hours based on real-time volumes and speeds is not something
that has been considered by SHA. The surveillance equipment for collecting such data is in place and SHA
is looking at installing dynamic HOV lane signs, but concern about motorist confusion prevents the
deployment of a dynamic HOV lane (1Q).

Minneapolis-St. Paul, Minnesota

The HOV system in Minneapolis-St. Paul, Minnesota, opened in 1992. It was preceded by an interim HOV
lane that operated during the construction ofI-394 in 1985 (12). It now includes three HOV facilities that
operate within a freeway surveillance network that comprises detectors, VMSs, and CCTV cameras (1JJ.).

1-394 west ofHighway 100 and I-35W are both concurrent facilities that are open from 6 a.m. to 9 a.m. and
3 p.m. to 6 p.m. The 1-394 lane is open to eastbound traffic in the morning and westbound traffic in the
evening, while the I-35W lanes are open to both directions during both peaks. The third facility, 1-394 east
of Highway 100, is a reversible, barrier-separated facility open to eastbound HOV traffic from 6 a.m. to
10:30 a.m. and to westbound HOV traffic from 2 p.m. to 12 a.m. It is also open for some special events. A
section ofthis facility is depicted in Figure 9. During the restricted hours, vehicles must have two or more
occupants. At other times, SOVs may use the concurrent facilities (11).

There is no set policy regarding when the HOV lanes may be used for the diversion of general traffic. The
lanes have not been used for diversion to date because congestion has generally not been as high as in some
other metropolitan areas. Furthermore, HOV systems decisions are based on HOV policy-providing a fast
commute for HOV lane users-not maximizing freeway throughput C1JJ).

The Minnesota Department ofTransportation (MnDOT) is planning to extend the hours of operation on the
reversible section ofI-394 by two-and-a-halfhours to account for increasing congestion levels. Dynamic
restructuring ofoperating hours, based on real-time data, was not considered as an alternative because of the
desire to maintain consistency in HOV lane policies. Without consistent hours, motorists may become
confused and enforcement may be complicated (11).
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Figure 9. Reversible HOV Lane in the Center ofI-394 in Minneapolis (41).

Northern Virginia

The Shirley Highway HOV lanes in Northern Virginia are a part ofI-95 and 1-395 and serve commuters
traveling to and from Washington, D. C. The facility is a two-lane, reversible, barrier-separated system. In
the northbound direction from Monday through Thursday, it is open to HOVs from 6 a.m. to 9 a.m. and to
all traffic from 9 a.m. to 11 a.m. and 10 p.m. to 6 a.m. In the southbound direction on the same days, it is
open to HOVs from 3:30 p.m. to 6 p.m. and to all traffic from 1 p.m. to 3:30 p.m. and 6 p.m. to 8 p.m. On
Fridays, the lanes are open to HOVs from 12 p.m. to 6 p.m. in the southbound direction. From 6 p.m. Friday
to 8 a.m. Sunday, the lanes are open to all southbound traffic. From 10 a.m. Sunday to 6 a.m. Monday, the
lanes are open to all northbound traffic (43). VDOT is currently studying the effects of permanently
changing operating hours and occupancy requirements (j4).

When an incident blocks 50 percent ofthe mainlanes in the peak direction and is expected to take one to two
hours to clear, general traffic will be diverted to the HOV lane. This happens three to four times a year, and
the decision to divert is made by the state police at the scene. Diverting traffic to the HOV lane is a very
popular strategy with the local media, who will call the Virginia Department of Transportation (VDOT)
whenever an incident occurs and ask if the restrictions will be lifted, but HOV lane volumes are so high that
VDOT does not want to jeopardize those volumes by allowing generaltraffic to divert to the HOV lane often.
The high HOV lane volumes have furthermore resulted in a policy that says, if an incident should occur in
the non-peak direction, non-peak traffic will not be diverted to the HOV lane.

VDOT must also consider the potential for major queue build-up at the end ofthe HOV lanes, where HOVs
merge with mainlane traffic or encounter downtown traffic signals. To minimize this queuing, traffic must
be diverted to the HOV lanes to bypass the incident and then directed back to the mainlanes as soon as
possible.

VDOT maintains a network ofVMSs and freeway surveillance equipment and is able to remotely operate
its HOV access gates. The agency would like to have accurate measures ofdelay and queue build-up during
incidents, but does not think that such measures can be compared to similar measures calculated assuming
that the HOV facility is reserved for emergency vehicles only C1.J.).
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The Express Lanes in San Diego along 1-15 make up a two-lane, reversible HOV facility that began operating
in 1988. It is open from 5:45 a.m. to 9:15 a.m. for southbound HOV traffic and from 3 p.m. to 7 p.m. for
northbound HOV traffic (11). If mainlane speeds are less than 60 miles per hour at the end ofthe evening
peak, HOV lane operating hours may be extended to provide premium service to HOVs until mainlane speeds
reach that threshold speed (22). Ten-foot shoulders parallel the lanes oftravel, and there are no interchanges
or exits except at the ends of the lane.

The Express Lanes are one ofthe few congestion pricing projects in the United States. The occupancy level
is 2+ for free travel on the Express Lanes, and single-occupancy vehicles (SOVs) must pay a toll to use the
lanes (23). The amount ofthe toll varies with the demand for the lane and is based on guaranteeing at least
LOS C to HOV lane users. When Express Lane volumes are so high that the LOS worsens beyond C, SOVs
are no longer allowed to use the lanes (18).

Reversing lane operations is handled manually. First, changeable message signs, located at both ends of the
lane and prior to lane entries, indicate lane closure. Second, the lane is inspected for debris and abandoned
vehicles. Pop-up pylons are hydraulically raised to form an obvious, but penetrable barrier. Crossing arms
are lowered to block wrong-way entries, and changeable message signs then indicate that the lane is open
in the opposite direction. Each step in this process is initiated manually in the field UlJ..B.).

It has actually been possible since 1992 to coordinate the lane closure and reversal process on a fully
automated, remote basis (21). CCTV cameras can visually monitor each stage of the reversal process,
detectors measure gaps in the traffic stream so that the lane can be closed or opened without jeopardizing
motorists, and the pylons and barriers can be controlled remotely. The California Department of
Transportation (Caltrans) does not allow automated control, however, because there is no way to verify what
the CCTV cameras are displaying except to have an employee physically on scene to ensure that all
equipment is working properly. This desire for redundancy and double-checking is illustrated by the fact
that the messages on the changeable message signs are viewed with a camera to verify that they are indeed
displaying the correct information (M,).

The Express Lanes are open to emergency vehicles at all times. Removable guardrails are spaced
periodically in the concrete barrier to facilitate emergency vehicle access (lJ). The lanes are opened to the
general public when two or more mainlanes are blocked for at least two hours ill). The two-hour time limit
accounts for the time it takes to assemble the necessary employees to open the lanes. The lanes are only
opened in the peak direction and are not opened to the general public if the incident occurs within
approximately 30 minutes ofthe need to reverse lane operation for the other peak (21).

On average, this diversion strategy is implemented only once a year cn,21). This low number may be
explained by the fact that San Diego's freeway service patrol monitors 1-15 at a three-mile spacing during
peak periods and is readily available to begin managing incidents. Furthermore, SOYs can effectively divert
themselves by paying a toll to enter the Express Lanes if they become aware ofa downstream incident before
they reach the entry to the Express Lanes (18).

Seattle, VVashington

The Seattle metropolitan area includes a number of different types of HOV lanes, all ofwhich are operated
by the Washington State Department ofTransportation (WSDOT). Reversible and concurrent HOV lanes
operate on both 1-5 and 1-90. Sections of these roadways are depicted in Figures 10 and 11. Concurrent
facilities operate on 1-405, SR 167, and SR 520.
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The 1-5 reversible lanes are open to HOVs with two or more occupants from 5 a.m. to 8:30 a.m. and 12 p.m.
to 4 a.m. in the peak direction (1.Q). The number oflanes provided varies from one to four (J..7). The 1-90
reversible lanes are open to HOVs with two or more occupants 24 hours a day except for reversal periods
(46). Some sections are either restricted to transit vehicles or open to both Mercer Island residents and
HOVs. The concurrent sections of both freeways are open to HOVs containing two or more occupants 24
hours a day (4l).

The concurrent lanes on 1-405 and SR 167 operate 24 hours a day and require vehicles to contain at least two
occupants. A shoulder lane on westbound SR 520 is reserved for vehicles with three or more occupants.

It is WSDOT policy to maintain an average HOV lane speed of 45 miles per hour at least 90 percent ofthe
time during the peak hour (1.Q). To reduce high demand levels and improve HOV lane LOS, WSDOT is
currently looking at increasing occupancy requirements to three persons during peak periods (J..7).

Figure 10. Concurrent HOV Lane Along
Inside ofl-5 (46).

Figure 11. Reversible HOV Lane in
Center ofl-90 (46).

Approximately one-halfof the concurrent HOV facilities in the United States allow SOVs to use the lanes
outside ofpeak hours (1). WSDOT does not. The consistency of24-hour operation is believed to minimize
confusion, reduce accidents, and promote easier enforcement of occupancy requirements. Twenty-four-hour
availability is also an incentive for drivers to use the HOV lanes for more trips as well as a means ofkeeping
a traffic lane available for the use ofemergency vehicles (1Q).

The decision to relax HOV lane restrictions is not made lightly. It is technically against the law for SOVs
to use an HOV lane at any time, so the integrity and quality ofthe HOV system must be balanced against the
needs ofthe situation. Assessing public tolerance is one component of this equation. HOV lane users, for
example, were amenable to the HOV lane diversion strategy when a major incident closed the mainlanes on
one Seattle freeway several months ago, but they were not happy when diversion was allowed in conjunction
with construction activities without the permission ofWSDOT.

The state police determine if an HOV lane will be opened to general traffic when a major incident occurs.
Their decision depends on the time ofday, the severity ofthe incident, and the availability ofdiversion routes
other than the HOV lane. No set policy exists. Police officers at the scene, supported by VMSs and portable
signs, will direct traffic around the incident (4l).
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From the literature and the agency interviews, a number of barriers to the deployment ofa dynamic HOV
lane were identified. These include justifying the need for such a facility, ensuring motorist safety, technical
reliability, adequacy ofdata, implementation costs, funding restrictions, public perceptions, legality, and the
wide variety of contributing factors.

Need

Before a dynamic HOV lane can be developed in a metropolitan area, there must exist a problem that the
dynamic HOV lane can mitigate. This problem might be heavy traffic volumes, under- or overutilized HOV
lanes, or a lack of alternate routes for mainlane diversion during major incidents.

In Minneapolis, for example, relatively low congestion levels imply that sufficient capacity exists in most
corridors to handle daily demand. Making better use of that capacity is not such an urgent concern, so
altering lane operating hours based on real-time volumes is not a concept that MnDOT can use. In addition,
the number ofmajor incidents that required diversion in past years is negligible, so the incident management
advantages of a dynamic HOV lane serve no purpose.

In San Diego, congestion pricing provides SOVs the opportunity to "buy in" to the 1-15 HOV lane and avoid
congestion. This is an HOV demand management technique. The advantages that a dynamic HOV lane
might provide in increasing the efficiency ofthe lane are superfluous when lane utilization can be controlled
by changes in the toll paid by SOVs. In addition, the buy-in feature reduces the effectiveness of a dynamic
HOV lane in the area of incident management. When a ready diversion alternative exists and drivers can
decide individually whether or not they wish to use it, the transportation management center is limited to only
providing incident information and deciding how many buy-ins are allowed.

In Maryland, 14-foot shoulders adequately serve the need ofemergency vehicles to find an unobstructed path
to the site of an incident. The advantage that a dynamic HOV lane would provide in offering a range of
diversion options is thus restricted in this case.

The role of the dynamic HOV lane must also be identified within the existing HOV lane and freeway
network because dynamic properties are better suited for some types of HOV lanes than for others. A
contraflow lane, for example, requires a barrier to prevent high-speed, head-on collisions between opposing
traffic streams. As noted in the Concept Development section, the presence ofa barrier will limit the degree
to which dynamic HOV lane properties can be utilized. Also, emergency access gates cannot be installed
in contraflow barriers composed of continuous, hinged sections to allow mainlane traffic or emergency
responders into the lane. Neither can these barriers be easily moved.

Motorist Safety

DART and WSDOT operate their concurrent HOV facilities 24 hours a day and do not allow general traffic
to use these HOV lanes outside of peak periods. These policies were formulated to minimize motorist
confusion over lane operating status, particularly for motorists who are infrequent users ofthe HOV facility,
by minimizing the amount of HOV lane information that must be provided to motorists. One feature of a
dynamic lane, however, is the ability to utilize real-time freeway data in making a decision about extending
or curtailing HOV lane operating hours in order to make better use ofthe lane. With such a feature, a 24­
hour HOV-only policy cannot exist, and so the issue ofmotorist confusion must be taken into consideration
in designing the system and its operating rules.
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Maryland SHA and MnDOT share the same fundamental belief. They allow SOVs on their lanes outside
of restricted time periods, but they also express concerns about motorist confusion that may result when
HOV lane operating hours are variable.

Technical Reliability

The dynamic HOV lane concept is untested in the field, so its technical feasibility must be assessed by the
experiences of agencies with automated HOV lane features and with ATMS in general.

In San Diego, changes in HOV lane operations can be completed remotely, but remote operation is not
allowed because the success or failure ofthe automated processes cannot be fully verified. In Maryland, as
mentioned before, the existing ITS infrastructure is also not trusted enough to allow dynamic HOV lane
operations. All interviewed agencies reported that the decision to allow HOV lane diversion during incidents
is made by police officers in the field. It is not based on data obtained from CCTV cameras, loop detectors,
or other surveillance media. Even on 1-95 in Virginia, where HOV lane access is remotely controlled, a state·
policeman in the field makes the HOV lane diversion decision. This practice results from the general
unpredictability of incidents and secondary accidents, which are best assessed by personnel at the incident
scene, according to the interviews.

Overall, there is a reluctance to rely upon advanced technologies and incorporate them into current practices
in the form of a dynamic HOV lane. Where advanced technologies and automation are used to detect
incidents or open and close HOV lanes on a daily basis, their data and operation are generally verified by
other technologies or by field personnel. The reluctance to trust advanced technologies is magnified in
incident situations. No agency interviewed will authorize HOV lane diversion without the recommendation
of field personnel. Waiting for field personnel to arrive prohibits immediate response and thus negates a
major advantage of the dynamic HOV lane.

Adequacy of Data

Beyond stating that secondary accident probability increases with time, studies to date have not resulted in
a means ofestimating the number or severity of secondary accidents that may result from a major freeway
incident. Therefore, including this measure of effectiveness in quantifying the utility of allowing general
traffic to divert to the HOV lane based on real-time information may be very difficult, even when accurate
delay and queue measures can be obtained through the freeway surveillance system. Nevertheless, should
this inclusion be successfully accomplished, some agencies do not think that a comparative measure can be
developed to evaluate the utility of restricting the HOV lane to emergency vehicles during incidents.

Incident duration estimates based on experience are sufficient for allocating incident response resources and
approximating clearance time. However, inaccuracies in predicting incident duration may be a significant
barrier to making full use of a dynamic HOV lane. In choosing between different diversion schemes, it is
important to accurately calculate total delay, queuing, and secondary accident measures for all possible
alternatives so that the alternative with the highest utility can be selected and implemented. These
calculations must logically be made before a response is chosen and initiated. If total incident duration is
incorrectly estimated, utility measures will be incorrect, and then the effectiveness of being able to choose
from a range of diversion schemes will not be maximized.

Implementation

Developing and deploying the ATMS technologies necessary for a dynamic HOV lane may be prohibitively
expensive if the infrastructure is not already in place, especially if the benefits cannot be easily quantified
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or researched. Implementation is further impeded ifthere is little support for such a project or for advanced
technologies in general.

Another implementation issue--one not necessarily restricted to dynamic HOV lanes-is adequate planning.
HOV lane entries and exits must be designed to accommodate changing HOV lane policies. On 1-95, for
example, unusually high HOV lane volumes resulting from diversion or overutilization ofthe lane will create
a bottleneck when the HOV lane ends. This does not result in travel time savings and can be as hazardous
as congestion on the mainlanes.

VDOT's solution to this problem is to divert traffic back to the mainlanes as soon as possible. This may be
possible on a barrier-separated facility such as the 1-95 HOV lanes. This is not a practice on the concurrent
HOV lane on 1-270 in Maryland, however. When the HOV lane is opened to general traffic, it remains open
for the entire peak period because it is very difficult to clear the HOV lane ofgeneral traffic once the incident
has been bypassed. Ending HOV lane restrictions in this way results in a loss of HOV lane efficiency
downstream ofthe incident.

Public Perceptions

Maintaining HOV lane integrity means, in the case of San Diego, operating the lane at LOS C. In Seattle,
it means keeping the average HOV lane speed above 45 miles per hour. In all cases, it means operating the
HOV lane in accordance with the reasons the lanes were constructed: the provision of reliable and
predictable travel time savings to HOVs. To do otherwise can discourage carpoolers and kill the lane. HOV
lane users may be justified in objecting to the use of their lane by vehicles that do not meet the occupancy
requirements, even during major incidents. The general public, furthermore, may question why the lane was
funded and restricted to HOVs in the first place if the restrictions are lifted too frequently. These two
perceptions may result in loss of public support for the lane.

Ifrestrictions are modified excessively, SOVs may also become so used to traveling in the HOV lane that
the violation rate increases and enforcement becomes problematic. In addition, there will be little
encouragement for SOVs to become HOVs if SOVs cannot see firsthand, in the field, a clear benefit to be
gained by carpooling ~).

Legality

HOV lanes funded using environmental relief funding such as Congestion Mitigation and Air Quality
(CMAQ) funds may not be allowed to become dynamic HOV lanes ifSOVs are allowed to use the HOV lane
at times and environmental benefits cannot be justified (n).

It is against HOV lane policy in Minnesota and against the law in Seattle to allow SOVs on the lanes. These
legal restrictions will be ignored when incidents make it necessary, but liability issues must be considered
when procedures are not followed exactly. Furthermore, these legal restrictions prohibit the implementation
ofa dynamic HOV lane whereby operating hours can be terminated early or extended as necessary to allow
SOVs on the lane. Deployment will be hampered by the need to make changes to the HOV policies and state
laws.

Liability issues in general must be thoroughly investigated whenever any new ITS technology or application
is developed. High risk may make a project infeasible before it is ever demonstrated. Also, the accuracy of
information provided to motorists must be guaranteed or else provided to such a degree that the agency
cannot be held responsible for events that befall motorists who follow agency recommendations.
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There are so many factors and circumstances to consider in developing dynamic HOV lane diversion plans
that "no amount ofpreplanning can be preprogrammed into the technology to account for all ofthe potential
problems" (48). These factors and circumstances are unique to individual sites and situations. Agencies
must consider weather conditions, traffic volumes, incident severity and location, incident response needs,
secondary accidents, the availability and features ofalternate diversion routes, and many other characteristics
in deciding how to change HOV lane operating status.
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In this section, a hypothetical dynamic HOV lane is designed to show how the HOV lane and the ITS
technologies are interrelated and how the barriers to implementation might be overcome. This illustration
follows the development of the lane from the idea's inception to its full implementation. The final design
is similar to Figure 7 in concept.

The Environment

A severe congestion problem is present during commuting hours on a typical interstate highway in a typical
United States metropolis. Studies and traffic counts show that there are enough carpooling commuters to
justify the construction of an HOV lane on the interstate. Moreover, an average of one major incident per
month periodically shuts down significant portions of the freeway.

A desire to maximize the cost-effectiveness ofproviding the HOV lane in the present and in the future results
in the decision to construct a dynamic HOV lane. This dynamic HOV lane will be controlled with currently­
available ITS technologies, and it will provide incident management benefits in addition to improving
freeway utilization. Implementation will not be easy because there are a number of barriers to overcome
before success can be achieved.

Who Is Involved?

In planning this dynamic HOV lane, highly cooperative relationships must exist between the local
government, the state DOT (the agency that will construct and operate the lane), enforcement personnel,
incident responders, the local transit agency, the media, the future users ofthe lane, and the future non-users
ofthe lane. Fortunately, most ofthese groups have developed strong working relationships with each other
based on past joint projects. Each group has a role to play in directing its unique capabilities in support of
the lane and in making sure that its needs will be met by the final product.

Four ofthese groups will work with the DOT to develop a construction plan. The local government is critical
in the development ofdynamic HOV lane policies and goals, based on researching the experiences of other
facilities and the needs ofthe metropolis. Enforcement personnel must understand how the lane will operate
and develop methods by which violators oflane policies can be safely apprehended within the dynamic HOV
lane environment. Incident responders, likewise, must ascertain that their need to reach incident scenes
quickly and safely can be met by the dynamic HOV lane. Finally, the transit agency must ensure that the
HOV facility will accommodate its bus routes and schedules.

The DOT, in addition, will thoroughly train its maintenance staff in the use and upkeep of the ITS
technologies. Good maintenance is required to ensure accuracy and reliability, without which the lane will
be ineffective.

The DOT, the media, the local government, and the public will be part of an extensive public education
campaign. The goals ofthis campaign are to gain public support, encourage lane use, minimize motorist
confusion, and reduce the violation rate (49). Television broadcasts, newspaper stories, radio
announcements, billboards, public meetings, an Internet web site, a telephone hotline, flyers, brochures, and
an employer outreach program will be used to inform the public about the new dynamic HOV lane. The
public education topics include explaining:

• Why an HOV lane is being built to ease congestion instead of another general-purpose lane
• How the lane will function daily, as it will function somewhat differently from HOV lanes for which

motorists may have experience; some motorists may have no HOV lane experience at all
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• How the lane will function during incidents
• The role ofVMSs, HAR, and lane control signals in conveying traffic information
• Why motorists should respect the occupancy requirements and what the penalties for violation are
• How HOV lane utilization is measured in terms of the volume ofpeople that use it, not the volume of

vehicles

This campaign will be an ongoing process. The public will periodically be informed ofHOV lane travel time
savings as encouragement to use the lane. VMS use and partnerships with the media for the broadcasting
ofsuch information will be investigated, with care taken to let motorists know that the figure is average travel
time savings, not guaranteed travel time savings.

Finally, funding sources will be secured in advance so that the project can be completed on time. Funding
may be provided through joint development ventures between local entities or through grants from the federal
government. In addition to qualifying for grants designated for environmental relief, the dynamic HOV lane
may also qualify for demonstration project funding.

What Are the Physical Components ofthe Dynamic HOV Lane?

One ofthe biggest expenses in developing a dynamic HOV lane is installing the necessary technology as well
as backup systems and methods ofverifying the accuracy ofcollected data. The metropolis is fortunate that
it already has a freeway surveillance network consisting of state-of-the-art detectors, CCTV cameras, and
telecommunications lines. A traffic management center oversees that network as well as VMSs, AVI readers,
HAR, and AVL. Each of these technologies play other roles in the transportation network ofthe metropolis;
the dynamic HOV lane gives them an additional purpose.

One technology that the city lacks is lane control signals to provide information similar to the information
provided by the lane control signals ofFigure 5. These lane control signals will operate in conjunction with
small, remotely changeable lane use signs that provide information on which vehicles are allowed to use the
lane at the time. The signs that the city plans to install will show the 2+ designation over the dynamic HOV
lane as depicted in Figure 12. These lane control signal assemblies are to be constructed across the interstate
at key locations and at least one-halfmile apart. With the lane control signals in place, the public education
campaign to increase their regulatory force, and continuous access and egress, there is no need to
permanently demarcate the concurrent facility with painted diamonds or special striping (J..Q) and thereby
confuse off-peak travelers who are unfamiliar with the facility.

Figure 12. Conceptual Overhead Lane Control Signals and Lane Use Sign for
Hypothetical Dynamic HOV Lane.
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The city also lacks a refined HAR system. Instead of setting up portable HAR transmitters when necessary,
the city has decided to set up permanent transmitters along the interstate where VMSs can instruct motorists
to tune in to the HAR station for traffic information. These transmitters are spaced so that their broadcast
areas do not overlap. They can be controlled from the traffic management center like the VMSs and lane
control signals. When not used to convey incident or construction information, select transmitters can
broadcast HOV lane information to tourists.

Ifthe city should decide to construct a contraflow or reversible HOV lane, automated gates and barriers will
be required. The city would, in this case, like to install a system similar to San Diego's, where hydraulic
pylons and gates are used in sequence to open and close HOV lane entries and exits while monitored by
cameras and detectors. For safety reasons, a substantial barrier must separate opposing traffic streams (12).

The volume, speed, and detector occupancy data collected by the freeway surveillance network for the HOV
lane and the mainlanes will be used in a decision support system developed at the traffic management center.
This decision support system will consist of a method for predicting system measures of effectiveness,
estimated by experience and calibrated (J.2.), and an algorithm that quantifies the utility ofdifferent HOV lane
operational strategies. These strategies will include both the day-to-day variation in HOV lane operating
hours and the incident management schemes. The decision support system will also include a penalty factor
to limit the frequency with which HOV lane diversion is allowed.

Where and When Would the Dynamic HOV Lane Operate?

The least expensive type ofHOV lane to construct in the hypothetical city is a concurrent HOV lane. The
interstate highway's shoulders are not adequate for carrying HOV traffic, so a concurrent HOV lane will
operate on the inside lane of the freeway in the peak direction during the peak hours. The lane will also
operate during special events. The perception of ''taking away" a general purpose lane is an issue that has
resulted in the failure of some HOV lane projects in the past (25), and so the importance of the public
education campaign in gaining public support increases.

Access and egress will be allowed continuously along the length of the lane. Vehicles with two or more
occupants will be allowed to use the lane because it has been determined that this occupancy level will result
in an acceptable level of lane use.

In accordance with the capabilities ofa dynamic HOV lane, the hours during which the lane is restricted to
HOVs will be extended or shortened based on real-time lane usage data. San Diego's experiences in
extending evening HOV lane operating hours will be studied for insight into this topic. The base operating
hours are from 7:00 a.m. to 8:30 a.m. and 4:00 p.m. to 6:00 p.m. IfHOV lane volumes are unusually high
at 8:30 a.m. and the general-purpose lanes are congested, the operating hours will be extended until HOV
lane volumes decrease or LOS on the mainlanes improves to LOS C-which is deemed acceptable-or
better. VMSs will inform motorists that the HOV restriction remains in place, and the lane control signal
assemblies will continue to designate the inside lane as reserved for 2+ HOVs. IfHOV lane volumes are
unusually low at 5:30 p.m. and the mainlanes operate at LOS C or better, then the restriction will be lifted
without fear ofworsening the LOS for HOVs. The "HOV 2+" lane use sign over the HOV lane will change
from green to amber to indicate the imminent change, and then, after the "HOV 2+" lane use sign is switched
off, VMSs will inform general traffic that the HOV lane is no longer restricted to HOVs. The guiding
principle in altering HOV lane hours is that HOVs must always be provided with an acceptable base LOS
under normal, incident-free conditions, whether the minimum LOS is provided in the HOV lane or in the
mainlanes.

After an incident is detected by the freeway surveillance system, CCTV cameras are used to determine the
type of response required. If the incident is "major" and there are no injuries, no fires, and no spilled
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hazardous cargo, the dynamic HOV lane will be used as an incident management tool in the following
possible ways:

• Option 1. The HOV lane will be opened to the general public as soon as a major incident occurs that
significantly blocks the general-purpose lanes. "Significant" blockage is expected to close down at least
50 percent of the mainlanes for an expected duration of at least one hour.

• Option 2. So that emergency responders have an unobstructed path to the incident, the HOV lane is
closed to general traffic at all times during the clearance of the incident and regardless of the severity
of the incident. The HOV lane, in this hypothetical scenario, is closed to HOVs as well.

• Option 3. If AVI data show that incident responders are some distance away from the scene of the
incident, the HOV lane will be opened to the general public as soon as the incident occurs, but only until
the incident responders reach the interstate. Then the HOV lane will be closed to all traffic but incident
responders.

After the diversion algorithms measure and weigh each option, VMSs upstream of the incident will inform
motorists of the incident ahead and convey changes in HOV lane status. For each diversion option, the
diversion process is illustrated in Table 1.

While the incident is present, VMSs far upstream warn approaching motorists of the incident and instruct
them to tune in to an HAR station for further incident instructions. After the incident is cleared, the VMSs,
lane use signs, and lane control signals are used to return the HOV lane to normal operating status. Green
lane control arrows are once again displayed above all open lanes oftravel.

In general, the lane control signals and lane use signs are used to warn specific groups ofmotorists-those
who are currently using the lane over which the sign or signal is displayed-of upcoming changes in lane
status. The VMSs are used to communicate with all users of the freeway. It is important that these three
communication tools are used in a logical sequence so that freeway chaos after an incident can be minimized.

How Will Motorists' Safety Be Ensured?

To ensure the safety of motorists using the dynamic HOV lane, component maintenance will be accorded
a very high priority. Dynamic signing will be used effectively to provide clear, up-to-date information to
motorists. Public education and awareness campaigns will also be employed, as described previously.

Testing of the dynamic HOV lane concept has not been extensive up to this point, so the city plans to
implement its dynamic HOV lane in stages. As the HOV lane system progresses to full operability over time,
the reliance on the technologies will grow as they are proven to be dependable and as guidelines are
developed for their use in more circumstances. The first stage ofthe implementation process is to begin the
public education campaign and introduce lane control signals and lane use signs to the public. The second
stage is to initiate the variable hours system, using the existing VMSs, lane control signals, and lane use
signs. Implementation of dynamic HOV lane diversion is the third stage. Within each stage, there will be
a gradual transition from the use ofthe human presence as a backup system to the use of other technologies
as the backup system. System capabilities will also be expanded and adapted to cover new operating
scenarios and circumstances as required, learning from local experience and the experiences of other HOV
lane projects.
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Diversion Option I Process!

Option 1 I. The "HOV 2+" lane use sign over the HOV lane turns amber and flashes to indicate
imminent tennination of the HOV restriction.

General traffic 2. The "HOV 2+" lane use sign is turned off. The HOV lane control signal remains a
diverts to the HOV green arrow.
lane immediately 3. Meanwhile, VMSs display a message upstream ofthe incident, such as:

MAJOR INCIDENT
ONE MILE AHEAD

4. After the "HOV 2+" lane use sign is turned off, the VMSs also display:
ALL TRAFFIC

USE HOV LANE
TO DIVERT

Option 2 I. The "HOV 2+" lane use sign over the HOV lane turns amber and flashes to indicate
imminent tennination of the HOV restriction.

HOVlane 2. The "HOV 2+" lane use sign is turned off. The HOV lane control signal changes
restricted to from a green arrow to an amber arrow to a red X to indicate lane closure.
emergency 3. Meanwhile, VMSs display a message upstream ofthe incident, such as:

vehicles at all MAJOR INCIDENT
times ONE MILE AHEAD

4. While the HOV lane control signal is changing, the VMSs also display:
CLEAR HOV LANE

FOR EMERGENCY VEHICLES

Option 3 I. The "HOV 2+" lane use sign over the HOV lane turns amber and flashes to indicate
imminent tennination of the HOV restriction.

HOV lane opened 2. The "HOV 2+" lane use sign is turned off. The HOV lane control signal remains a
to general traffic green arrow.
until emergency 3. Meanwhile, VMSs display a message upstream ofthe incident, such as:

responders need it; MAJOR INCIDENT
the HOV lane is ONE MILE AHEAD
then restricted to 4. After the "HOV 2+" lane use sign is turned off, the VMSs in the immediate vicinity of

emergency the incident also display:
vehicles ALL TRAFFIC

USE HOV LANE
TO DIVERT

5. When emergency vehicles reach the interstate, the HOV lane control signal changes
from a green arrow to an amber arrow to a red X, and the VMSs flash a new message:

CLEAR HOV LANE
FOR EMERGENCY VEHICLES

! These steps would be detailed further in an incident management plan.
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This section summarizes the barriers that impede the implementation of a dynamic HOV lane and the
elements that are critical in the success of such a lane. A flowchart describes the circumstances under which
a dynamic HOV lane is appropriate, and the feasibility of the concept is assessed.

Summary of Barriers and Essential Elements

Issues of concern that inhibit the implementation ofa dynamic HOV lane are:

• Justifying the need for a dynamic HOV lane
• Motorist safety
• Technical reliability
• Adequacy of data
• Implementation costs
• Public perceptions
• Legality and liability
• The wide range of contributing factors

To overcome these barriers, the following elements are necessary for the successful implementation of a
dynamic HOV lane:

• Need. There must exist a problem that the dynamic HOV lane can mitigate. Figure 13 describes the
environment in which a dynamic HOV lane is appropriate. If all ofthe conditions listed in Figure 13 are
not met, the potential advantages of a dynamic HOV lane will be limited. The implementing agency
must then decide if the benefits that can be achieved are considerable enough to proceed with
implementation.

• Reliance on the ATMS components. These include VMSs spaced appropriately for the given freeway
network and demand patterns, lane control signals and lane use signs over all lanes for the provision of
simple lane status information, appropriate surveillance technology for data collection and verification,
AVI and AVL systems to track vehicles and incident responders, and advanced telecommunications to
link the ITS elements. While expensive to install and maintain, these components are often used for
other freeway applications, thus improving their cost-effectiveness.

• Extensive public education. In addition to reducing motorist confusion, public education will lessen
violation rates and help to minimize the "empty lane syndrome."

• An algorithm to quantify diversion options, based on surveillance data, and guidelines or rules to assist
in making decisions about the altering ofHOV lane operating hours in real-time

• Rigorous system maintenance to maximize reliability and accuracy
• Archiving capability so that collected data can be analyzed and the dynamic HOV lane can be evaluated

periodically. Secondary accident potential and incident duration predictors will be estimated, calibrated,
and modified based on local experience and archived data. Archived data will also be used to adapt and
expand the decision rules and algorithms.

• HOV policies and laws that support dynamic HOV lanes
• Agency support. Where the technological feasibility is in doubt, agency support may be obtained by

demonstrating individual technologies to prove their reliability.
• Backup systems and redundancies for safety and the minimization of liability
• A written HOV diversion policy to minimize liability, provide procedural guidelines, and serve as a

process evaluation tool
• An understanding ofthe unique characteristics of each implementation site and the ability to adapt the

dynamic HOV lane to them over time. Building dynamic HOV lane operations in stages is recommended
for identifying and managing the most important contributing factors and their effects on the system.
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A dynamic HOV lane
may be appropriate

for existing conditions.
*Inefficient in actuality
or in perception

Figure 13. Under What Circumstances is a Dynamic HOV Lane Appropriate
for Implementation?
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Safety is the most important ofall concerns and issues. The interviewed agencies are interested in innovative
HOV lane practices to improve efficiency, but concerns about motorist safety result in a reluctance to
experiment with ITS technologies in the ways described in this report. Because the fundamental difference
between a dynamic HOV lane and a "normal" HOV lane is reliance upon a coordinated system of ITS
technologies, a dynamic HOV lane cannot be implemented until the dependability of the component
technologies-individually and cohesively-is successfully demonstrated.
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The following sections address topics for future development and research that are related to the dynamic
HOV lane concept.

Demonstration Project

The dynamic HOV lane concept is worthy of further research, particularly research that will quantify the
dynamic HOV lane's benefits and demonstrate the dependability of the component technologies. This
research could be funded by the United States DOT as an ATMS demonstration project. From the agency
information gathered in the course of this research, a potential site for a demonstration project is on 1-270
in Maryland. 1-270 is appropriate because (jQ.12..J1):

• Congestion is present during commuting hours and is expected to increase by 35 percent in the next
fifteen years.

• It is an existing, concurrent facility. Upgrading an existing facility is less expensive than constructing
a new lane, and a concurrent facility can make greater use of the component technologies.

• ITS infrastructure is in place, including a surveillance network, VMSs, and HAR, coordinated by the
Chesapeake Highway Advisories Routing Traffic (CHART) system and its traffic management centers.

• The public views the lanes as underutilized.
• There is agency interest in efficiency improvements and expansion ofthe ITS network.
• There are no policies or laws that restrict the HOV facility to HOVs 24 hours a day.
• There are no frontage roads along 1-270, so the only other diversion route is a parallel state highway.

MD 355 is at-grade and is not access-controlled. These characteristics limit its usefulness as a diversion
route.

The Maryland site is not perfect in the sense of meeting all of the criteria in Figure 13 because the existing
HOV facility is successful and, while nonrecurring congestion is frequent (12.), there are very few major
incidents. However, the site has strong advantages in existing ITS infrastructure and HOV lane policies that
support the development of a dynamic HOV lane. Therefore, for the purpose of demonstrating technical
reliability and the operation ofan HOV lane with variable hours, the site is more than adequate as a starting
point in the implementation of a dynamic HOV lane.

Areas of Future Research

Both lane control signals and HAR (in the form of AHAR) are used extensively throughout Europe.
European experience in the use ofthese technologies should be investigated and applied to the dynamic HOV
lane concept. In particular, the regulatory power oflane control signals and public response to AHAR should
be studied.

AHAR research should be applied to United States freeway operations in general to see if benefits might
result from providing motorists with an involuntary audio means of receiving traffic information. This
research would include a discussion of the technical, institutional, and social issues associated with both
HAR and AHAR.

Likewise, the impacts and benefits of installing fixed HAR receivers and controlling them remotely should
be analyzed further. In the United States, HAR is currently classified as a portable broadcast medium.

The issue of whether or not a 24-hour, HOV-only lane restriction policy reduces motorist confusion and,
thereby, accidents would be of great interest to HOV lane operating agencies. Such an issue would have to
be examined in the context of other HOV lane policies and influential environmental factors.
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Another issue that requires further investigation is an analysis ofhow automated HOV lane enforcement can
be improved and incorporated into a dynamic HOV lane. In any HOV lane project, good enforcement boosts
the public's image of the HOV lane (49). A fully automated, dynamic HOV lane of necessity requires
automated enforcement to remove police officers from the potentially hazardous enforcement environment.
A study conducted in California in the early 1990s determined that the automated detection technology of
the time was insufficient and inaccurate (52). An ongoing study in Dallas is investigating some aspects of
the automated enforcement issue, but there is concern about both detection accuracy and the high costs of
completing the research (32).

Finally, there are other environments in which a dynamic HOV lane may playa useful role. Dynamic HOV
lanes could be applied to arterial streets, particularly arterial streets where one lane is a contraflow lane
demarcated by complicated pavement markings and static signs. Dynamic HOV lanes might be developed
to handle situations in which the freeway incident blocks the HOV lane and not the mainlanes. The use of
dynamic HOV lanes in congestion pricing applications may also be worthy of research. As learned in the
San Diego interview, congestion pricing projects can demonstrate unique incident management
characteristics that should be analyzed in detail to see if new incident management techniques can be
developed for application in other areas.
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1. Describe your HOV lane configuration and general operating policies, i.e., hours of operation and
occupancy requirements.

2. What ITS infrastructure is currently in place in your jurisdiction?
3. Which agencies are responsible for incident management and HOV lane operation in your area, and how

do you coordinate your actions in the event ofa major incident or severe weather conditions?
4. Do you allow mixed traffic to divert to HOV lanes during major incidents, severe weather conditions,

or other unplanned events?
5. Do you have policies in place governing the circumstances under which diversion is allowed? What are

these policies?
6. How is diversion accomplished?
7. What is your experience with the success ofyour diversion strategy? What specific problems have you

encountered?
8. Are you aware of any potential ITS solutions to those problems?
9. Have you investigated other diversion strategies or options, such as looking at when it might be more

appropriate to maintain HOV lane restrictions (so that emergency vehicles can use the lane without
impediments) than to allow mixed traffic to use the lane?

10. Have you heard of any innovative strategies in use in other HOV lane systems?
11. What information would you need in order to choose from a range of diversion options?
12. Is being able to choose from an array of diversion strategies something that would be beneficial?
13. Do you think that ITS technologies can make that choice feasible? What types ofITS technologies

would be most useful? What else would be necessary?
14. What information do motorists need in order to successfully divert? How do you communicate this

information to them?
15. ITS technologies can potentially provide instantaneous, clear instructions to motorists. Ifyou were to

use ITS technologies in this way, what issues would you be concerned about, and how would you
alleviate those concerns?

16. What do you think ofthe viability ofbeing able to dynamically alter HOV lane operating hours (within
reason) to make more efficient use of the lane, based on real-time volume and speed data?

17. What other issues might arise ifyou were to implement a dynamic HOV lane with ITS technologies? Are
there other significant barriers to surmount, such as politics, liability, and public acceptance?

18. What other problems do you see with the use ofHOV lanes? With the use ofITS technologies?
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nov System Characteristics'

,

1-30 1 lane; contraflow
Peak hours in peak

2+
direction

Dallas, Texas
1-35E 1 lane each direction;

No specific policy

1-635 concurrent; no buffer
24 hours 2+

1-45, 1 lane; reversible; barrier- Peak hours in peak
US 59, separated (US 290 includes direction; Weekends 2+
US 290 a short 2-way section) on 1-45S inbound

Houston,
Peak hours in peak

Texas
direction; outbound on

2+
No specific policy

1-10
1 lane; reversible; barrier- Saturdays; inbound on

separated Sundays

6:45 to 8 am and 5 to 6 Toll for 2+;
pm in peak direction free for 3+

Maryland 1-270
1 lane each direction; Peak hours in peak 2+; Says at

No specific policy
concurrent; buffer-separated direction other times

1 lane; reversible; barrier- Peak hours in peak
2+

separated direction
Minneapolis- 1-394

1 lane each direction; Peak hours in peak 2+; says at
St. PaUl,

concurrent; no buffer direction other times
No specific policy

Minnesota

1-35W
1 lane each direction; Peak hours in peak 2+; Says at
concurrent; no buffer direction other times

3+; Says at
50 percent ofpeak

Northern 2 lanes; reversible; barrier- Peak hours in peak
other times,

direction mainlanes
1-395 except

Virginia separated direction
reversal

blocked for 1-2

periods
hours

San Diego, 2 lanes; reversible; barrier- Peak hours in peak
Toll for 2 or more lanes

1-15 Says; free blocked for at least
California separated direction

for 2+ 2 hours

1-5N, 1 lane each direction;
24 hours 2+

1-5S concurrent; no buffer

1-5N
1 to 4 lanes with ramps; Peak hours in peak

2+
reversible; barrier-separated direction

2 lanes; reversible; barrier-
24 hours except for Varies by

separated (includes a short
reversal times location

Seattle,
1-90 2-way section)

1 lane each direction; No specific policy
Washington

concurrent; no buffer
24 hours 2+

SR 167
1 lane each direction;

24 hours 2+
concurrent; no buffer

SR520
WB shoulder lane;

24 hours 3+
concurrent; no buffer

1-405
1 lane each direction;

24 hours 2+
concurrent; no buffer

I Location IFacility I Number of Lanes· Tvpe I Operatinl! Hours IOccupancy IDiversion Policy2 I

, SummarIzed from mtervlews and the HOV Systems Manual (Jj
2 For all agencies, personnel in the field make the decision to use the Hav lane for diversion.
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As metropolitan areas continue to develop incident management programs, the ability to provide reliable
infonnation for the diversion oftraffic from freeway incidents becomes crucial. Drivers require complete and
reliable infonnation to make infonned choices while traveling, and this is where the use of dynamic message
signs becomes critical for the diversion of traffic during freeway incidents. The amount of infonnation that
can be provided through the use of dynamic message signs is greatly influenced by the short time period in
which the motorist will be able to view the dynamic message sign.

The objectives ofthis research were to establish the current practices and messages for dynamic message signs
when used for traffic diversion due to incidents and the rationale behind these messages. This infonnation was
then examined to develop guidelines regarding what steps need to be taken to allow for diversion. This was
accomplished through the use ofa survey. Six state Departments ofTransportation were contacted to establish
their use ofdynamic message signs, and the obstacles faced with regards to diversion. Also, a literature review
was completed to determine message content for the advisory messages provided for traffic diversion. This
literature review found that the following components are necessary in an advisory message:

• a problem statement (incident description);
• location;
• an effect statement (major delay, etc.);
• an attention statement (addresses a certain group, not always necessary); and
• an action statement (what the motorist should do).

The analysis of the survey results showed that most agencies are not able to provide specific diversion
infonnation due to one or more ofthe following factors:

• a lack ofavailable capacity on the roadways that will be used for diversion;
• a lack of real-time traffic infonnation on the diversion roadways that would not allow the controlling

agency to know ifthey were sending motorists to congested areas;
• a lack ofavailable surveillance equipment for providing any traffic infonnation to the controlling agency;
• a lack ofalternative routes which would allow for convenient diversion offreeway traffic; or
• a lack ofcoordination between the local and state jurisdictions does not allow for the shifting offreeway

traffic to roadways under local jurisdiction.

Using these issues as a foundation, the author established guidelines for the development ofa diversion plan
with emphasis given to how dynamic message signs will be applied in these situations. These guidelines were
then applied to a case location in order to illustrate the application of a diversion plan.
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As metropolitan areas throughout the nation advance in the development of incident management programs,
the ability to provide reliabld)nformation to drivers becomes crucial. For programs that are diverting traffic
from freeways, it is important to provide effective signing to both infonn drivers of an incident and to
successfully guide them around the incident. One way for agencies to distribute this information is through
the use of dynamic message signs on the freeway system.

Incidents, and the resulting congestion on a freeway, create unexpected conditions for drivers and are therefore
potential areas where safety hazards and excessive delay can result ifdrivers are not infonned ofthe situation.
The use of dynamic message signs for providing infonnation to drivers when an incident disrupts the normal
flow oftraffic on a facility can alleviate many ofthe safety and delay problems associated with the disruption.
Dynamic message sign messages can be presented in several different ways to provide a motorist with
information regarding roadway conditions or diversion. The messages given during major freeway incidents
can be divided into three classes based on whether the message provides:

1. A basic indication ofcongestion due to an incident;
2. An indication of an incident plus a recommendation to take a non-specific alternative route; and
3. An indication of congested conditions along with a specific alternate route.

The extent ofthe information to be provided for the diversion oftraffic is often a point of inconsistency among
agencies who operate dynamic message signs. Given that a driver desires to have as much accurate and useful
information as possible, it is important to determine what infonnation is currently being provided during major
incidents on a freeway, and ifthere is any diversion infonnation being included. Also, the rationale used when
detennining if traffic should be diverted from an urban freeway needs to be established to find a means of
enhancing the use ofdynamic message signs for this purpose.

Credibility must be considered in the use of dynamic message signs for the diversion oftraffic during major
freeway incidents. IfmeSsages become inconsistent or unreliable with regard to the information being provided,
motorists are less likely to employ the infonnation for diversion. For this reason, it is important to check the
validity of an incident report before providing diversion infonnation. Also, if traffic is being diverted, it is
important to establish convenient and reliable routes so that motorists do not feel that they are being lead into
worse conditions on the diversion routes or being taken a great distance out oftheir way. This feeling is greatly
dependent on previous experiences that the motorist has had with the reliability and credibility of the
infonnation provided by dynamic message signs.

Problem Statement

Operating under the philosophy that drivers require complete and reliable information to make infonned choices
while traveling, it becomes necessary to provide the greatest amount of accurate information possible without
confusing the driver. One way to accomplish this is to provide the information through the use of dynamic
message signs. The amount ofinformation that can be provided is greatly influenced by the short time period,
approximately eight seconds, in which the motorist will be able to view the dynamic message sign (l). In order
to provide the necessary infonnation, one must understand the rationale behind the messages which are
currently being used with dynamic message signs for diversion oftraffic during incidents so that guidelines can
be developed for the use ofdynamic message signs under these conditions.
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Objectives

The research contained in this report was conducted in order to achieve the following objectives:
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• Establish the current practices and messages for dynamic message signs when used for traffic diversion
due to incidents.

• Detennine the rationale being used by operating agencies with regard to what diversion infonnation is or
is not being provided.

• Draw conclusions as to the obstacles which inhibit an agency's ability to provide diversion infonnation
based on the established practices and rationale ofthe providers.

• Develop guidelines regarding what steps need to be taken to allow for diversion infonnation to be provided
to drivers.

• Apply guidelines to a case location.

Report Organization

This report is divided into six sections. This section contains the objectives and study approach for the report.
Following is a section which explains the method of study which was used during this research. The next part
is the background section that includes a discussion ofthe content ofadvisory messages displayed on dynamic
message SIgnS.

Section 4 begins the summary of the research results. This portion includes infonnation regarding how
incidents are being detected, what type ofmessages each agency is employing during major freeway incidents,
and the obstacles that stand in the way of displaying diversion infonnation. Section 5 uses these data to
establish guidelines for the use of dynamic message signs for diverting urban freeway traffic during major
incidents. Sections 6 continues this by taking these guidelines and relating them to a particular city as a case
location. Finally, there is a summary section which highlights the main points developed in the research.
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Literature Review

METHOD OF STUDY
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A search ofcurrent literature was done in order to establish message content for dynamic message signs. The
type ofmessages investigated were advisory message, which are the messages given for the diversion oftraffic.
The information gathered in this search is presented in the Background section ofthis report.

Data Collection

The data collection effort consisted of conducting a survey of several transportation management centers to
establish the current practices for the use ofdynamic message signs for the diversion oftraffic during major
freeway incidents. The survey was conducted by telephone using a survey form (see Appendix) designed to
keep a consistent method of questioning. The individuals contacted have a direct connection to the operation
of the dynamic message signs for their area. The individuals were asked several question to determine what
type ofmessages are bing provided and the rationale and/or policy used for the determination ofthe messages
displayed using dynamic message signs. Questions were also asked with relation to the detection of incidents
and obstacles which interfere with the diversion oftraffic through the use of dynamic message signs. Table
1 is a list ofthe individuals contacted and the organization with which they are associated.

Table 1. Survey Contacts

Contact Organization

Mark Demidovich Georgia Department ofTransportation

Glen Carlson Minnesota Department ofTransportation

Brian Dobbins Washington Department ofTransportation

Joe Contegni New York State Department ofTransportation

Gregory Damico California Department ofTransportation

Carlton Allen Texas Department ofTransportation

Data Analysis and Application

The information presented in the Study Results section was examined to determine the current practices ofeach
ofthe organizations with regard to the use ofdynamic message signs for the diversion oftraffic during freeway
incidents. The results ofthe analysis are found in the form ofguidelines for the use of dynamic message signs
in diverting traffic. A case study for the proposed guidelines is presented to illustrate the proposed process.
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When dynamic message signs are used during urban freeway incidents, the types of messages which are
displayed are categorized as advisory messages. This indicates that the sign is displaying real-time information
about the freeway conditions and also suggesting a course ofaction to the driver. Such signs should be located
on the freeway prior to critical decision points, at entrance ramps, or on arterial streets approaching the freeway
Q). TIlls use ofdynamic message signs for incident infonnation has the potential to either increase or decrease
the performance of the system depending on the accuracy and timely use of the dynamic message. If the
message is accurate and useful, the credibility will increase; but, the opposite is also true, ifthe information
is not accurate it can decrease the credibility ofthe system (1).

The main pwpose ofadvisory signs is to provide drivers with an adequate amount of information to allow for
informed decisions to be made. Knowing this, the messages should contain the following elements to be
effective: (2)

• a problem statement (incident description);
• location;
• an effect statement (major delay, etc.);
• an attention statement (addresses a certain group, not always necessary); and
• an action statement (what the motorist should do).

An example ofthis type ofmessage is as follows:

ACCIDENT
ATMILLERRD
MAJOR DELAY
USE SECOND AVB

(problem statement)
(location)
(effect statement)
(action statement)

To allow for a driver to read, understand, and make decisions based on these messages, they must be short and
concise due to the short period oftime in which the driver will be able to read the message. With this in mind,
trade-offs must sometimes be made as to the information which can be provided during this time period. The
minimum components which can be provided and still be effective for decision making when trying to divert
traffic are a problem statement, location, and an action statement (2). An example ofthis abbreviated message
follows.

ACCIDENT
AT MILLER ROAD
TAKE SECOND AVB.

A second possible type ofbriefmessage would be to provide a problem statement and a generic indication to
take an alternate route. This type ofmessage would appear as follows.

ACCIDENT
AT MILLER ROAD
TAKE ALTERNATE ROUTE

The second type of briefmessage allows the driver to make the decision about ifand how he/she is going to
divert around the incident. This type ofmessage would encourage diversion only by drivers who are familiar
with the area and had enough knowledge about the local roadways to feel comfortable leaving the freeway.
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SURVEY RESULTS
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Agencies have determined independently how they feel dynamic message signs can best be used for providing
infonnation to drivers. This section outlines how the given metropolitan areas are currently handling the use
ofdynamic message signs for the diversion oftraffic during major freeway incidents. A summary ofthe survey
results can be found at the end ofthis section in Table 2.

Atlanta, Georgia

Incident Detection and Verification

As mentioned previously in the Background section of this report, credibility is a major issue when using
dynamic message signs. With this in mind, it is important to have a reliable method for detecting and validating
the occurrence offreeway incidents prior to displaying messages using dynamic message signs. The Georgia
Department ofTransportation uses several different methods for obtaining these facts. Primarily, detection
is accomplished through the use ofAutoscope video cameras, which are placed every one-third ofa mile along
a portion of the freeway system. The Autoscope video cameras are able to provide information regarding
freeway speeds, traffic counts, and occupancy to the transportation management center. The traffic
infonnation is then processed to indicate where traffic is moving nonnally or where there is a problem. Once
a problem has been detected using Autoscope, it is verified through the use ofclosed circuit television cameras
which can be rotated to look at the section of road that is in question. The verification process allows the
transportation management center to determine the cause ofa slow down or the severity ofan incident and road
conditions. Also, incidents are detected by motorists on the freeway who call the transportation management
centers or by the highway emergency response operators (HEROS) who work for the Department of
Transportation patrolling the freeways to be able to help when a problem arises. Again, any accident which
is reported is verified using closed circuit television cameras (1).

Dynamic Message Sign Usage

Once incidents have been identified and validated, the question ofhow best to provide infonnation regarding
the incident becomes crucial. In the Atlanta area, the Georgia Department ofTransportation operates forty-one
dynamic message signs. The following list contains the main locations for the dynamic message signs in the
Atlanta area (1):

• On 1-75 and 1-85 inside ofthe 1-285 loop. Located every five to six miles. Also, there is one sign on each
ofthese interstates prior to 1-285 headed towards downtown;

• On 1-20 there are four signs, two approaching 1-285 and two approaching 1-75/85 downtown;
• Two signs on SR 400 SB inside the 1-285 loop;
• One sign on SR 166 EB approaching 1-75/85;

During approximately 80 percent ofthe incidents which are handled using dynamic message signs, the message
contains:

• an indication ofa problem; and
• a non-specific suggestion to use an alternative route.

An example ofthis type ofmessage is as follows (1):

ACCIDENT ON 1-85 NB
3 MILES AHEAD

USEALT
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The remaining 20 percent ofthe time, a message is given that contains:

• an indication ofcongested conditions; and
• a specific alternative route for the motorist to take.

An example ofthis type ofmessage would be (1):

ACCIDENT ON 1-75 NB
1 MIN OF MAIN ST
USE US 41 AS ALT
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A specific route is only indicated when the traffic conditions ofthe alternative route are known. For the Atlanta
area, this is possible for particular routes due to an extensive arterial detection system that is in place, this is
not the case in many other metropolitan areas. The arterial detection system consists ofclosed circuit cameras
that allow for an operator to manually look at the section of roadway that is in question. Even with this
detection system though, specific routes are not always given for a couple of different reasons:

1. The layout ofthe Atlanta metropolitan area lacks convenient alternative routes available for diversion from
the freeway system.

2. It is the feeling of the Georgia Department of Transportation that, because they can not be sure of the
destination of the motorists, diverting them on a specific route may take a motorist out oftheir way or
possibly get them lost (1).

One eyewitness account ofan incident on an Atlanta freeway provided the following information regarding the
use ofdynamic message signs. This demonstrates that diversion information was not always provided on the
dynamic message signs during this incident. The following are the messages which were provided by the
dynamic message signs in that area (,2):

Sign 1:
ACCIDENT AHEAD

4 MILES

Obstacles for Diversion

Sign 2:
ACCIDENT AHEAD

2.5 MILES

Sign 3:
3 RIGlIT LANES

BLOCKED

In the Atlanta metropolitan area, the main obstacle faced for the diversion oftraffic from the freeway system
is a lack of convenient alternative routes. Also, the Georgia Department of Transportation considers the
following factors to be obstacles to the use of dynamic message signs to divert traffic:

• a lack of real-time traffic information on the alternative routes;
• a need to coordinate the local and state agencies to make diversion from one jurisdiction to another

possible.

The real-time information from the arterials for diversion purposes is not yet possible for the Department of
Transportation. Although there are detection loops on the arterial roadways, this information is not being sent
to the transportation management center for use in incident detection at this time. Without this information it
is not always possible to know the conditions ofthe roadway which will be used as a diversion route. This
limits the ability ofthe agency to divert traffic offthe freeway (1).

The Georgia Department ofTransportation has a good working partnership with the local agencies. Through
the help of the state Department of Transportation, the local agencies were able to establish their own
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transportation management centers. This has created a relationship of cooperation between the different
agencies which created the working partnership among the agencies. Due to this partnership, the Department
of Transportation is able to work with the county to be able to coordinate the signal timing for arterials to
accommodate the addition traffic created through the diversion offreeway traffic due to an incident. Without
this coordination, the benefits of diversion would be reduced for the freeway traffic (1).

Minneapolis, Minnesota

Incident Detection and Verification

Again, detection and verification ofincidents is the first step to providing the valuable information possible via
dynamic message signs. In Minneapolis, 90 percent ofthe incident detection is accomplished by way ofcellular
911 calls from motorists. The calls are then verified through the use ofclosed circuit video cameras which are
located on the freeway system. The Department ofTransportation operates 210 ofthese cameras in the area.
Also, there are loop detectors located throughout the freeway system that can show ifthere is a slow down in
traffic speeds which may indicate that there has been an incident near that location. Again, the incident is
verified through the use of the closed circuit cameras. The final method employed by the Minnesota
Department of Transportation for incident detection is through the use ofa Highway Helpers program. The
Highway Helpers patrol the freeway system during critical hours ofthe day and are able to repo~ an incident
directly to the transportation management center (Q).

DynamicMessage Sign Usage

Once the incident conditions are established, the Minnesota Department of Transportation then uses their
dynamic message signs to provide information about an incident, and suggests the use of a non-specific
alternate route. The dynamic message signs are ideally located a mile or two upsream ofthe major decision
points such as freeway to freeway interchanges. The messages shown on the signs provide the following
information:

• a problem statement;
• location ofthe problem; and
• an action statement that either indicates that the motorist should take a non-specific route or listen to the

traffic radio station.

One specific example ofthe messages provided is as follows (Q):

ACCIDENT
AT FRANCE AVB

USE OTIlER ROUTES

Specific diversion information is never provided by the Minnesota Department ofTransportation through the
use ofdynamic message signs. Specific alternate routes are provided using the traffic radio, but it is phrased
as a suggestion and never as a mandatory action such as "consider taking...". Also, by using the radio, it is
possible to provide several different suggestions for alternate routes. This lessens the possibility of
overwhelming certain local streets by diverting all ofthe freeway traffic to that area (Q).

The traffic radio broadcast is made possible through a partnership created between the Minnesota Department
ofTransportation and the public schools in Minneapolis which allows the transportation management center
to use the radio station run by the public schools as a means ofproviding traffic information. These traffic
reports are broadcast from the transportation management center every eight minutes during normal roadway
conditions, and continuously ifthere is a major incident on the freeway system (Q).
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The obstacles which face the Minnesota Department of Transportation for the diversion of traffic from the
freeway system during incidents includes a lack of infonnation about the traffic conditions on the roadways
that will be used as diversion routes. Without this infonnation, drivers could be sent towards worse conditions
than they are experiencing on the freeway and the Department of Transportation would be unaware ofthis
problem.

Another problem which was stated was that the dynamic message sign message must be very short. This does
not always allow for enough room to clearly state the infonnation necessary to divert traffic (Q). As mentioned
previously, a driver is only able to observe the sign for approximately eight seconds. All infonnation necessary
must be seen in this short period oftime.

A:final obstacle experienced by the Minnesota Department ofTransportation is creating a diversion plan that
encompasses all ofthe local and state agencies. This requires an integration ofthe transportation management
centers for the cities and counties with the state. This plan is necessary to allow for the smooth diversion of
traffic by including arterial signal timing plans as well as messages to the diverted traffic to allow for
movement through the area with the least possible delay (Q).

St. Paul, Minnesota

The DIVERT (During Incidents Vehicles Exit to Reduce Travel Time) project in St. Paul, Minnesota provides
traffic guidance and control during freeway incidents. The main objectives ofthis test project are to increase
freeway capacity during major freeway incidents, to manage traffic flow during freeway incidents, to apply new
technologies, and to improve institutional interaction and cooperation. The project encompasses the area of
1-94 & 1-35E, which are intersecting freeways at this location, and the central business district of St. Paul, and
uses three major arterials to divert freeway traffic. The diversion routes include: Kellogg Boulevard, a major
signalized arterial providing diversion capability to the south and west sides ofdowntown St. Paul; and a pair
of one-way arterials, 11th and 12th Streets, which provide additional capacity on the north side of St. Paul.
Dynamic message signs are one component of the guidance sign system used to divert motorists around the
incident. The system includes four dynamic message signs at locations prior to each major decision point for
the traffic diversion from the freeways. The dynamic message signs for this plan are located at the four major
decision points along the selected corridor (2):

• on 1-35 on the east and west sides oftown,
• on 1-94 headed towards downtown from the west, and
• on US 10 going to downtown from the east.

Additionally, coordinated signal timing plans along the designated diversion routes in downtown St. Paul
manage the diverted traffic to minimize congestion. Thus, the diverted traffic is accommodated in a planned
fashion, as opposed to randomly entering the downtown area (Z).

The infonnation provided on the dynamic message signs used in the DIVERT project includes:

1. An indication that there has been an incident;
2. The freeway name where the incident is located, this is necessary since the two freeways are joined at this

point, and
3. The exit that needs to be taken to bypass the incident.
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This infonnation is provided using two separate frames for the text on each dynamic message sign. This is the
maximum recommended number of frames for this speed of traffic. An example of these messages is as
follows (2).

Frame 1:
INCIDENT

AHEAD
94 EAST

Seattle, Washington

Incident Detection and Verification

Frame 2:
BYPASS

EXIT
241A

The policy ofthe Washington Department ofTransportation indicates that dynamic message signs are only to
be used during incidents ifthe incident can be visually confirmed by the controlling agency (1). The detection
of incidents for the Washington Department of Transportation in the Seattle area is accomplished primarily
through the aid ofthe state patrol computer aided dispatch system which receives cellular calls from motorists.
The state patrol receives information regarding lane blockage, disabled vehicles, and accidents, and then
prioritizes them by location and length of the affected traffic stream. The remainder of the incidents are
identified using loop detectors which then feed information to a traffic flow map based on occupancy. Both
Information gathered by each method of detection is then verified using closed circuit video cameras located
on the freeway system @).

Dynamic Message Sign Usage

The Washington State Department ofTransportation has published guidelines for the use of dynamic message
signs in this state. Using these guidelines, it is established that the use of dynamic message signs during times
of incidents are either third or fourth priority issues. The priority order for the use ofthe dynamic message
signs is as follows (.:2:):

1. Dedicated lane control and regulatory dynamic message signs.
2. Safety-related (example: flammable restrictions for tunnels).
3. Roadway closures.
4. Minor traffic impacts.
5. Public service announcements.
6. Test Messages.

When using dynamic message signs during times of incidents, the Washington Department ofTransportation
in the Seattle area generally provides the following information:

• incident location;
• type of incident, and
• where the congestion due to the incident begins.

Occasionally, a suggestion to take a non-specific alternate route will also be given. This is typically done only
when the entire road is blocked due to the incident. Although, ifdiversion does become necessary, it is the
policy ofthe Washington State Department ofTransportation to divert traffic only to another state route, or
with approval ofthe route operator (.:2). The Department ofTransportation in this area considers it risky to
routinely divert traffic around an incident due to the extreme amount ofcongestion already present on the local
roads, and due to the limited number of alternative routes which are available to the motorist (~.
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Although, the Department of Transportation does maintain a real time traffic map as part oftheir web page
in order to allow people to obtain this information and decide on their own what is the best route to take. As
well as providing the local media with incident information so that they can provide information to the motorists
(~).

Obstacles for Diversion

The primary obstacle faced by the Washington Department ofTransportation in the Seattle area is the lack of
alternative roadways available for diversion. Seattle has a lake situated in the center ofthe metropolitan area
which greatly reduces mobility in this area. The lake creates a natural obstacle to traffic and reduces the
number ofpossible roadways across this area. Seattle has two main interstates running north to south which
are seperated by the lake, and two routes across the lake from the east to the west (~).

A second obstacle is that the local roadways which are available in Seattle already have a high level of
congestion and would not be able to easily accomodate the additional traffic created by the diversion offreeway
traffic onto the local arterials. Also, the Department ofTransportation has made an agreement with the local
agencies to avoid diverting traffic through these areas (~).

Due to the indicated obstacles for diversion, the Department of Transportation prefers to allow the state
highway patrol to handle any necessary traffic diversion once they have established if it is necessary at the
incident sight and the Department of Transportation is focused on the more efficient clearing ofthe incident
from the roadways (~).

Long Island, New York

Incident Detection and Verification

The detection system being used by the New York State Department of Transportation includes the use of loop
detectors as the primary form ofdetection. The problem areas which are detected through this method are then
verified using closed circuit television cameras located on the freeway system. Also, they operate a roving
patrol on the freeways during the weekday peak hours in order to help motorists as well as report incidents.
Finally, the Department of Transportation is in contact with the state police and are given information from
this agency on incidents that have occurred (2).

Dynamic Message Sign Usage

INFORM (Information for Motorists) is the advanced transportation management center which controls the
operation ofthe dynamic message signs in the Long Island area. This area has 100 dynamic message signs
under its supervision for use in traffic control. Once an incident is detected, these dynamic message signs are
used to convey information to the driver. Depending on the situation, an indication of congestion is provided
along with either a non-specific or a specific alternative route suggested. Alternative routes are only specified
by INFORM when they are confident that the specific route is flowing freely. INFORM has chosen to provide
these specific route recommendations because they believe that motorists are more likely to divert when given
a specific diversion route, and this will help to alleviate the problems created on the freeway as a result of an
incident (2).

INFORM estimates that delay savings due to increased motorist information reach as high as 1900
vehicle-hours for an incident during the peak period. It has been found that 5 - 10 percent ofthe drivers will
divert when messages are displayed which only include an indication of an incident, and twice as often when
messages include diversion information. Convenient alternate routes greatly impact the percentage ofmotorists
who will use diversion routes (lO).
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In Long Island, the INFORM system has already implemented a freeway traffic diversion plan, and therefore
has overcome many ofthe obstacles which face areas that have not developed this plan. INFORM holds that
area-wide transportation management can only be achieved through the coordinated efforts of a variety of
agencies. Accordingly, the program places a strong emphasis on establishing inter-agency partnerships (10).

The major obstacle which was pointed out by the New York State Department of Transportation is that the
dynamic message signs are not always functioning properly. In the INFORM system, there has been occasional
communications problems between the transportation management center and the dynamic message signs which
does not allow the displaying messages (2).

Los Angeles, California

Incident Detection and Verification

Detection offreeway incidents in the Los Angeles, California area is accomplished remotely through the use
ofloop detectors and other sensors located on the freeway system. This allows for the California Department
ofTransportation to obtain traffic data from the transportation management center without having patrols at
all locations. Verification of incident information is done using closed circuit video cameras which are
controlled by the transportation management center when available, or by a field patroL There are also
observations of incidents reported from the field patrols who are in two-way communication with the
transportation management center. These observations do not need to be verified (11).

Dynamic Message Sign Usage

In Los Angeles, the Department of Transportation uses dynamic message signs only as a way ofproviding
information about (11) :

• the location ofan incident; and
• the number of lanes which may be closed due to that incident.

It is the policy ofthe California Department ofTransportation not to recommend alternative routes to motorists
during incidents on the freeway for the following reasons (11):

• There is an absence ofcontinuous one-way frontage roads adjacent to most freeway segments;
• No access to real-time traffic flow information on local streets;
• Diverted freeway traffic volumes could cause congestion on local streets;
• Motorists tend to get confused and lose their direction in unfamiliar local area;
• The number ofmotorists is extremely large and their ultimate destinations are unlmown.

It is left as the job ofthe traffic reporting media to provide any available information with respect to possible
diversion around an incident. This was decided due to the fact that the media are able to obtain real-time traffic
conditions for the local streets, and can therefore provide better information with respect to diversion than is
available to the Department ofTransportation (11).

Obstacles for Diversion

Along with the policy problems stated above, the California Department ofTransportation listed the following
as the primary obstacles faced for the diversion oftraffic during a freeway incident (11):
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• coordination with local agencies;
• lack of real-time traffic information on parallel local agency facilities;
• lack of interconnection with local traffic control systems; and
• lack ofclosed circuit cameras or helicopter surveillance by the Department ofTransportation on alternative

routes.

With these problems in mind, the California Department ofTransportation suggested that the steps necessary
to allow for the diversion offreeway traffic would be to implement an integrated corridor management system.
This would allow for a diversion plan to be carried out from one location with ease. Also, they suggested a
need for real-time surveillance of city street traffic flow conditions.

Houston, Texas

Detection and Verification

The transportation management center in Houston, Texas has several different methods that are used for the
detection and verification ofincidents on the freeway system. The first method of detection is through the use
ofthe automated vehicle identification system which can use the data gathered from vehicle tags to determine
freeway speeds. Detection is also done using closed circuit television cameras which broadcast into the
transportation management center. These cameras are also used in the verification ofmany reported incidents.
Other methods of detection include alerts from the motorist assistance patrols, agency field personnel, public
calls to the transportation management center, and law enforcement reports. Further verification of these
reports can be done by either having multiple reports ofthe same incident, or by having other field personnel
visually verify the incident (12).

Dynamic Message Sign Usage

The use of dynamic message signs in the Houston area greatly depends of the location of the incident in
question. Ifthe incident is located at a point where there is no alternative route available based on the location
ofthe dynamic message sign, then the information provided via the dynamic message sign is only an indication
that there is an incident ahead, and possibly the related road conditions. The following message is an example
ofthis type of situation (12).

ACCIDENT AHEAD
AT AIRLINE

RIGHT LANE CLOSED

Another possible situation is that the incident has occurred where the alternate route which is available based
on the location ofthe incident and the position ofthe dynamic message sign would take the motorist, but the
available route would take the motorist off ofthe state operated freeway system and onto roadways that are
under a different jurisdiction. By the policy ofthe Texas Department ofTransportation, this type of diversion
requires the permission of the agency who controls the diversion route. At this point, the transportation
management center is most likely to give a message which provided information that there has been an incident
and a non-specific indication to take an alternative route such as illustrated in the following message (12).

ACCIDENT AHEAD
AT AIRLINE

USEALT. ROUTE

The final scenario presented by the Texas Department ofTransportation for the possible diversion oftraffic
during a freeway incident is that the incident is located at such a point that the traffic can be diverted to another
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state roadway. 1bis is the best possible situation for the agency since it allows them to divert traffic with the
least amount of difficulty. At this point, a message such as the following with two frames of information
would appear on the dynamic message signs in the area (12).

Frame 1:
ACCIDENT AHEAD

AT AIRLINE
RT. LANE CLOSED

Obstacles for Diversion

Frame 2:
EXPECT DELAYS

USE HARDY
TOLL ROAD

The Texas Department ofTransportation stated that the main obstacle which keeps the agency from diverting
traffic from freeway incidents in a lack of dynamic message signs in the proper locations. In order to allow
for freeway diversion, the dynamic message signs need to be located prior to each major decision point, such
as exits and interchanges. The location to the signs to the accident is the main deciding factor in what type of
message will be displayed by the transportation management center (12).

Also, it is the policy of Texas Department of Transportation that diversion from the state's right-of-way
requires pennission ofthe agency who has jurisdiction for that roadway (12). Due to this policy, diversion
from freeways to local arterials requires a strong working relationship between the local and state agencies.
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Survey Question
Georgia Minn. Wash. NYS Calif. Texas

DOT DOT DOT DOT DOT DOT

Closed Circuit Cameras X X

Autoscope X
§
.~ Loop Detectors X X X X
d)

"0
0 DOT Patrols X X X X X
-=d)

"'C Public Calls X X X X.....g- Police X X X

AVITags X

s::
0 Closed Circuit Cameras X X X X X X.....
til
()

!.+=1
'0
d) DOT Patrols X X X X;>

-=d)
"'C.....

Multiple Public Calls X.s
No message

-=d) Basic Indication of Incident X X X
-=0
U Suggest Non-specific Alternated) X X X X X
~ Route
CIl
CIl
d)

~ Suggest Specific Alternate
X X X

Route

Coordination ofAgencies X X X X

Lack of Real-Time Traffic
X X X

Information on Diversion Route
CIl
d)

Short DMS messages X-S
CIl..c Not always a Convenient0 X X
s:: Diversion Route
0.....
CIl
~

Location ofDMS X~.....
0

Lack ofDiversion Route
Capacity

X X

Malfunctioning DMS X

Note: X indicates an affinnative answer from the survey
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In order to achieve success in the use of dynamic message signs for the diversion oftraffic around freeway
incidents, there must :first be a great deal ofplanning, discussion, and development. In the process ofcreating
a diversion plan, a thorough process must be developed to coordinate the affected roadways. The messages
displayed by dynamic message signs are only one part ofthis process. The guidelines will focus on the issues
associated with the use ofdynamic message signs, and will touch only briefly on the surrounding issues.

The guidelines that follow are recommendations of the author and are based on the experiences and
recommendations ofthe transportation management centers which were contacted. Added consideration has
been given to the experiences ofthe INFORM and DIVERT systems which already have diversion plans being
tested that incorporate the use ofdynamic message signs on the freeways. The guidelines given here will focus
on the steps needed to allow for diversion and how dynamic message signs are factored into this process.

Stage 1: Preliminary Planning

This stage ofthe development for a diversion plan should rely heavily on the forming ofpartnerships among
different agencies in the area. Ifthese partnerships are not established at the beginning phases ofthe planning
then there may be later conflicts over the objectives ofthe traffic diversion and the handling ofthe increased
traffic on local roadways.

1. Define the Corridor for the Diversion Plan

When an urban area is looking at beginning a diversion plan, they must first look at what corridors within this
area need to establish a plan for traffic diversion. A few characteristics ofcorridors where these plans may
be effective are as follows:

• The corridor is a main travel route for the area. This would imply that an incident on this roadway would
have a noticeable effect on a large number ofmotorists, and it would be worth the department's time and
expense to ensure the efficient travel through this corridor.

• The corridor has a history of severe traffic problems due to frequent incidents. This may include
congestion as well as residual accidents due to the unexpected freeway conditions.

• The corridor has convenient roadways to create an easy diversion route for the freeway traffic.

2. Forming Partnerships

Once the diversion corridor has been established, it is now necessary to determine what agencies will need to
be involved in the diversion plans due to roadway jurisdictions and work to establishing the necessary
partnerships among these agencies. Ifthese partnerships are not possible, then continuing to plan for diversion
in this area would not be recommended. Only through partnerships can a diversion from the roadways ofone
jurisdiction of another run smoothly. When traffic is being diverted from the freeway, through the use of
dynamic message signs, to a roadway which is operated by another agency it is necessary to have cooperation
among these bodies.

3. Funding

The funding for a diversion plan would have to be worked through the agencies that are involved with the
diversion routes. This funding will need to come primarily from the jurisdiction who will be diverting the
traffic since this is the agency who will be receiving the most benefit from the project. Also, ifthe roadway
being diverted is an interstate, federal funds would be suggested for the diversion plan.
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Once the preliminary selection has been established for the diversion corridor, it is necessary to evaluate what
would be the "best" diversion route for the corridor. This will involve the examination ofthe major roadways
in the area to determine which ones would be most able to handle the additional traffic, as well as detennining
where on the freeway system it is going to be most beneficial to begin traffic diversion, and where traffic is
being generated. Ifthere is an area which historically has a high incident rate, this will need to be factored into
the decisions for the selection ofpossible routes. Also, if there are already existing dynamic message signs
which are going to be utilized, the location ofthese existing signs will need to be considered in the selection of
diversion routes.

A few characteristics ofthe roadways used in the diversion plan which should be considered at this point are
as follows:

• the roadway has adequate capacity to accommodate the traffic which will be diverted to it during major
incidents on the freeway. Ifthere is already a congestion problem on the suggested arterial it may be wise
to look for another possible route.

• The route does not take the freeway motorist excessively out oftheir way or on a complicated path before
allowing the motorist to rejoin the freeway at some point beyond the incident.

• When possible, the diversion routes stay within the agency's jurisdiction.

Once a route has been selected as a diversion route, it will be necessary to establish a system for the detection
oftraffic conditions on this roadway. Ifthis system is already in place, then it will only be necessary to connect
this system to the state transportation management center to allow this agency to check the conditions prior to
diverting traffic.

Stage 2: Development of Route Signing

Once a path has been selected for the diversion route, it is necessary to create a signing plan for that route.
This would include both dynamic message signs along the freeway system as well as guide signs on the
diversion route which would need to be in place when an incident occurs and makes it necessary to use this
diversion route.

1. Freeway Signing

The first indication which will be given to a motorist ofan incident ahead and the need to take an alternate route
will come from the signs located prior to the major decision points for the selected corridor. Major decision
points for the corridor will include exits from the roadway and major entrances to the roadway. These signs
need to be in the form of dynamic message signs in order to allow for enough information to be presented for
the motorist to make informed decisions as to their route selection.

The messages provided using the dynamic message signs would need to be short and concise while still
providing enough information for the driver to make informed decisions. An example ofthis type ofmessage
would be as follows:

ACCIDENT
4 MILES AHEAD
TAKE EXIT 215

The message provides information regarding the problem ahead, the location ofthe problem, and also the action
which should be taken by the driver.
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Once the traffic has been diverted from the freeway to the other roadways by the dynamic message signs, the
motorists wi11 still require guidance signs on the diversion routes to allow them to travel easily to the point of
reentry to the freeway system. This could be accomplished in many different fashions. The first would by
typical guidance signs located all along the route which indicate the direction which needs to be taken by the
diverted traffic to return to the freeway. An example ofthis type of sign is presented in Figure 1.

~
Jitrtitsf';fE\:

45
[B

Figure 1: Guidance Sign

Although, there is a drawback to using the standard guide signs on diversion routes. The signs are visible to
traffic even when the routes are not being used for diversion and may cause some confusion if they are
inappropriate except in diversion situations. St. Paul has solved this problem in their DIVERT program by
using a sign called a Blank-Out Sign which contains the same information as the typical guidance sign, except
it is a light-emitting diode sign, which means that when the diversion route is not being used for this purpose
these signs can be turned off and will not cause motorist confusion. The only change that was made in the
layout of the sign from the guidance signs shown above is that the words "Bypass To" were added since the
only time these signs were activated was during times when traffic was being diverted from the freeway (2).

Stage 3: Final Implementation

Once the entire diversion plan has been developed and the necessary partnerships have been formed among the
state and local agencies, the urban area is ready to start implementing diversion measures. Although, it should
be noted that ifthe diversion route is experiencing congestion prior to the diversion oftraffic, it would not be
recommended to implement the plan at that time. This would overload the diversion route and possibly create
worse condition for the diverted motorists.

Steps which may be taken before the first incident occurs would be to test each ofthe dynamic message signs
being used in the system to ensure that they are in working order when a major incident occurs. Also, the state
agency wi11 want to create a catalog ofthe messages which will be displayed for any possible incident situation
which might occur to ensure that the activation ofthese messages is efficient once an incident has been verified.

Finally, it would be beneficial to the safety and efficiency of the diversion plan if there were a continuous
evaluation ofthe plan to ensure that the choice of diversion routes was accurate and continues to be the best
alternative for the diversion ofthe freeway traffic. This evaluation should be done by the controlling agencies
to ensure that all ofthe proposed objectives for this plan are being met. Driver safety should be the main factor
in this evaluation.
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The guidelines presented in the previous section will now be applied to Raleigh, North Carolina as a case study
to illustrate how dynamic message signs can be used to divert traffic on urban freeways during major incidents.
This area was selected because ofavailable infonnation on the traffic patterns ofthis location. Before the
guidelines are applied, it is important to provide some background on the City of Raleigh and the major traffic
patterns which will be affected by the proposed diversion plan.

City of Raleigh

The City ofRaleigh is located in central North Carolina and was established as the state capital in 1792. From
1980 to 1990, the area had a population growth rate of 53 percent, and now stands as the 55th largest
metropolitan area in the United States. The current population for the City of Raleigh, estimated in January
of 1998, is 269,591 (11).

The most prominent center for industry in the Raleigh area is Research Triangle Park. This facility is a
planned research park that was created in 1959. Research Triangle Park encompasses 6,900-acres and is home
to 131 organizations. More than 37,000 people are employed in this facility. Research Triangle Park's
overwhelming success is evident in the 15 million square feet of developed space, and the fact that the park
maintains a vacancy rate of less than 1 percent. Research Triangle Park is home to companies such as IBM,
Nortel, and GlaxoWellcome (13).

Stage 1: Preliminary Planning

1. Define the Corridor for the Diversion Plan

The need for a diversion plan becomes evident when examining the routes which lead to the Research Triangle
Park facility. The rnajor route to this area is Interstate 40, which can easily be overwhelmed ifthere is a major
incident during the commuting hours for the facility. With this in mind, the Interstate 40 corridor from the west
side of Raleigh to Research Triangle Park becomes a potential area for the creation of a diversion plan.
Available alternative routes that could be used for this purpose would include US 70 and NC 54. It should be
noted, that the primary focus ofthis diversion is for the commuter traffic generated by the Research Triangle
Park facility. This means that the driver population being targeted is familiar with the Raleigh area.

2. Forming Partnerships

The agencies that would be involved in this diversion would be mainly state agencies due to the fact that the
diversion routes selected are not local roadways. This provides a greater simplicity for the governing bodies
because fewer agencies will be involved in the implementation ofthe diversion plan. Although, the county
will be minimally involved due to the placement ofone dynamic message sign on a county roadway to help with
diversion. Even though the city is not directly involved, it would be advisable for the state agency to be in
contact with both the City of Raleigh and Wake County to ensure that if there are future problems or needs
which require coordination with these agencies, the partnerships are established.

3. Funding

The funding for the Raleigh diversion project should be primary the concern ofthe North Carolina Department
of Transportation since it is a state route which is being diverted. Although, since it is an interstate section,
the federal Department ofTransportation should be contacted for a portion ofthe necessary funding.
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The corridor which was selected is a section ofI-40 which runs between the beltline to the west of Raleigh and
1-540 just prior to Research Triangle Park. This segment, along with the diversion routes which will be
discussed, can be seen in Figure 2. Note that due to the selected diversion routes, many ofthe motorists will
be diverted prior to entering 1-40.

Figure 2: Case Study- Raleigh, North Carolina

In selecting the diversion routes, it was necessary to establish where the traffic was originating and determine
what alternatives routes would be convenient between these locations. Due to the location ofthe segment which
was selected as the diversion corridor, the traffic could be approaching the segment from either the north
portion ofthe 1-440 beltline, or from the portion ofI-40 that runs on the south side ofRaleigh. For this reason,
two different diversion paths were selected to best accommodate each direction ofapproaching traffic.

For the freeway traffic which will be approaching from the north side ofRaleigh, it was decided that the best
alternative route would be to divert the 1-40 traffic to US 70 which runs parallel to 1-40. Just prior to the
Research Triangle Park, 1-540 is available to allow traffic to move from US 70 back to 1-40.

When the freeway traffic is approaching the diversion segment ofl-40 from the south side of the City of
Raleigh, it was determined that the best diversion option would be NC 54 that runs from 1-40 near the beltline
all the way to Research Triangle Park. For this route, if the traffic is headed for the research park, it would
not have to return to the interstate, although this option is available by again using a segment of the newly
constructed 1-540 roadway just prior to the research park.



Brooke R. Durkop

Stage 2: Development of Route Signing

1. Freeway Signing

Page 67

For the plan which has been outlined above, there would be nine dynamic message signs needed to inform the
approaching traffic of an incident on the selected segment of Interstate 40. They would be located at the
following locations for the westbound traffic:

• On 1-440 just prior to exit 7, this is the exit for US 70.
• On 1-40 just prior to exit 290, this is the exit for NC 54.
• On Wade Avenue prior to the beltline. This would alert the traffic that enters 1-40 from the downtown

area. This installation would require the cooperation of the county because it is not located on a state
route.

• On SH 54 prior to where it crosses 1-40 so that traffic could be alerted to remain on NC 54.

For the eastbound traffic along this segment the following signs would need to be located on the freeway:

• On 1-40 prior to Exit 281 for the traffic going to the south side ofRaleigh using NC 54. This would also
include motorists who would be remaining on 1-40 continuing out ofRaleigh to the east.

• On 1-40 prior to exit 282 for the traffic headed to 1-440 on the north side to Raleigh.

Also necessaIYforthis plan are three dynamic message signs located on 1-70 and 1-540 to inform the motorist
ofthe need to change interstates to follow the diversion route.

The locations ofthese dynamic message signs can be seen in Figure 3.

Research
Triangle

® Location for DMS

Figure 3: Dynamic Message Sign Locations

1-40

Raleigh



Brooke R. Durkop Page 68

The messages placed on these signs would have to be carefully worded in order to be addressing the proper
motorist destinations. The message would need to contain the following information as defined in the
Background section ofthis report:

• a problem statement;
• location
• an attention statement; and
• an action statement.

An example ofthese messages would be as follows:

Frame 1:
ACCIDENT

2 MILES AHEAD

2. Guide Signs

Frame 2;
BELTLINE TRAFFIC

TAKE EXIT 282

The guide signs along the alternative routes could either be dynamic message signs or guidance signs located
along the diversion routes. The best location for the dynamic message signs would be at the interchange of
1-540 and US 70 for the traffic being diverted to the northern beltline. There would need to be guide signs
located along the NC 54 route to ensure traffic that they were continuing on the proper path. These would
serve best if they were the Blank-Out signs as explained in the Guidelines section ofthis report. It will also
be advisable to place these along US 70 to avoid confusion for the motorist.

Stage 3: Final Implementation

Now that the routes have been set for the freeway diversion, and the dynamic message signs and guide signs
are in place, it is critical that all ofthe components are tested prior to the first incident occurring that requires
the use ofthe diversion routing. The signs should be able to be controlled from one central location such as
the transportation management center. Also, the catalog ofmessages for the dynamic message signs should
be programmed into the computer system. These messages should be available as soon as an incident has been
detected and verified by the transportation management center. Once all ofthis equipment has been tested, the
system is ready for use during a major freeway incident.
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The main obstacles that stand in the way ofallowing for the diversion offreeway traffic around major incidents
involve the following issues:

• lack ofavailable capacity on the roadways that will be used for diversion;
• lack ofreal-time traffic information on the diversion roadways that would not allow the controlling agency

to know ifthey were sending motorists to congested areas;
• lack ofavailable surveillance equipment for providing any traffic information to the controlling agency;
• lack ofalternative routes which would allow for convenient diversion of freeway traffic; or
• lack of coordination between the local and state jurisdictions does not allow for the shifting of freeway

traffic to roadways under local jurisdiction.

Before an area can begin to divert traffic through the use of dynamic message signs, each ofthese issues must
be addressed for that individual area. One ofthe main concerns when diverting traffic must be the credibility
of the information provided. If a motorist is provided with consistent and accurate information through
dynamic message signs, that person will be more likely to employ the recommendations given for diversion than
ifthe information is frequently found to be inaccurate.

Once the above issues have been addressed, and it has been decided that the diversion offreeway traffic around
major incidents is possible, message content must be considered. Some factors which will effect the message
content include driver population (commuters vs. out-of-town traffic), location of available dynamic message
signs with relation to the incident, and determining ifa specific portion ofthe traffic needs to be singled out
through the use ofan attention statement. The consideration ofthese factors will allow for the most effective
use ofthe available message space.
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THE USE OF DYNAMIC MESSAGE SIGNS FOR DIVERTING TRAFFIC DURING FREEWAY
INCIDENTS SURVEY

Name ofContact:

Name of Organization:

1. How are you detecting and validating freeway incidents?

2. a) What types ofmessages is your agency displaying on urban freeways for diverting traffic during
incidents?

- No message;

- A basic indication ofcongestion due to an incident;

- An indication ofan incident plus a recommendation to take a non-specific alternative route; or

- An indication ofcongested conditions along with a specific alternate route.

b) Why have you selected this type ofmessage?

3. What are the primary problems or obstacles you face regarding the use of dynamic message signs for
traffic diversion?

4. Ifyou are not providing diversion infonnation to motorists, what steps do you feel need to be taken in order
to allow you to do this?
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The North American Free Trade Agreement has created a vast number ofeconomic opportunities for the United
States, Canada, and Mexico. These new economic opportunities have resulted in the increase oftrading goods
that need to be transported across national borders. Thus, the next step is to create an electronic environment
that will eliminate paperwork, reduce errors, and speed clearance procedures in order to handle the increase
in commercial traffic and squeeze extra capacity out ofthe existing border facilities. Various stakeholders of
commercial traffic at international borders such as customs/immigration, custom brokers, shippers, carriers,
and transportation agencies have moved towards the electronic environment by implementing the North
American Trade Automation Prototype (NATAP). In addition, other border clearance programs are being
examined to address other issues.

The objectives of this research were to evaluate the border clearance technology at the NATAP sites,
recommend any changes that could improve conditions at these sites, and study the Pacific Northwest border
crossings to determine ifIntelligent Transportation Systems (ITS) technology is warranted.

To accomplish the objectives ofthe research, a literature review on border issues and the status of the border
clearance initiatives was performed. In addition, a telephone survey of individuals in the public and private
sector familiar with border crossing issues was conducted to obtain an insight from their personal experiences.

The evaluation showed that the border initiatives have taken the first steps towards an electronic environment.
However, it is recommended that NATAP needs to become more user friendly, to move into a pilot stage, and
to incorporate additional border clearance requirements in order to achieve its potential. Pre-clearance
commuter programs were found to be successful and should be considered at more locations. After evaluating
the NATAP sites and studying the Blaine, WashingtonIDouglas, British Columbia border crossing, it is
recommended that the implementation of commercial vehicle clearance programs should not be made at the
moment, but it is encouraged that ITS technologies should be looked into for performing commuter pre­
clearance.
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With the ratification of the North American Free Trade Agreement (NAFTA), an opportunity ofeasing the
movement ofgoods and people across the borders of Canada, the United States (U.S.), and Mexico has been
provided. Although the main objective ofNAFTA was the reduction in tariffbarriers, Article 512 ofthe treaty
states that "to the extent possible the three Parties shall cooperate, for the purpose ofthe facilitation ofthe flow
of trade, the harmonization of documentation, standardization of data elements, the acceptance of an
international data syntax, and the exchange of information" (D. Studies show that U.S.lCanadian trade is
projected to increase by up to 25% by 2002, and U.S./Mexican trade is projected to increase by an estimated
170% by 2002 and continue to increase (2). Also, NAFTA will encourage industrial border zones which could
lead to an increase in commuter travel through border crossings. As far as recreational travel, it is very
difficult to predict because the exchange rate for the currencies ofthe three countries will determine the levels
of such travel activity. However high passenger vehicle volume is still expected, so immigration clearance
procedures for these commuters and tourists would need to be expedited to achieve efficient traffic operation.
Thus, it is imperative that measures are taken to ensure smooth border crossing operations otherwise long
queues, loss ofvaluable time, and higher costs ofgoods will result (1).

With this expected increase in traffic activity and the existing delays at border crossings being caused due to
the high volume of trade, complexities of inspection requirements, and poor cargo clearance procedures,
organizations involved in the three countries are investigating the role that Intelligent Transportation Systems
(ITS) can play in expediting border crossing movements. At the moment, there are six border locations (two
along the U.S./Canadian and four along the U.S./Mexican borders) where Automated Border Crossing Systems
(ABCS) are being tested through the North American Trade Automation Prototype (NATAP) which is not
intended to be a final, complete system but a proof-of-eoncept of how North American trade processes and
systems could function. Thus, NATAP is a low-volume test of new concepts with a limited number of
participants. As of now, NATAP is limited to land border truck and rail crossings; however, successful
concepts are intended to be adapted for air and sea scenarios (D.

Because NATAP is a field demonstration, it began operating in parallel with the existing customs systems:
Automated Customs System (ACS) - U.S., Cargo Control System (CCS) - Canada, and Sistema de
Automatizacion Aduanera Intergral (SAAI) - Mexico. The extent to which each government extends the
functionality ofthe system for testing other agency requirements or to experiment with other processing systems
was determined by each customs administration (D.

In addition to NATAP, a number ofother border clear~ce initiatives have been introduced to address other
issues such as commuters and commercial vehicle safety.

Problem Statement

The NATAP program had to overcome a number of institutional barriers to even be implemented, so it is
important to evaluate the program to assess whether the expected improvements in relation to border crossing
efficiency have been accomplished. Ifthe expectations have not been met, an analysis into the reasons why the
expectations have not been met should be performed. Also, it is important to contact the parties that are
involved at these border crossings such as carriers, brokers, toll collectors, and customs/immigration officials
to see if they are all satisfied with NATAP. In addition, other border clearance initiatives existing at the
NATAP sites should be examined to observe their effect on border operations. These issues are important to
address in order to expedite the movement ofgoods and people across national borders.
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1. Evaluate the current operational perfonnance ofthe six NATAP border crossings.
2. Analyze ABCS technology that has been implemented at the mentioned border crossings.
3. Recommend changes to improve conditions at these sites ifwarranted.
4. Recommend a border crossing plan with ABCS technologies, ifwarranted, as a case study for the border

crossing which accommodates the Seattle, Washington - Vancouver, British Columbia area most directly.

Study Scope

This study focused on the six highway border crossings that are participating in NATAP. In addition, the
U.S./Canadian border crossing in the SeattleNancouver area was studied in order to see if an ITS border
crossing is warranted. The necessary data were collected by interviewing by telephone the appropriate
individuals and by available literature.

Study Methodology

The following tasks were performed to fulfill the objectives ofthis research:

1. Review Literature

The review ofliterature was conducted to obtain a background on the type ofelectronic systems that have been
used to perform various traffic operation functions at border crossings and information on the status ofborder
crossing initiatives. A major source of literature was the Internet where the most recent information could be
found. The literature review focused on the following topics:

• ABCS methods and expected benefits,
• Current evaluation ofthe methods in place, and
• Vehicle flow rates and traffic flow problems.

2. Conduct Telephone Interviews

Qualitative data were collected through a telephone survey. Individuals from private and public sector
organizations were reached to obtain their opinions and comments regarding ITS technology. The questions
attempted to obtain the professionals' opinions on:

• The traffic operation effectiveness ofthe current ITS technologies,
• The changes that would improve border crossing movements, and
• The various types of ITS technology developed specifically for border crossing movements and their

advantages.

3. Case Study

Based on the findings from the NATAP sites, an analysis was completed to determine if ITS technologies can
be used at border crossings in the SeattleNancouver area. As part ofthe analysis, the ABCS site selection
criteria developed by a previous study were applied at the Pacific Northwest border crossings to determine if
the criteria were applicable and ABCS technology is warranted (f).
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This research report is composed of several sections which primarily deal with NATAP. However, other
border initiatives are looked into, and a case study is presented to detennine ifABCS would benefit the border
crossing operations in the Pacific Northwest.

Following the Introduction, the Description ofNATAP section presents the key elements, potential benefits,
and the participant requirements of the prototype. The next section provides a description of other border
clearance initiatives which explains the details and potential benefits of these programs that have been
considered for implementation at the NATAP sites. It was considered important to obtain insight into these
projects because they have the same goal as NATAP - expedite border crossing movements. The most recent
and available infonnation regarding the physical and traffic conditions ofthe NATAP sites is provided in the
NATAP Sites section. The Evaluation ofNATAP section is based on the survey responses ofprofessionals
familiar with NATAP and the review ofstatus reports and news releases because these sources provided the
latest information on the topic. Next, an evaluation ofthe other border clearance initiatives discussed in an
earlier section was perfonned using the same approach as was used for the NATAP evaluation section. From
the description and evaluation ofNATAP and other border projects, conclusions and recommendations on these
border issues are presented, respectively. In the Case Study section, a background on the Pacific Northwest
border crossings is provided. The ABCS site selection criteria developed by a previous study are applied to
the Pacific Northwest border to detennine if ITS technology could benefit the border crossing process. By
applying the criteria, an assessment on the quality ofthe criteria was also made. Finally, an acronym list, a
border crossing site map, and the professional survey questions can be found in Appendices A through C,
respectively.
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It is important to understand the key elements ofNATAP because the program will be extensively evaluated
by the governments and trade community to determine its functionality and whether to move on to the next steps
of system design. The key components to NATAP include the following (1):

1. Data standardization,
2. Electronic Data Interchange (EDI),
3. Pre-arrival processing,
4. Advanced technologies,
5. Treatment oftrade, and
6. Integrated processes.

Data Standardization

NATAP uses standard commercial data agreed to by the three countries as the basis for government processing
ofimports, exports, and in-transit movement ofgoods. This standard set ofdata consists of common names,
definitions, and codes, and is based upon normally occurring commercial and transportation data (core data)
that are generally exchanged among the participants for normal business reasons. The core transportation and
commercial data have been supplemented by some government specific data such as country oforigin (D.

Electronic Data Interchange (EDI)

To promote electronic commerce, NATAP uses standard UNIEDIFACT messages as the only protocol.
UNIEDIFACT which stands for United Nations Electronic Data Interchange for Administration, Commerce
and Transport was established as a single international EDI standard flexible enough to meet the needs of
government and private industry. Presently, UNIEDIFACT comprises an extensive set of internationally
agreed-upon standards, directories, and guidelines whose purpose is to facilitate the electronic interchange of
structured data (purchase orders, invoices, and payments) that relates to trade in goods and services between
independent computerized information systems. It covers both batch EDI and interactive EDI and addresses
security services and business information modeling (,D.

The Trade Software Package (TSP), developed by Revenue Canada, is the tool for the transmission ofdata
among the trading parties. The TSP contains the standard elements agreed upon by the three governments and
is used by the trade community to transmit and receive data from the respective governments. Furthermore,
the TSP contains all details of the transaction and is the record of the transaction. The set of data to be
transmitted by NATAP participants has been divided into two UNIEDIFACT types: Customs Declaration
(CUSDEC) message for commercial data and Customs Cargo Report (CUSCAR) message for transportation
data. The trader (or agent) transmits the CUSDEC message and the carrier (or agent ofthe carrier) transmits
the CUSCAR message. Upon receipt of an EDI message, the trader or carrier who transmitted the data
receives a Customs Response (CUSRES) message acknowledging receipt of such information U).

Advanced Technologies

NATAP uses advanced technologies such as the Internet for the transmission of data and transponder
technologies to electronically identify conveyances. Given the concern related to the transmission ofdata over
the Internet, the security issue has been addressed by incorporating an encryption module in the NATAP
processing procedure (D.
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The Automatic Vehicle Identification (AVI) technology involves the two-way electronic communication
between a transponder in a moving vehicle and a roadside reader. As a commercial vehicle approaches the
primary inspection booth in the designated NATAP lane, the vehicle which has a transponder device on-board
is identified electronically by a roadside reader. Based upon the computer processing ofthe data that came in
advance, the reader then responds with a red (report to a secondary inspection facility) or green (proceed) light
to infonn the driver (D.

Pre-Arrival Processing

NATAP attempts to show that standard commercial data can be shared among businesses in the trade chain
and submitted to and processed by the governments in advance ofthe vehicle arriving at the border. With a
CUSDEC transmission, the merchandise data are submitted, and a North American transaction number is
assigned to identify the transaction. The carrier, then, identifies the transportation movement by a trip/load
number and transmits a CUSCAR message to customs. Also, the trip/load number is coded into the
transponder ofthe vehicle. As the vehicle approaches the border, the ITS technology in place links the trip/load
number with the North American transaction number, and the customs system is queried. If the data are
present and no examination is required, the vehicle may proceed; otherwise, the vehicle must stop for inspection
(D·

Treatment ofTrade

Traditionally, imports and exports have been treated as different, unrelated processes. NATAP attempts to
use the standard data record as the basis for all international trade processes (imports, exports, and transits)
(D·

Integrated Processes

The international trade process is more than just the clearance of goods for customs purposes. NATAP
attempts to incorporate the clearance ofgoods (for multiple federal trade agencies), the clearance of people
(immigration), and conveyances (for safety and other inspections) into an integrated, comprehensive process
(D·

Potential Benefits

Many view that automated systems will need to be installed to streamline border crossing procedures, and
NATAP provides this opportunity. The NATAP Working Group which was created by the three customs
administrations to oversee the project believes that participants and trade will benefit immensely ifNATAP
leads to the development ofan operating system.

Participants

According to the NATAP Working Group, the following are benefits that NATAP participants can expect (D:

• NATAP will allow the trade participants to experiment with new concepts such as EDI and leading edge
technologies without the expense associated with the design ofa complete system.

• Participants will have the opportunity to influence and shape the future direction of a modem and
simplified border clearance system by contributing to its design and development.

• Participants will gain a competitive and marketing edge by reaping the benefits ofbeing the first to use
those components deemed successful and incorporated into the mainstream systems ofthe three customs
administrations.
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NATAP is believed to benefit trade in the following ways (l):
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• Significant processing and transmission cost reduction.
• Reduced congestion at border crossings through pre-arrival processing and a "seamless border".
• Transmission oftimely responses to trading partners as to the status ofmerchandise.
• Improved accuracy and timeliness of information due to the use ofelectronic commerce for the exchange

of information between traders, carriers, brokers and customs.
• AfterNATAP, traders, carriers and brokers can continue to use the technology to conduct business with

each other.

Participant Requirements

The NATAP Working Group has asked participants to abide by the following requirements (l):

• Develop and identify trading partnerships for participation in NATAP.
• Utilize the software package supplied bythe customs administrations to receive, process, and transmit data

to and from trading partners as well as the appropriate customs administration. However, participants
are free to develop and utilize their own software package provided that the software meets the established
prototype requirements.

• Participate in the start-up testing ofNATAP.
• Attempt to conduct business electronically with all business partners (the Trade Software Package was

developed to assist in this effort).
• Submit transactions during the test to enable all parties to perform a good evaluation.
• Give NATAP transactions sufficient processing priority so that trading partners and customs receive

prompt responses.
• Assist in the evaluation stage.
• Communication links with customs must be through approved prototype Value Added Networks (VAN).
• Register and train personnel for participation in NATAP.
• Transmit all carrier data to customs prior to arrival ofthe commercial vehicle.
• Equip trucks with transponders.
• Acquire the following computer hardware and software:

.. IBM compatible workstation (minimum 486/33),

.. 100 MB free disk space,

.. 8MB of RAM,

.. 14.4 modern, and

.. Windows 95 or Windows NT.
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NATAP is ajoint customs program aimed to expedite the movement ofgoods. However, border crossings deal
with other issues also which include commuter travel, recreational travel, and vehicle safety inspection. To
make the border crossings efficient, ITS programs need to be adopted to expedite the clearance of these
scenarios, also. At the moment, there are several operating and prototype programs that address these issues.
Besides NATAP, other cargo clearance systems have also been examined by customs administrations. This
section describes some ofthese other border initiatives that have been implemented at the NATAP sites.

The following border clearance initiatives are described in this section:

• In-Vehicle Voice Verification System (lVVVS),
• Secure Electronic Network for Traveler's Rapid Inspection (SENTRI),
• National Customs Automation Prototype (NCAP),
• Accelerated Commercial Release Operations Support System (ACROSS),
• Texas Regional International Border Expedited Crossings (TRIBEX), and
• Expedited Processing at International Crossings (EPIC).

IVVVS

At the moment, an automatic border crossing system is being tested called In-Vehicle Voice Verification
System (IVWS) to serve as a complement to SENTRI (0. This system developed under a partnership with
the Rome Laboratory Intelligence Analysis Branch ofthe U.S. Air Force Rome Laboratory (AFRL), the U.S.
Department of Justice Immigration and Naturalization Service (INS), and the New York State Technology
Enterprise Corporation (NYSTEC) was ready for testing in early 1997. The partnership conducted a
technology evaluation and demonstration to develop the initial components of a prototype, biometric-based
voice verification system for automated border crossing.

IVVVS is based on the concept of biometrics which is the automated measuring of one or more specific
attributes or features ofa person, such as voice, fingerprint, infrared facial images, or hand geometry, with the
intent ofbeing able to distinguish that individual from all others. The goal ofthe program is to evaluate the
potential ofapplying speech processing technology towards the development ofa proof-of-eoncept IVVVS for
automated border control. The system incorporates an infrared (IR) transmitter device for communicating from
a moving vehicle with a fixed computer work station which receives the IR signal and performs voice
verification. Voice data from the driver in a moving vehicle is collected using the IR transmitter device and then
processed with unique algorithms that are able to successfully perfonn voice verification. To participate,
individuals have to register their vehicles with INS and record a phrase of their speech to be stored in a
computer at the border crossing. Each registered individual then receives a personal identification code and
a portable IVVVS unit (.2).

Upon arriving at the border, individuals type in their personal code and speak their phrase into a telephone-like
handset which IVVVS converts the sound into a digital signal and broadcasts it to a computer at the border
facility. Special computer algorithms then check whether the speaker is the same as the person who originally
recorded the phrase for that particular personal code and makes a decision in less than a second. The
algorithms look for distinctive features of speech, such as the distribution of frequencies and the rate of
speaking, thus the system cannot be easily tricked. For example, if an individual used a tape recording of a
registered person's voice, the individual would not be able to proceed because ofthe distortion produced by
even the best microphones. However, the system does not recognize someone if he/she have a bad cold or
asthma.
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The Secure Electronic Network for Traveler's Rapid Inspection (SENTRI) Project uses advanced technology
such as electronic face recognition to accomplish the following goals: facilitate inspection of increasing border
crossing traffic volume, reduce delays at land ports of entry, and ensure strict border integrity and security (~.

The SENTRI system is designed for use by low-risk travelers who frequently cross the international borders
ofthe U.S. People enrolled in this experiment are issued a radio frequency (RF) tag which is attached to their
vehicle by INS and are allowed to use a SENTRI dedicated commuter lane. The tag codes a unique
identification number for the authorized person/vehicle that is read by sensors. When the sensors detect a
vehicle equipped with a tag, the records ofthe authorized person/vehicle, which include a photograph ofthe
person, are retrieved. An advanced software package called Facelt@ developed by Visionics Corporation
captures the face ofthe person as he/she drives through the border crossing and matches the face against the
one authorized to drive the particular vehicle. If approval is confirmed, the driver is permitted to proceed
without any delay; ifnot, the driver is requested to stop. It must be noted that this technology has the capability
offinding the face ofthe driver anywhere in the field ofview (£).

NCAP

The National Customs Automation Program (NCAP) is a prototype automated cargo processing project
coordinated by U.S. Customs, Chrysler, Ford, General Motors, Levi Strauss, and Robert Bosch that is
applicable to merchandise imported through the ports of Laredo, Texas (Columbia Solidarity Bridge only),
Detroit, Michigan, and Port Huron, Michigan. NCAP which began operating in May 1998 is the first program
ofthe new Automated Commercial Environment (ACE) to be implemented. The prototype which is expected
to end sometime in 1999 will demonstrate concepts such as electronic support for examinations, periodic filing
ofpost-release information, periodic payments of customs duties, and under certain conditions, permission to
adjust declarations months after initial filing (10). Eventually, the parties ofthe new program hope that it will
phase out the current U.S. cargo clearance system, ACS. According to U.S. Customs, the trade community
can expect the following benefits (11):

• A single account number for each trade party to be used in all transactions will eliminate the current
multiple identification numbering system.

• Carriers, brokers, and/or importers will transmit data directly to U.S. Customs.
• Ability of the trade community to easily determine their financial position with U.S. Customs without

having to review potentially hundreds of individual documents.
• Transactions between participating ports will be combined and thus, reducing the number of individual

payments to U.S. Customs.
• Payments will only be made to U.S. Customs twice monthly instead of daily.
• Filing of entry summary data is on a periodic basis rather than on a transaction basis.
• New import declaration format will result in the elimination of redundant data keying.

This program will only be available to importers who carry low-risk shipments from approved foreign suppliers
(11).

ACROSS

The Accelerated Commercial Release Operations Support System (ACROSS) is an EDI-based customs
clearing process program that entered full operation early 1996 by Canada Customs. According to Canada
Customs, the benefits ofACROSS to the trade community are the following (11.):
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• Electronic exchange of release data.
• Electronic exchange ofpennit data including the Foreign Affairs Customs Automated pennits.
• Exchange of information with no time constraints.
• Use of one system at a central office to process EDI releases for several ports of clearance.
• Improvement in accuracy of information by exchanging data without repeating input.
• Improvement in service delivery.
• Reduction in paper and handling costs by eliminating the photocopying and faxing of release packages.

However, a number ofrelease situations are still dealt within the traditional manner to complement ACROSS
because the system is not intended to accommodate all circumstances an importer may face. Some ofthese
circumstances include the following (13):

• ACROSS transmissions must identify a contact person from whom information on the shipment can be
obtained anytime.

• Shipments that enter Canada on a temporary basis only.
• Reliance on ACROSS alone may require importers to trace their own shipments and arrange their own on­

line interfaces with carriers.

TRIBEX

The Texas Regional International Border Expedited Crossings (TRIBEX) program is an AVIlEDI prototype
project carried out at Texan/Mexican border crossings by the Texas Department of Public Safety and the
Federal Highway Administration (FHWA) to expedite commercial vehicle safety inspection. Commercial
vehicle owners submit their vehicles for inspection once, and the information is placed into a database. Also,
each vehicle receives a United States Department ofTransportation (USDOT) license number which will help
in verifying the vehicle. NATAP commercial vehicles can also use the same transponders for data
transmission. In 1996, around 45% of Mexican commercial vehicles were placed out of service for serious
safety violations that led to tighter inspection control ofMexican vehicles (14). The tighter safety inspection
control but especially the U.S. Customs drug inspection techniques of Operation Brass Ring led to increased
delays. The increased delay frustrated Mexican drivers, and they decided to protest by blockading all traffic
leading into downtown Laredo in August 1996 (1,1). TRlBEX has the potential to reduce delays and prevent
a repetition of such events.

EPIC

The Expedited Processing at International Crossings (EPIC) project is a public-private partnership field
operational test (FOT) composed of the Arizona DOT, FHWA, Lockheed Martin, American Trucking
Association, PB Farradyne, Hughes Electronics, and HELP, Inc. that involves ITS to expedite clearance of
commercial vehicles for state licensing, pennitting, and safety inspection reasons. Shipping companies can
enroll after their federal and state motor carrier credentials are checked for safety and tenninal inspections.
Individual commercial vehicles are enrolled by submitting a valid registration, insurance, and current safety
inspection certificate to be placed on :file with the EPIC project. Transponder technology is being used to carry
out this FOT for pre-trip processing of commercial vehicle data and real time processing ofthe transponder
data. The transponders used in this project are compatible with the NATAP transponders.

In Figure 1, the EPIC process is explained with each number representing a step ofthe process. The following
describes what occurs at each numbered location (12):

1. The vehicle crosses into the U.S., its transponder is read, and the information is registered in the system.
2. The driver is informed ifArizona requirements have been met or not via green or red Light Emitting Diode

(LED) signals.
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3. After exiting the U.S. Customs compound, the transponder is read again, and the information is processed
by the system.

4. At the Mariposa Port ofEntry (POE) Scale house, the vehicle is read for the final time, and motor vehicle
inspectors visually verify the truck trailer combination as well as the driver.

5. The time that the commercial vehicle passes this point is recorded.
6. The time that the commercial vehicle passes this point is recorded as it leaves the United States.

.. ~ ~........ n
.'~.~... "'~~

Figure 1: Mariposa Compound in Nogales, Arizona (12).

As part ofthe EPIC project, a software package called Management Information System for Transportation
(MIST) has been developed to assist in reducing and monitoring delays at the border crossings. MIST will
enable agencies to monitor traffic conditions, the status of field equipment, and to control traffic management
devices. The potential benefits ofMIST according to the organizations involved are as follows (10:

• Help border agency personnel to schedule the time ofoperation of different gates which in turn will help
them in personnel scheduling.

• Provide carriers with information regarding the location oftheir vehicles in the customs compound, time
it takes to clear different locations, and total clearance times.

• Track vehicle movement through the readers for individual vehicles equipped with transponders in real
time.

• Provide individual clearance times for each vehicle and also provide average travel time for all vehicles.
• Provide historical travel time information.

However, the benefits ofMIST can only be obtained for transponder equipped vehicles.
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This section ofthe study provides some background on the NATAP sites in regards to physical and traffic
conditions. Due to the institutional barriers unique to each site, NATAP began at different times. Table 1
provides some information on the NATAP sites.

Table 1. NATAP Site Information (1).

NATAP Site Date of Initiation

Buffalo, New York / Fort Erie, Ontario May 1997

Detroit, Michigan / Windsor, Ontario May 1997

Laredo, Texas / Nuevo Laredo, Tamaulipas July 1997

El Paso, Texas / Ciudad Juarez, Chihuahua July 1997

Nogales, Arizona / Nogales, Sonora May 1997

Otay Mesa, California / Tijuana, Baja California November 1996

Buffalo/Fort Erie

The Peace Bridge which crosses the Niagara River and connects Queen Elizabeth Way with U.S. Interstate 190
and serves the downtown areas ofBuffalo and Fort Erie is the NATAP site. At the present time, approximately
1.3 million heavy vehicles and 6.5 million passenger vehicles cross the Peace Bridge annually making it
together with the Ambassador Bridge in the Detroit/Windsor areas the busiest crossings along the
U.S./Canadian border. For the most part, delays have been primarily due to the peak hour physical capacity
and operations ofprimary inspection lanes and plazas. Peak traffic volumes occur during the summer months
with peak days occurring on holidays in the summer @). AVI technology is being utilized at the Peace Bridge
for toll collection since 1997 which has improved traffic operations (19).

DetroitlWindsor

The NATAP site in the Detroit/Windsor area is the four-lane, toll operated Ambassador Bridge which at the
present time handles 2.1 million heavy vehicles per year and 7.0 million passenger vehicles per year. The
Ambassador Bridge crosses the Detroit River and connects Provincial Highway 401 via a six-lane divided
boulevard with U.S. Interstates 75 and 96 via poor city arterials. Truck traffic at the Ambassador Bridge has
risen 10% annually for the past few years and is expected to continue (20). Most delays have occurred when
too few primary inspection booths were open, and these delays have been attributed to shortages ofstaffand
to inadequate systems and procedures for monitoring traffic on a minute-by-minute basis (18). Peak traffic
volumes occur during the summer months with peak days occurring on holidays in the summer. A large
proportion ofthe commercial traffic moves in a ')ust-in-time" mode in order to meet total order cycle times of
as little as four hours with no surplus inventory in plants (18). AVI technology has also been installed at the
Ambassador Bridge to accelerate toll collection and to improve traffic operations (2).

Laredo/Nuevo Laredo

NATAP has been fully implemented at the Colombia Solidarity Bridge and partially (southbound movements)
at the Lincoln-Juarez Bridge which both cross the Rio Grande River. Both ofthese bridges handle primarily
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commercial traffic. Specifically, the Colombia Solidarity Bridge, which is a toll facility, is located about 20
miles northwest of Laredo, and it links Dolores, Texas with Colombia, Nuevo Leon. Although it is an eight­
lane bridge, the bridge has not been fully utilized since it was opened in 1991 for a number ofreasons which
include: inadequate road infrastructure on both sides ofthe border, scarcity ofMexican customs brokers, few
brokers having licenses to operate in both Tamaulipas and Nuevo Leon, and the additional time and cost
involved in using the facility (21).

However, in 1997, use of the bridge began to increase as it is evident by the 141% increase in northbound
crossings since 1996, and since October 1997, the northbound volume has been higher across the Colombia
Solidarity Bridge than the Lincoln-Juarez Bridge @. A major reason for this change is attributed to the
infrastructure improvements and the removal of some institutional barriers between the Mexican states of
Tamaulipas and Nuevo Leon (21). Iftrends continue, approximately 720,000 commercial vehicles will cross
the bridge into the U.S. in 1998.

The Lincoln-Juarez Bridge, also a toll facility, is a six-lane facility with three lanes in each direction, one of
which is heavy vehicle exclusive. The bridge is connected directly to Interstate 35 on the U.S. side; however,
there is very poor access to the crossing on the Mexican side. A major problem ofthe Lincoln-Juarez Bridge
is that it suffers from delays because the vehicles using the bridge mix with the downtown traffic ofLaredo and
Nuevo Leon. Iftrends continue, approximately 600,000 commercial vehicles will enter the U.S. using this
bridge in 1998.

Efforts are being made to begin the construction of a fourth bridge at the northern outskirts of Laredo and
Nuevo Laredo which together with the Colombia Solidarity Bridge will handle all the commercial vehicle
traffic. The Lincoln-Juarez Bridge and the Convent Street Bridge, which also serves the downtown areas and
have heavy pedestrian traffic, will then handle only passenger vehicles. The City of Laredo is pushing this
initiative because it believes border traffic will move quickly, efficiently, and safely through the area and allow
recreational development in the downtown area (21).

Toll collection at both bridges is done manually, and no real concrete plans have been made to implement
electronic toll collection.

El Paso/Ciudad Juarez

NATAP has been implemented at the toll operated Ysleta-Zaragoza Bridge which crosses the Rio Grande River
and connects to U.S. Interstate 10 via State Highway 1375 and Mexican Interstate 45 via poor access roads.
The bridge is located on the southeast edge ofthe city ofEl Paso and outside the city limits ofCiudad Juarez,
so its traffic does not mix with extensive city traffic volumes like at the other two bridge locations (paso Del
Norte (pDN) and Bridge ofthe Americas (BOTA» in the El Paso area. There are actually two separate four­
lane bridges at this site with one bridge being for private vehicles and pedestrians and the other for commercial
vehicles. Even at peak hours, congestion at the bridge has not been found to be a function ofcapacity. Instead
it is a function ofthe number ofpersonnel at inspection facilities (21).

In the New MexicolWest Texas area, the largest traffic volumes are generally crossing from Mexico into the
United States over the three major bridges in the area: Paso Del Norte (pDN), Bridge ofthe Americas (BOTA),
and Ysleta-Zaragoza. In general, BOTA is more congested than the other two bridges and a reason for this
might be that it is not a toll bridge like the other two (21).

Recently, the northbound commercial vehicle volume at Ysleta-Zaragoza has dropped from approximately 1200
vehicles per day to approximately 900 vehicles per day. The lifting ofvehicle weight restrictions at BOTA and
the improvements to the Santa Teresa, New Mexico border crossing facilities are believed to be the main causes
ofthis decreasing trend (24).
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In 1997, over 240,000 commercial vehicles and over 9.5 million passenger vehicles entered the United States
through this NATAP site. The easily accessible border crossing is served by U.S. Interstate 19 and Mexican
Interstate 15. Nogales is a major entry point for the importation ofproduce that accounts for 50% of all winter
produce consumed in the United States and Canada. During the height ofthe produce season, peak flows of
1300 commercial vehicles per day are reached resulting in physical plant overcapacity and inefficient inspection
performance (25). The vast majority of commercial traffic is composed of Mexican commercial vehicles
transporting goods from fauns and factories along the border area to warehouses in the Nogales, Arizona area
(2Q). In the past year, major infrastructure improvements through the Mariposa POE Cargo Redesign Project
increased capacity and reduced waiting times dramatically include the following (2:2):

• Expansion ofqueuing area by constructing two dedicated lanes,
• Installation of four "superbooths" constructed off the ground that put inspectors at eye level with

commercial vehicle drivers,
• Construction oftwo Rapid Enforcement Lanes for pre-determined low-risk conveyances, and
• Expansion ofthe X-ray compound.

Unlike some ofthe other border sites, the Nogales site does not have any land constraints.

Otay Mesa/Tijuana

The Otay Mesa border crossing connects California State Route 905 with Mexican Interstate 2. Otay Mesa
is now the only commercial crossing between San Diego and Tijuana after the recent closure ofthe San Ysidro
inspection facility and handles approximately 1.0 million commercial vehicles per year. Also, almost 9.0
million passenger vehicles per year enter the United States through this crossing. This passenger volume is
composed by a large number ofMexican-Americans and Mexican nationals visiting their families and tourists.
A major problem at the Otay Mesa crossing is that the U.S. POE facility is connected to State Route 905 by
only a four-lane city street (Otay Mesa Road) that is currently operating at three times its designed capacity.
If State Route 905 is fully constructed, it would unite the Otay Mesa border crossing with California's
interstate highway system and alleviate congestion (ll).

At the moment, construction has begun to widen Otay Mesa Road from four lanes to six lanes. This project
which is expected to finish in early 1999 is believed will alleviate the current conditions. Another project plans
for a "by pass" truck corridor which will provide a direct link from the federal POE facility to the state facility.
This corridor will facilitate the processing ofcommercial vehicles by using weigh-in-motion (WIM) technology
(28).
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As part ofthe study design, an evaluation ofNATAP was perfonned. This was accomplished by contacting
professionals who were fumiliar with NATAP and pertinent border crossing issues and by reviewing the latest
infonnation on such issues that is available in the Internet.

Survey Responses

This section contains the responses by the professionals to the survey. The responses are listed together with
no reference to the professional in order to maintain the anonymity of each professional who participated.
Table 2 lists the professionals that were contacted, their affiliation, and their NATAP site familiarity.

Table 2. Survey Respondents.

Organization Type Professional Affiliation NATAPSite
Familiarity

Associations Neil Gray International Bridge, Buffalo/Fort Erie;
Tunnel & Turnpike Detroit/Windsor
Association

Bridge Authorities Brent Gallaugher Niagara Falls Bridge Buffalo/Fort Erie
Commission

Anthony Braunscheidel Peace Bridge Authority Buffalo/Fort Erie

Commercial Vehicle Enno Jacobson Challenger Motor Freight Detroit/Windsor
Operators

Consultants Craig Fundling Booz, Allen, & Hamilton Buffalo/Fort Erie;
LaredolNuevo Laredo

Joe Elias Calspan Buffalo/Fort Erie

Chris Buntine CALSTART Otay MesafTijuana

Pete Burns HELP, Inc. EI Paso/Ciudad Juarez

Pete Houser SPS All Sites

John Hudson Traffic Engineers, Inc. LaredolNuevo Laredo;
EI Paso/Ciudad Juarez

Custom Brokers Terry Hannan Livingston International Buffalo/Fort Erie;
Detroit/Windsor

Customs Tim Hunt Canada Customs Buffalo/Fort Erie;
Detroit/Windsor

John Whillier Canada Customs Buffalo/Fort Erie

Alan Dockter U.S. Customs Detroit/Windsor

Roger Maier U.S. Customs LaredolNuevo Laredo
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Organization Type Professional Affiliation NATAP Site
Familiarity

Customs Brent Martin US. Customs NogaleslNogales

Eduardo Tijerina US. Customs LaredolNuevo Laredo

Rick Walker U.S. Customs El Paso/Ciudad Juarez

DennaHenry US. Treasury All Sites

Immigration Tom Campbell US. INS BuffalolFort Erie;
DetroitlWindsor;
Otay Mesa/Tijuana

Manufacturers Dana Fryxell Lockheed Martin All US./Mexican Sites

Paul Manuel Mark IV Industries BuffalolFort Erie;
DetroitlWindsor

Transportation David Hunt Arizona DOT NogaleslNogales
Departments

George Bays Arizona DOT NogaleslNogales

Jim Barnack New York DOT BuffalolFort Erie

Sylvia Grijalva FHWA Otay Mesa/Tijuana

Irene Rico FHWA LaredolNuevo Laredo;
EI Paso/Ciudad Juarez

In general, the responses ofthe professionals regarding NATAP can be grouped into the following categories
(J.2.21,M,M,29-51):

• Potential benefits,
• Technology,
• Status, and
• Barriers.

Potential Benefits

For the most part, the respondents felt that NATAP should be continued because it can result in a "seamless
border" and increased border facility capacity due to the pre-processing of electronically transmitted data.
However, all claimed that it was difficult to measure any benefits because the project was just a prototype, and
there was minimal market penetration due to some barriers.

Technology

Some respondents felt that the Trade Software Package was not user friendly and recommended a more user
friendly version. An improvement according to the respondents would be if the transmitted data could be
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downloaded from the host computer directly into the transponder rather than manually inputting the data
because the high employee turnover rate in some industries does not allow time for an individual to become
familiar with the technology.

The use of transponders was seen as the best method of technology to transmit, and some individuals
commented that it is good that a standard (ASTM-6) transponder is being used. Some individuals stressed the
ability of the transponders to be used with a broad range of other toll, automated roadway, and commercial
vehicle systems. However, the transponders sometimes failed due to battery problems which resulted in the
breakdown of the NATAP crossing process. Some respondents commented on alternative intelligent
technologies that are being talked about in government and private industry such as Global Positioning Systems
(GPS). The feeling was that GPS would be too costly and would not be appreciated by the carrier industry,
but a continuation of efforts to improve the NATAP technology is encouraged to make the system more
reliable. Some individuals also believe that X-ray units, not exactly ITS technology, should be encouraged to
speed up secondary inspections of commercial vehicles.

Status

NATAP operations are ending at the sites, and evaluation of the project has begun. From the preliminary
reports, most respondents believe that NATAP did accomplish its goal that it can be a tool to expedite border
crossings. However, participation by the private sector was much lower than expected. At the U.S./Canadian
sites, 500 transponders were made available for commercial vehicles; however, only 50 were requested. Low
participation also occurred at the U.S./Mexican sites with the worst site being the £1 Paso/Ciudad Juarez site
where no transponders were issued. Reasons given for the lack ofparticipation included the following:

• Parallel processing discouraged many industries because participants were required to cross the border
using both the NATAP and existing process.

• Fear of "big brother" plays an important role in discouraging participants especially along the
U.S./Mexican border.

• The steps required for participants were deemed too complex, and it was recommended that they be re­
analyzed.

• Some companies who wished to participate were unable to because other members oftheir trade chain were
reluctant to be a part ofNATAP.

• Additional customs commercial clearance programs have confused many people.

The general consensus was that the beginning ofthe pilot stage where parallel processing will not be required,
and the reduction of customs commercial clearance programs being introduced will increase participation.

Barriers

All respondents believe that most ofthe problems that NATAP faces can be attributed to institutional barriers
and lack ofawareness ofthe program. The major barrier was seen to be the requirement ofparallel processing
ofNATAP participants at the border. In the beginning ofNATAP, there was a higher involvement because
the private industry wanted to experiment with the technology. However, after a few test crossings, many
stopped participating because of the double work that was required. Also, the introduction of customs
programs such as NCAP has created more competition to obtain participants and funding for NATAP.

The lack ofawareness was evident through all levels ofthe commercial border crossing process. For example,
there have been instances that customs officials were not informed about NATAP and did not carry out the
NATAP procedures. Also, the lack ofawareness feeds the fear of ''big brother" resulting in bad publicity for
the prototype.
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This section contains a summary of the status reports written by the NATAP Working Group and press
releases written on NATAP that were found in the Internet. For the most part, this literature reflected the same
views as the survey respondents.

In general, the NATAP information found in the Internet can be grouped in the same categories as was the
information obtained through the survey:

• Potential benefits,
• Technology,
• Status, and
• Barriers.

Potential Benefits

The various articles that were reviewed had the same general theme about the benefits ofNATAP as the
survey respondents (1!l52-5£).

Technology

A number ofshipping company representatives expressed opinions that the Trade Software Package was not
user friendly (1!l52). For example, a number of SLH Transport drivers were required to stop because
information was inputted incorrectly. Also, these individuals felt that NATAP does not seem to take into
consideration how transport happens and that it makes a number of incorrect assumptions (52). For example,
a commercial vehicle driver is required to always be where he/she is supposed to be, and the carrier needs to
monitor over-the-border trade.

Also, the proximity ofmany companies to the border such as the Detroit-based auto industry makes NATAP
difficult to use. Some commercial vehicles make trips almost daily across the border traveling to and from
locations that are a few minutes away from the border crossing. Such a short period oftime does not give
customs officials enough time to receive and process the necessary data as a commercial vehicle using NATAP
approaches the border expecting a green light (19).

During the NATAP testing phase, a number of flaws with the equipment have been discovered. For example,
it was observed that ifthe bar code wand is plugged into the transponder when it is not in use, the electronics
seem to lock up. The recommended solution is to leave them unplugged when not in use (53).

Status

Generally, the status reports reflected the views ofthe surveyed professionals regarding the reasons for lack
ofparticipation.

It was found that there is a feeling in the carrier industry that NATAP suits the needs for some sectors more
than others. For example, NATAP does not work as well for commercial vehicles carrying a variety ofgoods
because NATAP places a great burden on exporters by demanding a vast amount of data before a shipment
leaves the country. A detailed registry of drivers is also essential to allow commercial vehicles to cross the
border without stopping for inspection (12.). The status reports also mentioned the problems of parallel
processing and persuading everyone in a trade chain to participate in NATAP.
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Representatives ofthe NATAP Working Group met on January 15, 1998 in Toronto, Ontario and reviewed
the successes and problems ofNATAP (51).

Successes that were seen in NATAP included:

• Data standardization appeared to meet the trade community and government expectations.
• Data can be used for multiple processes (toll, transportation, customs, immigration).
• NATAP did establishhannonized processes for trade at a high level (pre-arrival filing and processing; the

use oflTS technology to support the NATAP border crossing process; driver registration process).
• The Internet proved to be a successful tool in transmitting data with no incidents ofencryption software

violation.
• The UN/EDIFACT protocol was successfully demonstrated as a means for sending standard electronic

messages to the three governments.
• The transportation technologies such as transponders, readers, and antennae operated well.

Problem areas that the NATAP Working Group found included:

• Greater stability oftransportation systems with back-up and diagnostic systems was needed.
• The burden ofparallel processing was both costly and time consuming for participants.
• The TSP had no links to participants' internal systems proving to be labor intensive.
• The number of participants was lower than anticipated resulting in low NATAP volumes, especially

because some participants felt that they had tested the concepts enough after only a few NATAP
shipments.

• Several NATAP concepts were not demonstrated to the extent necessary for evaluation processes. These
included in-transit processing, use and analysis ofimmigration and transportation data, calculation ofduty
liability, processing ofspecific commodities (agriculture, textiles, and alcohol), and Less Than Truckload
(LTL) shipments.

On February 6, 1998, the NATAP Working Group met again to begin the development of the pilot study.
Reports indicated that a pilot project would show more commitment to the concepts and would therefore make
the project easier to promote. Also, it would result in increased motivation to address issues and a better
evaluation (51).

Barriers

Many reports commented that institutional barriers are still playing an important role in hampering the efforts
ofNATAP. For example, the implementation ofthe illegal hnrnigration Reform and hnrnigrant Responsibility
Act of 1996 - Section 110 would have required the U.S. INS to document the entry and departure ofevery
foreign national arriving and leaving the United States. Ifthis law had not been overturned, it was believed that
border crossing operations would have failed completely (5J.).
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As mentioned earlier, NATAP is not the only project that exists with the goal to expedite border crossing
movements. An evaluation ofthese other initiatives is important in order to see ifthe goals have been achieved.
One major difference between NATAP and these programs is that NATAP was designed by federal agencies
from the three NAITA countries whereas these programs involve federal and/or state agencies of one country.
Infonnation was obtained through the literature found in the Internet and by interviewing professionals. Once
again, the responses are listed together with no reference to the professional in order to maintain the anonymity
ofeach professional who was interviewed. Table 3 lists other border programs that exist at the NATAP sites.

Table 3. Site Information.

NATAP Site Border Clearance Initiatives

Buffalo, New York / Fort Erie, Ontario ACROSS, CANPASS, SENTRI

Detroit, Michigan / Windsor, Ontario ACROSS, CANPASS, NCAP

Laredo, Texas / Nuevo Laredo, Tamaulipas NCAP, TRIBEX

EI Paso, Texas / Ciudad Juarez, Chihuahua TRIBEX

Nogales, Arizona / Nogales, Sonora EPIC

Otay Mesa, California / Tijuana, Baja California IVVVS,SENTRI

An evaluation ofthe following border initiatives was perfonned:

• In-Vehicle Voice Verification System (IVVVS),
• Secure Electronic Network for Traveler's Rapid Inspection (SENTRl),
• National Customs Automation Prototype (NCAP),
• Accelerated Commercial Release Operations Support System (ACROSS),
• Texas Regional International Border Expedited Crossings (TRIBEX), and
• Expedited Processing at International Crossings (EPIC).

IVVVS

In December 1997 and January 1998, twenty commuters using a dedicated commuter lane perfonned tests on
IVVVS at Otay Mesa. The project is still in the test phase, but the response from patrons and border
inspectors has been positive. The next phase ofthe effort will involve more extensive testing ofthe system by
hundreds of regular commuters. These commuters made use of a new device, also designed by NYSTEC,
which combines the handset and transceiver into a single unit. NYSTEC and AFRL are refining the entire
system and preparing for its full implementation. Ifimmigration approves the system and it becomes an official
border-erossing technology, the developers hope a manufacturer can mass-produce the handheld units to reduce
the costs (56). The technologies, processes, and products developed at Otay Mesa could become the baseline
system requirements for automated border crossing requirements at other federal and state government sites.

SENTRI

In April 1995, the Otay Mesa POE became the first testing site for SENTRI. The traffic operation impact of
SENTRI has been so enonnous that SENTRI now is in full operation at Otay Mesa. Before SENTRI, the
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average waiting time at the border crossing was about 45 minutes. After SENTRI became available, the
waiting time for individuals going through the designated SENTRI lane has never exceeded three minutes.
SENTRI has also benefitted the non-SENTRI travelers because the quick clearance oflow risk travelers has
reduced the waiting time in the non-SENTRI lanes to less than 20 minutes (~). As ofJuly 1998, there were
4000 participants in the SENTRI program at Otay Mesa. U.S. INS officials are satisfied with SENTRI
because there have been no immigration violations and just three minor Customs violations. The success of
the program has initiated plans to add a second dedicated commuter lane.

Due to the heavy passenger traffic at the Peace Bridge, one designated commuter lane has been installed to
speed the flow oflegal travelers as part ofthe U.S. INS PORTPASS Program using the SENTRI system. On
the Canadian side, the same concept is being evaluated with one designated commuter lane as part of the
CANPASS Program. A total number of 1500 SENTRI tags were made available to commuters by authorities
and as of July 1998, 1000 of them are in use. Travelers and border officials are satisfied with this pre­
clearance technology. Eventually, the U.S. INS hopes to issue about 10,000 tags.

The U.S. INS is planning to implement SENTRI at the Detroit border crossings in September 1998 by making
available 2500 tags. Also, it is considering implementing the system at the El Paso border crossings in late
1998 C0.

NCAP

As mentioned earlier, NCAP was implemented in May 1998 but has not completed any transactions as ofJuly
1998. At the moment, U.S. Customs personnel are still being trained on how to operate this electronic cargo
clearance system.

ACROSS

ACROSS has received positive remarks from all stakeholders, and it has been implemented at almost all
Canadian port of entries slowly phasing out Canada's previous cargo clearance system, CCS.

TRIBEX

TRIBEX has not be instituted because no real evaluation can be made due to a lack ofparticipation. As of
now, only four carriers with two vehicles each are participating. It is believed that the fear of "big brother"
is the main reason for the low participation. However, the technical aspect of the project has met the
expectations ofthe parties involved.

EPIC

To promote EPIC, a heavy advertising campaign was carried out by the Arizona DOT explaining the project
and its potential benefits. Also to encourage participation, it was made clear that there would be no financial
costs to participants. The advertising campaign was considered a success because in the first informational
meeting over eighty individuals attended, and a number ofthem submitted applications for EPIC participation.
However, most did not qualify because they did not meet the state and federal requirements. Most of the
applicants were turned down because their vehicles did not pass state weight/safety requirements and/or the
driver profiles were not satisfactory. Unfortunately, there were also a number ofparticipants that expressed
concern about EPIC violating their right of privacy. Thus, participation was not as high as expected.
However, the parties involved with the project feel that EPIC has demonstrated that it can expedite the
inspection process.
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The test phase ofNATAP is almost complete, and the three customs administrations together with other
government agencies and the private sector participants are beginning to assess the prototype. By interviewing
members ofthe various stakeholder groups and reviewing the latest literature on NATAP, the following can
be concluded as is presented in Table 4.

Table 4. NATAP Conclusions.

Category Comments

Potential benefits ofNATAP ~ Paperless environment can be achieved.
~ Data standardization will reduce mistakes.
~ Pre-arrival processing will accelerate clearance process.
~ Border facility capacity will increase.
~ Time and cost savings to the trade community are attainable.

Technology evaluation ~ Proof-of-concept was achieved.
~ Electronic data transmission via the Internet was praised.
~ Standard transponder technology was considered the best

option to expedite border crossing movements.
~ Standard software package was not found to be user friendly.

Status ~ Participation by private sector was lower than expected.
~ NATAP does not accommodate conveyances with a variety of

goods.
~ NATAP demands a vast amount of data from exporters.
~ Several concepts have not been demonstrated.
~ An evaluation by the customs administrations on the

prototype has begun.
~ Pilot studies have been set to begin in early 1999.

Barriers ~ Lack ofawareness about the project was a problem.
~ Privacy concerns hampered the project.
~ Introduction of other cargo clearance programs is creating

competition for participation and funding.
~ Strict immigration legislation would limit the potential of

NATAP.

In previous sections, other border clearance programs were examined to obtain an understanding on how they
operate and their objectives. It was considered important to evaluate these programs because they have the
same general goal - expedite border crossings through the use of advanced technology. Table 5 provides a
summary in regards to these border initiatives.
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Border Issues Addressed Main Government Status General Comments
Initiative Participant(s)

rvvvs Immigration U.S. INS FOT Positive response shown by all
clearance for stakeholders, and participation

frequent travelers is steadily increasing.

SENTRI Immigration U.S. INS Full Positive response shown by all
clearance for Operation stakeholders. Because of

frequent travelers success in Otay Mesa, SENTRI
is being introduced at other
sites.

NCAP Pre-arrival U.S. Customs Prototype NCAP began in May 1998, so
processing it is too soon to make any

conclusions.

ACROSS Pre-arrival Canada Customs Full ACROSS has been praised and
processing Operation is very close to be implemented

at all Canadian ports ofentry.

TRIBEX Commercial FHWA, Prototype No real evaluation can be made
vehicle permitting Texas Department because ofvery low

and safety ofPublic Safety participation.
inspection

EPIC Commercial FHWA, FOT EPIC has provided proof-of-
vehicle permitting Arizona DOT concept, but its potential has

and safety not been met due to lack of
inspection participation.
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ABCS technologies have placed the groundwork for a bright future for all stakeholders - government, industry,
and commuters. Government can hope to see more effective enforcement of customs, immigration, and
commercial vehicle regulations. The carrier industry can expect faster delivery ofgoods and services and thus,
increased revenue. Toll operators can anticipate a higher number of crossings per hour which will not only
improve their profits but would also reduce the need for capacity upgrades. Reduction in commercial vehicles
stopping at border crossings in conjunction with frequent traveler pre-clearance programs can result in reduced
travel times for commuters.

However for ABCS projects to succeed, the following must be accomplished:

1. Support ofABCS,
2. Initiation ofpilot studies,
3. Improvement to technology,
4. Consolidation of cargo clearance initiatives,
5. Incorporation ofvarious clearance tasks, and
6. Elimination of institutional barriers.

Support of ABCS

To assist in the implementation ofABCS technologies, all stakeholders must place a greater effort in increasing
the awareness ofelectronic commerce projects among their groups and need to increase cooperation among
themselves. There were cases in which individuals who were directly involved in commercial vehicle border
crossing procedures were not infonned with NATAP resulting in unnecessary delay for NATAP vehicles.
Incidents like these create a credibility problem and detract participants. Also, an increase in promoting the
benefits ofABCS can possibly change the minds ofpeople that are concerned about violation ofprivacy when
they realize that the benefits outweigh the costs. Furthennore, commuter pre-clearance programs are
encouraged to be implemented and developed because they have reduced the waiting times for travelers and
relieved the workload for inspection officials at the test sites.

Initiation of Pilot Studies

NATAP and other prototype border projects have suffered from a lack ofparticipation because there is no
incentive for individuals to participate due to the requirement ofdouble processing. Although prototypes are
important in providing proof that the technology is capable ofachieving its tasks, pilot studies which do not
require double processing should begin as soon as possible in order to increase participation that will lead to
a better evaluation.

Improvement to Technology

During the NATAP test phase, the Trade Software Package was found to be confusing to the users at times.
An improvement to the software package and more hands on training would be beneficial.

Consolidation of Cargo Clearance Initiatives

NATAP is an AVIlEDI project that was developed by all three NAFTA countries. Unfortunately, Canada and
the U.S. have recently introduced new cargo clearance systems which has led to confusion and uncertainty
among individuals in the various stakeholder groups. Because NATAP is the only joint-developed cargo
clearance program, it is recommended that NATAP should not be interfered with national initiatives. However,
NATAP should be applied only at sites where the benefits outweigh the costs.
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NATAP was not very successful in achieving to integrate other clearance processes such as state licensing,
pennitting, and vehicle safety inspections as it was envisioned. It would be beneficial to incorporate these tasks
into one program; however, this would be a challenging task due to the need of total cooperation among
stakeholders.

Elimination of Institutional Barriers

Although many institutional barriers have been eliminated, barriers are still hampering the potential ofABCS
technologies. However, the most serious barrier could potentially have been the Illegal Immigration Refonn
and Responsibility Act - Section 110 which was fortunately repealed by the U.S. Congress. It is highly
recommended that such legislation is never passed because not only will it cause huge delays at the border, but
it will also create an atmosphere ofmistrust between the NAFTA partners.
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Together, the border crossings of the Pacific Northwest form the fourth largest trade frontier along the
U.S.lCanadian border in terms ofboth volume and monetary value (1). The Pacific Northwest also serves as
a major port for both the US. and Canada to conduct trade with other Pacific Rim countries. Thus, it is very
important to investigate if the application of ABCS systems in the region could achieve greater economic
benefits for both countries.

Background

Based on the traffic flows entering the United States at the Pacific Northwest, the BlainelDouglas crossing is
experiencing the vast amount of the regional border crossing activity (58). The Blaine crossing is actually
composed of two crossings: 1) the Peace Arch Crossing which connects US. futerstate 5 with Provincial
Highway 99 that handles only passenger vehicles; and 2) State Highway 543 connecting with Provincial
Highway 15 that handles both commercial and passenger vehicles. Recent infrastructure improvements have
increased capacity and improved accessibility; however, half ofthe inspection booths are not being utilized
due to lack of staff (59).

At this border station in 1997, 440,000 commercial and 4.4 million passenger vehicles entered the U.S.
representing a difference in volume since 1995 of +23% and -9.1%. The increase in commercial traffic more
than likely can be attributed to NAFTA. However, the decrease in passenger traffic cannot be explained as
easily. A possible reason could be that the value ofthe Canadian dollar which has dropped versus the US.
dollar caused Canadians to cut down on recreational activities to the US. Another reason could be that
travelers are not encouraged to travel across the international border because the waiting times for entering the
U.S. has increased dramatically recently. The delay to enter the U.S. is attributed to a combination of a
shortage ofUS. Customs/INS staffand the increased inspection for the smuggling ofBritish Columbia-grown
marijuana (60).

Unlike the NATAP sites, the trade at BlainelDouglas for the most part is not associated with the adjacent
border area and thus, does not involve 'just-in-time" cycles or warehouse-bound goods such as agricultural
products like along the U.S./Mexican borders. fustead, it involves the movement ofa wide variety ofgoods
from the western regions of Canada and many different regions ofthe western and eastern United States and
vice versa. This means that there are few commercial vehicles crossing the border back and forth in a short
time span. As ofnow, NATAP has not been pushed in the area; however, the Blaine crossing is very close to
becoming a NCAP test site (61).

Current Border Crossing Operations

At the moment, there are no ITS applications being used at the BlainelDouglas crossing. For commercial
vehicles, ACROSS was implemented recently, and for passenger vehicles, two commuter pre-clearance
programs are operating. The commuter programs are CANPASS-Highway and Peace Arch Crossing Entry
(PACE), and a briefdescription is provided.

CANPASS-Highway

At a number ofWashington/British Columbia land border crossings including the BlainelDouglas crossing,
a program called CANPASS-Highway, launched by Revenue Canada in cooperation with Citizenship and
Immigration Canada, has been implemented to streamline customs and immigration clearance of low-risk
frequent travelers. The technology used at these crossings is called Optical Character Recognition (OCR) which
involves the infrared reading oflicense plates. Canadian and American citizens including Canadian permanent
residents who have passed a rigorous security check can participate. Participants are able to enter Canada
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through special CANPASS express lanes and to bypass the standard interview with a customs officer.
Canadian participants bringing goods into Canada; however, have to fill in a traveler declaration card and
deposit it as they drive through the express lane. Based on the information on the card, any duties and taxes
are charged to their credit card account. The program which has 50,000 participants has been considered a
success by the public and border officials.

PACE

The Peace Arch Crossing Entry (PACE) is a U.S. CustomslINS pre-elearance program that began in 1986 that
allows for low risk travelers to use dedicated lanes at the Peace Arch. After a successful background check,
these travelers receive a decal to place on the front windshield oftheir vehicles in order for border officials to
identify them while they cross the border. Secondary inspection occurs if a border official in his/her judgement
feels that is warranted. There are about 50,000 participants in the PACE program.

Application of ABCS Site Selection Criteria

The BlaineIDouglas border crossing was considered as a case study to apply the ABCS site selection criteria
developed in a previous study (1.). The criteria have been applied to the Peace Bridge border crossing;
however, it would be interesting to apply them at a site that is not one ofthe busiest in North America. The
site selection criteria are as follows (1):

1. An identifiable problem must exist at the border crossing.
2. A commercial vehicle volume greater than 100,000 vehicles per year must occur.
3. A high commuter volume must be present.
4. Physical expansion is not an option due to site specific constraints.
5. The potential for dedicating a lane or lanes for ABCS participants must exist.
6. The geometric site characteristics must be able to accommodate the technology needed.
7. Interagency cooperation is needed at the border crossing.
8. Market-share remains undisturbed between border crossings within an area.
9. High participation is necessary.

A portion ofthis information was provided by professionals familiar with the BlainelDouglas crossing. The
responses are listed together with no reference to the professional in order to maintain the anonymity ofeach
professional who participated (59,61,62).

1. The major problem at this border crossing is the lack ofstaff to perform the border clearance procedures
which has led to high increases in waiting times especially at the Peace Arch Crossing. This problem is
compounded during the spring and summer due to a surge of recreational travel and due to the strict
inspection procedures for the crackdown on drug trafficking.

2. The Blaine crossing does experience a commercial vehicle volume greater than 100,000 vehicles per year.
The commercial vehicle volume entering the U.S. alone was over 440,000 vehicles in 1997. Based on data
from the past two years, it is expected that 23% increase in commercial traffic entering the U.S. through
the Blaine crossing will occur in 1998. .

3. A high commuter volume does exist as it is evident from the 700,000 PACE vehicle entries into the U.S.
alone in 1997 which accounts for about 16% ofall passenger vehicle crossings into the U.S.

4. The Blaine crossing has adequate facilities, but halfofthem are not used because of lack ofstaffto operate
them.
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5. At the Blaine crossing, a dedicated lane for the commuter pre-elearance programs is present. The potential
for adding more dedicated lanes exists considering that half ofthe existing lanes are not being used at the
present time.

6. Geometric constraints do not pose a problem to ABCS deployment because this area has level terrain and
minimal urban development.

7. The level ofinteragency cooperation at this crossing that can be expected is difficult to predict. There is
indication that there has been adequate cooperation between Canadian and U.S. authorities in operating
the pre-elearance commuter programs that have existed since 1986. However, the same cannot be said in
regards to commercial vehicle programs. There seemed to be a lack of communication between the
different agencies which has resulted in the development of different initiatives, lack ofawareness about
the different initiatives, and conflicting trade evaluation.

8. At the NATAP sites, market-share issues are very important because ''just-in-time'' deliveries are
commonplace which means that predictable travel times are very valuable. The concern is that ifa site
realizes considerable benefits from ABCS, the market-share between the ABCS site and other crossings
in the area may be interrupted (~). However, market-share issues will not playa major factor because
there are no toll bridges in the Pacific Northwest.

9. As mentioned earlier, there are 50,000 participants in the current commuter programs at the
BlainelDouglas crossing. Commuter participation in an ABCS program such as SENTRI or IVVVS can
be expected because these programs would not require manual identification ofqualified individuals as is
done in the PACE program. The information gathered from different sources on commercial vehicle
operations in the area has been very contradicting. Thus, it is difficult to determine the level of
participation in commercial vehicle ABCS programs.

Evaluation ofABCS Site Selection Criteria

The ABCS site selection criteria developed by Jonathan Bean were found to be applicable and very useful in
evaluating a border crossing. A recommended addition to the list of criteria would be that conflicting border
clearance programs should not be introduced at the same time at a particular site. The possibility ofconfusion
among the stakeholders is greatly increased ifthis occurs as it was observed during the evaluation ofthe border
clearance initiatives at the NATAP sites.

Recommendations for Pacific Northwest

After evaluating the NATAP sites and applying the ABCS site selection criteria to the BlainelDouglas border
crossing, the following are recommended for the near future:

• ABCS commuter pre-elearance programs should be considered.
• Commercial vehicle ABCS programs should not be implemented in the near future.

Commuter Clearance

The BlaineIDouglas crossing met all the ABCS site selection criteria that were applicable to commuter traffic
which makes an ABCS program like SENTRI a very attractive option. SENTRI uses AVI technology to
identify pre-registered vehicles whereas PACE requires for inspectors to identify vehicles with decals manually.
Thus, the staffing problem faced at this site could be alleviated with SENTRI. Also, SENTRI uses face
recognition technology to identify ifthe driver is actually registered. PACE, on the other hand, depends on the
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inspector's judgement to verify drivers. Although CANPASS-Highway uses infrared technology to identify
registered vehicles, it also cannot detennine ifa registered vehicle is driven by its authorized individual. The
driver verification of SENTRI would benefit inspection officials because it would give them a more reliable
method in detennining secondary inspection. Also, the possibility for unauthorized individuals driving
registered vehicles would be greatly reduced.

Although the Otay Mesa tests ofIVVVS have pleased both commuters and inspection officials, IVVVS should
not be considered before SENTRI is at Blaine because IVVVS does have some technical problems that need
to be solved.

Commercial Vehicle Clearance

Based on U.S. Customs data, a high commercial vehicle volume exists at the Blaine border crossing, and if
trends continue, it is expected to increase by 23% in the near future. ABCS technology can assist border
officials to process these vehicles and prevent a deterioration in operational perfonnance. However, it was
found that a lack of interagency communication exists in the Pacific Northwest. This lack of communication
has resulted in different evaluations ofthe conditions at the Blaine crossing. It was found that information
regarding the characteristics oftrade and expected levels ofprivate sector participation in clearance initiatives
was conflicting among the different agencies. Also, the lack of communication has created an awareness
problem about the different commercial vehicle clearance initiatives that are being studied by the different
agencies in the Pacific Northwest. Until this problem is resolved, it would be difficult to expect a successful
ABCS program, thus at this time, ABCS for commercial vehicle clearance is not recommended.
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The ratification ofNAFfA has created a great need for research to find solutions to the problems that will arise
with the increase in trade and traffic across the common borders ofthe NAFTA nations. ABCS technologies
can playa major role in accommodating the traffic flows across the international borders. Some topics that
are recommended for further research in this subject area include the following:

• An evaluation ofthe NATAP pilot study that will begin in 1999 to detennine the impact to traffic operation
and the costlbenefit ratio ofthe project.

• An analysis ofthe Santa Teresa, New Mexico/Ciudad Juarez, Chihuahua border crossing to determine the
reasons for the increase in volume, but most importantly, to examine the ABCS technology that has been
implemented since 1994. This ABCS project developed by Sandia National Laboratories with funding
from the New Mexico DOT and FHWA is lmown as the Advanced Technologies for International
Intennodal Ports ofEntry (ATIPE) System. ATIPE incorporates an automated satellite tracking system
which provides the status ofthe cargo container but not the vehicle, an intelligent infonnation system which
notifies stakeholders whenever data are needed, and a process map which shows the entire shipment
process (63).

• NATAP was also designed to expedite commercial rail traffic, so it is important to evaluate the rail aspect
ofNATAP.

• Although the European Union is composed of fifteen countries with different languages, cultures and
economic systems, these nations have eliminated institutional trade barriers since the early 1990's. The
examination ofthe European Union's "seamless border" practices and possible implementation in North
America should be investigated.
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APPENDIX A

ACRONYM LIST

Automated Border Crossing Systems

Automated Commercial Environment

Accelerated Commercial Release Operation Support System

Automated Customs System

United States Air Force Rome Laboratory

American Society for Testing and Materials

Advanced Technologies for International Intermodal Ports ofEntry

Automatic Vehicle Identification

Bridge of the Americas

Customs Cargo Release

Customs Declaration

Customs Response

Department ofTransportation

Electronic Data Interchange

Expedite Processing at International Crossings

Federal Highway Administration

Global Positioning System

Immigration & Naturalization Service

Infrared

Intelligent Transportation Systems

In-Vehicle Voice Verification System
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LED

LTL

MIST

NAFTA

NATAP

NCAP

NYSTEC

OCR

PACE

PDN

POE

RF

SAAI

SENTRI

TRIBEX

TSP

UN/EDIFACT

VAN

WIM

Light Emitting Diode

Less Than Truckload

Management Infonnation System for Transportation

North American Free Trade Agreement

North American Trade Automation Prototype

National Customs Automation Program

New York State Technology Enterprise Corporation

Optical Character Recognition

Peace Arch Crossing Entry

Paso del Norte Bridge

Port ofEntry

Radio Frequency

Sistema de Automatizacion Aduanera Integral

Secure Electronic Network for Traveler's Rapid Inspection

Texas Regional International Border Expedited Crossings

Trade Software Package

United Nations Electronic Data Interchange for Administration,
Commerce and Transport

Value Added Network

Weigh-in-Motion
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LEGEND:

NATAP Sites

1. Buffalo, New York / Fort Erie, Ontario
2. Detroit, Michigan / Windsor, Ontario
3. Laredo, Texas / Nuevo Laredo, Tamaulipas
4. EI Paso, Texas / Ciudad Juarez, Chihuahua
5. Nogales, Arizona / Nogales, Sonora
6. Otay Mesa, California / Tijuana, Baja California

Case Study Site

7. Blaine, Washington / Douglas, British Columbia

Other Border Sites Mentioned

8. Port Huron, Michigan / Point Edward, Ontario
9. Santa Teresa, New Mexico / Ciudad Juarez, Chihuahua
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After introductions, a brief description of the research being conducted will be given to the contact. The
following questions will be asked at a minimum.

1. Ofthe following NATAP sites, which ones are you more familiar with?
a. Buffalo, New York
b. Detroit, Michigan
c. Otay Mesa, California
d. Nogales, Arizona
e. El Paso, Texas
f. Laredo, Texas

2. What types oftraffic flows is this crossing experiencing in tenns ofvolume?

3. What type of ITS application is being currently used at the particular border crossing?
a. Which technology is most beneficial? Why?
b. Which technology is least beneficial? Why?

4. What is your attitude towards the ITS technology in place at the particular border crossing?

5. What would you like to see changed to make the crossing more efficient?
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Travel time infonnation is useful to a wide variety of audiences, including transportation engineers and
planners, business persons, administrators, and drivers. For traffic management centers, travel time data are
commonly used for the measurement oftraffic conditions and levels of congestion. As Advanced Traveler
Infonnation Systems (ATIS) become more prevalent, the importance ofaccurately measuring and estimating
link travel time grows. Two travel time data collection technologies, inductance loop detectors and Automatic
Vehicle Identification (AVI), are used to measure travel time in most traffic systems.

The objectives ofthis paper are to investigate the current application of loop detectors and AVI technologies
used for travel time estimation on freeways and determine which technology is the better investment. A
literature review, phone interviews and a questionnaire were used to help identify the current state-of-the­
practice and the advantages and disadvantages for each system. This would include installation and
maintenance issues, accuracy, spacing, additional benefits and costs ofeach system.

It was found that many state agencies are familiar with installing and maintaining loop detectors and that the
cost ofa loop detector system to measure travel time is relatively low. When detectors are properly maintained,
they produce volume and occupancy data that can be used to calculate travel time on freeways. However, the
travel time data is subject to errors in high speed or congested conditions. Loop detectors are also prone to
failure and often require maintenance, which often leads to lane closures and the interruption oftraffic.

Travel time can be accurately estimated with minimal roadway equipment by using AVI technology. Radio
frequency antennas are often mounted on existing structures and spaced up to 10.8 kIn between reader stations.
AVI technology is ideal for traffic management and ATIS due to their numerous uses of accurate travel time
data. However, the biggest drawback ofAVI is the capital and installation cost. AVI is a new technology in
traffic management and requires skilled personnel for the installation, software development, and operations
ofsuch a system.

AVI technology is recommended for agencies and cities using Advanced Traffic Management Systems (ATMS)
and ATIS. AVI can also extend the coverage area ofATMS beyond other data sources in use. Due do the high
initial cost, areas with existing AVI systems (i.e. electronic toll collection (ETC), electronic parking) are ideal
for an AVI travel time system. AVI travel time collection systems are clearly more reliable and accurate than
loop detectors; however, the cost ofAVI may be prohibitive. Properly installed and maintained loop detectors
can be used as a low cost alternative to collect travel time data. Ifpossible, loop detector should be installed
during construction offreeway lanes.

A hypothetical AVI travel time data collection system was implemented on 16 kIn (10 mi) ofthe LBJ Freeway
in Dallas, Texas. The system will provide travel time infonnation to motorists and transportation agencies.
An AVI system is ideal in the area since other AVI systems, such as toll collection and parking systems, exist
and have a substantial number ofvehicles equipped with electronic tags. The cost of installing and maintaining
the recommended system is addressed as well as possible methods for processing travel time data.
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Travel time information is exceedingly useful to drivers, as they can estimate the time required to get to their
destination. The same information is also important to transportation professionals operating traffic
management centers and planning facilities. It is used for numerous applications ranging from congestion
measurement to providing travel information.

The predominant source ofhighway traffic infonnation comes from single-loop detectors which do not directly
measure vehicle speed. The conventional method of estimating speed, and hence travel time, is from the
single-loop data and an assumed vehicle length to relate density, flow, and speed (D. Two loop detectors acting
together can produce the speed between them thus giving travel time between loops. A drawback to this method
is that the detectors might produce inaccurate results since loops have difficulty in detecting congestion between
loop locations (2). Also, single loop detectors can give less accurate results at slower speeds. Loop detectors
can become unreliable by wear and tear ofthe road surface above them.

Automatic Vehicle Identification (AVI) technologies offer an improvement over the current travel time
estimation methodologies. AVI technology has been used by electronic toll facilities across the world and is
being implemented as a travel time measurement tool. The technique involves equipping probe vehicles with
transponders that transmit the vehicles identification numbers. Receiving units are placed along the roadway
to detect the vehicle's transponder and transmit the signal to a central computer or communications center. By
monitoring several receivers, travel time can be determined by noting the time it takes a vehicle to pass two
sequential receivers (J). AVI systems give accurate results since the vehicle's identification number is used
to calculate travel times.

Currently, traffic information is available to motorists for some cities. Major metropolitan areas such as
Houston, Minneapolis/St. Paul, San Antonio, and Seattle use loop detectors and/or AVI readers to provide
travel time information. Travel time data can be passed on to the public by the use ofthe Internet, highway
advisory radio, variable message signs, kiosks, and other Intelligent Transportation Systems (ITS) applications.

Research Objectives

To drivers, one ofthe most important and useful information is the time required for them to travel from one
point to another on any roadway, national highway, and expressway. With this information, drivers can plan
and choose a route that will take them to their destination safe and efficiently. Two systems, loop detectors
and AVI, are used to measure the travel time so that travel time information can be provided to motorists.

The primary goal of this research was to investigate the current application of loop detectors and AVI
technologies used for travel time estimation on freeways and to determine which is the better investment. The
objectives ofthis study are as follows:

• Identify cities or transportation systems that utilize loop detectors and/or AVI technologies to measure
travel time on freeways.

• Identify the advantages/disadvantages of loop detectors and AVI systems. This would include uses,
accuracy, reliability, benefits and potential benefits of each system.

• Investigate current probe density and optimal spacing ofAVI technologies in relation to loop detectors.
• Compare costs (installation, maintenance, and other costs) ofAVI systems and loop detectors to measure

freeway travel time.
• Investigate how the systems display travel time data for conversion to traffic information.
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Recommend which technology should be implemented to measure travel time on freeways.
Investigate how the results could be applied to a freeway section in the city ofDallas.

Study Approach and Scope
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In this paper, the author presents a detailed comparison ofloop detectors and AVI technologies used by current
transportation systems for measuring travel time on urban freeways. The current technology and cost of each
system along with the method ofhow each system relays traffic information was compared.

The information presented in this paper was obtained from a literature search and contacts with of
transportation professionals. Phone interviews and a questionnaire were used to help identify the current state­
of-the-practice and the advantages and disadvantages for each system. From the results, a technology is
recommended to be used for the measurement oftravel time on freeways. This conclusion was reached by
comparing loop detector and AVI technology accuracy, reliability, benefits, potential benefits, and current
problems. The associated costs ofthe system were also compared to determine which system is the most cost
effective.

These results were applied to a segment offreeway in the city ofDallas. The recommended system provides
travel time information to motorists and transportation agencies. The example demonstrates the benefits of
implementing the system to measure freeway travel time. The cost and feasibility of installing and maintaining
the recommended system for Dallas is addressed, as well as the system's overall performance.
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Travel time infonnation is useful to a wide variety of audiences, including transportation engineers and
planners, business persons, consumers, media representatives, administrators, and drivers. Many
transportation agencies have already adopted travel time measures for congestion measurement. Congestion
management systems, mandated by the Intennodal Surface Transportation Efficiency Act (lSTEA) of 1991,
commonly use travel time-based perfonnance measures to evaluate and monitor traffic congestion (1.). Travel
time data are needed to evaluate existing traffic conditions in transportation planning and for determining
benefits for benefit-cost ratio calculations in transportation economic studies. In addition to providing a
measurement of travel time or congestion, automated travel time estimates provide a useful measure of
throughput and could possibly be employed to detect incidents.

As Advanced Travel Infonnation Systems (ATIS) become more prevalent, the importance of accurately
measuring and estimating link travel time grows. ATIS are able to disseminate traffic and travel infonnation
to individual drivers in their homes, offices, and vehicles. Different media, including variable message signs,
commercial radio broadcasts, telephone systems, electronic mail, kiosks, and Internet sites, relay traffic and
travel infonnation to drivers. Using traffic infonnation from these systems, drivers make decisions about what
routes to travel, which mode to use, and what time they should depart to reach their destinations. Also, travel
infonnation is becoming important for on-board vehicle navigation/guidance systems, and accurate prediction
could provide valuable infonnation for scheduling in commercial industries, such as trucking and transit
operations.

Travel Time Information Systems

Travelers make a number of choices before and during a trip, including the choice oftime oftravel, mode,
route, and destination. The culmination ofsuch choices gives rise to travel demand and travel time infonnation.
An individual is only able to minimize the cost or disutility ofa trip based on this infonnation if it is available.
For example, if a variable message sign relays infonnation concerning an incident to drivers, then this
infonnation allows drivers to select new routes that offer potentially shorter travel times.

In recent years, traffic management centers began using or plan to use new technologies, such as the World
Wide Web (WWW) and electronic mail, to infonn motorists about traffic conditions. The Internet has the
potential to be the most widely used technology for an ATIS (,D. The WWW is an infonnation retrieval system
that provides users with straightforward access to infonnation in the fonn oftext, graphics, and sound via the
Internet. The number oftraffic and traveler infonnation sites on the WWW is increasing. However, many sites
either are at the development stage or in a cycle of continual refinement and expansion. By using travel time
data, most traffic infonnation sites provide infonnation on specified metropolitan areas and are helpful to the
traveler in planning their route.

In a study by the Texas Transportation Institute (ITI), researchers found that accurate travel time information
was useful to the traffic management efforts in Houston, Texas (0. The travel time data significantly increased
the use of variable message signs on the freeway system which displays traffic infonnation to motorists.
Participants in the study indicated that accurate and believable infonnation provided by the system directly
affected their travel behavior by causing them to change routes or adjust departure times. Further analysis
suggested that reliable travel time infonnation could result in fuel savings benefits by the drivers in the system.
Given that accurate and timely infonnation is provided to motorists, the annual fuel savings benefits for the
system were estimated to range between 33,800 and 67,000 liters/year (8,923 and 17,848 gal./year) (Q).
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The predominant and most popular highway detection system comes from inductance loop detectors (.2). An
inductance loop detector operates on the principle ofinductance, the property ofa wire or circuit element to
"induce" currents in isolated but adjacent conductive media. A detector consists ofan insulated electrical wire,
placed on or below the road surface, attached to a signal amplifier, a power source, and other electronics.
Driving an alternating current through the wire generates an electromagnetic field around the loop. Any
conductor, such as the engine ofa car, which passes through the field will absorb electromagnetic energy and
simuItaneously decrease the inductance and frequency ofthe loop. For most conventional installations, when
the inductance and frequency changes a preset threshold in the actuate detector electronics, this indicates that
a vehicle has been detected. Many factors determine loop inductance, including wire size, wire length, the
number ofturns, lead length, and insulation (.2).

Loop Detector Configuration

The inductive loop is an insulated electrical wire, usually several meters to a side, with several turns. Loops
are installed in a variety of shapes such as square, rectangle, diamond, circular and octagonal, though each
configuration produces a different electromagnetic field. The pull-box, usually located adjacent to the road,
houses the splices between the lead-in cable from the controller and the lead-in wires from the loop. The
controller electronics, usually housed in a cabinet detect, amplify, and process loop signals (.2).

Detectors operate in either the pulse or presence mode. Presence operation implies that detector output will
remain "on" while a vehicle is over the loop. This allows the controller to measure the amount oftime that a
vehicle was on top ofthe loop. Pulsed detection requires the detector to generate a short pulse every time a
vehicle enters the loop, regardless ofthe actual departure ofthe detected vehicle.

Travel Time Calculation

Loop detectors supply several pieces of information about prevailing traffic conditions, including vehicle
presence, flow, occupancy and speed. Flow and occupancy may be extracted directly from loop data; however,
algorithms must be developed and used to calculate point speed and travel time.

The extrapolation method is an algorithm that estimates average travel time by assuming that spot speeds can
be applied for freeway sections between loop detectors (1.). Using the estimated spot speeds and the known
distance between detectors, the travel time is estimated. An example ofthe extrapolation method is shown in
Figure 1.
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Figure 1. Example of Extrapolating Link Travel Times from Spot Speeds (1)

Speed may be approximated from the data of a single detector using the fundamental theory oftraffic flow:

flow = speed x density

The following equation has been used to estimate speeds from single loop detectors (1):

(1)

speed = volume

occupancy x g
(2)

where: g= speed correction factor (based upon assumed vehicle length, detector
configuration, and traffic conditions).

The Chicago Traffic Systems Center uses the typical formulation for calculating speeds by assuming an
average vehicle length of 6.55 meters (21.5 feet) and a speed correction factor of 40.9 (2). Speeds are
determined using the following equation (2):

volume x 21.5 feet
speed =

occupancy x 40.9
(3)
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From the estimated speed and the mown distance between detectors, estimated travel time can be computed
as follows (1):

distance (km)
travel time (sec) = x 3600 sec / h

speed (km/h)
(4)

While it is possible to obtain reasonable travel time estimates with single loop data, paired loops offer a more
accurate approach. When using a "speed trap", travel time is measured directly between two loop detectors
which are separated by a known distance. This time is measured from when the vehicle crosses the leading
edge ofeach detector. There are several considerations in the "speed trap" design. For one, loop inductance
is a strong function ofvehicle speed. As the freeway speeds increase, the percentages ofthe inductance shift
decreases. Sensitivity settings may have to be adjusted when loop detectors are used in high-speed freeway
environments (B.).

The results of a m study indicated that the accuracy of the "speed trap" design was dependent upon the
separation between loops, inductance loop wire type, and consistency in design and use (~. The study found
that the optimal distance between inductance loops was 9 meters. In practice, California Partners for
Advanced Transit and Highways (PATIl) researchers found that inductive loops are spaced anywhere from
2 meters to more than 20 meters. However, if detectors are too closely spaced, cross-talk may occur, while
detectors spaced too far apart may be susceptible to vehicle lane changes. The researchers also suggest an
optimal spacing of9 meters (2).
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Automatic vehicle identification provides operators with the ability to track probe vehicles by wireless
communication to the transportation centers. The probe vehicle technique utilizes passive instrumented vehicles
in the traffic stream and remote sensing devices to collect travel times. There are several types of AVI
technologies available to read the information from the tags of passing vehicles. These include infrared
scanners, video cameras, inductive loops that read tags, and radio frequency (RF)/microwave technology (2).
The most common type ofAVI technology used is the RF/microwave system. This system is in widespread
use throughout the United States for a variety of purposes: electronic toll collection, incident management,
performance measure data collection, traveler information, and traffic monitoring.

AVI Configuration

The system design ofan AVI system is represented by the system architecture and software design (10). The
system architecture defines the framework ofthe major hardware and software components ofthe AVI system
and the methods used to communicate between components. The software design focuses on the software
components ofthe AVI system using data flow analysis and structure charts. Less attention is ~sually paid
to the hardware components while more attention is paid to the software components because they have to be
custom-developed for each system.

Figure 2 illustrates the AVI components and the data collection process. Travel time can be computed by using
a basic AVI system that has four primary components (1..):

• probe vehicles equipped with electronic tags;
• roadside antenna that detect the presence ofelectronic transponders;

roadside readers which bundle data; and
• a central computer facility to collect and interpret all data and compute travel time.

~emler System

I
~

I
..........J

Figure 2. Typical AVI Reader Station
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Electronic tags, also know as transponders, are encoded with unique identification (ID) numbers. Roadside
antennas are located on the roadside or overhead structures (e.g., bridges, guide signs), or as part of an
electronic toll collection booth. The roadside antenna broadcasts radio frequency energy over one or more
freeway lanes called the read zone or reader footprint. The antenna's radio frequency source is either integrated
or a separate component (10).

When the probe vehicle is in the read zone, the tag reflects a small part ofthis radio frequency energy back to
the antenna. The reflected. radio waves denote the tag's unique ill number and other stored data. The antenna
relays the signal to the reader system, which can add information such as date/time to the tag's identification
code and stores it in a buffer. These bundled data are then transmitted to a central computer facility via
telephone line where they are processed and stored.

Travel Time Calculation

AVI calculates travel time from probe vehicles equipped with electronic tags. The travel time information is
obtained by subtracting the time a vehicle enters a freeway section, location A, from the time a vehicle leaves
the freeway section, location B. This is expressed mathematically as shown in the following equation (2):

where: TTi =
Tbi =
Tai =

Tbi - Tai

travel time ofvehicle i from location A to location B,
time vehicle i passes location B, and
time vehicle i passes location A.

(5)

Travel times vary from vehicle to vehicle and the mean travel time values on the freeway sections are much
more meaningful to traffic managers. Mean travel times for specific periods can detect patterns and congestion
problems on a freeway section. By maintaining both a rolling average oftravel times and a historical record
of the previous time period, the system can determine both current conditions and when those conditions
become congested (1.).
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The literature review yielded information on existing loop detector and AVI systems that collect travel time
data. Spacing ofthe loop detectors and AVI readers along with the data collection techniques used by traffic
management centers were reviewed. How these systems use and display the travel time data for conversion
to traffic information was also investigated.

Loop Detector Systems

Seattle Smart Trek System

The travel information system in Seattle, Washington is one ofthe most extensive systems in the United States.
The system is called Smart Trek and utilizes numerous technologies to provide travel information to travelers
and public/private agencies. Smart Trek utilizes travel time data collected from loop detectors to provide a
more comprehensive picture oftraffic.

The Washington State Department ofTransportation (WSDOT) uses a network ofloop detectors embedded
in the highway. The loop detectors are located every half-mile on major Seattle area freeways, and the data
from the loops is transmitted every 20 seconds to the WSDOT Traffic Systems Management Center (TSMC)
(11).

The loops used in the Seattle system are six foot square and are connected to Type 170 micro-eomputers
located in roadside cabinets. Each cabinet is equipped with a type Bell 202 1200 bit-per-second modem that
is connected to a communication hub ill). From the communication hub, fiber optic cables transmit loop data
along with video surveillance to the TSMC. Computers at the TSMC then compute travel times and speeds
and plot the results on monitors in the TSMC control room. The TSMC uses variable message signs, dial-up
phone service, broadcast on the highway advisory radio, and a WWW traffic page to display the results.

The results are displayed on the WSDOT FLOW Map, an Internet based map oftraffic speeds and incidents.
Interest in the travel map has been a success with almost 300,000 hits a day (12). The Smart Trek system
includes TrafficView, which provides views ofarea highways, traffic speeds and incident locations, and advises
which route to take between selected highway access points. Customized traffic reports are sent via electronic
mail to your computer at the times you select.

Another system ofSmart Trek delivers customized traffic reports for the road segments you select at the times
you need updates. The traffic reports are being made available to message watches, pagers, desktop and
portable computers, hand-held devices, TV, radio, kiosks, and in-vehicle navigation units. Other systems
include bus, ferry, and airport information, variable messages signs, cable television channels devoted to traffic
information and commercial radio reports (12).

San Francisco Bay Area Travlnfo System

TravInfo, the San Francisco Bay Area's ATIS, is a public/private partnership that provides traffic information
to Bay Area travelers. TravInfo gathers travel time data from loop detectors to produce information on traffic
speed and congestion. Similar information comes from a fleet oftow trucks equipped with automatic vehicle
location (AVL) system and closed-eircuit television cameras.

Traffic information is available by telephone hotline, highway advisory radio, and three separate WWW sites.
Public sector partners furnish a multimodal, database on the operating conditions of freeways, transit systems
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and major arterials (13). Private sector partners use the database to archive, analyze and provide travel
information to the public. The public and private partnership is essential in the development ofthis system.

Minnesota System

Roadway loop detectors are a main element ofMinnesota Department ofTransportation's Traffic Management
Center (TMC). The TMC helps Twin Cities metropolitan area motorists reach their destinations safely and
efficiently by managing traffic on the metro area freeway system. Loop detectors are spaced about every half­
mile along the freeway system and the data ofthe loops are transmitted to the TMC every 30 seconds (1 £).
The data are used by TMC computers to estimate the average speed and travel time for freeway sections. The
speed and travel time data are then used to generate map displays oftraffic conditions. They are also used by
TMC computers to determine ramp metering rates and help detect congestion. The traffic condition
information is displayed on the Twin Cities Sidewalk site on the WWW (llj and broadcast on a traffic radio
and cable television station.

San Antonio System

The San Antonio Advanced Traffic Management System (ATMS}/lntelligent Vehicle Highway System (IVHS)
TransGuide utilizes inductive loop detectors in a "speed trap" configuration to accumulate travel time data.
These detectors are placed in each lane ofthe entire system, 26 miles for the completed Phase I project, at a
maximum of one halfmile spacings (l.§).

Each inductive loop is six feet square and consists of one conductor 14 AWG grade loop of wire buried
approximately one inch between loops. Each loop detector is interfaced with a local control unit (LCU)
microprocessor which connects a group of detectors at a station. Software algorithms running on the LCU
microprocessor accumulate speed, occupancy, and volume rates in memory. The LCU keeps a moving average
of these rates for a period of between 10 and 60 seconds and sends the accumulated average speed and
occupancy data to TransGuide mainframe. The LCU also performs diagnostic monitoring of each detector
to test for failure and will report any non-activity or maximum presence conditions (1 Q).

At TransGuide, the mainframe software system is responsible for providing detection, routing, analysis,
display, storage, and archiving. The software analyzes the roadway data by the LCU and uses a rolling
average technique to compare the incoming data to preset thresholds. The system uses variable message signs,
a low powered television station, and a traffic map on the WWW to display average travel times. Table 1
summarizes the existing loop detector systems acquired from the literature review.
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Loop Detector Spacing Use of Travel Time Data Other Information
Systems

Seattle 0.9km Variable Message Signs Extensive ATIS Planned
Smart Trek (0.5 mi) Phone Service

Highway Advisory Radio
WWW

San Francisco Bay Area N/A Phone Service PubliclPrivate Partnership
Travlnfo Highway Advisory Radio

WWW

Minnesota 0.9km Congestion Detection
Twin Cities System (0.5 mi) Ramp Metering

Traffic Radio
WWW

San Antonio 0.9km Congestion Detection Addition to AVI System
TransGuide (0.5 mi) Variable Message Signs

WWW

AVI Systems

The primary application for AVI technology is for electronic toll collection. Currently, about 18 U.S. toll
collection agencies use AVI to electronically collect tolls (1.) and an additional 10 toll agencies are planning
to use AVI for electronic toll collection by the end of 1998. Electronic toll collection (ETC) systems can
provide useful travel time data, particularly on systems with a large percentage ofmotorists using electronic
tolling. The combination of an electronic toll collection system and a traffic information and management
system can be referred to as an electronic toll and traffic management (ETTM) system. A few large
metropolitan areas collect travel time data and monitor traffic operation with AVI technology.

Houston System

The TranStar Traffic Monitoring System in Houston, Texas is the first AVI system installed in the U.S. to
implement the traffic management aspect ofETTM technology. The system monitors traffic conditions, detects
incidents, distributes travel information, and archives travel time data. With the help ofthe Texas Department
of Transportation (TxDOT), the Houston AVI system required four to six months per phase for installation
and used the above-the-road sensors to avoid the roadway closures and the attendant traffic control costs of
roadway closures (12).

Antennas are mounted above traffic on existing roadway overpasses, overhead sign structures, or side-mount
sign structures. The Houston system uses two general antenna types: a type that emits a directional, narrow,
and long RF capture range and a type that emits a broader and shorter RF capture range. Each type is designed
for certain lanes and traffic conditions.

The antenna spacing depends on the availability ofexisting structures, and spacings are typically 2.0 Ian (1.2
rni). The actual range of spacings is between 1.4 Ian (0.9 rni) and 10.8 Ian (6.7 rni) with an average range of
about 4.6 Ian (2.85 rni).
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Motorists traveling during the peak period were targeted to receive tags; however, the system relied upon
vehicles equipped with ETC tags. Over 200,000 tags have been distributed through the local automated toll
collection system to date. Approximately five percent ofthe total volume passing antenna locations yield tag
reads (£). This corresponds to approximately four tag reads per minute during peak periods and about three
tag reads per minute during off-peak periods.

There are several agencies, in addition to the TxDOT, that are installing AVI systems in Houston. The Harris
County Toll Road Authority has installed an AVI system for toll collection and the city ofHouston Aviation
Department is preparing to install AVI at their two airports for the automatic fare collection ofcommercial
vehicles using the airport facilities. These AVI systems should be compatible and will help aid in the collection
oftravel time data. For trip planning purposes, this travel information is available through the WWW, through
media reports, and through roadside variable message signs.

New YorklNew Jersey TRANSMIT System

The TRANSCOM System for Managing Incidents and Traffic (TRANSMIT) system operates on 29 kIn (18
mil ofthe New York State Thruway and Garden State Parkway in New York and New Jersey. The system
is part ofan ETTM system which utilizes vehicles equipped with electronic toll tags to serve as vehicle probes
within the traffic stream. The primary system function is the processing oftraffic flow data for detection of
incidents and the identification ofunusual congestion conditions (ll).

Twenty-three antennas are used on the TRANSMIT system and one antenna is used to cover all lanes in one
direction. Mountings utilize existing overhead structures. Antenna spacing of 2.4 kIn (1.5 mil is used for a
maximum incident detection time of five minutes. The probe vehicle density specified by the system is 0.9
percent oftotal volume for two-lane highways and 2.1 percent for three- and four-lane highways.

Seattle's Puget Sound System

The Washington State Transportation Center (TRAC) perfonned a study to investigate the use of an AVI
system to collect travel time data in Seattle's Puget Sound Region (19). This system used an AVI loop
detection type system with 50 in-vehicle transmitters and 10 antenna units. The study checked AVI data for
consistency and found that 17 percent ofthe vehicles (buses) went undetected. TRAC concluded thatthere
were potential applications for loop-based AVI technology; however, a AVI system would require a significant
investment by the transportation agency.

The receivers were connected to ten inductive loops located in high occupancy vehicle (ROV) lanes along the
north Seattle 1-5 corridor. Sequential antenna spacing was between 1 and 4 kIn (0.62 to 2.5 mil with an
average distance of2.6 kIn (1.61 mil (19). Forty-nine transmitters were installed On the underside ofbuses,
while one transmitter was installed on a Washington State Department of Transportation vehicle.

San Antonio System

As part ofa nationwide initiative to implement new applications for ITS, the Federal Highway Administration
selected San Antonio, Texas as one ofthe four sites in the United States to receive funding under a federal
program called the Model Deployment Initiative (MDI). One part ofthe TransGuide system is to integrate AVI
technology to monitor traffic conditions. Tagged vehicles act as traffic probes to provide actual travel time
and the average speed along key sections ofthe highway. With the travel time and speed data, the system also
provides comprehensive data used for traveler information systems, traffic diversion messages, and incident
reporting (20). The cost for the AVI systems in San Antonio is approximately $3,500,000.
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To reduce installation costs, AVI antennas were mounted on existing overhead structures. Antennas are spaced
at 1.6 krn (1 rni) to 3.2 Ian (2 rni) intervals. Site selection for antennas was based partly on an analysis of
volume to capacity ratios to determine the most congested areas of the freeway system (1.). The plan to
distribute AVI tags through the vehicle registration process is behind schedule, and tags are now being
distributed on a volunteer basis. Approximately 30,000 tags are in use and 48,000 more tags are planned to
be distributed, based upon budgetary constraints. San Antonio does not have any ETC systems to contribute
to the data collection; however, toll tags and other electronic tags from other cities and states can be read by
the reader sites.

Oslo AVI System

The AVI system in Oslo, Norway calculates travel times from over 400,000 probe vehicles (18). The Oslo AVI
system tracks vehicles and averages travel times every five minutes for each section within the roadside reader
units. The averaged travel time data are transmitted every five minutes to a traffic control center. The number
of probe vehicles is high, since one-third ofthe total traffic population is equipped with electronic tags and
these tags are used on numerous toll roads in and around Oslo. About 20 vehicles pass test sites every five
minutes on average (21).

Gary-Chicago-Milwaukee Corridor Transportation Information Center

The Illinois Department of Transportation (IDOT) and the Illinois State Toll Highway Authority are jointly
working on a project to use the I-PASS electronic toll collection system to generate travel time information.
The toll way authority is currently expanding the installation ofthe AVI technology to cover the entire toll way
and will use anonymous information from the I-PASS system to calculate travel times between interchanges
(22). Table 2 summarizes the existing AVI systems acquired from the literature review.
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AVI Spacing Probe Use of Travel Time Other
Systems Density Data Information

Houston 104 kIn - 10.8 kIn 200,000 Variable Message Signs Existing ETC
TranStar (0.9 mi - 6.7 mi) 5% Media Reports FirstETTM

Volume WWW

NewYorkJ 204 kIn 0.9-2.1% Congestion Detection Existing ETC
New Jersey (1.5 mi) Volume Incident Detection
TRANSMIT

Seattle's 2.6 kIn 50 Test Accuracy Loop-base AVI
Puget Sound Study (1.6 mi) Significant

investment

San Antonio 1.6 kIn - 3.2 15,000 Congestion Detection Addition to loop
TransGuide (1.0 mi - 2.0 mi) Variable Message Signs detector system

WWW

Oslo, Norway N/A 400,000 N/A Existing ETC
33%

Volume

Gary/Chicago/ N/A N/A N/A Existing ETC
Milwaukee Planned System
Corridor
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Various transportation professionals were surveyed to help identify the current state-of-the-practice and the
advantages and disadvantages for loop detector and AVI systems. A questionnaire was developed and
administered to individuals with knowledge of or involved in these systems that are used for travel time data
collection (see Appendix). The questionnaire included questions on spacing, accuracy, and benefits ofloop
detector and AVI systems and also asked the participant about problems and costs associated with each system.

The survey was sent to one professional and phone surveys were conducted on 8 individuals. The majority of
the participants were from Texas and one was from Minnesota. Amtech Transportation Systems Group and
TxDOT were contacted for cost information.

Loop Detector Systems

Minnesota Department ofTransportation

There are approximately 3,000 loop detectors in place on the Twin Cities metro area freeways. The system
covers 328 miles of freeway and provides volume and occupancy data, and estimated travel time and speed
information (23). Travel time information is used by TMC to monitor and evaluate their system. This
information is also displayed on a traffic map viewable from the WWW. Construction and paving projects on
the loop detector system are seen as a major problem. Loops are placed 25 mm (1 in) to 38 mm (1.5 in) below
the road surface and are often milled out. The cost ofone loop detector in the system is approximately $1,500.
Other uses that the data from loop detectors provide are for ramp metering and volume manuals used for
planning construction (2.1).

San Antonio TransGuide

It was found through the survey that San Antonio has over 650 detection stations which are placed 0.8 Ian (0.5
mi) apart. San Antonio's TransGuide system places loop detector stations near entrance and exit ramps and
are spaced for queue detection (}£). According to TransGuide, ten percent ofthe loops are malfunctioning or
need service. A problem associated with the loop detector system is that loop sensitivity settings often need
to be reset. Also, during congested periods, data is often verified by surveillance cameras. Travel time data
from loop detectors are used for incident detection and the presentation oftraveler information on the WWW
(li).

AVI Systems

Dallas Planned AVISystem

The Texas Transportation Institute (TIl) in Dallas and TxDOT are in a preliminary design stage of
implementing a small scaled AVI system in North Dallas (25). They are in the process of installing three
reader stations on the LBJ Freeway (1-635) approximately spaced one mile apart. Detection cameras are going
to be used in addition to the AVI system for data verification. Each detection camera has a 0.8 Ian (0.5 mi)
range and will cover the AVI coverage area. Travel time data will be transmitted through telephone lines to
the m office for evaluation and analysis. Travel time data will be tested for accuracy and reliability in various
traffic conditions.
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The AVI system in San Antonio consists of 53 reader stations placed in freeway sections not covered by loop
detectors or camera surveillance (24). According to TransGuide, the system has proven to reliable and very
accurate. The problem associated with AVI systems, is malfunctioning modems located in the reader. Travel
time data is used as part oftheir ATIS and data will be available to a planned in-vehicle navigation system.

Researchers from the Center for Transportation Research at Virginia Tech are currently evaluating the AVI
and loop detector system in San Antonio as part ofthe MOL The overall objective ofthe MOl evaluation
project is to evaluate the throughput, safety, environmental, and integration benefits of ITS. Part of the
evaluation consists ofanalyzing San Antonio AVI and loop detector travel time measurements (20. Global
Positioning Systems (GPS) are being used to evaluate the accuracy and reliability oftravel time measurements
ofthe two systems.

Costs

Amtech Transportation Systems Group AVI systems are used in Dallas, San Antonio, and Houston. For a
three station AVI system in Dallas, the cost of a three site system is $160,000. The cost of an AVI system
depends on the accuracy and size ofsystem (22). Cost is a main concern for transportation agencies (~ 29).
The typical cost for TxDOT to install one loop detector is approximately $2250 (2.,2). This price includes the
loop detector, LCU, cabinet, and electrical equipment. In order to measure speed at the greatest accuracy, two
detectors ($4500) would be required. This does not include the costs of road closures and the delay to
motorists. Table 3 summarizes the data acquired from the survey.

Table 3. Summary of Findings from Survey

Loop Detector Systems AVISystems

Spacing 0.8 kIn 1.6 kIn - 16.0 kIn
(0.5 mi) (1.0 mi - 10.0 mi)

Accuracy Reliable Very Accurate
Verified with Other Data Source

Problems Malfunctions Costs
Sensitivity Modems

Travel Time Infonnation Incident Detection System Evaluation
Freeway Link Monitoring ATIS

Costs $1500 - 2250/loop - cabinet, $160,000/3 site system
equipment, and LCU
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COMPARISON OF LOOP DETECTOR AND AVI TECHNOLOGIES FOR TRAVEL TIME
MEASUREMENT

Installation and Maintenance

Any installation and maintenance ofloop detectors requires road closures. Road closures cause delay to traffic
and present safety concerns to drivers and the installation crew. A loop detector must be installed for each lane
and requires a lengthy process to install, especially on a high-volume, multi-lane freeway. A typical traffic
monitoring project using loop sensors requires two to three years to construct and requires numerous lane
closures during installations (12). Loops are often restricted to access and egress points for maintenance and
inspection. Along with other factors, poor installation procedures is a common source ofloop failure. For a
loop to be effective and long lasting, care must be taking in the installation process. Saw cuts should be
uniform, clean, and properly sealed, and inductance settings should be set accordingly to speed.

All inductance loops are subject to malfunction, and such malfunctions can dramatically and adversely affect
detection. Many factors such as pavement and sealant failure are commonly identified as the main causes for
failure. Pavement failure or deformation causes loop wires to be strained resulting in breakage, wire insulation
wear, or the infiltration of foreign materials. Sealant failure causes the loop to be exposed and in many cases
the loop was found to have floated to the top ofthe cut (30).

Other common sources of loop failure include poor installation and maintenance procedures, damage from
utility repair, construction., or snow removal, lightning surges, malfunctioned amplifiers, and corroded splices
or wires. Failure rates vary significantly, ranging anywhere from three to fifteen percent per year (JQ). In
practice, loop inspection procedures vary substantially among state agencies.

AVI antennas are not exposed to extreme traffic conditions like loop detectors. AVI antennas are usually
installed on existing structures such as bridges and guide signs. An AVI system can be installed and
maintained without significantly interfering with the traffic flow. Antennas have the ability to be installed at
locations that restrict loop detector installation, and one antenna can collect data from multiple lanes. Very
few personnel are needed to maintain the system and process data which results in the reduction of risk of
injury in the field (1).

Accuracy

For loop detector systems, travel time is measured by two detectors spaced at the beginning and end ofthe
section. However, loop detectors are not very accurate for detecting congestion., which affects actual travel
time on the section. This is due to the fact that loop detectors only estimate speeds immediately upstream and
downstream ofthe detector. When spacing of detectors is greater than 0.8 km (0.5 mi), significant changes
in speed can occur between the detectors without being noticed at the detector locations Q). Being slow to
detect reduced speeds, the detectors cannot determine how the delays between them relate to total travel time
within the section.

According to California PATH researchers (2), accurately calibrated speed traps with loops of individual wire
can expect to achieve measurement errors of5 to 8 krnIh (3 to 5 mph) at low speeds and 16 to 19 krnIh (10 to
12 mph) at high speeds. Multi-conductor cable loops average errors about of 0.3 krnIh (0.2 mph) at low
speeds and 5 to 8 kmIh (3 to 5 mph) at high speeds. Hall and Persaud (31) and Pushkar et al. (32) show that
speed estimates by loop detectors are flawed and that the accuracy ofequation used to estimate travel time is
a function ofmany factors, including location, weather, and systematic bias with respect to lane occupancy.

Based on results of the Advanced Driver and Vehicle Advisory Navigation Concept (ADVANCE) project
evaluation (21), the estimates oflink travel time produced by loop detectors appear to be accurate except when
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highly congested conditions exist over long periods oftime. During highly congested periods, loop detectors
do not provide reliable information on changes in traffic flow. Freeway loop detectors may provide reasonable
estimates in light traffic, but using detector estimates in heavy congestion can provide inaccurate results. Many
urban traffic control centers are planning for more accurate measures of sectional travel times using AVI and
GPS receivers.

The AVI technology used to measure travel time is based on Electronic Toll Collection (ETC) that is used to
automate toll collection. Agencies using AVI technology have experienced detection accuracy rates ofbetween
85 to 99 percent (1.). An AVI system can be designed to meet accuracy needs

Probe Density

Loop detectors do not require specific probes for data collection while AVI requires a minimum probe density
to maintain accurate travel times. AVI probes can be personal, public transit, or commercial vehicles and are
usually not being drivenjust to collect travel time information. Probe vehicle sample sizes vary depending on
many factors such as existing AVI systems, road networks and traffic patterns. The probe density requirement
for an AVI system is based on desired levels of accuracy and the location of readers.

AVI probe density varies depending on location and the existence ofother AVI systems. For example, the Oslo
AVI system calculates travel times from 33 percent of total volume, over 400,000 tags, while the New
YorkINew Jersey system only collects data from 0.9 percent oftotal volume (~21). Over 200,000 tags have
been distributed in Houston and approximately five percent ofthe total volume give travel time measurement
(1Z). In a study by TTl, researchers found that a greater number ofprobe vehicles are needed on congested
freeways than on less congested freeways (12).

Spacing

Loop detectors are often placed at 0.4 to 0.8 km (0.25 to 0.5 mi) spacings on freeways for incident detection.
For the loop detector systems investigated in this report (the Twin Cities, San Antonio, and Seattle), detectors
are spaced at every half-mile and are used for incident detection and travel time measurement. Ifthe spacing
ofthe detectors increases to more than 0.8 km, inaccurate speed estimation could occur in heavily congested
areas or where there is significant vehicle lane changing (31.). Since point speeds are used for the estimation
of travel time, inaccurate speed estimation leads to erroneous travel time information. The relative short
spacing requirements can also adversely impact costs ofthe installation and maintenance of a loop detector
system.

Typical AVI antenna spacings range between 2 km (1.2 mi) to 5 km (3.1 mi). The Houston system uses
spacings between 1.4 km (0.9 mi) and 10.8 km (6.7 mi). The level of congestion is often considered in the
placement ofantennas. In areas with greater expected congestion, antennas are placed more closely. An AVI
system designer for the TRANSMIT project recommends that antennas be spaced no greater than two minutes
apart in sections where speeds are less than 48 k:m/h (30 mph) during recurring congestion (18).

Costs

Loop detectors have numerous costs associated with them. Table 4 shows the cost ofjust the communications
equipment. Frequent loop fuilures tend to increase maintenance costs along with lane closures. A lane closure
can cost up to $4000 depending on location and time required for installation. Also, loop maintenance costs
are high due to the fact that the majority ofmalfunctioning loops are replaced without any diagnosis of the
cause of failure.



Garry L. Ford, Jr.

Table 4. Loop Detector Hardware Costs for Point Speed Detection (2)
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EquipmentlPersonnel Unit Cost

25 pair 22 AWG communications cable $4.92/meter

6 pair 22 AWG communications cable $3.28/meter

T-1 Digital Multiplexer $12,000

Data Transceiver $2,400

Fiber Optic Cable $11.48/meter

The cost ofAVI technology depends on the system being developed and implemented. A big factor in the cost
ofhardware and software is the required accuracy ofthe system. Other systems which utilize AVI and allow
partnerships can greatly reduce costs and can benefit the overall system. Table 5 summarizes AVI equipment
and costs. Depending on location, freeway lanes might be closed for a period oftime. According to Amtech
Transportation Systems Group (ll), the cost for a 3 site system would be $160,500. With a coverage of3 sites
and 12 antennas, the approximate cost per point detection is $13,000.

Table 5. Estimated AVI Hardware Costs

Equipment Unit Cost

Electronic Tag $20 - $50

Roadside Antenna $1,500

Roadside Reader $10,000 - $30,000

Cable Connection $100/meter

Telephone Communications Varies

Both loop detector and AVI systems consist ofa central computer that collects, stores, and processes the travel
time data. Each computer has specialized software installed or developed and require trained personnel
operating the computer. These costs must be considered when developing a system. Table 6 shows the costs
that are associated with data collection and the storage system.

Table 6. Estimated Software and Personnel Costs (1)

EquipmentlPersonnel Unit Cost

Control Facility Computer $2,000 - $5,000

Computer Data Storage $100 - $200/gigabyte

Specialized Software Varies

Analysis Software $150 - $300

Data Reduction Personnel Varies
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Additional Benefits
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Since the 1960s, the inductive loop detector has become the most popular fonn of detection. Loop detectors
are used for signalized intersection control, ramp metering control, and freeway surveillance and control. Loop
detectors detect the presence of vehicles and have the ability to produce volume and occupancy data.
Algorithms are continually being developed to accurately estimate travel time and speed. Loop detectors are
limited in use, however, in comparison with AVI technology.

The AVI has a number of uses and the potential to collect data that are difficult to obtain, such as
origin/destination (OD) data. The AVI traffic probe concept has the potential to yield OD data that are
accurate and extremely useful. OD information can be used for improving the accuracy oftraffic simulation
models and as basic data for traffic control planning. This infonnation is useful under both nonnal conditions
and special events.

AVI can provide the benefits associated with preempting signals to improve the travel times of emergency
vehicles and buses. With AVI systems, businesses and communities can control access, authorize security, and
administer monthly parking fees automatically.

With AVI, commercial and government fleets can collect, track, monitor and report data for operations and
maintenance. AVI technology can automatically identify and monitor rail and intennodal equipment. Other
potential applications include perfonnance monitoring ofROV lanes and regulation ofROV lane use. These
AVI benefits may complement emerging ITS, ATMS, and ATIS.
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Two types oftravel time collection technologies, loop detector and AVI, have been presented and discussed.
Based on this research, the advantages and disadvantages are summarized in Table 7.

Table 7. Advantages and Disadvantages of Loop Detector and AVI Systems
for Travel Time Data Collection

Data Collection Advantages DisadvantagesTechnolol!Y

Loop Detector • Detectors count useful volume data. • fustallation and maintenance of
System • Required skill and knowledge level is loops requires lane closures.

low. • Loop detectors frequently
• Reasonable estimates oftravel time malfunction and need a high degree

can be obtained in light traffic (point ofmaintenance.
speed errors of5 to 8 lan/h from • Travel time is not directly measured.
which travel time is calculated). • Travel time estimation is considered

• Capital, installation, data collection, inaccurate especially for congested
and data reduction costs are low freeways.
($8,670 cost per station). • For large systems, the short spacing

requirement can increase the number
ofdetector stations and cost.

AVI • Very accurate (up to 99%) travel • High capital and installation costs
Systems time information is collected and (up to $50,000 per station).

distributed by ATMS and ATIS. • Data collection is limited to the
• Trave time data are collected for probe density, i.e., the number of

entire 24-hour periods for each day tags in use within the study area.
since personnel are not required for • Privacy is a main concern and issue
field data collection. among motorists.

• Operating and maintenance costs of • Travel times are limited to fixed
each station are low. routes and reader stations.

• Hardware can be installed on • Technology is new and unfamiliar to
existing structures and where loop most transportation agencies.
detectors are not feasible. • No Volume Data

• Installation on existing structures
reduce the disruption oftraffic.

• AVI technology is used in toll
collection and fleet management and
can provide abundant travel time
data.
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For an 8-lane, 16 km (10 mi) freeway segment, a loop detector system requires 42 stations for 0.8 Ian (0.5 mi)
intervals. Each station includes 8 loop detectors (2 per lane), a cabinet, LCU and communication equipment.
The cost ofa station is $18,000 and the total cost of42 stations are approximately $756,000.

For a comparable AVI system, 10 reader stations are spaced at 3.2 Ian (2 mi) intervals. At a cost of$13,000
per lane, the cost of a station is $52,000. The total cost of 10 reader stations is $520,000. Ifthe operating
agency must buy electronic tags, the cost of50,000 tags at $20 per tag would be $1,000,000. The cost ofthe
system is $1,520,000, double that ofloop detectors. Table 8 provides a summary comparison ofloop detector
and AVI technologies.

Table 8. Comparison of Travel Time Collection Technologies

Data Collection Costs

Technology Data
ConstraintsData AccuracyCapital Installation

Collection

Loop Detector
High failure rate and

Systems Low Moderate Low Low
inaccurate es4mations

AVI Systems High High Low High
Probe density and antenna

sites
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Loop detector and automatic vehicle identification (AVI) systems have been studied to determine the current
installation and operating procedures, accuracy, and cost factors ofeach system. Loop detector systems are
commonly used by traffic management centers for travel time data collection in the U.S.. Many state agencies
are familiar with the loop detector installation and maintenance and the cost of a loop detector is relatively low.
When detectors are properly maintained, they can produce volume and occupancy data that can be used to
calculate travel time on freeways. However, this infonnation can only be estimated and is subject to errors in
high speed or congested conditions. Loop detectors are prone to failure and often require maintenance. Also,
when loop detectors are installed or require maintenance, lanes ofthe freeway are often shut down, potentially
causing congestion and accidents.

Travel time can be estimated with minimal roadway equipment by using AVI technology. Since individual
vehicles can actually be tracked from one reading site to the next, average travel times can be accurately
determined. Accurate infonnation also can be collected without covering all lanes at each reading site. AVI
technology is ideal for traffic management and Advanced Traveler Infonnation Systems (ATIS) due to their
numerous uses ofaccurate travel time data. However, the biggest drawback ofAVI is the cost. AVI is a new
technology in traffic management and requires skilled personnel for the installation, software development, and
operations ofsuch a system. The capital costs of reader stations and electronic tagged vehicles is significant
when compared to loop detectors.

AVI technology is recommended for agencies and cities using Advanced Traffic Management Systems (ATMS)
andATIS. Accurate and reliable travel time infonnation is vital to ATIS since there are many users that rely
on the information. Ifthe information is inaccurate or irrelevant, motorist will dismiss the infonnation and the
extensive efforts and money put into ATMS and ATIS will be wasted. AVI can also extend the coverage area
ofATMS beyond other data sources in use; i.e. automatic vehicle location (AVL), loop detectors, cameras.
Due do the high initial cost, areas with existing AVI systems are ideal for an AVI travel time system. The
system can benefit from vehicles equipped with compatible electronic tags so that purchase ofadditional tags
is kept to a minimum. AVI systems may require a significant investment in communications infrastructure,
but they can provide accurate and reliable travel time data.

AVI travel time collection systems are clearly more reliable and accurate than loop detectors; however, the cost
of AVI may be prohibitive. Properly installed and maintained loop detectors can be used as a low cost
alternative to collect travel time data. If possible, loop detector should be installed during construction of
freeway lanes to reduce errors in the installation and lane closures. Attention must be directed to factors
affecting the accuracy oftravel time data; location ofdetectors, distance between detectors, traffic conditions,
and accuracy ofeach detector.
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The :findings in this report were used to implement a hypothetical travel time data collection system for the city
ofDallas, Texas. The data collection system will collect travel time information on a specified freeway section
and will be collected for several purposes. Transportation agencies in Dallas can use the travel time data for
perfonnance measures to evaluate and monitor congestion. The main objective of the data collection is to
establish a database ofcurrent roadway operating conditions. This travel time data will be available through
ATIS; therefore, accurate and reliable information is needed. ATIS will be able to distribute traffic information
to travelers using or planning to use the system.

Three steps were used to determine which system should be implemented for travel time data collection. These
steps include the following:

1. Investigate any existing sources that measure or provide assistance in measuring travel time;
2. Determine the needs and potential users for the travel time data; and
3. Determine the financial resources and expertise available for the travel time measurement system.

The first step in selecting a travel time collection technology is to investigate any existing sources that measure
or provide assistance in measuring travel time. The North Dallas Tollway uses Amtech Transportation
Systems Group AVI system for toll collection and 200,000 Amtech electronic tags are currently in use.
Garages in the Central Dallas Association (CDA) parking network will be equipped with Amtech's AVI system
to control parking access and fees. Amtech will also provide its AVI system to manage financial transactions
at the DallaslForth Worth International Airport (DFW). Patrons will be able to use the same tags for all three
AVI applications. Loop detectors are used on 11 miles ofthe North Central Expressway (U.S. 75) to collect
freeway speed and travel time. Loop detectors were installed with the reconstruction ofthe freeway.

The next step in considering a technology is to consider all needs and potential users for the travel time data.
Travel time data are needed by agencies to evaluate existing traffic conditions in transportation planning,
conducting transportation economic studies, and has the potential to detect incidents: Travel time will be used
to disseminate traffic infonnation through existing variable messages signs, radio broadcasts, telephone
systems, and the Internet. Since the travel time data will be used for several purposes, the data must be
accurate and reliable.

The last step is to consider the resources available for implementing a travel time collection system. Financial
resources are needed for the planning, implementing, and continuation of a system. Funds can possibly be
obtained from Federal and state programs that encourage traffic management. If seen as a benefit for the
public, public and private agencies can contribute financially or with their expertise. Experienced and trained
personnel are also needed for the complex processing ofthe data and for the maintenance ofthe system.

An AVI system was determined to be the best data collection system to be implemented. The major factor in
the decision is the existence ofa large number ofvehicles using electronic tags which will significantly reduce
the capital costs. Also, AVI systems provide the most accurate and reliable systems which are vital to the
success ofATMS and ATIS. Finally, the system can be used for other purposes such as origin and destination
studies and the management oftransit and commercial fleets.
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Adequate planning and design are vital to the success of such a system. AVI systems prove to have high
capital and installation costs, and care must be taken to ensure the system is implemented correctly so it can
operate efficiently and accurately. Coordination is necessary between agencies operating and using other AVI
systems and the agencies that utilize the design system for travel time data collection. Partnerships are
encouraged between public and private agencies to share the travel time data and reduce redundant activity.
Business and residential leaders should be involved in the planning process to answer questions and concerns
the public might have about privacy and benefits ofthe system.

The AVI system requires hardware that is compatible with the other systems in the area. Therefore, Amtech
equipment and communications will be used for the project. The following AVI equipment is necessary for
travel time data collection:

Electronic tags,
• Antennas and roadside reader for each station,
• Communications for reader station, and
• Computer and control center for processing tag data..

Geographic Locations

The geographic scope ofthe AVI system will consist ofthe LBJ Freeway in north Dallas. The LBJ Freeway
is heavily congested in peak periods and traffic volumes are expected to increase. Business and residential
growth is booming in this area and continued growth is expected in the future. The area also consists ofhotels
and shopping malls, such as the Galleria which attract out-of-town tourists. Since the area is heavily congested
and is used frequently, an AVI system in this area will be able to collect travel time data for performance
measures and traffic conditions that can be distributed to the public.

These sections are in proximity ofthe North Dallas Tollway and electronic toll tags from the system can be
used for travel time measurement. Vehicles with tags for the AVI systems that control parking at CDA and
DFW networks will also be detected for travel information. The Dallas North Tollway intersects 1-635 and
provides timely access to downtown Dallas. The Tollway utilizes AVI technology for toll collection and the
tags from this system will also be used on 1-635 to collect travel time data. The AVI system will be installed
on approximately 16 km (10 mi) ofl-635 between 1-35E and U.S. 75.

Electronic Tags and Tag Distribution

The existing probe vehicle systems include three AVI systems operating in the Dallas area. These systems
currently use over 200,000 electronic tags which are manufactured by Amtech Transportation Systems Group.
These tags will be used to collect travel time data by the implemented AVI system. Along with the tags from
other AVI systems, it is desirable to distribute as many tags as to other users as well. With existing HOV lanes
and planned High Occupancy Toll (HOT) lanes in Dallas, priority passage through these lanes can be used as
an incentive for using an electronic tag. AVI tags will also be distributed to city and state agencies to install
on their fleet vehicles; however, the tags must be bought by the collection program. These distribution plans
will be used to increase the sample size and travel time accuracy.

Antenna Spacing and Installation Specifications

Typical antenna spacing range from 2 km to 5 km and adequate spacing varies with variations in mean travel
time data. Antenna spacings and reader stations are presented in Figure 3. Sixteen reader stations, two stations
per site (Site 1,4,5, and 8) will be installed on 1-635 with an average spacing of 2.5 km (1.6 mi). Sites 4 and
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5 will cover both directions entering and exiting the Dallas North Tollway. Sites I will measure probe vehicles
west ofI-35E and station 8 will measure probe vehicles east ofU.S. 75. Sites 2 and 3 will be placed north and
south ofthe 1-635 and 1-35E interchange. Readers at sites 6 and 7 will be placed north and south ofthe 1-635
and U.S. 75 interchange.

N

~

Figure 3. AVI Site Selection Map, Dallas, Texas

Antennas will be mounted on existing overpass and sign structures and the exact antenna spacing depends on
structure locations. The number of antennas at each station depend on the number of lanes at the station and
how accurately one antenna can measure multiple lanes.

Roadside Reader Station

The RF signal AVI technology will be used as the primary communications media. The AVI roadside reader
consists of a number of components including an automatic data processor, reader modules, RF modules,
antennas, a cabinet, and a modem. Once the data are is' collected by the reader, they are sent to a central
computer for data reduction.

Data Reduction

The data from the reader station are obtained by the central computer via telephone lines. The central computer
will be located in a TMC or transportation agency directly involved with the travel time data. The central
computer then stores the data with specialized software to perform travel time processing. The AVI system
software must be custom developed by the AVI equipment vendor or agency operating the system. From the
Travel Time Data Collection Handbook (1.), the basic steps in the AVI data reduction process include:
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1. Store tag read data.
2. Match sequential tag reads.
3. Filter erroneous data.
4. Archive travel time data.
5. Access archived travel time data.
6. Create anonymous data file.

Page 145

The data can now be stored or be made available to agencies to provide traffic information. Once the process
is implemented and calibrated, accurate travel time data can be obtained quickly and efficiently.

Costs

The cost of a roadside reader station is costs about $31,000 on average and goes up as high as $50,000.
Maintenance costs are reported to be $256 per lane per site per month. The AVI system in Dallas will consist
ofeight sites, two reader stations per site. Using the average cost per station, 16 reader stations cost $496,000.
The maintenance costs for the system will be $196,608 per year.

Travel Time Information

Travel time information will be available to travelers on a WWW traffic page. This will be accomplished by
the TMC or another agency. The agency's personal computer will log on the central computer by a modem
and request travel time at two minute intervals. With the travel time data, traffic maps are plotted in memory
and saved as a graphic file. Then the WWW traffic page links to the graphic file and shows them to Internet
users using standard HTML and HTTP services.

With increased emphasis on traffic management, accurate traffic information can be used to detect incidents
and measure current traffic conditions. Traffic information then can be available to motorist through the
network ofvariable message signs operating in Dallas. This same information can be used by emerging ITS
technologies such as in-vehicle navigation systems, kiosks, and electronic mail.

Summary

An AVI travel time data collection system was implemented on 16 km (10 mi) ofthe LBJ Freeway in Dallas,
Texas. The system consists of 16 reader stations spaced approximately 2.5 km (1.6 mi) apart. The system
will cost $496,000 without the need to purchase electronic tags. The maintenance costs for the system will be
$196,608 per year.

Travel time data from this corridor will be used to monitor and evaluate congestion and will be collected
primarily from vehicles equipped with electronic tags for the North Dallas Tollway. With data produced by
the AVI system and existing loop detectors on the North Central Expressway (U.S. 75), travel time information
will be used for the management oftraffic and ATIS in Dallas. The AVI system should be expanded in Dallas
to cover freeways around the central business district and those which experience heavy congested.
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APPENDIX

QUESTIONNAIRE

Name _

Title _

Organization
Address

Phone #
Fax # _

35. Does your organization utilize loop detectors?
DYes
o No-> goto#IO

2. Does your organization utilize loop detectors to measure freeway travel time?
DYes
o No-> goto#IO

3. What is the optimal spacing of loop detectors to give a representation oftravel time?

4. How accurate is the loop detector method for calculating travel times?

5. What are the inaccuracies (if any) with using loop detectors to measure travel time?

6. What other uses do loop detectors provide for your organization?

7. What potential uses will loop detectors provide for your organization in the future?

8. What problems do you associate with loop detectors?
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9. What is the approximate cost (planning, installation, maintenance, other) per mile per lane to operate a
loop detector system?
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10. Does your organization utilize Automatic Vehicle Identification (AVl) technology?
DYes
o No-> goto#20

11. Does your organization utilize A VI technology to measure freeway travel time?
DYes
o No -> go to #20

12. WhatAVI technology does your organization use? (manufacturers, name, model)

13. What is the optimal spacing ofA VI roadside readers to give a representation of travel time?

14. How accurate is the A VI method for calculating travel times?

15. What are the inaccuracies (if any) with usingAVI to measure travel time?

16. What other uses doesAVIprovideforyour organization?

17. What potential uses will AVI technology provide for your organization in the future?

18. What problems do you associate withAVI technology?
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19. What is the approximate cost (planning, installation, maintenance, other) per mile per lane to operate an
AVIsystem?

20. Does your organization utilize and/or store travel time information?
DYes
o No -> go to #27

21. What does your organization do with the travel time information?
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22. Does your organization provide motorists with this information?
DYes
o No -> go to #27
In real-time?
DYes
o No

23. How does your organization provide motorist with travel time information?

24. In what other ways does your organization plan to provide travel time information to motorists?

25. Does your organization predict freeway travel times?
DYes
o No -> go to #27

26. What is your organization's methodology for predicting freeway travel times?
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27. Could you provide a list of resources, contacts, or other organizations that may be using AVI and/or loop
detectors to estimate travel time on freeways?

STOP... Thank you for your time and cooperation.
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Recently, key agencies involved with traveler infonnation systems in the United States have begun to examine
the potential of introducing traveler information services to the consumer market, with the hopes of creating
a system that can sustain itselffinancially after its federal funding expires. There is a significant opportunity
for public sector agencies to offset the operational and maintenance costs within a traveler information system
by selling real-time traffic information to information service providers and value-added resellers, who can in
turn, provide subscription-based services to the public. In this regard, there are a variety of partnership
strategies that could be formed between public and private sector parties for such an arrangement.

Through this research, the author sought to examine the current state of the consumer market for traveler
information services; evaluate the public-private partnership strategies that can be employed in the design,
operation, and maintenance of a traveler information system; identify non-technical barriers encountered by
both sectors throughout the public-private partnership process; develop guidelines to assist the public and
private sectors in developing effective partnerships that can minimize the impact of these barriers; and
demonstrate the effectiveness ofthe implementation guidelines by applying them to a case study in Houston,
Texas.

A literature review was conducted to assess the current state ofthe consumer market for traveler information
services, concentrating on the potential market segments, available technologies, and revenue generation
strategies. The author concluded that, because the traveler information services market is still relatively new,
its future success is dependent on overcoming a number ofbarriers, including the lack ofgeographic coverage,
the lack of technical standards, the need for greatly improved information, and the need to raise public
awareness oftraveler information technologies.

In addition to the literature review, a telephone survey was conducted with public and private sector
transportation professionals involved with selected Model Deployment Initiative programs, ITS Corridor
programs, ATIS field operational tests, and Showcase projects in the US. This provided insight into the
various public-private relationships that can be employed for the design, operation, and maintenance of a
traveler information system, as well as the various organizational, financial, and legal barriers that can
potentially inhibit the success ofthese relationships.

Based on the lessons learned from the research, guidelines were fonnulated to assist public and private sector
agencies in developing effective partnerships that can overcome the barriers previously identified. These
guidelines included the following:

• Develop a foundation for the traveler information system;
• Select private sector partners;
• Negotiate the details ofthe contract;
• Ameliorate differences between and within public and private sector partners; and
• Develop the traveler information products and services.

The recommended guidelines for developing public-private partnerships were applied as a case study to the
hypothetical implementation of a personalized paging service in the city ofHouston, Texas.
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Advanced traveler infonnation systems (ATIS) provide information to travelers either prior to or during a trip,
allowing them to make better infonned decisions regarding route planning, travel mode, and time of day to
travel. Traveler infonnation services provide travelers with real-time infonnation such as traffic congestion,
highway incidents, and weather conditions. These services can be expanded to provide travelers with other
kinds of transportation information, including public transit routes and schedules, intermodal connections,
parking availability, and airline departures. Non-transportation information such as lodging, restaurants,
automobile services, and points of interest can also be featured. Traveler information can be conveyed to
individuals in their homes, offices, and vehicles, as well as at transportation terminals, public places, and along
roadways via a wide variety of communications devices and mediums. (1)

Problem Statement

Recently, key agencies involved with ATIS projects in the United States have begun to examine the potential
for introducing traveler information services to the consumer market, with the hopes of creating a long-term
ATIS program that can sustain itself financially after its federal funding expires. There is a significant
opportunity for the public sector agencies to offset the operational and maintenance costs within these ATIS
projects by selling real-time traffic infonnation to information service providers and value-added resellers, who
can in tum, provide subscription-based services to the public Q). In this regard, there are a variety of
partnership strategies that could be formed between public and private sector parties for such an arrangement.
However, there is little documentation regarding the advantages and disadvantages ofeach particular strategy.
In addition, it is not certain whether consumers are even willing to pay for real-time traffic information CI).
An examination ofthe current state ofthe consumer market for traveler infonnation services is therefore needed
in order to assess potential market segments and the traveler information products which these parties would
find useful. The development of implementation guidelines is also needed to assist public and private sector
agencies in developing effective partnerships in order to expedite the delivery ofdynamic traveler information
to the public.

Research Objectives

The primary objective of this research is to develop a set of guidelines to assist public and private sector
agencies in developing effective partnerships while minimizing the impact ofcommon barriers that may exist
between and within the two sectors. The specific objectives ofthis research were to:

• Examine the current state ofthe consumer market for traveler information services;
• Evaluate the public-private partnership strategies that can be employed in the design, operation, and

maintenance of a traveler infonnation system;
• Identify non-technical barriers encountered by both sectors throughout the public-private partnership

process;
• Develop guidelines to assist the public and private sectors in developing effective partnerships that can

minimize the impact ofthese barriers; and
• Demonstrate the implementation guidelines by applying them to a case study in Houston, Texas.

Organization of Report

This report is organized into eight sections. In the second section, the methodology used to conduct this
research will be presented. In the third section, a discussion will be provided regarding the current state ofthe
consumer market for traveler infonnation services. The various partnership strategies that can be fonned
between public and private sector agencies will be addressed in Section 4. The author presents a summary of
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the survey results in Section 5. The significant findings regarding the market potential for traveler infonnation
will be presented. ill addition, a discussion ofthe common organizational, financial, and regulatory barriers
that can arise between public and private sector entities through the partnership process will be provided. ill
Section 6, an approach to developing successful partnerships in such a way as to minimize inter- and intra­
agency differences will be fonnulated. These strategies will be applied to a case study in Houston, Texas in
Section 7. Finally, conclusions will be presented based on the results of the survey and the guidelines
fonnulated in this report.



Dena D. Jackson

STUDY DESIGN

Page 159

To accomplish the objectives ofthis report, the research methodology consisted ofthree primary tasks. First,
a literature review was conducted to establish the state-of-the-art in the consumer market for traveler
infonnation products and services. Data was then collected in the form oftelephone surveys to obtain insight
from transportation professionals regarding their experiences with the consumer market and public-private
partnerships. This information provided a framework for the formulation of guidelines to assist public and
private sector agencies in developing successful partnerships. These tasks will be discussed in further detail
in this section.

Literature Review

To assess the consumer market for traveler information services, a literature search was conducted using the
California PATII Database, the WinSPIRS Transport Database, and the Texas A&M University Library
database. The search provided background information on the following issues:

• Potential consumer market segments;
• Traveler information products and services;
• Revenue generation strategies;
• Limitations of current traveler information products and services;
• Opportunities for private sector participation in a traveler information system; and
• Public-private partnership strategies.

Data Collection

To fill voids that were present in the existing literature, a survey of public and private sector transportation
professionals involved with selected Model Deployment Initiative programs, ITS Corridor programs, ATIS
field operational tests, and Showcase projects was conducted. The survey was completed through telephone
interviews. Throughout the interview process, the public and private sector representatives of the selected
ATIS projects were asked to provide insight regarding the current state of the consumer market for traveler
information. In addition, the representatives were questioned about any non-technical barriers encountered
throughout their involvement in public-private partnerships, as well as the strategies employed to overcome
these problems. The telephone interviews were based on a survey to ensure consistency throughout the
interview process. The survey included the following questions:

1. What traveler information services will be provided as part ofthis project?
2. What kinds oftechnology will be used to disseminate this information?
3. Who are the value-added resellers and/or information service providers who have been involved in

disseminating this information?
4. Was a marketing study completed throughout the planning process to examine the potential for

commercialization ofthe traveler information? Ifyes, what were the key findings regarding the present
and future consumer market for traveler information?

5. What strategies are being used to generate revenue (both present and future)? (For example, advertising
sponsors, selling hardware or software).

6. Are there any additional marketing or public acceptance issues you have encountered regarding
privatization?

7. Have there been any 'lessons learned' from your privatization efforts?
8. Describe the partnership arrangements between the public and private sector parties involved in this

project. Who performs data gathering, data fusion, data dissemination?
9. Has this arrangement worked well? What were the advantages and disadvantages?
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10. What are some ofthe organizational, financial, or regulatory differences that you have encountered during
the partnership? How were these differences overcome?

11. Have there been any 'lessons learned' from entering into the partnership?

Data Analysis and Application

The results ofthe literature review and data collection effort were used to formulate an approach to developing
effective public-private partnerships while minimizing the effects of organizational, financial, and regulatory
differences that may exist between and within the two sectors. The guidelines incorporate existing strategies
used by public and private agencies to overcome these differences, and new strategies were developed to
address additional concerns ofboth the public and private sectors. To test the validity ofthe guidelines, they
were applied as a case study to the development ofa personalized paging system in the city ofHouston, Texas.
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The consumer market for ITS is expected to grow dramatically over the next 20 years, with growth driven
primarily by consumers' needs for personal safety, security, and comfort. As consumers become increasingly
frustrated with congestion on urban streets and freeways, they will have a greater need for information
regarding efficient transportation options. It is also expected that, over time, advertising will raise consumer
awareness of ITS products and services, further supporting the growth of the commercial ITS market (1).
However, this growth can occur only if the public sector develops the technical standards necessary to
determine how dynamic information should be configured and transmitted; this will encourage large-scale
investment in the ITS market on the part ofthe private sector. There is, therefore, a valid argument that as
technical standards are adopted within the ITS community, and as users adopt the necessary behavioral
changes, the market for traveler information services and products has the potential to evolve into a large and
profitable industry. It also follows that once a consumer audience is established, advertisers will not be far
behind, creating additional opportunities to generate revenue within this market CD.

The current state ofthe consumer market for traveler information services is described in this section ofthe
report. An overview ofthe potential consumer market segments is presented, as well as a discussion ofthe
various traveler information products and services available within this market.

Consumer Market Segments

Within the commercial market for traveler information, there are several potential market segments for traveler
information products and services. These include the traveling public, rental car companies, public service
agencies, commercial and fleet operations, corporations, and commercial developers.

The Traveling Public

With approximately 122 million privately-owned vehicles in the United States, there is an enormous potential
to market traveler information services and products to commuters who may have long daily commutes or who
have schedule-driven jobs. The market potential among drivers of recreational vehicles is also substantial, as
these drivers often travel long distances to destinations where they are unfamiliar with the local transportation
network. (Q, Z ~)

Rental Car Companies

Rental car companies have already displayed a strong interest in certain traveler information products. Avis
began experimenting with in-vehicle navigation systems in 1992 and now has units in 1200 cars in the
Southeast and the West. Hertz and National offer similar options in their vehicles in selected cities. Additional
features that car rental customers may find valuable include services/attractions directories, route guidance,
and real-time traffic information. These features are invaluable to customers who may be unfamiliar with the
transportation network ofthe city in which they are visiting. Through the provision ofthese systems in their
fleets, rental car companies can capitalize on business expansion and customer loyalty. (2, 2. 10)

Public Service Agencies

Public service agencies responsible for emergency response and transit fleet operations comprise another
potential segment within the traveler information services market. Emergency service agencies such as police,
fire, and ambulance are forecast to be significant end-user markets ofthese services. Particularly in congested
urban areas, traveler information systems can safely and efficiently direct emergency vehicles to the scenes of
accidents and other emergencies by providing drivers or dispatchers with real-time traffic information and
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corresponding shortest-distance recommendations. Drivers and dispatchers oftransit fleets can also use such
systems to navigate around congestion, accidents, and road construction on streets and freeways, allowing them
to remain on schedule. (Q, Z)

Commercial Fleet Operations

Commercial enterprises and fleet operators comprise a fourth market segment who have a strong economic need
for traffic information, particularly among commercial vehicles, package delivery services, sales and service
forces, taxicab companies, and limousines. Within these particular businesses, it is economically beneficial
to the company ifa driver can pick up one more fare, make one more delivery, or deliver a package or load on
time. (Z B)

Corporations

A :fifth market segment consists of corporations that are interested in providing their employees with traveler
information services through their internal telephone or computer systems. In this manner, employees without
a cellular phone in their car could accesS traffic information from their desk to determine whether they should
depart early, remain at work longer, or take an alternative route to avoid delays. (~) ,

Commercial Developers

A :final market segment consists ofdevelopers, landlords, and hotel operators who are interested in providing
the service to their clients, tenants, and guests as an amenity, giving them a competitive edge within their
particular industry. (~)

Traveler Information Products and Services

There are a variety ofcommunications devices and mediums either used presently or projected for use in the
traveler information services market.

Commercial Radio and Television Broadcasts

Since the mid-1950s, commercial radio stations have been broadcasting traffic reports to the traveling public.
Today, the commercial traffic information industry is nationwide, with traffic information being broadcasted
commercially on over 860 radio and television stations in 54 cities to an estimated listening audience of 120
to 150 million nationwide. The radio, however, is the most dominant communications medium for traffic
information. According to a 1995 University of California study, 98% ofmotorists obtain traffic information
from the radio. In a Seattle survey, 80% of commuters preferred receiving traffic information from the radio
over any other communications medium. Its dominance can be attributed to several factors: the radio is easily
available from home, in vehicles, and in the workplace; radio-based traffic reports can be easily accessed
during commute hours; and listeners perceive the information over the radio to be cost-free. (§, Z 11.. 1..2 13)

Most ofthe traffic reports broadcast over radio and television come from private traffic reporting companies.
Two of the most prominent traffic reporting companies are Shadow Broadcast Services and Metro Traffic
Networks, who serve in 10 and 51 metropolitan markets, respectively. These companies collect roadway
information through a variety of information sources, including state-of-the-art technologies, aerial
surveillance, incident and construction reports from state and local police agencies, and on-the-scene reports
solicited from cellular callers. The companies process this information into concise traffic reports which are
provided to radio and TV stations as either a voice or text-based data feed. Private traffic reporting companies
rarely charge these stations directly for the traffic reports. Rather, they barter them in exchange for advertising
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air time, which is subsequently sold to advertising sponsors. National organizations such as Shadow and Metro
can accumulate air time on radio and TV stations across the country, allowing them to provide a nationwide
network of advertising media to large sponsors. This strategy has allowed the commercial traffic reporting
industry to be the largest revenue producer within the current traveler infonnation services market. (12 m
The effectiveness oftraffic infonnation over radio and television is limited, however, by the willingness of
traffic reporting companies to broadcast all the relevant incident data for area freeways. Often the time slots
for broadcasting the traffic reports are limited to one or two minutes. This forces the traffic reporting agencies
to limit the broadcast to include only selected incident infonnation, which is then delivered in a quick, albeit
entertaining, manner. After an incident has been broadcasted, typically no follow-up infonnation is provided
as to when the accident was cleared. For tourists and other travelers who are unfamiliar with the local area,
these broadcasts can have limited value. In the case ofregular commuters, the frequency ofthe broadcast (e.g.,
every 15 or 20 minutes) can significantly impact the perceived utility ofthe traffic infonnation. (Y.)

The quality of commercial radio and television broadcasts can benefit from public agency investment in
intelligent transportation infrastructure and traffic surveillance technologies. This will enable traffic reporting
agencies to provide live video shots oftraffic conditions and longer, more detailed traffic reports. However,
this will be largely dependent on the willingness ofpublic agencies to share data with these companies. (Z 11.
14, 1jJ

Telephone Information Systems

Telephone information systems are a relatively low-tech, low-eost approach to providing travelers with updated
traffic reports. These systems allow callers to obtain current roadway conditions for a particular region or
roadway in a recorded voice fonn. This is advantageous over traditional radio broadcasts because callers can
obtain route-specific information on-demand, rather than having to wait for the next traffic report to be
broadcast over the radio. Telephone information systems do not require any sort of expensive and dedicated
equipment on the part ofthe caller - all that is needed is a touch-tone telephone. However, the minimal effort
necessary for people to access a telephone information system may be considered burdensome over more
passive methods of simply turning on the radio or television to obtain infonnation. Another disadvantage is
that users must remember the telephone number in order to access the system. People also have a concern that
information obtained prior to traveling could be stale by the time the trip was being made. However, the
increasing popularity of cellular telephones provides a means by which travelers can access the system while
en route. Ifthe provider of a telephone information system works with cellular providers to adopt a two-digit
dialing system for cellular phone users (e.g., dial *1 to access the system), these problems can be overcome.
(U M J..Q, 17)

Operators oftelephone information systems have attempted to generate revenue from these systems in several
ways. One early strategy involved charging users on a per-eall basis using 1-900 or 1-976 numbers. However,
this was largely unsuccessful, implying that users are sensitive to paying for infonnation, especially when they
perceive it to be similar to that obtained from traditional radio and television broadcasts. In the case ofcellular
users, the number of calls has increased dramatically when air time charges are waived. Programs designed
to attract users or even corporations to subscribe to a telephone information service on a monthly basis have
also been unsuccessful. (U J.!i 19)

Another strategy to generate revenue within this market is through the sale of advertising time on the telephone
infonnation system. This has also met limited success in that, once accustomed to the system, users often want
to skip to the section of the menu in which they are interested, without having to listen to advertisements.
Another problem associated with advertising is that sponsors often want to see historical data for the system
such as user demographics and access rates per day before committing their advertising dollars. (U 10
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Paging devices are a popular communications medium widely used by the public today. Pagers are becoming
increasingly versatile as they incorporate digital technologies and as competition in the industry leads to the
development ofa variety ofspecialized services. Such services include the ability to forward e-mail messages
to pagers, acknowledgment paging that allows users to confirm receipt of a page, answer-back paging that
allows users to respond to a page with preprogrammed messages, two-way text messaging, and voice paging
that sends briefdigitized voice messages to specially-equipped pagers. (L 2Q 21)

The future ofpaging will likely evolve beyond traditional short message capabilities and expand to become a
mobile information service. For example, at some point the pager could be connected to dynamic message
signs along highways or to transportation management centers to provide drivers with real-time information
such as traffic conditions or construction activities within an urban area. Large paging displays installed on
automobile dashboards could provide drivers with similar information. (L 21)

Revenue can be generated within this market through the development ofpersonalized paging services, in which
users would pay a subscription-based fee to receive information concerning traffic problems specific to the
route and time oftheir commute. A more customized approach would involve a service that could recommend
alternate routes that would allow the traveler to bypass major congestion points and accidents. However, the
success of such a service will be dependent on the value that consumers place on receiving such information
and their willingness to pay for it. (1 j)

Internet World Wide Web Systems

The World Wide Web, a part ofthe Internet, is capable ofproviding up-to-date information to an extremely
large and diverse audience at minimal cost. As depicted in Figure 1, the growth in the number ofcomputers
connected to the Internet has increased at an exponential rate since 1993. (22)
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The World Wide Web is characterized by several features that make it an ideal medium for providing
transportation-related information to the public. The interactive and colorful interface ofthe World Wide Web
allows commuters to view graphics and video images oftraffic conditions at major interchanges and congestion
points along roadways. The Web provides 24 hour access to information such as weather forecasts, maps and
directional information, construction and road closure advisories, airport and flight information, and
information concerning public transportation options. (21. 2~

Web sites depicting real-time traffic conditions in metropolitan areas have been set up by numerous state and
local transportation agencies in the US. The costs associated with developing and maintaining a Web site
includes initial development ($2,000 - $3,000 for professional development), registration ofthe domain name
($100 for :first two years, $50 for each additional year), hosting by an internet service provider ($20 to $50 per
month), and subsequent maintenance ofthe Web site ($25 to $75 per hour). Users are not charged directly to
access these sites, but they must pay monthly access charges imposed by their internet service providers. (24)

Microsoft has also recently become involved in providing traveler information on the World Wide Web.
Named Trafficview, this transportation service is provided as part ofMicrosoft's Sidewalk sites for the cities
of Seattle, Minneapolis/St. Paul, and Boston (Traffic). Trafficview offers several unique features that are
typically not available on public agency Web sites. For example, users can obtain estimates offreeway driving
times by clicking on an origin and destination from the Trafficview map. The system can also provide
personalized commute reports, and, upon request, can send a daily e-mail message to users to inform them of
estimated trip times. The decision to include Trafficview on individual Sidewalk sites is made by Microsoft
on a city-by-city basis, depending on Microsoft's understanding of the potential audience for and value of
traffic information, the availability of a comprehensive data infrastructure, and ease of access to that data.
Microsoft absorbs the costs ofdeveloping the software to analyze the traffic data, predict travel times, and host
the Web and e-mail servers. (2Q, 2l)

Revenue may potentially be generated within this medium through the sales of advertisements on Web sites that
have a high daily access rate. The revenue generated through these sales may eventually provide funds for
sustainability and perhaps even become profitable ventures. However, the World Wide Web advertising model
has yet to be proven as a substantial, long-term mechanism to generate revenue for any type ofWeb site. (13)

Intranet Systems

Intranet and Local Area Network (LAN) systems are another development within the field of traveler
information technologies. Intranets are commonly used to communicate information to employees within a
single organization, but one of the more inventive uses of a company Intranet is to communicate real-time
traffic information to employees. A pioneering example ofthis is at the Chrysler Technology Center in Auburn
Hills, Michigan. The Chrysler Technology Center Employee Network is an internal cable system that displays
current traffic conditions on over 500 TV monitors located throughout the facility. Real-time congestion maps
are obtained from the Road Commission of Oakland County's traffic management center, providing departing
employees with up-to-the-minute reports on traffic conditions throughout the region. This information enables
them to make efficient decisions as to whether they should postpone their departure or find a different route
for their commute home. Employees will eventually be able to access this information directly from their
desktop computers. (L 12)

Interactive Multimedia Kiosks

Interactive multimedia kiosks are another means of providing traveler information and other services to the
general public. Kiosks can be placed in airports, bus terminals, train stations, parking garages, car rental
agencies, and at rest areas along highways. Similar to the World Wide Web, kiosks can provide travelers with
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specific infonnation through the use of text, colorful graphics, still images, and live video. fu addition,
travelers can obtain maps, personalized directions, and infonnation on local attractions in printed fonn from
kiosks equipped with printers. Kiosks installed with card and bill readers can provide transaction-related
services such as fare collection, coupon distribution, travel reservations and ticketing, and banking services.
(ll 28)

Many of the kiosk systems that provide dynamic traffic infonnation have been deployed as part of ITS
programs with public funding. These projects have demonstrated several ofthe limitations associated with
kiosk deployment. For example, the cost of an individual kiosk unit may range from $8,000 to $20,000, with
additional expenses required for installation, software purchases, and network connections (13). These costs
may limit the number ofkiosks that can be deployed in the field. The presence ofenvironmental factors such
as wind and rain can also limit the location and placement ofkiosks.

Widespread kiosk deployment may require the use of innovative ways in which to generate additional revenue.
For example, a sponsorship program could be employed, in which sponsors pay a monthly or annual fee and
are allowed limited advertising on the kiosk user interface. Another strategy is to attract site location partners
who would pay an annual fee to have a kiosk on their property. (29)

Handheld Computing Devices

Handheld computing devices, often referred to as personal digital assistants (PDAs), provide travelers with a
variety of information in a mobile environment. This infonnation could include roadway congestion and
incident reports, construction activities, static and dynamic transit infonnation, maps, turn-by-turn instructions,
optional location detection using GPS, event information, and yellow pages information. PDAs obtain dynamic
information through the use ofwireless communications and some form of client-server relationship. Most
PDAs feature built-in capabilities such as a daily planner, telephone directory, note-taking capabilities, and
access to e-mail and other on-line services. These features are attractive to local commuters, tourists, and
business travelers who may be unfamiliar with a particular region. Figure 2 illustrates a typical user interface
of a PDA. (ll 30)

Revenue can be generated within the PDA market through various consumer costs associated with owning and
operating such a device. The first ofthese is the initial retail cost of the PDA hardware, which may range
anywhere from $300 to $1,500 depending on the desired features (32). The purchase ofapplication software
is necessary to access dynamic traveler infonnation, the cost of which is unknown. Access to dynamic
infonnation also requires that the PDA be equipped with wireless communications capabilities. The most cost
effective approach is to receive infonnation as a one-way broadcast through an FM subcarrier broadcast. Two­
way communications is another, albeit more expensive, method, in which the PDA is integrated with either a
wireless packet-radio modem, a cellular modem, or a switched-circuit landline fax/data modem. (30)
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PDAs manufactured by Motorola, Sony, Apple, and Hewlett-Packard have been used in federally-funded field
operational tests and Showcase programs around the country, including Northern and Southern California,
Houston, Minnesota, Detroit, Seattle, and Atlanta. Although the commercial market for PDAs has been quite
limited to date, the emergence ofmore powerful, less expensive devices with longer battery life and usability
enhancements such as backlighting will improve their marketability. Also, as technical standards are adopted
by the ITS community for access and formatting of dynamic information, and as users adopt the necessary
behavioral changes, mobile computing products have the potential to evolve into a large and profitable market.
(ll 30)

In-Vehicle Navigation Systems

In-vehicle navigation systems can help drivers in unfamiliar territory increase their personal safety while
decreasing the travel time and anxiety associated with driving. Navigation systems typically incorporate a
global positioning satellite (GPS) system with dead-reckoning and map-matching technology, allowing the
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system to know the location of the vehicle and provide visual and/or verbal turn-by-turn directions to the
specified destination. Navigation systems can also provide comprehensive maps and point-of-interest
information. .However, the majority of navigation systems on the market are autonomous and have no
communications technology with which to obtain dynamic traffic information for a region. (ll 33)

In Japan, approximately 1.2 million in-vehicle navigation systems have been sold to consumers over the last
decade. The US market has been significantly slower, with an estimated 6,000 navigation systems sold in the
US last year. According to a study prepared for the US Department of Transportation, route-specific
information alone does not have enough value to be marketable to individual motorists. Regular commuters
seem to prefer relying on their own ability to detennine the best alternate route as long as they know the nature,
location and extent ofany delays. However, as mentioned previously, many rental car agencies in the US are
recognizing the value of navigation systems and are incorporating them into their fleets in selected cities.
Additional markets for in-vehicle navigation systems include taxicab companies, commercial fleets, delivery
services, and motorists who often drive in unfamiliar territory. (Z U l.J.., 1.2 H. 3,2)

Navigation systems are gaining popularity in the US market, but they are still relatively expensive due to low
production rates, with prices ranging from $2,000 to $3,000 (33). Within the rental car market, companies
can generate revenue by charging customers an additional daily usage fee for a vehicle equipped with a
navigation system. InHertz's Neverlost System, for example, customers are charged a daily usage fee of $6.00
for the navigation system. Revenue can be also be generated through the periodic sales ofmap updates or maps
of other geographic regions. However, without communications technology to obtain dynamic traveler
information, in-vehicle navigation systems cannot provide an ongoing means to generate revenue. It is expected
that once this technology is established, a significant amount of revenue can be generated through per-access
fees or monthly subscription fees. (ll 35)

Mayday Systems

Mayday systems allow drivers to summon an emergency dispatch center in the event of a mechanical
breakdown or accident (11). The majority ofmayday systems are comprised oftwo in-vehicle components:
cellular communications and a global positioning system (GPS) locating device. These components work in
tandem such that, when an accident or other emergency occurs, the GPS coordinates ofthe vehicle are relayed
to the emergency dispatch center via the cellular telephone. The system can be activated either manually, in
which case the driver must press a button to dial the center, or through automated sensors, in which the system
is interfaced directly with vehicle systems such as airbag deployment. Mayday systems are particularly
advantageous in accident situations because detection is nearly instantaneous, the location ofthe accident is
known, motorists can remain in their vehicles, and they can relay additional information about the accident to
help expedite the appropriate response. Systems featuring additional capabilities such as remote car unlock,
stolen vehicle tracking, and traveler information, are also attractive among motorists. (ll 3Q)

Revenue can be generated within this market by charging the consumer directly for the system hardware and
the service. The initial cost for a mayday system includes purchase and installation ofthe system, which can
range anywhere from $500 to $2,000. Mayday system providers can also charge a monthly service fee in
addition to normal monthly cellular telephone charges. (3Q)

Although mayday systems are not typically considered to be a traveler information service, basic consumers'
needs for safety, security, and comfort have created a demand for mayday systems that is currently greater than
in-vehicle navigation and route-guidance systems. In fact, mayday systems may eventually help open the
market for traveler information services by incorporating the advanced features available in other technologies
and communication mediums as previously described within this section ofthe report. (11, 13)
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Table I summarizes various features ofthe traveler infonnation services and products described in this section
ofthe report.

Table 1. Summary of Traveler Information Products and Services

Traveler Potential Consumer Revenue Revenue Generation Limitations
Information Markets Potential Strategies

Product

RadioffV Traveling public High Advertising • Limited content
Broadcasts Commercial fleets • Quick broadcasts

• Frequency ofbroadcasts
• Limited utility by tourists

and other travelers

Telephone Traveling public Low Pay-per-call • User recall ofphone #
Systems Commercial fleets Advertising • Timeliness of information

Corporations Partner w/cellular
providers

Paging Traveling public Low- System hardware • Timeliness of information
Systems Commercial fleets Medium Monthly subscription • Value of information

World Wide Traveling public Low- Advertising • Site development and
Web Commercial fleets Medium maintenance costs

Corporations • Timeliness of information

IntranetILAN Corporations Low Advertising sponsors • Willingness of
Systems Developers Monthly subscription corporations to subscribe

Kiosks Traveling public Medium Pay-per-use fee • Expensive installation &
Rental car companies Advertising sponsors maintenance
Corporations Site location fees • Environmental limitations
Developers • Limited public access

• Low usage rates

Handheld Traveling public Medium- System hardware • Expensive
Computers Rental car companies High Software • Cumbersome to cany

Commercial fleets Communications • Limited geographic
coverage

In-vehicle Traveling public Medium- System hardware • Expensive
Navigation Rental car companies High Software • Most are autonomous

Public agencies Communications • Limited utility by regular
Commercial fleets Monthly subscription commuters

Mayday Traveling public High System hardware • Expensive
Systems Rental car companies Installation • No dynamic information

Commercial fleets Monthly subscription
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As mentioned previously, the commercial traffic reporting industry has been the most profitable within the
ATIS market to date. Although the infonnation collected by these private companies is sufficient for general
dissemination on the radio, the quality and detail ofthese reports have not been enough to inspire independent
payment by consumers. Radio and TV broadcasts of traffic reports have, over the years, conditioned
consumers into perceiving that this infonnation is free, which has had a marked effect on the remainder ofthe
market for traveler infonnation products and services. There is a need to improve the accuracy, timeliness, and
comprehensiveness ofthe information in order to make it marketable. This is possible, however, only through
government spending to place sensors in the roads and cameras overhead, and other methods for gathering
infonnation. Transportation agencies in cities such as Atlanta, Houston, Seattle, San Francisco, Los Angeles,
Chicago, Detroit, and Minneapolis/St. Paul have been monitoring traffic and collecting traffic data as part of
their freeway incident and traffic management programs for several years. The infonnation collected through
these systems will be a core resource for the provision of dynamic, real-time data in traveler information
products and services (2). The private sector can playa key role in expanding the market for traveler
infonnation products by using their expertise to add value to the packaging and presentation of real-time
infonnation obtained from the public sector (13). This illustrates why the fonnation ofpartnerships between
these public and private agencies will be invaluable to the future success ofthe traveler information services
market. The next section ofthe report will focus on the various partnership mechanisms that can be employed
between the two sectors.
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Transportation agencies in the US are facing funding reductions at the federal, state, and local levels. With
additional political pressures to reduce the size of their operations, these agencies are forced to operate in a
resource-eonstrained environment with smaller staffs, posing a serious dilemma for transportation managers.
In light of these pressures, public sector agencies are beginning to look to the private sector for additional
funding of ITS projects, as well as for staffing and operational support. In the case oftraveler information
systems, the development ofpublic-private partnerships has the potential to generate revenue from consumers
and value-added resellers who would use the traffic information provided by the system. A portion ofthis
revenue could be returned to the public sector to offset maintenance and operational costs. Public-private
partnerships within the traveler information services benefit all parties involved - public agencies make the most
oftheir resources, private companies obtain a larger market for their goods and services, and users get more
complex services than either group could provide alone. (E 38)

This section ofthe report will examine the various public-private partnership strategies that can be employed
for the purposes of developing, operating, and maintaining a traveler information system. The strategies can
range from one that utilizes heavy public sector operation and control to one that is an entirely private
operation. Each strategy will be discussed in terms ofwhich sector collects the raw data, transforms the data
into a useful format, and disseminates the data to the public.

The Public Model

The public model is characterized by one or more public agencies having exclusive responsibility for
developing, operating, and maintaining the traveler information system. A publicly-funded data collection
infrastructure is used to collect raw data, which is then converted into a form that is useful for dissemination,
a process referred to as 'fusing' the data. In the public model, large quantities of information are provided to
the public free of charge. (12.)

An example of a public model would be a transportation network equipped with a publicly-funded data
collection infrastructure and a transportation management center, both financed with public funds and operated
by public employees. Information would be disseminated to the public through a comprehensive distribution
network consisting of roadside variable message signs, highway advisory radio, kiosks in public places, a
telephone dial-in service, a public access cable TV channel, and a Web site. (ll)

Contracting Mechanisms

When more than one public agency is involved in a traveler information system, it is referred to as a public­
public partnership. Each agency can have different levels of involvement regarding resource-sharing, roles,
and responsibilities. This is usually established in the form of a legal agreement, examples of which can
include inter-local service agreements, interagency agreements, memorandums of understanding, and
memorandums of agreement. However, when a large number of agencies are involved in a public-public
partnership, a single interagency agreement may be difficult to obtain. In this case, it might be practical to have
each agency submit a non-legal, nonbinding letter of participation that recognizes their participation in the
partnership but allows them to leave at anytime. (1Q, 41)

Pros and Cons

Public-public partnerships are beneficial to the overall traveler information system in that they enable agencies
to develop an integrated system in which current traffic conditions can be merged with travel advisories,
construction information, and transit information. However, the public sector is often limited in that they may
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not have sufficient resources to cover a regional road network. Coverage is usually limited to freeways
immediate to a city's urban centers, and little to no coverage is provided on outlying freeways and major
arterials. Also, the public sector often cannot respond effectively to consumer market needs, especially those
pertaining to personal and commercial travel, as this goes beyond their scope of traditional responsibility.
Because so much infonnation is given away to the general public, there is little incentive for the private sector
to get involved. The public model allows the public sector to retain a high level of control over its operations,
but there is little opportunity to generate revenue that could offset maintenance and operational costs. (J2 42)

Contracting for Services

Contracting involves a public agency hiring a private firm to perform a specified task. In the case of operating
a traveler infonnation system, the fusion process would most likely be the task contracted out to the private
sector. The task or service is defined in a set oftechnical specifications and presented to interested parties in
a 'request for proposal' process. Private agencies interested in performing the task submit a bid to the public
agency, who then reviews and evaluates all the bids received. The winning bidder enters into a contract
agreement with the public agency to perform the task or service. (1f})

Contracting Mechanisms

There are three variations ofcontracts: (1) low-bid contracting; (2) life cycle contracting; and (3) performance
contracting. The low-bid contracting process involves selecting the lowest bid among those competitors who
are determined to be technically competent to perform the task. Life cycle contracting is a design-build contract
which includes the long-term operating costs ofthe system. Performance contracting involves selecting a:firm
to perform a service based on their ability to meet certain performance specifications. A contract can be
structured as a fixed price, cost plus fixed fee, cost plus award fee, or another alternative. (40)

Variations of contracting could also be achieved by changing the contracting process used to hire a private
firm. For example, a basic fee-for-service contract could involve a private firm writing and operating software
that meets the specifications established by the public agency. The contract could vary in the establishment
ofthe ownership rights ofthe software program. The more expensive, but less risky approach would specify
that, at the end ofthe contract, the public agency owns the software. Granting ownership to the private :firm
would be less expensive, but involves considerably greater risk. (J., 39)

Pros and Cons

Contracting is useful when a public agency lacks experience in a particular area, lacks staffwho are technically
qualified to perform a task, or simply does not have enough staffto perform a task. Contracting allows the
public sector to maintain control over the service while taking advantage ofthe technical expertise ofprivate
sector personnel. However, the public sector must have a good understanding ofthe desired finished product
in order to write an effective request for proposal and to efficiently manage the contract and performance of
the private firm. (112)

Franchising

In a franchise, the public sector is responsible for traffic data collection, but gives a private sector :firm the
exclusive right to fuse, market, and sell the data for a given period of time. The private firm is selected
competitively based on what they are willing to pay to obtain exclusive control ofthe public agencies' data.
Payment could be in the form ofa fixed price, revenue sharing, or through the purchase and installation ofnew
infrastructure. In return, the private firm is allowed to sell the data to other information service providers and
to consumers. (39)
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A franchise is a good alternative when the public sector wants to provide a service to the public, but has no
interest in either providing the service itself or in retaining close control ofthe service. The franchise model
allows the private sector to provide infonnation that is tailored to meet the needs ofthe various end-users. The
traveler information service then becomes market-driven, utilizing the latest technologies while maintaining
optimal performance. In a franchise, however, the public sector loses control of the data and, because the
private sector sells the infonnation, people who cannot afford to pay for the service are unable to receive traffic
infonnation, creating a problem regarding social equity. The public sector also runs the risk offinancial failure
on the part of the private firm. Ifthis occurs, the private firm would either leave the market entirely or they
would force the public sector to renegotiate the terms ofthe initial agreement, in which case the public sector
would have to pay to keep the fusion process operating. The public sector can minimize this risk by purchasing
the rights to any hardware or software used in the traveler information system, making it easier to change
contractors at a later date in the event of such problems. (39)

Competitive Licensing

A variation ofthe franchise is competitive licensing, in which the public sector allows two or more private firms
to market traffic information for sale to consumers in a given service area.

Pros and Cons

Competitive licensing is beneficial in that it creates a competitive market in which consumers can access
infonnation ofhigh quality at lower costs. The public sector also stands to benefit from competitive licensing,
as the loss of anyone vendor does not harm the operation of the overall traveler information system.
Competitive licensing should be employed with caution, however, in regions where opportunities to sell data
are small to begin with. This is because fragmenting the market early may prevent any ofthe private partners
from making a profit. (21. 39)

Asset Management

Asset management is similar to the strategy of competitive licensing. Instead ofproviding the information
directly to private firms for dissemination, however, the public sector employs the services ofan outside broker
to manage its traffic data and to broker the sale ofthis information to wholesalers and retailers in exchange for
a commission. In this regard, the public sector maintains control ofthe data while relying on the expertise of
the outside broker to open new markets. (~

Pros and Cons

The strategy ofasset management provides a means to accelerate the creation of a competitive, robust market
for traveler infonnation services and products. Asset management also provides a means for the public agency
to generate supplemental revenue, allowing it to expand, operate, and maintain its data collection system. (~

Outsourcing

With outsourcing, a public agency owns the traveler infonnation system but contracts its operation to a private
firm. The private contractor provides the equipment and operates the system, while the public sector finances
the system and designates functional and technical standards. This allows the public agency to benefit from
the marketing, management, and organization skills ofthe private sector while maintaining control over the
system. (21. 43)
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One of the primary advantages of outsourcing is in the area ofhuman resources. A private finn not subject
to civil service regulations has greater flexibility to hire and train qualified staff and to discipline and dismiss
employees when necessary. A private finn can also attract and retain highly skilled operators, traffic systems
engineers, computer systems analysts, and hardware engineers necessary to operate a complex traffic
operations center. (38)

Cost Sharing

Cost sharing involves a public-private partnership in which both sectors share the financial burden of the
design, construction, operation, and maintenance ofthe traveler information system. The revenue generated
from the system (from both consumers and taxpayers) can be applied to the capital and/or operating costs of
the traveler information system. Cost sharing is used when both the public and private sector stand to benefit
from a given system. (1Q)

Contracting Mechanisms

The contracting mechanism for a cost sharing relationship may take the fonn of direct payments, indirect
payments, in-kind contributions, or revenue sharing. In the fonn of direct payment, each agency agrees to pay
a share ofthe total cost ofthe system in dollars. In the fonn of indirect payment, each agency contributes to
their share of costs by providing indirect payments in the fonn of subsidies, vouchers for end-users, or by
providing favorable tax treatments to private:finns. In-kind contributions are when agencies donate stafftime,
equipment, and other resources to a traveler information system in place of cash contributions. In revenue
sharing, the agencies agree to meet cost obligations by sharing the revenue that is generated by the various end­
user products and services. (40)

Pros and Cons

Cost sharing is advantageous in that public and private sector agencies can leverage one another to undertake
a business opportunity that may otherwise involve a great deal of risk. However, the problem with combining
resources to operate a traveler information system is that ownership and intellectual property rights become
unclear. This can be solved by defining ownership rights in the legal documents that govern the partnership.
(40)

Joint Ownership

In the joint ownership model, a public agency enters into a cooperative agreement with one or more private
sector firms to develop and jointly operate a traveler infonnation system. Typically, the public and private
sector :£inns share joint resporisibility for data collection, and one of the partners operates the traveler
information center where the publicly and privately-collected data is merged. Both parties have access to the
enhanced database, although contractual terms may govern the sale of the enhanced infonnation and the
division of resulting revenue (2l).

Pros and Cons

Joint ownership provides both partners significant savings in terms ofmoney, time, and personnel. However,
when resources are merged through this type ofpartnership, issues regarding rights of ownership, access to
and use ofpublic resources, and style ofprocurement can arise, potentially overshadowing any savings. In
addition, an agency may face difficulties leaving a joint ownership partnership in the event ofproblems.
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In the private model, private traffic reporting companies own and operate their own traveler infonnation
system, performing all the data collection, fusion, and dissemination functions. These companies collect
roadway information through state-of-the-art technologies and a variety of other infonnation sources, including
aerial surveillance from aircraft within the region, incident and construction reports from state and local police
agencies, real-time traffic information from local traffic operations centers, and on-the-scene reports ofcurrent
roadway and accident conditions solicited from cellular callers. The infonnation is then processed and
translated into concise traffic reports which are provided to subscribing radio and TV stations either as a
broadcast-quality voice feed or through a text-based data feed of incident and congestion descriptions. (12. 13)

Pros and Cons

In this model, the private sector owns and operates the data collection system. This provides a high level of
private sector control and gives them greater incentive to produce consumer products and services that are
likely to generate a revenue. Thus, the implementation and growth ofthe infonnation system becomes market­
driven, often taking advantage ofthe latest in technological advances. However, a disadvantage ofthe private
model is that it may not provide enough revenue for the operation, maintenance, and future expansion ofthe
transportation data collection and management system. (:1 42)

Summary

This section has provided insight into the various partnerships that can be developed between public and private
sector agencies in the context ofthe traveler information services market. Table 2 highlights the characteristics
ofeach ofthese partnership strategies, identifying the roles of each sector with respect to data collection, data
fusion, and data dissemination.

Table 2. Public and Private Sector Roles Within Various Partnerships

Partnership Stratein' Data Collection Data Fusion Data Dissemination

The Public Model Public Public Public/Private

Contracting Public Private Public

Franchise Public Private Private

Competitive Licensing Public Private Private

Asset Management Public Public Private

Outsourcing Private Private Public/Private

Cost Sharing Public/Private PubliclPrivate Public/Private

Joint Ownership Public/Private Private Public/Private

The Private Model Private Private Private
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There are many potential barriers to the development of a comprehensive, self-sustaining traveler information
system. The consumer market for traveler information is itself still relatively new, and its future success will
be dependent on overcoming a number of uncertainties. Involving the private sector in a portion of the
development, operation, and maintenance of a traveler information system can alleviate some of these
uncertainties, but this introduces a new set ofproblems due to the differences that exist between and within the
public and private sectors. In this section, a summary ofthe major findings with respect to these issues will
be presented. The findings are derived from information obtained during the literature review and through
telephone interviews with public and private sector transportation professionals involved with selected ATIS
projects in the US.

The Consumer Market for Traveler Information

Lack ofGeographic Coverage

One ofthe major problems with current real-time traffic information is that, in the majority ofmetropolitan
areas, coverage is limited to major freeways, with little information available for arterials within the region.
The private sector is concerned that, in order to better market real-time traffic information, the geographic
distribution ofcoverage must be improved. They would prefer to have small amounts of information covering
a broad transportation network. The public sector, on the other hand, is very facility-oriented, collecting large
amounts of data for particular freeway corridors. Although such large amounts of data provide the public
sector with an effective traffic management system, the data collected mayor may not be useful to the
consumer. (44)

Another issue is that of providing regional versus national coverage. When a consumer invests in the
technology necessary to receive dynamic information, that device is generally limited to one particular
geographic region. In the event that the consumer relocates to another city, or even simply visits for a short
time, his or her device is not compatible with the infrastructure in the new city to receive similar dynamic
information. Metro Networks and Etak have recently joined forces to counteract this problem. Etak has
developed a traffic workstation that consolidates traffic information and puts it in standard data formats for
uniform transmission anywhere in the United States. Metro Networks is responsible for entering the traffic
data into the workstation. The data is transmitted using FM subcarrier broadcasts and other media, allowing
any device that receives infonnation from Metro Networks in one city to be able to receive information in any
other city covered. The goal is to provide coverage in 75 urban areas within the next two years. (1.1., 4j)

Needfor Technical Standards

Another way to solve the issue of regional versus national coverage will be through the development of
technical standards. Without guidelines to determine how equipment should be configured and how information
should be transmitted, the private sector will be reluctant to invest in the traveler information services market.
Currently, the majority of ATIS projects in the United States have their own distinct architecture. These
conditions would force private sector vendors who ventured into the market to design separate systems for
every city. Interoperability should be a requirement of future standards so that end-user devices will operate
on any state-wide infrastructure. The development oftechnical standards will encourage large-scale private
investment, which will also help drive down prices for consumers. (2.)



Dena D. Jackson

Consumers' Willingness to Pay

Page 177

Previous studies suggest that consumers are unwilling to pay for traveler infonnation services in their current
state, as they perceive the infonnation to be comparable to that received from the broadcast media. And, as
access to perceived 'free' information available through radio, television, and the Internet expands, there will
be even less incentive for consumers to pay for this information in the future. To compound this, many within
the transportation industry believe that it is good policy for public agencies to keep motorists infonned oftraffic
conditions, especially when this information has been collected with traffic management systems that were paid
for by tax dollars. On the other hand, there is also broad agreement that the traveler infonnation market can
benefit from the technological and market research experience ofthe private sector, which will help pave the
way for the sustainability of traveler infonnation services within the marketplace. All of these factors are
mutually exclusive, however, in that it is difficult for the private sector to sell information if it is available
elsewhere for free. Further, ifthere is no market in which to sell infonnation, the private sector cannot provide
the public sector with a portion of revenue that could defray the taxpayer cost ofproviding this information.
(lL 2.2 1212 4Q)

'Value-Added' Traveler Information

Many professionals in the information service provider and value-added reseller industries believe that traveler
information in itselfdoes not have enough value to be a marketable commodity. There have already been many
examples of highly specialized companies who have been unsuccessful at marketing single-purpose, closed­
system technologies. To become marketable, traveler information must provide value to the consumer while
requiring minimal engagement. This can be accomplished by enhancing the scope, detail, and quality oftraffic
information so that it is substantially better than that currently available from the broadcast media. Possible
enhancements include personalizing the information to individual travelers' needs and bundling traffic
infonnation with other infonnation and services. {l2)

Personalized Infonnation

One way to enhance traffic infonnation as we know it is to provide consumers with a personalized information
service. In this manner, consumers could obtain timely and detailed information about the conditions prevailing
on their particular routes at their intended times of travel. This service could be accessed by the consumer
either on demand, or, in the case of regular commuters, the information could be sent automatically through
telephone, fax, e-mail, or pager. The advantage of automatic notification is that the service becomes passive
in that it reaches out to, as opposed to waiting to be accessed by, the subscriber. Travelers who subscribe to
the service would register in advance with the infonnation provider their personal preferences as to their travel
times, days of the week they wish to receive the infonnation, their travel routes, the desired communication
medium through which they wish to obtain the infonnation, and billing information. (2.2 42).

This service could be further customized by providing travelers with not only route-specific traffic advisories,
but to also recommend alternate routes that would allow them to bypass major congestion and traffic accidents.
A potential problem with this, however, is that the geographic and topographic features of some metropolitan
areas may limit a commuter's choice oftravel routes. Commuters may also be reluctant to divert from their
normal routes because ofarea neighborhood traffic restrictions, safety concerns, or fear ofgetting lost. Ifthis
more customized service is to be offered, travelers could register both their preferred travel routes and the
alternate routes they would be willing to travel at the time oftheir commute with their infonnation provider.
(lJ.., 12 42)
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The current fonnat oftraffic information could be further enhanced by 'bundling' this infonnation with other
types ofinfonnation or services. For example, within the vehicle, traffic information would gain value in the
eyes ofthe consumer if it could be tied to other components ofthe car, such as the stereo, cellular phone, and
navigation system. When packaged as a general or multi-purpose device, the price for the traffic infonnation
could be spread over all the other services. (2, 2Z)

Public Education andAwareness

Public education and awareness will playa large part in gaining consumer acceptance oftraveler infonnation
products. It has been seen that, although people complain bitterly about travel delays, expected or unexpected,
they are not strongly motivated to seek out better infonnation regarding current traffic conditions. People do
listen to traffic reports on the radio, but they also regard this infonnation to be incorrect, outdated,
insufficiently specific, or too limited in geographic coverage. However, they also perceive the small amount
ofextra time and effort necessary to place a telephone call, boot up a computer, or access a web page as being
too troublesome. Consumer awareness and acceptance ofATIS technologies can be raised through promotional
or educational activities emphasizing that the few minutes ofextra time and effort spent before a trip Can be
compensated by greater time savings while traveling. (1 Z)

Barriers to Developing Effective Public-Private Partnerships

TIrroughout the process offonning and developing a partnership, a number ofproblems Can arise between and
within the public and private sector:firms involved, posing a potential threat to the success ofthe venture. The
problems identified throughout this research effort can be classified as organizational, financial, or
regulatory/legal.

Organizational

Organizational barriers result from intra-agency and interagency differences that may arise throughout the
project. These include the following:

Differing Cultures. Goals. and Objectives

Public-private partnerships can be challenging due to the differing cultures, goals, and responsibilities between
and within the two sectors. For example, the public sector seeks to provide the public with real-time traffic
information at the lowest possible cost. This is partly because the information was collected with traffic
management systems that were paid for by tax dollars; but more importantly, the public sector seeks to
minimize the negative effects oftraffic congestion while improving safety, economic efficiency, and regional
air quality (39). The private sector, on the other hand, seeks to make a profit by repackaging the infonnation
so that it has value, selling this information to the public through subscription-based services, and selling
advertising time that is packaged with the infonnation. These differences can present a barrier to a public­
private partnership ifeither side does not clearly understand the objectives ofthe other. However, by working
towards a common cause, public and private sectors can cooperate amidst their differences. (1.L 42)

Clarification ofRoles

One ofthe biggest obstacles to developing a traveler information system Can be the successful coordination of
the efforts and resources ofthe players involved. To do this, the roles and expectations ofeach ofthe partners
should be established early in the partnership. The functional components ofthe traveler information system



Dena D. Jackson Page 179

can be partitioned among the different partners, depending on their interests and capabilities. This allows each
participant to perform tasks which focus on their respective strengths while letting the other partners focus on
the remaining tasks. When a partnership lacks role clarity, it may slow down the overall system development
process. (~ 48)

'Turf Mentality

Coordination between and within public agencies can also be a potential barrier to the development ofpublic­
private partnerships. According to the experiences of some agencies, the development of public-public
partnerships is seen as an integral step in the development of a traveler information system, and a necessary
first step before public-private partnerships can be formed. However, each agency involved in a partnership
has a unique set of operational policies and agendas. This can create 'turf wars,' allowing institutional
problems to stand in the way ofprogress. One reason for tension between agencies is that, to some extent, local
jurisdictions compete in a 'zero sum' environment, in which they compete against one another for the same
scarce funding resources. Other reasons for tension can include an unwillingness of one agency to contribute
to system costs; the desire ofone agency to maintain control over the use and dissemination of data; and issues
regarding equity, leadership, and ego. (jQ, 49)

Project Champion

When developing public-private partnerships, the importance of having a project champion cannot be
overstated. The champion, usually a member of a public sector agency, must have the creative, energetic
leadership required to break new ground and effectively gain support from all sides. This person must spend
a large amount oftime educating legislators and senior staff about the value ofITS and how it can provide a
cost-effective means to meet the traffic management objectives ofthe public sector. (41)

Financial

Liability Issues

Liability associated with any new technology that becomes part of a traveler information system or traffic
management system is of concern to both the public and private sectors and may create a potential barrier to
developing an effective partnership.

Project Risks and Benefits

When both public and private sector partners share in the costs and ownership of a traveler information system,
they also share in the potential risks and benefits. For example, the private sector partners risk not receiving
the expected return for their investment. The public sector risks losing the investment of public funds and
possibly receiving negative publicity and loss ofpublic confidence in the department oftransportation. Ifthe
traveler information system is successful, the private sectOr partners will be rewarded with a profitable business
venture, which will open doors for those firms to participate in similar projects in other markets. The public
sector will benefit from a more comprehensive transportation management system in which travelers are better
informed. In addition, the public sector may receive a percentage ofthe revenue generated from the system that
can be used to offset operational and maintenance costs. (~ 50)
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Even when public and private sector agencies recognize the need for and potential benefit ofworking together,
many state governments lack the authority to establish a new way ofdoing business. Thus, new legislation may
need to be passed to allow a state department oftransportation to enter into non-traditional relationships with
private sector firms. This barrier creates an insurmountable risk for the private sector because without the
proper legislation, the public sector will not be able to enter into public-private partnerships. (U)

Contracting Mechanisms

The contracting procedures involved in public-private partnerships is another potential barrier. Traditional
public sector contracting requirements can be difficult to understand, requiring many signatures that can
significantly delay the start of the project. In addition, intellectual property, indemnification, and liability
clauses can be difficult to negotiate. When there are a large number of partners involved in a traveler
information system, a single memorandum ofunderstanding is often difficult to obtain. The solution is to use
non-legal, nonbinding letters ofparticipation from each agency that allow the agencies to pull out at any time.
These letters can recognize the lead public agency as a procurement agency on behalfofthe region and state
that the enhanced information is for internal public agency use only. The contracting process can cause
development trade-offs in that money is spent resolving contracting issues rather than development issues. (jl,
1Jl., 49)

Intellectual Property Rights

When public and private resources are combined to develop the operating components ofa traveler information
system, intellectual property rights can become an issue. This is especially true with the development of
software. In many states, government regulations (Federal Acquisition Rules) specify that the government shall
retain ownership rights to all developed software. The private firm that developed the software must rescind
their proprietary interest in and or control over it once developed. Therefore, throughout contract negotiations,
both public and private sector partners must ensure that their interests are protected. For example, the public
sector can insert 'escape clause' procedures into the contract to ensure that if a private firm leaves the
partnership, they do not take crucial software with it, leaving the system inoperable. Another method is to
provide participants with legal 'sole use' rights to jointly developed software. (1Q 48)
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GUIDELINES FOR DEVELOPING EFFECTIVE PUBLIC-PRIVATE PARTNERSHIPS

Outlined in this section are guidelines that can be used by public sector agencies when entering into
partnerships with private sector finns for the development, operation, or maintenance ofa dynamic traveler
infonnation system. These guidelines provide a means by which public and private sector firms can develop
an effective partnership while resolving potential organizational, financial, and regulatory issues that may arise
throughout the process. The guidelines incorporate existing strategies being used by public and private sector
agencies to overcome these issues, and new strategies are incorporated into the guidelines to address additional
concerns identified through this research. The guidelines are summarized in Table 3, followed by a detailed
description of each guideline.

Table 3. Guidelines for Developing Effective Public-Private Partnerships

Guidelines

Stage 1: Develop a foundation for the traveler infonnation system.

Stage 2: Select private sector partners.

Stage 3: Negotiate the details of the contract.

Stage 4: Ameliorate differences between and within public and private sector partners.

Stage 5: Develop the traveler information products and services.

STAGE 1: Develop a foundation for the traveler information system.

Because a successful traveler information system is dependent on merging a variety of information (e.g., real­
time traffic, transit, and regional information), the development ofpublic-public partnerships is an integral first
step in developing the foundation for a comprehensive traveler information system. The public-public
partnership could potentially involve the following agencies: state Department of Transportation, city and
county jurisdictions, regional/local transportation authorities, regional/local police departments, emergency
management groups, tollroad authorities, turnpike authorities, and port authorities.

A single public agency must assume a strong leadership role to ensure effective participation on the part ofall
the partners. The lead public agency will be responsible for the facilitation and coordination ofthe efforts of
both the public and private sector partners. Within this lead agency, there must be a project champion who
represents the project and its benefits to upper management and legislators. ill addition, this person must have
the organizational and interpersonal savvy necessary to reach out to and develop relationships with both public
and private sector agencies.

Finally, in developing a foundation for the traveler information system, the lead agency must define the
requirements ofthe product or service to be developed by private sector finns. Ifthe product is intended for
consumer use, the basic features of the traveler information product should satisfy the information needs of
travelers in the region as determined by market research. The lead agency should then issue either technical
or functional specifications for the development ofthese products or services. ill either case, the lead agency
must clearly understand what is needed, what traveler infonnation is available, and what can be achieved based
on financial, political, and managerial limitations. However, functional specifications would provide private
sector :£inns greater flexibility in developing the product or service while utilizing a variety oftechnologies and
strategies.
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Private sector partners should be selected based on their compatibility with the objectives ofthe overall project.
Any :finn that can add net value to the traveler infonnation system should be considered. These private sector
partners are valuable to the project in that they have market experience and can quickly adapt to changing
technologies. It is important to remember, however, that private sector interest will most likely be based on
the benefits to be gained compared to the costs ofparticipation (40. Thus, the project champion must reach
out to these private sector firms to educate them about the benefits and opportunities to be gained from
participation in the project.

STAGE 3: Negotiate the details of the contract.

In this stage, the functional components ofthe traveler information system should be partitioned among the
different partners based on their respective interests and capabilities. The contract between public and private
sector:£inns can be in the fonn of an informal agreement, written contracts, or other legislation, depending on
the partnership strategy that is most appropriate for the project. However, the specifics ofthe contract should
identify: operational responsibilities, ownership of intellectual property rights or other assets, policy-making
procedures, and how revenue generated from the system will be shared among the partners. The terms ofthe
contract should have some degree offlexibility, allowing partners to leave the partnership gracefully.

STAGE 4: Ameliorate differences between and within public and private sector partners.

Throughout the contract negotiations and the ensuing project, significant interagency and intra-agency problems
can manifest themselves as partners begin to interact and attempt to communicate. Therefore, a crucial stage
in partnership development involves developing mechanisms to overcome or lessen the problems ofpartner-to­
partner interactions. A key success component involves each partner taking the time to understand the cultural
differences, objectives, and operating goals of the other. This involves the development of personal
relationships between key members ofeach partnering finn. Relationship development can provide a medium
for communication through fonnal and infonnal channels at all times, potentially alleviating future problems.
A second strategy is for the public and private sector firms to participate in personnel exchanges. In the case
of a traveler information system, the exchange can occur between both the public-public and public-private
partners. A personnel exchange is beneficial in that it allows participating employees to gain first-hand insight
into the internal operating complexities of the other agency. This can further contribute to both improved
communications and the development ofpersonal relationships between key personnel. A final strategy is to
obtain a third-party mediator to represent the values and concerns of each participating organization. The
mediator is a person who has insight into the cultures ofboth sectors and is therefore trusted by all parties.
The mediator can be instrumental in helping the partners ameliorate their differences and work towards a
resolution. (40

STAGE 5: Develop the traveler information products and services.

Throughout the development of the product or service, the private sector should fonn end-user advisory
councils to test various prototypes. These councils are beneficial in that vendors gain knowledge of the
particular features and functionality that consumers desire in a traveler infonnation product or service before
introducing that product or service to the market. This process allows the development ofthe product to be
market-driven, rather than driven by what the transportation industry feels is best for the market. A product
that is tailored to meet the needs of consumers will have greater long-tenn success in the marketplace.

Another important element in developing a successful traveler infonnation product is creating a public
education and awareness campaign. Because this market is relatively new, many consumers are unaware of
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the benefits that real-time traffic infonnation and other ATIS features provide over conventional radio
broadcasts. Consumer awareness and acceptance of traveler infonnation products can be raised through
promotional marketing that emphasizes that the few minutes ofextra time and effort spent before a trip can be
compensated by greater time savings en route.

Summary

The guidelines fonnulated in this section of the report are summarized in the flowchart in Figure 3. These
guidelines provide a starting point for developing innovative public-private partnerships while minimizing the
potentially negative effects of certain institutional, financial, and legal issues. Although the guidelines are
flexible enough to accommodate a variety ofthe public-private partnership strategies described in this paper,
it is important to realize that these guidelines may not be applicable to all regions due to various factors such
as the availability ofexisting or planned intelligent transportation infrastructure, the political environment, and
public and political opposition to the sale ofinfonnation collected with public funds.

STAGE 1: Develop a foundation for the ATIS system

Define system
requirements

STAGE 5: Product development

STAGE 4: Ameliorate differences
i--------------,
\ Relationship development 1

\ Personnel exchanges ,:..-1 ~

Communication I
\ Third.party mediator 1

L 1

STAGE 3: Negotiate contract details

Select private
sector partners

Figure 3. The Public-Private Partnership Process
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Houston is a large metropolitan area located in Southeast Texas. Presently, the city limits cover the majority
ofHarris County, with extensions into both Fort Bend and Montgomery counties. Recent census data show
Houston to be the fourth largest city in the United States, with a population ofnearly 1.8 million. (41)

TranStar is a partnership comprised ofthe transportation and emergency management agencies in the Houston
area, including the Texas Department ofTransportation, the Metropolitan Transit Authority ofHarris County
(METRO), the City ofHouston, and Harris County. Together, these agencies are responsible for the design,
operation, and maintenance offacilities to provide transportation and emergency management services within
the greater Houston area. TranStar is housed in a 52,000 square foot transportation management center located
on Old Katy Road near 1-610 West. The building is equipped with facilities for traffic control,
communications, METRO police and bus dispatch, telephone switching, office space, and briefing rooms for
use during special events and emergencies. The building also contains viewing rooms so the public and news
media can monitor operations during public tours, special events, and emergency situations. Each member
agency contributes to the annual operating budget ofthe transportation management center on a prorated basis
relative to its occupancy and utilization ofbuilding components. (41)

Application of Guidelines for Developing Effective Public-Private Partnerships

This section provides an application ofthe guidelines developed to assist public and private sector agencies in
developing effective partnerships while minimizing the effects of common organizational, financial, and legal
barriers. The strategies will be applied to the hypothetical implementation of a personalized paging service as
an extension ofthe Houston Smart Commuter project. The case study will not focus on the technical details
associated with the paging service; rather, it will examine the partnership that would be developed between
Houston TranStar and the involved private information service providers.

STAGE 1: Develop a foundation for the traveler information system.

Houston TranStar is unique from other transportation management centers in that it is comprised of a strong
public-public partnership that includes regional transportation agencies as well as emergency management
groups. The TranStar building is staffed with professionals from all four member agencies, as well as
representatives from the Harris County SherifPs Department, Houston Police Department, and local emergency
management groups. This integrated structure creates an opportunity to eliminate the 'turf' problems typically
associated with public-public relationships. By pooling their financial, personnel, and equipment resources,
the potential problems traditionally associated with public sector administrative and bureaucratic processes are
reduced. The presence of multiple agencies in the TranStar building also provides a means for improved
responsiveness when performing transportation and emergency management responsibilities.

TranStar places a strong emphasis on providing effective transportation management services in the Houston
region. The region already has a significant intelligent transportation infrastructure in place, comprising of
closed circuit television cameras (CCTV), changeable message signs, automatic vehicle location detectors, flow
signals at freeway entrance ramps, high occupancy vehicle (HOV) lanes, and a fiber optic communications
network. This infrastructure, combined with the solid relationship that exists among the TranStar partners,
provides a strong foundation for merging a variety of information into a comprehensive traveler information
system.

Real-time traffic information is currently disseminated to the public through TranStar's Internet Web site. In
addition, the public receives traffic updates through traditional broadcasts on local radio and television media
by private traffic reporting companies. Representatives from two of these companies are stationed on
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TranStar's control room floor and are provided access to the CCTV system and real-time traffic infonnation.
To avoid issues ofsocial equity, TranStar should continue to provide traffic infonnation over these traditional
mediums. However, to provide a more personalized service to commuters, TranStar could develop a
personalized paging system as an extension ofthe federally-funded Smart Commuter project.

The Smart Commuter project involves disseminating traffic and incident infonnation to selected commuters
via a handheld computer and through a telephone-based infonnation system. The coverage area ofthe Smart
Commuter project is currently limited to North Houston along the 1-45 and Hardy Tollroad corridors. As real­
time traffic infonnation is available for the majority ofHouston's freeways, the personalized paging service
could be offered on a city-wide basis to alert commuters of traffic problems, construction activities, and
estimated travel times along their regular routes. An additional feature could be to provide automated carpool
matching services. The desired requirements ofthe personalized paging service should be established in the
fonn offunctional specifications so that private sector finns have greater flexibility in designing the technical
aspects ofthe service.

Either the Texas Department ofTransportation or Houston METRO could serve as the lead public agency for
this project. Houston METRO has previous experience in that they currently provide project management
services for the Smart Commuter project. This experience can extend naturally into the development of a
personalized paging service. However, either agency would be appropriate as they are both actively involved
in the ITS efforts in the Houston area.

STAGE 2: Selectprivate sector partners

TranStar could use the evaluation results ofthe Smart Commuter project to assess the value that participants
place on receiving real-time traffic conditions for area freeways and HOV lanes. This infonnation could be
presented to infonnation service providers in the Houston area to educate them regarding the market potential
for a personalized paging service. In addition, potential vendors could be educated as to the benefits of ITS
and could be shown the progress ofITS activities in the Houston area to date.

STAGE 3: Negotiate the details ofthe contract.

In this stage, the functional components ofthe paging service are to be partitioned among the different partners.
Members ofthe TranStar partnership would retain their primary responsibility of collecting traffic data and
providing emergency management services. As part ofthe Smart Commuter project, members ofMETRO
Police currently monitor traffic incidents from TranStar's control room floor and enter incident details into a
central computer database. This responsibility should be retained so that detailed incident infonnation can be
included as a feature of the paging service. The infonnation service providers would be responsible for
developing the technical details ofthe service, including any necessary algorithms and computer software. All
traffic, incident, and construction infonnation can be obtained directly from TranStar. However, the paging
system should be capable of transmitting customized infonnation to subscribers based on their individual
traveler profiles.

These responsibilities will strongly influence the contracting mechanism used in the case of a personalized
paging service. Because the TranStar partners will want to retain strong ownership and control over the data
collection functions, appropriate partnership strategies between TranStar and the infonnation service providers
include the public model, competitive licensing, and cost sharing. Intellectual property rights may become an
issue, depending on the methodology used by the private sector finn to fuse the data so that it can be
customized for individual travelers. Another issue to be established in the contract is revenue sharing. Initially,
revenue generated from the paging service may not be enough to offset the operational and maintenance costs
on the part ofthe infonnation service provider. Therefore, for an initial start-up period, TranStar should not
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charge the private :finn for the dynamic infonnation. Once a market is established and more information service
providers are attracted to the service, TranStar can begin to charge for the information. Payment can be made
through a percentage ofthe revenue or through direct payment for the dynamic information.

STAGE 4: Ameliorate difftrences between and within public andprivate sectorpartners.

A potential source of conflict between the TranStar partner agencies and the private sector firms may be the
organizational differences that exist between the two sectors, particularly with respect to their goals and
internal operating policies. The project managers within each sector must therefore seek to develop strategies
to overcome these issues. A key component will be the development of a personal relationship between the two
project managers. This will provide an environment ofopen communication in which each manager can learn
about the goals, objectives, and policies of the other. The two managers can further bridge differences by
participating in a personnel exchange. Although this is not practical for TranStar personnel, a representative
from the private sector firm can be assigned to work at the TranStar building, allowing an open channel for
communication with TranStar personnel at all times. Ifthese strategies prove to be ineffective in overcoming
differences, the two project managers can employ the services of a third-party mediator to assist in negotiating
a resolution.

STAGE 5: Develop the traveler information products and services.

During the development stage ofthe paging service, the information service providers should organize end-user
advisory councils to test the service before widespread introduction to the Houston market. These councils can
provide valuable input regarding the format and length ofthe various pager messages. In addition, the councils
can provide feedback regarding additional features or traveler information they would find useful.

Traditional marketing strategies can be employed to increase public awareness of the personalized paging
service. These strategies should focus on informing consumers ofthe availability ofthe service, describing the
advantages ofthe various features available through the paging service, and educating them about the benefits
ofrea1-timetraffic information over traditional radio and television broadcasts. The marketing efforts should
be deployed through various means ofadvertising, including radio, television, promotional flyers, newspapers,
Internet Web sites, and billboards.



Dena D. Jackson

CONCLUSIONS

Page 187

When developing the services and products for a regional traveler infonnation system, it is important realize
that the consumer market is still relatively new. As such, its future success is dependent on overcoming a
number ofbarriers, including the current lack of geographical coverage, the lack oftechnical standards, the
need for greatly improved information, and the need to raise consumer awareness of traveler infonnation
technologies. Amidst these barriers, the future holds significant opportunities to generate revenue within the
traveler information market. These opportunities may only be realized, however, through public sector
partnerships with private sector firms. The private sector has the marketing expertise to package traffic
information to consumers in such a way that it holds significantly more value than currently realized.

The guidelines developed in this report provide a starting point for developing innovative public-private
partnerships with regards to developing, operating, and maintaining a traveler information system. These
guidelines serve as a framework for overcoming the institutional, financial, and legal barriers that can
potentially inhibit the success of a public-private partnership. The guidelines are flexible enough to
accommodate a variety ofthe public-private partnerships described in the report. However, it is important to
realize that these guidelines may differ by geographic regions due to the availability of existing or planned
intelligent transportation infrastructure, the political environment, and opposition to the sale of information
collected with public funds.
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Communication between vehicles and the roadside is an integral part ofthe Intelligent Transportation System
(ITS) architecture. Reliable, accurate, and efficient two-way communication is necessary for optimal use of
almost all ITS user services. While these applications often require different types of infonnation to be sent
between the vehicle and the roadway, the vehicle cannot be equipped with a different device for each
application. Standardization and consolidation are needed to ensure the resulting system is as efficient and
seamless as possible.

Evolving primarily from automatic vehicle identification (AVI) technology, Dedicated Short Range
Communications (DSRC) is the title given to the standardized vehicle-roadway communications system now
under development. The standard is being developed in North America by an organized coalition of
professional societies, government departments, and private finns, using an Open Systems Interconnection
(OSI) 7-layer reference model to describe each part ofthe standard. The purpose ofthe DSRC standard is to
define the basic fonn and function of the technology, while allowing a wide range of applications to be
accommodated. However due to the need for boundaries, the main applications that the DSRC standard is
designed around are electronic tolling, commercial vehicle operations, and non-stop border crossing. While
these functions are currently the most common, the ITS field is constantly expanding and thus developing new
uses for DSRC. In order for the DSRC standard to be useful in the long tenn, it must be comprehensive and
accommodating ofnew technologies and applications which may not be much more than theories at this time.

This research paper examines each part ofthe DSRC standard and describes the current proposed standard.
The DSRC standardization effort is progressing quickly and should yield a very workable set of standards for
future development. The open architecture and flexible configurations will allow private developers to market
products that best meet the needs ofthe customers. The standardization should also increase the availability
of ITS around North America, because proposed projects would no longer have to determine the basic
technologies to deploy.

The standards examined are also applied to transit management, an ITS application that has not yet been
implemented with the DSRC standard. This application shows that the hardware and software ofDSRC is
being standardized with a large amount offlexibility built in, beyond the current applications the standar~hvas
designed around.
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Communication between vehicles and the roadside is an integral part ofthe Intelligent Transportation System
(ITS) architecture. Reliable, accurate, and efficient two-way communication is necessary for optimal use of
electronic toll and traffic management (E1TM), automatic vehicle identification (AVI), automatic vehicle
location (AVL), advanced traveler information systems (ATIS), and most other ITS applications <L2.). While
these applications often require different types ofinformation to be sent between the vehicle and the roadway,
realistically the vehicle cannot be equipped with a different device for each application. Besides space in the
vehicle and on the roadside, space in the radio frequency spectrum is at a premium. Additionally, vehicles
attempting to use ITS in several geographic areas could have to use separate transponders and frequencies for
the same function, depending onthe operator and manufacturer. Standardization and consolidation are needed
to ensure the resulting system is as efficient and seamless as possible. Many systems operating with the same
equipment also allow many groups ofcustomers to share the cost ofthe necessary infrastructure, reducing the
cost per user and per application (1).

Evolving primarily from AVI technology, Dedicated Short Range Communications (DSRC) is the title given
to the standardized vehicle-roadway communications system now under development. The standard is being
developed in North America by an organized coalition ofprofessional societies, government departments, and
private firms, using an Open Systems Interconnection (OSI) 7-layer reference model to describe each part of
the standard. The American Society for Testing and Materials (ASTM) subcommittee E17.51 is producing
the standard for Layer 1, the physical layer, and Layer 2, the data link control layer. The Institute ofElectrical
and Electronic Engineers (IEEE) SCC32 committee is producing the standard for Layer 7, the processing and
applications. The other layers are not considered important for standardization as part ofDSRC (1.,J.).

The purpose ofthe DSRC standard is to establish the basic form and function ofthe technology, while allowing
a wide range of applications to be accommodated. However due to the need for boundaries, the main
applications that the DSRC standard is designed around are ETIM, commercial vehicle operations (CVO),
and non-stop border crossing. While these :functions are currently the most common, the ITS field is constantly
expanding and thus developing new uses for DSRC. In order for the DSRC standard to be useful in the long
tenn, it must be comprehensive and accommodating ofnew technologies and applications which may not be
much more than theories at this time. Too much time, money and credibility would be lost ifa standard was
adopted, then promptly bypassed by events and ignored (1).

Problem Statement

DSRC is a vital component ofcurrent and future ITS initiatives. A comprehensive international standard is
urgently required to ensure compatibility ofvaried systems and focus development efforts on the uses ofthe
technology rather than the form. The proposed standard must be examined closely to determine its suitability
for use with all foreseeable ITS needs.

Research Objectives

The following is a list ofthe primary research objectives ofthis study:
• Evaluate proposed DSRC standard for meeting current and future ITS requirements, and
• Develop enhancements to proposed DSRC standard to meet current and future ITS requirements. Text

describing proposed enhancements will be written in appropriate language for direct insertion into DSRC
standard.
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This research addresses all aspects ofthe DSRC standard, but focuses primarily on the OSI Layer 7 portion.
This applications layer specifies the foonat of the infoonation passed between the roadside and the mobile
transponder mounted in the vehicle. The narrowing ofthe scope is warranted, as the Layer 1 and 2 standards
are approaching completion, while some work still remains to be done on the Layer 7 effort, and this research
may further that effort.

Methodology

Information to develop this report was gathered from a review ofthe current literature and an infonnal survey
ofprofessionals involved in the DSRC standardization effort. Reviewed literature included drafts ofstandards,
research reports, and minutes and supporting documents from meetings of standard-developing groups. The
general steps involved in the research effort were as follows:

• Identify the DSRC standard as proposed,
• Examine DSRC standard for deficiencies,
• Identify ITS applications not addressed in proposed DSRC standard, and
• Expand proposed DSRC standard to include identified application.
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This section ofthe paper will provide the background to aid in understanding ofthe DSRC standardization
effort. The first section describes the National ITS Architecture, ofwhich DSRC will be shown to be a small
but essential part. The layers and subsections ofthe Architecture are separated down to the DSRC level. The
physical components ofthe DSRC environment are described and an example is provided.

National ITS Architecture

Prompted by the Intermodal Surface Transportation Efficiency Act of 1991 (ISTEA), the United States
Department ofTransportation (USDOT) began to develop a set of standards and protocols to encourage the
development and use oflTS technology. To coordinate the effort, the USDOT first defined the National ITS
Architecture, in concert with many nationwide organizations and corporations. This framework was needed
to channel research and development efforts towards the seamless, multimodal system described in ISTEA.
The National ITS Architecture project also identified 30 user services the ITS could be used to support (Q).

The National ITS Architecture is intended to direct ITS development on two layers, the Transportation Layer
and the Communications Layer. The Transportation Layer is the physical ITS infrastructure, defined as the
travelers, vehicles, management centers, and roadside equipment. The Communications Layer is the
connections between segments ofthe Transportation Layer. A third layer, the Institutional Layer, reflects the
static environment in which ITS development must function, including the political, social, and economic
systems (Q).

Flexibility is an essential part ofthe National ITS Architecture. The Architecture does not detail any specific
technique or technology, it only provides the framework to ensure that separate ITS systems will work
efficiently together where needed. Users will be able to choose from a selection of specific technologies
according to their needs and resources (Z).

Communications Layer of National ITS Architecture

The Communications Layer ofthe National ITS Architecture coordinates the connections between parts ofthe
Transportation Layer. Each solution for a user service will require items of the Transportation Layer to
exchange data in some form. The Communications Layer performs these data transfers. Figure 1 shows the
Communications Layer connections between Transportation Layer subsystems.

Loral Federal Systems and Rockwell International designed the Communications Layer to have two
components to address all connectivity requirements. These are:

• Wireline Communications, and
• Wireless Communications.

Wireline Communications

Wireline, physical connections by wires or fiber optic cable, is typically used for connections between
nonmoving parts of the Transportation Layer infrastructure. In Figure 1 the wireline wide area
communications is shown as the links between the roadside subsystems and the managements center subsystems
that administer the ITS applications. The wireline communication§ also handles data transfers between
management centers and most other communications between fixed sites. For these static, continuous
applications the wireline link is the most precise and economical (2).
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The wireless component ofthe Communications Layer accommodates connections between mobile components
ofthe Transportation Layer. The wireless portion is divided into three general categories: wide-area wireless,
vehicle-vehicle, and Dedicated Short Range Communications (DSRC), each specialized for meeting an ITS
requirement. Wide-area and vehicle-vehicle wireless communications are briefly described below.

Wide-Area Wireless Communications. Wide-area wireless is used to connect mobile units to base stations over
distances greater than 1 kilometer. Examples ofwide-area wireless technology currently in use are cellular
telephones and anti-theft tracking devices. Systems ofthis type can have two-way data transmissions or one­
way only transmission. The system can also be broadcast to all receivers within range, or directed at once
specific unit.

Vehicle-Vehicle Communications. Vehicle-vehicle data transfers connect mobile units as necessary for
applications such as automated highways or emergency vehicle warnings. The range and precision of such
systems are highly dependent on the needs ofthe application (2).

Dedicated Short Range Communications

DSRC is the link between the mobile unit and the roadside subsystems as shown in Figure 1. DSRC can be
one-way or two-way links by radio frequency (RF) transmitters and receivers. The range ofDSRC extends
up to 100 meters. Figure 2 shows the overall DSRC environment, an expansion of the Figure 1 vehicle
subsystem to roadside subsystem link.

On Board Unit

The equipment on the vehicle is known as the On Board Unit (OBU), or 'tag' or 'transponder'. This equipment
consists ofa transponder and optional on board devices. The transponder sends and receives data from the
roadside equipment, shown as interface 4 on Figure 2, as well as storing information. Transponders can be
connected to and exchange data with other devices in the vehicle to meet specific needs. Examples of this
would be an electronic logbook for a commercial vehicle, or connections to the vehicle's engine computer to
monitor perfonnance measures (,D.

Road Side Unit

The equipment located on the side ofthe roadway is known as the Road Side unit (RSU), or 'reader'. This
equipment communicates with the OBU and also with the back office equipment. The antenna physically
transmits and receives the signal from the OBU. The reader sends and receives messages from the OBU via
the antenna. RSU operation is under control of the VRC controller, which directs the transmissions to the
OBU. The VRC controller also exchanges data with the back office equipment, usually by wireline
communication (llj. The back office to RSU communication is shown as interface 1 in Figure 2.

Back Office EqUipment

The back office equipment is the electronic administrator ofwhatever ITS application that the DSRC system
is supporting. The back office equipment stores and processes any information needed by the ITS application,
as well as directing the RSU's transmissions to the OBU. Each ITS application runs on specialized equipment
according to its technical requirements. For most efficient operation, groups ofITS applications with similar
customer bases or geographic areas could be located at a central facility, connected to the same sets ofDSRC
stations. Such traffic management centers would reduce administrative and overhead costs while improving
coordination between human operators (LD.
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The interface between the RSU and the back office equipment is not technically DSRC, because the physical
connection is generally by wireline wide area communications. However, the messages sent by the back office
equipment must be ofthe proper fonn for transmission to the OBU, so the RSU to back office interface is
addressed by the DSRC standard.

ITS
Application

Back Office
Equipment

On Board
Equipment

Transponder

On Vehicle
Equipment

I-----------------------------------

Roadside
Equipment

Reader

Antenna

Figure 2. Overall DSRC Environment (10).

RSUField Installation Example

As the range ofDSRC is purposefully kept short, the vehicles may be able to communicate with the RSU for
a few seconds. The ITS application may also require processing time to correctly respond to a query from the
OBU, or to select the proper message from a list of queued messages waiting for delivery. Thus most DSRC
installations employ multiple RSUs, so that several exchanges of infonnation can be made. Figure 3 shows
a configuration for commercial vehicle check station, utilizing weigh-in-motion (WIM) devices to allow drivers
to bypass the time-consuming check station.

In this slightly simplified representation, traffic passes from left to right in Figure 3 and the advanced DSRC
reader interrogates each OBU to find the identity ofthe vehicle. Ifthe OBU belongs to a commercial vehicle,
the information and the WIM results are passed to the back office equipment. If the OBU is not on a
commercial vehicle, the process ends. By the time a commercial vehicle reaches the clearance reader, the back
office equipment has analyzed the infonnation it has on the vehicle, including the agreement with the fleet
operator and any prior checks ofthe vehicle, and passed instructions to the RSU for the vehicle to stop at the
station or bypass it. When the vehicle passes the clearance reader, the queued information is transmitted to the
proper OBU, which then displays to the driver the results ofthe clearance.
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Ifthe vehicle must stop for a check, the driver decelerates and enters the roadside check facility. Ifthe vehicle
can bypass the station, the driver remains at speed and continues as normal. The compliance reader
interrogates each OBU again as the vehicles pass the check station, to ensure that bypassing vehicles were
properly cleared. The exit reader passes information to the OBU of each checked vehicle, so that the
information stored on the tag is properly updated with the inspection results. Checked vehicles then reenter
the roadway and proceed as normal. The back office equipment may exchange its data with other check
stations to provide a body of information on each vehicle's condition (11).

Advanced
Reader

-7--------------------
-7

---~-----------

C1earance
Reader

Compliance
Reader

CVRoadside
Check Facility

Distance reIated to
WIM correlation time

Distance r~latedr­
to processmg
time

Di stance limited by
intervening roadways
and driver reaction
time

Figure 3. CVO Check Station (2).
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This section ofthe report details the model ofDSRC standardization that is being jointly developed. The OSI
7-Layer model is applied to the DSRC standards. The assumed transponder is described and an example
transmission demonstrated.

Objectives ofDSRC Standards

Recognizing the need for standardization ofequipment and technology, the USDOT and interested parties from
the ITS industry began the process of adopting ITS standards in the early 1990s. The goal ofthe program is
to "accelerate ITS deployment and foster national interoperability and efficiency" (12). Communication
between OBU, RSU, and the back office is an important area for standardization because of limited space in
road vehicles, on the roadside, and within the electromagnetic spectrum. Developing the standards known as
DSRC will allow compliant OBUs to communicate with any compliant RSU. The standard will also allow
research to focus on the uses of the technology rather than the specific technology used for communication.
When the standard is :fully implemented, the OBU will become simply a generic communications device, able
to interface with and gain the benefits of ITS from any RSU. The development of ITS applications can be
specialized to meet the requirements ofeach specific application. Systems could be designed by organizations
to implement desirable features, such as fleet management for commercial vehicle operators. The OBU
manufacturer can then tailor the design of the transponder to meet the demands of the customer, with the
corresponding variance in cost and capability ill).

7-Layer OSI Model

The DSRC standard is being developed in accordance with the International Standards Organizations (ISO)
Open Systems Interconnect (OS!) 7-layer model. The seven layers break any communications system into more
manageable subsections and are defined as follows (4.5.13):

• Layer I - Physical. Describes the physical medium oftransmission. Includes operating frequencies and
modulation for wireless applications.

• Layer 2 - Data Link. Describes the format of data and the operating modes.
• Layer 3 - Network. Describes the process by which data are addressed and routed between the various

parts ofthe system.
• Layer 4 - Transport. Describes the process for moving messages from point to point, including breaking

data into transmittable pieces, and error-ehecking mechanisms.
• Layer 5 - Session. Describes the methods ofcontrol over parts ofthe network.
• Layer 6 - Presentation. Describes any syntax changes or data transformations.
• Layer 7 - Application. Describes specific functions and message formats.

OSI Layers 1 and 2 are being developed by ASlM Subcommittee E17.51, the current version is Draft 7. OSI
Layer 7 is being developed by IEEE Working Group P1455. Portions of other layers are specified where
necessary under the broader standards ofLayer I and 2 or Layer 7.

Figure 4 shows the DSRC OSI 7-Layer architecture. The left side ofthe figure represents the RSU and back
office ITS Applications, while the right side ofthe figure represents the OBU. The IEEE Data Dictionary
Standard, in the development process by IEEE P1489, will provide the fundamental definitions and formats
to the DSRC messages. Thus DSRC applications will draw from a standardized set of data elements to form
the message sets regarding specific topics (11).
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Layer 1: Physical

Figure 4. DSRC Architecture (10).

Transponder
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Comected
On Board Equipment

The transponder is the heart ofthe OBU. It sends and receives messages from the RSU, as well as storing
infonnation. The transponder can also communicate to the driver of the vehicle with lights, sounds, or
readouts, and receive infonnation via keypad. The transponder may also be connected to on board equipment
to record input from a variety ofsources. While the features oftransponders from different manufacturers will
vary, the basic transponder template is shown below in Figure 5.

The purpose ofeach transponder part is defined as follows:
• RF Interface: communicates with the RSU.
• Controller: controls the memory and input/output functions of the transponder in response to RSU

commands.
• Digital Interface: channel for sending and receiving data from vehicle equipment.
• Read/Only Memory: stores pennanent transponder identification and specifications; uses fixed binary

allocation rather than messages.
• ReadlWrite Memory: message based general memory
• Extended RIW Memory: message based memory organized as separate pages; size variable by

manufacturer; accessible from digital interface for both input and output
• Output Mechanisms: provide infonnation directly to driver by visual or audible signals installed on

transponder.
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Transponders vary primarily bythe amount ofextended read/write memory installed, the devices hooked to the
digital inter.fuce, and the output mechanisms present. The minimal transponder has only read/only memory and
no external output or digital interface. This corresponds to some current "toll tag" transponders used in ETTM
and AVI systems. Adding the basic readlwrite memory, then extended R/W memory, expands the capabilities
ofthe transponder (9.10.11).
Read/OnlyMemory

Roadside
Eqtipmert

Figure 5. Typical Transponder U!l.).
The readlonIy memory contains pennanent information about the transponder and its capabilities. In concise
format the RIO stores information identifying:
• transponder unique ID and serial number
• manufacturer
• standard and revision level
• size ofRIO memory
• number and size ofextended R/W memory pages
• output mechanisms
• billing agency

This information is transmitted to the RSU in response to the initial query ofthe transponder. The RSU and
back office equipment uses this information to tailor the requests and information transfers to the capabilities
ofthe transponder (lQ).
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The read/write memory areas are available for use as data storage in the long- or short-term. The basic
read/write area serves to both hold messages and to indicate the location of longer messages in the extended
RIW memory. Ifa message is sent to be stored in the extended read/write memory, a new image ofthe basic
RIW area will be sent as well, to serve as a signpost to the location ofthe message. Messages stored in the
basic RIW area will have a header with identifier, date, and message length (JJl.).

Extended ReadIWrite Memory

The extended RJW memory areas consist ofpages of 64, 256, or 1024 bytes space each, depending on the
planned capabilities of the transponder. The information stored in these pages is dependent on the ITS
application being used. This memory is transmitted in whole or part to the RSU following a specific request.
The RSU can also send messages to be stored in the extended RIW. Each message will have a header with an
identifier, the ITS application, the date, and the message length. Transmission oflarge areas ofthe extended
RIW memory may require breaking the message into parts (4.10).

Typical DSRC Exchanges

The following are examples of characteristic exchanges between the roadside and the vehicle transponder.
Each is initiated as the transponder enters the area ofRSU transmission UJ).

Identification

RSU: Transmit query oftransponder RIO memory
OBU: Transmit image ofRIO memory
RSU: Analyze RIO image for ID and capabilities, forward to back office equipment

Commercial Vehicle Clearance

RSU: Transmit query oftransponder RIO and RIW
OBU: Transmit images ofRIO and RIW memory
RSU: Analyze RIO image for ID and capabilities

Check RIW image for message identifiers
Transmit query ofextended RIW memory messages

OBU: Transmit image ofspecified messages, in fragments ifnecessary
RSU: Assemble fragments, analyze messages

Generate updated RIW memory image
Generate updated image ofextended RIW memory message
Transmit updated RIW and extended RIW images

OBU: Store RIW and extended RIW images
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This section describes the proposed specifications for the physical hardware and the movement ofdata through
the DSRC system. The OSI Layers 1 and 2 standards are the primary definers ofthe data movement, however
most ofthe standards are broadly defined to encourage a wide range ofpotential solutions.

Frequency

Current short range communications systems in North America use frequencies around 915 MHz, in the
Location Monitoring Service (LMS) band. The ASTM DSRC proposal uses this frequency in order to
preserve backwards compatibility. Due to the congestion of the electromagnetic spectrum, efforts are in
progress to adopt another frequency band in addition to the 915 MHz band. ITS America petitioned the
Federal Communications Commission (FCC) in 1997 with a request for allocation ofthe 5.850-5.925 GHz
band to ITS applications. After a public comment period, the FCC published the proposal for the allocation
in the Federal Record on June 30, 1998, and is accepting comments until September 14, 1998 @.

The 5.8 GHz band is successfully in operation for DSRC in Asia and Europe, however the characteristics of
the band are not as favorable to DSRC operations as is 915 MHz. The higher frequency has problems with
range, error rate, and infrastructure cost (lQ).

Range

The loss ofpower ofa signal is a function ofdistance and frequency. As distance and frequency increase the
signal arriving at the receiver will decrease. Because the power ofthe transmission, and thus the strength of
the signal, is limited by statute and safety concerns, the range for successful transmissions will decrease using
5.8 GHz versus 915 MHz. The associated losses from the signal having to pass through windscreens or aerial
moisture are also higher for 5.8 GHz. The range problem is doubled for backscatter tags, which reflect the
signal back to the roadside unit using the transponder, because the signal must overcome the losses across twice
the physical distance between RSU and vehicle (lQ).

Error Rates

Multi-path fading causes errors to occur in transmissions when multiple copies ofthe same signal arrive at the
receiver and cancel each other out. The extra signals can be reflections from the roadway or other object. The
fade rate is inversely proportional to wavelength, thus the errors will increase with the 5.8 GHz band as the
higher frequency means a shorter wavelength.. The fade rate also restricts the time available for data
transmissions. The exchange time is limited to less than one-halfto one-quarter ofthe fade rate, to minimize
the chance of a fade occurring in the middle of a transmission. The length between fades is about 5 times
higher using 915 MHz than with 5.8 GHz, reducing the time available for 5.8 GHz transmission to between
4.5 and 9 ms. While large amounts ofdata can still be transferred, there is less ofa margin than at 915 MHz
(lQ).

Infrastructure Cost

The 915 MHz band is close enough to the cellular telephone frequencies that many components are being
produced in volume, while 5.8 GHz equipment is more exotic and expensive until production can be increased.
Due to a greatly increased amount ofRF cable loss during 5.8 GHz operation, the RF antenna may have to be
equipped with an amplifier and frequency converter, so that transmissions between the roadside reader and
antenna can be accomplished at a lower frequency with less loss. 915 MHz operation does not require extra
equipment at the antenna due to acceptable cable losses. Besides the extra equipment necessary, the 5.8 GHz
equipment may have higher maintenance costs due to the location ofthe equipment above the roadway instead
of in the roadside installation (lQ).
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Despite the technical disadvantages ofthe 5.8 GHz band, it has been chosen to supplement the 915 MHz band
in North American operation. The disadvantages are not insunnountable and the opportunities ofa relatively
uncluttered frequency are important to future development ITS America promotes the 5.8 GHz band as a good
compromise betweenthe congestion and competition on lower :frequencies with the technical problems ofhigher
frequencies (li).

Transponder

Both active and backscatter tags are defined under the ASTM Layer 1 Draft 7 standard. Active tags contain
a power source that allows themto transmit the requested information back to the RSU. They also contain the
processing power and memory areas to store and retrieve information beyond basic identification. Backscatter
tags reflect the incoming signal back to the RSU, while modifying it to hold the requested information.
Backscatter tags can also use the energy from the incoming signal to perfonn read/write operations. DSRC
system manufacturer Amtech is highly committed to backscatter tags, saying they provide high perfonnance
for the least cost and longest life. Amtech also says that backscatter tags can respond properly to frequencies
within a range of the design frequency, and thus are better equipped to handle local frequency variations
(5.17.18)

Roadside Equipment

Under ASTM Draft 7, the roadside equipment initiates and controls all transactions with the OBU. The
transmissions occur as the mobile OBU passes through the range ofthe RSU. The antenna equipment can be
configured to discriminate between different transponders in close proximity, as in closely packed automobile
platoons (5.11).

Data Transformations

As the size ofmessages to be passed to and from the OBU varies by application, the DSRC system must be
able to convert large messages to smaller pieces for proper transmittal. The maximum Frame size used by the
actual wireless transmission will be 512 bits. Figure 6 shows how data are transfonned as they pass through
the DSRC system from the ITS Application to storage in an advanced OBU.

1. The ITS Application produces Messages and then forms a Message Package which is destined for a
specific transponder.

2. The Message Package is transmitted to the VRC Controller. The VRC Controller breaks the Message
Package into Transponder Memory Images, each sized to fit exactly into the memory page of the
transponder.

3. The TMIs are sent to the Reader, which breaks down the TMIs further into Frames, groups ofbits to be
transmitted together.

4. The RF Interface ofthe transponder receives the Frames and arranges them back in to TAl format, them
sends the TMIs to the Controller.

5. The transponder Controller converts the TMIs back into the Message Package, then breaks out the specific
Messages, which are written to the extended RJW memory area (J).
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Multiple Applications on One Transponder

The ability to support many ITS applications with only one transponder per vehicle is one goal of DSRC
standardization. Before the VRC Controller sends data to be written to the transponder memory, the VRC
Controller must check the planned destination to ensure that messages from other ITS Applications are not lost.
This interrogation takes place during the initial reading ofthe transponder's RIO and basic RIW memory. If
the header messages in the basic RIW memory indicate that the planned destination is occupied, the VRC
Controller will select the next available memory location with sufficient space for the message being transferred
(,D.

Frame II Frame

ITS Application

'---M-e-ss-a-9-e---II M_e_s_s_a_9_e__IIL-__M_e_s_s_a_9_e__-,

~

VRC r"I_- M_e_s_sa_9_e_p_ac_k_a_9_e _

Controlled .- ~

111r=--T-M-1--II__T_M'__11L.....-__TM_'_----'
Reader ~ ~

IiI Frame II Frame II Frame IIr---F-ram-e-I I
Transponder! ~ ~

I!I__T_M_I_--JII__~_MI__II~_TM_I_--J

!1 M_e_s_sa_9-::e=p=ac=-ka_9_e _
Controlled ~

11---M-e-ss-a-9-e---II M_e_s_s_a_9_e__II'--__M_e_s_s_a_9_e__-,

Figure 6. DSRC Data Formatting and Control (t).
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This section describes the message sets used to organize the data used by ITS applications to provide User
Services. Layer 7 ofthe DSRC standard is primarily concerned with organizing the format ofthe message sets.
The message sets must be flexible enough to handle all contingencies that can arise within an application. The
procedure for developing message sets must be robust yet simple, so that applications developed in the future
can be quickly implemented using the existing DSRC system.

Transponder Control

A set ofcommands is necessary to direct the various functions ofthe transponder and OBU as a whole. These
commands are sent by the RSU to the OBU to instruct the transponder Controller. Instructions include
querying the main RIO and RIW memory, reading specified memory regions, and writing to specified memory
locations. To assist the multiple users ofthe transponders, extended memory pages can be reserved for specific
agencies, or released to open use when no longer required. The RF capability of the transponder can be
disabled for a time period, and the internal diagnostics can be checked.

Set User Interface

By using commands to set the user interfaces, infonnation can be transmitted visually and audibly to the driver
ofthe vehicle. Most advanced transponders have red, yellow, and green LEDs, as well as a speaker. Each
LED can be commanded to activate pennanently, for a certain period, or flash for a number of repetitions. The
8 bit user interface field also has 4 empty spaces available to other user interface elements, for use by
manufacturer development (1Jl).

On Board Equipment

Other electronic devices can be connected and accessed through the transponder as part ofthe OBU. Each
piece of on board equipment will have space in the extended R/W memory to store messages. The on board
equipment will store a message on the transponder, then the RSU will retrieve the message and analyze. Ifa
response is warranted by the ITS Application, the RSU will write a response to the transponder memory, which
will be read in tum by the on board equipment. The on board equipment will then be able to respond to
instructions or send more data to the transponder for retrieval (1Jl).

Message Header

The message header is used for identification purposes in both the basic read/write memory and the extended
read/write memory areas of the transponder. Each message to be stored in the transponder's memory must
have a header for identification purposes.

Short Form

The short fOlm ofthe header is used in the basic read/write area, to indicate during the initial transaction with
the RSU that a message is present in the extended R/W area. Designed to conserve space, the short form
header takes only 2 bytes ofspace. The header contains the message identifier, the message date in half-years
since the last decade, and the message length in byte pairs. This information allows the VRC Controller in the
RSU to select the appropriate message for the ITS Application it is trying to satisfy, to find the message within
the extended memory area, and to know how much ofthe memory area to retrieve.
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The long fonn ofthe header is used only in the extended R!W area, directly before the actual message. The
long fonn header takes 4 bytes ofspace. The header contains an identifier by both ITS Application and within
that Application. The header also contains a more precise date ofdays since the last decade, as well as the
message length inbytes. This header allows the VRC to more precisely date the message, and identify exactly
which ITS Application and process within the Application it belongs with (lQ).

Message Sets

Message sets are the instructions which tell the VRC Controller what information to send and retrieve when
communicating with the OBU. Each ITS Application will have a message set, although some Applications may
require some identical messages. The standardization ofmessage sets is being perfonned by writing groups
within IEEE SCC32.

Data Elements

Each message in a message set in a well defined ITS Application standard is made up ofdata elements, which
are the names for the various pieces of data that the ITS manager is collecting or distributing. Each data
element is described by its name, a description, the number ofbits it occupies, the range ofvalues expected to
be assigned, the use ofthe data, and the direction ofdata flow. A well defined set ofdata elements will make
the message set construction flow smoothly. The draft data elements for ETTM, developed by the ETTM
Writing Group, are included as Table I (12).
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Data Element Name Description Bits Range of Values Cat I Use of Data Data
Flowz

Transaction Type Code Message type 16 Lookup table (tbd) 1 Control Down

Transponder Control Control instructions (tbd) 24 Variable 1 Control Down

CRC Error detection code 16 Variable 1 Control UplDown

Status Code Error diagnostic 16 Lookup Table 1 Control Up
(tbd)

Transponder ID Unique ID number 48 Variable 1 Read-Omy UplDown
(includes Agency Code,
Group!Agency,
StatelRegion as subfields
tbd)

Transponder Features Defines tag feature set 8 Lookup table (tbd) 1 Read-Qmy Up
(display, ports, etc.)

Vehicle Characteristics Vehicle description 16 Lookup table (tbd) 1 Read-Omy Down
(includes Vehicle Profile,
Vehicle Axles, Vehicle
Tires, Vehicle Class as
subfields tbd)

Time Date and time 32 Variable 1 ReadIWrite UplDown

PlazaID Plaza location 8 Lookup table (tbd) 1 ReadIWrite UplDown

LaneID Lane location 8 Lookup table (tbd) 1 ReadIWrite UplDown

Agency/Org Specific Available for ?? Variable 1 ReadIWrite UplDown
agency/organization use

Password Provides password if 32 Variable 2 Control Down
required

Encryption Seed For use with encryption 32 Variable 2 Control Down

Transaction Number Sequential number of 8 Variable 2 ReadIWrite UplDown
transaction event

ReaderID Unique ID number 32 Variable 3 ReadIWrite UplDown

Toll Pricing Data Toll amount or info at 16 Variable 3 ReadIWrite UplDown
entry (e.g., congestion)

HOVStatus Defines HOV Status 2 Lookup table (tbd) 4 Read-Omy Up
1Category: 1 = Part of the core messages

2 = Not sure ofplacement
3 = Not part of the core messages
4 = No need in current messages, but retained in list for future consideration

ZOown =Data flow from Reader to Transponder. Up =Data flow from Transponder to Reader. UplDown =Data
flow both directions.
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The message has a standardized fonn that contains all elements necessary for proper data exchange. Each
message within a message set is designed to perfonn a single action. Thus an ITS Application must draw from
the message set the proper messages to perfonn its functions. These procedures are dependent on the ITS
Application programmer, but careful planning can make the data exchange efficient and complete. The
message fonn defines the message, however it is only for reference by the programmer or administrator. Each
message must be defined in the programming in accordance with its fonn.

Each message is designated by the following factors:
• Definition: Identifies the purpose ofthe message,
• Fields: Identifies the data elements used by the message, in the order they are to be stored,
• Generated By: Identifies where the data to fill the data elements are to be found,
• Stored In: Identifies where the message is to be stored until retrieved,
• Received By: Identifies which element ofthe DSRC system is to retrieve the message, and
• Comments or Special: Identifies any special handling necessary.

The Fields entry can be a simple list ofdata elements ifthe data elements were defined explicitly. Ifthe data
elements are not standardized, the Fields entry should include the name, purpose, size, usage, and data direction
similar to the data element description (19.20). The following are two ETTM messages taken directly from
the message set developed by the EUM Writing Group. Each message is built from the data elements defined
earlier in Table 1 (19):

• Name: Transponder Identifier
• Definition: Contains infonnation to uniquely identify the transponder and describe its features
• Fields: Transponder ID

Transponder Features
• Generated By: Transponder (programmed by agency at time of issue)
• Stored In: Transponder read-only memory
• Received By: All readers
• Comments: Transponder ID contains agency ID data, etc

• Name: Toll System Entry
• Definition: Contains infonnation to identify where and when a vehicle entered the system (e.g.

closed road tolling)
• Fields: Time

Plaza ID
LaneID

• Generated By: Entry reader
• Stored In: Transponder scratchpad memory
• Received By: Exit reader
• Comments: Could also be used for TM probing
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After intense effort over the past four years, the Dedicated Short Range Communications standard is
progressing quickly. The fonn and fundamental issues affecting DSRC have mostly been decided, leaving only
the minor details remaining under discussion. The voting by standards making organizations on OSI Layers
1,2, and 7 is imminent.

The foundation ofthe standard rests on relatively finn, tested technologies, and experience is gained daily in
the operation of the many ITS applications nationwide. The simplified 7-Layer OSI model allows the vital
parts ofthe system to be standardized, while remaining as open as possible to innovation and development in
the application ofthose parts.

Consultation with professionals involved in the standardization effort indicates that there is general enthusiasm
for the direction and progress of the DSRC standards effort. The majority ofcontacts think that the DSRC
standards are appropriate for each layer. There is some concern that the standard should emphasize backwards
compatibility more than at present, to protect customers served by legacy systems of previous technical
generations.

While the standard does not explicitly satisfy every respondent, there were no major deficiencies identified as
unsolvable. The one deficiency identified by this author is the use of a 32-bit integer to define the time in
seconds since January 1, 1970. Although this is a standard mechanism for managing time, it will "roll over"
in 2038 and reset to zero, probably causing problems with any system still in use at that time. Of course, one
would hope that the DSRC standard and.equipment will have been updated by that time, however this has not
been the case in similar situations involving computer programs using two digit integers for the year. Such
systems, designed decades ago with hardware constraints or little thought for the future, may cause problems
as the year changes from 1999 to 2000.

Due to the open, expandable nature ofthe DSRC transponder, use with future ITS Applications should not be
a problem. The correct on board equipment, back office programs, and message sets for communication should
allow almost unlimited applications. The competition among manufacturers to better meet the needs ofthe
customer through customization oftransponders and services should make ITS more available to all potential
users.
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APPLICATION OF DSRC STANDARD: TRANSIT MANAGEMENT MESSAGE SET

As the proposed DSRC standard is nearly finalized, increasing the number ofITS Applications supported by
the new standard is the most important step remaining before the standard can be considered complete. Transit
operation is an area where DSRC can easily be used to provide more effective service to customers. While a
transit agency may not use the geographic flexibility and interoperability offered by DSRC, the
communications needs ofmany vehicle-based services can be supported by the DSRC system, eliminating the
need for separate communications systems. Currently the typical DSRC application is serving by highway
travelers, but the expansion ofDSRC to secondary streets will increase as ITS becomes more prevalent. The
use of DSRC by transit vehicles on secondary streets will also provide the RSU infrastructure to encourage
development of ITS applications aimed at personal automobiles and commercial vehicles.

Formation ofthe transit management message set by the author followed these steps:

• Identification oftransit management tasks to be accomplished,
• Development ofdata elements, and
• Development of individual messages.

Identification of Tasks

The mechanics oftransit management systems can vary widely according to the sophistication and resources
ofthe transit agency. While the final message set must contain messages to accommodate all possible transit
management tasks, due to the limitations ofthis research only the most common needs have been addressed.
The functions to be accommodated by this part ofthe transit management message set were found in literature
and are as follows:

• Signal prioritization and preemption,
• Fare collection, and
• Passenger and agency information transfer.

Signal Prioritization and Preemption

Signal priority and preemption is the management of traffic signals to reduce or eliminate delay to transit
vehicles and emergency vehicles. While many cities have already installed single-purpose signal priority
systems, the use of ITS through DSRC could yield other time savers such as route and traffic information.
Nottinghamshire, UK, is currently operating a bus priority system using inductive loops to interrogate the
transponder on the transit vehicle. The loops are connected to the local Urban Traffic Control Centre, which
optimizes the traffic signal timings using the SCOOT system (22). Figure 7 shows a signal priority system
where the bus transmits a message to the signal controller, which adjusts the traffic signal settings to
accommodate the bus. In this case the bus has a bus lane which maximizes its advantage over the normal
vehicles by allowing it to bypass queues.

Signal preemption by emergency vehicles is similar to signal priority systems, only the signal is usually set to
all-red. This allows the vehicle to bypass intersections at near normal speed and by driving in the opposing
lanes oftraffic ifnecessary.

Signal prioritization and preemption requires the roadside to be notified when the vehicle approaches the traffic
signal, so that the signal controller can modify the signal timings to accommodate the vehicle. More
sophisticated systems will require a means to set the priority level ofthe vehicle, so that the priority system
gives an appropriate level of consideration to the vehicle (21)
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Figure 7. Transit Signal Priority (ll).

Fare Collection

Efficiently managing the payment of fares is a priority among transit agencies. Fare collection on transit
vehicles must progress quickly to minimize loading time. Advanced fare collection using magnetic swipe cards
or other transfer devices can improve service to customers by eliminating the need for money or tokens. Such
systems also reduce costs for the transit agency. Smart cards are being developed that could link together the
financial accounts from many separate agencies, so that any charges made by an individual are debited from
a common account. The transit agency can use the DSRC system to support the use of smart cards for fare
collection, increasing the attractiveness oftransit to customers who may already have a smart card for other
uses. More equitable fare structures such as area-based fares could also be instituted, because DSRC
operation would make the more complex schemes transparent to the customer. Farebox management requires
messages to record the entry ofa customer to the transit vehicle and the recording ofthat customer's billing
information (21).

Passenger andAgency Information Transfer

The flexibility offered by DSRC can be used to provide a variety of information about the performance ofthe
transit systemto both customers and administrators. Passenger information could include displaying realtime
arrival times at transit stops and displaying current location inside transit vehicles. Management information
could include vehicle location, deviance from schedule, and passenger counting. The information transfers
require messages to move the relevant pieces ofdata to and from the transit vehicle.
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Table 2 sununarizes the data elements developed by the author that are required by the proposed signal
priority/preemption message set. Each data element may be used within different messages, so there is no
reason to separate the elements in to groups according to their usual task.

Table 2. Data Elements for Transit Management Messages

Data Element Name Descrintion Bits Ran~e of Values Use of Data Data F1ow1

Transponder ID Unique ID Number, 40 Variable Read/Only Up
including Agency Code

Transponder Features Defines tag feature set, 22 as IEEE Layer 7 Read/Only Up
includes memory size,
peripherals

Vehicle Characteristics Vehicle description, 16 Lookup table ex: Read/Only Up
includes class (fire, EMT, 01=standard bus
police, transit, maint) and 02=lift-equipped
type 11=ladder truck

12=pumper truck
21=ambulance etc.

Time Date and Time 32 Variable ReadIWrite UplDown

ReaderID RSU ID and location 80r Lookup table or ReadIWrite UplDown
16 citycoords

Priority Priority flag set at 8 ex: 0 =none/return ReadIWrite UplDown
emergency station orby to garage
operator via keypad, 1 = high
resolves conflicts of 2=med
priority or off-duty bus 3 = low

Passenger Count Records number of 7 1...127 ReadIWrite Up
passengers for
performance stats

Schedule Records deviance from 8 Field for ahead or ReadIWrite UplDown
schedule behind., field for

minutes

Passenger ID Passenger's ID from smart 40 Variable ReadIWrite Up
card., for transmission to
RSU

Area Geographic area oftransit 8 Lookup table ReadIWrite UplDown
system currently occupied
by vehicle

Distress Call for help, triggered by . I O=nominal ReadIWrite UplDown
ODerator 1 = distress

IDown = Data flow from Reader to Transponder. Up = Data flow from Transponder to Reader. UplDown = Data
flow both ways
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• Set Priority
• Definition:
• Fields:
• Generated By:
• Stored In:
• Received By:
• Comments:

Using the data elements, messages were developed by the author for each operation of the tasks identified
above. Some messages may be used multiple times by different tasks depending on the design ofthe transit
management system, however the messages can generally be grouped by task.

Signal Prioritization and Preemption Messages

Sets priority number
Priority
ITS application or on-board equipment
Transponder read/write memory
Any reader
Sets priority level for use in signal priority and preemption decision making.
For transit, ITS application decides priority based on route, passenger count,
schedule variance, etc. For emergency vehicles, could be set by ITS application in
conjunction with radio call, or set manually by operator (connected to lights or siren)

• Transit Signal Priority
• Definition: Transfers information to trigger signal priority for transit vehicle
• Fields: Transponder ID

Vehicle Characteristics
Priority
Passenger Count
Schedule

• Generated By: Transponder read/only and read/write memory, on-board equipment
• Stored In: Transponder read/only and read/write memory
• Received By: Reader on approach to signal
• Comments: Could be a basic priority using vehicle identification, or use levels of priority set

earlier. Priority could also be decided with passenger count and schedule variance,
weighing advantages of giving priority versus other approaches to signal. RSU
would generally forward command to signal, while notifying local Traffic
Management Center.

• Emergency Signal Preemption
• Definition: Transfers information to trigger signal priority for transit vehicle
• Fields: Transponder ID

Vehicle Characteristics
Priority

• Generated By: Transponder read/only and read/write memory, on-board equipment
• Stored In: Transponder read/only and read/write memory
• Received By: Reader on approach to signal
• Comments: Signals RSU to start signal preemption ifcharacteristics and priority check out as

emergency vehicle on emergency call.
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• Set Area
• Definition:
• Fields:
• Generated By:
• Stored In:
• Received By:
• Comments:

• Passenger Entry
• Definition:
• Fields:

• Generated By:
• Stored In:
• Received By:
• Comments:

• Passenger Exit
• Definition:
• Fields:

• Generated By:
• Stored In:
• Received By:
• Comments:

Writes to transponder the geographic area that the vehicle occupies
Area
ITS Application
Transponder read/write memory
Any reader
Area could be used when dividing transit coverage into sections or cordons for more
advanced me structures. Couldbe superfluous ifITS application correlated Reader
ill with transit system area.

Records passenger entry in to vehicle
Passenger ill
Time
Area
Transponder ill
On-board equipment, transponder read/only and read/write memory
Transponder read/only and read/write memory
Any reader
As passenger enters, :furebox (on-board equipment) records smart card info and stores
in transponder. At next reader, smart card and transponder information is transferred
to RSU and ITS application for proper billing. Passenger ill value will contain
billing agency.

Records passenger leaving vehicle
Passenger ill
Time
Transponder ill
On-board equipment, transponder read/only and read/write memory
Transponder read/only and read/write memory
Any reader
Identical to Passenger Entry message, only activated on passenger leaving vehicle.
Used to mark end oftrip for billing purposes.

Passenger andAgency Information Transfer Messages

• Transponder Identifier
• Definition: Contains information to uniquely identify the transponder and describe its features
• Fields: Transponder ill

Transponder Features
• Generated By: Transponder (programmed by agency at time ofissue)
• Stored In: Transponder read-only memory
• Received By: All readers
• Comments: Transponder ill contains agency ill data, etc Can be used as part ofan automatic

vehicle location (AVL) system.
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• Display Location
• Definition:
• Fields:
• Generated By:
• Stored In:
• Received By:
• Comments:
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Displays current bus location on infonnation screen within vehicle
ReaderID
RSU
Transponder read/write memory
On-board equipment
Transponder receives reader ID which is decoded and displayed as geographic
location by passenger infonnation screen.

• Passenger Count
• Definition:
• Fields:
• Generated By:
• Stored In:
• Received By:
• Comments:

• Schedule Variance
• Definition: Writes time difference from schedule
• Fields: Schedule
• Generated By: ITS application
• Stored In: Transponder read/write memory
• Received By: Any reader
• Comments: Transponder Identifier message triggers check of vehicle against the schedule.

Variance can be displayed for driver infonnation to speed up or slow down, or used
as infonnation for displaying arrival infonnation at transit vehicle stops.

Contains number ofpassengers on board vehicle
Passenger Count
On-board equipment
Read/write memory
Any reader
Infonnation originates from furebox or door sensor. Can be used with Reader ID and
known distance between readers to generate accurate passenger-kilometer statistics
for transit system operations.

• On Board Emergency
• Definition: Emergency, covert call for help from vehicle operator
• Fields: Transponder ID

Vehicle Characteristics
Passenger Count
Distress

• Generated By: On-board equipment, transponder read/only and read/write memory
• Stored In: Transponder read/only and read/write memory
• Received By: Any reader
• Comments: Alerts transit management center that something abnonnal is occurring. Signals from

on-board equipment could include driver panic button or vehicle diagnostics. Could
also include fields for type ofemergency ifdesired.
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The DSRC standardization effort is progressing quickly and should yield a very workable set ofstandards for
future development. The open architecture and flexible configurations will allow private developers to market
products that best meet the needs ofthe customers. The standardization should also increase the availability
of ITS around North America, because proposed projects would no longer have to determine the basic
technologies to deploy.

Almost all stakeholders are working in concert with the standardization project, and there are no significant
technical barriers apparent at this time.

Message sets for accommodating transit management systems can be designed using the DSRC standard. The
transit management data elements and message set developed in this report should be included in the DSRC
Layer 7 standard being developed by IEEE.

ACKNOWLEDGMENTS

This paper was prepared for AdvancedSurface Transportation Systems, a graduate course in Civil Engineering
at Texas A&M University. I would like to thank my professional mentor, Mr. Colin Rayman, for his
assistance and guidance in preparing this report. Thanks also go to symposium participants Marsha Anderson,
Ginger Gherardi, Thomas Hicks, H. Douglas Robertson, and William Spreitzer, who took time out oftheir
busy schedules to spread some oftheir knowledge and experience in all areas oftransportation. Special thanks
due to Dr. Comad Dudek, organizer ofthe course and the symposiums with the mentors.

Finally, I would like to thank all the professionals who provided direction and information for this paper.



Scot A. Johnson

REFERENCES

Page 223

1. Achieving Interoperability in ITS with Dedicated Short Range Communications. FHWA, Federal
Register, November 28, 1997.

2. Traffic Applications ofEITM. ETIM Task Force ofthe ITS America ATMS Committee, Internet
Web Site, http://www.itsa.org/

3. Sabounghi, Lewis. The Universal Close-Range RoadlVehicle Communications System Concept; The
Numerous Applications ofthe EnhancedAVI. September 1991.

4. Houser, Peter B. Dedicated Short Range Communications: Concept ofOperations andISO Layer
Implementation Summary. IEEE SCC32, DSRC Interface Definition Committee, Internet Web Site,
http://grouper.ieee.org/groups/scc32/

5. ASTM Subcommittee E17.51 on Dedicated Short Range Communication. Internet Web Site,
http://www.astm.org/COMMIT/eI7.51.htm

6. The National Architecture For ITS: A Frameworkfor integrated Transportation into the 21st

Century. United States Department ofTransportation, Washington, D.C., April 1996.

7. Introduction to the ITS Communication Architecture. National ITS Architecture Document, Wireless
Secure Systems Laboratory, GTE Laboratories, June 7, 1996.

8. Yuan, Ray. Use ofDSRC in the Commercial Vehicle Information Systems and Networks (CVISN)
Architecture. Johns Hopkins University Applied Physics Laboratory, Baltimore, MD, November 19,
1996.

9. Yuan, Ray. CVISNDSRC Interface Requirements. Johns Hopkins University Applied Physics
Laboratory, Baltimore, MD.

10. Houser, Peter. Operational Guidelines Writing Group Top Level Design. IEEE Presentation, August
28, 1997.

11. Yuan, Ray. Commercial Vehicle Information Systems and Networks (CVISN): Use ofDSRC in the
CVISNPilot Project. Johns Hopkins University Applied Physics Laboratory, Baltimore, MD, June 4,
1997.

12. Proposed DOTApproach to Adopting Intelligent Transportation Systems Standards. United States
Department ofTransportation, Internet Web Site,
http://www.its.dot.gov/archstds/standards/itsstand.htm

13. Network Layers. Internet Web Site, http://sun.cs.tpu.fi/usail/network/nfsllayers.html

14. Standardfor Functional Level Traffic Management Data Dictionary (IMDD). TMDD Steering
Committee, March 26, 1998.

15. Frequently Asked Questions about ITS America's Petition for Spectrum Allocation. ITS America,
Internet Web Site, http://www.itsa.org

16. O'Connor, Roger. Comparison ofDSRC Systems at 900 MHz versus 5800 MHz. October 1997.



Scot A. Johnson

17. High Tech Made Easy. Amtech Transportation Systems Group, Internet Web Site,
http://www.amtech.comlhightech/hightech.htm

18. Puttre, Michael. Intelligent Highways Buy Time. Design News, Internet Web Site,
http://www.manufaeturing.net/magazine/dn/archives/1996/dnl007.96/feature9.htm

19. ETTM Writing Group. IEEE Presentation, May 7, 1997.

Page 224

20. Yuan, Ray. IEEE SCC 32 DSRC Working Group Meeting Electronic Clearance Writing Group
Status. Johns Hopkins University Applied Physics Laboratory, June 17, 1997.

21. Minutesfor TCIP Traffic Management Sub-Group Meeting. Chicago, IL, September 25-26,1997.

22. Bus Priority by Signal Control. Internet Web Site, http://utc.nottscc.gov.uk/ttibusp.htm

23. Signal Priority at Four-Leg Intersection. SR 522 Multi-Modal Project, Internet Web Site,
http://www.wsdot/wa/gov/

24. Multipurpose Transit PaymentMedia. Transit Cooperative Research Program Report 32,
Transportation Research Board, Washington, D.C., 1998.

SCOT A. JOHNSON

Scot A. Johnson received his B.S. in Civil Engineering from Rensselaer
Polytechnic Institute in May 1997. He is pursuing his M.S. in Civil
Engineering at Texas A&M University, while concurrently working as a
graduate research assistant for the Texas Transportation Institute. Scot has
been active in the Texas A&M ITE student chapter as Chapter Librarian and
Webmaster, and is also a member ofthe student chapter of ITS America.
His areas of interest include: intelligent transportation systems,
transportation planning, and social issues affecting transportation.



THE EMERGENCE OF ROUNDABOUTS AS AN EFFECTIVE
FORM OF TRAFFIC CONTROL IN THE UNITED STATES

by

Deborah Kreis

Professional Mentors
Thomas Hicks, P.E.

Maryland State Highway Administration

and

William Spreitzer
General Motors

Course Instructor
Conrad L. Dudek, Ph.D., P.E.

Preparedfor
CVEN677

Advanced Surface Transportation Systems

Department of Civil Engineering
Texas A&M University

College Station, TX

August 1998



Deborah C. Kreis

SUMMARY

Page 226

While roundabout use is relatively new in the United States, they have been used as a form oftraffic control
in other countries around the world for several decades. It has only been in the last eight years that
roundabouts have been considered as a traffic control alternative in the United States. In addition, until the
mid-1990s, they were used only by select few cities and states across the country.

However, roundabouts are now becoming more and more prevalent across the United States. States such
as California, Colorado, Florida, Maryland, Mississippi, Nevada, South Carolina, Vermont, and Washington
have introduced roundabouts to their residents, and in many cases with resounding success. Roundabouts
are often a viable alternative to signal installation and other forms oftraffic control. Though the initial costs
may be higher, savings are seen in the long run in the form ofreduced delay, increased safety, and reduced
emISSIons.

Many citizens are understandably concerned, however, upon hearing that a roundabout may be introduced
to their community. To most mainstream Americans, the roundabout is a foreign concept, often confused
with a traffic circle. Those who do understand what roundabouts are may be confused about who has the
right-of-way or may be concerned that others will not yield upon entering. Others may be confused about
how they will traverse the area as bicyclists or pedestrians, or in residential areas, parents may be worried
about the safety of their children. Consequently, when a progressive state Department ofTransportation or
other transportation authority wants to install a roundabout instead of a signal, they are often met with
opposition.

The objectives of this research were to:

• Document the reasons for using roundabouts;
Examine the short- and long-term costs associated with signal installation and roundabout installation;

• Document the use ofroundabouts in the United States;
• Identify community concerns with respect to installation of a roundabout;
• Survey states which have installed roundabouts to gain insight into their experiences; and

Develop an informational pamphlet for state and local transportation authorities to distribute to
prospective roundabout communities.

In order to accomplish these objectives, the author conducted background research into the history of
roundabouts as well as current roundabout installations in the United States. Current literature on safety,
capacity, and delay of roundabouts was also reviewed. In addition, the author spoke with over forty
members of the roundabout community, including recognized experts on roundabouts, representatives of
many state and local agencies, and several roundabout consultants. The purpose ofthese interviews was to
gather information on community concerns regarding roundabout installation as well as any publicity
campaigns which may have been implemented to educate the public.

Local communities have expressed a variety ofconcerns with respect to roundabout installation. The most
commonly cited concerns deal with driver expectation and behavior and pedestrian and bicycle issues. Other
concerns include the ability ofthe roundabout to accommodate emergency vehicles and other large vehicles,
safety during inclement weather, and the perception ofunnecessary monetary expenditures.

In order to alleviate the public's concerns about the operation and safety of roundabouts, state and local
transportation authorities must make the effort to educate and inform the public about this new and different
form of traffic control and instruct them as to the proper behavior for drivers, pedestrians, and bicyclists.
There are many ways in which this can be accomplished, various states have used newspapers, television,
and radio to disseminate information. Other states have produced videos or published their own flyers and
pamphlets for local distribution. The state drivers manual is also an excellent place to include roundabout
information. Ideally, a state could employ all ofthese approaches in educating the public about roundabouts.
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However, if a single method must be chosen, a pamphlet or newsletter is a versatile and effective way of
providing educational roundabout material. Still, regardless of the medium selected, what is important is
that the public be informed.
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While roundabout use is relatively new in the United States, they have been used as a form oftraffic control
in other countries around the world. In 1966, Great Britain adopted a yield-at-entry rule for all traffic circles,
marking the beginning ofthe development ofmodern roundabouts (1). Other European countries followed
suit in the coming years, and the 1980s showed an explosion of roundabout construction across Europe as
people began to realize the operational and safety benefits afforded by roundabouts. Most notably, in 1991,
France was installing roundabouts at a rate of 1,000 per year (1).

Roundabouts are now becoming more and more prevalent across the United States. States such as California,
Colorado, Florida, Maryland, Mississippi, Nevada, South Carolina, Vermont, and Washington have
introduced roundabouts to their residents, in many cases with resounding success. Roundabouts are often
a viable alternative to signal installation and other forms oftraffic control. Though the initial costs may be
higher, savings are seen in the long run in the form of reduced delay, increased safety, and reduced
emissions. However, upon hearing that a roundabout may be introduced to their community, many citizens
are understandably concerned. To most Americans, the roundabout is a foreign concept, often confused with
a traffic circle. Consequently, when a progressive state Department ofTransportation or other transportation
authority wants to install a roundabout instead of a signal, they are often met with opposition.

Problem Statement

State Departments ofTransportation and local transportation authorities often experience opposition when
trying to implement new traffic control strategies. This problem is particularly evident in the case of
roundabouts, as they are a form of traffic control foreign to most Americans. When an improvement is
necessary at an unsignalized intersection due to volume or safety concerns, most people automatically think
of traffic signals, a device with which they are more familiar. However, roundabouts realize many
advantages over signals when used in appropriate sites. Preliminary findings show improvements in delay
and safety at roundabout intersections. Therefore, the problem at hand is to convince the skeptical public
of the worthiness of roundabouts. The end product of this research is an informational document for
transportation authorities looking to implement roundabouts which will provide basic information on these
intersections for distribution to the public.

Research Objectives

The specific objectives of this research were to:

1. Document the reasons for using roundabouts;
2. Examine the short- and long-term costs associated with signal installation and roundabout installation;
3. Document the use of roundabouts in the United States;
4. Identify community concerns with respect to installation of a roundabout;
5. Survey states which have installed roundabouts to gain insight into their experiences; and
6. Develop an informational pamphlet for state and local transportation authorities to distribute to

prospective roundabout communities.

Scope

In order to accomplish the research objectives previously stated, the author interviewed representatives from
ten state and local departments of transportation as well as six consulting firms to gain insight into their
experiences with local communities with respect to roundabout implementation. In addition, the author
contacted four recognized experts in the field of roundabouts.
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In order to clarify some of the terminology used in the report, the author will begin with an overview of
roundabouts and their basic geometric elements. This section will also include a comparison ofroundabouts
to traffic circles and other traffic control devices with respect to design and operational features. In addition,
advantages and disadvantages of roundabouts will be discussed. Appropriate and inappropriate sites for
roundabouts will be covered in the second section. The third section will outline the types ofcosts associated
with roundabout installation and maintenance and compare these costs to those ofa traffic signal. The fourth
section will document current roundabout installations across the country. The results of the study will be
addressed in the fifth section. This section will include a discussion ofcommunity concerns with regard to
roundabout installation as well as an examination ofthe roundabout experiences of several states and local
municipalities and how each one dealt with the concerns ofthe local communities. The report will conclude
with a discussion ofhow to best introduce the roundabout concept to a community as well as the outline of
an informational document for transportation authorities looking to implement roundabouts which will
provide basic information on roundabouts for distribution to the public.
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One of the first things to be established is what exactly constitutes a roundabout. The term modern
roundabout has been coined in the United States to differentiate this form of traffic control from less
effective traffic circles or rotaries. According to the National Cooperative Highway Research Program
(NCHRP) Synthesis ofHighway Practice 264, Modern Roundabout Practice in the United States, a modem
roundabout is defined by two basic operational and design principles (shown in Figures 1 and 2 (lJ) (2):

• Yield-at-entry: Also known as off-side priority or yield-to-left rule,
yield-at-entry requires that vehicles in the circulatory roadway have
the right-of-way, and all entering vehicles on the approaches must
wait for a gap in the circulating flow. A YIELD sign is used for entry
control to maintain fluidity and high capacity. Modem roundabouts
are also not designed for weaving movements, forcing entering traffic
to wait for a gap at the entry point; and

Figure 1 Yield-at-Entry

• Deflection ofEntering Traffic: No tangential entries are
permitted, and no traffic stream gets a straight movement
through the intersection. Entering traffic faces the central
island, which deflects vehicles to the right, thus causing low
entry speeds.

The Maryland Roundabout Design Guidelines list another key . . .
feature (shown in Figure 3 (lJ) (1): FIgure 2 Deflection of Entermg Traffic

• Flare: The approach widens at the entry point to increase capacity.

The Florida Roundabout Guide lists several other
identifying characteristics of roundabouts (1):

•

•

•

•

Parking: No parking is allowed in the circulating
roadway. Parking maneuvers prevent the roundabout
from operating in a manner consistent with its design;
Pedestrians: Pedestrians are not intended to cross the
circulating roadway. Pedestrian crossings are found
in advance of the YIELD sign on each approach;
Direction of Travel: All vehicles travel counter­
clockwise, passing to the right of central island; .
Design Vehicles: Roundabouts are designed to
accommodate specific design vehicles (passenger
cars, busses, or a specific size truck); and

Figure 3 Flare
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• Splitter Islands (see Figure 4 (1): Roundabouts
have raised splitter islands on all approaches.
The splitter islands support the forced
deflection, reducing the entry speed. They are
also an essential safety feature, providing
refuge for pedestrians and separating traffic
moving in opposite directions.

Figure 4 Basic Roundabout Characteristics

Basic Geometric Elements of Modern Roundabouts

Figure 5 shows the following geometric elements considered in the design of a roundabout (1). It does not
include accommodations for pedestrians or bicyclists.

Each geometric feature is defined as follows (2):

• Approach Width: The one-way width the roadway approaching the roundabout. British engineers define
this element as the approach half-width;

• Departure Width: The one-way width of the roadway departing from the roundabout;
• Central Island: The circular central island around which traffic circulates, this island can be raised or

flush (for mini-roundabouts), or it can have a raised central island with a mountable or drivable apron
surrounding it, often used by off-tracking trucks. The truck apron is generally included in the central
island diameter;

• Circulatory Roadway: The roadway around the central island on which circulating vehicles travel in a
counter-clockwise direction;

• Entry Width: The actual width of the road at the entry point, measured perpendicularly from the right
curb line of the entry to the intersection of the left edge line and the yield line;

• Exit Width: The actual width ofthe road at the exit point, measured perpendicularly from the right curb
line of the exit to the intersection of the left edge line and the inscribed circle;

• Entry Radius: Measured as the minimum radius of curvature of the right-side curb at entry;
• Exit Radius: The minimum radius of curvature at the right-side curb exit;
• Inscribed Circle Diameter: The circle that can be inscribed within the outer curb line of the circulatory

roadway;
• Splitter Island: The raised island, sometimes called a separator island, placed within the leg of a

roundabout, separating entering and exiting traffic, it is designed to deflect entering traffic and to act as
a safety zone for pedestrian crossings. As the approach speeds increase, the splitter islands become
longer;

• Truck Apron: The portion of the central island that is drivable and is specifically provided to
accommodate the path ofthe rear left wheels oflarger vehicles, the truck apron is generally constructed
with a different material to discourage passenger cars from driving over it; and
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Yield Line: A broken line marked across the entry roadway where it meets the outer edge of the
circulatory roadway and where entering vehicles wait, ifnecessary, for an acceptable gap to enter the
circulating flow.

Inscribed Circle Diameter

r\--I:Jl:.1t width

/r- Entry Width

'RaIHd central Island Dlametar

-'Central Island Diameter

Circulating Roadway Width

Figure 5 Basic Geometric Elements of a Roundabout
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From a pure design perspective, roundabouts differ from rotaries and traffic circles in several important
respects. These differences include:

• Size;
• Speed;
• Angle of Entry;
• Weaving; and
• Right-of-Way.

First ofall, the central or inscribed diameter ofmodem roundabouts ranges from 10 feet (for a small, single
lane, residential roundabout) to 180 feet (for a three-lane arterial roundabout) whereas the inscribed diameter
of a traditional traffic circle is 300 feet or larger (J.). In addition, the tangential entries to a traffic circle
afford much greater travel speeds within the circle, ranging from 25 mph to 40 mph for approach speeds of
30 mph to 60 mph (§). Roundabouts, however, force deflection upon entry and therefore have a lower
average design speed of 12 mph to 22 mph (J.). Traffic circles also allow for weaving maneuvers, and the
combination ofhigh speeds and weaving vehicles degraded the safety ofthe traffic circle, propagating high
accident rates and intimidating drivers. Finally, early traffic circles had no consistent rules regarding right­
of-way. In various examples, entering and/or circulating traffic may have had priority, though in most cases,
entering traffic was subject to stop or signal control, reducing the capacity and fluidity of the circle. Also,
in many instances, pedestrians were permitted to cross the circulating traffic. Figure 6 shows the geometric
design features of a traffic circle (§).

However, the differences between
roundabouts and traffic circles are often not
so clear in practice. There are many
examples around the world where traffic
circles were converted to roundabouts by
simply changing the entry control. The
conversions did not necessarily include
geometric retrofitting. These circular
intersections are now calledroundabouts and
do observe the yield-on-entry principle, yet
many exhibit the design characteristics of
traffic circles. In order to see the differences
outlined above, the traditional traffic circle
must be compared to an intersection where
the original functional design is a true
roundabout.

Figure 6 Basic Traffic Circle Characteristics
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The NCHRP Synthesis lists several of the more notable traffic circles (2):
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• Dupont Circle in Washington, D. c.: Entries are regulated by a mixture oftraffic signals, stop signs, and
yield signs, the circle includes a weaving section, and pedestrians walk onto the central island;

• Columbus Circle in New York City: Traffic signals control the entries, the circle is cut by through traffic,
and pedestrians walk onto the central island; and

• Place Charles de Gaulle in ParisJormerly known as Place de l 'Etoile: Entering traffic has priority, and
police officers regulate traffic in the circle.

Examples of typical three- and four-leg traffic circles are found in Figure 7 (Q).

Figure 7 Common Three- and Four-Leg Traffic Circles

Traffic Signals

Aside from the obvious difference that roundabouts have no form of signal control, roundabouts and traffic
signals have several major differences. From a safety standpoint, as shown in Figure 8, a four-leg
roundabout has four conflict points as compared to 24 for a four-leg intersection. Fewer conflict points
means fewer opportunities for collision, and consequently, a reduction in accident rates. Accidents still do
occur at roundabouts, but usually they are low speed, low impact rear-end or merge collisions. These types
of accidents are typically less severe and have fewer injuries. In contrast, the accidents which occur at
signalized intersections are generally the more serious right-angle accidents and occur at higher speeds than
do roundabout accidents (J).

Roundabouts also have higher capacities and lower delays than most signalized intersections as there is no
"lost time" (unused green, yellow, and all red time) in roundabout control (J). Drivers need only wait for
an acceptable gap in the circulating flow. Finally, there are notable cost differences between the two types
of traffic control. A small roundabout may have a lower initial cost than a traffic signal, but larger
roundabouts with more extensive grading, drainage, and curbing work (i.e., the roundabout interchanges on
1-70 in Vail, Colorado) may equal or exceed the cost ofinstalling a signal. However, over time, roundabouts
have a lower maintenance cost and often show significant savings in terms ofthe cost ofaccidents and delay,
making roundabouts a wise long-term decision (J). In short, roundabouts provide all the advantages (except
for pedestrian control) of a traffic signal with none of the disadvantages (Z).
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Two- Way Stop Control

Figure 8 Common Three- and Four-Leg Traffic Circles

Two-way stop-controlled intersections are a viable alternative for intersections with low minor street
volumes. However, as volumes increase, operation favors the major street at the expense ofthe minor street.
When there is heavy traffic on the major street, there are few opportunities for minor street through and left­
tum movements (1). At high major street volumes, minor street movements are often forced to accept
shorter gaps at a greater risk ofaccident in order to enter or cross the traffic stream. Roundabouts eliminate
this dilemma by providing equal access for all approaching vehicles, resulting in a safer and more efficient
flow of traffic. A before-and-after study of several Florida and Maryland roundabouts showed drastic
reductions in the number of accidents after two-way stop control was converted to roundabout control (§).

All-Way Stop Control

All-way stop-controlled intersections treat the minor street more equitably and at low volumes without the
delay found at traffic signals. However, the saturation headway is relatively high as all vehicles must stop
before proceeding through the intersection. This translates to a lower overall capacity for the intersection
(1).

Advantages and Disadvantages

Advantages ofRoundabouts

When used at appropriate locations (appropriate locations for roundabout will be discussed in the next
section), roundabouts offer the following advantages (2J,(1!1J,(W:

• Safety: Modem roundabouts have been proven to be the safest form ofintersection control. Worldwide
research has shown 30- to 80-percent reductions in injury accidents upon conversion of a conventional
intersection to roundabout control;

• Operating andMaintenance Costs: Roundabouts require only periodic landscape and sign maintenance
whereas signals require electricity and continual maintenance ofloops, controllers and signal heads. In
addition, a lapse in signal hardware maintenance has far greater consequences than a lapse in roundabout
maintenance;
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• Capacity: A roundabout can handle greater capacities at higher levels-of service because the flow is
continual. Drivers can enter the roundabout as soon as a gap is available, in many instances without ever
stopping on the approach. A single-lane roundabout can easily handle 2,500 to 2,800 vehicles per hour,
corresponding to an average daily traffic volume of approximately 30,000;

• Delay: When compared to both previously signalized and unsignalized intersections, roundabouts show
reductions in delay. At signalized intersections, motorists incur delay as they wait for their allotted
green time. At unsignalized intersections, at least two of the four movements are required to stop
whether or not there is an opposing vehicle. At roundabouts, however, motorists need only wait for a
gap in the opposing flow, and all approaches have equal opportunity to enter the circulating traffic;

• Traffic Calming: The geometric configuration of a roundabout, particularly the forced deflection upon
entry, fosters low travel speeds and can provide effective speed control in residential areas as well as
areas in which there is a change from a higher to a lower speed such as the entrance to a downtown area;

• Liability: Traffic signals can be a substantial liability for the operating authority in times ofmalfunction.
In roundabouts, however, liability rests with the entering driver as it is hislher responsibility to yield;

• Equal Access: Roundabouts do not favor any approach unlike traffic signals and two-way stop control.
Gaps are equally available to all drivers, and no priority is given to any movement from an approach;
and

• Trip Time Perception: Though the total trip time may not change, the perceived travel time is often
shorter due to the reduction in stopped time.

Disadvantages ofRoundabouts

Despite their many advantages, roundabouts do have some notable disadvantages (2):

•

•

•

Initial Construction Cost: The development and construction ofthe first roundabouts tended to be costly
as engineers tended to be more cautious in their designs; however, there is work being done to bring the
costs down to more reasonable level (such efforts will be discussed in a subsequent section);
Driver Expectancy: As roundabouts are not a common form of traffic control, driver expectancy is an
issue. Despite signing, first-time drivers may be unsure of the rule ofpriority. Fortunately, this tends
to be a short term problem; and
Public Acceptance: As should be expected, the public is often skeptical of this new form of traffic
control. Especially in the first roundabout installation in an area, there may be the perception among the
public of being "guinea pigs." In 1988, in Ojai, California, this fear of the unknown spawned outcry
against a roundabout proposal, and Caltrans was forced to withdraw the proposal (llJ.
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Roundabouts are very versatile and are appropriate in many different situations. Across the country, they
have been used in several new construction projects and have replaced both signalized and unsignalized
intersections. Roundabouts have even been used in freeway interchanges. In all of these examples,
roundabout control has proven to be safer and more efficient than traditional forms of traffic control.

However, though the use ofroundabouts for traffic control has many benefits, it is important to remember
that they are not the solution in all cases. Roundabouts should be considered an alternative and used only
when the situation warrants.

Appropriate Sites for Roundabouts

Both the Florida and Maryland design guides (1),(J) as well as much ofthe prominent roundabout literature
(2),(ll)(lJ),(J..1),(ll) discuss when and where roundabouts should be considered. The recently published
NCHRP Synthesis, Modern Roundabout Practice in the United States, summarizes them well (2):

• High accident locations, especially locations with a high proportion of accidents involving cross
movements or left-turn or right-turn movements;

• Locations with unacceptably high delays;
• Locations which require improvement but do not meet sufficient warrants for signalization;
• Locations where traffic signals are warranted but have not installed and where a roundabout would

provide safer and more efficient operation;
• Locations which are currently signalized but where a roundabout would provide safer and more efficient

operation;
• Four-way stop-controlled intersections;
• Two-way stop-controlled intersections where traffic volumes on the approaches are such that there is

unacceptable delay for the minor movement;
• Intersections with more than four legs;
• Intersections with unusual geometry (Y-intersections or acute-angle cross intersections);
• Intersections with high left-turn volumes;
• Intersections with changing traffic patterns due to projected changes in land use;
• Intersections where V-turns are frequent or desirable, i.e. in conjunction with access management

strategies, particularly raised medians, along commercial corridors;
• Locations where there is insufficient queue storage for a signalized intersections, or where the queues

caused by signalized intersections cause operational or safety problems, i.e. diamond interchanges,
intersections near rail underpasses, bridges, and tunnels;

• To replace a pair of closely spaced intersections, particularly offset intersections;
• Along congested arterials where operations are degraded by intersection delay, in lieu of full-length

widening;
• Intersections where the character or speed of the road changes, i.e. at entry points to a residential

community or downtown area or at junctions where a bypass road connects to an arterial; and
• Intersections that are important from an urban design or visual point of view (provided that basic

engineering and safety criteria can be satisfied) such as the gateway to a downtown area or the entrance
to a residential or commercial development.

However, it is important to remember that the presence of these factors alone does not mandate the use of
a roundabout. These guidelines should be used in conjunction with appropriate traffic analyses, benefit/cost
analyses, and sound engineering judgement (2).
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Though roundabouts have the potential to significantly improve the traffic operation ofmany intersections,
they are not appropriate for all sites. NCHRP Synthesis 264 describes the following sites as inappropriate
for roundabout installation (2):

• Locations that cannot accommodate an acceptable outside diameter. A single-laneroundabout generally
occupies more space than an equivalent signalized intersection at the same junction, but due to the
absence of exclusive turn lanes, the approaches are often narrower. However, multi-lane roundabouts
are more comparable to signalized intersections in terms of space consumption;

• Locations where it would be difficult or cost-prohibitive to provide a flat plateau for roundabout
construction. Constructing a roundabout on a grade introduces visibility conflicts. Most guides
recommend a maximum grade of three- to five-percent depending on design speed;

• Isolated intersections within a coordinated signal network where the roundabout would disrupt the
platoon structure;

• Locations where vehicles queued at an adjacent intersection would obstruct vehicles exiting the
roundabout;

• Locations with unbalanced flows on the cross streets where the equal opportunity treatment of the
approaches would cause undue delays to the major road; and

• Locations where reversible lanes are used to accommodate peak period flows.

Other conditions may pose potential problems with respect to efficient operation, but they do not necessarily
eliminate the roundabout as an improvement alternative. As for any other type ofintersection traffic control,
these conditions need special attention in the design and implementation stages, and a detailed analysis of
alternatives is required. Such conditions include (2):

• Presence ofnumerous bicycles or pedestrians. Safe passage for pedestrians can be provided through
special design features such as special bicycle lanes, zebra striping, pedestrian underpasses, or
pedestrian-activated signals farther away from the roundabout;

• Presence of numerous disabled or blind users. Provision of special surface treatments should be
considered to mark the pedestrian paths;

• Large proportion of heavy vehicles. Trucks can be accommodated by allowing for more generous
dimensions within the roundabout or by providing a drivable truck apron around the central island;

• Presence ofa fire station. Engineers can take similar design precautions as with signalized intersections;
• Rail crossings. Precautions can be taken similar to other intersections; and
• Junctions at the top or bottom ofa grade. Ifsufficient sight distances cannot provided, special advance

signs or flashing signals can be installed.

The NCHRP Synthesis also mentions the use of pedestrian-activated signals with audible messages to
accommodate disabled or blind users and special signals to provide immediate access for fire trucks from
an adjacent station. However, this contradicts the basic roundabout principle that the only traffic control is
the yield on entry. Special signals on an approach for blind or disabled pedestrians or fire stations would
disrupt the safe and orderly flow oftraffic. Entering vehicles queued on the approach would not pose a huge
operational problem, but obstruction of exiting vehicles would result in vehicles queuing within the
roundabout itselfbringing operations to a standstill. Special signals for these conditions should only be used
ifthey are located a distance away from the intersection eliminating the problem ofexiting vehicles queuing
into the roundabout.
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The initial construction cost for a roundabout varies greatly depending on the extent ofthe work completed.
Total costs, including engineering, design, construction and maintenance of traffic, range from $10,000 to
$500,000 due to great variations in design. The lower end of the bracket represents minimal construction
work; usually a roundabout installed within existing right-of-way, involving only the construction of the
central island and splitter islands. State-constructed facilities (state agencies building on state highways)
generally fall in the middle to upper end of the bracket and usually include more extensive grading and
drainage (2). At the extreme, $500,000 represents the cost ofbuilding a roundabout interchange, complete
with ramps and extensive structural work.

However, operating and maintenance costs for roundabouts are minimal, as there is no expensive signal
hardware to maintain. These costs include landscape maintenance, paving, and periodic sign replacement.
In addition, the service life of a roundabout is approximately 25 years (2).

Traffic Signals

Traffic signals, on the other hand, cost $100,000 to $125,000 for initial installation. This includes signal
heads, wiring, and other hardware as well as mounting poles. The maintenance costs, however, are higher
than for a roundabout and include electricity and hardware and loop maintenance. The life span for a signal
installation is also shorter, averaging ten years (2),

In the long run, however, roundabouts prove to be a cost-effective traffic control strategy. A report by
Niederhauser, Collins, and Myers entitled "The Use of Roundabouts: Comparison with Alternate Design
Solution" cited an Australian case study which showed a benefit-cost ratio of 15.8 for a roundabout as
compared to 12.0 for a traffic signal. The study included construction cost, annual maintenance, projected
life span, and the annual personal injury accident reduction (2). This analysis did not include savings due
to reductions in delay.

In addition, several states, particularly Maryland, are looking for ways to reduce the initial construction cost
to a level comparable with a signal. As roundabouts are a relatively new form of intersection design in the
United States, there has been a tendency to be more cautious in design and implementation, often spending
more on additional signing, lighting, and landscaping. Maryland has targeted the following areas for cost
reduction: maintenance of traffic, paving, landscaping, signing and lighting, and curbing. They are also
looking into volume contracting ofprojects (2).
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Roundabouts are nothing new in many countries around the world. However, they did not begin to appear
in the United States until the 1990s. In 1988, a modem roundabout was proposed in Ojai, California, but the
proposal was defeated by some bad publicity and a skeptical public (llJ. The roundabout concept
reappeared in 1990 in Summerlin, Nevada with the construction oftwo roundabouts in the town center (llJ.
In 1992, the first roundabout built to replace a traffic signal was constructed in Gainesville, Florida (2).
Maryland built its first roundabout in Lisbon in 1993. The roundabout idea seemed to take off shortly
thereafter, with roundabouts under construction in Colorado, Florida, Maryland, Nevada, and Vermont.

Table 1 lists the roundabouts in operation in the United States as of October 1997.

This trend ofroundabout construction shows no signs ofslowing down. Many states are following the lead
of the roundabout pioneers and have projects in the planning, design, and construction stages.
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In order to gain insight into the experiences of individual states and local municipalities, the author
interviewed representative from over ten state and local government agencies and six consulting firms as
well as four recognized experts in the field. The roundabout experts provided invaluable information on the
locations of roundabouts across the country as well as the names of many potential contacts. The
representatives ofthe government agencies and consulting firms were asked about community perceptions
of the roundabout before and after installation. Several were able to provide summary documents of
community comments. Interviewees were also asked about publicity efforts made to educate and inform the
public about the roundabout projects. The author asked for samples of such materials whenever they were
available.

The results of these interviews are discussed in the following pages, beginning with community concerns
with respect to roundabout installation and continuing with a outline ofthe more notable instances in which
various publicity tactics were used educate the public.

Community Concerns with Respect to Roundabout Installation

When a roundabout is first proposed in a community, local citizens are often justifiably concerned. To an
educated transportation engineer, a roundabout is simply another alternative for intersection traffic control.
To the public, however, a roundabout is often a completely foreign concept. Accustomed to stop signs and
traffic signals, many people simply cannot picture how a roundabout would work, and when faced with such
an unfamiliar form of control, they voice objection. People prefer what is familiar, and not knowing about
the operational and safety benefits of roundabouts, they express preference for stop control or a signal.

One specific concern deals with driver behavior, both a person's individual behavior and that of other
drivers. People are concerned with how and when to enter the circulating roadway and who has the right-of­
way. Even those who understand what action they should take and when they should yield fear that other
drivers may not know. Worried that other drivers may fail to yield, they are concerned for their own safety
and the safety of their passengers.

Another major issue deals with pedestrians and bicyclists. Perhaps not having seen a modem roundabout
and its clearly marked pedestrian crosswalks, people are worried about having to dodge cars to cross the
circulating roadway. Others who understand that pedestrians are intended to circle around the roundabout,
crossing each approach in advance ofthe splitter island, dislike the idea ofhaving to walk around rather than
cross directly. Bicyclists voice similar concerns, unsure of how to progress through the roundabout.

Other citizens want to know how school busses, emergency vehicles, delivery trucks, and other large vehicles
will fit around the roundabout. Despite being reassured that the truck apron would accommodate such
vehicles, people still express concern that truck drivers inexperienced in traversing roundabouts would
endanger other drivers.

In colder climates, inclement weather was cited as a major concern. Residents were concerned about the
ability of snowplows to navigate and effectively clear the roundabout as well as their personal safety in
attempting to drive through the roundabout in icy conditions.

Finally, in a concern unrelated to safety, many people feel that a roundabout is an unnecessary expenditure
and would prefer to see officials spend the money on other transportation improvement projects.

Ifroundabouts are to succeed as a new form oftraffic control in a given area, traffic engineers, city and state
planners, and local elected officials must work together to develop a plan to educate and inform the public
about the operation of roundabouts. Across the country, many state and local transportation agencies
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resoundingly report that once people become accustomed to roundabouts, they love them. However, much
can be done to ease the transition.

Roundabout Publicity Across the Country

Loveland, Colorado (l§)

Loveland, Colorado is scheduled to open their first two roundabouts on August 14, 1998. At the current
time, 55-percent ofresidents are opposed to the project, 30- to 35-percent are for it, and the rest are reserving
judgement until it opens and they have the opportunity to actually drive through it. The local newspaper has
printed numerous letters-to-the-editor, most of which were negative. However, in preparation for the
opening of the roundabouts, the town has held several neighborhood meetings in which videos ofcurrently
operating roundabouts are shown, and residents are given the opportunity to voice their opinions. On
particular concern of residents is the safety ofpedestrians. In order to alleviate their fears, local officials
have obtained video footage from Michael Wallwork of Alternate Street Design showing pedestrian
operations at a roundabout in Melbourne, Australia. The town has also published information about the pros
and cons ofroundabouts as well as driving instructions in the local newspaper. They also produced a half­
hour television show broadcast on local cable access television which featured the city engineer, the mayor,
and the police and fire chiefs discussing both sides of the roundabout issue. If these first two roundabouts
are successful, several more will follow in the coming years.

Vail, Colorado (llJ

When Vail, Colorado installed their first roundabout, the public was decidedly against the idea. However,
people didn't want a signal either, and the roundabout concept was given a chance. Vail officials used the
Maryland State Highway Administration video to show the public what roundabouts were and how they
operated. Residents, however, were still concerned about how well the roundabout would function in
inclement weather. In response, Vail officials asked the consulting firm who was doing the design work,
Ourston and Doctors ofCalifornia, to produce a video about operation ofroundabouts during severe weather.
Using footage ofroundabouts in Norway filmed two weeks before the 1994 Winter Olympics they showed
that roundabouts could operate efficiently even in deep snow. These videos were shown at public meetings
and on local cable access television. Vail officials also used a variety ofother methods to educate the public
about roundabouts. They printed a educational brochure which was distributed at municipal government and
law enforcement offices, local hotels and rental car companies, and at visitor information centers downtown
and at the regional airport. In addition, one morning two months after the roundabout opened, local officials
and police pulled vehicles to the side of the road as they were exiting the roundabout and distributed free
coffee and doughnuts along with a roundabout brochure. Since the installation ofthe first roundabout, public
opinion has been overwhelmingly in support ofroundabouts, and several more have been installed, both in
Vail and in the neighboring town of Avon.

Lisbon, Maryland (l~

When the Lisbon roundabout was first proposed, it did not receive a warm welcome from local citizens.
Rather, they were very much against the idea. Most residents did not want to be a part of an "experiment"
in traffic engineering. Faced with this problem, the Maryland State Highway Administration took a rather
innovative approach. They offered to put a temporary roundabout in place so residents would have the
opportunity to actually drive through it and decide whether they liked it. State officials also put together a
short brochure to explain the roundabout concept and highlight the key features (see Appendix A-I). The
temporary roundabout turned out to be a resounding success, and the local task force voted to make the
installation permanent.
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After the success of the Lisbon roundabout, Maryland embarked on several more roundabout projects, in
Leeds, Lothian, and Cearfoss. Another roundabout was then planned in conjunction with the Towson
Enhancement Project, a broad-scale project to revitalize downtown Towson and relieve increasing traffic
congestion. The project includes construction ofa modem roundabout, streetscaping, and landscaping. For
this roundabout, state officials produced a brochure for the entire enhancement project as well as a door
hanger for distribution in the local community with instructions for walking and driving through the
roundabout. The Towson informational door hanger can be found in Appendix A-2.

Jackson, Mississippi (2.flJ,(W

WhenJackson, Mississippi installed their first roundabout at the entrance to the Jackson International airport,
not everyone was enthused about the project. According to the Mississippi Department ofTransportation,
one ofthe biggest obstacles encountered was teaching people to yield upon entry and not in the roundabout
itself. As part of their educational effort, they provided local newspapers with instructions and graphics
depicting how to drive through the roundabout (see Appendix A-3). They also sent press releases and
footage ofa Maryland roundabout to television stations to help instruct the driving public. One local radio
station went so far as to stage a live broadcast from the roundabout site, dubbing it the "fruit loop."

Hilton Head Island, South Carolina (llJ,(nJ

The Hilton Head Island roundabout is located at the entrance to Hilton Head Plantation, a planned unit
development. At first, the town did not support the idea at all, and the issue actually went to referendum.
Supporters ofthe roundabout used the Maryland State Highway Administration video extensively to educate
the public about the roundabout concept. The referendum did pass, and the roundabout was installed, but
not everyone was convinced it would work, in particular the current fire and police chief. Consequently, on
opening day, town officials planned a demonstration with the local fire truck which was covered by the local
television stations. In the end, the fire and police chief, who had originally been against the project, became
one of its staunchest supporters. In order to educate the driving public about how to drive in a roundabout,
the Property Owners Association ofHilton Head Plantation distributed roundabout information flyer in their
monthly newsletter, and a similar publication is now included in their new homeowner's package.

Montpelier, Vermont (li),(li),(2§)

Montpelier, Vermont installed their first roundabout as part of a traffic calming effort in a residential area
which serves as a gateway to the downtown. Their educational efforts included a brochure prepared by the
Montpelier City Roundabout Committee entitled "How to Move in the Right Circles." This brochure can
be found in Appendix A-4. It included an explanation of the roundabout concept, instructions for drivers
on how to approach, enter, and exit the roundabout, and a section emphasizing the importance of using
directional signals. The brochure also showed examples of the traffic signs which are used in and
approaching the roundabout. Guidelines for bicyclists and pedestrians were also discussed.

University Park, Washington (llJ

Like many other roundabout sites, controversy reigned in University Place when the idea of a roundabout
was first proposed. Roundabouts were a difficult concept for the public to grasp; they often confused them
with older traffic circles and could not understand why the local government would want to install such an
ineffective form of traffic control. Local officials, however, offered the option of trying the configuration
for one year, and the local community agreed. During the planning and construction stages, the city held ten
public meetings, published information in the local newspaper, and broadcast several short television spots
informing the public about the project. When the roundabout opened, they also published a short newsletter
outlining the project history, the benefits ofroundabouts, and specific details regarding the University Place
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roundabout. In the newsletter, they also provided a contact number and email address for those desiring
further information. In another publication, entitled "Roundabouts: Driving in the Right Circles," (found
in Appendix A-5) they provided examples of the advance signing used as well as driving instructions and
graphic representations of how to make left turn, right turn, and through movements. Instructions for
bicycles and pedestrians were also included. The roundabout opened in August of 1997 and now enjoys a
75- to 80-percent approval rating.

Summary of Study Results

In summary, local communities have expressed a variety ofconcerns with respect to roundabout installation.
These include:

• Driver behavior;
• Pedestrian and bicycle issues;
• Accommodation of large vehicles;
• Safety during inclement weather; and
• Monetary expenditures.

State and local governments have addressed these concerns rather well as evidenced by the high approval
ratings ofcurrently operating roundabouts. They have used the following media to educate and inform the
public about roundabouts:

• Community meetings;
• Newspaper advertisements and articles;
• Television broadcasts;
• Radio broadcasts; and
• Printed materials.



Deborah C. Kreis

RECOMMENDATIONS FOR STATE AND LOCAL AGENCIES

Page 249

Whether in the proposal, planning, design, or implementation stage, it seems that good publicity is key to
roundabout success. It is important to keep the public well-informed and to educate them as to what exactly
a roundabout is, as many people tend to confuse them with traffic circles. When in the proposal, planning,
and design stages, publicity should focus on what exactly roundabout are and how they operate. Information
on safety benefits and delay reduction should be emphasized as well. As the implementation stage draws
near, the focus should shift more toward driver behavior with specific instructions on how to safely
maneuver the intersection. These instructions should geared toward drivers, pedestrians, and bicyclists
individually. Several publicity strategies are outlined below:

Community Meetings

It is important to be open with the public from the start. To that end, it is wise to hold community meetings,
and where appropriate, visit local neighborhood associations and civic groups. Show the benefits of a
roundabout as compared to other traffic control installations. Several states have prepared videos which have
proved very useful in educating the public about what roundabouts are and how they operate.

Newspaper

Provide the local newspapers with graphics and detailed instructions for drivers, pedestrians, and bicyclists
on how to navigate the roundabout. It also may be useful to provide them with the latest safety and delay
data in order to emphasize the benefits of roundabout installation.

Television

Similarly, provide local television stations with footage of other roundabouts in operation. The Maryland
State Highway Administration has produced an excellent introductory roundabout video. Ifpossible, have
a news crew film operation of the completed roundabout to show locals exactly what to expect when they
encounter it themselves. Also, footage of a fire truck and ambulance circling the roundabout may alleviate
public fear that it will impede emergency service vehicles. Again, stress appropriate behavior for drivers,
pedestrians, and bicyclists. Local access cable stations are also a broadcast option.

Radio

Though the use of radio for publicity may not be appropriate for all situations, it still should not be
discounted. A live broadcast from the Jackson, Mississippi roundabout brought people out to see what it was
and how it worked.

Printed Materials

Several states have printed brochures or leaflets explaining what a roundabout is and how it operates. This
is a simple and effective way to inform drivers, pedestrians, and bicyclists how to traverse the roundabout.
In addition, as signing varies from roundabout to roundabout across the country, it may be useful to include
graphics ofthe roundabout signing which is used locally. Brochures or flyers ofthis sort could be included
as an insert in the local newspapers, distributed through local mailings, circulated through local
neighborhood associations and civic groups, made available at public meetings, and displayed at driver
licensing stations. This type ofbrochure would also be ideal for targeting out-of-state drivers at rental car
counters. Similarly, the information could be printed on door hangers and distributed in local
neighborhoods.
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As roundabouts become more popular across a given state, driving instructions should be included in the
driver's manual. This will help to ensure that drivers from all around the state will be familiar with the
roundabout as a form of traffic control.
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The most versatile of the methods used by state and local agencies to inform the public about roundabouts
is the use ofprinted materials, whether they be newsletters or brochures. Using this medium, local officials
or consulting firms can include a great deal of information in a single sheet. Ideally, such a pamphlet or
newsletter would include examples of locally posted roundabout signing and instructions for drivers,
pedestrians and bicyclists. A design drawing or graphic will also help the driver know what to expect upon
approaching the roundabout for the first time. Space permitting, information and statistics on the safety and
efficient operation ofroundabout could be provided. Finally, a contact name and phone number should be
provided for those wish to learn more.

Such a publication could be distributed in a variety of ways, including, but not limited to:

• Direct mailing to local residents;
• Inclusion in local newspapers;
• As an attachment to local civic or neighborhood newsletters;
• At visitor information centers;
• At rental car counters;
• In municipal government offices;
• At local police and fire stations;
• At public and community meetings; and
• At driver licensing offices.

Some states have had their brochures professionally published, but with the advent of desktop publishing,
this type ofdocument could be easily produced in-house, keeping the associated costs down. For an in-house
pamphlet, the only costs involved would be the time of the person creating the document and the cost of
reproduction. With the exception ofdirect mailing, distribution would add no additional incremental cost.

A pamphlet or newsletter is a simple and effective way of reaching a large audience with important
educational information about roundabouts. A prototype brochure is provided on the following pages.
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In locations across the country, roundabouts have proven to be a safe and effective form of traffic control.
As the data available on American roundabouts grows, there is conclusive evidence that when used in
appropriate sites, roundabouts are safer and more cost-effective than many traditional forms ofintersection
control. Various studies have shown dramatic reductions in the number and severity of accidents. Other
studies have demonstrated equally impressive decreases in delay per vehicle. Though the initial costs of a
roundabout installation may be higher than signalization in some cases, the savings in yearly maintenance
and the longer life span favor a roundabout in the long term.

To some traffic engineering practitioners, these benefits are obvious, but to the public, the idea of a
roundabout is usually a strange and foreign concept. Many people confuse roundabouts with the traffic
circles ofyesteryear. Those who do understand what roundabouts are may still be confused about who has
the right-of-way ormay be concerned that others will not yield upon entering. Others may be confused about
how they will traverse the circle as bicyclists or pedestrians, or in residential areas, parents may be worried
about the safety of their children.

Therefore, it is important to keep the public informed about current roundabout projects. In doing so, public
officials and engineers can alleviate their fears about this new and different form of traffic control and
instruct them as to the proper behavior for drivers, pedestrians, and bicyclists. There are many ways in
which this can be accomplished. For example, various states have used newspapers, television, and radio
to disseminate information. Other states have produced videos or published their own flyers and pamphlets
for local distribution. The state driver's manual is also an excellentplace to include roundabout information.
Ideally, a state could employ all of these approaches in educating the public about roundabouts. However,
if a single method must be chosen, a pamphlet or newsletter is a versatile and effective way ofproviding
educational roundabout material. Still, regardless of the medium selected, what is important is that the
public be informed.
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KEEPING YOU MOVING

At the Maryland State Highway
Administtation (SHA),keeping our road­
ways safe and efficient are top priorities.
But as colllll1llllities grow, it bec:ames more
difficult to keep up with the iDcreasing
traffic demands placed on our roads. SHA
traffic engineers area~ ofthe problems
heavy traffic can create, especially at
signalized intersections. Heavy traffic
prevents cars from. clearing ime%sections,
thmby wasting time and money. There is
also the potential for serious injury accidents
at intersections.

SHA is always looking for DeW ways
to meet the needs ofmotorists. One solution
to relieve traffic problems at intersections is
the modem traffic roundabout. This
brochure will f3miliarize you with the
modern roundabout.

WHAT ARE THEY?

A modem roundabout is an intersec­
tion having one-way circulation around a
central island in which entering traffic yields
the right-of-way to circulating traffic.
Roundabouts can reduce injury accidents,
traffic delays. fuel consumption, air pollu­
tion, and operalillg costs. A well1alJdscaped
roundabout can also enhance the beauty of
your neighborhood.

WHERE ARE THEY NOW?

Roundabouts have been used success­
fully in Britain, France, Switzerlazul,
DeDuwk, the Netherlands, Norway and
Australia as well as ocher countries as an
a1tcmative to traffic sipals in COlllrolling

speed, IIlaIIagiDcuatIic IIld reducing
accidents.

HOW DO I USE ONE?

You'll be SUIprised how easy it is to
travel through a roundabout, but don't
confuse roundabouts with the traffic circles
you may have driven around in Washington,
D.C. or New Jersey. Roundaboutsare
smaller and vehicle speed is slower, usually
about to IS to 2Smph. Youenterthe
roundabout by selecting a gap in the
circulating traffic. The ollly decision is
whether or not the approaching gap is large
enough for you to safely enter. You can
adjust your speed and enter without stop­
ping. The small diameter. law entty speeds
and law circulating speeds provide easy
access for motorists.

Modem roundabouts, though more
compact than traffic circles, have a larger
traffic capacity due to their wider en1ries
which allow more vehicles to safely enter.

A key differeDCe between roundabouts
and customary intersections is safety.
Roundabouts have a lower potential for
accidents compared to intersections. No one
can nm a red light and cause a rigbt angle
collision. The driver who CIUerS the
roundabout has to yield to only one traffic
movement. By contrast, at a stop sign, the
driver has to deal with two or tbree different
movements.

(Cont. OD back)
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Research shows a 30 to 90 percent
reduction in injury accidents at roundabouts
compared with sigtJa!ized or signed intersec­
tions. Accidents that do OCQII' at
roundabouts are genaally side-swipe or
rear~ typeS. They are low speed, low
impact collisions that result in few ifany
injuries. Additionally, SHA is paying
special attention to the needs ofpedestrians
and bicyclists in the roundabout design.

SAVING MONEY

Roundabouts can also save taxpayers
money. They need little majntnJancc. such
as r=rf'acing. landscaping and sign
replacement. Traffic signals. on the other
hand, cost about S3000 per year for mainte­
nance, electricity. controllers. lamps and
other upkeep.

In spite ofthese advantages.
roundabouts are not the only solution to
ttaffic problems. Rather. they are an option
to be considered. Roundabouts are not
needed at locations where traffic from a
minor road can enter the inlersection safely
and without delay. They also should not be
used where a nearby signal could back-up
traffic into the roUIldabout.

MARYLAND
STATE mGHWAY
AD~STRATION

THE MODERN
TRAFFIC

ROUNDABOUT

---
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A-2: Towson, Maryland

TO\\'SON
ROUNDABOUT

YOU ========
THE DRIVER

Tips for Driving
the Roundabout

• Observe posted speed limits..
• Yield to pedestrians in the

crosswalks

• Yield to traffic already in the
roundabout

• Move to the right to exit the
roundabout

~__rl_

--­Gaildllll:&_ -..:..QWItn
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TOWSON
ROUNDABOUT

YOU ========
THE PEDESTRIAN

Tips for Walking
the Roundabout

• Use only the clearly marked
crosswalkswhen walking around
the roundabout

• First, check for oncoming traffic

• Then, cross to the median island,
check again for traffic and cross
the remainder of the street.

~__rl_
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SUMMARY
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Traditional transportation pricing strategies oftoll facilities does not effectively influence travel demand to
reduce traffic congestion during peak periods. The use ofvariable pricing offers the potential ofincreasing the
efficiency of the toll facility by enticing users to travel during less congested periods and thus improving
operations during the peak period. Variable pricing also offers the potential of making the toll road more
competitive when compared to other routes during off-peak periods.

Included in this report is an evaluation ofthe background oftoll facilities and variable pricing, a state ofthe
practice review oftoll facility operations, and a review ofbarriers associated with the conversion ofa fixed rate
toll structure to a facility that is variably priced. The variable pricing strategy has been implemented in two
communities in the United States and plans for additional tests are described in this report. An implementation
strategy for this type ofpolicy is suggested and a hypothetical application is demonstrated to further explain
the theoretical strategy.

A survey oftoll agencies was conducted to develop a database of information about operating procedures and
toll structures currently being applied in both rural and urban settings. This survey showed the growing
acceptance ofvariable pricing and the increased use ofelectronic toll collection at toll agencies. The interviews
and surveys were completed through a series ofphone calls to toll agencies and other transportation officials.

The goal ofthis research was to increase the awareness ofvariable pricing for toll facilities and identify the
theoretical benefits of using variable pricing for transportation system management. Based on the results of
this research, recommendations were made to aid the transportation professional overcome barriers that are
unique to toll agencies. The implementation of a variable pricing strategy should consider including the
following steps for project development:

• Develop mission statement;
• Evaluate policy considerations;
• Develop an understanding ofthe barriers and constraints;
• Identify problems and set goals;
• Identify political allies;
• Establish contact with federal level;
• Design scheme to meet goals;
• Complete initial feasibility analysis;
• Provide incentive to motorists combined with initiation ofnew toll structure; and
• Prepare evaluation program.

By following the steps outlined in this report, agencies will be able to convert fixed toll rate pricing to more
equitable variable pricing programs. The importance of these schemes are twofold. First, the toll facility
operators will be in position to effectively influence travel demand by incremental changes in the price
structure. Second, the use ofvariable pricing should make more motorists aware of the effects of driving
during the congested peak periods.
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Toll facilities (also frequently referred to as turnpikes or toll roads) provide a way to build and use roads
without requiring an increase in state or local taxes. These "pay as you go" roads operate to complement the
surface transportation system, which are local or state-maintained roads that local, state, and federal taxes pay
for. Prior to the development ofthe Interstate system, toll facilities were developed in many states as a way
to supplement the existing transportation system, providing a safe, high-speed facility to encourage economic
growth and vitality throughout a region.

As transportation demand has continued to grow over the past 30 years, views ofthe role ofthe transportation
system has changed. The completion ofthe Interstate highway system has shown that there is a limited ability
to expand highway capacity (11. The fact that vehicle travel volumes are much higher than the roadway
capacities in many metropolitan areas stands as testimony to the inability or unwillingness to provide enough
capacity to avoid congestion. The congestion levels on state highways and the Interstate system are among the
driving forces today behind a State Department ofTransportation (DOT) considering transportation system
management (TSM) and transportation demand management (TOM) measures (2). For example, TDM and
TSM measures considered by the Maryland DOT include (1): reducing the need for trips, modifying destination
and time of trips, encouraging shifts from single occupant vehicles, improving the efficiency ofthe system,
improving connectivity, etc.

Turnpike Authorities operating toll facilities have separate goals from those ofa State DOT. Because ofthe
nature of the organization and the financing used to develop the facility, toll facilities must operate in a
profitable manner. For many ofthese facilities, no state tax money is used to fund these toll roads. Prices on
the facilities are set to insure the facility is well traveled and return on the initial investment ofthe bond holders
can be provided. Price is usually insensitive to the levels of congestion experienced by the facility (a flat rate
00-4 cents per mile is typical). Toll facilities are not immune to high levels of congestion and in some cases
the congestion can be severe.

The use ofmore appropriate pricing schemes by toll authorities, such as congestion pricing (also referred to
in the literature as value pricing or variable pricing) may assist state DOTs in managing their transportation
systems more effectively. Fair pricing for transportation is one of the key elements identified by Public
Technology Inc. in their report, "Roads Less Traveled: Intelligent Transportation Systems for Sustainable
Communities" (£). Pricing is one of several transportation system management measures that will serve to
meet the needs ofthe present without compromising the future.

With the authorization oflSTEA in 1991 and the TEA-21legislation recently signed by President Clinton,
these programs will continue to be investigated in metropolitan areas as a means to provide a sustainable
transportation system. Thus, it is important to understand the benefits and issues surrounding pricing.

Problem Statement

Traditionally, toll authorities have operated toll facilities using a fixed price to generate revenue which would
be used to maintain existing facilities and in some case, procure new routes. The price of the toll is fixed
throughout the day, and thus the facilities may be operated without due ofconsideration ofthe quality of service
provided to facility users. Furthennore, the operation ofthese facilities using a fixed price throughout the day
tends to work contrary to a DOT's efforts ofencouraging more efficient use ofthe transportation system.

In order to complement the efforts ofstate DOTs and further the efficiency ofthe transportation system, some
sort of variable pricing may allow toll facilities to operate in a more optimal fashion. An evaluation ofthe
operation oftoll facilities will be undertaken to identify barriers that exist for implementation of such variable
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pricing schemes. This evaluation will identify when and ifalternatives to fixed price schemes may improve
the operation oftoll facilities.

Research Objectives

The objectives ofthis study were as follows:
1. Identify the use oftoll facilities throughout the United States.
2. Identify the pricing schemes currently in place and the policy issues with respect to transportation demand

and management.
3. Review the jurisdictions implementing variable road pricing and pilot studies that are currently ongoing

and identify issues being evaluated.
4. Identify potential barriers to implementation ofa variable pricing scheme on a toll facility.
5. Describe the impetus for alternative pricing with respect to equitable transportation pricing.

Study Scope

The scope ofthis research is limited to the identification ofbarriers which restrict toll authorities from using
variable pricing structures. As indicated in the problem statement, a review of agency goals will also be
undertaken to understand the conflict which is apparent between the fixed price structure for toll facilities and
variable pricing. The study will focus on existing toll facilities that could implement a variable pricing
strategy. In addition, the congestion pricing projects in California and Florida will be reviewed.

Organization of the Report

Following the introduction, this report is divided into seven sections. An overview ofthe history oftoll facilities
and other background information is provided in the first section. The following section includes a summary
outlining a state of the practice and provides an impetus for variable pricing and potential benefits on the
transportation system. The various implementation barriers to a variable pricing scheme are discussed in the
third section ofthe report with issues ranging from social and technical issues. The fourth section includes the
study design and the provides summary information collected by the author. A review ofvariable pricing
projects is then presented in the :fifth section. Finally, an implementation strategy is developed and a
hypothetical application is reviewed to expand the concept and provide specific examples to gather support for
the proposed structure. A conclusion summarizes the results ofthe research and offers suggestions for further
research.
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BACKGROUND - HISTORY OF TOLL FACILITIES AND VARIABLE PRICING

A variety oftoll facilities are operated throughout the United States. These toll facilities are both rural and
urban in character. These facilities serve customers largely in a competitive fashion with other state financed
roads. The nature ofthe toll/non-toll relationship is complex, similar in many ways to a consumer's choice at
a grocery store. The relationship depends greatly on competition and personal choice. Similar to a shopper
selecting a certain type ofbread, a traveler must choose among the alternative paths, selecting a route which
is agreeable based on price and other qualities. Ifthe store only has one type ofbread, the consumer is limited
in their choice. This analogy is identical for motorists in cases where toll facilities are the "only" way to get
to a particular destination. In "choice" markets, the consumer can agree to pay a premium for a different
bread, or if you will, a faster or more convenient path. The toll facilities that are "choice" facilities must
provide a benefit to the user to entice the users to pay a toll. These benefits can be in the form oftravel time
savings, safety, convenience, and/or improved reliability. In the engineering design ofthese early highways,
utmost attention was given to the drivers' safety and comfort largely because planners felt that was of key
concern to users ofthe facilities.

History of Toll Facilities

The first toll facility built in America was the Philadelphia and Lancaster Turnpike Road which was completed
in 1795. This private road was built to improve the horse and carriage corridors in and out ofPhiladelphia.
Several other facilities in the 1800s followed this concept, and most ofthese were built exclusively with private
funds. Throughout the 1800s, funding for transportation projects was left to local and state governments.
Federal government involvement in transportation facility construction was introduced in 1893 by the Office
ofRoads Inquiry in the U.S. Department ofAgriculture, forerunner ofthe Bureau ofPublic Roads.

Early Development ofToll Facilities

The first modem toll facility for automobiles developed in the United States was in Pennsylvania in 1940. The
160-mile roadway provided a link throughout the state and improved commodity flow throughout the entire
corridor. The idea was used in several other states and additional facilities similar to the Pennsylvania Turnpike
were developed. In retrospect, the Pennsylvania Turnpike was an excellent example of public-private
partnerships. Fares collected from the turnpike allowed the construction bonds to be retired early and reissued
for capital improvements to the road (,D. Among the states following the trend ofthe Pennsylvania Turnpike
were Massachusetts, Oklahoma, Florida, Maine, Ohio, Indiana, Illinois, New York, and New Jersey. Similar
organizational structures were used in the development offacilities in these states throughout the 1940s and
50s. During this period, the organization oftoll authorities allowed smaller states to raise highway funds by
charging out of state motorists driving through their state. States like Connecticut, Delaware, and Maryland
received funds in this manner (.0.

The Interstate Era: Increased Government Involvement in Transportation

During this era oftoll road construction, federal government funding of our nation's transportation system was
limited. In the 1940s, a number ofhighways were set aside as military transportation corridors, but funding
issued to these facilities were modest. The construction of toll facilities continued to increase until the onset
ofthe Federal-Aid Highway Act of 1956 which reduced the need for more toll facilities in the short-term. The
Federal-Aid Highway Act increased transportation funding drastically and is regarded as one of the most
important laws ever passed regarding transportation. The act provided nearly $25 billion for the construction
ofthe National System ofInterstate and Defense Highways, the system envisioned during World War n (2).
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After 1956, federal involvement became a mainstay in the transportation industry and the highway
construction. Because of this influx in funding from the federal level, and the focus on state-to-state travel,
the majority ofnew toll facilities after 1956 were built within urban areas to serve demand that had not been
met. The Interstate system was sufficient during this time for state-to-state travel, and increasing congestion
in the inner city could be offset by new facilities. The Interstate system developed in this period of rapid
highway construction was a toll free system built for the people ofthe United States. Initially for defense, the
system grew to accommodate an increasingly mobile population ofmotorists. Response to congestion on the
Interstate system was to increase capacity. In certain regions, increasing capacity lead to increased
suburbanization ofAmerican cities and an increased reliance on the automobile for mobility within the new
urban form created by the Interstate system (~).

Legislation ofthe 1980s

The United States began to emerge from the Interstate era in the late 1980s, as the Interstate system was nearly
complete. Part of the evolution and development of the transportation system has included increased
involvement ofthe public in making choices for community development. Several pieces offederal legislation
have lead to an intensive public involvement process resulting in an increased importance of facilitating all
travel modes and investigating environmental concerns. Largely due to the planning process, community
involvement and public criticism of continued highway development became louder in the late 1980s.
Alternative funding of facilities to enhance the transportation system was proposed during this time as a way
to improve the flexibility to the long held policy of "free"-ways.

The Federal Highway Act of 1987 was the first government encouragement oftoll-financed facilities at the
federal level. This Act allowed eight demonstration projects across the county to mix toll revenues with state
and federal funds on new projects (2). This was followed by the National Transportation Policy released in
1990, which emphasized "an increased reliance of user fees" (10) and provided the initial impetus for the
evaluation of collecting tolls on the Interstate system.

ISTEA: Federal Interest in Tolling and Congestion Pricing:

Congestion within urban areas has been recognized as a problem long before automobiles were prevalent. One
of the reasons automobiles flourished as they have is because they were seen as a symbol of freedom and
mobility. Early toll facilities supported this notion of freedom and increased the mobility of the public.
Throughout the past forty years, however, our transportation system has begun to change because of the
continued demand on these facilities. The demand has reached a point where many cities have realized that they
can not build their way out of congestion. Furthermore, the Clean Air Act Amendments of 1990 and the
Intennodal Surface Transportation Efficiency Act of 1991 (lSTEA) contain strict prohibitions on the addition
of new highway capacity in areas failing to meet federal air quality standards. One author summarizes the
plight ofthe transportation system well in this passage: ''we cannot build our way out ofthiS (transportation
and air quality) crisis, although more construction is needed. We must look at transportation on a more
systemic basis, integrating it with land-use decisions, with air quality improvement, and with economic
planning..." (W Spurred by concerns of air quality and increasing congestion in urban areas, ISTEA
legislation liberalized the federal toll provisions, authorizing pricing on federal facilities for the first time under
pilot projects.

ISTEA provided the impetus for these improvements through its mandate for congestion pricing pre­
implementation projects. The stated objective of ISTEA is "the improved perfonnance of statewide and
metropolitan transportation systems through preservation, operational, and capacity improvements." It is the
initial premise of these projects asserting that alternative pricing will encourage more efficient use of the
transportation system.
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The current status ofpricing projects is clearly stated in the initial TEA-21 summary developed by the U.S.
Department of Transportation (12). The focus ofthe revised program is to continue the initial progress of
ISTEA and increase the number ofdemonstration projects using variable tolls. The overall goal ofthe program
is "to promote economic efficiency in the use ofhighways and support congestion reduction, air quality, energy
conservation, and transit productivity goals"(12).

The Act provides further authorizations for the Value Pricing Pilot program, which was originally dubbed the
Congestion Pricing Pilot program in the ISTEA legislation. The program will encourage planning by funding
up to fifteen additional pre-implementation studies. One key element ofthis legislation is that any value pricing
project under this program may involve the use oftolls on the Interstate System. Further development ofthe
program is expected, but significant opportunities exist as a result ofthis legislation.

Further support for the use oftolls on the Interstate system was provided when, for the first time, reconstruction
or rehabilitation ofa free Interstate highway segment and its conversion to a toll highway is allowed on a pilot
project basis. Up to three pilot projects have been authorized although at this time it is uncertain as to whether
these funds will be used. The purpose is to provide for the reconstruction or rehabilitation. of Interstate
highway corridors where improvement costs exceed available funding sources, and work cannot be advanced
without the collection oftolls.
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There are currently about 7,500 kilometers oftoll roads in the United States (13). Twenty-four of the fifty
states in the U.S. have tolled facilities. These toll roads, bridges, and tunnels are, to a great extent, financed
by tolls through turnpike commissions and authorities, city and county operating authorities, and State
Departments ofTransportation. The various organizations that operate these facilities make for a complex set
ofrelationships. The turnpike authorities are essential for financing constructing, and maintaining the Nation's
toll facilities around the country. Figure 1 is a map showing which states currently have toll facilities.

Figure 1. States with Toll Roads in the United States

Turnpike Authorities are active today in many states. Toll facilities are being looked to for providing an
alternative to more traditional facility development. Toll facilities are unique because they can be developed
with limited government involvement. This excerpt from the Oklahoma Turnpike Authority best describes how
turnpikes operate as compared to state operated facilities.

Turnpikes provide a way to build and use roads now andpayfor them as we use them. Turnpikes
operate separatelyfrom the state financed roads. The facilities are built to supplement the limited
money appropriated for highway construction and maintenance. The Authority receives no tax
money to operate its turnpikes. Turnpike revenues pay all operating and maintenance costs for the
turnpikes andpay offthe bonds issued to finance their construction. Also, turnpikes do not receive
motor fuel tax money generated by those driving on turnpikes, that is returned to the
state-maintained roads. (1.1)
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Toll collection is perfonned in a variety of different ways. On the majority oftoll facilities in the U.S., toll
booths are used to collect tolls. These booths are configured in a variety ofways either for manual collection,
automated collection techniques such as token or change baskets, and electronic toll collection. Automation
at toll booths can be in the fonn ofa change bucket or by using electronic toll collection. With the advent of
Electronic Toll Collection (ETC), toll booths are becoming less attractive. The number oftoll facilities with
electronic toll collection technology has increased from 49 in 1995 to 77 in 1997 (15). This increase shows
the growing acceptance ofthis Intelligent Transportation System (ITS) application as motorists are recognizing
the benefits as they grow more comfortable with the idea. The transition to electronic toll collection has been
a conservative one mainly because ofthe following factors (l.D:

• Public willingness to use the electronic toll tags have been mixed depending on the location. Some
communities seem wary ofthe government via the "Big Brother" syndrome;

• The installation costs of electronic toll collection are not trivial. These systems require a significant
amount of infrastructure depending on the facility type and current collection system; and

• Installation ofthese types ofsystems requires significant manpower at the supervising agency. Marketing
ofthese systems, once implemented, is ofcritical importance and requires a significant amount of labor.

Toll System Structure

Toll structures are established to capture all users ofthe road in a way which maximizes the efficiency of
operation. This structure largely depends on the type of facility and the available locations for toll collection.
On bridges, toll booths are nonnally located on either side to capture the traffic using the facility. A bridge
is a fonn ofa barrier system which establishes a barrier that users must cross to use the tolled facility. Where
the system is much larger, a ticket system is used. Prior to entrance to a ticket system, the motorist is issued
a tag which establishes the time and location for the origin ofthe trip. The tag is collected at the destination
toll booth and a set toll for the traveled distance is collected at the end ofthe trip. A briefoverview ofthe two
structures is discussed in the next section because ofthe challenges ofthe different systems impose on variable
pricing.

Development of Toll Rates

Toll rates are typically set at a "optimum rate" which reflects maximization of revenue with the least impact
on diverting traffic away from that facility. Toll roads that initially opened in the United States operated for
years under the philosophy that they were providing the maximum service possible at the lowest possible cost
in order to make the facilities politically palatable and acceptable to motorists. The acceptability ofthe toll
to motorists is ofkey concern to the bondholders that are expecting a return on their initial investment. Most
toll authorities must answer to these investors when changes are made to the operation ofthe facilities.

Toll facilities in many cases, were established to provide a facility that would eventually be turned over to the
state once the debt on facilities were paid off. Trust agreements were initially set up with the statement that
the facilities would operate until the deficience ofall debt and then would revert to the control ofthe state in
which the facility was located free of charge. Over the years this has been resisted on many facilities and
political pressures have been brought to bear in a few isolated cases to insure that the facilities became toll free
once their debt was required. The Dallas-Fort Worth Turnpike in Dallas, Texas was an example ofthis type
ofrelationship. In this case, the ability ofthe Authority to continue operating the facilities with a maintenance
toll was overruled due to political pressure to adhere to the originally intended mandate ofthe trust agreement
to tum the facility over to the auspices of state government when the debt was paid (Q). In many states, the
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expansion of:facilities and the continued capital improvements program on the toll facility is organized under
the original debt to continue the operation ofthe facility by the turnpike authority. In many cases, these capital
improvements are planned based on the expected excess funds that are generated by the nonnal operating tolls.

The toll road industry has developed and continued its moderate growth by providing a higher level ofservice
than parallel facilities. Tolls have been revised based on the need for additional income to satisfy debt service
requirements, system maintenance, operating cost requirements for the facilities, and expansion ofthe agency's
:facilities. Consideration in setting toll rates is given by comparing service with the cost in terms oftravel time
and analysis ofthe sensitivity between alternative routes. In other words, travelers are more likely to react
negatively to toll increases on short :facilities with many competing routes than longer inter-city routes that offer
a service with less competition ~).

Why Variable Pricing?

The traffic congestion on America's highways clearly shows that highways are a valued commodity. This is
especially true where bumper-to-bumper traffic is typical during the peak hours of the day. As a valued
commodity, the economic theory of supply and demand is applicable. As with almost every other industry
where a supply and demand relationship exists, whenever the price ofusing some valued good does not increase
when demand increases, that good will be in short supply (lQ). Supply will be exhausted if it can not be readily
enhanced. Variable pricing is a way to introduce pricing which might improve the way in which motorists
choose to use toll facilities. An increase in the price for a good normally reduces the demand for that good.

In a variable pricing scheme on a toll facility, the utilization ofthe road is improved by spreading the travel
demand over the course ofthe day and reducing the peaking characteristics oftraffic. This spreading ofthe
peak period is accomplished by providing an incentive for motorists in the fonn of a reduced toll. Variable
pricing would use at least one price change throughout the day to encourage this spreading. Variable pricing
could take on many forms, the most dynamic and thorough ofwhich has been dubbed congestion pricing.

Congestion pricing is a way ofrationing space on roads, just like pricing is used in other sectors ofthe economy
to ration scarce capacity. Congestion pricing would use the identified level ofcongestion on the facility to set
the toll based on a predetermined rate. The premise is that congestion pricing will lead to cost-based decisions
that will give travelers incentives to eliminate lower-valued trips, or combine them with other trips, to take trips
at different times or by different routes, or to choose an alternative mode of transportation. Pricing also
provides incentives for more efficient use of existing capacity and prices would provide more effective signals
of the need for future capacity expansion, thus laying the groundwork for a more efficient and
demand-responsive urban transportation system. Direct, variable pricing of roadways provide a much more
efficient mechanism to allocate road space during the peak-period when the demand is much greater than the
supply (1.).

Throughout the course ofthis research, three guiding principles for the implementation ofvariable pricing have
been used to focus the research and justify the conversion from fixed tolls on toll facilities. These principles
are listed below followed by some discussion regarding each ofthe statements.

1. Current transportation pricing is not equitable and users are not charged the total costs.

How users pay for mobility is a key factor sustaining the continued growth of our dependence on private
automobiles. Unpriced or free roads and inexpensive fuel prices mean it costs almost nothing to drive once a
person has a car. This type oftransportation pricing encourages use of roads, as motorists drive more, the cost
per mile decreases, spurring higher demand. Similar to an "all you can eat buffet", once one pays the set price
for sitting at the table, you may consume all you desire, the more you eat the higher the value.
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According to the Congressional Office of Technology Assessment study, "Saving Energy In US
Transportation" (1994), motorists pay only a fraction ofthe true costs of driving through user taxes. A third
of the cost ofbuilding and operating roads is paid for out ofproperty taxes or other local and state general
revenues. User taxes cover only a portion ofthe (from 44-80 percent oftotal depending on the source and the
indirect social costs that are included) direct roadway costs at the federal level and even less at the state and
local levels (4.17.18.19). Most studies include socialized costs such as police, fire, emergency services,
accidents, air and noise pollution, congestion delay, security offuel supplies, and other "external costs" due
to motor vehicle use. In summary, the pricing system encourages consumers to maximize vehicle use and
inhibits the emergence ofnew services that might compete with private motor vehicle travel in niche markets.
Effective management oftransportation systems and their growing external costs requires reform ofthese price
structures.

2. Operating agencies require a paradigm shift of maximizing the public benefit while improving
efficiency of operations.

At this stage of growth in automobile travel demand, existing toll roads offer an ideal testing ground for
alternative pricing. Many toll roads currently operate under congested conditions through many hours ofthe
day. Reduction in throughput as a result of congestion, reduces the efficiency and attractiveness ofa facility
which slows revenue growth for the toll authority. Slow revenue growth makes it difficult to guarantee return
on the original investment. This is particularly true offacilities that serve a commuter market and those that
serve major metropolitan areas. Many agencies face increasing expansion costs to provide sufficient peak­
period capacity which is prohibitive due to Clean Air Act Amendments and environmental constraints.
Organizing the toll rate structure in a variable or time of day fashion will help alleviate existing capacity
deficiencies and prepare a Turnpike Authority for future traffic growth directing traffic demand to the periods
where excess capacity is available.

3. Toll road pricing could be manipulated to further State DOT TSM goals

One of the issues that underlies the way a toll authority operates and attracts customers is the necessity to
succeed and provide transportation that motorists are willing to pay for. The nature ofthe operation and the
competition by mode and route is complex. Improvements in transportation should be a primary goal ofany
change in toll price structure. In other words, a necessary condition for making any transportation investment
or adopting any transportation policy is that the performance ofthe transportation system should be better able
to service the transportation needs ofthe public. Ifthis takes the form of improving efficiency by reducing
demand during particular hours of interest, then the policy has been effective. Providing users an incentive to
reduce peak hour congestion will help State DOTs by improving the balance oftravel demand over the day.

Transportation agencies utilize demand as an indicator oftransportation needs. A goal ofmany State DOTs
is to meet the needs ofthe public in a safe and efficient manner. The process which is currently used to match
the needs is somewhat flawed. Transportation planners determine the size ofa road by what is needed to meet
the peak-hour demand. Ifthat demand can be reduced by spreading the demand by using variable tolls, fewer
roads and smaller roads could be used to provide the same public service. Under this scenario, environmental
goals may be more attainable by reducing the periods and length ofcongestion.
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The array ofpotential barriers to implementation ofa variable pricing scheme on a toll facility are numerous,
but tend to fall into a number ofgeneral categories. There are three congestion pricing projects operating in
the United States as a result ofthe initial round ofISTEA legislation which will provide a significant amount
ofbackground information for identification ofproblems faced in the onset ofvariable pricing on a facility.
Additional discussion regarding the implementation ofa time ofday or variable pricing scheme on a specific
toll facility will be undertaken.

Technical

ITS is fostering a revolution in surface transportation by allowing information to be enhanced in virtually every
part ofour transportation system. Toll facilities are implementing ITS to continue providing optimum service
to users. One ITS application ofparticular importance is electronic toll collection. A few years ago this was
not economically feasible because ofthe cost of such devices. The magnitude ofthis barrier has been reduced
due to the production of lower cost electronic devices that are commercially available. These devices permit
high speed automated collection oftolls, parking fees, and transit fares.

Electronic Toll Collection (ETC)

Electronic Toll Collection (ETC) is the use ofvarious technologies to allow automatic in-lane toll collection.
This automated process is completed by reading electronic transponders installed on the vehicle. This has been
done with relative simplicity in many communities for speed data collection. The tags are read by overhead
antenna that can access the transponders and deduct toll costs from a prepaid account. In many applications,
this type oftoll collection has been installed in lanes adjacent to the existing manual toll collection lanes to
handle this type oftoll collection. A configuration used in Houston, Texas is shown in Figure 2.

Figure 2. ETC Lanes Separate From Manual Toll Booth Lanes

The arrangement shown provides a premium service to those with AVI transponders. The public support for
the AVI only lanes have been strong where AVI transponders have been accepted. The overhead sign structure
shown in the figure holds the antenna and supporting apparatus for communication with the transponder.
Creating "ETC only" lanes provides an opportunity to serve customers such that they do not have to stop and
pay cash at a toll booth. With ETC, a manned toll plaza is not even a requirement to collect tolls. The
overhead hardware for the ETC system on the Hardy Toll Road in Houston is shown in Figure 3.
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Electronic toll collection can also be combined with existing lanes to improve toll booth operations. This has
been done a number of different locations where expansion of the toll booth facilities were unnecessary or
prohibitive. An example ofa combined lanes setup in Houston is shown in Figure 4.

Figure 4. ETC Lanes Combined with Manual Toll Booth Lanes

Toll collection using the ETC is completed in both lanes in this instance. A more detailed schematic from the
Lee County, Florida electronic toll collection program is shown in Figure 5 on the next page.
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1. Overhead antenna
5. Automated coin machine

2. Transponder
6. Toll Gate

3. Toll display 4. Lane signal
7. Inductive loop classifier

Figure 5. ETC Lanes Combined with Manual Toll Booth Lanes (schematic) (20)

For an ETC implementation to be effective, reliable, and achieve maximum throughput and customer
acceptance, three major components are required:

• Automatic Vehicle Identification

• Automatic Vehicle Classification

• Video Enforcement Systems

Automatic Vehicle Identification (AVI) uses a radio Frequency (RF) device located in the vehicle to uniquely
identify the vehicle to the toll equipment. Various systems are being used in toll facilities for this purpose.
Figure 6 shows the AVI tag used by the Lee County, Florida (LeeWay) system. This small transponder
contains infonnation about the monetary balance ofa ''blind'' account which is communicated to
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the AVI reader. Once a vehicle passes the AVI reader, a fee is reduced from the balance. Automatic Vehicle
Classification (AVC) uses various sensors in and around the lane to determine the type ofvehicle so that the
proper toll can be charged. Video Enforcement Systems (VES) capture images ofthe license plates ofvehicles
that use the facility without a valid tag so that the owners can be identified and notified that a toll is due. All
ofthese systems are tied together by what is commonly referred to as a "lane controller".

The lane controller is a computer that receives its inputs from the AVI, AVC, and VES equipment. Usually,
there is one lane controller per lane which coordinates the activities ofall other lane equipment and creates the
actual transactions which will be used to charge the customer's toll. The lane controller is also the device that
maintains a list ofvalid tags which it uses to validate the infonnation provided by AVI. In addition to all this
in-lane equipment, each toll plaza usually has a host computer which collects the transaction infonnation from
the lane controllers and is in communication with a central host computer which collects data from all plazas
so that the data exists in one consolidated location. The plaza host computer is also used to transmit to each
lane controller the list ofvalid tags which is used for AVI validation.

Putting all this technology together can be a daunting task. A "one size fits all" philosophy can not be applied
to integrate this technology into the existing toll environment. The ETC system must be carefully designed for
the jurisdiction. It is also important for coordination to occur with nearby agencies to insure interoperability
of the systems with one another. This is critical especially where motorists can encounter different
jurisdictional facilities in a short distance, perhaps during a commute. The Inter Agency Group is a Delaware­
New York-New Jersey consortium that is leveraging resources to insure a seamless ETC system is in place for
their region. This consortium is proving to be a good model for other agencies that are working toward an
efficient application of an integrated system. The State ofFlorida and Lee County, Florida have also done a
good job ofcoordinating development ofthese systems for the benefit ofthe motorist. The organization ofthe
Florida tags are especially unique because the tags maintain account cells for each ofthe jurisdictions on one
tag, allowing users to establish two or more accounts on one tag. This will also improve the distribution ofthe
tags throughout the state (21).
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Electronic toll collection is nearly a prerequisite for implementation ofa variable pricing scheme on a barrier
toll facility. There are a host of issues surrounding adequate toll collection and toll booth perfonnance that
necessitate a simple price for users. One particular issue ofimportance is the number oftimes which a motorist
may have to pay ontheir trip. Varying tolls by time ofday will confuse some motorists and dwell times at the
toll booth will be affected. Labor issues are also important considerations in setting the price because ofthe
opportunity for theft that variable pricing presents. Token systems for commuter discounts and automated toll
collection would have to be revisited to maintain the price stmcture which allows these types of arrangements.
Non-electronic automation of toll collection will have to be modified significantly to meet the needs of the
customers.

The barrier system may be easily implementable by targeting one section ofthe facility that is significantly
congested. This type ofarrangement may be spread over several entrances to the facility to increase the equity
involved, affecting all users throughout a particular section of roadway by time ofday.

Ticket Tolls System

The ticket toll system has an advantage over the barrier tolls system because the payment is handled in one
location for a trip. The magnitude ofan increased service time at the toll booths is not as significant because
ofthe location of the toll booths, i.e. only exiting traffic has to stop at a toll booth, mainline traffic does not
have to stop. The ticket system would have to recognize the periods oftravel and length to identify off-peak
vehicles that may be allowed to receive discounts for traveling during a specified period. The variable pricing
could be burdened by unfamiliarity with the system and complexity ofthe price stmctures required.

PoliticallPublic

Resistance to taxes, distrust ofgovernment, and obsolete infrastructure financing strategies dependent on state
gasoline taxes-in many states constitutionally restricted to highway spending- make it likely that public
highway and transportation agencies will increasingly yield to privately financed, user fee oriented systems
(22). Toll authorities are set up as public agencies that are financed by offering bonds to the public. The toll
authority is managed or reviewed by a Commission appointed by the state's Governor that nonnally includes
persons with a keen interest in transportation issues. In most cases, the agencies are directed with public
oversight and involvement in mind because of the nature ofthe service that is provided. The agencies are
committed to serving motorists with a high quality service, but also committed to maintaining a prosperous
system for the bondholders. The political issues involved include the relationship between the Governor and
the public. The Governor has a responsibility to the users ofthe facility to insure that the toll facilities serve
the public interest and the toll is politically palatable. There is also a necessity to follow policies established
by the government to improve the community and the State. Political interest and government policy must be
hannonized to insure the public is agreeable to any changes made in a toll facility.

Many toll authorities operate independently from the State Department ofTransportation (DOT). Although
largely independent from the State DOT, the policy considerations ofthe Toll Authority mirror that ofthe state
financed and operated roads up to a point. The main difference is the toll facility must offer a return on the
original investment. Thus, the Toll Authority works within the organization of the agreement with the
bondholders to operate a financially successful system. This is the key paradigm in the operation of toll
facilities. The basic philosophy ofmany toll facility operators in the United States is to place an emphasis on
customers, providing a premium service for a price. For political reasons, ~d to encourage use ofthe toll road,
facility operators endeavor to keep toll rates at minimum levels to cover debt service and operating costs. Even
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in congested conditions, the public may be unwilling to accept higher fees for an improved service, largely
because in many cases the entire transportation system is not established to handle motorists that choose not
to accept the price increase (23).

Privacy

Privacy is more of an issue of electronic toll collection than of variable toll pricing, but it is of concern in
communities where ETC is being introduced. One way to handle the privacy issue is to use a "blind" ETC
system. A "blind" ETC system would allow users to set up accounts that are pre-paid, allowing tags to be used
interchangeably. Special consideration during the design ofan AVI system should consider the invasion of
privacy as an issue ofconcern for the citizens involved in the program. Any design for an ETC system should
effectively reduce the potential for invasion ofprivacy concerns. It seems that no matter what assurances are
made that a certain portion ofthe public will be naturally skeptical and will not believe that the safeguards are
adequate.

Equity

Any time you try to take away personal freedoms in this country, people get emotional because freedom is one
of the cornerstones of this great country of ours. Pricing a road would place an additional requirement on
citizens for using a freeway that was created with federal taxes. The concept ofpaying for a facility that has
been paid for previously has been continually argued against. Equity issues are ofprimary consideration as
pricing offacilities raises questions regarding social and economic boundaries. Additional comparison ofother
groups can also be made to identify impacts.

These groups include:
• Single occupant vehicles and carpool vehicles,
• Automobile drivers and other travelers (transit, other non-auto)

• Rural citizens and city dwellers, and
• other distinguishable groups based on geographic or political boundaries.

In the case ofthe San Francisco Bay Bridge variable pricing project, tolls were proposed to increase in the peak
direction to inhibit demand and improve operations. Political boundaries were the main focus of these toll
increases and public outcry was intense once the proposal was released. The tolls were never increased because
the increase would only affect users from the east side ofthe bay, in essence discriminating across political and
geographic boundaries.

Public and market acceptance ofa shift to fuller marginal cost pricing oftransportation will follow only ifusers
who experience higher user costs gain improved system performance. The increased cost must be sufficiently
warranted. To deal with equity issues for the lower income groups, the array of alternatives and transportation
choices must be expanded. Public information and marketing emphasizing positive attributes and a customer
service orientation will insure that all market groups are adequately represented in the program.

One common argument with respect to equity is the concern that lower income workers will be "priced off"
the facility. This argument is backed by the reasoning that there is a greater propensity for this group's
employers to be less flexible with respect to work start time. This would "target" the lower income group,
making this type of pricing a regressive tax. The concern for this group is disputed by the data collected on
the SR 91 project, which has shown that it is "incorrect to conclude that higher priced lanes will only benefit
high income travelers" (24).
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The financial backing oftoll authorities is organized by bonds that establish a certain amount ofcapital for the
purpose ofbuilding and operating the roadway. Most toll authorities do not receive appropriates oftax money
from the government to support the operations. Although bonds are sometimes met with credit from the State.
To insure the toll authority meets its expected return on the investment for the bondholders, an agreement
between the agency and the bondholders is made. One ofthe agreements that is made in the contract agreement
is the nature ofthe coverage ratio ofa bond which requires the toll authority to meet certain goals throughout
the schedule ofthe payback. Thus, innovative approaches are required to maintain operating revenues during
these projects. In many cases, strategic partnerships must be formed among state DOT and toll authority
officials.

Bondholders are naturally conservative. In some cases, additional restrictions are placed on the agency to
maintain a more steady investment return. The New Jersey Turnpike Authority has an agreement that they
cannot make any specific operating changes that will result in a one percent or more change in revenue without
consulting the bondholders @. The bondholder uses a transportation consultant when changes are suggested.
The review process for any change expected to result in the one percent increase or reduction in net revenue
must be agreed to in principle by the bondholders. This arrangement is very restrictive and precludes
widespread changes in tolls.
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In order to provide current information and to develop an understanding ofthe current state ofthe practice, a
survey ofsome ofthe state and private agencies operating toll facilities was conducted. The survey included
a series ofphone calls and an oral survey administered over the course ofthe research. Prior to each survey,
additional research was conducted to outline the State DOT goals and the toll facility agency's operating
standards. The link within this evaluation was to identify any conflicts which might be overlooked and to
possibly identify variable pricing as a transportation system management tool. The survey used for this
evaluation ofcurrent practices is included in Appendix A.

Additional anecdotal information was extremely helpful in gaining an understanding about the operating
agencies' perspectives on toll rates and their operations. There was a great deal of interest with respect to the
prospective projects organized among the country, although a lack of information of ongoing variable pricing
events was somewhat common throughout the individuals surveyed. This is probably due to the fact that the
federal program only chose one toll authority for the first round ofpilot projects, and toll authorities were the
focus of this survey. The federal program involvement for congestion pricing symposiums only included
agencies which were involved in the initial pre-implementation studies, ofwhich Lee County, FL was involved
the only one.

Follow-up discussions were conducted with several ofthe participants once additional contact was established.
These follow-up conversations allowed further exploration into the type ofbarriers which preclude the use of
variable pricing strategies and other pricing techniques to accomplish transportation system management
objectives and meet the goals ofthe State DOT.

Profile of Survey Respondents

A total of twelve agencies were contacted, and ten accepted requests for interviews. Obtaining a high
response rate required a great deal of persistence. Of the nine agencies that responded, five were from the
northeast and two were from the midwest. These agencies serve a diverse mix oftraffic. Most serve urban
areas, although four agencies also have rural sections oftoll as well. Some ofthe respondents noted that they
also serve a large proportion of commercial vehicles with some serving as a primary route for truck traffic.

Summary of Responses

Figure 7 provides a summary of the multiple choice survey questions for comparison purposes. The only
qualitative question amongst the four shown was the prevalence of congestion question. The survey was
concerned with perceptions rather than actual data, and therefore, should be taken as such. The single variable
price structure currently in use was the SR 91 project, which is also the only solely electronic system. The SR
91 project could be considered a barrier type of toll structure because the users have only one choice of
entrance and exit.
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Figure 7. Responses to Multiple Choice Survey Questions (n=9)



Peter J. V. Koonce

Consideration ofVariable Pricing

Page 289

The participants were queried as to whether their respective agencies had considered any fonn ofvariable toll
or congestion pricing strategy. The responses were surprisingly high for the group, with two-thirds responding
that they were either implementing a variable toll structure or had considered it at one time. The various
alternative pricing schemes considered by the different agencies contained a lot of interesting ideas. For the
most part, these variable pricing schemes were designed to reduce congestion on the facilities.

Discounts for Toll Users

Figure 8 provides some insight on the nwnber ofagencies that currently have some sort ofdiscount for specific
users ofthe facility. The most prevalent discount is provided for commuters. This discount is a marketing tool
designed to maintain a certain level of frequent users on the facility. The commuter discount is sometimes
designed as an integral component to the AVI system (Lee County, FL and California SR 91) as the AVI is
conducive to a complex pricing strategy which allows more levels of toll charges between users. The
commercial trucking discount is a proposed discount program which will be discussed in detail in the next
section ofthis report. At the time ofthis publication, the implementation ofthis program is imminent pending
authorization by the Governor ofthe State.
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The perception ofimplementation barriers ofvariable price tolling is key to this research. The survey question
detailing these issues provided several choices for responses. The surveyed individual was asked to identify
as many barriers as they could think of. Figure 9 shows the responses that were recorded. The most popular
concerns amongst the choices were public and political concerns and revenue restrictions. One of the
respondents considered the political/public response a non-issue because ofthe relationship that exists between
the toll facility and the local political officials.
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Figure 9. Perceived Barriers to Toll Changes (n=9)

Revenue restrictions are key in many locations where bond indebtedness is a priority issue. Many toll
authorities are severely restricted bytheir bond service agreements. Many toll authorities use toll rates for ten
to twenty years before requesting an increase. The process for changing tolls is extremely complex, and it
seems that the complexity increases as the number ofusers and the increased governmental involvement in the
project increases. Politics is a key issue with respect to toll rates in many locations.
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Reluctance to change is a significant response, because it shows a lack of perceived importance to reach
transportation system management goals. In areas without congestion, variable pricing may not be necessary
at this time to improve traffic operations throughout the day. In these cases, it is important to identify longer
tenn concerns which may be not be as clear, but are still important. Organizing a price structure when it is
less controversial may be an advantage for the toll authority. The complexity of such a system could be limited
to certain periods ofthe day, but should be considered for the future.

Equity issues are ofimportance not only for the toll authority, but at the national level. The federal outline for
pre-implementation projects maintains that equity must be a key criteria evaluated during the course of an
analysis.

Technical consideration was only a minor obstacle identified by the group of agencies surveyed. The
respondents pointed to an increased reliance on electronic toll collection and even public support of such
programs to reduce congestion at toll booths. One respondent said "the technology that currently exists is
moving more people towards (variable pricing)".

Labor is ofconcern because ofthe number ofemployees that might be replaced as a part ofETC. When asked
about this issue, one respondent noted their agency's reduction in hiring new employees for toll collection: "we
are reducing our toll collection workforce naturally through retirement".
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This section ofthe report contains a review ofvariable pricing projects. Two ofthe projects, (Lee County,
Florida and Harris County, Texas) discussed included toll facility price fluctuation, the third (State Route 91
in California) was a newly constructed facility that was introduced as a variable toll facility.

California State Route 91- Orange County, California

The:final evaluation study for the SR 91 Variable Toll Express Lane Facility was completed in January 1998
(21) with the collection oftraffic volume, occupancy counts, and speed data assimilated along with information
on transit and ridesharing. The researchers evaluated many different issues associated with the development
ofthe toll facility. The new four-lane toll facility was built in the median ofan existing ten-lane segment of
SR 91. The ten-mile section provides users with an alternative to the main lanes for a fee.

This project is unique because ofthe public-private arrangement between the developer ofthe SR 91 project
and the State of California who leased the right-of-way for the facility. The lease gives the developer ofthe
road, the California Private Transportation Company (CPTC), thirty-five years to return a profit to its
investors, after which the facility is turned over to the State. The CPTC recently released its annual report,
which cited travel time savings by Express Lane users in the range of 20 minutes per 10-mile trip, as well as
responses from the most recent public opinion surveys. Results indicate that the project is viewed favorably
by 65 percent ofExpress Lane users, 62 percent ofthe free HOV-Iane users, and 53 percent ofthe main-lane
drivers.

The California State Polytechnic University (21) study reported that since the opening ofthe Express Lanes,
average weekday traffic in the lanes has increased from about 8,000 to just under 30,000 vehicles, with small
corresponding increases in traffic on the main lanes. Additionally, daily HOV-3+ traffic on the Express Lanes
has steadily increased to over 5,000 vehicles (or 20 percent oftotal Express Lanes traffic), which, according
to CPTC, is a new record in Southern California. hritial concerns that the Express Lanes would only be used
by those in the highest income bracket have not materialized, as researchers have found only a weak
relationship between income levels and Express Lane use. "Although toll revenues do not yet cover total
annualized facility costs, prospects ofbecoming profitable in the long run seem promising" (21).

LeeWay Variable Pricing Project - Lee County, Florida

Lee County, in cooperation with the Florida Department of Transportation and the Federal Highway
Administration has undertaken an implementation project making use ofthe revenue reserve fund provisions
ofthe Congestion Pricing Pilot Program..The revenue reserve fund provides the Lee County Toll Authority
(LeeWay) with the opportunity to maintain debt service coverage for three years through the use of federal
funds while implementing the variable toll scheme is used. The project was initiated at the local level by a Lee
County Commissioner that believed in the concept and championed the issue through the political and
bureaucratic processes.

The purpose ofthe project is to study ways ofusing existing roads more efficiently, thus reducing the demand
to build new roadways (2Q). The study will also evaluate the effectiveness ofvariable tolls for use as a model
for other communities. Tolls will be reduced on the shoulders ofthe morning and evening rush hour peaks to
flatten the peaking oftraffic. Electronic toll collection facilities have been installed to assist the toll collection
and discounts (50 percent discount) are only given to those with transponders. Rush-hour motorists will be
offered a 50 percent discount ifthey traverse the bridges during the shoulder ofthe peak period. At all other
times, bridge tolls will remain at the $1.00 level established in 1995.
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The Lee County project has pledged to maintain the coverage ratio on the bondholders investment by receiving
help from the federal, state and local governments to establish a revenue reserve fund. The revenue reserve
fund will supplement lost returns that insures existing revenue streams would not be jeopardized by the
adoption ofthese pricing differentials. The start date ofJuly 28, 1998, has been set by the project manager in
Lee County, and the pilot program will operate for three years.

New Jersey Turnpike Commercial Pricing, New Jersey

The New Jersey Turnpike Authority (NITA) is preparing a plan to implement variable pricing on commercial
truck traffic based on the time ofday. The plan is to entice commercial vehicle operators to the off-peak by
offering discounts that are likely to change scheduling oftrucking companies. "The Turnpike Authorityplans
to offer toll discounts rangtngfrom 7.5 to 15percent to truckingfirms with Turnpike charge accounts that
travel outside the height of the morning and afternoon rush." (22) The Turnpike Authority planning
department expects that this will encourage both a shift oftraffic from the peak to the off-peak as well as
additional traffic on the facility that was using other routes because of the existing tolls (25). The NITA is
structuring the discounts to encourage a specific amount ofuse and the discount is regressive as the use ofthe
facility increases. The companies who pay $50 to $200 a month in tolls will receive a 15% discount for off­
peak travel. Those with a $200 to $500 a month bill will receive a 12.5% break, and those with more than
$500 a month in tolls will receive a 7.5% discount. This discount structure is sensitive to the constraints of
the Revenue coverage agreement between the bondholders and the Turnpike Authority and was structured to
limit the potential for a large decrease in revenue.

Hardy Toll Road Reduced Rate Program - Harris County, Texas

The Hardy Toll Road is a radial route that extends 21 miles from serving north Houston parallel to Interstate
45 from the Houston Intercontinental Airport to Interstate 610. Actual traffic and revenue experience on the
Hardy Toll Road fell short of initial forecasts. In January 1990, the Harris County Commissioners Court
approved a 90-day test program designed to encourage higher midday travel on the Hardy Toll Road. The plan
was to improve the usage ofthe facility by reducing the tolls during the midday. The peaking characteristics
on this facility are significantly large, with up to 25% of the traffic during the entire day using the facility
during the peak hour @). The toll authority attempted to attract additional midday traffic to the toll road by
offering a 50 percent discount to all two-axle passenger cars from 10:00 a.m. to 2:00 p.m.. Discounts were
only allowed at the two mainline toll plazas during the weekdays only. During this period of reduced tolls, the
automated tolls were replaced by manual collection to avoid overpayment.

The results ofthe study were significant. The Hardy County Toll Road Authority reported that total traffic
during the four-hour "reduced toll" period increased by 20 to 40 percent during the test, most often hovering
just above 22 percent. The peak period impacts were not available from the study analysis that was published
by the Harris County Toll Road Authority. Additional contact with the HCTRA was initiated to gain further
insight on this variable toll application, but the information was not received in time for inclusion into this
report.

Summary of Applications

Based on the findings ofthis research, the use ofvariable pricing on toll facilities is still in its infancy. The
existing and planned applications are each unique in its implementation scheme. The goals ofthese projects
are largely the same, to improve the peak period of operation on transportation facilities that are (or will be)
burdened by traffic congestion. This is accomplished either by providing an incentive to motorists (and or
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commercial truckers) who are flexible and can choose a time of day or a penalty for travel during the peak
periods. All ofthese pricing schemes are independent ofthe type of congestion that is on the adjacent facilities,
although the SR91 sets its price by considering the level ofdemand on the alternative facility by time ofday
and day ofthe week. A summary table ofthe surveyed agencies is included in Appendix B.
Conclusions

The following conclusions are made from the applications reviewed for this research:

• In the presence of careful planning, variable toll pricing can be a market success. SR 91 was the first

evidence that variable toll pricing is a worthwhile endeavor. The facility provides motorists with a choice

for increasing their relative mobility which has been a key selling point for the project.

• Public relations and marketing are important to the success of the projects. Public involvement in the

project development stage ofan undertaking such as this is a good way to begin to create acceptance with

the community. Marketing design should focusing on clearly communicating the benefits ofthe variable

toll pricing.

• Community leaders should be involved to spearhead eliminating financial and political barriers. It

is important to get political leaders within the community involved to initiate contact on the local and state
levels. Securing funding to match the federal monies is a crucial step in project development.

• Congestion is not absolutely necessary for variable pricing to be politically palatable. Lee County,

Florida's variable toll system is scheduled for implementation where new capacity has been provided to
serve peak hour demand. The initialization ofthe pricing structure establishes a status quo which can be

maintained and updated with future toll increases.

• Alternative schemes for commercial trucks are being pursued for variable toll pricing and these

schemes can be organized to fit under the existing bond provisions. Variable pricing for commercial

traffic should improve traffic flow during the peak periods by enticing trucking companies to schedule

truck usage during off-peak periods. This unique approach to improving the transportation system is

receiving a vote of support from the local press for being a win-win for commuters and the trucking

companies alike.

• Electronic toll collection is not a prerequisite for implementing a variable toll pricing scheme. The

Harris County Toll Road Authority used manual toll collection during the off-peak. This strategy allowed

the collection to operate without introducing an excessive amount ofdelays at the toll booths.
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A strategy to assist jurisdictions in the conversion from fixed price toll facilities to variable pricing is presented
in this section. As discussed in Section four, there are many barriers surrounding the implementation of
variable pricing and additional barriers related to the conversion of fixed price facilities because ofthe existing
status quo and reluctance for change. A listing ofthe steps for converting a fixed price toll facility is provided
below.

1. Develop Mission Statement - What are you trying to accomplish, and why are you doing
this? - A mission statement is important in any new endeavor to define the goals to be achieved. It
is important to be focused on the positive aspects and the motive behind the policy. Variable toll
pricing can accomplish many different approaches depending on the scope and the magnitude ofthe
program. This could be as simple as developing a price structure that will (either in the future or
present) allow the managed facilities to operate more efficiently. An example of a mission statement
and some general justification is included in the next section.

One special policy consideration to contemplate when developing the goals is whether or not the current
operating philosophy ofthe toll authority is really being satisfied ifthe authority allows congestion to occur
on the fixed priced facility. An evaluation ofthe State DOT goals can also be used to compare with the toll
authority operations. Specifically, TSM and TDM measures should be considered.

2. Evaluate policy considerations that exist which will prohibit variable pricing. One ofthe critical issues
ofa variable pricing program is the ability to implement a system based on legal or legislative constraints. The
desired pricing structure must be agreeable to the public officials (via legislation) and legal within the laws of
the land. ill certain cases, legislators have placed restrictions on the collection oftolls that may discriminate
against a certain type ofuser. Variable pricing could be considered discriminatory towards travelers who are
unable to shift their travel times. Similarly, where toll facilities serve as boundaries between the communities
(San Francisco Bay Area Toll experience) political issues and fairness can be the stumbling block ofthe entire
plan.

Due to the original agreements ofthe tolling agency with the bondholders, restrictions may be placed on the
type oftolls that are allowed. Bond provisions were found to be similar among the agencies that were surveyed
as a part of this research. The constraints imposed by existing agreements might be circumvented by
developing new agreements in periods of system rehabilitation or when new bonds are let. The toll authority
agreements are crucial because flexibility in the price structure is crucial for the feasibility ofthe program.
Commuter discounts are frequently used by tolling agencies to encourage use ofthe facility by reducing the
price. This policy is counterproductive from a demand management standpoint but is effective from a
marketing standpoint for the toll facility. This type of relationship is consistent with the paradigm shift that
is necessary to improve the operational efficiency oftoll facilities.

3. Develop an understanding of the barriers and constraints of changing toll rates. The growth of
electronic toll collection will reduce the magnitude of the technical barriers that a tolling agency faces in
implementing variable pricing. Five years ago, ETC was untested and transportation officials were uncertain
of the reliability of these systems in this type of environment (high speed recording, various environmental
conditions, etc.). Today, these systems are used in many locales across the United States. Penetration ofthe
commuter market is greater than 70% on some facilities (29) and this has greatly improved toll booth
operations.

Another barrier to conversion is dealing with the occasional user, or the non-ETC motorist. Conversion ofthe
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existing equipment may be difficult for some agencies. In. Lee County, Florida, the toll booths will continue
to be utilized even for the electronic toll collection. Vehicles will slow to 5 m.p.h. through the toll booth, the
transponder tag will be read and the gate will open ifsufficient funds exist on the toll tag account. The variable
pricing discount offered by the Lee County project during the off-peak will not be awarded to non-ETC
vehicles. This plan ofoperations is being considered by other agencies as a way to improve penetration ofthe
transponders and to restrict discount programs overall. This overall effect of this type of policy is still
unknown at this time, but it is the hope that it will provide the user with an additional incentive to acquire a
transponder which can be used to improve service and reduce user costs at the toll booths.

The use ofother technological advances will improve the ability ofturnpike authorities to implement variable
charging. In Toronto, Canada, a system is being implemented to recognize cars whether they are equipped with
ETC or not. Non-ETC vehicles will be identified by a video imaging system which will post-process license
plate infonnation. The images captured at entry and exit prints will be matched electronically and the vehicle's
owner will be billed through the mail. Registration information will be used to identify users from their license
plates.

In many areas, the existing labor force is a key issue for the reluctance to change to an ETC system. In New
Jersey at the New Jersey Turnpike Authority (NITA), the hiring of new toll collectors has been frozen, and
through retirement and reassignment, no layoffs are expected. This is a key issue for some agencies and this
type of approach could be used by other agencies to reach desired staffing levels.

4. Identify problems and set goals for project. The set ofproblems which toll authorities face are numerous
and diverse. There are several different areas where variable pricing must be evaluated and organized in order
to establish accord between the individuals and agencies involved. Once this accord is established, a public
information, or marketing campaign should be undertaken. Preparing the public is ofkey importance because
of the feedback they provide. This feedback can be critical throughout the project, specifically during
implementation.

One other major area (quite possibly the goal for the project) that toll facilities must address is unacceptably
high levels ofcongestion at certain places at certain times. This is the essence ofcongestion problems: at certain
times of day on certain stretches of road, more vehicles are trying to use the road than its capacity permits to
flow freely. While some congestion is desirable (it indicates an efficient investment in transportation capacity),
a lot ofcongestion is not. Excessive traffic congestion can significantly reduce the attractiveness ofthe toll road.
The congestion also costs users in terms ofdelay, additional pollution, wasted natural resources. Under variable
toll pricing, people who benefit from the use ofhighways during the peak periods, and who impose congestion
costs on others when they do so, would contribute more to the upkeep, and especially, expansion ofthe system
(since it is to accommodate peak period use that the system is typically expanded). A result ofthis financing
program is that people should find it in their interest to use peak capacity more frugally. This reduction of
congestion will allow the toll authority to continue providing a premium service. An additional benefit for
reduction of congestion would occur ifmotorists decided to change their times of travel to less congested
periods, thus contributing to a more effective use of the existing facility. Goals for the projects include
evaluating the potential impacts (both positive and negative) ofa variable price toll in a congested area ofthe
toll facility and making recommendations for implementation ofvariable price tolls.

5. Identify political allies in the DOT and jurisdictional agencies who will support this position. A review
ofState DOT goals is an initial indication ofwhether support on a statewide basis for increased transportation
system management and improved transportation efficiency is mandated. City and county policy is also
important and should be reviewed to identify potential conflicts with neighboring agencies. City and county
politics can playa major role in the end result ofthe program. Solidarity across jurisdictional boundaries is vital
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to the success ofthe program, as dissenting views can result in lack of support. Elected officials are key with
respect to the support ofthe project because ofthe politics that be and the number of constituents that can be
affected by a change in toll prices. Support for increases in the price on highly congested corridors or projects
that are tangible are the most palatable for politicians to back.

Engaging a range of stakeholders during initial organization of the study provides an opportunity to build
arguments and to identify proponents. Building consensus within leadership of the community and various
transportation agencies will improve the public relations support ofthe concept. Representatives ofbusiness
interests also can playa role in the transition from fixed toll prices by providing insight on the transportation
needs ofthe private sector. The business leaders are also able to identify the needs oftheir employees. Meeting
with business officials can also lead to improvements in transportation demand management at the workplace
which would improve the ability ofthe pricing structures to work for their employees. Transit agencies should
also playa key role in the organizational structure, especially where revenue-neutral formats (funding transit)
are involved. Finally, a key ally for the initiative should be environmental groups that have long supported
congestion pricing as a way to reduce energy use, improve air quality, and reduce transportation demand.

6. Establish contact with the federal level when describing, proposing, and attempting to secure funding
for a pilot study. The pre-implementation project is supported at the federal level with funding approved for
an additional 15 projects in TEA-21. This financial support is important because it builds a critical mass for
the process. The critical mass takes the form ofadditional scoping meetings and points toward the evaluation
ofthe potential portions ofa toll facility to target for a variable pricing project. One critical issue with respect
to the funding is the structure ofthe tolls and the policy chosen. The FHWA modified the original Congestion
Pricing Pilot Programto allow federal funds to be used for loss protection associated with a variable toll pricing
strategy. This type of arrangement is important to reduce any resistance based on the financial considerations
ofthe project.

7. Design a scheme to meet goals that is acceptable within the constraints that have been established. The
barriers that toll authorities face in setting the price for traveling on the facilities were presented in detail in
section 4. As discussed, the revenue impacts are ofkey concern in the decision to establish a variable toll rate
structure. The alternative analysis conducted in the previous step will be used to tailor a rate schedule for a
facility. The motivational factor used in setting rates for the Hardy Toll Road Off-Peak Reduced Rate Project
in Houston was to entice users to use the facility during the underutilized off-peak periods. This focus was
geared to improve the financial performance of the toll facility during the off-peak and throughout the day.
Because ofthis underutilization and the competition with the alternative parallel facility, (Interstate 45) prices
were reduced on the Hardy Toll Road to enhance the attractiveness ofthe facility during the afternoon midday
periods. In many cases, toll authorities are restricted from this type of activity because ofthe covenants within
their agreement with their bondholders. Several agencies have language in their agreements that allow reduced
toll rates only on frequency or volume ofuse, mainly to encourage repeat usage by commuters. This type of
arrangement assures a steady demand for such facilities which makes the investment more secure for the
bondholders. Certain other agreements do not allow the toll authority to take any action that may act to reduce
revenue by a predetermined percentage. This type of constraint heavily restricts the ability ofthe toll authority
to consider various operational and policy changes that may align the agency with the State DOT.

Marketing, education, and public involvement should be priorities throughout the design ofthe scheme. The
successful projects to date (SR 91, LeeWay) have experienced strong initial response largely because oftheir
work with the political and public issues that are ofkey concern.

8. Complete initial feasibility analysis using transportation modeling and various toll structures. A traffic
impact analysis is conducted once toll rate changes are proposed. These impact analyses formally evaluate the
effects of a toll rate change on the use of a toll road. In many instances, the use of a transportation modeling
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package such as EMMEl2 or TRANPLAN is utilized for estimating the sensitivity ofthe demand on the facility.
Trip tables within the transportation model are updated to represent the new cost ofthe facility. Several toll rate
schedules are analyzed to identify the impact of the various toll rates on traffic. In addition to the base year
analysis that is completed, additional future year analyses are used to compare the future impacts a certain
policy or amount will effect the transportation system, and most importantly to a toll authority, the toll facility.
Traffic assignments are made for both peak and off-peak conditions, at both the base toll levels and the various
alternative toll rate schedules.

Additional analysis can be completed by perfonning a stated preference survey of existing users of the toll
facility. A stated preference survey is used in some cases to identify appropriate ranges ofvalue oftime for
use in determining potential toll rates for a facility. The surveys ask current users ofthe freeway to detennine
the implied values oftime based on tradeoffs within specific questions. These time-cost, tradeoff questions offer
the respondents choices based on travel alternatives. In the evaluation ofequity considerations it is important
that demographics and other "lifestyle" questions are considered to complete the cross sectional sample.

In transportation planning, individual motorists are assumed to have perfect infonnation. Their ability to
evaluate options within the transportation system are based on "multiple" experiences that have allowed them
to make a decision which optimizes their ability to navigate the network. The quality ofthese experiences are
based on travel time and speed, cost, and other factors. Utility models are used to combine these factors into
a single measure of"cost" to the user. Congestion is a key component ofthis as increasing congestion increases
the time required to travel a given distance. Time is a highly weighted portion ofthe equations used to identify
these relationships. This relationship varies by person depending on household size, household income, and
other factors. It is this relationship or willingness to "pay" for service that should be critical in setting the price
of a facility.

9. Provide incentive to motorists combined with initiation of new toll structure. Tolls are set and revised
based on the need for additional revenue to satisfy debt service requirements, operating costs, and system
maintenance and expansion. Additional considerations for the setting ofthe lowest possible toll rates are the
need to compete with other non-toll facilities in the same corridor and to maintain market share ofthe traffic in
that corridor. System expansion has been a primary opportunity for increasing tolls. In the implementation of
a variable toll structure, system improvement or expansion also could provide an opportunity to offer an
incentive to use the facility during the uncongested periods. Furthennore, initiating a toll increase without
justification is politically difficult. Providing additional service whether this be in the fonn of enhanced toll
booth operation or roadway facilities should spur interest in the facility to supplement the traffic on the system
and reduce the loss of motorists that resist the toll increase. Currently, the introduction of electronic toll
collection seems to be a concern for many officials. Public acceptance is difficult to judge with privacy concerns
and public distrust being sufficient barriers to offering ETC as the justification for increased tolls. Many
infrequent drivers may resort to nearby alternatives to avoid the higher toll because they have not benefitted
(travel time decreases may not be noticeable to driver) from the increase in price. Thus, it is important to
provide a benefit the driver can recognize easily.

Communication and public outreach of the program should be a primary consideration of this step in the
implementation. The public involvement process should be used to test strategies and develop public support
for the project. Contacts with the media should be made in an attempt to explain the goals and justification for
the project.

10. Prepare an evaluation program to quantify and estimate potential benefits. The evaluation program
for any project should be completed up front prior to implementation. Data should be collected a significant
period before the implementation to establish a baseline, identify trends, and analyze perfonnance. The criteria
one chooses to evaluate a pricing alternative depends on one's view ofthe proper way to handle many issues
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about theory, measurement, and methods that inevitably arise during such evaluations. An evaluation program
should focus on the following:

• Performance ofthe transportation system.

The key issue with respect to the performance ofthe price structure is whether or not the pricing alternative
works efficiently toward congestion relief and maintaining overall user support. hnprovements in the
transportation system should be a primary goal ofany transportation improvement. In other words, a necessary
condition for making any transportation investment or choosing a transportation policy is that the performance
ofthe transportation system be "better" than it would have been without the improvement. Identifying "better"
requires an evaluation of both performance benefits and the costs of achieving those benefits. Personal
preference and politics should playa limited role in this evaluation. Cost reductions to all travelers (in terms
oftravel time and vehicle operation) are the most important direct benefits of a transportation improvement.

• Indirect effects ofthe variable pricing scheme on the transportation system.

The key issue with respect to indirect effects is the surrounding transportation system. Hypothetically, one could
argue that pricing a toll facility will lead to subsequent diversion to other corridors and an increased reliance
on a lower class of facilities. This burden on the local facilities could also impact the air quality of the
surrounding communities and make neighborhood groups raise concerns about the effect on their streets.
Additional effects on transit ridership should be evaluated to identify the impacts of the toll pricing on the
efficiency ofthe total transportation system. Diversion of automobile traffic to transit is ofkey concern and
could be credited to the toll authority. In summary, the evaluation of the price structure should consider
additional aspects ofthe transportation system rather than just the toll facility.

• Effects on land use and urban form.

Land use and urban form are transportation issues that have a rich history in theory. In the congestion pricing
debate two arguments have been made regarding the impact of pricing on urban form. One stance is that
underpriced transportation has led to lower intensity land use patterns and a larger metropolitan area largely due
to the fact that it is easy to move about in the urban areas. The other side of the argument is that additional
costs on the transportation system lead to a further decentralization and that people and businesses would move
away. Both arguments have a certain amount of validity, and it is important for policy considerations in
communities to identify the impacts ifpossible. Traveler responses will provide some insight into the changes
variable pricing imposes on the transportation system, but additional evaluation ofthe land use implications
should be considered because ofthe demand implications land use has on our transportation system.

• Effects on distribution and equity.

Ofparticular concern to the federal government in the evaluation ofthese projects is whether or not they are fair
for the lower income users. The benefits that are calculated and estimated by the transportation models do not
identify the distribution of these benefits. The pricing scheme may not benefit everyone equally, and more
importantly, may cause some groups to be worse off. The spatial benefits must also be addressed, i.e. does one
group get better transportation performance that another group pays for but does not receive (e.g., a central city
alternative costs central city residents but primarily benefits suburban commuters). A variable pricing strategy
needs to be compared to regional transportation policy and financial impacts should investigated completely
prior to implementation. Once a policy is in place, the effects on the transportation system should be closely
monitored to measure the impact ofthe pricing strategy.
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The following is a discussion of the research findings applied to a hypothetical situation. The hypothetical
situation is presented as follows.

The goal ofAnyState DOT is to reduce the number ofdays the air quality in the northwest region ofAnyState
reaches nonattainment status. The transportation corridors within this region are plagued by poor traffic flow
during peak periods. AnyState DOT would like to improve traffic flow by reducing the number ofchoice users
traveling the Route 33 corridor during the congested periods. The AnyState Toll Agency operates Route 33
using a barrier toll system and is configured as shown in Figure 10. The five mile section south ofAvenue A
is heavily congested in the inbound during the a.m. rush hour as is the opposite direction during the p.m. peak
hour. The existing toll for this five-mile section is $2.00. Truck traffic is on the order of 5% ofthe traffic
during the peak hours ofdemand.

Metro
City

Figure 10. System Map for Route 33 in Metro City

1. Develop Mission Statement - What are you trying to accomplish, and why are you doing this?

The goal ofthe AnyState Toll Agency (ASTA) is to improve the operations ofRoute 33 during the peak period
of travel. ASTA is hopeful that variable pricing may encourage more efficient use of the facility which is
critical for the continued success of the facility, because further widening is not possible due to of an
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environmentally sensitive area along a section ofRoute 33. A reduction ofdemand in the range of 8-10 percent
would serve Route 33 well.

The implementation of variable pricing will improve the operation of our toll facilities by increasing the
throughput during peak periods and the utilization throughout the day. This will be accomplished by enticing
motorists to the shoulders ofthe peak period by providing discounted tolls for those motorist who travel during
the less congested periods. Urban congestion is not something (our city) can build enough roads to solve. The
pattern followed by many cities in the United States has been to attempt to keep pace with the growth in roadway
traffic by constructing new highways. This strategy has not been effective in the past and will not solve long­
term mobility concerns. As supported by the Governor, (Our city) will make strides to explore various
opportunities to manage travel demand and reduce the growth oftraffic congestion along critical transportation
corridors. Variable pricing is a promising traffic management tool that links road prices to actual costs and
spreads the load oftravelers over a longer period. The variable pricing program must further the AnyState
DOT's goals of improving the mobility ofthe citizens, revitalizing the State's urban centers, and promoting
sustainable growth.

2. Evaluate policy considerations that exist which will prohibit variable pricing.

After careful consideration of the all of the operating procedures of AnyState Toll Agency (ASTA), it was
determined that the bondholder agreement is probably the most critical barrier for toll changes. ASTA has an
agreement with the bondholders that they will not make changes to the toll structure that will reduce income from
tolls by 2% or more.

Reluctance to change based on investor concerns is a realistic problem for ASTA. Political resistance to this
change can be met with a public education campaign that should target elected officials initially with carryover
to the public.

3. Develop an understanding of the barriers and constraints of changing toll rates.

The AnyState Toll Agency has instituted an electronic toll collection system, but it has not penetrated the market
exceptionally well (30 percent during the peak hour). One ofthe reasons for the poor ETC acceptance has been
the lack ofa benefit for using the electronic tags. Toll booth lanes are not strictly established for ETC only lanes
and thus users have not "gone out oftheir way" to pick up a tag. Therefore, the technical barrier is oflow
importance in this system, while the market acceptance ofthe electronic toll collection is critical.

Commuter traffic is a significant amount ofthe traffic on the Route 33 corridor during the peak hours, typically
70 percent. Thus, direct increases to the peak hour tolls will affect regular users ofthe facility. The residents
within the Route 33 corridor have been somewhat vocal over previous toll increases, but the last increase was
some time ago. Political justification for the toll increase will be difficult, but it is not a significant constraint.
One other political issue is that the neighboring suburb North Metro has some concerns about the costs to its
citizens. The City Council in North Metro is resistant to toll increases and the impact they will have on their
city.

4. Identify problems and set goals for project.

The problems that face this project include the following:

• Poor acceptance ofthe current ETC system;

• Frequent congestion at the toll booths and on Route 33;
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• Moderate public and political resistance to an increase in tolls;
• Equity issues with respect to geographic and political boundaries; and
• Revenue constraints imposed by the bond agreement.

The goals for the project include the following:

• Improve traffic flow and operations to improve air quality throughout the Route 33 corridor;

• Meet public expectations for providing an adequate and efficient transportation system;

• Enhance the urban areas ofthe state; and

• Meet the revenue expectations ofthe facility's bondholders.

Page 302

5. Identify political allies in the DOT and jurisdictional agencies that will support this position.

To improve agency relationships and initiate the necessary partnerships to organize the project, an interagency
meeting was held. The meeting allowed every agency involved to identify concerns with variable tolling. It was
decided that an Advisory Committee be formed to assist ASTA planners in developing the formal plan. Two
officials each from Metro County, the Metro City, City ofNorth Metro, and AnyState DOT would form the
Advisory Committee.

6. Establish contact with the federal level when describing, proposing, and attempting to secure funding
for a pilot study.

At the initial meeting, it was decided that the AnyState DOT officials and the ASTA project manager would
represent Metro City and the Route 33 corridor in front ofthe Federal Highway Administration (FHWA) Value
Pricing Program's Director. The proposal would include a request for funding to complete the pre­
implementation study for initiating a variable pricing program on Route 33.

7. Design a scheme to meet goals that is acceptable within the constraints that have been established.

The main goal of smoothing traffic will be realized by increasing tolls on all traffic during the peak two hour
periods during the a.m. and p.m. rush hour by 10-20%. The cost of commuter tokens will be increased as well
to encourage the use of electronic toll collection whose tolls will be held constant for an introductory period.
In order to reduce the incentive for trucks to use the facility during the peak period tolls will be increased by the
same amount 10-20%. To address the concerns ofMetro City that this will negatively affect the central business
district, the AnyState DOT will direct more transit funding to the Route 33 corridor and conduct a signal timing
improvement along the Avenue A corridor to improve travel time into Metro City via this facility. Additional
considerations will be made in special cases to users that may be unduly affected by the toll increases. One
potential transportation demand management measure is to reward those users that reduce the number oftrips
they make during the peak throughout a week on the system.

Travel during the uncongested shoulders ofthe peak will be encouraged by reducing the toll on a scale based
on time during the hour before or after the peak hour. This discount will only be offered to ETC users because
ofthe complexity of this operating structure and the difficulty of implementing the variable pricing for users
throughout certain periods ofthe day. The graduated toll structure is shown in Figure 11.



Peter J. V. Koonce

120%

100%

(I)
Cl 80%lU-c:
(I)

60%(,J
~

(I)
0-

"0 40%
I-

20%

0%

12:00 AM 4:00AM 8:00 AM 12:00 PM

Time of Day

4:00 PM 8:00 PM

Page 303

12:00 AM

Figure 11. Variable Toll Schedule for Route 33

The bond agreement ASTA operates under is of concern because of the restriction with respect to revenue
changes. There are a number of scenarios that can occur in this hypothetical evaluation which are ofinterest.
The federal government involvement allows toll agencies the opportunity to establish a revenue reserve fund
that guarantees return on the investment for the bondholders. Another alternative to government funding is to
issue new bonds in response to a marked improvement, toll booth expansion and facility improvement in an
insensitive environmental area. Excess funds could be acquired through this process and used to establish this
initial investment return. Finally, the new toll structure could be revenue neutral or changed to respect the two
percent restriction placed on ASTA.

A:final issue of concern is the impact on the communities and the central business districts ofMetro City and
City ofNorth Metro. The initial research concerning livability issues and urban form changes due to time-of­
day pricing were inconclusive at best, and it is recommended that some resources be devoted to this topic to
insure that the pricing policy supports the regional transportation policies.

8. Complete initial feasibility analysis using transportation modeling and various toll structures.

The regional transportation model developed by the AnyState DOT is used to identify the impacts of several
different tolls on travel demand. The detailed analysis reviewed several alternatives for improving traffic flow
on the toll facility and the alternative routes. Staff at AnyState DOT updated the transportation model to
accommodate the transportation improvements scheduled that affect the Route 33 corridor. The model runs were
reviewed for reasonableness and where necessary slight modifications were made. The elasticity ofthis facility
is low because ofthe poor competition with alternative routes, thus a reduction in traffic on the toll facility will
be minimal.

Additional analysis ofthe plan is tested using stated preference surveys with existing commuters on the facility.
The surveys show that users are receptive to the discounts, but have some hesitation to use the electronic toll
collection. In retrospect, the marketing plan could have been more proactive and focused on users explaining
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the benefits ofthe technology. The surveys also show that many motorists are unable to vary departure times
and are resistant to toll increases of any kind. It is recommended that the Downtown Metro City Association
introduce the use offlex time and staggered start times to employers within the central business district.

The traffic analysis showed that travel speeds increase nearly 25 percent during the p.m. peak hour. This results
in a time savings for motorists offour minutes. The cost ofthis improvement (the increase in toll) is $0.40 with
the twenty percent increase in the toll during the peak. Thus, it is determined that the value of time for an
individual to choose the to accept the higher toll is $6.00 per hour ($0.4014 minutes =$0.10 per minute or $6.00
per hour). This value seems reasonable, and it is determined despite the desire to avoid the toll rate increase that
users will not be adversely affected by the toll increase.

Due to the increased traffic forecasted for the off-peak period, traffic conditions are more congested, although
not above capacity. The off-peak resulted in a lower average speed, but no noticeable difference in traffic
conditions.

9. Provide incentive to motorists combined with initiation of new toll structure.

The incentive provided to justify the increased toll facilities will be a new fully directional interchange at the
south end ofRoute 33 with Route 1 the Metro City Loop Freeway. This fully directional interchange will be
funded jointly by ASTA and the AnyState DOT because the interchange benefits both parties. Additional
improvements will be made on Route 33 through the five-mile section northwest ofthe new interchange. The
environmental constraints will restrict adding additional lanes, but weaving lengths will be lengthened and
interchanges along that section will be improved to enhance the flow on the main lanes. It is expected that these
improvements will improve the capacity ofthe toll facility by five percent resulting in a capacity that under
current traffic demands should operate just under capacity.

10. Prepare an evaluation program to quantify and estimate potential benefits.

Following a trend that has been established by the other implemented pricing projects, the local University,
AnyState A&M University will be retained for evaluation of the program. The analysis will focus on the
following five areas:

• Highway traffic operations and travel conditions;

• Observations about travelers and travel behavior;

• Impacts on public transit ridership and ridesharing;

• Assessing public opinion and acceptance; and

• Analysis of effects on urban form (this will be a longer term study which will begin with an extensive,

existing conditions data collection effort).

The analysis should will on the willingness of commuters and travelers to pay a premium for more efficient
service. Impacts on the transportation system will be measured throughout the Route 33 corridor and on parallel
:fucilities. Equity concerns for lower income motorists will also be evaluated with the study program identifying
user impacts based on various socioeconomic characteristics.
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The development oftransportation pricing refonns should proceed cautiously and deliberately, beginning with
pilot projects and innovation on local levels. There are many barriers to be overcome to reach equitable
transportation financing. Refonn oftax structure, privatization laws, and development ofmore flexible funding
agreements are all necessary components. Variable pricing is just one step in this process. System refonn will
require longer tenn institutional restructuring and changes in marketing, advertising, and public education.

The implementation projects online are showing that the public is receptive to choices when it comes to
transportation. The choice ofpaying for a premium service, i.e. an opportunity to drive on an uncongested toll
road is being accepted in California in two separate communities. Congestion may be a necessary evil for
acceptance of this type of project, however, without it a fare increase or change might not be easily justified.

Variable tolls have not enjoyed a great deal of success in other communities, however. The resistance to this
type ofpolicy is not trivial. Political interests and public response are at the heart ofthe matter, which makes
effective marketing and careful public relations a necessary priority. Additional attention should be given to
media exposure that can negatively affect a project of this nature. Marketing and public relations should
emphasize the benefits to motorists where possible. A conversion ofa fixed toll rate structure should proceed
with system improvements so that the toll rate change can be associated as positive by the public.

The planning ofthese systems requires a certain amount ofreliance on basic transportation modeling techniques
and in most cases computer-based transportation models. These models are mathematical constructs of the
transportation system and are poor evaluators oftransportation patterns in many aspects. Careful evaluation
of utility model constructs and value of time estimates must be tempered against reasonableness and local
understanding ofthe transportation system. Local knowledge is invaluable in the design ofa toll facility price
structure and should consider public response carefully. Additional focus groups may be needed to address
public sentiment and provide realism in the planning ofa system.

Further research into the conversion offixed toll pricing is necessary in many areas. The most intriguing issues
include the effects of variable pricing on travel demand, urban fonn, and transit use. The topic of travel
demand is well studied, but this issue ofpricing facilities is difficult to quantify. The application ofvariable
pricing will likely cause some motorists to change their behavior, but quantifying the travel demand changes is
critical to furthering the understanding ofmotorist behavior. The reduction oftravel demand is important in the
creation ofa sustainable transportation system. Beyond the travel demand, a thorough analysis ofthe effects
ofvariable pricing on the urban fonn are needed to identify impacts on the community and to avoid undesired
consequences. It is also important to address the size ofthe impacts to examine their importance for justification
ofa variable pricing program.
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As a part ofthe Advanced Institute Program, at Texas A&M University I am surveying Turnpike Authority officials
for state ofthe practice in tolling users. This research will analyze different pricing schemes for toll collection. As part
of this study, we would like to get some information regarding your agency's tollway operations.

Name: Agency: Date:

1. On your tollways, which type offare structure are currently being used (check all that apply)?

o Fixed Price (entire day)
o Preferential Treatment ¢ 0 Commuter Discounts 0 Carpool

o EZ Pass Discounts 0 Commuter Discounts
o Variable Pricing
o Other

2. Do your tollways currently experience congestion? Ask about severity (duration, diversion).
o Rarely 0 Occasionally 0 Usually

Other Insight:

3. Has your Turnpike Authority considered the use of Alternative Pricing for your facilities?
o Yes ONo o Other

4. Do you have any perception regarding the barriers of implementation of Alternative Pricing for your facilities?
o Equipment 0 PubliclPolitical 0 Revenue
o Lack of Alternative 0 Reluctance to change 0 Other

5. Are you aware ofthe goals ofthe DOT and ifso has any conflict between fixed pricing schemes and TSM been
brought to your attention?
o Yes ONo

For the remainder of the questions, discuss one tollway for the following questions.

Tollway: _

6. What type ofcongestion occurs?
o Toll Booth 0 Roadway o Other

7. Are there alternative routes, modes serving this tollway corridor (check all that apply)?
o Arterial 0 Freeway
o Rail or Express bus service 0 Local bus service
o Other: _

Thank you for taking the time to respond to these questions.
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Considered
Price Alternative

Agency Structure Congestion?
Pricing

Barriers Other

NJ Fixed, ticket Usually Yes, for commercial Equipment, bondholders are key
Turnpike system. traffic Revenue obstacle

Emphasis on Admin, labor
Commercial

Garden Fixed, barrier Usually in the Yes, once a Public, Implementing some of
State system, northern, more commuterl frequent Equity, DOT issues - ramp

small urban section user discount metering to improve
commuter proposed ops, but no pricing
discounts

Maryland Fixed - Occasionally Yes, Tourist credits Public Tollways priced to
summer on Roadways regressive keep drivers driving.
traffic tax Resistance from
reductions Revenue business traffic travel

specific times of day.

Lee Fixed, Rarely, wI new YES, Implement July Public - lowering tolls was key
County commuter- bridge. 27th! attacked by to political success,

50% Used to usually Maintain commuter county reserve fund -also
discount disc commis- added capacity at
moving to sioner same time.
variable

Delaware Fixed - 50% Rarely - NJ is No - not a commuter Lack of No reason to
River and reduction for the bottleneck route, no congestion alternative, implement without
Bay commuters Reluctance to congestion.

change

CASR91 Variable Rarely, Yes, implemented Still striving to meet
Occasionally 1995. annualized facility
on adjacent costs, still gaining
lanes public acceptance

Kansas Fixed Price, Occasional No, Rural focus Lack of
EZ Tag -10% congestion,
discount traffic
Closed ticket growth?
system Reluctant to

change

New York Fixed Price, Occasional Yes, Commuter CP Pilot
Congestion Project
Pricing Pilot

Illinois Fixed Price - Usually No official evaluation PublicI
no discounts political

Reluctance to
change but
moving
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The consequences of incidents involving the transport of hazardous materials (hazmats) on our nation's
freeways are significant, particularly in tenns ofthe potential threat posed to the health and safety of emergency
responders, passing motorists, and the general public. Additional threats to the environment and personal
property also demand attention at a hazardous materials incident. As a result of the overriding life safety
concerns relating to a hazmat incident, the effects of such an incident on freeway traffic operations tend to
become a secondary concern. However, given the intensive nature ofthe response and clean-up required for
such an incident, it is reasonable to assume that a hazmat incident would have a more detrimental impact on
traffic operations than would an incident involving non-hazardous materials.

The primary objectives ofthis research effort were to obtain data regarding the clearance times ofhazardous
and non-hazardous materials incidents, use the results ofthis data analysis to develop guidelines for the routing
ofhazmat cargos, and to apply those guidelines to make recommendations for improvements to the existing
policy for the State ofMaryland.

The acquisition ofdata from the states proved to be the greatest challenge, and further research and literature
review shows that the lack ofavailable data regarding incident histories is a widespread problem. As a result,
recommendations are based on a limited statistical sample. Also, because states have adopted the federal
statutes and, due to conflicting on court rulings, have little flexibility to create more stringent regulations, few
changes to existing policies have been recommended in this paper.

The primary recommendation of this research effort is that all states establish a centralized database to
facilitate incident tracking. This would allow all ofthe data that are presently collected to be stored together,
permitting the complete picture of an incident, at least to the extent that it is known to investigators, to be
available to other investigators and researchers. The proposed system, as described in this report, does not
further complicate the jobs of on-scene emergency responders or impair any agencies current operating
procedures, but does coordinate data storage and retrieval after the fact.
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The consequences of incidents involving the transport of hazardous materials on our nation's freeways are
significant, particularly in tenns ofthe potential threat posed to the health and safety of emergency responders.
passing motorists, and the general public. Additional threats to the environment and personal property also
demand attention at a hazardous materials (hazmat) incident. As a result ofthe overriding life safety concerns
relating to a hazmat incident, the effects of such an incident on freeway traffic operations tend to become a
secondary concern. However. given the intensive nature of the response and clean-up required for such an
incident. it is reasonable to assume that a hazmat incident would have a more detrimental impact on traffic
operations than would an incident involving non-hazardous materials.

The closure of a part or all of a major transportation facility. even for a portion ofa single day, can have a
tremendous economic impact on a community. In addition to the frustration experienced by motorists, large
amounts of time are wasted by users of the closed facility and all other diversion facilities due to delay on
congested detour routes. Furthermore. delayed shipments impact business and manufacturing operations across
a wide area, and. given society's dependence on the modem interstate system, can impact businesses at a
considerable distance from the actual incident site.

The transportation of hazardous materials is of particular concern to the highway commUQity because
approximately 25 percent ofmajor chemical incidents in the United States occur during the transportation of
hazmat substances. It is important to note, however, that vehicle accidents account for a relatively small
percentage (approximately 4.5 percent) ofhazmat-related highway incidents. A much greater proportion of
hazmat-related highway incidents (21.1 percent) are due to operator error, such as leaving a valve open, failing
to correctly secure a hatch, or improper loading ofcargo. Vehicle accidents, although not the primary cause
ofa hazmat release, are far more dangerous to the persons involved, resulting in about 90 percent ofthe deaths
and 25 percent ofthe injuries in hazmat highway incidents. (l)

Problem Statement

Hazardous materials transport policies are generally developed based on safety and environmental concerns.
rather than from a traffic operations perspective. Given this prioritization, there appears to be little research
or study based on traffic operations experience to support such transport policies. This assumption is further
supported by discussions with transportation professionals with working experience in this area. Although
federal regulations exist for the packaging and labeling ofhazmat items, the determination and enforcement
ofspecific routing restrictions are the domain ofthe states. As a result, there is variation from state to state in
the policies and regulations governing the transportation and routing ofhazmat goods.

Clearly, a need exists for further documentation of the impact of hazmat incidents on freeway traffic
operations. The goal ofthis research was to provide a basis for the development of a set of standard guidelines
that can be applied to a state's existing hazmat transport regulations. These guidelines, based on traffic
operations experience, serve as a minimum threshold for state policies, with those safety and environmental
concerns requiring more stringent regulation still taking precedence. Properly supported recommendations for
improvements to state policies were also to be proposed based on the results ofthe research.

Research Objectives

The primary objective of this research was to provide recommendations to improve the way in which the
various state regulatory agencies set policies for the transport ofhazardous materials. In order to accomplish
this, guidelines were to be developed based on the impact ofhazmat incidents on freeway traffic operations.
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In order to produce such guidelines and subsequently apply them, it would first be necessary to identify the
relationships, if any, controlling the time required to clear a freeway incident as a function ofthe following
parameters:

• The presence ofhazardous vs. non-hazardous materials;
• The type, class, or nature ofthe hazardous material, when present;
• The environment surrounding the incident (urban, suburban, rural);
• Weather, time of day, etc.; and
• Other factors (which were to be detennined by data availability).

BACKGROUND

This section includes the commonly used definition of a hazardous material, which is used throughout the
industry, as well as the general incident history trends and governmental regulatory structure of hazardous
materials transportation in the United States. Further discussion of federally-mandated routing practices,
packaging, and marking requirements are also included.

Definitions

The term "hazardous" is a broad and highly subjective descriptor that can vary in meaning depending on its
context. Within the field oftransportation, hazardous materials are commonly defined as follows:

Chemicals that are capable of posing an unreasonable risk to health, property or the
environment when stored, used or transported in commerce. Some examples are gases,
chlorine, fertilizers, fuels, acids, solvents, and cleaning compounds. Hazardous materials are
commonly defined by agencies as substances in a quantity or form posing an unreasonable
risk to health, safety and/or property when stored, used or transported in commerce. (J)

Hazardous materials are categorized according to a system developed and adopted by the U.S. Department of
Transportation and the United Nations. The DOTlUnited Nations hazard classes are defined in Table 1. Exact
definitions and further details for each category, including numerous sub-classes, can be found in Title 49 of
the United States Code ofFederal Regulations (49 CFR) (1).

Table 1. DOTlUnited Nations Standard Hazard Classes (2)

Material

I Explosives

2 Gases - flammable, non-flammable, and poisonous

3 Flammable and Combustible Liquids

4 Flammable Solids - spontaneously combustible and dangerous when wet materials

5 Oxidizers and Organic Peroxides

6 Poisonous and Hannful

7 Radioactive Substances

8 Corrosive Materials

9 Miscellaneous Dangerous Materials

I Class I
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Incident Statistics

Although there is a perception of a problem among many members of the transportation community, it is
desirable to establish the trends, if any exist, in the occurrence ofhazmat incidents.

Federal accident statistics, illustrated in Figure 1, show an alanning increase in the number ofhazmat-involved
incidents on our nation's highways beginning in the late 1980s. However, this likely reflects an increase in
publicity regarding fines for failing to report incidents, rather than an actual increase in the occurrence of
incidents. Since most hazmat-related incidents are quite small, and frequently went unreported in the past, it
is difficult to accurately detennine the trend, ifany, in the occurrence ofhazmat incidents. This fundamental
problem with the accuracy and reliability ofhazmat statistics is just one illustration ofthe lack ofdependable
data plaguing research in this field. (l)
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Figure 1. Reported Hazmat Highway Incidents 1984-1991 (l)

Figure 2 shows the location of hazmat-involved highway incidents reported to the U.S. Department of
Transportation (USDOT) for 1991. As anticipated, the greatest concentrations of incidents occur in regions
with large industrial centers or transportation tenninal facilities (D. It is important to note that these data
represent just one year's worth ofavailable data, and portray only the raw number of incidents reported, with
no accounting for severity, resulting casualties, or fatalities.
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Figure 2. Reported Transportation Incidents Involving Hazmats, 1991 (1)

Regulations
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In the past, the regulation of hazardous materials transportation was controlled by a patchwork of various
governmental agencies, each with different standards and rules for different modes of transport. The 1966
Department of Transportation Act brought most federal responsibility for hazmat transport under the single
umbrella of the USDOT. The Hazardous Materials Transportation Act of 1975 further consolidated
responsibility under the direction ofthe newly created Materials Transportation Board (MTB). This legislation
clearly stated the role ofthe federal government in hazmat transport, assigning the USDOT authority to:

• Determine hazardous materials subject to regulation;
• Regulate any traffic "affecting" interstate commerce, thereby including some intrastate traffic;
• Regulate shipper handling, labeling, and packaging ofhazardous materials;
• Regulate manufacturers, reconditioners, and testers of shipping containers for hazardous materials;
• Conduct inspections and penalize violators; and
• Preempt state, local, and Indian tribal rules and restrictions that were found to be inconsistent with federal

regulations. (1)

The MTB was later renamed the Office ofHazardous Materials Safety and incorporated into the Research and
Special Programs Administration (RSPA) of USDOT, which remains the lead federal agency overseeing
hazmat transportation today (1).

Despite this repeated consolidation of responsibilities for hazardous materials transportation, there are still
many federal agencies that have a hand in the regulation and enforcement ofthis business. Table 2 outlines the
major regulatory players at the national and international levels.

There are also additional responsibilities delegated to state, local, or Indian tribal governments. Although the
federal government, through the USDOT, has developed guidelines for the routing ofhazardous materials over
public highways, the decision ofwhich specific facilities are to be designated or restricted is delegated to the
state or Indian tribal government. Some states have chosen to use the federal guidelines to designate specific
primary and alternate routes, particularly around large metropolitan areas. The majority of states contacted,
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however, simply rely on the guidelines established in the federal legislation without further specification, or
further delegate the routing responsibilities downward to the local or city government. The details of these
routing guidelines are discussed below.

Table 2. Regulatory Framework for the Transportation of Hazardous Materials (:1)

Rail I WaterAirIHi2hway I
Department of Transportation:

Research & Special Programs V V V V
Administration

Federal Highway Administration V

Federal Railroad Administration V

Federal Aviation Administration V

U.S. Coast Guard V

Other Federal Agencies:

Environmental Protection Agency V V V V

Nuclear Regulatory Commission V V V V

Occupation Safety & Health Administration V V V V

International Organizations:

United Nations V V V V

International Civil Aviation Organization V V V V

Hazardous Materials Routing

The federal legislation (49 CFR §397.71(b)(9» establishes 13 categories of factors to be considered in the
establishment of routes for Non-Radioactive Hazardous Materials (NRHM). These are as follows:

1. Population Density - This refers to the population which would potentially be exposed to a NRHM release,
and includes residents, employees, motorists, and other persons in the area.

2. Type of Highway - The physical characteristics of the facility must be deemed adequate for the safe
transport ofhazardous cargo. Consideration includes vehicle weight and size limits, underpass and bridge
clearances, roadway geometries, number of lanes, .degree of access control, and presence and location of
median and shoulder structures.

,.

3. T}'Pes and Quantities ofNRHM - Relative impact zones and risks for each type and/or quantity ofNRHM
normally transported along the route is to be considered in the event of a release.

4. Emergency Response Capabilities - In consultation with the relevant fire, law enforcement, and highway
safety agencies, consideration must be given to the proximity of emergency response facilities to the
proposed route, as well as their capability to contain and suppress NRHM releases.
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5. CQnsultatiQn with Affected PersQns - Due cQnsideratiQn shall be given tQ the comments and CQncerns Qf
thQse persQns and businesses affected by the NRHM rQuting. Specific details regarding the requirements
fQr public hearings and PQsting Qfpublic nQtices are alSQ specified.

6. ExpQsure and Other Risk Factors - The distance to sensitive areas is alsQ a cQnsideratiQn. These areas may
include, but are nQt strictly limited tQ, hQmes and cQmmercial buildings; special pQpulatiQns in schQQls,
hQspitals, handicapped facilities, priSQns and stadiums; water SQurces such as streams, lakes and
reservQirs; and natural areas such as parks, wetlands, and wildlife reserves.

7. Terrain - CQnsideration shall be given to the topography along and adjacent to the proposed NRHM route.
Terrain may affect the severity Qf an accident, the dispersion of the NRHM upon release, and the
effectiveness of subsequent control and clean up measures.

8. Continuity QfRoutes - In consultatiQn with adjacent jurisdictions, NRHM routes must be designated in
order to minimize deviation from the mQst direct route. This reduces adverse impacts Qn commerce and
delays tQ transportatiQn, as required belQw.

9. Alternative Routes - Alternative routes to any proposed NRHM route shall be designated and analyzed
according to the same factors to the extent necessary to detennine ifthe alternative is safer than the current
routing. Alternative route evaluatiQn is alSQ useful in the event that the primary designated hazmat rQute
is closed Qr unusable.

10. Effects Qn CQmmerce - The NRHM rQuting shall nQt have an unreasQnable burden upQn interstate Qr
intrastate CQmmerce.

11. Delays in TranspQrtatiQn - The NRHM rQute designated may nQt create unnecessary delays in the
transpQrtatiQn Qf the NRHM. (This guideline has been particularly frequent PQint Qf cQntentiQn in the
CQurts, and a CQmmQn basis fQr the Qverturning Qf state Qr lQcal regulatQry measures.)

12. Climatic CQnditiQns - Weather conditiQns which are unique tQ a prQpQsed rQute, such as snQW, wind, ice,
Qr fQg, which could affect the safety Qf the rQute, the dispersiQn Qf the NRHM upQn release, Qr the
difficulty Qf subsequent cQntrQI and clean up measures shall be cQnsidered.

13. CQngestiQn and Accident HistQty - Traffic conditiQns which are unique tQ a propQsed rQute, such as traffic
cQngestiQn, accident experience, traffic cQnditiQns which CQuid affect the pQtential fQr an accident,
exposure Qf the public tQ a NRHM release, ability tQ perfQnn emergency respQnse QperatiQns, Qr the
tempQrary clQsing Qfa highway fQr cleaning up any release shall be cQnsidered. (J)

RadiQactive hazardous materials rQutes are based Qn similar evaluatiQn criteria, but include additiQnal
restrictions and regulatQry hurdles.

State and lQcal gQvernment agencies are permitted tQ designate hazardQus materials rQutes prQvided they are
cQnsistent with the regulatiQns stated abQve. In CQurt, hQwever, a number QfrQuting restrictiQns impQsed by
state Qr IQcal agencies have been Qverturned and ruled tQ be incQnsistent with the federal regulatiQns. The
primary causes fQr Qverturning, Qr preempting, rQuting restrictiQns are increased transit times, an absence Qf
adequate safety justificatiQn, and regulatiQn withQut prQper cOQrdination with adjQiningjurisdictiQns. (J)

Further rQuting restrictiQns with regard tQ the time Qf day hazardQus materials may be shipped have alSQ been
highly debated issues in the judiciary. A RhQde Island statewide ban Qn hazmat transpQrtatiQn between the
hQurs Qf7-9 a.m. and 4-6 p.m. Qn weekdays was preempted in NatiQnal Tank Truck Carriers. Inc. v. Burke.
On the cQntrary, a citywide curfew Qn hazmat transpQrtatiQn was fQund tQ be cQnsistent with the federal
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regulations in National Tank Truck Carriers Inc. v. City ofNew York. The rush hour curfew concept was also
found to be consistent in Boston for in-town deliveries and pick-ups between 6 a.m. and 8 a.m. (,D

Such conflicting judicial interpretations ofthe federal legislation, as well as the omnipresent threat ofcostly
future litigation, are likely reasons for the reticence of state and local agencies to require any additional
pennitting or routing restrictions for hazardous materials transport through their jurisdictions.

Emergency Response

In addition to establishing the regulations for the routing ofhazardous materials, the USDOT also has the
responsibility for the specification ofthe containers, markings, labels, and associated documents to be used in
the transportation process. These regulations cannot be made more stringent by state or local agencies for
several reasons. First, containers need to be unifonn to promote reasonable and efficient interstate commerce.
Also, the addition ofmore markings, placards, or shipping documents would serve only to delay transport and
possibly cause confusion in the event of an incident. The notion of additional documentation requirements
causing unnecessary delays in transportation has been supported in numerous court rulings. (,D

Placards are required for vehicles transporting certain types and bulk quantities of hazardous materials. A
placard is a diamond-shaped sign of specified size and color, including standardized, color-eoded symbols,
which alert emergency responders to the material being transported without closely approaching the vehicle.
Placards are required on both sides and both ends ofthe cargo vehicles, and also contain or are immediately
adjacent to the United Nations (UN) designated material code number for bulk shipments. Example placards
are shown in Figure 3. A system ofstandardized container markings and labels supplements the placards and
is also used for shipments of smaller quantities. (:1.)

Figure 3. Examples of USDOT Hazmat Placards ({)

The USDOT also specifies the information which must be included on the shipping papers on an item-by-item
basis. This includes a listing of emergency contact persons, possible threats posed by the materials, and the
appropriate emergency response methods to be used, among numerous other items. (1.)

An important, non-governmental resource available for emergency response to hazardous materials incidents
is the Chemical Transportation Emergency Center (CHEMTREC). This organization, accessible by a toll-free
telephone call 24 hours per day, 365 days per year, is sponsored by the Chemical Manufacturers Association
(CMA). The service is available to anyone involved with chemical transportation, and can provide emergency
responders with vital safety infonnation and appropriate response plans for the chemicals involved, as well as
contact the shipper's or carrier's office directly for further assistance or additional on-scene technical support.
(,D
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STUDY ISSUES AND FINDINGS
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As stated in the background of this report, the objective of this research was to quantify the impact of
hazardous materials incidents, relative to non-hazardous incidents, on freeway traffic operations, with the
ultimate goal ofdeveloping and applying a set ofguidelines for the routing ofhazardous cargoes. This section
explains the data collection issues which impacted this process, as well as some findings ofthe data collection
process.

As explained previously, the former patchwork of federal regulatory bodies overseeing hazmat transportation
have been, more or less, consolidated into several ofthe larger federal agencies. Responsibilities at the state
and local levels, however, vary significantly from state to state. This issue is primarily the domain ofthe state
department oftransportation in some states, while police or public safety agencies carry primary responsibility
in other states. Also, since a hazmat incident requires the contributions of a wide variety of agencies and
emergency responders, it is not uncommon for many overlapping and conflicting responsibilities are taken on
by a number of independent agencies.

A hypothetical case study typifies some ofthe scenarios encountered during this research project. A cellular
telephone call to the state police 911 emergency center alerts authorities to an overturned tanker truck. The first
police unit on the scene notes the hazmat placard and radios for assistance. The fire department hazardous
materials unit arrives to contain the spill. The state department oftransportation is notified and begins traffic
control measures and diversion oftraffic to alternate routes. The shipping company sends a private carrier with
another tanker to off-load the hazardous contents, while a another private wrecker service clears wreckage. The
state department ofthe environment sends a response team to evaluate the environmental impact, and orders
a private clean-up contractor be hired to remove, treat, and properly dispose ofcontaminated soil.

Although many of these same players are also present in a non-hazardous incident scenario, the presence of
hazmat cargo serves to further exacerbate the situation. Since no single agency is, or can be, responsible for
all aspects ofthe incident, record keeping quickly becomes jumbled and disconnected. The department ofthe
environment may maintain an incident report documenting their actions in-scene, as will the police and fire
departments. However, no coordinated records are kept to document the incident as a whole, as so correlation
ofthe various components ofthe incidents becomes impossible.

ill an effort to determine the agency within each state that would have the most complete database of incidents
and their related impacts on traffic operations, most notably through data regarding the closure of lanes, the
lead agency for motor carrier safety was contacted. This often lead to a long string of referrals to other
agencies, and a process oftracking incident reports through various state bureaucracies quickly ensued. Table
3 lists the lead motor carrier safety agency for each state and selected territories ofthe United States.

It was commonly found when interviewing representatives ofstate agencies that each agency believed that some
other was probably keeping track of the type of data that was being requested. It was also found that the
information regarding incidents that is collected is frequently stored at the local office, district or regional level
in hard copy format, and that computerized databases or central statewide incident tracking systems do not
exist in a useful and practical form.

The USDOT, which maintains a nationwide database called the Hazardous Materials illcident Reporting
System (HMIS), was also contacted for assistance. The USDOT has established a list of clearly-defined
criteria, and a hazmat incident must be reported for inclusion in the HMIS when anyone ofthese criteria are
met. One of the criteria for inclusion in the HMIS is that "as a direct result of the presence of hazardous
materials, one or more major transportation arteries or facilities are closed or shut down for one hour or more"
(2). Despite this criterion, the USDOT does not include such facility closure information in the database.
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Table 3. Motor Carrier Safety Lead Agencies (~

Lead AgencyStateIILead AgencyState

Alabama Dept. ofPublic Safety Missouri Division ofHighway Safety

Alaska Dept. ofPublic Safety Montana Highway Patrol

American Samoa Dept. ofPublic Safety Nebraska State Patrol

Arizona Dept. ofPublic Safety Nevada Dept. ofMotor Vehicles & Public
Safety

Arkansas State Highway & Transportation New Hampshire Division of State Police
Dept.

California Highway Patrol New Jersey Dept. ofTransportation

Colorado State Patrol New Mexico Taxation & Revenue Dept.

Connecticut Dept. ofMotor Vehicles New York Dept. ofTransportation

Delaware State Police North Carolina Dept. ofTransportation

District of Metropolitan Police North Dakota Highway Patrol
Columbia

Florida Dept. ofTransportation Oklahoma Dept. ofPublic Safety

Georgia Public Service Commission Ohio Public Utilities Commission

Guam Dept. ofRevenue & Taxation Oregon Dept. ofTransportation

Hawaii Dept. ofTransportation Pennsylvania Dept. ofTransportation

Idaho Dept. ofLaw Enforcement Puerto Rico Public Service Commission

Illinois Dept. ofTransportation Rhode Island State Police

Indiana State Police South Carolina Dept. ofPublic Safety

Iowa Dept. ofTransportation South Dakota Highway Patrol

Kansas Highway Patrol Tennessee Department of Safety

Kentucky Motor Vehicle Enforcement Texas Dept. ofPublic Safety

Louisiana Dept. OfPublic Safety & Utah Dept. ofTransportation
Corrections

Maine State Police Vermont Dept. ofMotor Vehicles

Maryland Dept. ofTransportation Virginia State Police

Massachusetts Dept. of State Police Washington State Patrol

Michigan State Police West Virginia Public Service Commission

Minnesota State Patrol Wisconsin Dept. ofTransportation

Mississippi Public Service Commission Wyoming Highway Patrol
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Within the time frame ofthis research effort, and despite extensive telephone contacts, it was only possible to
trace hazardous materials incident reports successfully through the governmental bureaucracies, from agency
to agency, for nine states. These states were as follows: Maryland, Massachusetts, Michigan, New York, North
Carolina, Ohio, Pennsylvania, Texas, and Virginia. ill order to maximize the likelihood of locating the
necessary databases, those states which were known to have, or could be expected to be more likely to have,
more developed record-keeping systems were contacted first. Consequently, not all U.S. states were contacted,
but it is reasonable to conclude from the responses received during telephone interviews with numerous
representatives ofthe above states, that the data regarding incident type and facility closure is not available in
a compiled format. Manual sorting of data and cross-referencing of incident reports at local governmental
offices was deemed to be beyond the scope ofthis research project.

Consequently, the only data available for this study were obtained from the Maryland Department of
Transportation, State Highway Administration. These data were obtained in two primary formats, described
below.

The first consisted of a spreadsheet with estimated incident occurrence times and estimated times offacility
reopening for a number ofprimarily non-hazardous incidents. Information regarding responding agencies and
a briefdescription ofthe incident type was also included. Using these data, an average non-hazardous incident
clearance time was calculated and several suspected hazardous materials incidents were identified and isolated
using the descriptive information available.

The second type ofdata received from the State ofMaryland consisted offield incident reports documenting
the activities ofthe Maryland Department ofthe Environment, Emergency Response Division (MDE ERD).
Since the MDE ERD is not responsible for traffic control measures at incident sites, and responds only to large
incidents where the need for their specialized expertise justifies the commitment of limited resources, only
sporadic information could be gained from these reports with regard to transportation facility closure.

The problem of1ack ofdata availability was further echoed by a Transportation Research Board (TRB) report
which intended to analyze the performance of information systems for emergency response at hazardous
materials incidents. After exhaustive exploration ofpotential data sources for detailed incident reports, the TRB
research committee altered the project to simply perform a review ofonly selected case studies, about which
detailed information was known to be available (£). Given the summary nature ofthis research, however, such
case study analysis is not a feasible research tool in this case.

STUDY RESULTS

Given the limited data available for analysis, the quantitative results obtained are admittedly subject to some
question. However, the results do show the relationship anticipated prior to the data analysis based on
interviews with transportation professionals familiar with the issues involved. Also, telephone interviews with
authorities at various state agencies, primarily state police agencies in the states listed above, provided
additional anecdotal support for the results described in this report.

Hazmat vs. Non-Hazmat Incidents

Based on review of the Maryland data, average incident clearance times for incidents with and without the
involvement of hazardous materials were calculated and are shown below. This was based on the reported
length of time that freeway lanes were closed, and includes a combination of data from both the Maryland
Department ofthe Environment and the Maryland State Highway Administration.
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• Non-Hazardous Materials Incident: 2 hours, 11 minutes
• Hazardous Materials Incident: 4 hours, 23 minutes
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Careful review of the incident reports did illuminate a further point which was previously unknown. The
overwhelming majority of incidents involving materials classified as hazmats for the purposes ofemergency
response are not true hazmats in the sense of the definition given earlier in this report. This is because the
materials are not being stored, used, or transported for the purpose ofcommerce. This is generally the case with
diesel fueL which, when carried in saddle tanks on a tractor-trailer, may leak or spill from a vehicle. This can
occur as the result ofa mechanical failure or motor vehicle accident, and often requires on-scene treatment as
a hazardous material. However, diesel fuel in these small amounts is not regulated as a hazardous material and
is not subject to possible routing restrictions.

Due to the significant limitations in the data available for this project, it was not possible to stratify the incident
clearance times according to factors such as the specific type of hazardous material involved, weather
conditions, traffic conditions, or surrounding area type. It is also important to note that, particularly when
minor diesel spills are eliminated from consideration, there are relatively few hazmat incidents on our freeways
each year. Consequently, even with perfect information, it may not be possible to reliably categorize incidents
into narrow classes based on cause or conditions and still have enough samples for reliable statistical analysis.

Hazmat Routing

Throughout the telephone data location process, inquiries were also made regarding the nature ofeach state's
regulation ofhazmat routing. Specifically, this focused on whether or not the state simply accepted the federal
guidelines, or ifattempts had been made to further strengthen the regulations. Also of interest was whether or
not the states exercise their authority to designate specific routes for non-radioactive hazardous materials.

Those states agencies contacted that were lmowledgeable regarding the routing regulations confirmed that all
use the federal guidelines as written. Two states noted that more stringent regulations had been adopted with
regard to government vehicles and personnel and the transportation ofhazardous materials. As written, the
Code of Federal Regulations establishes guidelines only for private carriers, and federal, state, and local
governmental agencies are exempted. Maryland and Virginia both require that governmental vehicles and
personnel under their jurisdiction also conform to the same regulations as private carriers, since they pose no
less danger to the public health and safety in the event ofa hazmat release. Emergency vehicles and vehicles
transporting hazardous materials under emergency conditions are exempted across the board.

An additional effort was also made during the course ofthis research to determine the perception, on the part
ofthe relevant state agencies, ofeach state's hazmat routing regulations. However, since most states contacted
do not specify routing, and simply rely on the guidelines provided in the federal legislation, the agencies had
little to offer in terms ofcomments or criticisms. The relative infrequency ofhazmat incidents as compared to
standard incidents and recurring congestion also translated into a reduced level of concern about the traffic
operations impacts expressed by the representatives interviewed. The overriding concerns expressed, as
expected, were for the" safety of emergency responders and the public.
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Hazmat Routing

RECO~ENDATIONS
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Given the limited data available for this research effort, and the fact that state and local governments have little
flexibility in the creation ofhazardous material regulations under the unifonn federal regulations, there are few
specific guidelines that can be recommended.

At a minimwn, all states should follow the examples set by Virginia and Maryland with regard to requiring that
government agencies adhere to the same regulations for safe transportation as private carriers. This is logical
given that the threats posed by hazardous materials are no less significant in the public sector.

Also, given that, on average, an incident involving hazardous materials can be expected to close a freeway or
other major transportation facility for approximately twice as long as a more common non-hazmat incident,
it seems reasonable to prohibit the routing ofhazardous cargos through congested areas during the morning
and afternoon peak hours. Judicial review has shown this to be consistent with the federal regulations in
congested metropolitan areas, although a statewide ban incorporating less congested areas is unwarranted.

Example Application of Routing Guidelines

A final goal ofthis research project, as described in the introduction, was to apply the recommended guidelines
which were to be developed based on the issues revealed through analysis of the data. For the purposes of
providing a sample application of the guidelines developed, the hazmat routing regulations for the State of
Maryland were to be studied, and changes recommended where appropriate.

Given the limited data availability, and the fact that the federal regulations are generally used as written, there
are few changes that can be made. The history ofthis issue in the courts has shown that any regulation that
goes much beyond the existing national statutes is considered to unnecessarily delay transportation or
negatively affect interstate commerce, and, as such, is not permitted. The minor changes recommended in the
previous section are likely the most stringent that can be found consistent with the CFR, based on the outcomes
ofprevious attempts at enacting further restrictions.

With the exception of the removal of the exemption for state and local government agencies, as discussed
previously, Maryland has adopted the federal regulations governing the transportation ofhazardous materials.
No additional recommendations, beyond those discussed above, can be made without the benefit ofadditional,
more detailed, incident data.

Incident Tracking

The primary recommendation of this research effort is that all states establish and maintain better incident
tracking systems. Such a system would take incident reports from all federal, state, and local governmental
agencies responding to an incident or providing some fonn ofrelated emergency response services, and compile
these data for inclusion into a single, centralized database. The development ofthis type of incident tracking
database, maintained on a statewide basis, would pose numerous challenges and provide many benefits, as
described below.

Challenges

There are many obstacles which interfere with the establishment of a centralized incident tracking system. The
most obvious and daunting obstacle is that which promotes the establishment of a database in the first place.
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Each agency within a state typically uses unique data collection fonns and has individualized record-keeping
systems, which are not, and are not designed to be, compatible with those ofother state agencies.

Another challenge facing the possible development and implementation of a centralized incident database is
cost. State governments have limited financial resources available, and have a wide variety ofurgent needs
requiring state attention. There are too few resources and personnel to address the competing demands placed
on state governments, and this is particularly true in today's era of downsizing and public support for reduced
taxes and government spending.

Benefits

Such a system, recording all known incident conditions, causes, and results in a central location, has a wide
variety of potential uses that go far beyond hazardous materials research. Such a unified system can greatly
ease data collection for a number ofhighway safety projects, and would allow government agencies to evaluate
past actions and improve both emergency response methods and the allocation ofresources.

First, the existence of a centralized incident database would allow for research efforts, such as the one
described in this report, to be undertaken successfully. Having all traffic, road, and environmental conditions
recorded together would allow for classification of incidents into categories and more detailed analysis of
incident causes. This would penni! states to detennine and more cost-effectively address potential safety issues,
either due to cargo, road or traffic conditions.

The information needed to go into such a system is generally collected for each incident, and with the reduced
cost and increased power of modem computer systems, the barriers to implementing such a system are
somewhat less overwhelming today than they have been in the past.

RecommendedProcedure

The fundamental steps necessary to collect and compile the incident data for such a database can be reduced
to those described in the list below.

• Collect necessary traffic, roadway, and environmental conditions infonnation;
• Collect necessary accounts from involved persons and eyewitnesses;
• Convey all data from various agencies to central processing agency; and
• Input data into computerized database for ease of search and retrieval.

Itwould initially appear that the most efficient method ofcollecting the variety of data that must be obtained
at an incident would be to develop a single fonn which could be used during the data collection process. There
are several positive and negative aspects associated with the single fonn concept.

A single fonn would significantly ease the entry ofdata into the database by the compiling agency, as only one
fonn would represent each incident. It would also help ensure accuracy by attempting to rectify conflicting data
at the time ofdata collection, which typically occurs at the incident scene. Ifconflicting data, such as the time
of incident occurrence, is recorded on multiple fonns and does not agree, and this is not discovered until the
data fonns are processed some time later, then it will be difficult to detennine the most accurate entry for
inclusion in the database. The use of a single fonn brings such inconsistencies to light much earlier in the
process, and at a point when the individuals directly involved are still readily accessible for clarification or
correction.

The single form, however, places a significant additional burden on just one agency responding to an incident.
One agency must be given the full responsibility for completing the form, even though some ofthe data items
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to be collected may be oflittle or no interest to that particular agency. Ifno one agency is required to complete
the master incident report, and all major responding agencies have copies ofthe master form to complete, then
the problems associated with multiple forms quickly surface again. There is little difference in the accuracy
ofdata collected on several master fonns as compared to the agencies' original department-specific forms, and
so this should be avoided.

TIlls issue is further complicated by the fact that all agencies do not respond to all incidents. Although some
agencies, such as the state police or department or transportation, may frequently respond to incidents, most
agencies have local counterparts or substitutes. No single agency has the resources to respond to every
reportable incident in a state, nor are its services required at every incident. It is also common for several
agencies of the same type (i.e. - police, fire, highway safety) to respond to larger incidents and to share
jurisdictions under mutual aid agreements.

Given the above considerations, and the desire to eliminate the need for additional workload to be imposed on
on-scene emergency responders, the development of yet another form to be completed is not recommended.
Since the incident documentation for each agency tends to remain consistent over time, it should not be
unreasonably difficult for a central processing agency for a single state to reliably gather the desired
information from each agency's individual report, provided such a processor has access to the incident reports
for all responding agencies, and that those reports are fully and properly completed.

A vital further consideration is the amount oftime it takes to complete this processing. Guidelines need to be
established in order to ensure that the database remains current, and that incidents are logged in a timely
manner so that discrepancies can be more easily resolved, ifnecessary. Example guidelines are described
below.

• All governmental agencies and contracted private service providers responding to an incident shall provide
a copy oftheir standard incident reporting form, as well as any supplementary notes or documentation, to
the designated central processing agency. Reporting agencies include, but are not limited to, the following:
police, fire departments, ambulance/emergency medical services, highway departments, environmental
management departments, wrecker services, and public/private environmental remediation firms.

• The accepted standard incident reporting form for the agency must be properly completed, including all
requested data which are applicable to the incident. Requested data fields which are not applicable to an
incident should be marked as such, with a filler line or "N./A" in the appropriate field. Blank fields do not
indicate to those persons not knowledgeable about the incident details whether the data were unavailable,
failed to be noted, or did not pertain. Blank data fields are a potential source ofthe introduction oferrors
or uncertainty into an incident record.

• In addition to processing the incident report form through the individual agencies in the standard manner,
a copy shall be transmitted to the state's processing agency. The most likely choice for a processing agency
would be the state police or public safety department, as such agencies likely already maintain large
incident databases which could be expanded to include the additional types ofdata collected by others.

• Preferably, agencies with some form ofelectronic record-keeping could work with the processing agency
to establish a means ofelectronically transmitting and compiling the data, to reduce the need for manual
data entry and the costs, delays, and potential for error associated with it. Ifthis is not possible, as would
be likely in most states and with most agencies facing limited resources, fax is the second most preferred
method oftransmission. Fax machines are very common in field and district offices ofall types throughout
the country, and do not require additional hard copies of reports to be generated. Also, faxes received at
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the central processing agency can be stored electronically, further reducing the potential for additional
paperwork generation. Stored faxes can be viewed on computer and transcribed into the electronic database
without the need for the production ofadditional hard copies, voluminous paper handling or storage.

• Incident fonns shall be conveyed in a timely manner, as determined in advance by the processing needs of
each agency. Most incident reports, based on those studied for this report, are completed by field personnel
while on-scene, or immediately thereafter. Consequently, it is reasonable to expect that data could be
relayed within 24 hours without undue burden. This aids in the process of resolving conflicting reports,
as described previously.

CONCLUSIONS

The primary finding of this research was that the primary objectives could not be successfully and reliably
completed due to the lack ofcohesive data management systems in the United Stales. It was determined, based
on a limited statistical sample, that incidents involving hazardous materials require, on average, twice as long
to be cleared as non-hazardous materials incidents. This was found to be further supported by the experience
ofprofessionals in the transportation and emergency response communities.

Overall, there was a clear need for better management ofthe data that are currently collected but ~derutilized.
Unfortunately, no one agency within a state bureaucracy has a strong incentive to undertake such a large task,
as the benefits of such a system are spread across a wide variety ofpotential recipients from both the public
and private sectors. It is the conclusion of this report, however, that such a system can be implemented as
described with a minimum ofexpense and effort, and that this would greatly facilitate research on hazardous
materials-related and other types of incidents.
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The purpose ofcommercial vehicle operations (eVO) is to transport goods and people using trucks and buses
on the North American highway system. However, as the highways become more congested, the cost to
commercial carriers and regulatory agencies to meet the demands ofthe consumer will rise. Therefore, constant
attentiveness is required by government agencies, motor carriers, and drivers to keep commercial vehicle
operations safe and efficient.

Technology must be applied to improve the efficiency and safety ofexisting commercial vehicle operations.
Intelligent Transportation Systems (ITS) offer many possible benefits by utilizing information, communication,
sensor, and control technologies to achieve improved levels ofperformance. In the last ten years a wide range
ofin-vehicle infonna:ti.on systems has been developed to serve the motor carrier industry. However, the actual
use ofthese systems and their ITS components by the commercial vehicle companies is unknown. Also, the
needs of commercial vehicle companies must be identified and assessed to determine if the current ITS
components included in the in-vehicle information systems meet commercial vehicle companies' needs.

To determine the in-vehicle infonna:ti.on (ITS technologies) used and needed by commercial vehicle companies,
a survey offour categories ofcommercial vehicle companies was conducted: truckload, household goods, tank,
and package. The two ITS technologies that are the most widely used are the truck tracking systems and the
vehicle condition systems. However, within each commercial vehicle category, the larger companies currently
use and are testing more ITS technologies than the smaller companies.

From the survey, several needs were identified by the commercial vehicle companies. First, in-vehicle
information systems and their ITS components need to be cost-effective and reliable. Second, the continuity
ofthe use ofthese systems needs to be seamless from state to state and across international borders. Third,
the drivers need to be educated about the systems, so the systems can be used to their full potential.

Based on the data collected from the survey, existing in-vehicle information systems that fulfill the needs of
commercial vehicle companies were recommended for each commercial vehicle category. The
recommendations were then used to design an in-vehicle information system for the truckload commercial
vehicle community. The results ofthis design may be used as a future basis for the actual application ofthese
technologies within the commercial vehicle industry; therefore, improving the efficiency and safety of
commercial vehicle operations.
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A commercial motor vehicle is either a vehicle: 1) with a gross vehicle weight of26,001 or more pounds; 2)
designed to transport 16 or more passengers, including the driver; 3) designed to transport 11 or more
passengers, including the driver, and used to transport students under the age oftwenty-one to and from school;
or 4) used to transport hazardous materials which is required to be placarded (l). The purpose ofcommercial
vehicle operations (CVO) is to transport goods and people using trucks and buses on the North American
highway system. CVO provides a service to its customers, shippers and travelers (2).

In 1995, trucks and buses in America traveled over 100 billion miles. As the highways become more
congested, the cost to commercial carriers and regulatory agencies to meet the demands ofthe consumer will
rise. At the same time, the commercial vehicle industry will face increasing pressure to ensure that they remain
competitive and technologically efficient. Revenues for the commercial vehicle industry are approximately
$300 billion annually and represent approximately five percent ofthe United States' gross domestic product;
however, the costs to the commercial vehicle industry are continuing to rise while profit margins shrink (J.).
Therefore, constant attentiveness is required by government agencies, motor carriers, and drivers to keep
commercial vehicle operations safe and efficient.

Technology must be applied to improve the efficiency and safety ofexisting commercial vehicle operations.
Intelligent Transportation Systems (ITS) offers many possible benefits. ITS consists oftransportation systems
which utilize information, communication, sensor, and control technologies to achieve improved levels of
performance (2).

The National ITS Program Plan developed by the U.S. Department of Transportation (DOT) contains a
provision called Intelligent Transportation Systems Program for Commercial Vehicle Operations, or ITS/CVO.
The ITS/CVO provision includes the operations associated with moving goods and passengers via commercial
vehicles and the activities necessary to regulate these operations. The scope ofthe program includes activities
related to safety, credentials and tax administration, roadside operations, freight and fleet management, and
vehicle operation (2).

The vision for ITS/CVO is that safe and legal commercial vehicles would travel freely from state to state and
across North American international borders. They would not be stopped or slowed down for credential,
weight, and size checks. Also, commercial vehicles would not be burdened with excessive paperwork related
to safety, taxes, and credentials (2).

Research Objectives

The specific objectives ofthis research were to:

• Determine the in-vehicle information systems (ITS technologies) that are currently available for CVO;
• Determine the in-vehicle information used and needed by commercial vehicle companies;
• Identify and recommend existing ITS technologies for in-vehicle information systems that fulfill the needs

ofcommercial vehicle companies;
• Identify additional information and technologies for in-vehicle information systems that fulfills the current

unmet needs ofcommercial vehicle companies; and
• Design an in-vehicle information system for a specific segment ofthe commercial vehicle community.

Study Approach and Scope

The initial objective ofthis research was to determine the in-vehicle information systems (ITS technologies)
currently available for CVO. The data were obtained from the Federal Highway Administration's (FHWA)
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Demonstration Project III Technology Truck, a survey of on-board technologies applicable to CVO produced
by The Johns Hopkins University for the FHWA Office of Motor Carriers (OMC), and a research report
concerning CVO and ITS produced by the California PATH Program. The data included information on
current and future ITS technologies that are applicable to CVO. The reports also provided specific information
about the manufacturers of in-vehicle infonnation systems.

The second objective, to detennine the in-vehicle infonnation used and needed by commercial vehicle
companies, defined a need to conduct a survey of commercial vehicle companies. The survey focused on
collecting information about the use of existing in-vehicle information systems from four categories of
commercial vehicle companies: truckload, household goods, tank, and package. The needs of the chosen
commercial vehicle companies were also surveyed. Infonnation about the companies chosen was provided
through on-line references such as Transport Topics News (IT News) and company web sites.

The data collected from the surveys were then used to identify the in-vehicle information systems currently used
and the needs ofcommercial vehicle companies that are not being met by the current technology. Existing in­
vehicle information systems that fulfill the needs of commercial vehicle companies were recommended. The
recommendations were then used by the author to design an in-vehicle information system for the truckload
commercial vehicle community. The results of this design may be used as a future basis for the actual
application ofthese technologies within the commercial vehicle industry; thereby, improving the efficiency and
safety ofcommercial vehicle operations.

Organization of Report

The report begins with background infonnation about commercial vehicle operations. Following the
background infonnation is a presentation of current ITS technologies that can be included in the in-vehicle
information systems for commercial vehicle operations. Following the technology section is a summary ofthe
surveys completed by commercial vehicle companies. This section includes infonnation about each company
interviewed, information on the current use ofITS technologies for CVO, and the needs of commercial vehicle
companies that are not being met by the current technology. Recommendations for the use of existing in­
vehicle information technologies are then suggested for each commercial vehicle category surveyed. Based on
the recommendations, an in-vehicle information system for the truckload ofthe commercial vehicle community
is presented.
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CVO encompasses a range of industries, including trucks, private buses and taxies, and service and repair
vehicles. The most prominent segment ofCVO, motor carriers (i.e., trucking companies) is the focus ofthis
research (i).

In 1992, motor carriers had total revenues of $295 billion. Interstate trucking accounted for $82 billion in
revenue, intrastate/intercity accounted for $96 billion and intrastate/local accounted for $117 billion. The
largest carrier, United Parcel Service (UPS) had revenues of$12.7 billion, just 4.3% ofthe total. Therefore,
even though the trucking industry is large, the vast majority oftrucking companies are small (i).

There are three general classifications ofmotor carriers: common, contract, and private. A common carrier
hauls goods for-hire, serving the general public or other businesses at established rates. A contract carrier also
carries goods for-hire, but on a contract basis, for specific customers. A private carrier is a unit that serves
the internal transportation needs ofan organization (1.).

The motor carrier industry can be further segmented by shipment size. Less-than-truckload (LTL) carriers
serve small and medium size shipments (100-5000 pounds) through networks ofconsolidation terminals (1.).
Thus, LTL carriers consolidate LTL cargo from multiple origins for multiple destinations on one vehicle (~.

LTL can be further segmented by 10nghaul and regional. The major longhaul, nationwide, carriers are
Consolidated Freightways (CF), Roadway Express (operating independently ofRoadway Package System),
and Yellow Freight System. Truckload (fL) carriers serve full truckload segments, which are not consolidated
in terminals (1.). Thus, TL carriers dedicate one vehicle to a single shipper's cargo W. The largest TL carriers
are I.B. Hunt and Schneider National (1.).

The motor carrier industry can also be segmented by commodity. For example, a trucking company can carry
household goods, automobiles, hazardous materials, refrigerated goods, general freight, or packages. The most
prominent companies carry boxed, palletized, or otherwise packaged shipments. Bulk cargo such as fuels,
agricultural products, and gravel, as well as some hazardous materials, are carried by specialized carriers or
private fleets (i).
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ITS is a program designed to identify, analyze, test, and implement new and existing technologies. These
technologies are aimed at improving safety, increasing efficiency, and cutting transportation costs in the
movement ofpeople and goods throughout the U.S. (0. CVO is a significant part ofthe ITS program. The
effort called ITS/CVO is a cooperative public and private sector partnership that has formed the common goals
of safe, simple, and cost-effective commercial vehicle operations. The Federal Highway Administration
(FHWA) is the lead Federal agency for the program, and the ITS/CVO Division is directly responsible for
oversight ofthe program (.2).

There are several aspects ofthe ITS/CVO program including Commercial Vehicle Information Systems and
Networks (CVISN), Mainstreaming, International Border Crossing, and Emergency Response. The role ofthe
ITS/CVO Program is to foster the development and implementation oftechnology designed to assist trucks and
buses in moving safely and freely throughout North America (.0. To accomplish this goal, intelligent
transportation systems must be brought to the motor carrier industry, enhancing safety and making commerce
more efficient.

In the last ten years a wide range ofITS technologies has been developed to serve the motor carrier industry.
These ITS technologies can be grouped into seven general categories: collision avoidance, collision information,
driver condition, vehicle condition, navigation and routing, automated processing, and driver assistance. This
report discusses each ofthe general ITS technologies categories.

Collision Avoidance

Collision avoidance systems advise the driver, through appropriate driver-vehicle interface, of imminent
crashes. However, these systems can be segmented based on the information the system monitors to determine
ifa collision is pending. The following six types ofcollision avoidance systems are discussed in this paper:

• Rear end;
• Road and lane departure;
• Lane change and merge;
• Obstacle and pedestrian detection;
• Intersection; and
• Railroad crossing.

Rear End

Rear end collision avoidance systems sense the presence and speed of vehicles and objects in front of the
equipped commercial vehicle. Warnings and limited control ofthe commercial vehicle speed are provided to
minimize the risk of collisions with vehicles and objects in the commercial vehicle's lane of travel. In the
future, these systems may include adaptive cruise control (ID.

Road and Lane Departure

Road and lane departure collision avoidance systems monitor the lane position, motion relative to the road edge,
and commercial vehicle speed relative to road geometry and conditions. These systems provide warning and
control assistance to the driver when an unintentional road departure is imminent. In the future, these systems
may include cooperative communication with the highway infrastructure to automatically provide safe speeds
for upcoming road geometry and conditions (~).
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Lane change and merge collision avoidance systems monitor the lane position, relative speed, and position of
vehicles beside and to the rear of the equipped commercial vehicle. These systems warn the driver of the
potential for a collision during the decision-phase ofa lane change maneuver. Future systems may provide
additional advice about an imminent crash to the driver during the actual lane change or entry-exit maneuver
@).

Obstacle and Pedestrian Detection

Obstacle and pedestrian detection systems monitor the location ofpedestrians, vehicles, or obstacles that are
in close proximity to the driver's intended path through on-board sensors or infrastructure-based sensors. A
warning is provided to the driver when an object is detected (~).

Intersection

Intersection collision avoidance systems provide a warning to the driver when the potential exists for a collision
at an intersection. These systems monitor such complexities as sensing vehicles on the intersecting roadways
and determining the intent ofthese vehicles. The intent of the vehicles on the intersecting roadway includes
slowing, turning, or potential for violation oftraffic control devices (~).

Railroad Crossing

Railroad crossing collision avoidance systems monitor trains and provide warnings to drivers as they approach
a railroad crossing ifit is unsafe to enter due to approaching or present rail traffic. These systems share many
onboard vehicle components with intersection collision avoidance systems @).

Collision Information

Collision infonnation systems include two types ofsystems: automatic collision notification systems and safety
event recorders. Automatic collision notification systems monitor the position ofa commercial vehicle and the
severity ofthe crash. This infonnation is transmitted automatically to the appropriate Public Safety Answering
Point (pSAP). Safety event recorders document selected driver and commercial vehicle parameters to support
the reconstruction ofconditions leading to a crash (~).

Driver Condition

Driver condition systems monitor drowsiness and/or alcohol substances to detect degraded performance.
Drowsiness can be detected through algorithms, lane tracking, eyelid movement, and ann movement. Alcohol
substances can be detected through hand held breath-alcohol analyzers that are connected to the ignition system
of a commercial vehicle. These systems provide warnings or other countenneasures to alert the driver to
problems and prevent the problems continuance (~).

Vehicle Condition

Vehicle condition systems monitor different aspects ofthe commercial vehicle to determine ifa problem will
arise in the future. The following three types ofvehicle condition systems are discussed in this paper:

• Stability;
• Low friction; and
• Diagnostics.
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Vehicle stability warning and assistance systems aid drivers in maintaining safe speeds on curves by measuring
the rollover stability properties ofcommercial vehicles. The driver is provided with a graphical depiction of
the commercial vehicle's loading condition relative to its rollover propensity. Future systems could employ
an active stability system, electronic brake system technology, and infrastructure information to selectively
apply brakes to stabilize the commercial vehicle (m.

Low Friction

Low friction warning systems have on-board sensors that detect when the tire-to-road surface coefficient of
friction is reduced due to water, ice, or road surface condition. These systems alert the driver of reduced
traction. In the future, more advanced systems would provide control assistance capabilities to assist the driver
in regaining control ofthe commercial vehicle (~).

Diagnostics

Vehicle diagnostic systems monitor commercial vehicle safety-related functions and are intended to be useful
to the driver. The vehicle diagnostic infonnation used is an extension ofvehicle monitoring and self-diagnostic
capabilities, such as oil pressure and coolant temperature gauges. Some examples of conditions monitored
include braking system integrity, tire pressure, sensor and actuator performance, and communication system
(~).

Navigation and Routing

Navigation and routing systems provide location and route guidance infonnation to the driver using Global
Positioning Systems (GPS) and direction finding (f). These systems also provide the capability to receive
travel-related information from the roadside. The information received includes vehicle location, route guidance
instructions, motorist and traveler services infonnation, safety and advisory information, and other real-time
updates on congestion and work zones (~). However, navigation and routing systems usually do not relay
vehicle locations back to a base station. Truck tracking systems also provide location and direction to the
driver. These systems use GPS, cellular, and pager based technologies to transmit information from the vehicle
to a base station. However, truck tracking systems usually do not provide road directions (f).

Automated Processing

Automated processing is the electronic transmission ofinfonnation or an electronic data interchange (EDI).
Automated processing includes weigh-in-motion (WIM), credentials and permit verification, and cargo
information systems.

Weigh-in-Motion

WIM systems in conjunction with credentials and permit verification allow a commercial vehicle to be
electronically weighed and the identity of the commercial vehicle to be verified as the commercial vehicle
approaches a weigh station. As the commercial vehicle passes over the WIM sensors, the distance between
axles is measured and the weight of each axle or combination of axles is recorded and used to calculate the
truck's total gross weight. An in-eab transponder identifies the commercial vehicle to the weigh station. After
the commercial vehicle is weighed and credentials verified, the status (bypass weigh station or pull into weigh
station) is transmitted to the driver via the in-eab transponder (2).
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Cargo information systems utilize EDI to transmit and receive data on cargo. Hand-held devices, including
keyboard and bar-eode scanner, allow drivers to electronically record infonnation about their cargo. This
process reduces paper-work and provides immediate entry of shipment information into tracking systems (£).

Driver Assistance

Driver assistance systems provide aid to drivers. The following three types ofdriver assistance systems are
discussed in this paper:

• Longitudinal and lateral control;
• Vision enhancement; and
• Location specific alert and warning.

Longitudinal and Lateral Control

Longitudinal control systems range from nonnal cruise control to advanced cooperative cruise control and
applications which permit full automatic braking. These systems sense the presence and relative velocity of
moving vehicles ahead of the equipped commercial vehicle, and adjusts the speed of travel of the equipped
vehicle to maintain a safe separation between vehicles. Vehicle speed is adjusted by allowing the vehicle to
coast or by transmission downshifting. Lateral control systems sense the center ofthe lane and continually
actuate the steering to keep the commercial vehicle in the center ofthe lane @).

Vision Enhancement

Vision enhancement systems provide the driver with an enhanced view of the road-ahead using infrared
radiation from pedestrians and roadside features. Future versions of these systems may include additional
infonnation from improvements in the highway infrastructure (~).

Location SpeCifiC Alert and Warning

Location specific alert and warning systems provide infonnation to the driver by integrating commercial vehicle
speed and pertinent commercial vehicle dynamics with the knowledge of roadway geometry. Future systems
could include infonnation about the environment and road surface conditions (~).
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To detenninethe in-vehicle infonnation (ITS technologies) used and needed by commercial vehicle companies,
a survey offour categories ofcommercial vehicle companies was conducted: truckload, household goods, tank,
and package. The categories ofcommercial vehicle companies were chosen randomly from a list ofthe 100
largest trucking companies in 1996 produced by Transport Topics. The 100 largest companies were
determined based on 1996 revenues. The individual commercial vehicle companies surveyed from each
category were also selected from the Transport Topics list. Within each category, the individual companies
were chosen to represent different revenue levels.

The survey (Appendix A) focused on collecting information about the current use of existing in-vehicle
information systems by the companies. The needs ofthe selected commercial vehicle companies were also
surveyed. Infonnation about the companies chosen was provided through on-line references such as Transport
Topics News (IT News) and company websites.

Truckload

Truckload carriers dedicate one vehicle to a single shipper's cargo (D. The following four truckload companies
were surveyed: Schneider National, Swift Transportation, Roehl Transport, and Elder Lite Express.

Schneider National

Schneider National has been in business for more than 60 years. Schneider National's van equipment consists
of 12,000 tractors and 35,000 trailers which operate in all 48 contiguous states, Canada, and Mexico. Every
day Schneider National transports over 5,000 truckloads ofproducts and raw materials. Schneider National
is a general freight carrier, that mainly carries consumer goods, metal, and glass (10, 11).

Schneider National currently uses vehicle performance, vehicle position reporting, and two-way data satellite
communications in their van equipment. The driver-interface is a hand-held computer. Schneider National is
in the process of testing collision avoidance, lane position, and fatigue or drowsiness systems. Overall,
Schneider National would like the component prognostic systems to become more reliable at predicting the
failure ofcomponents, such as the battery, engine, and transmission (11).

Swift Transportation

Swift Transportation's fleet consists of 6,000 vehicles and operates in all 48 contiguous states and Canada.
Swift Transportation mainly carries dry goods. Currently, Swift Transportation uses the QUALCO~
system to track their vehicles. This system also allows the drivers and dispatch to communicate. To introduce
theQUALCO~ system to the drivers, the drivers must attend a day course. However, Swift Transportation
indicated that not all oftheir drivers are technically inclined, so some ofthe drivers cannot correctly use the
current system. Therefore, Swift Transportation is not testing any additional ITS technologies (12).

Roehl Transport

Roehl Transport started in 1961 with one truck. Today, Roehl Transport has a fleet of over 1,000 tractors and
2,300 trailers that provide curtainside, flatbed, specialized, and van trailer services throughout the all 48
contiguous states and Canada (13, 11.). Roehl Transport currently uses OmniTRACS@ byQUALCO~
(14). OmniTRACS@ is an interactive information management system that includes two-way mobile
communications, satellite tracking, and fleet management software. The OmniTRACS@ system vehicle
hardware includes a driver display unit (DU) and a continuous-tracking antenna communications unit (ACU)
housed in a sealed dome (15).
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Within the OmniTRACS@ system, Roehl Transport uses the ITRACS@ and SensorTRACS@ systems.
JTRACS@ is a vehicle diagnostics system that monitors engine oil pressure, engine coolant temperature,
transmission oil pressure, injector cylinders, alternator current, gas supply pressure, refrigerant pressure, and
glow plug relay. SensorTRACS@ is a comprehensive performance reporting system that addresses driver
behavior. SensorTRACS monitors speed, revolutions per minute (RPM) ofthe engine, and idle time. Drivers
are provided with real-time feedback so they can immediately correct their own performance (1,2). Currently,
Roehl Transport is in the process oftesting collision avoidance and E-mail systems (11.).

Elder Lite Express

Elder Lite Express operates approximately 35 trucks in all 48 contiguous states. Elder Lite Express mainly
carries caskets, but also transports retail store fixtures and general commodities. Elder Lite Express uses
TMW Trucking System and QUALCOMM@ tracking to follow the progress oftheir trucks (10. The TMW
Trucking System (ITS) is a personal computer, network-based dispatch operations and administrative
management system (17).

All four ofthe truckload companies that were surveyed currently use a two-way mobile satellite communication
system that allows the driver and dispatcher to communicate and a truck tracking system that provides location
and direction information to the driver and dispatcher. Two ofthe four truckload companies surveyed also
currently use a vehicle condition system that includes a vehicle diagnostics system and monitors such aspects
ofthe vehicle as speed, RPMs, and idle time. Driver condition systems, collision avoidance systems, and E­
mail systems are being tested by two ofthe four truckload companies surveyed to evaluate their potential for
future use. Two needs identified by the truckload companies were that ITS technologies provide reliable
information and that drivers need to be educated about the ITS technologies.

Household Goods

Commercial vehicle companies that carry household goods are mainly less-than-truckload. LTL carriers
consolidate LTL cargo from multiple origins for multiple destinations on one vehicle (,2). The following four
household goods companies were surveyed: North American Van Lines, Mayflower Transit, United Van Lines,
and Graebel Forwarders, Inc.

North American Van Lines

North American Van Lines operates 5,470 units in all 48 contiguous states and Alaska. The company mainly
carries household goods, but also transports high value products and new furniture. North American Van Lines
currently uses the OmniTRACS@ system by QUALCOMM@ to track their trucks @).

Mayflower Transit

Mayflower Transit operates 3,550 trucks in all 48 contiguous states. Mayflower Transit mainly carries
household goods, but also transports electronics, trade shows, and general commodities. Currently, Mayflower
Transit uses a vehicle tracking system, two-way electronic messaging, and on-line order updating. Mayflower
Transit is testing vehicle condition and navigation/routing systems (19).

United Van Lines

United Van Lines operates 1,671 trucks in all 48 contiguous states. United Van Lines mainly carries household
goods, but also transports electronics, trade shows, and general commodities. Currently, United Van Lines uses
the QUALCOMM@ system to track their trucks, for on-line order updating, and for two-way E-mail
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correspondence. United Van Lines is testing vehicle condition and navigation/routing systems that may be
added to the QUALCOMMIil system in the future (20).

Graebel Forwarders, Inc.

Graebel Forwarders, Inc. was started in the early 1950s in Wausau, Wisconsin with one truck. Currently,
Graebel Forwarders, Inc. operates 500 long haul and 200 short haul commercial vehicles in all 48 contiguous
states. Graebel Forwarders, Inc. uses driver condition and vehicle condition systems. The driver condition
system monitors drowsiness, performance, and alcohol and drug substances. The vehicle condition system
monitors stability, low friction, and diagnostics. Graebel Forwarders, Inc. also uses a nationwide paging
system for communication between drivers and dispatch. Currently, Graebel Forwarders, Inc.'s needs are
being met through the use ofthe in-vehicle infonnation and paging system mentioned above. However, Graebel
Forwarders, Inc. would use more in-vehicle infonnation systems ifthe systems' cost, availability, and reliability
warranted their use (21).

All four ofthe household goods companies that were surveyed currently use a two-way communication system
that allows the driver and dispatcher to communicate. Three ofthe four household goods companies surveyed
currently use a truck tracking system that provides location and direction information to the driver and
dispatcher. One ofthe four household goods companies surveyed currently uses a vehicle condition system that
monitors such aspects ofthe vehicle as stability, low friction, and diagnostics. Vehicle condition systems are
also being tested by two ofthe four household goods companies surveyed. One ofthe four household goods
companies surveyed currently uses a driver condition system that monitors drowsiness, performance, and
alcohol and drug substances. Navigation and routing systems are being tested by two ofthe four household
goods companies surveyed. One need identified by the household goods companies was that the ITS
technologies be cost-effective.

Tank

Commercial vehicle companies that carry such commodities as petroleum products, starch, and sugar are
considered tank companies. Tank trucks also carry hazardous materials. The following three tank companies
were surveyed: Chemical Leaman Tank Line, DSI Transports, Inc., and Groendyke Transport.

Chemical Leaman Tank Line

Chemical Leaman Tank Line was founded in 1913 by B.F. Leaman and originally called B.F. Leaman and Son
(22). Today, Chemical Leaman Tank Line operates 1,500 tank trucks in all 48 contiguous states and Canada.
Chemical Leaman Tank Line mainly carries liquid bulk chemicals and petroleum (23). Chemical Leaman Tank
Line currently uses the QUALCO~ system to track their vehicles and for messaging. The company also
uses longitudinal and lateral control ofthe vehicle to assist the drivers.

DSI Transports, Inc.

DSI Transports, Inc. was started in 1942 as the Robertson Transport company hauling products that included
gasoline, cement, molasses, and asphalt (2£). Currently, DSI Transports, Inc. operates 951 tractors and 1,368
trailers in all 48 contiguous states and Canada. The main commodities carried by DSI Transports, Inc. are
petroleum and chemical products, plastic pellets, starch, and sugar. Approximately 30% ofthe products that
DSI Transports, Inc. carries are considered hazardous materials (2,2).

In 1989, DSI Transports, Inc. purchased a satellite tracking system. Currently, the company utilizes the
QUALCO~ satellite tracking system in 236 long distance tractors. DSI Transports, Inc. plans to expand
the satellite system to an additional 150 tractors in 1998, and to 100 more tractors in 1999 (2,2).
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In 1992, DSI Transports, Inc. expanded the function ofthe satellite system by installing product temperature
and pressure sensors in specific tank trailers. These sensors allow dispatch to set a temperature and pressure
range through the satellite system for a product. If the product's temperature or pressure exceeds the
established range, the computer system will automatically increase or decrease the temperature or pressure
while the vehicle is traveling on the roadway. Messages and alarms are transmitted via satellite
communications to DSI Transports, Inc. 's main computer (2,f).

In 1997, DSI Transports, Inc. modified the satellite system to include data macros. These data macros provide
information from the driver about the load status and available driver hours. The data macros aid in matching
drivers, equipment, and available loads in the dispatching system. The macros also provide information for
driver pay, customer billing, improved equipment utilization, and load optimization (2,f).

Also in 1997, DSI Transport, Inc. installed the Lockheed Martin PrePass system into all oftheir tractor fleet.
The PrePass system allows for the weighing-in-motion ofcommercial vehicles on some ofthe nations highways.
However, since DSI Transport, Inc. carries hazardous materials their vehicles can only bypass state regulated
weigh stations 50% ofthe time in some states. In other states, WIM systems are not accepted for bulk carrier
movements. DSI Transport, Inc. also currently uses longitudinal and lateral control systems (2,f).

DSI Transport, Inc. has not implemented satellite systems in their short haul business because the systems are
not cost-effective. Thus, DSI Transport, Inc. is testing the Motorola two way pager for communication.
Motorola is currently working with the company to program the satellite system macros into the pagers; thus,
providing the valuable load and driver information at a lower cost (22).

Currently, DSI Transport, Inc. is evaluating a fuel optimization/routing system to improve fuel utilization
efficiencies. The routing system will provide information on in-transit fuel stops and purchase volumes. The
plan is to have the fuel optimization system in production in 1999. Other systems such as collision avoidance,
driver condition, and vehicle condition are not currently planned for evaluation (2,f).

Groendyke Transport

Groendyke Transport has been in business for 65 years (20. Currently Groendyke Transport operates 774
tank trucks in all 48 contiguous states, Canada, and Mexico. Groendyke Transport mainly carries hazardous
materials and dry bulk. Groendyke Transport currently uses the QUALCOMM@ system to track their vehicles
and to provide driver assistance (22).

All ofthree ofthe tank companies that were surveyed currently use a two-way mobile satellite communication
system that allows the driver and dispatcher to communicate, a truck tracking system that provides location
and direction information to the driver and dispatcher, and a driver assistance system that provides for
longitudinal and lateral control ofthe vehicle. One ofthe three tank companies surveyed currently also uses
a weigh-in-motion system. Navigation and routing systems are being tested by one ofthe three tank companies
surveyed. One need identified by the tank companies was the need for continuity of the use ofITS systems
from state to state and across international borders.

Package

Package distribution companies use commercial vehicles to transport parcels and documents. The following
two package companies were surveyed: UPS and RPS, Inc.
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UPS was founded in Seattle, Washington in 1907 (M). Currently, UPS uses a system called II Morrow. This
system records the driver's DOT hours of operation, speed, RPM ofthe motor, miles driven, trailer numbers,
and origin and destination locations. However, this information is not transmitted via a communication system.
Instead the infonnation is downloaded when the driver finishes a shift (29).

RPS, Inc.

RPS, Inc. opened for business in 1985, with just 36 tenninals east ofthe Mississippi River that served 33 %
of the United States. Eleven years later, RPS, Inc. delivers packages to businesses throughout the United
States, Canada, and Mexico (30). Currently, the only in-vehicle communication system used by RPS, Inc. is
the STAR SYSTE~. RPS, Inc. contractors scan each package at pickup and delivery with hand-held
scanners. This infonnation is then uploaded into the RPS, Inc. computer system via an in-vehicle
communications system (31).

One ofthe package companies that was surveyed currently uses a system that records the driver's DOT hours
ofoperation, speed, RPM ofthe motor, miles driven, trailer numbers, and origin and destination locations. The
other package company that was surveyed currently uses a cargo information system that allows the driver to
scan packages at pickup and delivery and a communication system that allows the package information to be
transmitted to a main computer.

Summary

Overall, each commercial vehicle company surveyed used at least one ofITS technologies that was discussed
previously in this paper. Table 1 is a summary ofthe ITS technologies currently used and being tested by each
company.

Two needs identified by the commercial vehicle companies were that ITS technologies be cost-effective and
reliable. Several ofthe companies surveyed mentioned that the current ITS technologies were too expensive
to implement in a whole fleet. Other companies stated that the current ITS technologies do not provide reliable
infonnation; thus, making the implementation ofthe technologies not cost effective.

A third need identified by commercial vehicle companies addressed the issue ofimplementation barriers. The
particular barrier that was discussed concerned the use of weigh-in-motion systems. Hazardous material
carriers can only bypass state regulated weigh stations approximately halfofthe time in some states. In other
states, WIM systems are not accepted for bulk carriers. Thus, the continuity ofthe use ofITS systems from
state to state and across international borders needs to be considered, especially since the amount oftime a
company uses a technology directly affects the technologies' cost-effectiveness.

A fourth need identified by commercial vehicle companies was that some drivers are not technically inclined.
This leads to the incorrect use or no use at all of the in-vehicle infonnation systems currently used by the
commercial vehicle companies. This issue also hinders the addition ofnew technologies. Therefore, educating
the drivers about the systems is an issue that needs to be addressed, especially for the use ofthe systems to be
cost-effective.
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As a result ofthe research on the current use ofITS technologies for eva and the needs ofcommercial vehicle
companies, the following recommendations have been made by the author for the development of in-vehicle
infonnation systems for evo. The actual application ofthese recommendations could result in a more efficient
and safer commercial vehicle environment. Separate recommendations have been made for the four categories
ofcommercial vehicle companies: truckload, household goods, tank, and package. Truckload companies refer
to companies that dedicate one vehicle to a single shipper's cargo (:D. On the other hand, household goods
companies mostly refer to less-than-load carriers. L11, companies consolidate L11, cargo from multiple origins
for multiple destinations on one vehicle (:D. Tank companies are companies that mainly operate tractors with
tank trailers. Package companies use commercial vehicles to carry parcels and documents. Listed below are
the recommendations for the ITS technologies that should be included in the four in-vehicle infonnation
systems. All four ofthe recommended systems need to be cost-effective and provide reliable information.

Truckload

Based on the current use and testing of ITS technologies by the four truckload companies surveyed, the
truckload in-vehicle infonnation system should include:

• A two-way mobile satellite communication system that allows the driver and dispatcher to communicate;
• A truck tracking system that provides location and direction information to the driver and dispatcher;
• A vehicle condition system that includes a vehicle diagnostics system and monitors such aspects ofthe

vehicle as speed, RPMs, and idle time; and
• A collision avoidance system that includes rear end collision, road and lane departure, and lane change and

merge collision components.

Household Goods

Based on the current use and testing ofITS technologies by the four household goods companies surveyed, the
household goods in-vehicle information system should include:

• A two-way mobile satellite communication system that allows the driver and dispatcher to communicate;
• A truck tracking system that provides location and direction infonnation to the driver and dispatcher;
• A navigation/routing system that provides additional location and route guidance information to the driver;

and
• A vehicle condition system that includes a vehicle diagnostics system and monitors such aspects ofthe

vehicle as speed, RPMs, and idle time.

Tank

Based on the current use and testing ofITS technologies by the three tank companies surveyed, the tank in­
vehicle information system should include:

• A two-way mobile satellite communication system that allows the driver and dispatcher to communicate;
• A truck tracking system that provides location and direction infonnation to the driver and dispatcher; and
• A driver assistance system that provides for longitudinal and lateral control ofthe vehicle.

Package

Based onthe current use and testing ofITS technologies by the two package companies surveyed, the package
in-vehicle infonnation system should include:
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• A two-way mobile satellite communication system that allows the driver and dispatcher to communicate;
and

• A cargo infonnation system that allows the driver to scan packages at pickup and delivery and transmits
the package information to a central location.
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Based on the recommended ITS technologies, an in-vehicle information system for the truckload commercial
vehicle category was designed. The design includes the ITS components of the system, the information
processed by the ITS components, and how the types of infonnation are transmitted and received.

Design of In-Vehicle Information System

The in-vehicle information system for truckload commercial vehicle companies should be an interactive
information management systemthat includes two-way mobile satellite communications, truck tracking, vehicle
condition reporting, and collision avoidance warning. The two-way mobile satellite communication would link
every equipped vehicle in a fleet to a dispatch center; thus, enabling the fleets and dispatch to maintain
continuous two-way communication.

The truck tracking system should provide location and direction to the driver and dispatcher via the satellite
communication system. The truck tracking system permits the driver and dispatcher to be in contact
throughout the whole shipment process. Table 2 contains an example ofthe interaction between the driver and
dispatcher during the shipment process.

Table 2. DriverlDispatcher Interaction (1~

Communication Infonnation

Dispatcher to Driver Load Assignment

Driver to Dispatcher Acknowledgment

Driver to Dispatcher Arrival at Shipper

Driver to Dispatcher Loaded and Leaving

Driver to Dispatcher Arrival at Stop for PickuplDrop

Driver to Dispatcher Leaving Stop

Driver to Dispatcher Check Call/Fuel Purchase

Driver to Dispatcher Empty

Data macros incorporated into the satellite system provide prefonnatted "fill-in-the-blank" messaging between
the driver and dispatch. These preset messages provide infonnation about the load status, available driver
hours, weather, fueling, accidents, and delays. Table 3 contains examples ofdata macros.

The vehicle condition system should monitor fault codes from engines and other onboard systems. Such
aspects as the speed of the vehicle, RPMs of the motor, idle time, and other vehicle diagnostics should be
monitored to enable a proactive response to potential problems. The vehicle condition system should alert the
driver to any potential problems even while in transit. The dispatch can be continually provided with the
vehicle data via the satellite system. Thus, the system helps prevent unnecessary breakdowns and repairs.
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ACCIDENT REPORT WEATHER REPORT
COF#_-_ COF# - ---
Date - / _/- -Time _.- New ETA - Date - / / -Time _.-- -
Type of injuries Current Weather

COF# - ---
Ambulance required (YIN) _ Date _ / _ / _ - Time _ : _
Can the vehicle be driven (YIN) _ Current Weather
Can trailer be moved (YIN) _
Message

Road Condition

--

BEGIN FUEL STOP COMPLETE IN-TRANSIT DELAY
COF#_-_ COF# -- --
Date - / - / - -Time _.- Date - / - / - -Time _.-

The collision avoidance system should monitor the speed and presence ofvehicles and objects in the front, back,
and to the side ofthe equipped vehicle to detennine ifthe potential for a collision exists. The system should
also monitor the lane position and speed ofthe equipped vehicle to detennine ifan unintentional road departure
is imminent. Warnings should be provided to the driver to minimize the risk ofa collision.

The in-vehicle infonnation system would have to include an antenna for the transmitting of data via the two­
way satellite system. The driver-interface would be a hand-held computer similar to the Display Unit produced
byQUALCO~. The display should feature a large screen, full keyboard, and numeric pad. The interface
should be user-friendly, prompting the operator with simple, straightforward commands allowing drivers to
easily send and receive messages. Warnings should be provided on the display's screen and verbally.

For the in-vehicle information system to be used properly, the drivers and dispatchers must understand and be
able to operate the system. Short courses should be held to introduce and educate the drivers and dispatchers
about the system. Manuals should also be accessible to the drivers and dispatchers.

Overall, the in-vehicle infonnation system must be reliable and cost-effective. To be cost-effective, the
information provided to the driver and dispatcher concerning the vehicle's location, condition, and safety have
to be reliable. The system should include back up systems and checks to reduce the number offalse alarms.
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In the last ten years a wide range ofITS technologies has been developed to serve the motor carrier industry.
However, only a portion ofthese technologies are currently being used by the commercial vehicle industry.
The two ITS technologies that are the most prominent are the truck tracking systems and the vehicle condition
systems. However, within each commercial vehicle category, the larger companies currently use and are testing
more ITS technologies than the smaller companies. The following recommendations have been made by the
author for the development of in-vehicle infonnation systems for CVO:

• Truckload systems should include a two-way mobile satellite communication system, truck tracking
system, vehicle condition system, and collision avoidance system;

• Household goods systems should include a two-way mobile satellite communication system, truck tracking
system, navigation/routing system, and vehicle condition system;

• Tank systems should include a two-way mobile satellite communication system, truck tracking system, and
driver assistance system; and

• Package systems should include a two-way mobile satellite communication system and cargo information
system.

Several needs were identified by the commercial vehicle companies. First, in-vehicle infonnation ~ystems and
their ITS components need to be cost-effective and reliable. Second, the use of these systems should be
seamless from state to state and across international borders. Third, the drivers need to be educated about the
systems, so the systems can be used to their full potential. The consideration ofthe needs identified by the
commercial vehicle companies and actual application ofthe recommendations could result in a more efficient
and safer commercial vehicle environment.
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1. How many units do you operate which are based in the United States? What states do you operate in?

2. What commodities do you carry (i.e., household goods, packages, hazardous materials, etc.)? Are these
commodities less than truck load or truck load?

3. Which in-vehicle ITs/cva technologies do you currently use? Please check the general in-vehicle
ITs/cva technologies that you currently use and then circle all specific in-vehicle ITs/cva technologies
that you currently use.

Collision Avoidance (rear end, road/lane departure, lane change/merge, obstacle/pedestrian,
intersection, railroad crossing)

Collision Information (notification, event recorder)

Driver Condition (drowsiness, performance, drugs/alcohol)

Vehicle Condition (stability, low friction, diagnostics (i.e., oil, coolant, tires, brakes»

NavigationIRouting (route guidance, optimal routes, weather information, real time traffic
information (i.e., congestion, work zones»

Automated Processing (weigh-in-motion, toll collection, credentials and permit verification,
cargo identification)

Driver Assistance (longitudinal control, lateral control, vision enhancement, location specific
alert and warning)

None (please explain why) _

Other (please list) _

4. Are your commercial vehicle operations needs being met through the use of the in-vehicle ITs/cva
technologies you selected above? Ifnot, please explain the unmet needs.
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The Internet is continually proving itselfto be a vital tool for developing Intelligent Transportation Systems
in a variety ofapplications. Currently there is a drive to develop interactive, regional transit itinerary planning
web pages on the Internet. Transit infonnation provided in this way can eliminate much of the fear and
guesswork from the task ofcreating a point-to-point itinerary using transit. The quality and quantity ofuseful,
up-to-date travel infonnation which can be provided in the fonn oftransit trip planning web pages are just
beginning to "knock down" some ofthe communications-related barriers to transit use.

As the first transit trip planning systems are being implemented on the Web, the need arises for the answers
to some important questions. First and foremost are the questions ofwhether the web sites are successfully
making transit trips easier and/or improving the transit systems' public image (i.e., do the web sites work?).
What follows naturally then is the question of whether the web sites are encouraging people to make more
transit trips and/or change their mode choice from automobile to transit (i.e., do the web sites have an impact?).
The future oftransit trip planning onthe Internet depends on the answers to such questions. Infonnation such
as age, sex, income level, language needs, and other characteristics ofthose who use web pages for transit trip
planning is also importantfor purposes ofweb site design and evaluation. Collecting data regarding the impact
of the web site on and the characteristics of its users may help transportation agencies design Internet sites
which better serve the public's needs.

The primaty research tasks ofthis paper included investigating the options currently available for transit trip
itinerary planning on the Internet and conducting an online survey ofthe users ofthe Go Ventura web page
created by the Ventura County Transportation Commission (VCTC). The Go Ventura web page is the only
Internet site which provides point-to-point transit trip planning on a regional level in the United States.

The survey:findings indicated that the users had a very high opinion ofthe Go Ventura web site, as the majority
found the web site to be very helpful in planning transit trips. The transit trip itinerary planner is often being
used to plan trips that cross the boundaries ofcities, counties, and transit agencies. There is a large demand
for integrated transit infonnation across a region, and the Go Ventura web site is successfully responding to
that demand. Furthennore, the survey indicated that people who use the web site are making new trips by
transit which were directly facilitated by having access to the infonnation provided at VCTC's web site. Based
on the results ofthe survey and feedback from users ofthe web page, several recommendations were suggested
that might further increase the appeal ofthe Go Ventura transit trip planner on the Internet.
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The growth of"traffic" on the infonnation superhighway ofthe World Wide Web has been phenomenal since
the Internet society was first established in 1992 U). By the year 2000, it is predicted that 150 million adults
in America will be using the World Wide Web. This is equal to about 75 percent ofthe 200 million adults
aged 16 and older living in America today (2). Proving itselfto be much more than just a fad, the Internet is
here to stay as an important infonnation resource.

The Internet contains infonnation on virtually all aspects of everyday life, including news, hobbies, travel,
entertainment, government and community, health and medicine, product infonnation, sports, music, and
games. According to a recent survey of 1000 adult Internet users, travel was the third most popular topic for
Internet use, behind news and hobbies OJ. The combination ofcomputer monitor output and touch-screen or
mouse-based input enables a wide variety of display fonnats; because the Internet utilizes this powerful
interface, it has become the ideal medium for transmitting versatile travel infonnation Q).

Most large metropolitan areas now offer a traveler infonnation home page free ofcharge to users ofthe Internet
(~). The type of infonnation available on such home pages includes transit schedules and rates, airport
infonnation, weather conditions, trip planning, and maps (iJ. Unfortunately the databases behind most ofthese
sites are not connected to each other, making it difficult to plan trips that cross different transit systems and/or
metropolitan areas (2). Currently many agencies are working together to integrate transit infonnation and to
create regional automated trip planning capabilities on the Internet (~).

The expected benefits ofinteractive, multimodal travel planners include improving the public image oftransit
and :fu.cilitating wider user ofmass transit, thereby reducing the adverse environmental and safety impacts of
congestion on roads and highways (2). One agency currently offering a regional transit planner is the Ventura
County Transportation Commission, which sponsors the Go Ventura web site.

Problem Statement

The deployment ofregional interactive travel planners on the Internet comes with great expectations for broader
user oftransit as more people gain the ability to confidently plan complex trips anywhere within a region. The
hope is that the entire information barrier to using transit would be eliminated by the power ofthe Internet trip
planner. As the first transit trip planning systems are being implemented on the Web, the need arises for the
answers to some important questions. First and foremost are the questions of whether the web sites are
successfully making transit trips easier and/or improving the transit systems' public image (i.e., do the web
sites work?). What follows naturally then is the question ofwhether the web sites are encouraging people to
make more transit trips or to change their mode choice from automobile to transit (i.e., do the web sites have
an impact?). The evaluation ofthe benefits oftransit trip planning on the Internet depends on the answer to
questions such as these. Information such as age, sex, income level, language needs, and other characteristics
ofthose who use web pages for transit trip planning is also ofgreat importance for purposes ofweb site design
and evaluation. Collecting data regarding the impact ofa web site on and the characteristics of its users may
help transportation agencies design Internet sites which better serve the public's needs.

Research Objectives

To address the problem stated above, the objectives ofthis research were to:

1. Conduct a search ofInternet web sites which offer some form oftransit trip planning and identify helpful
features currently in use;

2. Describe the characteristics ofusers ofa web page that offers transit trip planning;
3. Assess the value ofthe information found on a transit trip planning web page, as reported by Internet users;
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4. Detennine additional needs ofInternet users and features that the users would like to see on the web site,
and

5. Re-design a transit routing web site, ifnecessary, to better serve the needs ofthe customers that use it and
possibly to attract new users to the web site

Scope of Research

The research described herein focused on Internet web pages that provide transit infonnation. The web page
studied in detail was http://sunbox.goventura.org/transit.htm, found on Ventura County Transportation's
Commission's web site, http://www.goventura.org. The selected web page offers trip itinerary planning using
transit entities located throughout Southern California and can be accessed by Internet browsers anywhere in
the world. The :findings ofthe study were used to suggest possible improvements to the Ventura County transit
trip planning web page.

Study Methodology

1. Review relevant web sites.

A review of web sites which currently provide traveler infonnation with a special emphasis <?n those that
provide transit routing capabilities was conducted. Special features ofthese sites were documented.

2. Review e-mail messages sent by users ofVentura County web site.

The users ofVentura County have sent a great deal ofcomments via e-mail to the transportation commission
regarding the Internet web site. This mail was reviewed for any suggestions to improve the web site or
concerns which may need to be evaluated in the survey.

3. Develop survey instrument.

A survey was developed to collect data on the following items: name; sex; age; home address; type oflocation
where web site is accessed; county where origin and destination were located; purpose of trip; method of
planning routes before Internet site was available; frequency ofuse oftransit trip planning web site; frequency
oftransit use; whether the transit routing site has made any impact on the choice between private automobile
or transit for making trips; and additional infonnation or features that users would like to see on the Internet
trip planner.

6. Implement Survey Instrument

After the fonnat and wording ofthe survey instrument were approved by Ginger Gherardi, Executive Director
ofVentura County Transportation Commission (VCTC), the survey was added to the transit routing page by
Steve DeGeorge ofthe VCTC. Notice ofthe survey was placed on Internet transportation chat rooms in the
local area. Responses to the survey were sent to the VCTC and then forwarded to the researcher.

7. Analysis ofSurvey Responses.

As the survey responses came in, they were categorized for analysis. Microsoft Excel was used to keep track
ofthe survey responses.
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The survey responses were used to identify characteristics ofusers such as where the site is being accessed,
what destinations the transit router is serving, frequency oftransit use, and automobile access.

9. Identify Additional Needs ofUsers

Based on the responses ofsurvey participants and e-mail, a list ofseveral additional needs and desired features
was compiled for the web site.

10. Possible Improvements to Web Site.

Based on the characteristics ofusers ofthe web site and the response to possible added features provided by
the survey participants, improvements that might benefit the web site were identified.

Organization of Report

Section 1ofthis report presented an introduction. Section 2 contains descriptions ofthe transit trip planning
capabilities currently available on Internet web sites. The results based on the survey of users of the Go
Ventura trip planning web site and user feedback are discussed in Section 3. A summary ofthe findings can
be found in Section 4. In Section 5 recommendations are offered that might further enhance the regional transit
trip planner on the Internet. The major conclusions ofthe paper are reported in Section 6.
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CURRENT OPTIONS FOR PLANNING TRANSIT TRIPS ON THE INTERNET

Ventura County Transportation Commission's Go Ventura Web Site

A report based on the 1990 census showed that southern California's Ventura County had the highest
percentage (54 percent) ofhouseholds with personal computers in the nation, indicating that the Internet might
be a worthwhile medium for public outreach in Ventura County (2). The Go Ventura web site, sponsored by
the Ventura County Transportation Commission (VCTC), first went online in 1995. Since that time, the
VCTC has implemented many features on its web site, including point-to-point transit trip planning, maps of
bike routes, rideshare and park-and-ride information, telephone numbers oftransportation providers, monthly
pass and fare information, and Internet links to other transportation-related sites (1).

Point-to-point transit trip planning is a unique feature to the Go Ventura web site, enabling the Internet user
to plan a trip bytransit that will go almost anywhere in southern California. To generate trip itineraries, VCTC
uses the ''Transtar'' database and custom routing software, which has information about nearly all transit
providers in the five-eounty region ofSouthern California (2). Already in use by telephone operators working
the phone lines ofa regional 1-800 toll free number, the Transtar software was successfully converted to an
Intemet application. The Internet transit planner accesses the Transtar database through a server operated by
the Southern California Association ofGovernments (SCAG) (.8.).

When accessing the transit trip planner on the Go Ventura web site, the user indicates the origin and destination
ofthe trip by entering the street address, intersection, or landmarks at the beginning and ending points ofthe
trip. The user can also choose the time of day and day ofweek for the trip, in addition to whether he/she
desires the trip that is the fastest, requires the least amount of walking, or requires the lowest number of
transfers. Once the Transtar server has all the information it needs, the user submits his/her request, and a
step-by-step set of instructions for the requested travel itinerary appears on the computer screen. The trip
itinerary shows the arrival times and names ofbuses and trains on each leg ofthe trip and the amount offare
required (J). In its first years ofoperation, the Go Ventura web page has been well-received by the Internet­
connected public and has averaged about 200 requests per week for trip planning information alone (.8.).

In June 1998 several upgrades were made to the Go Ventura web site. One ofthe changes was the addition
ofpull-down lists from which the user could choose the exact names of"landmarks" or transit nodes within
Ventura County and around southern California. Other changes included walking maps that show how to get
from one leg ofa transit trip to the next, a restore button that allows the user to make changes to a request
without having to type the form all over again, a return-trip itinerary option, and a Spanish translation ofthe
site (1).

Other Internet Web Sites Offering Transit Trip Planning

Several sites offering transit route planning on the Internet were investigated. The objectives ofthe Internet
search were to gain insight into the types of features currently being offered and to evaluate how well these
features seem to work from a user's perspective.

Riderlink: King County, Washington (Seattle)
http://www.transit.metrokc.gov

Seattle's Riderlink project has been dedicated to producing a Web site to disseminate information about Metro
Transit since December 1994 ill. The Riderlink home page provides general information, including links to
other transportation Web sites, and information on van/carpool, bus, bicycle, ferry, and park & ride options.
A Regional Automated Trip Planning system (RATP), expected to be implemented in 1999, is being developed
for the Puget Sound region. The RATP system would allow users to plan transit itineraries for origins and
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destinations chosen anywhere within King, Kitsap, or Pierce Counties. As part ofthe planned EZRider n
program, the RATP software is expected to be used as a basis for online itinerary planning (2). Currently,
some ofthe following features ofthe Riderlink site may be used to plan transit routes.

Regional Map. The user may click on one ofeight sections ofthe regional map ofKing County, which brings
up a zoomed-in map ofthe section showing neighborhoods only (no bus routes). Clicking on the name ofa
neighborhood results ofa list ofbus routes that serve that neighborhood (2).

Description of Bus Routes. On the list ofbus routes that serve a given neighborhood, a listing ofthe areas
served by each bus route is given. This information helps the user decide which route is appropriate for the
trip before clicking on the bus route name (2).

Bus Schedule and Map. Once a route is chosen, the user may view a map ofthe route and the schedule.

CRITIQUE. It is easy to get lost in the large timetables shown at this site; by the time the user finds the desired
time, quite likely the bus stop name (or time point) at the top ofthe page is no longer in view (2).

Pierce Transit: Pierce County, Washington (J'acoma)
http://www.ptbus.pierce.wa.us/index.htm

The Pierce Transit web page provides bus routes and schedules for Pierce Transit's bus system and provides
links to other transportation services in the Puget Sound Region (including Riderlink). The following are some
ofthe features found at Pierce Transit's web site that would be useful in transit trip planning.

Up-Front Access to Bus Route Information. A visitor to Pierce Transit's web site might access bus route
information in one oftwo ways. A patron who already knows the bus route(s) required to make the desired
trip would click on a list ofbus route numbers to access the correct information. A new user to Pierce Transit
would open a map ofthe bus system that shows the locations and numbers ofthe bus routes, the names of
towns or neighborhoods, and the geographica1layout ofthe county. To determine the proper bus route, the user
would find the location ofthe desired trip on the map and click on the nearest bus route O,Q).

Maps ofBus Routes. For over 50 bus routes, simplified, easy-to-read maps ofthe route can be found at the
web site. By clicking on one ofthe symbols that denote transfer points on the map, the user can access a new
map which shows a zoomed-in view, including all routes that run through that transfer point (.l.Q).

Time Schedules in Frames. When the user clicks on the desired bus route type (i.e., weekday or weekend,
outbound or inbound, etc.), a new window appears which only contains the schedule. The new window allows
the user to scroll through the times while keeping in view the names ofeach time point (i.e., the name and/or
location ofthe bus stop corresponding to the time). Frames also allow the user to transfer back and forth
quickly between the map and the time schedule run.
CRITIQUE. The maps at this web site are exceptional for their simplicity and attractiveness on-screen. The
maps are very user-friendly, as they show all streets and major landmarks relevant to the bus routes, without
overcrowding the map with excessive detail. However, the text is almost too small to read, and the bright
colors used on the maps do not show up well when printed on a black-and-white printer. The timetables and
schedules at the Pierce Transit web site are much easier to view than those ofother sites because they appear
in frames. One drawback to the use offrames is the difficulty getting the time point locations to print out with
the time schedule (10).
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http://www.efn·org!-ltd
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The web site for the Lane Transit District provides infonnation on the history of the LTD, transit station
locations, park & ride locations and connecting bus routes, bicycles on buses, and how to ride the bus. A
visitor to the web site is given three choices for finding the right bus for his/her trip. The first choice is to use
the FastTracks system, described below (11). The other two options are to check the LTD system map (not
provided at the web site) and to call the 24-hour telephone information system.

FastTracks. On the LTD web site, the FastTracks system allows the user to indicate the origin and destination
of the trip. After clicking on two of 18 possible locations (indicating the start and end ofthe trip), the user
receives a listing of several options of buses that can be used to make the trip (ill. LTD is currently
converting their route maps and schedules to a format that can be viewed on the Internet and is planning to
make the new maps available on the web site by September 1998 (11).

CRITIQUE. Although this system is functional and easy to use, it is limited only to origins and destinations
in the Lane Transit District corresponding to the 18 locations listed.

Bay Area Transit Information Project: San Francisco Bay Area, California
http://www. transitinfo. org

Instant online access to transit information in the nine-eounty San Francisco Bay Area is provided by the Bay
Area Transit Information Project (BATIP). The Metropolitan Transportation Commission (MTC) recently
took over responsibility for the web site. To ensure that the data provided at the web site is as up-to-date and
accurate as that provided by telephone operators at the Transtar trip planning system, the MTC is developing
a method for transferring infonnation from the Transtar database directly to the web ill. However, at present,
BATIP makes the disclaimer that any schedules provided therein are subject to change without notice and that
any infonnation gained at the web site should be verified first by telephone (13). Some ofthe options available
for trip planning at the BATIP web site are described below.

Regional Transit Diagram. BATIP offers a regional map which shows the service coverage ofall Bay Area
transit agencies. Clicking on a point in the map either zooms to a certain area or brings up the web page of
the transit agency with a route closest to the point that the user chose. Different levels oftransit route planning
are provided, depending on the transit agency (13).

Interactive BART Schedule. The BART schedule system starts with a color-eoded map showing all stations
along BART's five transit lines. After the user clicks on the station desired for the origin ofthe trip, the map
pops up again, and the user picks the destination. Next, the user is asked to choose either weekday, Saturday,
or Sunday/ holiday scheduling and to choose times ofdeparture and arrival for the trip. The one-way fare is
given, in addition to the schedules that meet the criteria specified by the user (13).

Transit Connections to Popular Travel Destinations. For many ofthe Bay Area's most popular tourist sites,
shopping malls, government buildings, transit tenninals, theaters, and other destinations, the BATIP web site
provides listings ofthe transit routes from all transit agencies in the Bay Area that serve these locations (U).

CRITIQUE. Although it is helpful to have a synopsis ofthe transit options accessible from a given point, trip
itinerary planning does not appear very user friendly as it requires that Internet users connect all ofthe routes
on their own.
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The transit system ofHonolulu, TheBUS, maintains a web site which gives directions for how to take transit
from Waikiki to more than 50 different popular tourist attractions in Honolulu and on the island of Oahu.
CRITIQUE. The system is very easy to use because the only steps it involves are choosing the category of
destination (e.g., beaches, shopping, universities, etc.), finding the desired destination among those listed, and
reading the detailed instructions provided. However, all trips must have Waikiki at one end or the other. Thus,
the user is limited to finding instructions about trips radiating from Waikiki to any ofthe tourist attractions
listed, and the system cannot be used to plan trips from one ofthe listed tourist attractions to another W).

Subway Navigator, Worldwide (based in Paris, France)
http://metro.ratp.fr:10001/bin/cities/english

The Subway Navigator helps the user find subway routes between two destinations in about 40 cities
worldwide. After choosing the desired city from a list, the user is asked to pick an arrival station and a
departure station. These may either be chosen by using a pull-down list of all stations on the system or by
clicking onthe desired station on a map. The route search results in an estimation ofthe time to get between
the two stations on the subway and a recommended itinerary ofsubway routes. The path that the route follows
may also be observed on the system map ill).

CRITIQUE: Subway schedules are not provided at this site; thus, this site tells the user how and where to go,
but not when to go @.

Metropolitan Atlanta Rapid Transit Authority: Atlanta, Georgia
http://www.itsmarta.com

The Metropolitan Atlanta Rapid Transit Authority (MARTA) provides point-to-point transit trip planning with
the Passenger Routing and Infonnation System (pARIS) over the telephone; however, this service is not
currently available through the Internet W. MARTA's web site disseminates transit infonnation such as the
MARTA system map, parking infonnation and connecting bus routes at light rail stations, bus schedules, and
bus route maps (2). The following is an unusual feature ofthe MARTA bus routes.

Maps Viewable by Adobe Acrobat Reader. The maps of MARTA bus routes were provided in the fonn of
files to be opened using Adobe Acrobat Reader, a software package available free ofcharge on the Internet
(2). Ifthe user has the link set up to launch Acrobat when opening a map file in the Internet browser, it is
just as easy to view MARTA's map files as it is to view graphics directly in the browser.

CRITIQUE. One major advantage ofthe files saved in Adobe Acrobat Reader fonnat is the clarity ofthe print­
outs which are much more legible than the fuzzy-looking images printed directly from the Internet browser.
This is especially helpful for reading print-outs oftransit routing maps, which often contain very small print.
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Infonnation about use ofthe Ventura County Transportation Commission (VCTC)'s transit trip planner on
the Go Ventura web site was obtained in two ways. The first was to examine data taken from all successful
queries made to the transit trip planner. During the survey period (July 3 to August 14, 1998) about 2900
transit trip itinerary requests were successfully submitted. The second method ofobtaining data was through
the Internet user survey and comments from visitors to the Go Ventura web site (made via direct e-mail and
through the survey). Filling out the survey fOIm, which was located at the beginning ofthe transit trip planning
web page, was entirely voluntary. Seventy-four surveys were submitted by sixty-six different individuals. A
copy ofthe survey questions and fonnat may be found in the Appendix.

Potential for Survey Bias

Voluntary Survey

The Go Ventura web page had been in service for more than 2 years prior to the administration ofthe survey.
During that time, the trip planning page was visited an average of 60 times per day (1). From July 3 to
August 14, seventy-four survey forms were submitted by sixty-six users ofthe Go Ventura transit trip planner.
Assuming an average of60 "hits" per day, there was about a 2.9 percent return rate on the surveys. Because
:filling out the survey was purely voluntary, responses have only been recorded for the subset ofweb site users
that decided to :fill out the survey. Thus, the survey results may reflect the characteristics ofthis subset rather
than all users ofthe web site.

Interruptions to Continuous Service

During the period when the survey was being conducted, there were several interruptions to the service which
had previously been provided continuously by the Southern California Association ofGovernments (SCAG).
The service provided by SCAG is a database of schedules for nearly 25 operators in the southern California
region. During the times when the trip planner could not access SCAG's database, many complaints were
eceived by the VCTC concerning lack of service. The problems with accessing the SCAG database (and
therefore not being able to get a response to transit trip queries) may have negatively affected some of the
survey responses, even though the problems were not caused by the design ofthe transit trip planner itself.

Results Based on All Successful Queries to the Go Ventura Transit Trip Planner (n= 2900)

The sample size (n) for this section consisted ofthe 2900 successful itinerary requests submitted from July 3
to August 14, 1998.

Inter-county andInter-city Travel

When a trip itinerary request is made, the web site user must enter the origin and destination ofhis or her trip.
Because this information is submitted to the Transtar server, it was possible to keep track ofall the origin-and­
destination pairs used for trip itineraries. Figure 1 shows the results for origin and destination by county.
Although the Go Ventura web site was originally designed by the VCTC to benefit the residents ofVentura
County, the results show the web site has become a truly regional infonnation page. From Figure 1 it can be
seen that the web site is being used for trips with origins and destinations throughout southern California.
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Figure 1. Counties of Origin and Destination for Trip Itineraries (n=2900)

By investigating individual origin-destination pairs, it is clear that many ofthe trips being planned at the Go
Ventura web site are for travel between different cities and/or counties (ll). About 20 percent ofthe voluntary
survey results were between different counties. Thus, there is a strong demand for transit travel that goes
beyond the boundaries ofone's own city or county. A regional infonnation source is needed for planning inter­
county and inter-city trips, which often require the use ofmore than one transit agency. The large quantity of
regional trips being planned with the transit planner show that the Go Ventura web site is already being used
to fulfill this need in southern California.

Use ofTransit Trip Planner by Time ofDay

Based on the approximately 2900 successful itinerary requests made to the Transtar server between July 3 and
August 14, the web site usage by time of day is shown in Figure 2. According to these results, 56.5 percent
ofitineraries were requested between 11:00 a.m. and 6:00 p.m. The busiest hour for transit trip planning is
from 4:00 p.m. to 5:00 p.m., when 9 percent ofall queries are made. Because the web site usage drops sharply
after 5:00 p.m., the results seem to indicate that the majority of requests are being made from the workplace.
A moderate level of activity is sustained outside office hours, from 6 p.m. until midnight. Thus, there is
apparently a lesser, but significant, portion ofrequests being made from outside the workplace (for example,
in a home or college environment).
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Figure 2. Time of Day When Trip Planning Requests Are Made (n=2900)

Transit Use Characteristics (n =74)

Users ofthe Ventura County Transportation Commission's web site were asked to indicate the frequency of
their transit use and the sources of infonnation that they used to plan transit trips before finding out about the
Go Ventura web page. The results in this section are based on the sample size (n) of 74 surveys received.

Frequency ofTransit Use

Figure 3. How many times per week
do you use transit?

The results related to the frequency oftransit
use by the survey participants can be found in
Figure 3. The largest group of respondents
were those that use transit several times a
week (42 percent). Occasional riders, using
transit less than once per week, made up 24
percent of survey respondents. Cross­
tabulations of transit ridership with other
attributes are presented later in this report.

Previous Methods ofGetting Information

Before the Internet web page was available to
plan transit itineraries, transit riders had to
obtain the infonnation they needed from other
sources. Survey participants were asked to
choose any and all ofthe infonnation sources

No data
14%

New user
12%

1 to 5
8%

Several
42%
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that they used before having access to the Go Ventura web site. By far the most commonly cited response (49
percent) was checking printed schedules, as shown in Figure 4. The other options were calling the 1-800
number to get a trip itinerary plan over the phone (41 percent), asking other transit users (22 percent), calling
the bus or train company (18 percent), and "didn't use bus/train before using web site transit router" (22
percent). The survey respondents that did not use transit before Internet trip planning was in place may be a)
new transit users who would have started using transit during the past 28 months regardless ofwhether Internet
route planning existed, or b) newtransit users that began to ride transit because ofthe advantages afforded by
Internet itinerary planning. Fourteen percent ofsurvey respondents did not answer this question.

Called bus or train co.

Didn't use busArain
before

Asked other transit
users

Called 1-800 telephone
no.

Checked printed
schedules

o 5 10 15 20 25 30 35 40 45 50

%Responses

Figure 4. How Did You Plan Transit Trips Before Using the Web Site? (n=74)

Use ofthe Go Ventura Transit Trip Planner on the Internet (n=74)

Questions asked about the patrons' use ofthe Go Ventura web site included where the site was being accessed,
how frequently the web site was used to plan trips, and whether the ability to plan trips with the web site had
enabled the patrons to make new transit trips. The results in this section are based on the sample size (n) of
74 surveys received.

Where the Web Site is Being Accessed

As illustrated in Figure 5, the majority of responses
to the survey (64 percent) indicated that the transit
trip planning web site was being accessed from
home. In light of the data showing that the
majority ofall queries were made during business
hours (as described above), the survey result
regarding location ofweb site access at first does
not seem logical. However, the result may be
explained by the possibility that users of the web
site are more likely to take the time to fill out a
survey in the leisure of their own home than at
work; such a relationship could greatly affect the
number of surveys sent from home or office.

School,
university

5%

Office,
work
23%

No data
7%

Home
64%

Figure 5. Where are you using this site?
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Frequency ofGo Ventura Web Site Use

The following were the results to the question regarding how many times per week survey respondents used
the Go Ventura web site: 24 percent used the site several times a week; 12 percent used it between one and five
times per week; 36 percent reported occasional usage, and 14 percent were first-time users. Fourteen percent
of surveys had no answer to the question. The number of responses given for frequency ofweb site use are
cross-tabulated with frequency oftransit use in Figure 6. The largest groups were occasional users oftransit
that were also occasional users ofthe web page (15 responses) and very frequent transit users that were also
very frequent users ofthe web site (14 responses). As expected, the results indicate that frequent users ofthe
Go Ventura web site are likely to be frequent users oftransit.
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Figure 6. Number of Responses By Frequencies of Transit Use and Web Site Use

Ability to Make New Transit Trips

To find out about the transit trip planner's possible effects on mode choice, the following question was asked:
has using this web site allowed you to make a trip by bus or train that you otherwise would have made by
automobile? The responses to this question were 70 percent "yes" and 16 percent "no" (with 14 percent not
responding). This result is especially interesting when compared with the finding (discussed below) that only
46 percent ofthe survey participants would have used a car iftransit were not available. Although it is not
known how many new transit trips are being generated, it is clear that the transit trip planner has allowed
people to make trips by transit when they otherwise would have driven a car or stayed home.

Characteristics of the Trips Being Planned with the Go Ventura Web Site (n=74)

To obtain information about the trips being planned with the Go Ventura web site, questions were asked
regarding the purpose ofthe trip being made and the modes other than transit available to the patron for making
the trip. The sample size, n, consisted ofthe 74 surveys successfully submitted.

Purpose ofthe Trip

The responses received for the question "Is the trip you are planning for ... (choose from list)" are represented
in Figure 7. The most common response, commute to work, made up 43 percent of responses. Trips made for
social and recreational purposes accounted for 24 percent of responses, followed by trips made for errands or
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business at 21 percent. Nine percent ofsurvey participants did not answer this question. The high percentage
ofsocial and recreational trips corroborates some ofthe e-mail sent to VCTC, which indicated that the transit
route planner has enabled people to make more discretionary trips using transit.

Medical appointments

Commute to school

Other

Errands or business

Social or recreational

Commute to work

+ I

+ I
+ I

+ I
+ I
I I
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Percent Responses

Figure 7. Is the Trip You Are Planning For •••

The number ofresponses given for different trip purposes and locations ofsite access are shown in Figure 8.
From this graph, it appears that the profiles oftrips made for different purposes are fairly similar for survey
participants accessing the site at home and at work. The major exception to this was that trips made for a
school commute were common for those accessing the Internet at home but not for those accessing it at the
workplace.
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Figure 8. Number of Responses By Location of Internet Access and Trip Purpose
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Other Transportation Modes Available to Users
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The following are the results showing how survey participants would have made the trip they were planning
iftransit (bus or train service) had not been available. Forty-six percent would have driven a car, 3 percent
would have carpooled or vanpooled, 3 percent would have bicycled, 1 percent would have walked, 34 percent
would not have made the trip, 4 percent responded "other," and 9 percent did not answer the question.

Captive Ridership. The percent responses "wouldn't make the trip" (35 percent) logically corresponds to the
percent ofsurveys :filled out by people with no other transportation mode available ("captive" transit ridership).
As shown in Figure 9, those who would not make the trip in the absence oftransit were also the most frequent
users oftransit (and as such, more likely to be frequent users ofthe web site, as shown in Figure 4). Because
frequent users ofthe web site are under-represented bythe voluntaIy survey format, the percent oftrip itinerary
requests being made by captive ridership is probably much higher than 35 percent.
Discretionaty Ridership. As observed in Figure 9, of those that would otherwise make the trip by car (46
percent oftotal responses), thirteen were very frequent and eleven were occasional transit riders. Frequent
transit users tended to be frequent users of the web site (in this survey); thus, the findings of Figure 6 and
Figure 9 suggest that many trips are being planned by non-eaptive transit riders using the Go Ventura web
page. The Internet trip planner appears to be facilitating many transit trips that would otherwise have been
made by automobile.
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Figure 9. Number of Responses by Transit Use Frequency and Alternative Mode

Basic Demographics (n =66)

Those who :filled out the survey were asked to answer questions regarding their sex, age, working status, and
annual income. The survey sample size, n, for these questions was equal to the sixty-six different individuals
that sent in surveys.

MalelFemale Split

The survey sample of 66 individuals consisted of 57 percent male and 26 percent female respondents (17
percent did not answer the question). The high proportion ofmales is surprising given past research indicating
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that women are more likely to use pre-trip planning 0.). Also, women generally make up a higher proportion
oftransit ridership than men. The high proportion ofmen in the sample may be due to the survey bias (if, for
instance, men are more likely than women to :fill out such a survey) or it could reflect the higher proportion of
men using the Internet. According to a nationwide survey, the gap between the proportion ofmen and women
using the Internet has been decreasing since 1995; however, as of 1997 men still made up 60 percent ofadult
Internet users in the U.S. U).

Figure 10. Age Groups

65-74
2%

Age

A young age distribution describes the survey
sample, as shown in Figure 10. Eighty
percent of respondents were of age 44 and
younger. The largest age group (22 percent)
was 25-34 years, followed by 35-44 years
(25 percent). The college-aged adults (19-24
years old) were the third largest age group
(14 percent). These results are similar to the
results of the Bay Area Transit Information
Project (12), which involved a survey ofusers
ofthe Internet transit information provided by
the San Francisco Bay area. The researchers
conducting the BATIP survey concluded that
the high proportion of users over age 25
reflected the emerging popularity of the
Internet as a tool for commercial and personal
uses, surpassing research and academic
purposes (12).
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Among the survey sample, 20 percent ofparticipants described themselves as students; 55 percent worked
outside the home, 5 percent worked at home (summing to 72 percent employed), 2 percent were retired, and
3 percent were "other" (two responses: "actor" and "not working"). Seventeen percent of survey participants
did not answer the question. The BATIP results for a similar question showed that 79 percent ofBATIP web
site users were employed, 18 percent were students, and 1 percent were retired (12). Similar to the BATIP
survey, the majority ofrespondents to the Go Ventura survey were employed, and many may have been work
commuters.

Estimated Household Income

A summary of the results for the question of estimated annual household income, cross-tabulated with
frequency of transit use, can be found in Figure 11. Summing together some ofthe income categories, the
results for household income alone were: 20 percent ofhouseholds earning $0- under $20,000, 12 percent
earning $20,000- under $50,000, and 23 percent earning $50,000- under $100,000. The data appears skewed
away from the middle incomes, toward higher incomes especially and secondarily toward lower incomes.
The frequencies oftransit use reported by survey respondents with different levels of income are shown in
Figure 11. Quite a bit ofdata is missing due to 45 percent ofrespondents not answering the question. From
the data that was recorded, transit use was highest for the under $10,000 income group (as expected), and
surprisingly second-highest for the $50,000 to $75,000 income group. Thus, it appears that level of income
and frequency oftransit use were not clearly related for the participants in this survey.
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Figure 11. Number of Responses by Frequency of Transit Use and Income Group

Helpfulness of Go Ventura Trip Planner and Recent Upgrades (n=74)

The Web Site in General

For the question ofthe web site's helpfulness in planning a trip, 55.4 percent found the site very helpful, and
18.9 percent found the site somewhat helpful, as shown in Table 1.

Recent Upgrades

All the upgrades evaluated in the survey were perceived as very helpful according to the majority of responses
received (see Table 1). It appears that fewer ofthe Internet users have tried the restore information button and
walking maps, since at least 20 percent of the users had not yet formed an opinion about these features.
Excluding those to whom the helpfulness of a Spanish translation did not apply, 76.6 percent of responses
indicated that the Spanish translation was very helpful.

Table 1. Helpfulness of Go Ventura Web Site and Recent Upgrades

Percent Responses

Rating Web site
Pull-down

Return trip
Restore

Walking Spanish
list of information

in general
landmarks

button
button

maps translation

Very helpful 55.4 55.4 64.9 52.7 59.5 31.1

Somewhat helpful 18.9 6.8 4.9 2.7 5.4 0.0

Not helpful at all 8.1 12.2 8.1 5.4 5.4 5.4

Not sure yet 8.1 16.2 13.5 29.7 20.3 4.1

Does not apply 50.0

No answer 9.5 9.5 9.5 9.5 9.5 9.5
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User Feedback

E-mail Received by VCTC

Page 376

Ever since VCTC's web site went online in 1995, user feedback in the fonn ofe-mail to the VCTC has been
corning in on a regular basis. Many ofthe e-mail messages dealt with delight in, frustrations with, or questions
about the point-to-point transit itinerary planner on the Go Ventura web site. Table 2 shows a summary ofthe
sentiments expressed in 186 e-mail messages sent by the general public to the Ventura County Transportation
Commission from March 1995 to June 1998.

Table 2. Summary OrE-Mail Messages Regarding Go Ventura Web Site

E-mail Received By VCTC From March 1995 Until June 1998
No. of

Responses
Comments

Great job ... I like the site 72
Thanks for a great service 19
Request for more infonnation 14
Information has been a great help 12
Frequent user ofweb page 5
Web page allows user to make new trips 4
Infonnation is accurate 1

Complaints
Trouble getting a response or connecting to the server 70
Out-of-date, inaccurate, or incomplete information 16
Difficult to use or general dislike. 14
Best route not given by server (or illogical one given) 12
Errors on the web page 7
Trouble getting program to recognize desired origin or destination 7
Transit alternatives not comparable to automobile 3

Suggestions
Ability to choose routes and modes or to see alternate itineraries 7
Return trip button 4
Restore infonnation button 4
Walking distance/times 3
Text links for non-graphics users 3
Ability to see full schedule information for any route 3
Maps or graphic representation ofroutes 3
Ability to choose day ofweek or date to travel instead ofx days from now 2
Plan travel between cities, without having to pick specific destinations 2
Cheapest fare option for detennining best itinerary 2
Simpler color schemes and graphics (for faster loading) 2
Pull-down list oflandmarks to choose from 1
Name ofbus line and type ofday to appear at top ofbus schedule print-out 1
More publicity for web site 1
More specific error messages to pinpoint problems 1
Ability to chain trips one after another 1
Bus direction so rider knows to wait on correct side ofstreet 1
Mechanism to insure privacy ofaddresses 1
Sign-ups for traffic school (for traffic violations) on Internet 1
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Feedback Given As Part o/Upgrade Survey
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In the upgrade survey, a blank space was provided so that users could offer any suggestions for improvements
that might further enhance their trip itinerary planning. However, most used the space for comments about the
service in general, rather than giving specific ideas for improvements.

Comments. Nine ofthe 56 survey respondents wrote to thank the Ventura County Transportation Commission
for doing a wonderful job and providing a great service. One patron wrote that having the pull-down list of
landmarks was an "excellent" upgrade because it made trip planning much easier. Another patron enjoyed the
service but was unsure ofthe accuracy and thus felt obligated to check any information received via telephone.

Complaints. There were four complaints that the itineraries provided by Transtar were illogical or incorrect.
By far the most common complaint (fourteen responses) was when the server was not working. Any problems
which cause interruptions in service should be addressed as soon as possible; the many complaints received
when the "server was down" show that many people have grown to depend on the Go Ventura web site to plan
their transit trips.

Suggestions. Some ofthe suggestions which were given on the survey were: to offer the sale oftransit tokens
and passes, to improve the print-out quality ofthe walking maps and schedules, and to allow the user to pick
the specific day ofthe week for the trip, rather than having to choose the start ofthe trip as a certain number
ofdays from today. Other suggestions were to show maps ofthe bus routes, to include distances, especially
walking distances in the itinerary, and to make sure that the web page layout can be viewed fully on a 640 pixel
by 480 pixel computer screen.
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SUMMARY OF FINDINGS

The following are a summary ofthe major findings ofthis report.

Regionwide Travel
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• Although the transit trip planner on the Go Ventura web page is sponsored by the Ventura County
Transportation Commission (VCTC), the percentages of trips planned at the web site with origins or
destinations in Ventura County were only about 12 percent for origins and 11 percent for destinations.

• About 20 percent oftrips planned at the Go Ventura web site were between different counties.

Time of Day

• The majority oftrip itinerary requests, about 57 percent, were requested between 11:00 a.m. and 6:00 p.m.,
with the busiest hour being from 4:00 p.m to 5:00 p.m.

Using the Go Ventura Trip Planner on the Internet

• Before using the Internet trip planner, the most commonly used methods for planning transit trips were
checking printed schedules (49 percent) and calling the 1-800 telephone number for infonnation (41
percent).

• Sixty-four percent of survey responses reported accessing the Internet at home, most likely due to the
higher likelihood offilling out the survey at home.

• Occasional users ofthe web site (using the web site less than once per week) were the most likely to be
occasional transit users (using transit less than once per week). Very frequent web site users (using the
site more than five times a week) were the most likely to be very frequent transit users (using transit more
than five times per week).

Characteristics of Trips Being Planned

• Seventy percent of surveys responses indicated that using the Internet transit trip planner had helped the
survey participants make a trip by transit that they otherwise would have made by automobile.

• The conunute to work was the most common trip purpose (43 percent), followed by social or recreational
(24 percent), errands or business (21 percent), "other" (18 percent), commute to school (12 percent), and
medical appointments (7 percent).

• The types oftrips made when the user was accessing the web site from home or from work were similar,
except that planning a school commute was common when accessing the site at horne but not when
accessing the site at "work or the office."

• When the survey participants were asked how they would make the trip iftransit were not available, 47
percent reported they would take a car, while 34 percent reported they would not make the trip. The
Internet trip planner is apparently attracting both captive and non-captive transit users.

Characteristics ofSurvey Participants

• In the survey population, 57 percent ofparticipants were male, 26 percent were female, and 17 percent did
not respond.

• The majority ofrespondents (66 percent) were under the age of45, with the largest single age group being
those aged 25-34 years (22 percent).

• With regard to working status, 55 percent of respondents worked outside the horne, 20 percent were
students, 5 percent worked at home, 2 percent were retired, and 3 percent were "other."
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• In summary ofthe estimated household incomes reported by the survey participants, 20 percent were from
households earning under $20,000; 12 percent were from households earning from $20,000 to less than
$50,000, and 23 percent were from households earning greater than $50,000. Forty-five percent of
respondents did not answer this question.

• Estimated household income did not appear to be related to frequency oftransit use for the survey sample.

User Feedback Regarding Transit Trip Planner

• The web site in general and new upgrades to the site were considered ''very helpful" by the majority of
survey participants.

• The most common message sent bye-mail to the VCTC regarded congratulations for making a wonderful
site. Many web site users reported that the information was very helpful. Some users specifically
mentioned that the web site had allowed them to make new transit trips that they previously would not have
even attempted.

• Many people are relying heavily on the service provided by the Internet trip planner, as evidenced by the
abundance ofnegative feedback received via e-mail when the server was down.

• The most commonly requested improvements to the trip itinerary planner (which have not already been
implemented) were the ability to choose the transit route or mode desired for travel or to view alternate
itineraries, walking distances and/or times between points, text links for non-graphics users, the ability to
see full schedule information for any route, and maps ofthe routes selected by the trip planner.

• The transit trip planner is used heavily by the public, as evidenced by the 2900 successful itineraries sent
from July 3 to August 14, at a time when the server was experiencing unusual difficulties and often not
providing a successful connection to the Transtar database.
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Based on the results of the survey and feedback from users of the Go Ventura web page, the following
recommendations are suggested which might further increase the appeal of the transit trip planner on the
Internet:

1. Allow the transit rider to choose preferred transit modes.

Some people prefer to take only the bus or only the train. The trip itinerary request fonn should have a list of
possible transit modes (e.g., bus, subway, train, or walking for more than some distance). The patron would
check a box next to each ofthe transit modes that he or she would consider using for making the trip. The
route planning software would filter out any trip itineraries that include modes not acceptable to the user so
that a more customized trip itinerary will be generated.

2. Give the user the option to specify a maximum walking distance.

When the user specifies a walking distance there should be a choice of entering the distance in feet, miles,
meters, kilometers, or city blocks. The maximum walking distance is the total distance that the patron is
willing to walk while getting to and from all the transfer points required for the trip. The trip itinerary request
fonn should have a space for entering a "maximum walking distance," with the units ofmeasurement chosen
from the above list. The trip planning software would sum the walking distances for each possible itinerary
and eliminate any itineraries that exceed the maximum total walking distance.

3. Give the user the option to specify a minimum walking distance.

The "minimum walking distance" is the minimum amount ofwalking that the patron feels would justify using
transit to cover the distance instead. For example, some patrons may prefer to walk a few blocks to get from
one bus stop to another instead ofwaiting halfan hour for a transfer that would take them there. Thus, the trip
planner would only look for a transfer ifthe distance between the bus stops at the ends ofthe two segments of
a trip were greater than or equal to the minimum walking distance. This is not the same as the maximum
walking distance because the patron may be willing to walk a longer total distance during the course ofthe
entire trip.

4. Show total walking distance and travel time with trip itinerary.

In addition to supplying infonnation on total fare, add up the total distance that the user would be expected to
walk and the total amount oftime to be spent traveling ifthe proposed itinerary were followed. The "total
travel time" and "total walking distance" would appear just before the "total fare" already given at the end of
the completed, step-by-step trip itinerary.

5. Provide alternate routes to get to the destination, allowing the user to choose which one is best.

If several trip itineraries are generated, an "index" to the trips should be given. The index would display a
summary for each option, including what types ofmodes to be used (for example "bus only" or ''bus, subway,
and walking'), the number oftransfers, the initial departure and final arrival times, the total fare required for
the trip, and the total walking distance involved. After scanning the summaries, the user would click on the
alternative that looks the best and then would view the corresponding step-by-step itinerary in detail. Ifthe user
decides not to use that itinerary, there should be a "View Index Again" button which takes the user back to the
index so that a different alternative can be chosen.
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6. Generate a map of the proposed itinerary.
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After providing the step-by-step trip itinerary in words, allow for the option ofviewing a map ofthe route that
the proposed itinerary will traverse. The map should be capable of showing the entire region served by the trip
planner at a low level of detail. For a more detailed or "close-up" view ofthe route on a specific portion of
the trip, the user should be able to click repeatedly on any region ofthe map until the desired level ofdetail is
achieved.

7. Construct a web page with links to transit schedules maintained by individual operators.

One ofthe reasons for point-to-point transit trip planning is the elimination ofthe need to consult and match
up individual bus schedules. However, there are times when some users prefer to see detailed route schedules.
Therefore, it is recommended that a web page be constructed which contains links to all transit operators within
the region. Ifthis page were constructed by the VCTC, it would be the perfect complement to the existing
point-to-point regional trip planning capabilities. At the Go Ventura web site, the page could be accessible
from the "Getting There By Bus or Train" web page, which is also where the transit trip planner is accessed.
The user would click on an icon for the page, possibly named "Get Transit Schedules," and would then view
a list of the names and phone numbers of all transit operators in the region. The names of operators with
Internet web sites would be "clickable" links that would cause the user to exit the Go Ventura web site and to
enter the web site ofthe transit operator in charge ofthe desired route.

The rest ofthe work would be up to the individual transit operator. Ideally the "Schedule Information" page
ofall operators would be similar in appearance. The "Schedule Information" page would list all transit routes
managed by the chosen transit operator. Clicking on the name ofthe desired route would bring up the latest
version ofthe time schedule and possibly even a map ofthe route. Setting up and maintaining the "Schedule
Infonnation" page would be the responsibility ofeach individual operator, not the sponsor ofthe regional trip
itinerary planner.

8. Review Transtar database for accuracy.

One recommendation which is not connected to the structure ofthe web page, is that all transit operators that
provide information to the Transtar database periodically review the input information for accuracy. In
addition, individual operators should notify the Southern California Association of Governments (SCAG)
whenever any changes are made to the regular schedules or transit routes that are used by Transtar to generate
trip itineraries. An accurate and up-to-date database is vital to generating reliable trip itineraries for the public
to use.

9. Investigate Ways to Reach Individuals Without Internet Access.

More applications for the technology should be investigated so that interactive transit trip planning can reach
individuals without Internet access. For instance, the interactive trip planner at the Go Ventura web site is
already "user friendly" enough to be installed in traveler information kiosks at airports or transit centers. In
addition, telephone operators at the regional 1-800 number for transit information could retrieve more detailed
itineraries by accessing the Internet trip planner directly. "Hard copies" of the maps and route itineraries
generated by the Internet trip planner then could be sent to transit patrons either by fax or regular mail.
Disseminating the information found on the web site via telephone, fax, and regular mail is also an option for
those with text-only versions ofInternet browsers. Measures such as these should be investigated so that the
benefits ofregional trip planning on the Internet can extend to a greater number ofcurrent and potential users
oftransit.
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CONCLUSIONS

The most important conclusions to be drawn from this study are the following:
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1. The transit trip itinerary planner at the Go Ventura web site, although initiated by only one county, has
become a truly regional system, transcending the boundaries ofcities, counties, and transit agencies. There
is a large demand for integrated transit information across a region, and the Go Ventura web site is
successfully responding to that demand.

2. The pre-trip itinerary planning software allows people to make trips by transit when they would have
otherwise driven an automobile or not taken the trip at all. The power to create point-to-point transit
itineraries is helping to reduce some ofthe information barriers to using transit.

The Ventura County Transportation Commission is the first truly regional web page offering point-to-point
trip itinerary planning on the Internet. The gratitude of many Southern Californians can be read in the
numerous e-mail messages and responses to surveys which have been gathered and reviewed during this study.
The Go Ventura web site maintained by VCTC has shown that the technology is available to integrate
transportation infonnation from a wide range ofmunicipalities and transit operators, and the technology works.
The Internet is playing a vital role in the realization ofthe dream ofa seamless transportation system.
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*What is the Address you began your routing request from: _

*What is the City you began your routing request from: _

*What is the Address you ended your routing request at: _

*What is the City you ended your routing request at: _

*Are you using this site from ...
Home
Office, work
School or university
Other: _

* Is the trip you are planning for (ifmore than one, check all that apply) ...

Yes Commute to work
No

Yes Errands or business
No

Yes Commute to school
No

Yes Medical appointments
No

Yes Social or recreational
No

Yes Other--------
No

*Iftransit (bus or train service) were not available, how would you make this trip ?
Driving a car
Carpooling, vanpooling, or getting a ride with someone else
Bicycling the entire way
Walking the entire way
Wouldn't make the trip

About your general use of transit and this web site:

*Is this the first time you have used this web site?
Yes
No

*How helpful is the web site in planning your transit trip?
Very helpful
Somewhat helpful
Not helpful at all
Not sure yet

*How helpful do you find the recent upgrades?
Pull-down list oflandmarks:
Very helpful
Somewhat helpful
Not helpful at all
Not sure yet
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Return trip button:
Very helpful
Somewhat helpful
Not helpful at all
Not sure yet

Restore information button:
Very helpful
Somewhat helpful
Not helpful at all
Not sure yet

Walking Maps:
Very helpful
Somewhat helpful
Not helpful at all
Not sure yet

Spanish translation:
Very helpful
Somewhat helpful
Not helpful at all
Not sure yet
Does not apply

*How often do you use this web site?
More than five times per week
Between one and five times per week
Occasionally
First-time user oftransit routes web page

*How often do you use transit?
Several times a week
Between one and five times per week
Occasionally
New user to transit

*How did you plan your transit trip before you knew about this web page?
(check all that you used on a regular basis)

Yes Called 1-800 number and received information by telephone
No
Yes Called bus or train company
No
Yes Asked other bus or train riders
No
Yes Checked bus or train maps and schedules
No
Yes Didn't use bus or train before using web site transit routes
No

Page 385
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*Has using this web site allowed you to make a trip by bus or train that you would have otherwise made
by private automobile?

Yes
No

*What additional information or features would you like to see on this web site?

Your information:

*Name: First, Last (optional) _
Your home city: _
Your home state: _
Your home zip code: _
Your home country: _

*Sex:
Male
Female

*Please enter your age.
15 and under
16-18
19-24
25-34
35-44
45-54
55-64
75-plus

*Are you:
Employed outside the home
Student
Retired
Other: _

*Estimated annual household income
under $10,000
$10,000 - under $20,000
$20,000 - under $40,000
$40,000 - under $50,000
$50,000 - under $75,000
$75,000 - under $100,000
$100,000 and above
Prefer not to say

Thank you for completing this survey.
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