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It is a pleasure to present the Proceedings from the Fifth National Conference on High Occupancy Vehicle
Facilities, which was held this past spring in Seattle, Washington. The conference exceeded previous attendance
records, with over 300 transportation professionals participating. The interest, enthusiasm, and commitment of
the conference participants, along with numerous activities at the local, state, and federal levels provides an
indication of the continued strong interest in HOV facilities.

In addition to the record attendance, the 1991 conference contained a number of other "firsts". The TRB
HOV Systems Committee sponsored the development of six white papers for the first time. These were
highlighted in general sessions and formed the basis for the workshop sessions. Two speciality workshops were
held on Sunday before the formal start of the conference, providing technical training in planning, designing, and
operating HOV facilities and travel demand management programs. In addition, the video on HOV facilities
developed by the TRB HOV Systems Committee, UMTA, and the Orange County Transit District, was given
its premiere showing.
The local planning group and the Transportation Research Board staff did an excellent job in organizing the
conference and are to be commended for its success. The Transportation Research Board (TRB), the
Municipality of Metropolitan Seattle {Seattle Metro), and the Washington State Department of Transportation
deserve credit for their sponsorship of the conference in cooperation with the Federal Highway Administration
and the Urban Mass Transportation Administration.
The conference is just one of the many activities being pursued by the TRB HOV Systems Committee. The
HOV video, publication of an HOV newsletter, development of a strategic plan, a HOV glossary, and a
marketing out-reach program represent other activities of the committee. In addition, the committee sponsors
technical sessions at the TRB Annual Meetings and is active in identifying and promoting research associated
with HOV facilities.
The next HOV Conference will be held in Ottawa, Ontario in the fall of 1992. I encourage you to plan now
to attend and actively participate in this conference and other activities of the HOV Systems Committee.
Transportation continues to be a very exciting and challenging field. I hope the information contained in the
Proceedings will stimulate and challenge you to think of creative solutions to the mobility and traffic congestion
problems experienced in many metropolitan areas.
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HOV Systems Committee
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OPENING SESSION

to be stimulating,
challenging.

informative,

and

Openin& Remarks
The success of the conference will
depend largely on your involvement and
participation. I hope you will enjoy the
conference and find it a valuable learning
experience.
By sharing our ideas,
experiences, and problems we can ensure
that HOV facilities will continue to play an
important role in our metropolitan areas.

William T. Roach

Seattle Metro
1991 Conference Chair

I would like to welcome you to
Seattle and the Fifth National Conference on
High-Occupancy Vehicle Systems. It has
been a pleasure to serve as the chair of the
local planning group for the conference. I
would like to acknowledge all the hard work
and assistance of the local planning
committee, the TRB HOV Systems
Committee, and the TRB staff. Without the
enthusiastic work and support of the
individuals in these groups this conference
would not have been possible.
It is a pleasure to host the Fifth
National HOV Conference in the Seattle
area. We want to provide you with the
opportunity to not only see the different
types of HOV facilities in operation here in
Seattle, but also to experience some of the
amenities the area has to offer.
The
conference has been organized to provide a
mix of activities and topics. I hope that you
will find the speakers, workshops, and tours

1

Conference Welcome

In King County, which encompasses
some 31 cities and 1.5 million people, we
have been trying to concentrate our growth
in the urbanized area.
This represents
approximately one-fourth of the geographic
area. We are facing many of the same
problems as other metropolitan areas
throughout the country, including traffic
congestion. We realize that we need to use
~ variety of approaches and techniques to
better manage our transportation system.

Tim Hill

As a member of the Puget Sound Air
Quality Board, I am also aware of the air
quality problems we face in the region. We
have initiated an overall program to reduce
all types of air pollution, including
pollutants generated from industries, motor
vehicles, and even wood stoves. Air quality
issues relating to the automobile is one of
the major concerns of the Board. We
realize it will take a coordinated and
cooperative effort on the part of many
agencies, jurisdictions, and employers to
encourage greater utilization of highoccupancy commute modes and reduce
automobile generated air pollution. King
County currently requires travel demand
management planning for major
developments.
There is also a traffic
mitigation fee for new developments.
Further, the private sector is actively
involved in a variety of programs to
encourage their employees to use alternative
forms of transportation.

King County Executive
King County, Washington
Welcome to Seattle and King
County. It is nice to have the National
HOV Facilities Conference in Seattle this
year. I know you will have a productive
conference and an enjoyable time. We are
proud of the fact that Seattle was the site of
one of the early HOV lane demonstration
projects. I'm sure many of you have heard
of the Blue Streak project, which was the
first use of HOV facilities in the Seattle
area.
Its success has lead to the
development of an extensive HOV lane
network in the area.
The subject of your conference is of
great interest and importance to elected
officials, agencies, and the general public in
this region. I often think that people in
transportation, especially those responsible
for HOV lanes, have a difficult job.
Convincing people to change their commute
habits and use buses, carpools, and vanpools
is not an easy task. In politics we have a
great rule; where there is no solution, there
is no problem. When you keep this in
mind, life goes along much easier.

I have used the HOV lanes in the
Seattle area for many years and I think they
work. I would also like to put in a
promotion for more bike lanes and bike
facilities. I think by working together we
can develop the creative solutions that it will
take to deal with our transportation
problems. Conferences like this help in
sharing those solutions and ideas. Good
luck with your conference and I hope you
enjoy your stay in the Seattle area.
3

The Federal Hiehway
Administration
Perspective on HOV Facilities

proud to help sponsor and take part in this
conference.
Seattle is an ideal setting for this
conference. In response to rapid economic
and population growth, Seattle has taken a
multimodal approach to addressing urban
congestion and transportation improvements;
Further, Seattle is viewed as a national
leader in multiagency cooperation in these
efforts. In addition to having some of the
oldest HOV lanes in operation and one of
the largest regional HOV systems under
development in North America, the region's
overall transportation management program
serves as a model for many other areas.
Other components of this program include
the freeway surveillance, control, and
motorist information system, the incident
management program, and extensive
transportation demand management
activities. These will all be on display this
week. I encourage you to take advantage of
the opportunities available to see these
facilities while you are here. Seattle has a
great deal to offer, and those responsible for
the transportation systems in Seattle have a
good deal to be proud of.

Dean Carlson

Executive Director
Federal Highway Administration

It is a pleasure to be here to open the
5th National Conference on HOV Systems.
It is the first HOV Conference I have
attended.
It is a tribute to the
Transportation Research Board and the TRB
Committee on HOV Systems that these
conferences continue to attract a large,
enthusiastic audience of transportation
professionals representing a wide range of
disciplines and interests. I would like to
acknowledge the contribution of the local
conference committee, Duane Berentson,
Secretary of the Washington State
Department of Transportation, and Dick
Sandaas, Executive Director of Seattle
Metro, for hosting this year's conference
and organizing an excellent agenda. Along
with our sister agency, the Urban Mass
Transportation Administration, FHWA is

At the conference last year, Gene
McCormick's comments were directed
toward the National Transportation Policy
and HOV facilities. This year I would like
to address the implementation of that policy
through the Department's Surface
Transportation Reauthorization legislative
proposal and other legislation that will have
an impact on transportation. I would also
like to discuss the important role we see for
HOV systems in the post-Interstate FederalAid Highway Program.
I would first like to briefly review
FHWA's position relative to the application
of HOV systems. In October 1990, Tom
Larson, FHWA Administrator, issued a
memorandum to the field offices strongly
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supporting the HOV concept and
encouraging the proper application of HOV
facilities. We recognize that HOV facilities
are one of the most flexible, cost effective
alternatives available to increase the personmoving efficiency of congested urban
transportation systems. In many congested
corridors, HOV facilities are a viable
alternative that should be considered.
However, to be effective, facilities require
strong local community and political
support, not federal mandates. To this end,
Dr. Larson noted that "the most effective
role for FHWA in the proper application of
HOV facilities is to insure that
knowledgeable decisions are made in the
consideration of transportation improvement
alternatives."

represent important milestones in the
application of HOV improvements. These
include the 1991 Surface Transportation
Assistance Act, the 1990 Clean Air Act
Amendments, and the proposed bill to
increase the tax-exempt mass transit subsidy.
I would like to briefly discuss each of these
developments as they relate to the planning
and application of HOV facilities.

To help support informed decisions,
FHWA is committed to improving its
technical assistance program in this area. In
the past few weeks, our Office of Traffic
Operations and !VHS, in cooperation with
UMTA and the Office of Research and
Technology of the Research and Special
Programs Administration, began distribution
of several reports and a video on HOV
systems. The video, which you will have
the opportunity to see this morning, is the
product of a joint effort among FHWA,
UMTA, the TRB HOV Systems Committee,
and the Orange County Transit District.
This coordinated effort reflects the approach
that will be needed to address urban
congestion problems in this country. The
Surface Transportation Reauthorization
proposal recognizes the need for this
coordinated and cooperative effort to
optimize the efficiency of our transportation
system.

The congestion management system
must have a multi-modal orientation and is
required as part of the transportation
planning process in areas with populations
over 200,000. A higher share of FederalAid funding will be provided for operational
improvement projects that mitigate
congestion on the designated National
Highway System that are in accord with the
congestion management system.

One of the key provisions of the
1991 Surface Transportation Assistance Act
requires that states develop congestion
management systems (CMS). The CMS is
one of four management systems that are
required for the National Highway System.
The other management systems are for
pavement, safety, and bridges.

The congestion management system
must be developed as a part of the urban
transportation planning process.
The
metropolitan planning organizations (MPOs)
will play a significant role in developing and
coordinating many of the CMS elements.
These activities, and the congestion
management system, will also be
coordinated with the process for developing
State air quality Implementation Plans
required under the new Air Quality
regulations.

The ability of public and private
officials to implement future HOV facilities
will be significantly improved as a result of
recent and future legislative and policy
developments.
Three developments

The types of strategies appropriate
for incorporation into congestion
management plans include the following:
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• Projects that expand the operational
capacity of the existing designated
National Highway System, including
HOV lanes.

While the 1990 Clean Air Act
Amendments represent formidable
challenges to transportation professionals,
they also create significant opportunities for
the use of high occupancy vehicle (HOV)
facilities.
The 1990 Clean Air Act
Amendments recognize the em1ss1onreducing potential of HOV systems as one of
the many transportation control measures
(TCMs) urban areas may consider to meet
the requirements of the act. The following
TCMs support HOV facilities and travel
demand management action.

• Projects that reduce demand on the
facility or in the corridor, such as travel
demand management actions.
• Projects that provide additional lanes.
Under this approach, additional lanes on
the National Highway System will only be
considered in cases where all viable
operational improvements and demand
reduction actions have been implemented or
evaluated and found to be inadequate to
handle future traffic at acceptable levels of
service.

• Programs for improved public transit.
• Restriction of certain roads or lanes to,
or construction of such roads or lanes for
use by, passenger buses, carpools, or
vanpools.

The congestion management system will
provide two features to an urban area's
planning and operations program that
directly affect the application of HOV
facilities. First, the CMS will provide for
custom-tailored, multi-modal short and long
term strategies which address both supply
and demand options for relieving
congestion. Second, the CMS will provide
for the linking of planning and programming
of congestion relief projects in urbanized
areas. This will provide a basis for the
inclusion of congestion management projects
in the Transportation Improvement Program
(TIP).

• Employer-based transportation
management programs that include
incentives.
• Trip-reduction ordinances.
• Fringe and transportation corridor
parking facilities that serve multipleoccupancy vehicles or transit service.
• Programs for the provision of all forms
of high-occupancy shared ride services.
While the Environmental Protection
Agency (EPA) has the primary responsibility
for interpreting, developing, and
implementing the specific transportation air
quality requirements, FHWA and the
Department of Transportation have a
consultation and concurrence role. We will
work closely with EPA to insure integration
of the new requirements of the Clean Air
Act with Federal-Aid program and to
provide for an orderly transition to the new
requirements.
The interim conformity

The concept of a congestion management
system was initiated as part of the reauthorization legislation and is only
beginning to be developed. There are many
issues that must be addressed as the concept
evolves into reality. However, the approach
holds significant potential for integrating the
planning, programming, and application of
HOV projects into current metropolitan
highway and transit programs.

7

guidelines should be available with the next
few weeks.

interests. Secretary Skinner has gone on
record at the recent American Public Transit
Association's Legislative Conference
supporting the need to change the tax law
during this session of Congress.

Two additional points on the Clean Air
Act are worthy of note, as they relate to
HOV facilities. First, areas that have been
designated as severe non-attainment areas
are required to implement special trip
reduction programs for employers with 100
or more employees. These companies will
be required to increase the average work trip
occupancy levels by not less than 25 percent
above the average for all work trips in the
area. Affected employers have to submit
plans showing compliance within a set
period of time. This represents the first
time a national law has required private
sector participation in addressing employee
transportation.

This legislation is significant because it
may create additional incentives for
employers to encourage their employees to
commute in carpools, vanpools, and public
transit. This in tum could result in greater
demands for HOV facilities.
Given the opportunities for future
development of HOV facilities, I would like
to leave this group with a challenge; to
develop the market for HOV facilities in
both the public and private sectors. As
transportation professionals, you must look
at HOV facilities as not just a physical
element, but as a management tool to
coordinate with other travel demand
management actions that encourage people
to carpool, vanpool, or take public
transportation. You have done a superior
job at designing, building, and operating
HOV lanes. Continuing to build the market
for the use of these lanes is an important
activity. The opportunities to help in these
activities will present themselves over the
next year. This conference represents one
of these opportunities.

The second point regards sanctions that
might be imposed under the Clean Air Act.
If sanctions are imposed, the Department of
Transportation may grant exemptions only
for certain types of projects. These include
safety projects, construction or
reconstruction of bus or high-occupancy
vehicle facilities, capital programs for public
transportation, and fringe parking facilities.
In general, transportation-related programs
that improve safety or discourage single
occupancy vehicle use may be exempted.
Another significant development on the
horizon is legislation relating to the transit
pass and parking tax exemption. At the
present time there are seven bills in
Congress that address the tax treatment of
transit passes, parking, and other employerprovided transportation fringe benefits.
FHWA is part of a working group, along
with UMT A and the Office of the Secretary
of the Department of Transportation, that
will review all the bills and develop a
Department position on this legislation.
New legislation could also be developed by
this group to represent the Administration's
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The Urban Mass
Transportation Administration

Perspective

remarkable example of cooperation between
two administrations, the Urban Mass
Transportation Administration (UMTA) and
the Federal Highway Administration
(FHWA).

on HOV Facilities

Lawrence Schulman

It is appropriate that the conference is

being held in Seattle, which was an early
leader in the development of HOV projects.
One of UMTA's earliest HOV efforts, in
what was then known as the Bus Priority
Demonstration Program, was initiated here.
I'm sure some of you recall the Blue Streak
Project which was conceived in the late
1960's by Don Smith of Seattle Transit.
Seattle Transit was the independent agency
under the city of Seattle responsible for
public transportation.
It later was a
department of the city and then of course
became part of Seattle Metro.

Associate Administrator
for Technical Assistance and Safety
Urban Mass Transportation
Administration

Don Smith was one of the early pioneers
in the development of HOV facilities. He
was the architect of an express bus on
freeway plan for the city of St. Louis in the
1950s before moving to Seattle.
Unfortunately, the St. Louis plan never
materialized. It wasn't until 1970, with
assistance from UMTA, that one of Don's
creative ideas for improved bus service was
implemented. He retired soon after the
project became operational. Jim Patrick
succeeded him and is still on the staff of
Metro, and I believe he is here with us
today.

I appreciate the opportunity to participate
in the program today for the 5th National
Conference on High-Occupancy Vehicles
(HOV). I join Dean in congratulating the
convenors of the conference for the excellent
job they have done. UMTA is proud to be
a co-sponsor of the conference.
Administrator Brian Clymer sends his best
wishes for a successful conference and
regrets that he could not be here. The
intensity of the reauthorization process,
which I will discuss, prevented him from
leaving Washington, D.C.

The Blue Streak Demonstration Project
included a 500 car park-and-ride lot near the
Northgate Shopping Center about 8 miles
north on 1-5, express buses on the reversible
lanes of 1-5, and an exclusive bus off-ramp
connection to the CBD streets. It was a
relatively simple improvement, but it
provided proof that commuters could be
attracted to high quality bus service. This
theme has been expanded over the years in
the Seattle area. The agencies responsible

The continued growing interest in HOV
facilities is impressive. The fact that this is
the fifth national conference confirms the
continued interest in this topic. Also, from
the perspective of intermodality, the
development of HOV operations is a
9

for the Seattle system are to be commended
for becoming one of the leaders in the
o_peration of HOV facilities.

HOV facility operations. A similar change
has been made to the APTS program to fully
support this broader interest. I might add
that we are still accepting membership on
the IVHS America committee. Anyone
interested in participating should contact
Ron Fisher or me either during the
conference or in Washington, D.C.

The 1970s generated other important
HOV demonstration projects.
These
included the Shirley Express Bus Lanes and
the El Monte or San Bernardino Freeway
Busway. These projects eventually lead to
the development of the term high-occupancy
vehicle facilities that has come to represent
a wide range of activities being pursued in
many urban areas.

A few areas that will be examined under
this element include improvements such as
traffic signal preemption for buses on major
arterials. There appears to be a need for an
improved data base on the range of potential
HOV and related improvements on city
streets.
Also, UMTA is especially
interested in supporting operational tests of
innovative enforcement methods for HOV
lanes. We are currently participating in an
evaluation of IVHS technology applications
to HOV operations being conducted by the
University of California, Berkeley.
I
understand information on this research
project will be discussed tomorrow. A joint
federal, state, and local effort to
operationally test the more promising of
these technologies should be moving
forward soon.

While we have seen a number of HOV
projects implemented, this is only the 5th
national conference.
This provides an
indication of the time and commitment it
takes to develop new ideas.
This is
especially important to note as we are at an
exciting point in the history of HOV
development.
The potential for improving the operation
of HOV facilities using Intelligent Vehicle
Highway System (IVHS) technologies is
enormous. This applies to both freeway and
city street HOV facilities. Some of you are
aware that the Advanced Public
Transportation Systems Program (APTS)
was announced by UMTA Administrator
Clymer at the IVHS America meeting in
March.
Information packets on this
program are available at the registration area
of the conference.
A new technical
committee of IVHS America, the Advanced
Public Transportation Systems Committee
has also been formed.
This group is
organizing following the elements of t.'1.e
APTS program with one important exception
that will interest you.

Let me also note the very close
relationship I see between successful HOV
facility development and the other three
elements of our Advanced Public Transit
System program. The first element, market
development, is aimed at applying the
improved information coming from IVHS
activities to building awareness of public
transportation options. If we are successful
in attracting more solo drivers to transit and
ridesharing, the demand for HOV facilities
will increase. Thus, market development
and customer interface elements, the second
supporting component, will help commuters
become users of public transportation. For
example, better signing that allows real-time
updates on service using changeable message
technologies can be a big help to transit

One of the four program elements has
been broadened to include the general area
of HOV facility operation. This provides a
wide range of opportunities to consider the
application of IVHS technology for assisting
10

users. The third element, vehicle operations
and communications, focuses on such things
as automatic vehicle location technologies
necessary to provide this real-time
information. I hope you can begin to see
the synergism between the different elements
of the Advanced Public Transit System
Program and HOV operations.

In addition to the recognized need to
alleviate urban congestion, other federal and
state laws are providing additional emphasis
related to clean air and environmental
concerns. Of course, all of these programs
take money. I would like to share my
perspective on how the department's new
legislation will assist communities in the
HOV arena.

I think the 1990s will be a very exciting
decade. I think we will continue to see a
vast growth in HOV operations in different
parts of the country.
A variety of
significant opportunities exist, along with the
potential for major progress in a number of
areas.
I think these opportunities are important
for a number of reasons. Last week I
attended a meeting at which UMTA and
FHWA administrators Brian Clymer and
Tom Larson shared the podium.
The
subject concerned the issue of urban
mobility and demand management. Both
administrators were in agreement that we
are not going to build our way out of the
stifling congestion which plagues most of
our urban centers today -- either through
new highways or through new transit
systems. Both identified better management
of the billions of dollars in investments
which have been made in the transportation
systems as the key to dealing with these
issues.

Under the reauthorization, the federal
transit assistance and federal highway
programs are being unified. This represents
a major change from the current approach.
The reauthorization will increase the
intermodal flexibility of DOT program
funds. It will be possible to supplement
discretionary dollars from the mass
transportation assistance program with
flexible formula dollars from the highway
program. Funding flexibility will occur in
both directions, as UMTA formula funds
may also be used for highway projects, if
the area has a "balanced local approach" for
funding transportation improvements. The
concept is to allow local governments to
make the best decision on what is needed
without being constrained by the size of
highway or transit funds or by which
program requires the smaller local share.
HOV facilities satisfy both programs. Thus,
it would appear the opportunities for funding
HOV improvements are well provided for in
the reauthorization.

HOV lanes and the sophisticated systems
necessary to make them work effectively are
going to be even more necessary in the
future. Also, policy changes needed to even
the playing field between transit and auto
usage will be needed. One key issue is the
impact of parking and pricing policies,
including the inequitable tax treatment of
employee provided parking and transit
subsidies.
Dean Carlson has already
mentioned some of the efforts along these
lines.

As I noted, other federal and state
programs will also influence transit and
highway projects. For example, the 1990
Clean Air Act Amendments have planning
requirements that will impact transit. For
areas in the extreme or serious ozone
violation categories, specific enforceable
transportation control measures must be
adopted to offset any growth in emissions
resulting from an increase in vehicle miles
of travel. As Dean already mentioned,
major employers -- those with more than
11

100 employees -- are required to increase
their employee commuting vehicle
occupancy levels by 25 % above current
standards. The increased use of transit and
techniques such as HOV facilities will surely
be a major cornerstone of many
transportation control measure plans and
employer vehicle occupancy plans.

set aside for the establishment of a Transit
Cooperative Research Program.
This
program, modeled after the National
Cooperative Highway Research Program,
will fund research and technical activities in
support of the transit industry.
The
Transportation Research Board and an
industry governing board established under
the Transit Development Corporation will
administer and manage the program.

Air quality control plans are becoming a
regular part of life in many urban areas. I
understand the Southern California Air
Quality Control District now requires
employers in central Los Angeles to raise
occupancy rates for commuters to 1. 7 and to
1.5 in the surrounding area. These types of
requirements are being debated and
considered by many state legislatures,
including here in Washington. fortunately,
the quality of the air here is still relatively
good. In addition, the commitment to keep
it that way is high. Thus, HOV facilities
continue to be considered as an important
element in the approach taken in the Seattle
area to many of these problems.

We believe this new program will
provide the necessary resources for UMTA
to assist the transit industry in the
improvement and development of products
to serve new and existing markets. We
believe this will once again make the United
States competitive in the international
market place.
This is the vision that
Secretary Skinner has laid out in the
National Transportation Policy. In the past,
research has been directed at revolutionary
changes and new technologies focused on
major systems.
Today's program will
emphasize manageable changes to the
existing transit system, such as advances in
component technologies and innovative
operational techniques. The program will
seek partnerships with manufacturers,
suppliers, and transit operators interested in
innovation and willing to commit personnel
and financial resources in seeking solutions
to industry problems.

Another significant feature in the
reauthorization is a new planning and
research program. This new program would
incorporate all current planning, research,
demonstration, and technical assistance
activities. It would be funded through a 2.8
percent take-down of our total appropriation.
Of these funds, we are proposing that onethird would be used for a national program
to be managed by UMTA. This program
will be targeted to areas of national concern
and to the reintroduction of technology
development. These funds will support the
UMTA component of the departmental
IVHS initiative.

The programs are designed to help you
test new ideas, such as HOV facilities or
IVHS improvements. I wish I could say
these ideas were all ours, but they are not.
The basic framework for this program was
laid out in Transportation Research Board
Special Report 213, which outlined the need
for transit research following the
components of a national m1ss1on,
technology development, and local problem
solving. Also, any of you who are familiar
with the long standing and successful

The remaining two-thirds will be used for
a state and local program. These funds
certainly could be used to support HOV
efforts, based on state and local needs. A
portion of the state and local funds will be
12

FHWA programs can see the similarities
with those programs.
We have patterned our proposal for the
transit planning and research program after
the FHWA program. The FHWA Program
and the UMTA State and Local Planning
and Research Program will use the same
formulas, matching ratios (75/25), and
primary grantee (the state), with a
mandatory pass-through to Metropolitan
Planning Organizations (MPOs).
In
addition, the UMTA and FHWA planning
requirements will be the same.
In closing I want to emphasize our longterm commitment to HOV facility
development. This commitment goes back
to one of the earliest examples, the Blue
Streak project developed in 1970 here on I-5
in Seattle. There are many professionals at
the federal, state, and local levels who have
played and will continue to play key roles in
the intermodal coordination needed to
advance HOV projects. With the continued
dedication of people like yourselves we will
continue this progress into the next century.
Let me assure you that UMTA continues
to be supportive of these activities.
Assuming our reauthorization is passed by
Congress, we will be joining with many of
you in developing new advances for HOV
operations throughout the 1990s. It will be
exciting to see what we will be discussing
after another five of these conferences have
taken place.
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Demand Management and high-occupancy
vehicle systems are intensely mutually
supportive. Every ounce of benefit that can
be squeezed out of making TDM and HOV
systems work together is needed. This
relationship is especially important as we
prepare to engage in congestion management
planning, respond to the new Air Quality
legislation, and generally face the prospect
of doing more with less.

HOV WHITE PAPERS
Travel Demand Management
and HOV Systems

Richard H. Pratt

Definitionally,
Travel Demand
Management (TDM) has coopted HOV
systems. TDM relies on HOV systems as a
major strategy. HOV systems in tum, are
supported by the ridesharing enhancement of
practically all TDM activities. Major HOV
systems today already benefit from TDM.
Further, it appears that additional benefits
can .be realized by the coordination of HOV
facilities and TDM strategies.
Travel Demand Management focuses on
measures that nudge travel behavior toward
choices that increase the efficiency of the
transportation system. It is the demand-side
partner of Transportation Systems
Management (TSM), which is being
definitionally narrowed to focus on supplyside operational efficiencies.

Richard H. Pratt, Consultant, Inc.

It is appropriate that Travel Demand
Management (TDM) has been given a
prominent place on the program as we talk
about HOV systems coming of age. Travel

Travel Demand Management may be
characterized in terms of the distinctive
types of actions identified in Figure 1.

FIGURE 1 - TRAVEL DEMAND MANAGEMENT

• hnproved Alternatives: Supplying attractive alternatives to driving alone in the
private, single occupant automobile.
• Incentives and Disincentives: Encouraging the use of alternatives to driving alone
through various bonuses, penalties, and compensatory actions which impact the cost,
time or ease of travel.
• hnpediment Removal: Elimination of barriers to the use of higher-occupancy
alternatives, particularly the lack of information and real or perceived needs that keep
travelers captive to the single occupant auto.
• Travel Time Management: Inducing shifts of travel to less congested times of the
day or reducing the number of days travel to the job site is required.
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I would briefly like to discuss each of
these TDM categories, providing some case
study examples for each. These examples
focus on the increases in transportation
efficiency gained by the TDM technique, as
measured by the percentage decrease in
vehicles required to serve a fixed number of
commuters. Most of the examples draw
upon the better TDM programs around the
country, and thus serve as indicators of the
potential impact of each type of strategy. A
more detailed description of these is
provided in the white paper.

FIGURE 2 - VEHICLE TRIP
REDUCTIONS TRANSIT PROGRAMS

Employment Site
Knoxville TVA express:
before incentives 15 %
after incentives 37%
Specific Travel Market
Minneapolis I-35W express:
CBD travel market 10 %
Area or Corridor-Wide
Minneapolis I-35W express:
total corridor 1. 5 %
Bellevue bus improvements:
suburban CBD 1.5%

Transit represents the traditional
alternative to the automobile. It is most
effective serving radial travel markets to a
central business district. Examples of the
impact transit programs can have are
provided in Figure 2.

HOV Systems represent. a major
improved alternative.
These will be
discussed in more detail.

Carpooling and Vanpooling are
improved alternatives that can result in
vehicle trip reductions. As shown in Figure
3, the best case examples provide a 3 % to
9 % reduction in vehicle trips.

Walking and Bicycling facilities and
Modal Interconnectivity strategies such as
park-and-ride staging areas are also TDM
strategies in the category of improved
alternatives.

FIGURE 3 - VEHICLE TRIP REDUCTIONS VANPOOL AND CARPOOL PROGRAMS

Vanpooling

Carpooling

Employment
Site With Few
Incentives

Knoxville TVA
3%*

Knoxville TVA

Employment Site with
major incentives

Knoxville TVA
9%*
St. Paul 3M
9%

8.5%*
5 Cities (participating
employers)
5%
Knoxville TVA
9%*
5 Cities (participating
employers)

8%**
* With parkin g d1smcent1ves.
**Includes some vanpooling.
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Incentives and Disincentives are
necessary under today's conditions to
overcome the advantages of the single
occupant automobile. Monetary Incentives
can be provided by employers in the form of
transit fare subsidies, financial and
organizational assistance to vanpooling, and
free carpool parking. Figure 4 provides an
indication of the impact of these types of
programs.

It is important to note that barriers exist
to giving up driving alone.
Improved
alternatives, incentives, and disincentives
will be limited in their effectiveness unless
these impediments are addressed. Barriers
include ignorance about options and real or
perceived need for an auto during the day.
Possible approaches to removing these
barriers include the following.

- Marketing/Brokerage to provide
information and match travelers with
appropriate options.

Time and Convenience Incentives are
provided to transit users by ensuring that
buildings are placed close to transit stops
and sidewalks.
Time and convenience
incentives for vanpoolers and carpoolers are
provided with preferential HOV parking.

- Guaranteed Ride Home arrangements to
provide transit users and carpoolers a low
cost taxi or other backup ride home if
they have to work late or if an
emergency arises.

FIGURE 4 - VEHICLE TRIP
REDUCTIONINCENTIVE PROGRAMS

- On-Site Services to reduce the need for
a car enroute or midday, including
restaurants, day care centers, and service
retail.

Employment Site
Knoxville TVA total program:
after incentives 58%*
After vs. before 42 %*

Figure 6 identifies the impact these and
other types of programs have had on vehicle
trip reductions in a few case studies.

State Farm Insurance, CA:
after incentives 30%
after vs. before 22 %
*With parking disincentives, before and
after

Parking Management encompasses the
disincentives of parking pricing and supply
constraints, and creation of incentives with
parking location. Employers play a crucial
role in parking management programs
because they generally influence whether or
not, and how much, their employees have to
pay for parking. Figure 5 identifies 11
comprehensive employer based TDM
programs studied by FHWA last year. As
you can see, 8 of the 11 programs, and
practically all of the most effective ones,
included a parking management element.
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FIGURE S - VEHICLE TRIP REDUCTION - COMPREHENSIVE TDM PROGRAMS
WITH PARKING MANAGEMENT

Parking
Management
No

Yes
X

X
X
X
X
X
X
X
X
X
X

Employment Site

Vehicle Trip Reduction

Los Angeles - UCLA
St. Paul - 3M
Hacienda Business Park - AT&T
Hartford - Htfd. Steam Boiler
Los Angeles - ARCO
Hartford - Travelers
Bishop Ranch - Pacific Bell
Orange County - State Farm
Bellevue - CH2M Hill
Montgomery County - NRC
Bellevue - US WEST

6%
10%
13%
14%
19%
25%
28%
30%
31%
42%
48%

- Flexible/staggered work hours
- Modified work week
- Telecommuting

FIGURE 6 - VEIDCLE TRIP
REDUCTION - OTHER TYPES OF
PROGRAMS
Employment Site
Guaranteed Ride Home 1-3%
(Seattle area)

Most of the vehicle trip reduction
strategies examined so far were measured at
individual places of work. Many of the
more effective strategies are employer-based
TDM measures. At the site of a single
employer, TDM effectiveness is a function
of individual program success, including the
rate of employee participation in the options
offered. However, in an employment area
as a whole, a corridor, or a region, TDM
effectiveness is heavily dependent on
employer participation.

Mixed Land Use 5 %
(Minneapolis - St. Paul)
Variable Work Hours 22%
(average of several programs)

Travel Time Management is the remaining
TDM category usually considered. Instead
of focusing on shifting trips out of single
occupant autos, these approaches focus on
shifting travel out of the peak hour or
eliminating the need for the trip. Strategies
considered in this category include the
following.

Employer participation must be
substantial, or the vehicle trip reduction
benefit of individual programs will be lost in
a sea of status quo vehicular travel.
Employer participation can be purely
voluntary, influenced by incentives, or
18

mandatory. Typical ridesharing efforts and
Transportation Management Associations
(TMAs) are examples of voluntary efforts.
Voluntary rates of employer participation in
carpooling and variable work hour programs
appear to average about 4 % for firms with
less than 100 employees and 35 %-40 % for
larger firms. Voluntary participation in
incentive/disincentive programs appears to
be only about 20% of those rates.

Effective Travel Demand Management
requires a full complement of strategies
encompassing improved alternatives,
incentives and disincentives,
barrier
removal, and employer participation. As
illustrated in Figure 7, it can be thought of
as a structure with employer participation at
its base.
TDM that ignores employer
participation is like a bridge with no
foundation.

More substantial employer participation
requires mandatory employer involvement.
The following approaches have been used in
some areas as mandatory programs.

FIGURE 7 - STRUCTURE OF
EFFECTIVE
TRAVEL DEMAND MANAGEMENT

Incentives +
Disincentives

- Conditional Development Approval,
allows local governments to require
private sector TDM involvement as a
condition of individual land development
project approvals.
- Trip Reduction Ordinances, or traffic
mitigation ordinances, which can cover
existing as well as new employers.

Impediment
Removal

~

~ - - - Employer ..

~

- Transportation Management Districts
which are something of a hybrid between
an assessment district and a trip reduction
ordinance, having legal power to involve
key actors and institute key actions, thus
operating in the realm of mandatory
participation.

Participation~

With TDM supportive of HOV system
effectiveness, and HOV systems as a major
TDM strategy, how do TDM and HOV
work together in practice?
Transit service is the senior partner of
HOV systems.
The first major HOV
facilities were opened 20 years ago as
busways or exclusive bus lanes; with
vanpools and carpools introduced more
recently on many facilities. Even today,
with greater emphasis on vanpooling and
carpooling, the majority of passengers on
many HOV facilities are bus passengers.
Figure 8 shows the percentage that bus
passengers are of all passengers, including
vanpool and carpool drivers, on a sample of
HOV facilities.
Of some 33 facilities
examined, the average percent bus

If employer participation is voluntary, a
TDM program that achieves a 30% to 50%
vehicle trip reduction at individual sites may
produce 5 % or less averaged across all
employers. The average effectiveness may
be doubled over time with mandatory
inclusion of new employees.
Broader
impact is gained with fuller mandatory
coverage.
The vehicle trip reduction
average attained in available examples of
comprehensive, areawide programs ranges
from about 3% to 17%.
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passengers is 63 %, the median is 41 %, and
the average excluding the 5 facilities which
allow only buses, or buses and vanpools, is
35 %• A comparable summary for arterial
HOV facilities is not available, but a
majority of arterial facilities are for buses
only.

the facility but also increase the perception
of their usefulness by making the facilities
appear less empty.
This can be an
important factor in successful
implementation.
Modal Interconnectivity which includes

such elements as park-and-ride facilities,
park-and-pool lots, and staging areas for
instant carpooling is a critical partner for
HOV systems.
Modal interconnectivity
between an HOV facility, a parking
management system, and a pedestrian
system is featured in the design of I-394
Minneapolis.

FIGURE 8 - PEAK HOUR, PEAK
DIRECTION BUS PASSENGERS VS.
VAN/CARPOOL OCCUPANTS ON
HOV FACILITIES

P'burgb E. Buaway •
Houalon l-4SN •

The benefits of TDM and HOV strategies
working together are evident in many
examples. The Shirley Highway HOV
facility achieved a 5 % reduction in vehicle
trips as a busway, averaged across an entire
4-mile wide corridor, and 16% as a bus,
vanpool, and carpool facility. In Houston,
where one park-ride space is utilized for
every three HOV system users, vehicle trip
reductions are 23% and 14% on the matured
facilities, as measured on the freeways
involved (not the corridor as a whole). A
9% reduction, also as measured on the
arterial, is reported for the interim I-394
Minneapolis HOV lane.

Houalon U.S. 290 •
San Diego 1-lS •
Sou. CA 1-405 •

Bua Puamgcn u a Percentage of HOV Facilit;y Uaen

Transit improvements have usually
accompanied most HOV facility openings.
In turn, the transit travel time reductions
achieved with individual HOV treatments
have ranged from small values to 30
minutes, depending on characteristics of the
applications. The reliability improvements
have similarly ranged from marginal to
more than a tripling of buses arriving on
time.

The fullest advantage from the joint
application of TDM and HOV systems will
be gained when the design of the HOV
facility supports the TDM strategies. In the
case of transit improvements, this may mean
the provision of special ramps where bus
routes diverge from the HOV facility, and
on-line stations where buses can stop at
major enroute passenger destinations and
transfer points. For vanpools and carpools,
it means the provision of exclusive ramps
and interchanges at sites such as major
employment centers to provide travel time
savings.

Carpooling represents the fastest growing

component of HOV system users.
Vanpooling and carpooling are better suited
to the dispersed travel patterns found in
many areas today.
Carpooling and
vanpooling TDM programs have a double
benefit. By helping increase the use of
HOV facilities, vanpooling and carpooling
programs not only increase the efficiency of
20

In closing, it is important to think for a
moment about future directions. The futures
of TDM and HOV systems are -- or should
be -- intertwined along with the provision of
new infrastructure and land use decisions.
Thus, the future lies beyond either TDM or
HOV systems alone.

attention to achieving balanced land use,
from mixed-use site development to
attaining a better match between jobs and
housing can help reduce travel needs.

- Travel demand management as
discussed today include both short term
actions to obtain a measure of relief from
congestion today and long term actions to
protect transportation investments from
tomorrow's excess demand.

Transportation management is the concept
of solving the travel demand versus
transportation supply imbalance through
systematic, coordinated efforts that
encompass the provision of new strategic,
manageable, multi-modal infrastructure;
transportation systems management; land use
management; and travel demand
management. The major elements of this
approach include the following.

In summary, TDM and HOV systems
provide here-and-now transportation
management actions to increase
transportation system efficiency. Working
together, they are more effective than either
can be acting alone. The importance of
TDM actions is of the same order of
magnitude as the importance of HOV time
savings in encouraging HOV system use and
their effects are synergistic. Looking to the
future, TDM and HOV systems together
form part of a transportation management
vision incorporating manageable/ multi-modal
infrastructure, other TDM and HOV system
elements, TSM, and land use management
into an advanced expression of
transportation efficiency and effectiveness.

- New infrastructure must be made as
effective and supportive of mobility and
management goals as possible. 11 Strategic
infrastructure II seeks to meet these
objectives by focusing on providing
missing critical elements in the system.
- Manageable infrastructure goes beyond
strategic infrastructure by being designed
for maximum efficiency in operation and
use through complementing and
enhancing TDM. It is transportation
infrastructure offering built-in emphasis
on HOV, transit, and pedestrian mobility.
- Multi-modal infrastructure brings in the
companion concept of providing multiple
modal options and the full integration of
those options.
- Transportation System Management
(TSM) as definitionally narrowed in
context, with TSM focuses on supplyside operational efficiencies.
- Land Use management addresses the
physical environment from which travel
demand patterns are formed. Greater
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Parking Policies,
Transportation Demand Management.
and HOV Systems Support

Although it may not be initially evident,
there is a strong connection between HOV
facilities and parking policies. As Dick has
indicated, there is a two-way connection
between these elements. HOV facilities by
themselves have an impact on transportation.
Travel Demand Management (TDM) and
parking policies can enhance the
effectiveness of HOV projects. On the other
hand, the implementation of TDM
programs, especially those which place
additional costs on individuals, such as
increased parking prices, can benefit from
positive incentives such as HOV lanes.
Thus, there is a synergistic connection
between parking policies and HOV facilities.

Cyrus G. Ulberg

This connection is evident in a number of
HOV projects around the country. The
parking garages in downtown Minneapolis,
which are tied directly into the I-394 HOV
lanes, provide one example. Although this
represents one of the most obvious
connections, other examples also exist.
University of Washington

I would like to give you an idea of the
potential power the impact changes in
parking policy can have on individual travel
behavior. For example, the introduction of
an HOV lane for half of a 20-mile commute
could save approximately 6 minutes on the
total two-way trip time, when you add 5
minutes to account for the formation of
carpools. A more complete HOV system,
with reduced carpool formation time, could
result in a 25 % reduction in travel time. I
would like to contrast these savings with the
impact the imposition of a parking charge
may have.

I would like to focus my comments this
morning on the impact parking policies have
on our transportation system, especially the
use of HOV facilities. I think parking
policies probably represent one of the most
critical elements available to change our
current transportation system. Over the last
five years there has been a growing interest
in examining parking policies, as noted by
the FHWA and UMTA representatives this
morning.
Even though the impact of
parking policies are becoming better
documented, the challenge now facing us is
how to use this information to better manage
the transportation system.
Parking
management has been identified as one of
the most powerful tools to influencing
changes in individual commute behavior.
However, it is also one of the most
politically charged and sensitive techniques.

Numerous studies have demonstrated that
people's decisions about mode choice are
made based on the marginal cost of their
trip by automobile. This includes primarily
the cost of gasoline, perhaps oil, perhaps a
little of the maintenance costs, and parking
costs if they exist. The marginal cost for
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the 20-mile commute trip described earlier
is approximately $1.00. Adding a parking
cost, of say $2. 60, increases the marginal
cost significantly. So parking charges can
have a very powerful effect on people's
decisions. The combined impact of the
incentives provided by HOV facilities and
the disincentive of increased parking cost
may have a greater impact than either acting
alone.

money. If this amount were to be taxed at
the average income tax rate, it would add
some $10 billion to the federal government
each year.
Thus, not only does free parking actually
cost a great deal, it also influences how we
choose to commute to work. If individuals
actually had to pay for parking, it would
result in a large shift in the way people get
to and from work. Recent research seems
to indicate that at least a 20 % decrease in
vehicle trips could be expected when a pay
for parking program is introduced where
there was none previously.
This 20 %
estimate translates into significant energy
savings.

Are there ways to move toward a
situation where charging for commuter
parking becomes a commonplace practice?
This represents a significant change from the
way people currently think about
transportation subsidies and a real challenge
for transportation professionals and policy
makers. Just to give you an idea of the
impact, I have computed a few facts and
figures.

I realize that a complete elimination of
employer paid parking represents a major
shift in thinking. However, I think it is also
important that we start thinking about it
now. The $45 billion a year represents a
significant cost that is not being paid for by
the users. Someone is paying for this cost.
It may be that customers are paying for it
indirectly through higher prices for goods
and services. Or, employees may be paying
for it through lower wages. Finally, stock
holders may be paying for it through lower
profits. In any case, someone is paying for
the costs associated with providing free
parking.

First, the facts. Currently, approximately
64 % of all workers drive alone to work. Of
these, about 90 % have employer paid
parking. It is difficult to estimate the value
of this paid parking, as most employers do
not keep track of what it costs . them to
provide parking to their employees. I took
an average cost of the value of land used for
parking in parts of Seattle and estimated a
cost of $1.25 per parking space per day for
the cost of the land. Adding in construction
and maintenance costs, based on information
from Seattle Metro park-and-ride lots,
amounts to a total cost of approximately
$2.60 a day to providing parking. I'm sure
this may not represent the average in all
parts of the country, but it gives you an idea
of the general range associated with parking
costs in this area.

In December,
1990,
a Parking
Symposium was held here in Seattle. The
purpose of the symposium, which brought
together a group of experts for two intensive
days, was to identify possible approaches to
influence parking policies. Bill Roach will
be discussing the results of this symposium
in detail at one of the TDM sessions on
Tuesday morning. However, I would like to
highlight a few of the topics that were
considered.

Based on this information, the cost of
subsidized parking in this country is
approximately $45 billion a year. This is
roughly the cost of the recent Gulf War.
Thus, it represents a significant amount of
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There are two basic ways of approaching
parking policy reform; one is through
changing the supply of parking and the other
is through changing the price of parking.
The supply of parking can be influenced by
reducing the minimum number of parking
spaces required for new developments by
changing the zoning or related ordinances.
This could help reduce some of the over
supply of parking.
Maximum parking
requirements could also be introduced;
placing a limit on the amount of parking that
could be provided. Offering incentives,
which allow developers the opportunity to
buy out of parking requirements by
providing TDM measures, provides another
approach that could be used. Parking caps
have been used in some areas to limit the
total amount of parking that is provided.

feel that restrictions on parking or other
requirements make them less competitive in
attracting employees and have other negative
impacts. In tum, many communities are
hesitant to pass new parking requirements
for fear of loosing potential new
development. An equity issue also exists, in
that parking policies may have a bigger
impact on low income individuals than on
those in higher income brackets.
These issues will be addressed in more
detail in the different workshop sessions this
afternoon and tomorrow morning. I would
encourage you to attend these if you are
interested in learning more about these
concerns and discussing any ideas you might
have on possible approaches. Thank you.

One price-based approach is a use tax.
This would simply add to the price of
parking or it could be used to encourage
policies to charge for parking. Federal tax
policies are one of the critical elements that
need to be considered. Several of the
specific recommendations that came out of
the symposium were related to federal tax
policies.
Bill will be discussing these
tomorrow. The last price-based approach is
finding ways through clean air, growth
management, or other similar legislation to
encourage employers to start charging for
parking or adopting other trip reduction
programs.
All of these approaches represent
significant challenges. None are easy to
implement and some may have negative
secondary impacts. One of these is the
potential of spillover parking problems.
Whenever the supply of parking is limited,
the potential exists that people will park in
adjacent neighborhood or commercial areas.
Concerns over the potential loss of
competitive advantages must also be
addressed. Many developers and businesses
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Marketine as Part of the HOV

describe can be used to reverse negative
public attitudes about existing HOV facilities
and can be used in areas just starting the
HOV planning process.

PJannine Process
Heidi Stamm

It is important to start with a common
definition of what we mean by the term
marketing.
If you were to ask ten
marketing professionals to define marketing,
you would probably get ten different
answers. Because I have the podium, and
the other nine professionals don't, I will
give you my definition of marketing.

Marketing is concerned with facilitating
mutually advantageous transaction between
parties. Notice that the emphasis is on
mutual. Telling an individual or group that
something is good for them does not make
it true. Providing a communication and
education path for people to learn about the
benefits of your product - in this case, those
associated with HOV facilities - will result
in success.

Pacific Rim Resources
Good morning. Today I am pleased to
have the opportunity to do something I have
always wanted to do; talk about marketing
to a captive audience of engineers. I hope
that you will find this information to be both
interesting and relevant to your job.

It is also important to focus on the
benefits of marketing. What is the benefit
to you, the transportation professional to
include marketing as part of the planning
process? I think there are at least six major
benefits to-you and your planning team from
including marketing in the HOV planning
process. I would like to breifly review each
of these.

My commen.ts will focus on how the
integration of marketing and technical
activities can strengthen the HOV planning
process. Growing competition, heightened
public demand for improved effectiveness,
and economic pressure have all encouraged
us to reconsider the role public involvement
should play in the HOV planning process.
The concepts I will present represent proven
techniques that can enhance the success of
HOV facilities.

• Heighten public awareness
organizational mission.

of

the

In all likelihood, the mission of your
organization has probably changed over
the past twenty years. This is especially
true if you work for a state department of
transportation agency. The traditional
mission of building roads to move cars is
being replaced with building an
infrastructure which moves people. The
marketing approach can help

Many regions throughout the country,
including California, Minnesota, and Texas
have successfully used many of these
techniques. Other areas can benefit from
these activities.
The techniques I will
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communicate your mission to the public
and key decision makers.

individuals, may be an anomaly in the
U.S. in that, they want HOV lanes and
they want them now.

• Build constituencies, create partnerships
and foster support.

SHOVE, however, lacked confidence in
the Washington State Department of
Transportation's ability to carry out their
desire for HOV lanes and were very
vocal in these concerns. They were able
to communicate these concerns to a
variety of groups and individuals,
including the Secretary of Transportation,
the Chair of the Legislative
Transportation Committee, the state's
Transportation Commission, and the local
media.

When constituents are included in the
planning process they tend to be more
supportive of the outcome. In the HOV
planning process, the following six major
constituent groups should be given
consideration.

elected officials
public agency staff
planning organizations
community groups and employers
media
general public

In order to build their confidence,
SHOVE leaders were kept continually
apprised of study activities for the 1-5
project. In fact, SHOVE members were
asked to help with activities whenever
possible. For example, one SHOVE
leader with a background in research
reviewed and commented on the study's
telephone survey before it was
conducted. Mailing lists were shared
between SHOVE and the study team to
ensure broad distribution of information
relating to the study's progress and
findings. SHOVE leaders were invited to
speak during a bus tour of the study
corridor held for decision makers and
elected officials.

Each of these groups is important to your
ability to plan, design, and implement a
successful HOV facility. Each group, in
their own way, can help or hinder,
support or sabotage, commend or
condemn, the HOV planning process and
resulting product.
Each group has
unique characteristics, and your
marketing approach should recognize and
be cognizant of these differences.
• Increase public confidence.
An open planning process can encourage
public confidence and support for an
HOV project. I can personally attest to
this, because for the past ten months I
have been part of an HOV planning team
which has worked to build the confidence
and trust of a very powerful and vocal
group of HOV advocates in the Seattle
area. This group, SHOVE, which stands
for Southend High Occupancy Vehicle
Enthusiasts, has been very active in the 15 South project in Seattle. This group,
which represents some three thousand

Although the recommendations of the
study -- which include expanding the
existing HOV system and implementing
a system of ramp meters, variable
message signs, closed circuit television
cameras, and incident management teams
have yet to be finalized or
implemented, the study team plans
continue to involve SHOVE the
throughout implementation process. This
involvement is key to maintaining
SHOVE's confidence and support for
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future HOV facilities and transportation
system management techniques.

This communication not only aids in the
planning of the HOV facility, it also
provides local decision makers and
technical staff with information useful to
other planning activities.

• Develop accurate expectations.
How many of you operate facilities which
suffer from the empty lane syndrome? It
is unfortunate, but not unusual, for
facilities which technically are a success - that is they carry more people than an
adjacent general purpose lane -- to be
viewed as a failure by your constituent
groups because "they don't look full" or
because "congestion is just as bad as
before you opened the lane. " Marketing
as part of the HOV planning process
gives your study team a head-start on
shaping accurate market expectations of
what an HOV facility can and cannot
accomplish.

For example, the City of Kent, located
about fifteen miles south of Seattle, had
been trying to expand an east-west
corridor through their city to link
Interstate 5 and Highway 167. Local
opposition contended that because
congestion on both 1-5 and Highway 167
was already so severe, an expanded eastwest link would do nothing to reduce
congestion. Providing an HOV facility
on I-5 gave city planners a significant
reason to expand the east-west corridor,
as HOVs which were currently using
Highway 167 would probably switch to 15 to take advantage of the travel time
savings provided by the 1-5 HOV lane.

• Facilitate immediate use of the facility.
This is an area where traditionally
marketing has played a major role.
While I will be the first to agree that
promotion prior to opening a facility is
vital, I would contend that if you have
undertaken an integrated marketing and
technical approach to planning the
facility, you have already built up a
broad base of "co-owners" in the facility.
These co-owners -- the elected officials,
local jurisdictions, community groups,
employers, and the rest -- all have a
stake in the success of the project, and
will be willing partners in the promotion
of the facility.

All of these examples demonstrate the
importance of including marketing activities
as part of the HOV planning process. If
marketing is not included, the study team
risks constituency dissatisfaction with the
project and a lasting mistrust of the
organization.
What are the magic marketing activities
which guarantee project success? I wish I
could give you a money back guarantee, that
these techniques will always guarantee
success. I can tell you that marketing
activities associated with the HOV planning
process should assure that HOV
recommendations that are technically
suitable -- those that are cost-effective,
increase the overall person carrying-capacity
of the roadway, and are sensitive to safety
and environmental requirements -- are also
alternatives that are acceptable to a variety
of publics. If they are not acceptable, you
will know going into the project exactly who
opposes your project and why.

• Provide information which enhances
future project planning activities.
The integration of marketing activities as
part of the HOV planning process
provides increased opportunities for
communication between the HOV
planning team and other organizations.
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I would like to briefly review the four
activity phases of the HOV marketing
process that you should consider. These
phases are designed to coordinate and
compliment the technical HOV planning and
implementation activities. You might want
to think of the elements of each activity
phase as a cookbook recipe -- some
ingredients are essential, while some are
optional -- depending on the needs,
expectations and past experiences of your
marketplace. Just make sure you have a
well-trained chef -- a marketing professional
-- concocting the menu.

-

When an HOV marketing strategy is
implemented in concert with the technical
planning process, a communication forum is
established.
This forum stimulates the
exchange of ideas and preferences between
HOV constituency groups and the technical
experts who are charged with translating
those preferences into a physical program.
In closing, it is important to acknowledge
that there is a dark side to the marketing
process. The adage that "if you may not
like the answer, you shouldn't ask the
question" is especially relevant to our topic.
The marking process does involve risk. It
deals with public unknowns, political
whims, and partisan biases. It challenges
the comfortable, but more and more
ineffective "we've always done it this way"
approach. It requires new and expanded
thinking on the part of government which,
has often relied on technical manuals,
models, and mandates to approve or
disapprove a project. However, I contend
that if you don't provide forums for your
constituents to ask questions and develop a
study team approach which can effectively
respond to those questions, you run a far
greater risk; the risk of ultimate failure.

• Data gathering (listening stage)
Literature search
Surveys
Focus groups
Executive interviews
Issue/Stakeholder identification
• Public and private
(evaluation stage)

-

Executive interviews
Final report

communication

Kick-off briefing
Community jurisdiction and elected
official briefings
Media relations
Newsletters
Targeted mailings
Speakers bureau and public forums

• General awareness (promotion stage)
Information development and
distribution
Advertising
Media relations
Special events and ceremonies
Transit and rideshare promotions
• Evaluation (wrap-up stage)
Surveys
Focus groups
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Desio Features

of HOV

Lanes

these documents, however, differences do
exist.

Timothy J. Lomax
One element that is consistent between
the different design guidelines is the need to
provide for the safe and effective operation
of both the HOV and general purpose
facilities. It is important to note that lower
design standards may adversely impact the
ability of a project to provide the travel time
savings and trip time reliability that are
often goals of HOV facilities. Therefore, it
is critical that HOV lane designers maintain
dimensions consistent with desirable
practice. These typically provide adequate
space for disabled vehicles and other
enhancements to HOV lane operation, are
consistent with the needs of enforcement
officials, and create a perception of a
permanent and safe facility.

Texas Transporlation Institute
The Texas A&M University System

There are examples of pr-ojects that do
not meet desirable design guidelines and
even some that DO not meet reduced
dimensions. In most cases, these projects
have been developed in response to specific
needs in heavily congested travel corridors.
Realizing that there will be some exceptions,
the desired dimensions should be used where
possible. This is especially important for
those projects involving major construction.

It is a pleasure to be here. I would like
to thank the TRB HOV Systems Committee
for the opportunity to develop the White
Paper on Design Features of HOV lanes. I
would also like to recognize the other coauthors of this paper, Russell Henk and Jim
Hanks of TTI for their contributions.

Most of the attributes of HOV lanes are
identical to roadway features. These include
curvature, vertical clearance, superelevation,
and design loads.
The same standards
governing highway and street design are
usually applied to HOV lanes. However, as
I will discuss, the manner in which these are
combined to form an HOV lane may vary.

I would like to briefly highlight a few of
the major aspects related to the design of
HOV lanes and access and egress facilities.
First, it is important to note that there are a
number of excellent sources of information
on the design of HOV facilities.
The
AASHTO HOV guidelines are scheduled for
release later this year and a summary of
design treatments will also be available soon
from ITE. The Parsons Brinckerhoff Quade
and Douglas monograph by Chuck Fuhs is
currently available.
In addition, many
states, local agencies, and individual projects
have developed their own guidelines. Most
of the design elements are consistent among

I would like to outline the general design
guidelines associated with the different types
of HOV lanes. The names of different types
of HOV lane projects and the method of
grouping them have not been standardized,
although a subcommittee of the TRB HOV
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Systems Committee is working on a glossary
that may resolve some of these issues.

side. I am not suggesting that this would
actually be implemented given that 6 feet is
not necessarily a desirable dimension for a
parking shoulder, but the 20-foot clear width
in the envelope is consistent with the same
dimension on the reversible HOV lane.

Exclusive HOV lanes are usually defined
as those facilities operating in separate
rights-of-way, or those separated from the
general purpose lanes by a physical barrier
or wide buffer area. A reduced cross
section dimension of 20 feet between
barriers has been used on the one-lane,
reversible, exclusive HOV lanes in Houston.
This width allows disabled vehicles to pull
to one side, leaving room for following
vehicles to pass. A 22-foot dimension
allows vehicles to pass a disabled vehicle at
slightly higher speeds and represents the
widest cross section that would typically be
provided with the travel lane in the middle.
If 24 feet were available, a full shoulder
could be provided on one side of the HOV
travel lane, increasing a driver's expectancy
of where to pull over or where to anticipate
disabled vehicles. Enforcement on these
types of facilities usually takes place at
access and egress points rather than on the
lane itself.

However, if a 2-way barrier-separated
HOV facility is planned, the significant
capital costs associated with this type of
facility should lead the designers to consider
continuous full shoulders in each direction.
The San Bernardino Freeway HOV lane
represents one example of this type of
design. Another example is the planned
facility on I-5 in Orange County.
The San Bernardino Freeway Busway
also includes a buffer-separated crosssection. In this portion of the Busway, an
open space, rather than a physical barrier is
used to separate general purpose and HOV
traffic. One advantage to this type of design
is that general purpose traffic can be
allowed into the HOV lane if needed during
a major incident or accident. However, the
presence of traffic streams on both sides of
the buffer area make it virtually impossible
to use the buffer as an enforcement area or
a safe refuge area for disabled vehicles.

Two-lane reversible HOV lanes are in
operation in San Diego, Pittsburgh, and the
Northern Virginia/Washington D.C. area.
There is a need for at least one dedicated
shoulder on these facilities due to the
volume of vehicles that could utilize the
lanes. The HOV lanes on the Shirley
Highway in Northern Virginia and on I-15
in San Diego have full shoulders on both
sides.

Bus-only facilities are a special type of
exclusive HOV lane that utilize separate
rights-of-way and include on-line transit
stations in most cases. They are designed
similar to 2-lane roads, with 12-foot
shoulders, or 3. 75 meter shoulders for our
Canadian friends. However, some sections
may not have shoulders. While this type of
facility would be difficult to operate if
carpools were allowed to use the lanes, the
use of only trained bus drivers and the good
communication between the drivers and the
central dispatching means that some design
exceptions can be tolerated.

If the HOV lane will operate in a single

direction all the time, as in the case of a 2way HOV facility, it is more appropriate to
stripe the HOV lane unevenly. If the
minimum dimension necessary to provide
for passing -- the 20 feet previously
mentioned -- is applied, it might be possible
to operate with a 6-foot shoulder on one side
and a 2-foot lateral clearance on the other
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Concurrent flow lanes are defined here as
those HOV lanes separated from the general
purpose lanes by a narrow buffer or no
buffer at all. Many of these types of HOV
projects currently operate with less than
desirable dimensions. This is generally due
to the fact that many of these projects were
retrofitted into existing freeways, with
limited available right-of-way and funding.
In addition, some are viewed as interim
treatments.

meet the desirable guidelines. The fact that
it has operated successfully for 20 years
says something about its- effectiveness, or
the capacity of Northeasterners to tolerate
cramped conditions. Since traffic in the
adjacent lane is traveling in the opposite
direction, a shoulder on these types of
facilities is very desirable to accommodate
disabled vehicles. Widening the freeway
lane used for the HOV lane can provide a
space for the pylons, rather than placing
them directly on the lane line.

A full shoulder can be used on concurrent
flow lanes to provide space for disabled
vehicles to pull over and for protected
enforcement areas to be constructed.
Striping and signing are used to delineate
these lanes for use by HOVs only. A buffer
is inappropriate for HOV lanes that revert to
general purpose use outside the peak
periods. Where the HOV restriction is not
permanent, signing alone is used to alert
motorists to the occupancy restrictions and
hours of operation.

The first use of a moveable concrete
barrier to separate a contraflow lane from
the off-peak traffic lanes will open this year
on I-30 East in Dallas. The use of the
concrete separation will allow carpools
access to the lane. The barrier is comprised
of a string of yard-long concrete barriers
connected by hinges.
During the peak
period the barrier will be placed along the
lane strips. After the peak period, the
barrier will be laterally transferred by a
special machine to a position adjacent to the
median barrier, leaving an 8-foot shoulder.

Right-side HOV lanes are in operation in
Seattle and in Santa Clara County,
California. This type of HOV lane can
benefit bus operations by allowing easy
access to both the lane and adjacent transit
stations.

There are many types of queue bypass
HOV treatments in use throughout the
country. All of these facilities are similar in
that they are relatively short and are
designed to provide travel time savings in
congested areas. Design features that should
be considered with these types of facilities
include a buffer area between the HOV lane
and the mixed traffic lane, combining two
traffic lanes into a single entrance ramp
where appropriate, providing easy access to
the HOV lane upstream of the congestion,
and providing enforcement areas.

The last type of major HOV lanes,
contraflow lanes, take advantage of unused
roadway capacity in the off-peak direction to
provide a priority lane for HOVs in the peak
direction of travel. These types of facilities
only work in corridors where there is an
imbalance in the directional split. These
types of HOV lanes are usually restricted to
buses, with some allowing vanpools.

One of the most important considerations
in the design process is to locate the access
and egress points away from points of
congestion to minimize any adverse impact
on existing facilities. If a grade-separated
design is used, queue storage and

The Lincoln Tunnel contraflow HOV lane
in New York City, which is 11-feet wide
and delineated by plastic posts, carries
35,000 commuters on buses in the morning
peak hour. These dimensions don't quite
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enforcement will be easier than at-grade
designs. Combining entering and exiting
maneuvers can help reduce costs. The
initial use of at-grade designs may be later
modified to grade-separated facilities. In
addition, grade-separated interchanges or
flyover connections can be used to provide
direct connections to the arterial street
system, frontage roads, transit centers, and
park-and-ride lots.

We need to continue to share our
experiences and the results of these different
approaches.

At-grade connections on a barrierseparated HOV lane can be made through a
slip ramp configuration that provides an
opening in the barrier. This opening should
be at least 14 feet wide.
Access to
concurrent flow HOV lanes may be limited
to designed locations by providing weave
lanes or by using skip stripes in place of
normal striping.
In summary, I would like to review some
of the things I think are needed in the HOV
design area. There are enough different
applications of HOV treatments currently in
operation to analyze a number of important
issues. While there have been a few studies
of safety issues associated with HOV lanes,
a more comprehensive examination of safety
issues would be appropriate. Examining
roadway design issues such as buffer width
and type of separation could provide useful
guidance.
Arterial street HOV applications, both as
stand alone projects and as links to connect
freeway HOV projects, need further
examination. Coordinated and consistent
signing and marking will become more
important with the growth in HOV projects
and should be examined further.
The
moveable concrete barrier I mentioned
earlier may allow contraflow fa.ti.es to be
implemented in corridors without significant
bus service. A wide variety of information
is available on the trade-offs that have been
made with the different design treatments.
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The Ap_plication of IVHS
Techno101ies to HOV
Facilities

There has been a steady increase in the
number of miles of HOV lanes since the
opening of the initial phase of the Shirley
Highway HOV lane in 1969. As of late
1990, there were approximately 320 miles of
HOV lanes in operation in North America.
If the facilities currently in design and
construction are completed, this figure will
more than double by the year 2000. Thus,
HOV facilities represent one approach being
utilized in many metropolitan areas to
address traffic congestion and mobility
concerns.

Katherine F. Turnbull

I am not sure we have done as good a job
of defining IVHS in a way that can be
understood and embraced by technical staff
and policy makers at the federal, state, and
local level in the highway, transit, and
commercial vehicle fields. Generally, IVHS
can be defined as the application of
advanced technologies to improve the
overall efficiency and effectiveness of the
transportation system. It is important to
stress that IVHS represent a variety of
continually evolving technologies; not a
single static technology.

Texas Transportation Institute
The Texas A&M University System
It is a pleasure to have the opportunity to
discuss the application of Intelligent Vehicle
Highway System (!VHS) technologies to
high-occupancy vehicle (HOV) facilities.
My comments today will focus on both
current examples of IVHS technologies in
use with HOV facilities and potential future
applications.

Ensuring that IVHS is understood and
supported by a variety of groups will be
important to its success. It is sometimes
difficult for transit groups to understand how
IVHS technologies can be applied to transit.
In reality, IVHS technologies offer great
potential for improving transit operations
and management. Further, the application
of IVHS technologies to HOV facilities
appears to offer numerous benefits related to
improving the efficiency of the total
transportation system, increasing mobility,
managing congestion, improving air quality,
and reducing fuel consumption.

I think most of you are aware of the
definition of HOV facilities. The purpose of
these types of facilities is to provide priority
measures to carpools, vanpools, and buses
to increase the person-carrying efficiency of
the roadway facility.
The video this
morning did an excellent job of highlighting
some of the different types of HOV
facilities. Currently, there are 40 HOV
facilities in operation on freeways or in
separate rights-of-way in 20 metropolitan
areas in North America.

I would like to review current HOV
IVHS applications focusing on the four
general categories of advanced traffic
management systems (ATMS), advanced
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traveler information systems (ATIS},
advanced vehicle control systems (AVCS),
and commercial vehicle operations (CVO).
Examples of current projects exist within
each of the first three categories.
In
addition, I would like to discuss a few
projects in the planning stages and identify
other possible approaches.

Automatic vehicle identification (AVI)
and automatic vehicle location (AVL)
systems also fall within the general ATMS
category. A number of toll roads, such as
the North Dallas Tollway, are using AVI
technology to allow vehicles to bypass the
normal collection plazas. Individuals can
purchase pre-paid tags, which are secured to
the vehicle, allowing them to use special toll
plazas. Electronic toll collection is currently
in operation at the toll plaza on the I-495
contraflow HOV lane in New York City.
Buses using the facility are equipped with
electronic tags that are read by receivers at
the toll plaza, allowing buses to move
through the toll plaza without stopping.
Each time a bus passes through the toll
facility, the receivers deduct the toll charge
from a pre-paid account.

Advanced traffic management systems
(ATMS) focus on the development of

advanced transportation surveillance and
monitoring systems that provide detection,
communication, and control functions in
major travel corridors. Those of you just
getting used to HOV terms and acronyms
now have a whole new set to learn relating
to IVHS.
Currently, a number of metropolitan
areas have or are developing extensive
'traffic management systems. Existing HOV
facilities monitored by these systems include
the Shirley Highway HOV lanes in
Washington D.C./Northem Virginia, the 1-5
HOV lanes in Seattle, and the 1-10 East
HOV lane in Houston. These systems are
being upgraded and expanded as new
technologies become available.

Automatic vehicle location (AVL)
systems are currently being used by transit
systems in Ann Arbor, San Antonio, and
Baltimore. These systems track the location
of buses, providing information on delays,
current travel status, and a variety of other
operational characteristics.
The AVL
system in operation in Ottawa, Canada is the
only current example in use on an HOV
facility. The Ottawa AVL system is also
being used to provide real-time information
to current riders and potential customers.
This project will be discussed more
thoroughly under the next category and will
be highlighted at one of the workshop
sessions tomorrow.

In addition, other areas with HOV
projects are planning and developing
advanced traffic management systems. For
example, the use of Autoscope, a video
image processing system, is being
implemented on the I-394 HOV and freeway
system in Minneapolis.
Linking other
elements of a systemwide HOV program,
such as the parking garages in downtown
Minneapolis associated with the I-394
project, can further enhance the overall
operation of the transportation system.
Opportunities exist in many areas to utilize
IVHS technologies to better coordinate these
different elements, improving the
effectiveness of the total system.

Further application of AVI and AVL
systems may hold promise for improving the
operation of HOV facilities. For example,
electronic tags could be used to identify
eligible carpools and vanpools, aiding in the
enforcement of occupancy requirements.
The same types of tags could also be used at
parking facilities, where lower rates for
HOVs may be offered.
The use of
expanded and improved advanced traffic
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management systems may also provide
significant benefits for HOV lanes. Not
only can these systems enhance the
surveillance and control functions, allowing
quicker response to incidents, but when
combined with other IVHS elements, they
can help promote mode changes, route
changes, and travel time changes.

changes in travel time. The demonstration
is based on the hypothesis that commuters
who have quick and easy access to relevant,
accurate, and up-to-date information on
existing traffic conditions, bus routes, bus
~chedules, how to use the bus, and instant
carpool matching services will be more
likely to use public transportation and other
high-occupancy commute modes.

Advanced traveler information systems
(ATIS) focus on the provision of pre-trip
and in-vehicle information to travelers on
current traffic conditions and real-time
guidance on route alternatives.
At the
present, changeable message signs are the
most widely used application with HOV
facilities. However, combining ATMS and
ATIS to provide improved information to
travelers and to encourage greater utilization
HOV facilities is being explored in a
number of areas. This is another area that
appears to hold great promise.

Two possible demonstrations are being
explored. One focuses on a traditional
suburban-to-downtown travel market, while
the other focuses on a suburban-to-suburban
travel market. It is anticipated that the
former will focus on bus oriented travel,
while the latter will focus on instant
carpooling. HOV lanes operate in both
corridors, providing travel time incentives to
HOV users.
Both a market assessment and a
technology assessment have been conducted
as part of this study. The market analysis
started with a review of existing literature
and studies. One of the more interesting
studies is a 1989 survey of commuters on 15 in Seattle. The results indicate that
approximately 16% of those surveyed
change their travel mode based on radio and
television traffic reports. Further, some
40% change either their travel route or
travel time.

The Ottawa-Carlton Regional Transit
Commission is coordinating the development
of an AVL system with an improved transit
information system. Real-time information
on the status of buses, available through the
AVL system, will be provided at major
stops and high volume passenger areas.
A concept, which would provide current
traffic and transit information to individuals
in their home and work place, is being
examined in Houston, Texas. A preliminary
evaluation of the Houston Smart Commuter
Demonstration Project, funded by the Urban
Mass Transportation Administration, the
Metropolitan Transit Authority of Harris
County, and the Texas State Department of
Highways and Public Transportation, is
being conducted by the Texas Transportation
Institute.
The study is examining the
potential for gaining more efficient use of
travel corridors through greater utilization of
high-occupancy commute modes and the
HOV lanes, shifts in travel routes, and

Additional testing of the Smart Commuter
concepts has been accomplished through the
use of focus groups. This exploratory
market research
technique provided
additional insights into the commute habits
of employees in the two markets, their
views on current traffic reports, and
reactions to possible elements of a
demonstration project.
A number of
important points emerged from these groups.
First, although individuals like to have a
regular commute pattern, they also want to
have options and alternatives available.
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While most commuters listen to commercial
traffic reports, they have a somewhat low
opinion of the reliability of the information
provided. Thus, they stressed that to be of
use, the information provided must be
accurate and timely.
Keeping the
information delivery process simple and
providing not just information, but solutions,
were also stressed by focus group
participants.

CVO projects to date have focused on heavy
trucks, other commerical vehicles, such as
taxis, airport shuttles, and intercity buses,
also fall within this category. These types
of operations could benefit from HOV !VHS
applications. Additional research appears
appropriate to further explore possible CVO
!VHS projects and the potential benefits and
issues associated with these.
In conclusion, it appears that more
extensive use of IVHS technologies with
HOV facilities could provide a variety of
benefits. First, the application of advanced
traffic management systems may improve
the' overall operation of HOV lanes. The
use of automatic vehicle identification
technologies could be used to enhance the
monitoring and enforcement of preferential
facilities.
Second, the combination of
advanced traffic management and advanced
traveler information systems may increase
the use of HOV lanes and encourage
changes to high-occupancy commute modes.
Finally, exclusive barrier separated HOV
lanes offer protected, controlled
environments that appear well suited for the
testing of advanced vehicle control systems.

A number of potential technologies were
examined for delivery of the traffic and
transit information to individuals in their
home and work place. These included touch
tone and cellular telephones, commercial
and highway advisory radio, commercial and
public access television, and videotex
technologies. Consideration is being given
to the use of combinations of these
technologies and the use of different
approaches in the home and in the work
place.
The !VHS category of advanced vehicle
control systems (AVCS) is receiving a good
deal of attention. It has been suggested that
the testing and initial application of these
technologies will occur in exclusive barrier
separated HOV facilities. These HOV lanes
can provide a relatively closed, yet realistic,
environment for these activities. Currently,
only one HOV lane is being used to test
AVCS technologies. This is the I-15 HOV
facility in San Diego, which has been used
by the California Department of
Transportation during the midday, when it is
normally closed, for the testing of collision
warning and coiiision avoidance devices.
Approximately 3 to 4 tests have been run
and additional tests are planned for adaptive
cruise control technologies and multiple
vehicle platooning.

The use of HOV facilities has come a
long way since the opening of the first HOV
lane on the Shirley Highway in 1969. Since
that time, we have seen not only an
extensive growth in the number of HOV
lanes, but also an expansion on our expertise
in dealing with the issues, problems, and
opportunties that these types of facilities
address. The potential for combining HOV
and !VHS technologies present even more
exciting opportunities.
I think the next 5 to 10 years will offer a
number of opportunities to enhance the
efficiency and effectiveness of HOV
facilities through the application of !VHS
technologies. As the two speakers this
morning noted, these types of applications

Currently, no !VHS commercial vehicle
operation (CVO) applications are being
utilized with HOV facilities. While most
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are compatible with federal policies and are
being encouraged by FHWA and UMTA.
The challenges and opportunities for the
innovative application of HOV and IVHS
technologies are before us; as transportation
professionals we now have the responsibility
to respond.
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Enforcement Issues
Associated with HOV

current enforcement practices and
experiences, highlight some of the current
issues, and offer some possible resolutions
to these concerns.

Facilities
Charles Fuhs

Enforcement activities are usually focused
on ensuring that vehicles using the HOV
facility meet the required occupancy levels.
This is important to ensure that the lanes are
being used for their intended purpose; that is
to provide priority treatment to highoccupancy vehicles.
Practically all HOV facilities require
some form of enforcement.
Thus,
enforcement needs should be addressed for
all types of facilities.
However, some
varieties of HOV lanes, such as barrier
separated facilities, are easier to enforce
than other kinds of treatments. Occupancy
requirements on contraflow facilities are also
usually easier to enforce, as violators are
very noticeable. In general, non-separated
concurrent flow lanes, while often the
lowest cost, are the most difficult to
enforce.

Parsons Brinckerhoff Quade &
Douglas, Inc.

Violation rates, which represent the
number of vehicles not .meeting the
occupancy requirements, quite predictably
vary by the type of design.
Barrierseparated facilities tend to have lower
violation rates than non-barrier separated
concurrent flow lanes. Examples exist of
concurrent flow facilities with violation rates
as high as 50 to 75 percent. Obviously
enforcement becomes a major concern in
these types of instances.

Enforcement is recognized as a critical
element to the successful operation of all
types of HOV facilities.
The role of
enforcement has been well documented in a
number of publications. However, even
with the recognized importance of
enforcement, issues related to enforcement
are still frequently identified as needing to
be more closely addressed. The increase in
HOV facilities in many areas, including the
development of regionwide HOV systems,
mean that enforcement will continue to be
an important issue.

Considering the needs of enforcement
personnel in the design stage is critical to
ensuring that the HOV facility can be
enforced.
Unfortunately, all too many
examples exist of projects where
enforcement needs were not adequately
considered in the design process. In some
cases enforcement areas have not been

The Enforcement White Paper provides
an overview of recent experience, studies,
and issues regarding HOV enforcement. I
would like to briefly review some of the
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designed into the project. As a result, space
is not available for enforcement personnel to
either wait or to pull violators over.
Confusing signing can also be a problem for
enforcement.
Changes in occupancy
requirements or operating hours are not
always reflected in current signing.

HOV lanes are first opened, followed by
period saturation on a 3 or 6 month basis.
Current experience identifies a number
issues common with all types of facilities.
The first of these is the need to consider
enforcement requirements in the design of
the HOV facility. Enforcement agencies
have different perspectives on what is
needed and therefore should be included in
the design process. Second, HOV facility
enforcement is usually the responsibility of
state and local police. Only a very few
projects have their own dedicated police
forces.
Thus, in most cases, HOV
enforcement is only one of many
responsibilities of the police. Compared to
the more significant and potentially life
threatening responsibilities, HOV lane
enforcement understandably often has a low
priority.

The bottom line to these issues is that
enforcement is . not always given the
consideration it deserves in the design
process. As noted, this causes problems in
the actual operation of the facility, resulting
in a lane that does not perform as it should.
I would briefly like to review the
different types of enforcement strategies that
are often used with different HOV
treatments.
As I mentioned, barrierseparated lanes are relatively easy to patrol.
Enforcement usually takes place at either the
entrances or exits to the facility. Violators
can be stopped as they enter or exit the lane.
Similar techniques are often used with
contraflow facilities. Queue by-passes, such
as those at a toll facility or around a bottleneck, are also relatively easy to enforce.
Special enforcement areas may be provided
in conjunction with these facilities, allowing
the enforcement vehicle to stay out of the
general stream of traffic.

Public attitudes represent a third issue
that influences HOV enforcement. As Heidi
Stamm noted this morning, a public that is
cultured and cultivated on the benefits of
HOV facilities can play a major role in
ensuring that they are properly used. Thus,
marketing does play an important role.
Adequate penalties represent a fourth
issue influencing violation rates and
enforcement. A number of recent surveys
have identified the penalties associated with
violation of the HOV occupancy
requirements. It may surprise some of you
that there are some HOV projects where the
first offense equals a $246 citation.
However, the average fine is between $50
and $60; not necessarily a level that gets the
attention of the average violator. Further,
self enforcement programs, like the HERO
program here in Seattle, can go a long way
in keeping violation rates low without major
enforcement activities.
They can also
provide an effective marketing technique for
the HOV facility.

Concurrent flow lanes tend to be the most
difficult to enforce. This is due to the easy
ingress and egress these facilities offer and
the lack of adequate enforcement areas with
many projects. Providing a shoulder or
enforcement area can help, but often limited
right-of-way prevents this.
Instead of
enforcement personnel stationed at one
location, which is often the case with barrier
separated facilities, a more common
technique with concurrent flow lanes is the
use of roving patrols. In addition, saturated
enforcement is often used to provide a high
level of enforcement over a short period of
time. This technique is often used when
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The final issue relates to enforcement
techniques and the potential to improve these
through the application of advanced
technologies. As Katie mentioned, there
appears to be a variety of approaches and
technologies that could improve enforcement
activities. Generally, current enforcement
methods are very similar to those used 10
and 20 years ago. Advances in technology
may allow for improved approaches to
enforcement.

some areas to communicate the purpose and
use of HOV facilities. These newsletters
and other marketing activities are geared
toward improving communication with the
public to promote the proper use of the
HOV projects.
Currently, it appears that we are still
trying to identify what appropriate penalties
should be applied for violating HOV lane
requirements. Obviously, the fine needs to
be high enough to deter repeat offenders.
However, I am not sure we know what this
level is. In addition to the amount of the
fine, to be an effective deterrant, the court
system must uphold the citation. In many
areas this is not always the case.

Reviews of HOV projects around the
country show a number of recent trends
related to enforcement. First, enforcement
personnel and agencies are increasingly
becoming actively involved in the design
and operation of HOV facilities.
Enforcement personnel have become
significant participants in project
management and operation terms, helping to
ensure adequate consideration of
enforcement needs during all phases of the
planning, design, and operation of HOV
lane projects.
A number of good
enforcement design provisions also exist
with HOV projects. These provide adequate
and safe enforcement areas and represent
examples that can be transferred to other
projects. California has developed a state
standard for enforcement provisions, based
on numerous years of experience.

Finally, while the use of advanced
technologies hold promise for improving
enforcement capabilities, they should not be
viewed as the magic solution. Clearly,
some applications appear to provide
enhanced enforcement capabilities.
However, they do not represent a total
solution, at least not at this time.
Enforcement officers are still needed in the
field. In addition, state and local legislative
changes are often necessary to implement
some of these new approaches. The use of
the ticket by mail program in Virginia,
which required new legislation, is a good
example of this.

Signing is another area that more
attention is being given to and numerous
improvements have been made in recent
years. The new Institute of Transportation
Engineer (ITE) standards, which will be
available soon, highlight the signing details
that should be considered for different types
of projects.
These will provide better
guidelines on clearer communications with
the motoring public.

In closing, I think that there are a
number of good examples of innovative
approaches to enforcement that can be used
as models for new and existing programs.
Many of these use a combination of
improved enforcement areas, new policy
initiatives, and advanced technologies.
Experience seems to indicate that approaches
which combine all these elements are the
most successful and should be the focus of
future enforcement activities.

Good examples also exist of improved
marketing and public information activities.
Newsletters have been used effectively in
43

HOY FACILITIES IN THE

for a public vote. It was suggested that we
should first identify the 2020 three-county
system and make sure there was support for
this plan before moving ahead with the
Alternatives Analysis. Currently, we are in
the process of developing the 2020 system
plan. The three main alternatives being
considered are a low-cost TSM plan, a midrange transitway alternative, and a higher
cost rail option.

SEA TILE REGION

Moderator: Secretary Duane Berentson
Washington State Deparlment of
Tronsportation

Seattle Metro's Hieb-Capacity
Transit Study
Martin Baker
Progrom Manager, System Planning
Seattle Metro
I would like to provide an overview of
the high-capacity transit planning activities
currently underway in the Seattle area.
There is an interesting history to many of
the current efforts. Rapid transit votes
failed in 1968 and 1970, and a System
Planning effort from 1984 to 1986 ended
inconclusively. In 1988, there was renewed
interest in high-capacity transit planning in
the Puget Sound area. This culminated in
voter approval of an advisory ballot measure
which urged agencies to plan rail transit
more rapidly.

I would like to briefly summarize some
of the key aspects of the Seattle area that
influence our transportation system and then
describe the three alternatives. I will focus
mostly on the TSM alternative, as the HOV
lane system provides the key investment for
this option. Ron Anderson will follow with
a few more specific details on the HOV lane
system in the Seattle area.

Initially, in response to this measure,
Seattle Metro anticipated identifying a
priority corridor from the 1986 system
planning effort. However, we soon realized
that a larger system, encompassing three
corridors would probably be needed. Thus,
we reoriented our efforts and developed a
scope of work to conduct an Alternatives
Analysis on three corridors. UMTA agreed
to go along with this, as long as we
identified a single corridor for UMTA
funding purposes early in the process.

The TSM alternative includes the
approximately 250 miles of HOV lanes
planned for 2020.
Building on these
facilities, the TSM alternative represents a
sound, lower cost, comprehensive program
of improved transit service. It also provides
the bases off which the other alternatives
pivot; it is a foundation, in other words, of
any high capacity transit system.

As the final alternatives to be carried
through the Alternatives Analysis process
were being identified, some groups became
concerned that we were getting too detailed
45

support facilities, in addition to the HOV
system itself. Arterial HOV lanes are key
to this system's future productivity, given
the prominance of our transit passenger
miles on arterials versus freeways.
Connectivity of freeway and arterials has to
be achieved to make TSM successful as a
future integrated system.

The TSM alternative is designed to
respond to the problems we see in our
region. These include separating buses from
traffic congestion and filling the gaps in the
current HOV lane system. One of our more
challenging problems is providing better
direct access to the different employment
centers. This problem is likely to be the
greatest point of comparison between our
alternatives and where our TSM alternative
is weakest.

We hope to complete the system planning
activities during 1991 and develop a specific
2020 system and financial plan. This plan
will then be taken to the voters for their
consideration. Based on voter approval, AA
and preliminary engineering would be
initiated.

We have received some direction from
the Council in defining this TSM alternative.
For example, we include a 40 % to 50 %
increase in transit services by 2010. Much
of this increase in service will be directed at
suburban employment centers, areas of high
growth, adding service to productive routes,
and improving circulation within activity
centers. In addition, our annual service
level would grow from 2. 6 million hours in
1990 to 3.85 million hours in 2010.

Downtown Seattle Transit Tunnel
Rick Walsh

Deputy Tmnsit Director
Seattle Metro

The transit system in the Seattle area has
evolved from one serving primarily radial
trips focused on the downtown area to a
multi-destination system. As you will see
on the tours this afternoon, much of the
southern portion of the county has lower
densities, making its travel patterns difficult
to serve with regular route transit. The city
of Bellevue, to the east, is a major
employment and activity center which needs
its own radial system.
The service design guidelines being used
in the analysis include route design, service
coverage, frequency, speed and reliability,
simplicity, and productivity.
We are
looking at a mix of services including
regular route, demand-responsive and
customized service, and carpooling and
vanpooling. The capital components of the
TSM alternative include expansion of the
bus fleet, HOV priority treatments, parkand-ride lots, transit centers, and other

I would like to provide a brief overview
of the Downtown Seattle Transit Project,
which we fondly refer to as our bus tunnel.
I really have two tasks; to tell you about the
tunnel, and to ·give you some background on
why the tunnel was developed.
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Seattle has experienced a steady growth
in the downtown area.
Like many
metropolitan areas, this presents a problem
with increased congestion. The geography
of the Seattle area makes this congestion
even worse. In many cases our buses reach
average operating speeds of only 3 to 4
miles an hour in the downtown area -- you
can walk faster. The solution for us was a
1. 3 mile bus tunnel in the downtown area.

ridership response has been very good,
especially from the University district to the
north of downtown.
I would like to walk you through a
typical bus trip using the tunnel. You enter
the in-bound staging area from the surface
streets or one of the HOV connections. The
bus will pull to a platform, the driver
presses a button to kill the diesel engine, the
trolley poles are extended to the electric
wires above, and the electric motor comes
on. With a smooth mode-change only about
30 seconds elapses before the coach is ready
to proceed through the tunnel in the trolley
mode. In the future, buses will move
through the tunnel in platoons of 3 to 5
buses. At the other end, the process is just
reversed and the bus continues its route
using diesel power.

There were several reasons why we chose
to build a tunnel rather than utilize a surface
treatment. First, we have limited streets and
thus capacity in the downtown area. This,
compounded with short blocks, would make
it virtually impossible to convert a surface
mall or other surface treatment to rail at
some point in the future. However, the
tunnel provides both future capacity for
buses and the ability to convert to rail.

We are currently operating 13 routes in
the tunnel with about 15,000 passengers a
day. It appears that we have attracted new
riders to the system since the tunnel opened
and we hope this trend will continue as
more routes are able to use the tunnel. I
hope you enjoy the tour of the HOV
facilities this afternoon and have an
opportunity to see the bus tunnel.

The major components of the project are
the tunnel, the surface circulation system,
surface improvements, and the dual-powered
bus technology. The tunnel starts in the
south end of the downtown area in the
International District. There are 5 stations
along the tunnel, each with its own
architecture and design, reflecting the main
activities in the surrounding area. At the
north portal there is a direct connection to
the 1-5 HOV lanes and at the southern most
station there is a connection to an exclusive
busway. By early 1992 there will also be a
connect to the 1-90 HOV lanes.

The HOY System In the Seattle Area

Ron Anderson
District Administrator
Washington State
Department of Transporlation

Routes serving the major activity centers,
high ridership routes, and routes from many
different neighborhoods and communities in
King County are currently using the tunnel.
The bus tunnel obviously creates a focal
point for our service. In addition, we have
helped reduce congestion in the downtown
area by removing many of our buses from
the surface streets. Eventually we will have
235 dual-powered buses in service. The

One of the things I have learned in the
short time I have been in the Puget Sound
region is that people have strong feelings -both positive and negative -- about the HOV
lane system. One thing that has been
pointed out at this conference is that
different agencies and groups have different
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stakes in HOV facilities. Transit agencies
look at HOV lanes as a key element for
keeping their buses on schedule, making
their services more competitive with the
automobile, and improving operating
efficiencies. Carpools and vanpools also
think of the HOV facilities as theirs,
providing travel time savings and travel time
reliability. Last, the general public often
feels they should have access to the lanes,
especially if the lanes are viewed as not
adequately utilized.

the Interstate completion program. We hope
that continued funding for HOV facilities
will be available through the reauthorized
Surface Transportation Act.
We also
anticipate using additional state funds.
However, the funds anticipated from these
three sources are still not expected to cover
the full amount. Therefore, we anticipate
needing to utilize a wide variety of other
sources. These may include local option
taxes and local option funding, UMTA
programs, oil rebate funds, and private
sources.

I think we have been fortunate in the
Seattle area in that we have excellent
cooperation between the different agencies
involved with HOV facilities, and generally
good compliance from the motoring public.
As a result, I think we have a very effective
system that enjoys widespread support. I
would like to provide a brief overview of
some of the major elements of the Seattle
HOV system and our future plans.

You will have the opportunity on the tour
to see just about every type of HOV facility.
We have inside and outside concurrent flow
HOV lanes, separated HOV lanes on the
new I-90 facility, direct HOV connections,
and the bus tunnel. We also have interim
HOV lanes under construction on the I-5
South facility. This project consists of
narrowing 4 general-purpose lanes and
rebuilding the inside shoulder to
accommodate a fifth HOV lane. Both the
HOV lane and the general-purpose lanes will
be 11-feet wide; with a 3-foot shoulder
provided next to the HOV lane.

Our first HOV lane was initiated as part
of the Blue Streak demonstration project in
the early 1970s. Today, our core system is
comprised of approximately 50 miles of
HOV lanes. By 2000, we would like to
have approximately 273 lane miles
constructed. To date we have spent nearly
$500 million on HOV treatments in the
region. A good share of the funding has
been part of the Interstate completion project
on I-90. We will spend approximately $350
million on the HOV elements associated
with I-90. The other major source of
funding has been the Interstate 4R program.
Approximately $100 million has been
utilized from this source. State funds have
comprised most of the remainder.

The HOV lane system is supported by
138 park-and-ride lots located throughout the
metropolitan area, with a total of some
2,200 parking spaces. Overall, these are
operating at 74 % of capacity, although some
of the more popular lots are at or slightly
over capacity. This creates some problems
with people parking inappropriately. Flyer
stops are used on many facilities, along with
ramp metering and HOV by pass lanes.
Transit centers are located at strategic spots
through the area.

Funding for the future is somewhat
uncertain. We currently need approximately
$1.4 billion to complete the projects in the
core 2000 system. About half of this is
funded, with $400 billion available through

You may have heard the term FLOW
system used to describe the comprehensive
approach being taken to manage the
transportation system in the Seattle area.
The FLOW system centers on the freeway
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operation system and includes ramp meters,
television monitors, detection loops, incident
response teams, and the different elements
of the HOV system. The HERO program is
also utilized to help enforce the HOV lane
occupancy requirements.
We still
experience some problems with violation of
the occupancy requirements; with violation
rates ranging from 10% to 40% depending
on the facility.
I think there is no question that HOV
facilities will continue to be a major
component of the transportation system here
in the Puget Sound area. We are looking
forward to the future expansion of the
system.
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LUNCHEON SPEECH

the big picture. In the public sector, where
I operate the same way, people tell me I
need to focus more on the big picture, and
less on the details.

Transportation in the Seattle Area
Fred Jarrett

I have been involved in government in
this region for over a decade. A large part
of my time has been spent on transportation
issues, either through METRO or the
Council of Governments. This includes
involvement with both HOV facilities and
public transit. I think the central challenge
we currently face in the Puget Sound region
is transportation; specifically how do we do
a better job of managing existing resources,
such as our financial and economic
resources, our environmental resources, and
our people resources.
I believe that the major problem we are
dealing with in trying to promote greater
utilization of high-occupancy commute
modes is a marketing problem. I suggest
that the single occupant vehicle, rather than
the private automobile, is our competitor.
Our goal should be to find niches in the
transportation market for particular products
that we can dominate, and in so doing,
reduce the dependence on the single
occupant automobile. I do not believe that
we will be able to reduce the number of cars
significantly; I think we are going to have to
live with what we have today.
This
indicates a marketing problem to me. How
do we define markets that are appropriate
for the technologies that we have available
including rail, buses, vanpooling, and
carpooling.

Manager, Business Management
Applications Processes and Systems
Definition Computing Management
Organiuztion
Boeing Company and
Councilman, Mercer Isla.nd
I am glad that many of you found my job
title amusing. Since many of your are in
the public sector, you may not realize that
the private sector also has its bureaucracy.
For many years people at Boeing have asked
me why I became involved in local and
regional politics. My response has been that
I have enjoyed having something outside of
my job where I can see things happen
quickly.

The population of the Puget Sound region
is approximately 2. 7 million. We have seen
a steady population and employment growth
over the last decade. We have also seen an
increase in the number of drivers and the
number of cars per capita. Like many
metropolitan areas, these trends have
resulted in increased traffic congestion and

I have found that there are both
similarities and differences between the
public and private sectors. For example,
Boeing has a very unique culture, that is
very analytical, engineering, and schedule
oriented. At Boeing, I am always told to
pay more attention to the details and less to
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decreased mobility. Metro buses are often
caught in the traffic congestion, which
lowers our service productivity. This year
we had to add about 50,000 hours of bus
service just to maintain our headways.

new Metro King County government. This
group would have control over both land use
and transportation policies and would work
with local jurisdictions to establish the goals
and strategies for those plans.

Air Quality is also an issue in the region.
Seattle has been a non-attainment area for
carbon monoxide for many years and we
were recently named an ozone nonattainment area as well. We will have to
work hard at finding ways to reduce air
pollution levels in the region. Reducing the
use of single-occupancy vehicles is made
harder given recent trends toward
suburbanization,
two wager earner
households, and relatively low gasoline
prices and parking rates. I think it is
important to note that federal tax policies
favor free parking, while providing only a
$15.00 tax break for transit use.

We have also worked very hard in the
area of travel demand management.
Elements of this program include a
commuter pool and metro vanpool program,
a market development group, trip reduction
ordinances, the guaranteed ride home
program, the U pass program at the
University of Washington, and other support
elements.
Metro's market development
group has done a good job of identifying the
types of people who do and don't use the
bus and how the transit product can be made
more of an attractive alternative to people.
Finally, we have been working on the
idea of efficient highways. This means how
do we move more people, not more
vehicles. The HOV system is the key
element of this approach. We currently
have some 50 miles in operation and another
50 miles under construction. The new bus
tunnel is a major component of this system.
It appears that the tunnel has led to
increased ridership on many of the routes
currently using it.

We have been relatively innovative in the
approaches taken to try to address these
issues. We have adopted a number of land
use policies that focus on concentrating
development. Last year the state enacted
relatively strong growth management
legislation.
This provides local elected
officials with not only the tools, but also the
incentives to start developing plans for
dealing with growth, land use, and
transportation issues.

It is important to note the change in focus
that has occurred within the Washington
State Department of Transportation. Over
the past few years, the Department has
changed its focus from highways only, to a
broader view of moving people rather than
vehicles. The Department has been very
supportive of public transportation in this
change of focus. The aggressive stance of
FHWA in support of HOV lane
developments has also been very positive.
We now need to look more closely at the
use of HOV lanes on arterial streets.

In addition, we have been working
through the Summit process, or Gang of 21,
on governmental structure issues. We are
trying to maintain a local focus, so that each
process is designed to meet specific local
needs.
The purpose is to establish a
collaborative approach that builds on the
growth management legislation that the state
put together in the last year. This includes
insuring that all the basic elements necessary
for comprehensive land use planning are
located in one policy body. These elements
will be located in what we are calling the
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I would like to close by noting the goals
recently adopted by the Metro Council.
First, we want to make transit a competitive
alternative to the single occupant
automobile. Second, we want to present a
plan to the voters in 1992 that addresses a
long-term program for transit in the region.
Third, we want to be sure the transit and
transportation components are tied to the
land use and growth management goals and
policies. We have also established goals
relating to human relations, basic services,
financial structure, and the transit dependent
population.
In conclusion, I think we can be very
proud of the public and private efforts that
have been undertaken in this region to try to
address our transportation and land use
problems. We will need to continue these
efforts, but I think we have developed a
strong base to work from.
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all agencies involved in planning, design,
operation, and enforcement activities. A
close working relationship between the state
department of transportation or highway
department, the transit agency, and the
enforcement agency is especially important.
All parties need to be actively involved and
committed to maximizing the use of the
facility.

Tom Stenger
Executive Director
Washington Transporlation
Policy Institute
I would like to focus my comments this
morning on a few broad policy areas that I
think are critical to the future of
transportation in our metropolitan areas.
First, it is important to remember that HOV
lanes represent just one element of a multimodal system. HOV lanes are appropriate
in many instances and represent one very
good tool for dealing with mobility and
traffic congestion in major travel corridors.
However, they are not the total solution and
they are not appropriate in all situations.

Fourth, HOV lanes often do result in
increased operating costs for transit agencies
if new services are implemented in
association with the opening of the facility.
The cost of new services can be significant
and this needs to be considered in the
planning stage. Also, enforcement is critical
to the success of the HOV lanes. Thus,
additional resources may need to be
allocated to ensure that the lanes are
adequately enforced.

My second point relates to considering
HOV lanes as a part of the permanent
transportation system. HOV lanes need to
be considered in a system context and
coordinated with other elements of the
multi-modal transportation system. HOV
lanes can be lost through political action that
may be the result of a perception that the
lanes are not adequately utilized.
Legislative action or political pressure in
some areas has lead to the redesignation of
HOV lanes into general-purpose traffic
lanes.
This potential of legislatively
mandated changes is somewhat unique to
HOV facilities. Thus, we need to be aware
of this possibility and ensure that accurate
information on their use and benefits is
provided to representatives at all levels of
government. For example, the Washington
State legislature has considered setting the
occupancy requirements for all HOV
facilities in the state.

Fifth, it is also important to consider the
costs associated with other support elements.
These include the capital costs associated
with park-and-ride facilities and costs for the
rideshare matching and public information
programs. These elements are needed to
support the HOV lanes.
Sixth, I would like to suggest that we
take a closer look at the aesthetics associated
with the HOV lanes and support elements.
We may be able to do a better job of
designing these facilities to be more
aesthetically pleasing; making driving or
riding more enjoyable.
My last point relates to how we address
our longer term transportation problems.
We need to develop long term strategies to
address the increasing demands being placed
on our transportation system. I would
suggest that a number of different
approaches including additional freeways,

Third, the success of HOV facilities
depends largely on the close cooperation of
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HOV lanes, and other techniques will be
needed to meet future travel demands.

developing guidelines on how the system
should be used.
A third issue that has come up again
recently is the potential for converting an
existing general-purpose traffic lane into an
HOV lane versus building additional
capacity. While there appears to be some
public acceptance to converting a lane in one
area of Seattle, there is also a concern that
such an action could result in significant
public and political back lash if it resulted in
increased levels of congestion in the mixedtraffic lanes.

Renee Montgelas
Assistant for Transportation
Washington Governor's Office
I would like to outline a number of issues
that are often raised at the state level
concerning HOV lanes. These are based on
the different opinions I often hear expressed
about HOV facilities working in the
Governor's office. Obviously, these include
comments from individuals in favor of HOV
lanes and those who feel they should be
open to general traffic. I would also like to
briefly discuss the environment at the state
level within which many of the policies
affecting HOV facilities and transportation
in general are made.

A fourth issue relates to establishing
priorities for the future development of the
HOV system in Seattle. Ideally, projects
should be ranked on the basis of an agreed
upon set of measures. However, lower
priority projects may be moved ahead of
higher priority facilities in response to
public or political pressure. We have seen
examples of this occurring in the Seattle
area and I am sure it has happened in other
areas also.

The types of issues I hear raised most
frequently relate to the operational aspects
of both current facilities and those planned
for the future.
As Tom noted, the
occupancy requirements continue to be a
major topic of interest at the legislature. As
you are aware, some HOV lanes in Seattle
utilize a 2 + occupancy requirement, while
others require 3 or more people.
Legislation has been introduced that would
allow the 3 + requirement to be dropped to
2 +. Much of the impetus behind this move
relates to the empty lane syndrome or the
perception by a number of people that the
lanes are not adequately utilized.

Funding represents a fifth issue. In
Washington we have a split between the
eastern and western parts of the state, much
like the urban and rural splits in many
states. This split often makes it hard to
secure the needed votes on funding
measures, such as HOV facilities, that
benefit only the eastern portion of the state.
Authorizing local option taxing authority has
been one response to this.
I would like to close by noting the tie
between HOV facilities and travel demand
management (TOM) strategies. In the last
session, the Washington legislature passed a
fairly innovative travel demand management
program.
This program, which is
mandatory for employers with 100 or more
employees, requires employers to develop

Another issue that is often raised relates
to the operating hours for HOV facilities.
While Seattle HOV lanes currently operate
on a 24-hour basis, arguments continue to
be made for limiting the operating hours to
the peak-periods only. This is another area
that the legislature has considered
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commute trip reduction plans. These plans
must address how employers will reduce the
number of their employees who commute in
single occupant vehicles. The legislation,
which is targeted primarily to nonattainment areas, sets specific goals and
schedules.
However, although the
development of commute trip reduction
plans are required, the law does not set
penalties for non-attainment. The only
penalities relate to the lack of a good faith
effort on the part of employers. In order to
make these programs successful, HOV and
transit facilities and services must be
available.

transportation problems in the Puget Sound
area.
We tend to define HOV facilities very
broadly to include the variety of support
services, facilities, and programs that are
needed to ensure their success. Seattle
Metro focuses on providing a wide range of
products to meet the needs of specific
markets. The HOV system offers incentives
and improvements for many of our transit
products. We also see marketing and public
information as very important elements of
the overall system.
The approaches utilized in Seattle include
express routes, park-and-ride services,
ridesharing, TDM efforts, guaranteed ride
home programs, and other innovative
approaches. Parking management, land use,
and zoning also need to be part of the
comprehensive approach.

Paul A. Toliver

Ensuring that the different HOV lanes
and supporting facilities are linked together
into a system is important. This can help
provide incentives to HOVs on all portions
of the trip. In addition, it is important to
remember that the HOV system is just one
part of the overall transportation system. A
variety of other facilities, services, and
techniques will still be needed to help
manage our future transportation needs.

Di.rector of Transit
Seattle Metro
Mikal Wasch
I would like to share with you Seattle
Metro's perspective on HOV facilities in the
Seattle area.
First, we have seen an
increase in ridership on routes using HOV
lanes. This is due primarily to the decrease
in travel times and the increase in travel
time reliability provided by the HOV
facilities. The HOV lanes also provide
similar incentives to carpoolers and
vanpoolers.
All of these modes are
important for helping solve the

Employee Programs Manager
Boeing Corporation
One of the challenges we are facing at
Boeing is how to encourage our employees
to use buses, vanpools, and carpools. This
really amounts to changing the culture and
the way people commute. Boeing has had a
great deal of help from the local transit
agencies in addressing questions of cost and
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convenience with the different transit
alternatives. This has included designing
routes specifically for our employees,
developing subsidy programs to reduce the
cost of transit options, and providing other
support services.

program elements. This has provided the
unique opportunity to bring representatives
from the different public agencies together
with Boeing personnel to work on the
different program elements. I think the
work of the steering committee has had a
very positive influence on the program. We
look forward to continuing our involvement
in these different efforts and are committed
to promoting the use of buses, vanpools, and
carpools with our employees.

These efforts have resulted in some very
impressive increases in transit use on the
part of Boeing employees. For example, at
our Everett plant bus use has increased from
1,000 to 2,000 employees. A 600 to 1,200
increase occurred at our Renton plant. Our
overall goal is to increase vehicle occupancy
levels from our current level of 1.2 to 1.5.
Although Boeing represents only 9% of the
regional work force, we account for about
half of the vanpools organized by Metro and
Community Transit.

Terry W. Ketcham

We are also involved in assisting other
companies set up transit subsidy and
commuter programs. Through the Boeing
loaned executive program, we have helped
eight local firms establish their own
employee commuter assistance programs.
We also share information on our programs
with businesses and other groups all over the
country.

Sergeant
Washington State Patrol

Thus, Boeing has taken a very pro-active
role in promoting all types of transit options
with our employees. I think this puts us in
a good position to respond to the recent air
quality legislation which places specific
requirements on firms with 100 or more
employees.

It would seem that with a name like
Ketcham, I was born to be a policeman. In
actuality, however, I started my professional
career as a teacher. In some ways teaching
is still involved in my job today. Instead of
teaching music, I teach math; how to count
to three to use the HOV lane.

We have seen a number of changes in
our program since it started in 1980. At
one time we had a company sponsored
vanpool fleet of almost 100 vans. However,
due to high maintenance costs, Boeing
transferred ownership of the vehicles to
Metro. When we started the program in
1980 we also initiated a steering committee
to help develop and coordinate the different

Let me share with you some of my ideas
relating to HOV facilities. We know that
the HOV lanes are designed to transport the
maximum number of people by encouraging
carpooling. HOV lanes are ineffective,
however, unless the occupancy requirements
are enforced. There are four major ways
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we can improve upon our current efforts in
this area.

occupancy violations are routinely dismissed
by the courts. For the system to work we
need judges who understand the
requirements and are willing to uphold them
in court. The public has to know not only
that there is a certainty of being caught, but
also that there is a certainty of punishment.

First, I would encourage enhanced
enforcement of HOV lanes. HOV facilities
are used most heavily during the morning
and afternoon commute periods. These are
the times when the general purpose lanes are
the most congested. It is during these
periods that people have the greatest
tendency to violate the HOV lane
requirements to save a few minutes in travel
time. It is very expensive to hire, train, and
equip a police officer. Thus, special police
enforcement for just the peak-periods is
expensive. A more cost-effective approach
may be to pay regular officers overtime to
handle these periods. This approach has
been used successfully in Ottawa and
California.

Finally, we need to do the best job we
can of educating the public. The HERO
program has been successful as both an
informational and an enforcement program.
Further, the traffic spotters identify the
congested areas and remind motorists of the
HOV lane requirements. The signing for
the HOV lanes in Seattle is very good, and
is improved whenever a problem is
identified. Thus, the public cannot claim
they are unsure of the lane requirements. It
takes a combination of enforcement, fines,
the court system, and a public educational
program to make people voluntarily comply
with the HOV restrictions.

What we really want from the motoring
public is voluntary compliance. To get
voluntary compliance, however, people have
to feel that there is a good chance they will
be caught if they do try to use the lane
improperly.

All of these, of course, are based on the
premise that the HOV lane was designed
safely, with adequate enforcement areas.
No one has ever been killed because he or
she violated the HOV lane restriction. We
cannot ask our police officers to place their
life on the line for a non-life threatening
violation. It is essential that representatives
from the enforcement agencies be involved
early in the design process to ensure that
adequate enforcement areas are provided.

We also need higher fines to discourage
people from violating the lane requirements.
In Washington State the fine for violating
the HOV occupancy requirement is $47,
regardless of how many times you are
caught. I have stopped people who have
indicated that they will take a chance of
being caught and paying the fine because it
is not that expensive; for them it represents
the cost of doing business. Other areas,
primarily California, have higher fines,
especially for repeat violators. Their lack of
repeat offenders indicates that higher fines
work.

We all share a common goal of providing
for the safe and expedious movement of
traffic. HOV lanes are one of the ways we
can accomplish this. By increasing the
police presence, encouraging voluntary
compliance, and by designing safe roadways
we can accomplish this goal together.

Third, we need a court system which
supports the citations that are issued. There
are too many examples, including cases in
the Seattle area, where tickets for HOV
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Dennis L. Christia.nsen

further encourages HOV lane development
and federal legislation currently being
drafted favors HOV lanes. These represent
significant changes in just the last few years.
The people in this room deserve a great deal
of credit for many of these activities.
Looking ahead, I think there are a
number of areas we still need to improve
upon. First, I think we need to do a better
job of translating what we have learned into
improvements in the field. We know a good
deal more about the best ways to plan,
design, operate, market, and enforce HOV
lanes. We need to make sure that this
experience and knowledge is shared with
others just starting projects for the first
time. Second, I think we need to establish
a set of uniform procedures for developing
HOV lanes.
Successful HOV projects
require a great deal of interagency
cooperation and hard work. Developing
uniform procedures will help identify the
steps and groups that need to be involved in
the process.

Division Head
Texas Transporlation Institute
The Texas A&M University System
If I was a New England politician, I
would schedule a town meeting for the
morning after a boat cruise. Even a Texas
politician might be able to pass a state
income tax this morning.
I think one of the advantages of a
conference like this is that it provides the
opportunity to reflect on where we have
been and what we have accomplished as a
profession. As far as HOV facilities are
concerned, I think we have accomplished a
great deal over the last few years. I think
these accomplishments can be seen in many
different ways.

Funding continues to be an important
issue. The proposed federal legislation
would provide priority funding for HOV
lanes. Currently, however, the federal
funding ratios for developing an HOV lane
with FHWA funds are higher than if UMTA
funds are used. Even we in Texas can
figure out that which program should be
pursued. These issues are being looked at
by the HOV Coalition, and a more equitable
approach between FHWA and UMTA is
needed.

First, in the decade of the 1980s, the
miles of operating HOV lanes tripled. It
appears that they will triple again in the
1990s. Second, approximately $1.5 billion
has been invested in HOV facilities in this
country.
This represents an important
investment in the transportation
infrastructure in many metropolitan areas.
Two federal agencies, UMTA and FHWA,
are working together in many areas to fund
HOV projects. The new Clean Air Act

The last issue I would like to touch on
relates to freeway design standards. One of
the advantages of HOV lanes is that they
can be developed relatively cheaply and
relatively quickly. However, this is often
true only when they are not built to full
freeway design standards. If full inside
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shoulders and full lane widths are required
for freeway mainlane and HOV facilities,
the cost goes up considerably. On one
hand, no one wants to build a roadway that
is either unsafe or inefficient. However, on
the other hand, we also do not want to
spend three times as much money to build
an HOV project if this is not necessary.
Unfortunately, I think we still do not know
enough about what are safe and unsafe
design standards. This is an area where
more research is needed.
To conclude, I think the accomplishments
over the past decade have done much to
enhance the role of HOV facilities in
helping to maximize congestion problems
and improve mobility in many urbanized
areas. However, there are still issues and
concerns that must be addressed related to
procedures for developing HOV facilities,
funding, and minimum design standards.
With the creativity and expertise in this
room, I am sure we will be able to resolve
these issues.
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Coalition made use of the white paper on
HOV facilities prepared by the Texas
Transportation Institute. This document has
been very useful in our efforts in
Washington, D.C.

HOV Coalition

I would like to provide an overview of
the activities the Coalition is currently
pursuing. In the broad sense, the Coalition
is promoting incentives at the federal level
for HOV development. After its formation
in April of 1990, the Coalition initially
engaged in a quick policy development
process. The result of this process was the
identification of a series of incentives for
HOV facilities. These included preferential
matching ratios for HOV facilities, a
specific set-aside of funds for HOV
development, and other techniques providing
preferential funding for HOV facilities. We
also wanted to ensure that there was broad
eligibility among all categories of FHWA
and UMTA funding for HOV projects.

Peter Peyser
Peter Peyser Associates, Inc.
I want to start by congratulating Bill
Roach, the local conference planning group,
and, the TRB committee for the great job
they have done in planning and conducting
this conference.
I have found the
conference very educational and I return to
Washington, D.C. with a renewed sense of
purpose on HOV facilities.
A great
american poet, Ralph Waldo Emerson said,
"events are in the saddle and ride mankind."
I think if you are promoting HOV facilities
right now you probably feel this way. Just
keeping up with the events relating to HOV
facilities that are occurring in many areas,
especially Washington, D.C., requires a
great deal of effort.

Having set this fairly ambitious menu of
potential federal action, we set off to work
with Congress and the Administration to see
how much we could put into effect. Initially
we went to the Administration in the
summer and fall of last year to provide input
to their legislative proposal. The Coalition
met with both the. FHWA and UMTA
Administrators, their staffs, and DOT
Secretary Skinner.
These discussions did result in some
positive actions. The first of these was the
October, 1990 paper from Administrator
Larson to the states providing some
guidance on HOVs and encouraging the
FHWA district offices to work with the
states on HOV developments. This was an
important policy statement.
The
Administration's proposal for the highway
and transit reauthorization, released in
February of this year, contained a
preferential match, at a 90% level, in the

The HOV Coalition represents an effort
that began in the spring of 1989 as a way of
bringing together a variety of groups
interested in a more effective advocacy for
HOV facilities at the federal level.
Currently, members of the Coalition include
Seattle Metro, Parsons Brinckerhoff Quade
and Douglas, Inc., Greyhound Lines,
Denver RTD, Los Angeles County
Transportation Commission, and the
American Bus Association. In addition, the
63

highway portion and broadly defined
eligibility in both the highway and transit
programs.

Surface Transportation Program. Funds in
this category would be allocated to the states
with very tight pass-through provisions to
ensure that the funds flow to metropolitan
areas.
These funds could be used for
virtually any transportation project including
public transit capital and operating expenses,
subsidies for intercity bus and rail service,
HOV facilities, and highways. Within the
program, the federal match is proposed at
80% on maintenance projects and 75% on
new construction. However, there is a
provision for an 80% share on HOV facility
construction. Thus, you can see that the
preferential match idea for HOV facilities
has been continued.

We have also been spending a good deal
of time on Capitol Hill, especially in the last
few months. We have been meeting with
members from the House and Senate, their
staffs, and the key committees. Our main
focus last year was on the Clean Air Act,
which is really driving transportation policy
right now. We worked with a coalition of
environmental groups, local governments,
and public transit agencies to ensure that the
transportation control measures and the
sanction provisions included in the Clean
Air Act emphasized HOV facilities as an
acceptable form of highway construction.
This was a very effective coalition. The
environmental movement is a force to be
dealt with in Washington, D.C. and around
the country. We worked with them to
ensure that HOV facilities were included in
the 1990 Clean Air Act.

Another 5 % of the program would be
dedicated solely for air quality control and
congestion mitigation. This program would
focus on non-attainment cities and would
allow only HOV projects, as opposed to
SOV capacity improvement projects. The
remaining portions of the overall program
includes the National Bridge Program and
the Interstate Completion and Maintenance
Programs, both managed by the states.
HOV facilities are also give preferential
treatment in these two programs.

These activities proved to be a natural tie
into the efforts this year focusing on the
reauthorization of the highway and transit
programs. The initial results of these efforts
are evident in the legislation introduced last
week by Senator Moynihan of New York.
This legislation has turned the discussion in
Washington, D.C. on its head and is worth
a few minutes of discussion. I would not
have guessed three weeks ago that this bill
would have been introduced.
In the
broadest sense, the Moynihan bill puts 55 %
of the funds available through the federal
highway program in the hands of
metropolitan areas, through the metropolitan
planning organization (MPO) mechanism,
with cooperation from state departments of
transportation. This represents a major
change from the current process.

It would be difficult to imagine a piece of
legislation more favorable to HOV facilities
than this bill. It encompasses the priorities
identified by the HOV Coalition and other
groups. While this is a positive sign, there
is obviously a long way to go in the process
before any legislation is passed and signed
by the President. I think it is important to
note that the Moynihan bill does contain an
"anti-sliding" provision. If the preferential
80 % match rate is used for construction of
HOV facilities and then metropolitan areas
"slide back" and use the facilities for SOVs
or don't adequately enforce the HOV lanes,
the 5 % bonus on the match has to be
refunded to the federal government.

Under the Moynihan bill, one-half of the
program would be in a category called the
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I think it is important to note that there is
opposition to different parts of the Moynihan
bill. The American Trucking Association
and Highway Users Federation have
objected to it and AASHTO has raised
questions with some provisions. There has
been generally positive reaction from local
governments, transit agencies, and
environmental groups. On the House side
we are still waiting for the introduction of a
bill and it is not known what approach they
will take.

the right spot on the wave, hang ten, and
have a good finish.

The Coalition is moving ahead with
further outreach efforts to other
organizations and the recruitment of
additional members. We are encouraging
these groups to express their support for the
HOV provisions of the Moynihan bill to
their legislators in Washington, D.C.
I would like to close by encouraging you
to also contact both your local elected
officials and your congressional delegates
and express your support for HOV facilities.
It is important to show that people care
about this issue. I think the implications of
the proposed legislation will result in a
much higher level of interest in HOV
facilities in many metropolitan areas and I
would suggest that the next HOV conference
will be well attended. The challenge to you
will · be to meet the future demand for
planners, designers, and operators of HOV
facilities.
Having opened with a great American
philosopher, I would like to end with one.
Brian Wilson of the Beach Boys wrote a
song that started with the phrase "catch a
wave and your sitting on top of the world."
I think HOV facilities are on top of a wave
right now. Although I am not much of a
surfer, I do know that if you don't get in the
right spot on the wave, you get wiped out.
I think the challenge for all of us is to get in
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Preview of the 1992 Conference;
The Ottawa System

operating costs, with 20% paid for by the
municipality and 20 % from the Ontario
Provincial Government. Our capital cost
sources are the municipality, which pays
25 %, and the province, which pays 75 %.
We do not receive any federal funding,
which may be a blessing in disguise. Our
ridership of 140 to 150 annual trips per
capita is high for bus systems in North
America.

Doug McCorquodale

The Ottawa transitway is a bus-only
roadway. Buses on the transitway provide
all day and evening service. We offer both
feeder service to the transitway stations,
with transfers to the trunk line buses, and
direct express buses from residential
neighborhoods providing peak-period, no
transfer service using the transitway. The
latter service is especially popular with
commuters and is one of the reasons our
ridership is so high. We took the outside-in
approach in developing the transitway
system. That is, we built the transitways in
toward the central area first, leaving the
high cost downtown segments for the future
second phase.

Manager of Planning and Development
Ottawa-Carleton Regional
Tra.nsit Commissi.on
Thank you Bill. My job is to try to
persuade you to come to Ottawa for the next
HOV Conference in 1992.
Given the
success of this conference I don't think that
should be too difficult.
Ottawa is the capital of Canada. The
easiest way to get to Ottawa from here is
simply to go north on the I-5 HOV lane
until you get to Vancouver and then tum
right. Alternatively, you can fly from most
major cities in the U.S. or if we have an
early winter, you can also come by dogsled.
I would like to tell you a little about
Ottawa and our transitway system. Overall,
the Ottawa transit system handles 80 million
passengers per year. Fare box revenues
account for approximately 60% of our
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various parts of the province, including
Ottawa. The results of this effort should be
available for the conference next year.

In addition to the transitway, we also use
arterial street HOV lane applications and a
bus-only mall. The bus mall handles about
100 buses an hour with approximately
40,000-50,000 passengers during the peak
periods. In the downtown area, buses
operate on the "Fast Acting Lanes." These
handle about 200 buses an hour each or 400
for both directions. The bus lane is the
second lane from the curb, leaving the curb
lane for bus bays, parking, and loading.
We use what is called an LPD, or lane
protection device, on these facilities to
discourage non-transit vehicles from driving
directly along the curb lane. The Fast
Acting Lanes have been very effective.
Unfortunately, they are still vulnerable to
accidents, street repairs, and other
incidences. As a result, even with our best
efforts we still seem to have significant
delays every few months. This can tie up
the whole system.

In closing, I think this has been a great
conference. We will do our best to out
perform it next year in Ottawa. I think the
coordination of transit and land use would
be a good topic to include in our
discussions. I also think we can enhance the
conference by providing more of an
international flavor.

A short segment of the transitway system
operates on the paved shoulder of a freeway.
Approximately 100 buses an hour use this
lane and we have not had any problems with
enforcement or safety. When a portion of
the freeway was under construction a few
years ago, we also utilized a "jump the jam"
system by routing buses on a special HOV
lane on a parallel arterial.
We did
experience some enforcement problems with
the use of this lane. However, we were
able to solve these problems by hiring offduty police officers on a spot basis.
The bus-only transitway has been the key
component to keeping ridership up and costs
down on the Ottawa system. We have been
very fortunate to have available rights-ofway in many areas and strong municipal
support.
The Ontario Ministry of Transport is
currently examining HOV facilities in
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Activities of the TRB HOV Systems
Committee

facilities, as evident by the many HOV
projects that were being implemented.

Donald G. Capelle

This group agreed to develop a proposal
for an HOV Committee for consideration by
TRB' s Executive Committee. Our first
proposal, submitted in 1986, was initially
turned down by TRB because it was felt
HOV facilities were adequately addressed
within the existing committee structure. In
response, the group decided to pursue
activities without TRB support. One of the
first activities was to organize a conference,
which was held in Orange County,
California in 1986. Based on the success of
this conference, we again approached TRB.
In response to this second request, TRB
agreed to form an HOV Systems Task
Force. This Task Force initiated a number
of activities, including organizing a second
HOV conference in Houston in 1987. This
conference was also very successful and
generated additional interest and support for
the activities of the Task Force. In 1988, a
third HOV Facilities Conference was held,
this time in Minneapolis.

Chainnan, TRB Committee on
HOV Systems
Vice President and Principal Associate
Parsons Brinckerhoff Quade and
Doug'las, Inc.

Based on the success of the three
conferences and other activities, the Task
Force officially requested a change to full
TRB committee status in the fall of 1988.
This proposal was accepted by TRB, along
with the proposal for TRB sponsorship of
future HOV conferences. I think these were
major accomplishments. Demonstrating that
there was a need for an HOV committee and
receiving TRB approval was a significant
milestone.

I would like to share with you the
background to the formation of the TRB
HOV Systems Committee and a few of the
activities the Committee is currently
pursuing. It was almost five years ago
when a number of individuals, who had
been working with planning, designing, and
operating HOV facilities, got together at a
Transportation Research Board meeting to
discuss the need for a TRB committee to
provide a focus for the variety of HOV
activities that were occurring around the
country. At that time, there was really no
forum for sharing ideas and providing
information on HOV facilities. However,
there was a great deal of interest in HOV

In the last two-and-one-half years, the
committee has been extremely active. I
think we have set the standards for other
TRB committees to follow.
We have
developed a five year strategic plan, which
identifies the specific goals we want to
accomplish and the activities we are
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pursuing. It is worth nothing that TRB is
now requesting other committees to
complete five year strategic plans. The plan
developed by the HOV Systems Committee
is being used as a model. Even TRB is now
developing a five year strategic plan.

will be able to attend the conference next
year.
It takes a good deal of time and effort to
plan these conferences. I think we have
been very fortunate that the conference
committee chairs have done outstanding jobs
in organizing interesting, challenging, and
well run conferences. I think we have been
remiss in the past in not recognizing the
efforts of these individuals. At this time I
would like to make up for these oversights.
I would like to take this opportunity to
present plaques to Paul Bay, Katie Turnbull,
and Ron Kirby for their work as chairs of
previous conferences. I would also like to
recognize Bill Roach for the outstanding job
he has done as chair of this conference.

Other accomplishments of the committee
include the production of a quarterly
newsletter, the HOV video you saw earlier
in the conference, the development of an
HOV glossary of terms, and continuing to
hold HOV conferences. The credit for the
success of all these activities really goes to
the members of the HOV Systems
Committee. I don't think I have ever been
involved with a more enthusiastic and hard
working group of people. They do not need
any direction; rather I often feel like I am
running to keep up with them.
It is a very invigorating and exciting time

right now in the transportation field. As
Peter mentioned earlier, I think one
challenge we have is to meet the demands
that are being generated around the country
for expertise in the areas of planning,
design, operation, and enforcement of HOV
facilities.
This is the largest conference we have
ever had, with some 310 people registered.
I think this again shows the interest that
exists in HOV facilities around the country
and around the world. It has also generated
a wealth of ideas and issues that need to be
addressed. These include arterial street
HOV applications, system-wide HOV plans,
and the use of a variety of advanced
technologies to better manage HOV
facilities.
I don't envy the planners of the 1992
HOV Conference in Ottawa, as they have
some high standards to live up to.
However, I am sure they will be able to
meet this challenge and I hope many of you
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Closint: Comments

Wllliam T. Roach
Seattle Metro
1991 Conference Chair
In closing, I would again like to
recognize the other people who deserve a
great deal of credit for the success of this
conference. Les Jacobson was responsible
for developing the technical program and
other members of the local planning group
helped out with numerous parts of the
conference. I would like to thank Parsons
Brinckerhoff Quade and Douglas for
sponsoring the Sunday night reception and
Boeing Corporation for providing the
transportation to and from the reception.
Also, HOR Engineering, ICF Kaiser, and
the Sverdrup Corporation all contributed
resources to help make this conference a
success. Finally, I would like to recognize
two people on my staff, Eileen Kadesh and
Carol Thompson, who have been
instrumental in helping with a variety of
activities. Thank you all very much and I
look forward to the conference next year in
Ottawa.
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PLANNING AND DESIGN

• Development of the more detailed service
plan occurs next. This step outlines the
routes and schedules for the service.
Consideration should be given to
providing at least a minimum level of
mid-day and evening service, as people
often cite the lack of such service as a
deterrent to their use of the bus.

Structurin& a Transit System
Around HOV Facilities
Moderator: Timothy J. Lomax
Texas Transportation Institute
The Texas A&M University System
Recorder: Chris Poe
Texas Transportation Institute
The Texas A&M University System

• The last step is to consider HOV system
integration.
To be successful, bus
service using HOV facilities needs to
include a number of components. These
may include such elements as cross-town
and neighborhood feeder routes, transit
hubs, and other support elements. Thus,
service on the HOV facility should be
considered in the broader regional
system.

Derek Crider
BRW, Inc.

Mr. Crider presented a series of
guidelines that are appropriate for
consideration when planning and
implementing bus service associated with an
HOV lane. He highlighted the following
key points.

Mr. Crider also provided a review of the
process used to design a bus system for the
HOV lanes in the Tidewater, Virginia area.
This plan was developed as part of the
planning process underway for the HOV
lanes in the area. He reviewed each of the
steps outlined above in the development of
the transit service plan.

• Review the characteristics of the area to
ensure that the travel, employment,
population,
and
socio-economic
characteristic are understood.
This
should include identifying the major trip
origins and destinations in the corridor.

Jim Jacobson
Seattle Metro

• Based on this information, the step of
defining the access routes can be
undertaken.
This should include
examination of the logical pick-up and
drop-off points and defining the specific
market areas for the service. The bus
routes should be designed to serve these
markets.

Mr. Jacobson discussed the transit
operator's perspective and the unique
demands of transit systems relating to HOV
facilities. First, he noted that HOV lanes
are very beneficial to transit operations.
Further, he noted that the transit facilities
associated with the HOV lanes in Seattle
have greatly enhanced the overall transit
system. The speed and reliability of buses
operating in corridors with HOV lanes has
been significantly improved.

• The transit support facilities, such as
park-and-ride lots and transit centers,
should be designed to serve the identified
market areas and to minimize illogical
movements. The need for back tracking
should also be minimized, as this is
viewed negatively by passengers.

He reviewed the following characteristics
and experiences with different elements and
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services associated with the HOV system in
Seattle.

activities more difficult and challenging. As
a result, a variety of techniques and
approaches have been utilized.

• There is a need to look beyond just the
lines on a map.
The service
characteristics and the characteristics of
the corridor need to be matched to the
HOV facility. This is usually a much
more complex process that might initially
be envisioned. Speed, reliability, safety,
and consistency are important key
objectives.

Mr. Lightbody summarized the major
elements of the commute service plan
developed through this process. Major
elements of the plan covered by Mr.
Lightbody included the following.
• The development of the plan included
three phases; data collection,
development of an optimum system, and
an implementation plan.

• Different service approaches are
appropriate depending on the travel
patterns in the corridor, the extent of
existing bus services, and the type of
HOV treatments being considered or
implemented. As the service pattern
becomes more complex, the design
obviously gets more sophisticated.
Providing line haul service is the simplest
approach. Serving interim origins and
destinations and reverse commute trips
requires a more complex service design.

• The data collection phase included
identifying trip patterns, obtaining
information from riders, businesses and
other groups, and analyzing the use of
existing services.
One of the more
innovative techniques in this effort was
the use of focus groups to obtain
information on current services, possible
improvements, and other supporting
elements.

• Access and egress issues are critical from
a transit operations perspective. An
HOV lane on the inside lane is fine for
line haul types of services oriented to one
destination.
However, outside HOV
lanes are better for multiple stops, even
though the travel times will be slower.
For more intense types of situations,
exclusive types of facilities, such as the
bus tunnel, are most appropriate.

• The data collection effort identified that
additional markets could be served, but
also indicated that the existing service
provided a good base from which to
build on. Time and availability were the
two characteristics identified as most
important to users and potential users.
• The ideal system developed in the plan
included three levels of service; regional,
limited stop, and a new category,
premium express. This last category
represetned a restructuring of existing
service to take better advantage of the
HOV lanes for premium or super express
service. A key element of this service is
travel time savings and availability.
Specific criteria and service standards
were used to develop this service. After
these were in place, other amenities and
features were included.

Jim Lightbody
Santa Clara County
Mr. Lightbody reviewed recent
experience in Santa Clara County, primarily
the planning activities associated with the
development of a transit system plan for the
area. He noted that the dispersed nature of
trips in the county make these types of
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• The implementation plan was developed
to allow for the phasing in of the ideal
system. A prototype route to test these
concepts was implemented first. To
date, the service has been well received
and is doing well.
Based on this
experience, other elements of the plan
will be implemented.

Buffer-separated facilities are lower in
cost and require less space.
• Advantages to barrier-separated HOV
lanes include easier enforcement, lower
enforcement costs, enhanced safety,
faster travel times, more reliable travel
times, and the ability to provide direct
access and egress.
In addition, the
perception of users, enforcement staff,
and traffic reporters all favor barrierseparated lanes.

• One key element in the planning process
was obtaining input from riders and
potential customers.
In addition,
providing a variety of services appears to
be needed. These should focus on the
travel time and service reliability benefits
offered by the use of the HOV lanes.

• There are some disadvantages to barrierseparated facilities, however.
For
example, they are less flexible for
dealing with changing travel patterns.
The costs of barrier-separated lanes are
much higher. It also takes longer to
implement barrier-separated HOV
facilities.

Barrier-Separated vs. BufferSeparated HOV Lanes
Moderator: Timothy J. Lomax
Texas Transportation Institute
The Texas A&M University System

Kern Jacobson
Parsons Brinckerhoff Quade &
Douglas, Inc.

Recorder: Chris Poe
Texas Transportation institute
The Texas A&M University System

Mr. Jacobson presented an overview of
the HOV facilities in operation and planned
in the Seattle area. With the exception of
the 1-90 corridor, all of the HOV lanes are
buffer-separated. Mr. Jacobson identified
the following basic issues that should be
considered in determining the
appropriateness of buffer- or barrierseparated HOV lanes.

Ysela Llort
Virginia Department of Transportation

Ms. Llort discussed the issues associated
with barrier- and buffer-separated HOV
lanes from a planning, operations, and
enforcement perspective. She noted that
among users, operators, and enforcement
agencies in Northern Virginia, there is a
preference for barrier-separated facilities.
Ms. Llort identified the following elements
for consideration in evaluating these two
types of HOV facilities.

• Safety is a major issue to be considered
in determining the type of HOV lane to
construct. Studies in the Seattle area
have indiciated that the buffer-separated
HOV lanes have not had a negative
impact on safety or accident levels.
However, experience in other areas
indicate that barrier-separated HOV lanes

• Local characteristics and available rightof-way and funding will influence the
type of HOV facility that is selected.
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are safer and have lower accident rates
than buffer-separated facilities.

Dennis Christiansen
Texas Transportation Institute
The Texas A&M University System

• The primary determinant is probably
cost. If cost were not concern, most
people would favor barrier- separated
lanes.
However, when costs are
considered, barrier-separated facilities are
often not a realistic alternative due to
cost considerations.

Dr. Christiansen reviewed the status and
operating experience of the Houston HOV
lanes. Most of the HOV system in Houston
is comprised of barrier-separated reversible
lanes. He suggested the following elements
for consideration in the evaluation process
for determining the type of HOV lane most
appropriate for a given situation.

• The speed of implementation also favors
buffer-separated facilities.
Barrierseparated HOV lanes take longer to
implement than do buffer-separated
facilities.

• One of the elements that influences the
type of HOV facility is the amount of
space that can be made available for the
lane. This is often a limiting factor in
many areas. While a two-way facility
may be desirable, there may only be
space for one lane.

• Buffer-separated facilities offer greater
flexibility, especially for changing access
and egress considerations.
• Enforcement is also an issue that needs to
be considered. Clearly, buffer- separated
facilities tend to have higher violation
rates than barrier-separated facilities.
However, many buffer- separated
facilities have been designed to provide
good enforcement areas. Thus, there are
examples of buffer-separated lanes that
operate well, with low violation rates.

• The amount of available funding will also
influence the type of facility. Again, a
two-way system may be desired, but with
limited funds in many areas, only a one
lane facility may be realistic.
• The corridor travel characteristics will
greatly influence the type of facility.
Identifying origins and destinations,
directional splits, and HOV demands in
the corridor will provide a good
indication of if an HOV facility makes
sense and the most appropriate type of
facility.

Reversible or Two-Way HOV Operation
Moderator: Timothy J. Lomax
Texas Transportation Institute
The Texas A&M University System

• Examining the design trade-offs with the
different types of HOV facilities is also
important.
Experience with existing
HOV lanes indicate the importance of
ensuring that the lanes can be operated
safely and efficiently.

Recorder: Chris Poe
Texas Transportation Institute
The Texas A&M University System

• Experience indicates that there is no right
answer to the question of reversible or
two-way HOV lanes. The correct answer
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will vary from location to location
depending on the characteristics noted
previously.

• The recommended alternative is the
reduced standard buffer-separated, twoway facility in the median of the
freeway.
Lane widths and shoulder
widths have been reduced in some areas
and the buffer separation ranges from 2
feet to 4 feet. Six enforcement areas are
provided.

• One-way or reversible HOV facilities
usually represent the lower cost
alternative, requiring the minimal amount
of space. They also address the main
travel demand in most corridors.

Mark Massman
Bechtel Corporation

Mr. Massen outlined the decision-making
process used to determine if the new HOV
lane on Route 91 in California should be
reversible or two-way.
The following
elements of the process were highlighted by
Mr. Massen.
• The characteristics of the Route 91
corridor were examined first. Travel
demands are heavy in both directions,
with the off-peak demand growing
rapidly. HOV demand is also heavy in
the corridor.
• Compatibility with other existing and
planned HOV lanes in the area was an
issue, as was concern over improving the
balance between jobs and housing.
Right-of-way availability, costs, and
funding concerns were also major issues.
• The alternatives that were examined
included a reduced standard HOV lane, a
full standard HOV lane, a reversible
HOV lane, a reduced standard mixed
traffic lane, a full standard mixed traffic
lane, and a no build option. The criteria
used to evaluate these alternatives
included the ability for early
implementation, cost, and addressing the
projected demand.
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MARKETING AND PUBLIC
INVOLVEMENT

Use of the lane has been moderate.
However, marketing surveys indicate that
the awareness levels of residents in the
corridor is very high. The attitudes toward
the HOV lanes have been generally positive,
with most people agreeing that the lanes
should continue to be reserved for HOVs.
The surveys also indicate that awareness
levels among residents in the corridor are
relatively high for the radio information.

Marketin2 and Public Involvement:
Case Studies
Moderator: Heidi Stamm
Pacific Rim Resources
Recorder: Cathy Cole
Seattle Metro

Many of the ongoing marketing efforts
are oriented toward continuing this basic, no
flash approach.
This seems the most
appropriate approach for a public agency
such as the Connecticut Department of
Transportation. Additional activities are
focused on promoting the new bus service
and park-and-ride lots that are being
implemented, and on working with
employers m the Hartford area to
consolidate existing vanpool services.
Ongoing information is also provided on the
different construction activities. A second
HOV lane, on I-95, is currently under
construction and is scheduled to open in
1992. Marketing and public information
programs are being initiated for this facility.

Brian York
The Rideshare Company
Hartford Connecticut

Mr. York provided an overview of the
marketing and public information activities
associated with the I-84 HOV lanes in
Hartford, Connecticut. A major goal of the
program was to educate the stakeholders on
the purpose and use of the lanes.
A
brochure was developed using a newspaper
format to provide information on occupancy
requirements, operati.ng hours, bus service,
carpool matching services, and other
programs.
Another goal of the program was to
successfully introduce the benefits of the
lane to both users and non-users. Mr. York
noted it is especially important to focus on
the non-users as they represent a large and
potentially vocal group.
Direct mail
brochures, which were sent to some 75,000
homes in the corridor, were used to
communicate with this group. The name,
"short cut", was used in promoting the lane.
A low voltage radio station was also used to
broadcast information on the lane. A multifaceted marketing program, using
commercial radio, television, and newspaper
formed the basis of the promotional effort.
Other special give always and marketing
activities supported these basic elements.

Carol Russell
Tidewater Transportation
District Commission
Tidewater, Virginia

Ms. Russell provided an overview of the
introduction of HOV lanes in Tidewater,
Virginia. Plans called for diamond lanes to
be constructed on both Route 44 and I-64,
from Virginia Beach to the Norfolk Navel
Base and eventually into downtown Norfolk.
Route 44 was constructed first with the 7
miles of HOV lanes opening in segments.
A separate toll both for HOVs was also
established on Route 44. Carol identified
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the following problems that resulted in the
discontinuation of the project.

Beach, and Norfolk. The HOV concept is
being presented as one of ·many solutions
needed to address traffic problems in the
Norfolk area. A larger base of ridesharing
must be developed to support the
reintroduction of the HOV lanes.
In
addition, the negative attitudes formed
during the first project must be overcome.
Changing these attitudes and building a
ridership base will take time.
The
marketing plan now underway is attempting
to address these concerns. The marketing
and service plans include the following
major elements.

• To use the HOV lanes, most commuters
had to cross several congested generalpurpose lanes.
• The HOV lanes experienced high
violation rates and lack of adequate space
made enforcement almost impossible.
• No transit plan was developed to support
and encourage use of the lanes.
• The public was informed on the use and
occupancy requirements only two weeks
before the lanes were opened. Brochures
and newspaper advertisements were used
in the marketing effort. In addition, a
video was produced, but its effectiveness
was reduced by limited showings.

• Radio advertising and outdoor billboards
• A video and informational brochures
• A speakers bureau
• Park-and-ride lots

As a result, the lanes appeared empty and
the public, especially those experiencing
congestion in the general-purpose lanes,
raised major concerns. Thus the HOV lanes
became a political issue in an election year.
Legislation was approved rescinding the
HOV designation until the first 3 miles of I64, which will include HOV lanes, are
completed. In addition, when the Route 44
HOV lanes are reopened, built-up shoulders
will be used to add a general-purpose lane in
the peak-period.

• Express bus service
• Deep discount van leasing programs are
being examined along with a guaranteed
ride home program
• Upgrading the rideshare matching
services and the employer based program
• Additional signing to better communicate
with users

As a result of the problems encountered
with the initial introduction of the HOV
lanes, a five year marketing plan was
developed by the Tidewater Transportation
District Commission. An ad hoc HOV
committee was also formed to help
coordinate the different elements of the
HOV projects.
This group included
representatives from the Tidewater
Transportation District Commission, the
Planning District Commission, the Virginia
Department of Transportation, Virginia

• Market research to determine the
effectiveness of different techniques
Charleen Zimmer
Strgar-Roscoe-Fausch, Inc.
Minneapolis, Minnesota

Ms. Zimmer described the I-394 HOV
project and the extensive marketing that has
been conducted in conjunction with the
project. The I-394 project includes both
barrier separated reversible HOV lanes and
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concurrent flow HOV lanes, parking garages
in downtown Minneapolis, improved bus
services, transit stations, park-and-ride lots,
and an enhanced rideshare program. These
were all part of a Transportation
Management Plan completed as part of the
project. An extensive marketing plan was
initiated in 1985 with the opening of the
interim HOV lane.

carpooling, transit services, and the HOV
lanes.
• Newsletters have been used successfully
throughout the project to keep residents, .
commuters, and businesses informed on
the status of the different elements of the
project.
• The Metro Traffic reporting service and
the press have been generally positive
toward the project.

The objectives of the marketing program
or public relations program were to avoid
the empty lane syndrome and to introduce
the concept of HOV lanes to residents in the
area. Charleen reviewed the following four
basic aspects of the public relations
program.

• The Minnesota Department of
Transportation (MN/DOT), the agency
responsible for the project, has made a
very concerted effort to maintain a good
ongoing relationship with the media.

This focused on
• Media Relations.
providing current and accurate
information to the print, radio, and
television media.

• A number of different public information
activities have been tried, some
successfully and some that didn't work;
remember that what works in one
community may or may not work in
another.

• Community Relations. This focused on
keeping the residents and businesses
along the corridor informed on the status
of all elements of the multi-year
program.

• Construction bulletins have been issued
regularly by MN/DOT through out the
project.

• Public Information. This focused on
maintaining a general awareness on the
purpose and status of the different
elements of the project.

• Public meetings, neighborhood meetings,
and business oriented meetings are also
held on a regular basis.

• Advertising.
This included the
advertising elements associated with the
project.

• Changeable message signs are used along
the corridor to keep motorists informed
on construction and other activities.

Charleen reviewed the early radio
advertisement and ongoing media activities.
She identified the following elements that
have helped build a positive image for the
project.

• Newspaper and radio advertising,
billboards, and bus signs have all been
used.
• The project has been able to deliver on
the promises made and has been
successful at coordinating the activities of
different agencies.

• Every piece of information that goes out,
even those dealing only with construction
activities, contains some reference to
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While not all areas may have a group as
vocal and visible as Drivers for Highway
Safety, most areas seem to have groups or
individuals who are critical of the HOV
lanes.

OPERATIONS AND ENFORCEMENT

Rules and Re2J1lations: Policies
mid

Public Perceptions

Orange County is a very diverse area,
with people living and working in all parts
of the county. To accommodate these
diverse origins and destinations, a 24-hour
HOV lane designation is used. This, along
with the high fines, helps keep violation
levels relatively low. The county is also
working with neighboring counties to ensure
the consistency of HOV policies.

Moderator: Charles Fuhs, Parsons
Brinckerhoff Quade & Douglas, Inc.
Recorder: Steven Levine,
Texas State Department of Highways
and Public Transportation
Richard Edgar
City Council Member
City of Tustin, California

Mr. Edgar discussed the HOV facilities
in Orange County.
He provided the
viewpoint of an elected official, chairman of
the Orange County Transit District and
board member of the Orange County
Transportation District. He pointed out that
there are both supporters of the HOV
concept in Orange County and groups that
favor their use by single occupant vehicles.
He noted that the HOV facilities in
operation on Route 55 and Route 405 carry
more people on a 24 hour basis than any
other lane of concrete in the state. Results
such as these help identify the benefits and
successes of HOV facilities. Mr. Edgar
reviewed the future plans for both HOV
lanes and transitways in Orange County.
The successful bond election last November
for a half-cent sales tax, provides a solid
base for funding HOV lanes and other
transportation improvements.

Donna Carter
Frank Wilson and Associates

Ms. Carter provided a perspective on
building public acceptance for transportation
improvements, specifically HOV facilities.
She noted that she is often involved in
translating technical transportation terms into
· language that can be easily understood by
the general public. This often focuses on
the development of messages through
research.
She outlined the approach that has been
used to market and promote the use of the
Route 405 and other HOV lanes in
California. This approach includes the
following elements.
• Focus on the issue of mobility. Rather
than just addressing the HOV lane issue,
the whole need for improved mobility
within the county and the state were used
as the main focus of the message. The
carpool lanes were promoted as one way
to improve mobility, whether individuals
could use them or not.

The most vocal of the groups opposed to
HOV facilities has been Drivers for
Highway Safety.
While this group
represents a relatively small number of
people, they have been very active in raising
issues and vocalizing concerns with the
HOV facilities. They have been able to
generate a good deal of press and publicity.
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• Counteract the perception that violation is
commonplace. Focus groups comprised
on non users of the facilities identified
that most people perceive that occupancy
requirements are commonly violated.
Thus, it is important to present accurate
information that the lanes are being
properly used.

following elements of design, enforcement,
safety, public information, occupancy
requirements, and politics.
• The design elements of the HOV system
will impact the development of HOV
policies.
The type of design will
influence operating speeds, enforcement
needs, hours of operation, and other
variables.

• Publicizing the fines for violation also
helps counteract both misuse of the lanes
and the perception of misuse.

• Policies relating to enforcement are also
important.
Houston is currently
implementing a HERO type of program,
modeled after the Seattle program. In
addition, the possible use of advanced
technologies to assist in enforcement are
being examined.

• The safety issue was often raised as a
concern in the focus groups.
Overcoming the perception that the
facilities are unsafe is also important. To
do this you need to have good
information on accident rates and safety
concerns.

• METRO is currently exammmg the
number and type of wrong way
movements occurring on the reversible
HOV lanes. Different approaches to
dealing with this issue are also being
examined.

• The lack of consistency between projects
also needs to be addressed and explained.
Commuters do not realize jurisdictional
boundaries or the differe 11t Caltrans
Districts.
Rather, commuter seek
consistency. The more the facilities
around the state can be coordinated, the
better for the commuter.

• The Houston HOV lanes are used for
incident management on occasion. This
was a policy decision to use the lanes to
assist in managing traffic during major
incidents on the freeway facility.

• The public information and marketing
programs focused on both general media
outlets and major employers. Using
employers can be very effective,
especially given the recent air quality
regualtions and other requirements.

• Public and HOV user input is being
sought on ways to deal with the
congestion that is occurring on some of
the HOV lanes.
This will help in
evaluating alternatives on how to
maintain the capacity of the HOV lanes.

Steven Albert
Metropolitan Transit Authority
of Harris County

Mr. Albert reviewed a number of the
different elements that should be considered
in the development of the policies for HOV
lanes.
Using the experience from the
Houston area, Mr. Albert covered the
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Recent Enforcement
Experience: What Has Been
Learned Over the Past Year?

presence on an HOV lane one day a week.
The violation rates on other days are being
monitored to determine the impact of this
approach. Utilizing a patrol vehicle at the
beginning of each of the HOV lanes is also
being planned. This vehicle will remain at
the beginning of the lane to provide a visible
enforcement presence. In addition, a bill
was introduced in the state legislature this
year that would have authorized the
purchase and use of television cameras for
HOV lane enforcement.

Moderator: Charles Fuhs
Parsons Brinckerhoff Quade
and Douglas, Inc.
Recorder: Steven Levine
Texas State Department of
Highways and Public Transportation
Sergeant Terry Ketcham
Washington State Patrol

While there are advantages to using
television cameras in enforcement, there are
also problems associated with their use. It
is often difficult to see passengers. Most
officers have stopped cars thinking they did
not meet the occupancy requirements, only
to find that the passengers could not be seen
adequately. Cameras also do not always
clearly pick up passengers. In addition,
issuing a ticket by mail based on license
plate identification can be a problem if the
driver is not the registered owner.

Sergeant Ketcham discussed the problems
encountered and the enforcement strategies
utilized in the Seattle area. Violation of the
occupancy requirement is the most frequent
problem associated with HOV lanes in
Seattle. However, other violations, such as
speeding and moving unsafely into or out of
the lane, also occur.
The enforcement strategies used by the
department are based on a policy of
maintaining a visible presence in the area.
It is felt that people are more likely to obey
the law if they see a marked police unit.
Patrol vehicles use ramps and shoulders to
monitor the HOV facilities. While most of
the lanes are monitored by marked patrol
cars, some unmarked vehicles are used.
Traffic reports, available through the
commercial air traffic reporters, are used to
identify areas of heavy traffic congestion
where violations are likely to occur. The
traffic reporters also help by noting when
the patrol is out enforcing, which helps keep
violators out of the lane.

More extensive use of colored unmarked
police cars is also being considered in
Seattle. These vehicles could be used on
those facilities that do not have adequate
enforcement areas. On these facilities, the
only way to provide an enforcement
presence is to drive in the general-purpose
lane adjacent to the HOV lane.
The Washington State Patrol has a
program called TEAMS
Traffic
Enforcement and Management System -- that
assists with the management and
enforcement of the different facilities in the
Seattle area.
This is basically a
participatory management system in that the
people who do the work decide what needs
to be done and how to do it. Daily
meetings are held to review current activities
and plan strategies for the next few days.

The State Patrol and the Washington
State Department of Transportation continue
to try new enforcement techniques. An
example of this is the use of saturation
patrols.
This provides a very strong
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These provide a day by day review of
problems and issues.

enforcement areas. These types of facilities
are easier to patrol, as the enforcement
personnel can monitor the access and egress
points. The use of motorcycle police, who
will actually drive on the lane, is just being
implemented in Houston. This will provide
for additional enforcement capabilities.
Currently, 10 units and 2 motorcycles are
used by the METRO transit police to
monitor and enforce the HOV lanes. A
HERO type program, modeled after the
program in Seattle, is also being
implemented. In general, the enforcement
approaches taken in Houston appear to be
effective, as violation rates on most of the
facilities are relatively low.

In conclusion, Sergeant Ketcham
provided a few thoughts on problems and
issues that need to be addressed in HOV
lane planning, design, and operation. He
noted that the lack of shoulders make a
facility difficult and dangerous for both
enforcement officers and commuters. A
lack of consistency on the operating
requirements is also a problem. Currently
both 2 + and 3 + occupancy requirements
are in use in the Seattle area.

Captain Frank Huerta
Houston Metro

Captain Huerta stressed the need for
incorporating adequate enforcement areas
into the design of HOV facilities, rather than
trying to add them in after the facility is
open. He also noted the importances of
ensuring that staffing levels are adequate and
that the court system must uphold the
citations that are issued.

Captain Huerta provided an overview of
the Houston METRO transit police force
and the issues associated with enforcement
of the Houston HOV lanes. The Houston
METRO transit police are a special purpose
police force responsible for the security of
the transit authority facilities, buses, and
passengers. Enforcement of the HOV lanes
is the responsibility of the METRO transit
police. Presently, there is a special section
responsible solely for enforcement of the
HOV lanes.

Ron Klusza
California Department of Transportation

Mr. Klusza reviewed the status of HOV
lane development in the Los Angeles area
and the approach utilized to enforce these
facilities. He noted that with the extensive
system of ramp metering, HOV by-pass
lanes, and HOV lanes, enforcement is an
important and complex problem. To ensure
that enforcement is considered early in the
development of a project, the California
Highway Patrol and Caltrans jointly work
together to design enforcement areas.

The occupancy requirement is the main
enforcement violation that occurs on the
Houston HOV lanes. Techniques used for
enforcement include stationing officers at the
entrance and exit locations and occasionally
stopping all exiting vehicles to check the
occupancy levels. In addition, violations
relating to expired license tabs, no front
license plates, and speeding are noted.
However, enforcing the occupancy
requirement is the major task of the transit
police.

Currently, enforcement locations are
being considered at 3 to 5 mile intervals on
HOV projects. These are being designed
for motorcycles, as the Highway Patrol feels
motorcycles provide the greatest flexibility

The Houston HOV lanes are barrierseparated facilities with adequate
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and maneuverability. Enforcement areas are
also being designed with tum-around areas.
This allows the motorcycle officer to
enforce bi-directional HOV lanes and
provides greater safety for the enforcement
personnel.

Charleen Zimmer
Strgar - Roscoe - Fausch, Inc.

Ms. Zimmer provided an overview of the
1-394 HOV lane project in the Minneapolis
area and some of the problems and issues
associated with the project. She noted that
many of the issues involve the use of an
interim HOV lane to help manage traffic
during construction of the final facility and
the development of three major parking
garages in downtown Minneapolis. Ms.
Zimmer highlighted the following problems
that have been addressed over the course of
the project.

Mr. Klusza indicated that both Caltrans
and the Highway Patrol have gained a great
deal of experience with what works and
what does not work with HOV lane
enforcement. As a result, improvements are
being made in both the enforcement areas
and in the approaches utilized by the patrol.
These include improving protected
enforcement pockets rather than providing
continuous enforcement lanes. He noted
that while the goal is to have voluntary
compliance with the requirements, it is
realized that enforcement areas help support
this. In addition, Mr. Klusza noted that
monitoring the HOV lanes are just one of
many responsibilities of the Highway Patrol.

• The opening of the interim HOV lane is
done manually. One morning shortly
after the interim lane was implemented,
the lane did not open because the person
responsible for this task over slept. This
resulted in a modification in the system.
A timer in the dispatchers office is used
and if the gate opener has not called in
by the time the alarm goes off, the
dispatcher calls and initiates a process for
back-up help.

Mr. Klusza stressed that enforcement
areas are not inexpensive.
However,
providing safe areas for enforcement
personnel is an important element of the
HOV system. Good planning and design is
critical to ensuring that the facility is
enforceable.

• A second problem early in the project
related to the gates initially designed for
the facility. These were relatively light
weight gates that were often broken due
to strong winds or, in a few instances,
drunk drivers hitting them at night. As a
result, heavier wood gates with large
reflective signs are now used on the
facility.

Operations Management: Case
Studies
of What to Try When the
Unexpected Happens
Moderator: Chuck Fuhs
Parsons Brinckerhoff Quade &
Douglas, Inc.

• Operational problems encounter included
the need to change the operating hours
and access points of the interim HOV
lane due to construction activities. To
help provide greater continuity, short
diamond lanes have been used to connect
to the reversible lanes. The construction
crews and MN/DOT have been very
concerned about maintaining access

Reporter: Kevin Haboian
Parsons, Brinckerhoff,
Quade & Douglas, Inc.
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through the construction process. Also,
providing access to the parking garages
in downtown, which ultimately will be
directly connected to the HOV lanes, has
been an issue. Providing access to local
businesses has been a concern throughout
the project. The use of variable message
signs, trail blazing signs for businesses,
and special project meetings and
information briefing have been effective
in dealing with these issues.

In closing, Ms. Zimmer identified a
number of management techniques and
strategies used by MN/DOT to deal with
these problems and issues. First, she noted
that the I-394 project has strong suppor at
all levels within MN/DOT. Second, there is
a strong commitment from not only
MN/DOT, but from all the other agencies
involved in the project. The I-394 project
was the first time MN/DOT used an overall
corridor manager to coordinate all aspects of
the project. A good deal of thought and
effort was given to staging construction
activities to lessen the impact on commuters
and businesses in the corridor. MN/DOT' s
approach and attitude was to provide an
open, straight forward process, and deal
directly and quickly with issues as they
arose.

• The parking garages provide low cost
parking for carpools and vanpools using
the I-394 HOV lanes. However, due to
funding requirement carpools and
vanpools from other parts of metropolitan
areas do not receive these low rates.
This has caused negative responses from
non-394 carpoolers and vanpoolers. In
response, MN/DOT was able to provide
second priority use to these groups,
although not the lower parking rates.
The pricing levels may be revised in the
future once the full facility is open and
there is a better idea of the overall use of
the garages.

Ms. Zimmer concluded by noting the
following five points for consideration by
others planning similar projects.
•
•
•
•
•

• Snow removal on the interim HOV lane
was not a problem as the lane could be
cleared using one snow plow. However,
when the permanent two-lane segment
opened last year, snow plowing was a
problem. A part of this section is built
on bridges which further compounds this
problem. As a result, the snow plowing
and snow removal program has had to be
modified.

Plan ahead
Be proactive
Make pragmatic decisions
Build partnerships
Have a good public relations program

Stephen Albert
Metropolitan Transit Authority
of Harris County

Mr. Albert provided a summary of some
of the issues encounter with the development
and operation of the Houston HOV lanes,
focusing primarily on the approaches used to
manage demand on the Katy (I-10 West)
HOV lane. He noted that while having
demand exceed capacity is a nice problem,
it is a problem that must be dealt with. A
number of alternatives were examined on
how reduce the demand on the facility to
restore free flow operations.
Options

• A number of issues related to
construction also occurred during the
course of the project. These included
damage to homes in the corridor,
neighborhood concerns over the location
of noise walls, and a design error on one
of the bridge spans.
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examined to manage the demand included
the following.
•
•
•
•
•
•

examples that may be appropriate for
consideration in other areas.

Increase the occupancy requirements
from 2+ to 3+
Ask commuters to change travel
times
Utilize an authorization or permitting
program
Meter access points
Demand management programs
Close access points

The I-5 resurfacing project involved
closing 2 lanes of a 4 lane facility for a 6 to
8 week period during the summer. A
variety of approaches were examined on
how to deal with the traffic congestion
resulting from this.
A major public
information campaign was undertaken to
encourage people to use flexible work hours,
to not make trips, to carpool, vanpool, and
use the bus. The public response was
similar to that noted by Ms. Zimmer on the
I-394 project; that is the trips went away.
While traffic volumes were higher on
parallel arterials, they were not overcrowded
and traffic moved smoothly on I-5. As a
result, this technique continues to be used on
other projects in the Seattle area.

Mr. Albert reviewed the advantages and
disadvantages of these options. In the fall
of 1988, the occupancy requirements was
raised from 2 + to 3 + for the morning
peak-hour on the Katy HOV lane. While this
took care of the demand problem in the
morning, the afternoon peak period is
currently experiencing the same problems.

The other project Ms. Stamm discussed
was the HERO program.
This is a
relatively low cost program aimed at
reducing occupancy violations on the HOV
lanes in Seattle. The program was initiated
as an attempt to reduce violations levels. It
was modeled after a program, called "Rat
on a Rat", aimed at obtaining information
on bank robberies.

After examining the options available this
past winter, a decision was made to take an
incremental approach to this problem.
Based on a license plate survey, letters were
sent to users of the lane encouraging them to
form 3 + carpools. A map of the general
location of other HOV lane users was
enclosed, along with the METRO ride
matching number. In addition, a survey was
included in the mailing to obtain reactions
on options for dealing with the congestion
problem. In general, respondents favored
approaches other than increasing the
occupancy requirements to 3 + . In closing,
Mr. Albert noted that it is important to
explore all alternatives and to continue to
monitor lane usage and commuter response.
Heidi Stamm
Pacific Rim Resources

The HERO program was implemented on
Valentines Day in 1984.
Ms. Stamm
suggested that in dealing with unexpected
problems, it is important to look for ways to
introduce humor or package fun into the
approach. This will help build acceptance
for the project. These types of approaches
make marketing solutions to operational
problems work. She suggested that the
HERO program is really a marketing
approach to an operational program.

Ms. Stamm provided an overview of two
projects in the Seattle area; the resurfacing
project on I-5 and the HERO program.
Both of these projects provide a number of

However, Ms. Stamm noted that to make
sure the HERO program would work,
meetings were held with judges in the area
to ensure that they understood the program
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and would support any citations that were
brought to court. Staff also worked closely
with the traffic reporters and other groups to
obtain their support and cooperation. Even
with a good deal of planning, some
unexpected things did happen.

•

First, although the initial signs were
located just along 1-5, which was to be the
first test corridor, calls came from all parts
of the HOV system. As a result, the initial
call volumes were significantly higher than
expected and it was difficult to personally
respond to all the calls. An answering
system was implemented to handle the large
volume of calls.
Another unexpected
response was that a core group of
"patrollers" developed. These were people
who tended to call every day with the
license plate numbers of 10 to 15 violators.
These people were actually using tape
recorders to record the license plate
numbers. Overall, Ms. Stamm noted that
the program has generated a great deal of
support and has been viewed as a success.
Ms. Stamm concluded by suggesting the
following four points for consideration m
dealing with the unexpected.
•

Develop a good data base that
includes not only a network of people
you can call on, but also information
about the project and other agencies
or organizations that are involved in
the project.

•

The larger the data base the quicker
you will be able to react to a specific
issue.

•

Maintain an available pool of funds
that can be used quickly to respond
to the issue. This can be difficult in
a public agency, but can be very
important in allowing a quick
response to a problem.
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Maintain a sense of humor in
addressing issues and problems.
Taking a light touch to many issues
can be successful.

TRAVEL DEMAND MANAGEMENT

into an HOV lane is a negative approach
When you start to take away something or
add a cost you create a disincentive.

Carrots or Sticks: What is
the Most Effective IDM Strate&y

Studies have shown that punishment is
not a good thing to use in trying to shape
behavior. Individuals tend to try to avoid
the punishment or rebell against the
authority figure_. Transportation agencies
don't need to have people rebell against the
things they are trying to do. Rather, these
agencies should put forward a more positive
approach.

Moderator: Cyrus G. Ulberg,
University of Washington
Recorder: Laurie Elder
Seattle Metro

This session was conducted as a debate
focusing on which was a more effective
approach for implementing TOM strategies;
using incentives or carrots, or using
disincentives or sticks. The two debators
were Gary Edson, Metro Dynamics, and
Joel Woodhull, Southern California Rapid
Transit District. Mr. Edson argued for the
use of incentives, while Mr. Woodhull
argued for the use of disincentives.

Focusing on disincentives also wastes a
good deal of time and energy. People focus
on what the punishments should be and how
to enforce them. A much more viable
approach is to focus on the carrots or the
positive elements that should be taken in a
coordinated fashion.
The use of disincentives also raise
questions of social equity. Some people just
can not use transit or ridesharing. Many
times these are people in lower economic
groups. Thus, the use of sticks may punish
lower income individuals more so than other
income groups.

Carrots
There are a number of ways incentives
and disincentives can be considered in
TOM. Incentives include money or a cash
reward, travel time savings, preferential
parking locations, and social recognition. In
almost every situation you can take a more
positive approach to reward people for the
desired behavior rather than providing
disincentives.
This approach will have
much more favorable results than an
approach that punishes people for the
behavior you don't want to see.

There are examples of effective incentive
programs. State Farm Insurance in Orange
County had an approximately 30% trip
reduction through the use of a $30 a month
travel incentive. • Hewlett-Packard in
Colorado Springs accomplished a 40 %
increase in carpooling, primarily through the
use of personalized matching. A number of
other examples also exist on the use of
incentives to encourage trip reductions.

Let me give you a couple of examples of
what I mean. Parking charges represent a
negative approach, while transportation
allowances represents a positive approach.
If you think creatively, you can tum most
situations into a positive, rather than a
negative approach.
Adding HOV lanes
represents a positive approach, while
converting an existing general purpose lane

Carrots can also be used in marketing
campaigns and public information programs.
You have to provide information to people
and encourage the rewards when they
exhibit the desired behavior. Transportation
allowances or other incentives are positive
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approaches. The use of collective problem
solving can also provide a positive
approach.
This involves people in
identifying the problems and possible
solutions. People are much more likely to
support policies when they are involved in
the decision-making process.

balanced approach. The real question is
how do we get more sticks accepted within
a democratic society.
What are some of the sticks that could
work? The most effective single action for
managing transportation demand would be to
start charging the full cost for all
transportation. Charging for parking is the
logical place to start. Charging for road use
may also be a realistic alternative in the near
future. Narrowing the speed differences
between transit and automobiles is a second
stick that has been used and could be
expanded.
HOV facilities are one
approached to making transit more
competitive with the automobile. Zurich,
Switzerland is perhaps the best example of
a city that has given priority to transit
wherever necessary; even when it means
inconveniencing automobile drivers. As a
result, Zurich has one of the highest transit
ridership levels per capita.

When we use sticks we are wasting
valuable resources and time. Taking a
creative carrot approach is much more
beneficial in the long run.
Sticks

Ideally, carrots would be positive
incentives for using transportation facilities
more efficiently. The common element with
the use of different types of carrots is some
type of subsidy for transportation. Sticks on
the other hand initially sound like
government beating on people or arbitrary
measures to change behavior. Most of the
useful and most promising sticks are integral
parts of the transportation system. HOV
lanes are an example of a stick. Unlike a
carrot, sticks are not transportation
subsidies.

Modal equity policies also represent
implementable sticks.
These policies
involve allocating the street space according
to persons rather than vehicles. This is both
a carrot and stick approach that would
strongly encourage the use of space efficient
modes, such as walking, biking and transit.
Another approach would involve shifting
taxes to fund transportation solely from user
charges and public funds specifically
collected for transportation.

The problem with relying on sticks is that
they are viewed as bad, while carrots are
viewed as good. Sticks conjure up all kinds
of dracononian beuracracy with heavy
handed enforcement. Carrots are nice, but
carrots are also wimpy. Carrots can be
accepted if desired, but can also be ignored
to keep from changing life habits. Sticks
are the opposite. Sticks are potentially very
effective, but their weakness is that they
may not be viewed as politically viable.

Finally, discontinuing some current
practices represents an additional stick that
could be used. Eliminating discounts for
volume purchases, such as monthly
discounted parking rates, is one example of
this approach. One additional area that
should be explored further are the rules that
influence organizations to create the wrong
environment for personal transportation
decisions.
The IRS tax treatment of
commuting benefits and parking

It seems clear that any system designed to
manage transportation demand will consist
of both carrots and sticks. Until recently,
we have tended to rely more on carrots, and
as a result, many of our programs have been
relatively ineffective. There needs to be a
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requirements and building densities are
examples of this.

parking, to develop new proposals and
ideas to address the parking issue, and to
create a network for further examination
of these ideas. Six white papers were
developed to help focus the discussion at
the Symposium.

The best approach is to combine the use
of both carrots and sticks. This approach
can ensure that both are used to their best
advantage.

• A series of recommendations were
developed by the participants. These
were classified into the four categories of
policy initiatives, demonstration projects,
research needs, and next steps.

Demand Manaa:ement; Parkin.:
Policies
and Other Measures

• The major policy initiatives
recommended included changing the
federal tax code so that the value of any
commute benefits, including parking, that
exceeds $60 is taxed, requmng
employers who offer an employee a
parking subsidy to also offer the
employee the option of taking the market
value of the parking subsidy as a taxable
cash travel allowance, reclassifying
employer-provided parking as a taxable
fringe benefit, and mandating state level
congestion relief programs with TDM
and parking elements.

Moderator: Richard H. Pratt
Richard H. Pratt, Consultant Inc.
Recorder: Laurie Elder
Seattle Metro
William T. Roach
Seattle Metro

Mr. Roach summarized the highlights of
the Commuter Parking Symposium held in
Seattle, Washington in December, 1990.
The purpose of the Symposium was to focus
attention on parking policy as one travel
demand management (TDM) strategy and to
identify mechanisms and techniques that
could be used to better utilize parking as a
TDM tool to change commuter behavior.
Mr. Roach identified the following major
items covered at the Symposium.
• Parking policies represent a very
important TDM tool that can significantly
influence commuter behavior and travel
mode choice. A variety of statistics on
the importance of parking rates and
parking policies were summarized.

• A series of possible demonstration
projects were identified. These included
developing an assessment program to
introduce parking fees at individual sites
based on the number of employees,
development of federal parking programs
for federal employees, reducing property
taxes for developments that take parking
out of active use, reducing parking
requirements at some developments, and
collecting updated information on parking
supply and demand at a variety of
locations.

• The Symposium had for major goals.
These were to provide a new perspective
on the issues associated with parking
supply, demand, and pricing, to better
understand the development aspects of

• Additional research needs identified
included evaluating the corporate
decision-making process to determine the
information needed to change current
parking policies, examining and
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documenting successful TOM programs,
and exammmg and documenting
innovative parking programs.

• The need for a closer examination of the
interaction of trip reduction ordinances
and affordable housing has been
suggested on a number of ocassions. The
potential of using an ordinance to require
charging separately for housing and
parking rentals was examined. This
could save up to $40 a month in a typical
suburban rental unit. However, to do
this, transit services in suburban areas
are needed, along with allowing
developers more flexibility and providing
more on-site amenities. A variety of
different proposals were identified on
ways to encorporate affordable housing
into HOV and other transportation plans.

• In order to move ahead on these
recommendations a series of additional
steps were identified. These included
encouraging changes in the federal tax
policies, encouraging FHWA, UMTA,
and states and local agencies to fund the
identified research, data collection, and
demonstration projects, and continuing to
support the coordination and
communication of the results of these
efforts.

• The use of instant carpools on the Shirley
Highway HOV lanes shows the appeal
the travel time savings provided by HOV
facilities can have on commuter behavior.
Based on interviews conducted with
people who make use of instant carpools,
they feel the travel time savings is the
largest benefit. It is important to note
that people feel comfortable with this
arrangement, as it is a relatively
homogensus group in the corridor.

Patrick Hare
Patrick H. Hare
Planning and Design
Montgomery County, Maryland

Mr. Hare reviewed the work he has done
in the area of integrating bus and HOV
friendly land development with HOV
facilities. Much of this work has been
conducted for the Maryland-National Capital
Park and Planning Commission.
He
covered three general projects; an HOV
system concept for Montgomery County, a
paper on trip reduction and affordable
housing, and instant carpooling on the
Shirley Highway HOV lanes. Mr. Hare
highlighted the following points related to
these three efforts.

Charleen Zimmer
Strgar-Roscoe-Fausch, Inc.
Minneapolis, Minnesota

Ms. Zimmer provided an overview of the
different elements of the I-394 project. She
discussed the components of the project,
which includes construction of a freeway
with HOV lanes, transit stations, park-andride lots, downtown parking garages, and
other support elements.
Ms. Zimmer
provided a detailed description of the
following TOM elements of the 1-394
project.

• The Montgomery County HOV study
focused on ways to obtain travel time
savings for HOVs iri a 10-mile corridor
and how to organize bus service within
the corridor. Recommendations included
the use of HOV lanes on arterial streets,
exclusive ramps to access transit stations
and other facilities from the freeway
HOV lane, and providing a variety of
transit services in the corridor.

• A Transportation System Management
Plan was developed to coordinate the
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different elements of the projects to
ensure that the completed facility would
work. While many of the hardware
components of the project were
developed relatively early, this effort
focused on the software or supporting
components needed to ensure the success
of the project.

charged to I-394 carpoolers and they
have first access to use of the garages.
In addition, a major transit center is
located in one of the garages. The
garages will be connected to the
downtown skyway system.
Parking Pricing vs. Parking
Supply Control

• Reaching agreement on the carpool
occupancy requirement was one of the
initial tasks. A 2 + requirements was
agreed upon after a good deal of
analysis. The second important element
was designing a bus service plan for the
corridor. This was developed to take
advantage of the timed-transfer concept
focused on major transit stations in the
corridor. Enforcement, marketing, and
public information programs were
developed early in the process.

Moderator: Cyrus G. Ulberg
University of Washington
Recorder: Laurie Elder
Seattle Metro

This workshop provided a dramatization
of a "carpetbagging" developer from
California dealing with a bureaucrat from
"Bean County" in the Pacific Northwest.
The bureaucrat is explaining the county's
parking regulations, which are based on
controlling the supply of parking. The
developer is arguing for the use of a
different approach based on parking pricing.
Peter Valk, Transportation Management
Services, played the part of the developer
and Elsa Coleman, City of Portland, played
the part of the bureaucrat.

• Three of the suburban communities in the
corridor have developed land use plans
which contain growth management and
TOM components. These plans take into
account both the available capacity on I394 and measures to support use of the
HOV facilities.
• An interim HOV lane has been in
operation during construction of the I-394
facility. This was done to assist in
managing traffic during construction and
to start building use of the HOV lane
prior to opening of the ultimate facility.
Testing some of the other components of
the TSM plan was also done during the
construction phase.

Developer:

Hello, I'm a carpeting bagging developer
from Southern California.
Bureaucrat:

Well hello, I'm pleased to meet you. I'm a
picky bureaucrat from Bean County. How
can I help you?

• Parking is considered one of the
important elements of the I-394 project.
Three garages, with some 6,000 spaces,
are being constructed on the edge of
downtown Minneapolis. Direct access
from the HOV lanes will be provided to
the garages. Lower parking rates will be
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First, we have a maximum parking
inventory for all of the downtown area.
This is something that you don't have to
worry about, but we want to make sure we
have enough parking spaces available in the
downtown area. The second point is that we
use maximum, rather than minimum parking
ratios. Now you may be used to slightly
higher ratios in California, but here in Bean
County our ratios range from .7 spaces per
1,000 square feet to 1.7 spaces per 1,000
square feet. This ratio is a based on the
distance the development is from the transit
spine. The .7 requirement is for buildings
located along either our transit mall or light
rail line. If you have retail uses on the
ground floor of your development, the ratio
is 1 space per 1,000 square feet.

Developer:

As you know, my firm is interested in
acquiring property in Bean County to
develop a magnificent world class office
complex. We then want to sell it as quickly
as we can to make lots of money. I have
learned that Bean County has just approved
regulations reducing the amount of parking
allowed for new developments. I really
need more parking than allowed by this
regulation to market my development
successfully. This regulation seems like a
gutless way for the city to deal with a very
complex traffic and commute problem.
Further, it puts the burden for addressing
traffic congestion unfairly on developers. I
just don't see how we can pursue this
development with these types of regulations.
As you are aware, my leasing requirements
mandate that I charge for parking. This is
one of the ways I make a lot of money.
Your regulations are just not fair.

We also have criteria for approving any
surface parking lots in the downtown area.
Last, the streets in the downtown area are
classified according to use. Classifications
include transit, traffic, and new access for
parking. Depending on where your property
is located, we can tell you the specific
parking ratios and street classifications that
will apply.

Bureaucrat:

I don't think you understand the complexity
of the issues we are dealing with here in
Bean County. While I am concerned about
your parking problems, I think you need to
look at the bigger picture. Rather than a
parking permit manager, I tend to think of
myself as an access manager. Thus, I am
concerned about air quality, travel demand
management, and maintaining the mobility
and economic vitality of our community.
Limiting parking at new developments is
one very effective technique we can use to
reduce congestion and encourage people to
use transit. Our research shows that the
number of spaces allowed under the
ordinance will not hurt the economic
viability of your projects or place an undue
hardship on you.

Developer:

Why are you doing all this any way? Why
did you go to all the work of developing
these regulations and plans?
Bureaucrat:

There is a long history to the development
of the parking policies and plans. The
downtown plan included a transportation
element that examined both parking supply
and demand and transit services. More
recently, the federal Clean Air Act of 1990
has had a major impact on transportation
planning and development.

Let me review the four major points of our
regulations that you will have to follow.
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Developer:

parking fees are charged, only 46% drive
alone to work. Thus, charging for parking
appears to have a significant impact on
encouraging greater use of carpooling and
transit. In addition, many employers are
offering transportation allowances to their
employees. This provides an allowance for
employees that can be used to subsidize
parking rates, bus passes, or carpools and
vanpools. The decision on what approach to
use is left up to the individual employee.

Many of the things you have talked about
sound similar to the trip reduction
ordinances and other measures that have
been implemented in Southern California,
partly in response to Regulation 15.
However, a different approach has been
taken in many areas.
Initially, many
municipalities required developers to
implement trip reduction or-dinances.
Measures such as preferential parking for
carpools and vanpools, transit pass
programs, and employee transportation
coordinators were often included in these
programs.

Bureaucrat:
The programs you describe are very
interesting. It appears that both approaches,
pricing and supply, address the same issues
and problems. When you restrict the supply
of parking, the cost naturally goes up. On
the other hand, charging for parking, even
when you have an adequate supply, will
have about the same impact. In both cases,
the overall impact should be to reduce the
number of commuters driving alone and
make better use of available land.

Regulation 15 has changed the approach
being taken in many areas by placing the
burden for reducing vehicle trips on
employers rather than just developers. The
Air Quality Districts now require major
employers to develop and implement trip
reduction plans for their employees. Many
different approaches are being utilized, with
business offering incentives to employees to
use higher-occupancy commute modes.
Employers are spending upwards of $200 to
$300 per employee per year for these
programs. These regulations have enhanced
many of our developments which already
included many of these programs.

Developer:
You may be right, but I still have some
concerns about taking the supply side
approach.

Bureaucrat:
As a result of these requirements, some
areas and employers have even started
charging their employees for parking. This
is especially true at large employment
complexes. I think this is a better approach
that the complex regulations you are using
here in Bean County. Charging for parking
represents a pricing mechanism that really
gets to the heart of the matter.

It is important that whichever approach is

utilized is just one component of a larger
comprehensive package. Other supporting
elements, such as carpool and vanpool
programs, bus service, and bus fare
subsidies also need to be considered.
Parking is just one component of the overall
approach that needs to be taken. Thus, we
think both incentives and disincentives need
to be used. In addition, alternative work
hours, changing the federal tax deduction of
only $15.00 for transit fare subsidies, and
other techniques need to be considered.

The research that my firm has done
indicates that in one suburban case study
where free parking is provided, 90% of the
employees drive alone. However, when
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technology. A large increase in funding
in this area is proposed.

LEGISLATION AND POLICY

Transportation Leeislation
• One of the important elements related to
HOV facilities is that the proposal
considers a number of mobility solutions.
Improved management of existing
systems and the use of IVHS technologies
are a part of this effort. Four areas will
further impact on HOV facilities. These
are strengthening the planning process,
operational improvements, a new
definition of start-up ·costs, and other new
features. HOV facilities are especially
important as a major element of the
operational improvement category.

and the

Surface Transportation Act
Moderator: G. Scott Rutherford
University of Washington
Recorder: David Stallings
Seattle Metro
Larry Dames
Federal Highway Administration

Mr. Dames provided an overview of the
Federal Highway Administration's
perspective on the Surface Transportation
Act. He outlined the following areas that
indicate FHWA's support of HOV facilities.

Samuel Zimmerman
Urban Mass Transportation
Administration

• The legislative package refers to homes,
jobs, and markets. This identifies the
important role transportation has in
supporting the economic viability of the
country.

Mr. Zimmerman provided an overview of
UMTA' s perspective on the Surface
Transportation Act. He noted that extensive
public input was obtained during the
development of the National Transportation
Policy. One of the recommendations that
emerged from the many diverse groups
related to the need to strengthen the
transportation planning process. This could
benefit the development of HOV facilities by
providing improved coordination and
communication among the different
transportation groups. When the planning
regulations, that were first promugated in
1975, were reviewed, it was found that they
contained most of the elements that people
wanted. While the elements were there, it
appears that in many areas the process was
not being followed.

• The legislative package refers to a new
vision relating to the overall National
Transportation Policies and the
restructuring of programs relating to
highways, transit, and safety.
This
vision also reflects the changing travel
and trip characteristics occuring in the
country.
• A number of objectives address the
priority concerns of mobility, congestion,
productivity, and competitiveness in the
international markets.
• Modifications are proposed in the funding
approaches and the ratios of federal and
local shares.

One of the major changes in the proposed
legislation relates to funding.
These
changes were designed to help support the
planning process. The first element is the

• One of the initiatives in the proposed
legislation deals with research and
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realization that a stable and reliable source
of funding is needed.

• The corner stone of the bill is a $45
billion surface transportation program.
These funds can be used for the operating
and capital costs of virtually any surface
transportation mode.

The proposed approach provides much
greater flexibility among the different
funding programs. Selecting the types of
projects and establishing priorities is left up
to the local area. This will greatly enhance
the ability of local areas to use available
funding to best meet local needs.

• A $5 billion congestion management
program is proposed. This would be a
stand alone program aimed at reducing
congestion levels and improving ambient
air quality levels.

The UMTA program under the proposed
reauthorization represents a flip flop from
the current reliance on general revenue for
the formula program.
Currently, the
Section 9 funding is based on general
revenues. Funding for this program would
be changed to the trust fund. A relatively
small discrenary program would be focused
on new starts, with the formular program
focused on system expansion and
reconstruction. Funding would also be
made available to implement elements of the
1990 Clean Air Act, the Americas with
Disabilities Act, and innovative projects
designed to address congestion.

• The bill also includes standard programs
for bridges, maintenance, and interstate
construction completion.
• The administration bill may favor HOV
facilities more than the Senate bill.
However, both bills do provide some
favorable treatment to HOV facilities.
• The Senate bill also takes a somewhat
different approach to planning by putting
more authority in the hands of
metropolitan planning organizations
(MPOs).

Modifications are also being proposed to the
planning requirements in both the UMTA
and FHWA programs.
Congestion
Management Plans will be required, which
must be compatible with state plans.
Increased flexbility will also be allowed in
areas under 200,000 population.
Ted Knappen
Greyhound Lines, Inc.

Mr. Knappen provided an overview of
the Senate bill recently released by Senator
Moynihan. He noted that this is both a very
significant and a very radical piece of
legislation.
Major elements of the
Moynihan bill covered by Mr. Knappen
included the following.
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Representative Ruth Fisher
Washington State Legislature

program. A technical assistance team,
comprised of technical staff, will assist
with implementation of the program.

Representative Fisher provided an
overview of the legislative and policy
activities in Washington State relating to
HOV facilities, TDM, and growth
management. She highlighted the following
element being considered by the Washington
State Legislature in 1991.

• Funding has been allocated by the
legislature in 1991 to support a variety of
TDM programs and HOV facilities.
Over $6 million will be used to support
TDM activities and some $217 million
will probably be authorized for HOV
lane construction.

• Enhancements to the Growth
Management Legislation passed in 1990
are being considered.
This includes
approaches to better coordinate land use
and transportation.

Jim Slakey
Washington State Department of
Transportation
Mr. Slakey provided an overview of
recent activities in the Seattle area related to
TDM, land use, and transportation. He
noted that the existing system was developed
based on a vision of single family homes,
use of the automobile, and easy commute
trips between work and home.

• TDM measures were also considered
during the 1991 Session. Legislation
providing a comprehensive program to
address peak-hour commuting was
approved. The legislation requires major
employers in eight counties to reduce
single occupancy use by their employees.
Employers are grouped into trip
reduction zones.
These are areas
characterized by similar employment and
population densities, available transit
services, parking spaces, and access to
HOV facilities.

He reviewed the trip reduction ordinance
mentioned by Representative Ruth Fisher.
He noted that implementing this program
will involve utilizing a variety of techniques
to increase the use of carpooling and buses.
HOV facilities will play a critical role in
encouraging the use of these modes and
decreasing the use of single-occupant
vehicles. Further, implementing this and
other programs will require the continued
communication and cooperation of agencies
in the Seattle area.

• In 1992, local jurisdictions will be
required to establish the trip reduction
standards for these zones. Employers
will then have to develop and implement
plans to meet these requirements. Trip
reductions must be accomplished in three
stages; 15% by 1995, 25% by 1997, and
35% by 1999.

Mr. Slakey noted that funding is still an
issue in the implementation of the planned
HOV lane system and the supporting transit
components. He stressed that funding is
critical not only for constructing the actual
HOV lanes, but also for operation of bus
service on these facilities.

• This program leaves the exact approach
up to individual employers and provides
for creative solutions.
A task force
comprised of representatives from state
and local governments and employers
will be responsible for overseeing the
development and evaluation of the
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example, use of the mixed traffic lanes
could be priced to reduce congestion,
while the HOV lanes could be unpriced,
but restricted to HOVs.
Thus,
individuals would have a choice of using
the general-purpose lanes if they were
willing to pay or the HOV lanes if they
were willing to use the bus, carpool or
vanpool. The revenues generated from
this type of system could be used for a
variety of uses, including transit and
HOV lane development.

Clean Air Le&islation -

What it Means

for HOV and TDM Prouams
Moderator: G. Scott Rutherford
University of Washington
Recorder: David Stalling
Seattle Metro
Jon Williams
Metropolitan Washington
Council of Governments

• While some members of the general
public may not feel that the choice of
paying to use the mixed traffic lanes or
using a higher-occupancy commute mode
is much of a choice, it appears combining
HOV lanes and roadway pricing has
merit.

Mr. Williams provided an overview of
some of the activities occurring in the
Washington, D.C. area related to air quality
issues. He also discussed roadway pricing
and the potential of reducting pollution and
congestion through the pricing of road use.
Discussion of this topic has become more
prominent recently, even though it is viewed
by many as a negative measure, that may
not be politically feasible. Mr. Williams
provided the following highlights related to
the 1990 Clean Air Act and the use of
roadway pricing techniques and the potential
link to HOV facilities.

Richard Watson
Washington State Energy Office

Mr. Watson provided an overview of
recently approved air quality legislation in
Washington State. He noted that since the
legislation was just approved in the last few
weeks, the exact approach to implementing
the requirements is still not totally resolved.
He also noted that many people were
surprised that the legislation passed on the
first attempt and that it contains some
relatively aggressive features. Mr. Watson
covered the following points relating to the
legislation.

• The 1990 Clean Air Act is prescriptive,
grouping areas by the severity of the air
pollution problem. Ozone abatement is
particularly emphasized.
• Lowering emission levels, the use of
cleaner fuels, and reducing vehicle miles
of travel are among the measures to be
focused on.

• The legislation addresses not only air
quality, but also congestion and energy
concerns. The origins of the bill were in
the Governor's Clean Air proposals.
This focuses on the automobile as a
major contributor to air quality problems.
A variety of approaches are covered in
the bill including the use of clean fuels,

• Roadway pricing is most unpalatable
when it simply restricts use of a facility
and does not offer any alternative
mobility.
• Pairing HOV and roadway pricing, which
could be called combining the carrot and
the stick, could remedy this defect. For
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tax incentives for the purchase of more
fuel efficient vehicles, extension of the
inspection and maintenance program, and
transportation demand management
requirements.

• Areas in the serious and severe categories
must substantially reduce the rate of
increase in passenger vehicle trips and
miles per trip. In addition, severe areas
must meet further requirements related to
vehicle occupancy and emission levels.

• Major provisions of the act will require
local governments and counties to adopt
and implement vehicle trip reduction
plans. This provision also applies to
major public and private employers,
defined as employers with 100 or more
first shift employees.

• HOV facilities and TDM measures are
being focused on to help areas meet these
requirements.

Needed Transportation Policies:
Plan of Attack

• The goals for reduction in single
occupancy vehicle trips are 15 % by
1995, 25% by 1997, and 35% by 1999.

Moderator: G. Scott Rutherford
University of Washington

• A state commute trip reduction task force
will be appointed to oversee the program.
The purpose of this group is to increase
consistency, decrease duplication, and
provide technical assistance.

Recorder: David Stallings
Seattle Metro
Sam Zimmerman
Urban Mass Transportation
Administration

• Employers will have to develop and
adopt commute trip reduction plans.
Elements should include the use of
transportation coordinators, annual
reviews, and implementation of TDM
measures of their choice. The only
current enforcement provisions are civil
penalties for lack of good faith efforts.

Mr. Zimmerman provided a brief
overview of some elements of the proposed
Surface Transportation Act, especially those
relating to HOV facilities. He noted that
often transit tends to focus on the mode of
the month or the latest technology. He
suggested that HOV facilities should be
viewed as one possible alternative to
meeting
transportation needs in
metropolitan areas. However, they may not
always be the appropriate approach or
preclude the need for other improvements.
II

II

Donna Lott
California Air Resources Board

Ms. Lott provided a summary of the
major elements of the 1988 California Clean
Air legislation. She covered the following
points related to the legislation and
subsequent activities.

Mr. Zimmerman noted that the key to all
the different transportation bills that have
been introduced is flexibility. All of the
proposals provide local areas with a great
deal of flexibility on the use of funding for
projects that have been developed through
an objective, technically sound, local
planning process. Other issues, that support
this flexible approach include equal

• The focus of the legislation is on
lowering emission levels through the use
of cleaner fuels and TDM measures to
reduce single occupant vehicle use.
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matching ratios for similar kinds of facilities
and the use of the same project development
process. All of these elements will help
strengthen the planning process, which
should enhance the consideration of HOV
facilities.

Mr. Toohey noted that other policy issues
currently being debated include the
programming of projects, coordination
among agencies, vehicle occupancy
requirements, and operating hours. Many of
these issues are important political concerns
in the Seattle area. In addition, the current
High Capacity Transit Study, which is
examining rail and bus alternatives, will
help shape the future direction of transit and
transportation in the Puget Sound area.
Financing and programing of projects will
be a key element of the outcome of this
effort.

Mr. Zimmerman also reviewed the
proposal requiring the development of
congestion management plans. This is a
stronger version of the old TSM planning
requirement, especially in air quality nonattainment areas.
In closing, Mr. Zimmerman stressed the
importance of viewing HOV lanes as one
part of the total transportation system.
Thus, more that just building an HOV lane
is needed. The service and support elements
of the total system are critical to ensuring
the success of the facility. These elements
include the vehicles, transit centers, parkand-ride lots, and improved service levels.
He also noted that the marketing elements of
price, product, promotion, and position are
important in getting people to use HOV
facilities.

In closing, Mr. Toohey suggested that to
max1m1ze the effectiveness of HOV
facilities, greater coordination is needed
between land use and transportation planning
and decision-making. Growth problems are
being seriously considered within the state,
but there are no easy' answers.
HOV
facilities present both challenges and
opportunities to assist in better integration of
land use and transportation.

Caroline Feiss
Snohomish County
Transportation Authority

James Toohey
Washington State Department
of Transportation

Ms. Feiss provided comments on
legislative and policy needs from a transit
agency perspective, with specific examples
from Snohomish County, the area just north
of Seattle. She noted that much of the
efforts focused on HOV facilities have been
undertaken in response to the rapid growth
occurring in the area.
A multi-agency
strategy was developed to promote HOV
policies and programs. She outlined a few
of the major elements of this approach.

Mr. Toohey reviewed the development
and current status of HOV facilities in the
Seattle area and the future policy challenges
to ensuring implementation of the system.
Of the 275 miles of planned HOV lanes, 90
miles are complete or under construction.
He noted that sources of funding for only
about half of the estimated $1.4 billion
needed to complete the system have been
identified. Thus, securing funding for the
full system is a major concern for the
Department. Additional funding will be
need for the support facilities and services
needed to ensure a successful HOV system.

First, the HOV system was defined in a
regional context. This helped identify the
scope and scale of the improvements and
assisted in defusing local concerns. Second,
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travel areas, rather than political boundaries,
were used to define the project areas. This
helped build support for the overall system.

will impact local and county governments.
In addition, these governmental units are
often required to provide permits or
authorization for different aspects of these
projects.
Ensuring that HOV projects
address the real problems in a corridor is
also important.

This approach was encorporated into the
County Transit Plan, which was further
coordinated with land use elements and
policies. Criteria were developed to better
focus transit and land use. These included
the presence of compatible land use patterns
and densities, the presence of demand
anchors, traveler characteristics, the degree
of access control, the capacity of transit to
supply services and vehicles, connection to
other HOV facilities, and the existence of
TOM policies.
A hierarchy of HOV
facilities were then developed for each of
the major travel corridors within the county.

Mr. Derrickson also stressed the
importance of the linkage between land use
and transportation. Strong state legislation
is needed to help ensure that this happens.
While voluntary efforts at the local level are
possible, some type of incentive is needed
from the state to promote this. Providing
latitude to local governments to develop the
best local solutions is important, but overall
guidance and direction is still needed from
the state.

The first opportunity to utilize this plan
resulted in a recommendation not to
implement an HOV facility on an arterial
street. This recommendation helped to
focus discussion on where and why HOV
facilities are appropriate and what is needed
to ensure the successful operation of HOV
lanes.

He further suggested that a partnership
approach is needed with all levels of
government and agencies working together.
He noted that Washington State is moving in
this direction and can be viewed as one of
the better examples of coordinating land use
and transportation policies and programs.
However, he also suggested that more work
is needed in this area, especially with the
new requirements of the 1990 Clean Air Act
Amendments.

Ms. Feiss suggested that focusing the
planning of HOV facilities at the regional
level is beneficial. This helps identify the
overall scope of the projects, builds multiagency and multi-jurisdictional support, and
encourages greater coordination between
land use and transportation.
Dennis Derrickson
Snohomish County

Mr. Derrickson provided a county and
local government perspective on needed
transportation policies. He noted that it is
important that local jurisdictions be involved
in the planning, design, operation, and
enforcement of HOV facilities for a number
of reasons. The decisions made concerning
HOV lanes, and other transportation projects
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INTELLIGENT VEHICLE HIGHWAY
SYSTEMS AND HOV FACILITIES

• Currently, a demonstration project is
being conducted focusing on one heavily
traveled route. Buses on this route are
equipped with AMTECH Automatic
Vehicle Identification (A VI)
transponders. The transponders are read
by detectors located at strategic points
along the route. Finding good locations
for the detectors, which must be located
over the area the buses will pass under,
has been a challenge. The objective of
the demonstration is to determine the
accuracy and reliability of the equipment,
as well as the operation and maintenance
costs.

Current IVHS/HOV
Projects
Moderator: Katherine F. Turnbull
Texas Transportation Institute
The Texas A&M University System
Recorder: Jeff Lindley
Federal Highway Administration
Helen Gault
Ottawa Carlton Regional
Transit Commission

• Key elements of the demonstration focus
on information management, including
the provision of real-time bus schedule
information to the public through
information displays,
telephone
information service updates, and selectcall communication. In the future, the
system will also be tied to signal
preemption capabilities.

Ms. Gault provided an overview of the
automatic vehicle location (AVL) system in
operation in Ottawa. She presented a brief
review of the major elements of the Ottawa
transitway system, a history of the
development of the AVL system, the major
components and use of the system, and
plans for future expansion and enhancement
of the system. Ms. Gault covered the
following points relating to the Ottawa AVL
system.

• Further expansion of the AVL system to
other routes and eventually the full
system is anticipated.

• The basic philosophy used in the
development of the AVL system was to
keep the system simple, avoid
duplication, avoid the need for complex
on-bus equipment, and avoid information
overload.

Steve Albert
Metropolitan Transit Authority
of Harris County

Mr. Albert provided a summary of the
Houston HOV lane system and the IVHSrelated activities in the Houston area. He
noted that a number of demonstration
projects are either being initiated or are in
the planning stages. Many of these are
being developed through the joint efforts of
Houston Metro, the Texas State Department
of Highways and Public Transportation, the
Texas Transportation Institute, and local
jurisdictions.
Mr. Albert noted the
following projects as representative of many

• The system was designed to integrate the
AVL system into the existing computer
assisted service control and monitoring
system. Major elements of the existing
system include the radio communications
network, bus to operator run
assignments, call prioritization, schedule
information displays, and data
management.
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of efforts currently underway in the Houston
area.

on the HOV lanes for vehicle
identification, authorization, and peakperiod use. In addition, the use of IVHS
on arterial streets has been discussed as
a future consideration.

• A demonstration is currently underway
focusing on the use of cellular telephones
to measure travel times in selected
corridors. A limited demonstration has
been conducted by having drivers in
these corridors call in travel times at
selected points using cellular telephones.
This system will be expanded in the fall
to include some 200 drivers.
The
resulting travel time and real-time traffic
information will be used in a variety of
ways by a variety of groups. These
include commercial vehicle operators,
traffic reports, transit systems, and other
demonstration projects. In 1992, it is
anticipated that the cellular telephones
will be replaced by transponders and
AVI tags.

Mark Haselkom
University of Washington

Dr. Haselkom presented an overview of
the real-time interactive traveler information
system being developed at the University of
Washington. A prototype of the system,
called Traffic Reporter, is currently
operational for the 15 mile 1-5 corridor
north of Seattle. Using a videotape showing
the actual information screen, Dr. Haselkom
highlighted the following key elements and
functions of the system.
• Traffic Reporter is a PC-based graphical,
interactive, traveler information system.
The goal of the system is to influence
commuter behavior and decision making
by providing current and useful traffic
information.

• As nqted in the white paper presentation,
the Houston Smart Commuter !VHS
Demonstration Project is being developed
focusing on the use of !VHS technologies
to encourage greater utilization of highoccupancy commute modes. This will be
accomplished by providing current traffic
and transit information to individuals in
their home and work place through a
variety of advanced technologies. The
real-time traffic information provided
from the cellular telephone and
transponder demonstration will be used
in this project.

• Traffic information is collected through
detectors embedded in the pavement of
the freeway lanes. A microprocessor
gathers the detector data for one second
and transmits it to a central processor.
A mainframe computer at the Traffic
Managment Center receives this
information and produces a one-minute
summary that is transmitted to a personal
computer. The data are converted into
estimated travel speeds and times and
displayed in graphical form. Four colors
are used to denote different operating
speeds.

• Limited testing of automatic vehicle
location (AVL) technology has been
conducted and further testing is planned.
• The use of kiosk displays for transit and
traffic information is being tested at a
major suburban office complex.

• The user can also access other data
screens that can zoom into a specific
location or provide mean speed rates at
selected locations.

• A very preliminary look is being given to
the potential of using IVHS technology
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• Using AVI, AVL, or other technologies
to enhance the operation of special
environments, such as HOV lanes,
parking lots, toll facilities, and ramp
metering.

• The information can also be utilized by
traffic managers and engineers. The
system will allow better management of
the facilities by providing current
information and allow detailed analysis to
be conducted on historical data.

• Improve HOV enforcement capabilities
through the use of automatic vehicle
classification systems and video systems.

Current plans are to upgrade, improve,
and expand the system. This includes
expanding the area covered by the system,
providing information on the freeway and
HOV lanes separately, developing a touch
screen feature for use in public kiosks, and
expanding the capabilities to link into home
computers. In addition, researchers are
working on developing the ability to predict
future traffic conditions based on current
conditions and historical data.

• Improve the management of rideshare
systems and ridematching capabilities.
• Utilize automatic vehicle monitoring
systems to provide real-time information
on the location, schedule, loading,
condition of buses in operation, and to
alert dispatchers to any emergencies.

Chris Hill
Castle Rock Consultants

Vision for HOV-Related
IVHS Proirams

Mr. Hill provided a summary of the use
of IVHS technologies in transit and
ridesharing. He noted that there are a
number of current applications in use and
the potential exists to expand the use of
IVHS technologies to greatly enhance both
transit and ridesharing activities.
The
following current and future applications
were highlighted by Mr. Hill.

Moderator: Katherine F. Turnbull
Texas Transportation Institute
The Texas A&M University System
Recorder: Jeff Lindley
Federal Highway Administration
Steven Levine
Texas State Department of
Highways and Public
Transportation

• Use of IVHS technologies in pre-trip
planning services. This could include the
use of telephones, teletext, and personal
computers.

Mr. Levine presented an overview of the
approach being taken in the Houston
metropolitan area to the utilization of IVHS
technologies. He noted that a variety of
IVHS related projects are being pursued by
different agencies in Houston. However,
these activities are being coordinated
through a number of multi-agency groups
and projects. Mr. Levine highlighted the
following IVHS projects and activities
currently underway or planned for the
Houston area.

• Enhancing transit service information
systems to include real-time or next trip
bus arrival, departure, and schedule
information.
• Improving the efficiency of transit
vehicles through signal retiming and
signal preemption.
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University of California, Berkeley, which is
examining the application of advanced
technologies to HOV systems. He provided
an overview of the medium and long-term
technologies that are being examined and the
benefits and potential applications associated
with these. The following points were
highlighted in his presentation.

• The Houston Intelligent Transportation
System (HITS) represents the overall
concept for the coordinated development
of IVHS technology in the Houston area
The goal of HITS is to improve the
mobility of people and goods and to
reduce the environmental impacts of the
transportation
system
through an
accelearated and innovative program
utilizing advanced technologies.
•

A computerized traffic management
system is under development for the
freeways, HOV lanes, and frontage
roads.
The system is being jointly
developed and implemented by the
Department and Houston METRO.

•

A major element is providing information
to the traveling public through a variety
of methods. These include newspapers,
information banks or kiosks, radio
stations and highway traffic advisories,
information at truck stops, and
changeable message signs.

•

A demonstration using cellular telephones
to provide current traffic information is
currently underway in targeted corridors.
This demonstration will be expanded to
utilize transponders to record the travel
time information in 1992.
The
information obtained will be provided to
a variety of users.

•

The Houston Smart Commuter IVHS
Demonstration project is being developed
to test the use of advanced technologies
to encourage greater utilization of highoccupancy commute modes.

• Mid-term technologies are considered
realistic over the next 3 to 5 years.
Most of these technologies are optional,
can be used in mixed traffic, do not
include vehicle to vehicle communication, and maintain driver control of the
vehicle.
Anticipated benefits include
reductions in travel times, frequency and
severity of accidents, and vehicle
em1ss1ons.
They also provide a
transition to the longer term automated
technology.
Candidate technologies
being examined include roadway
electrification, dynamic route guidance,
AVI, and lateral and longitudinal control.
• Long term technologies are considered
realistic within a 10 to 12 year time
frame. These technologies will allow for
significant increases in capacity. HOV
lanes represent ideal test facilities for
many of these technologies. In addition
to the benefits noted previously, the use
of these technologies should greatly
increase the capacity of the transportation
system.

Richard Braun
Center for Transportation Studies
University of Minnesota
Mr. Braun provided an overview of
many of the IVHS activities in Minnesota
and on a national basis. He noted the
wealth of opportunities to combine IVHS
technologies and HOV facilities.
He
suggested that individuals involved in the

Ted Chira-Chavala
University of California, Berkeley
Dr. Chira-Chavala discussed an UMT A
funded project being conducted at the
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HOV area should actively promote the use
of IVHS technologies to improve the
operation and management of HOV
facilities.

could provide numerous benefits. These
applications also provide the opportunity to
provide the early winners that the IVHS
program needs.

Mr. Braun noted the enthusiasm at the
federal level for the IVHS program.
FHWA, UMTA, and a number of other
groups are actively involved in a number of
projects and more demonstration programs
are expected to be initiated over the next
year. IVHS America, which held its first
Annual meeting in March, is also actively
supporting the development of a national
IVHS program.
There is interest and
enthusiasm for IVHS on many levels. The
March meeting drew over 500 people.

Dennis Ingham
Washington State Department
of Transportation
Mr. Ingham provided an overview of the
approach being taken in Washington State to
implementing IVHS and HOV technologies.
He also discussed the overall vision for the
development of these programs.
Mr.
Ingham noted the following points as central
to the approach and vision for IVHS and
HOV technologies in Washington State.

Mr. Braun suggests the need for one
source for all the traffic and transit
information that will be available through
IVHS technologies. He stressed that the
credibility of the IVHS and associated
programs will depend largely on the
accuracy of this information. Ensuring that
the information provided is accurate and
timely will be critical to the success of these
programs.

•

It is important to identify a long-term
vision and then implement this vision
through incremental short- and mid-term
activities.

• The programs and projects in
Washington State all share a common
theme focusing on communication. This
includes the data collection elements, the
central processing functions,
and
transmitting this information to drivers,
commercial vehicles, traffic management
centers, and others.

Mr. Braun reviewed the Autoscope
system, which was developed by a professor
at the University of Minnesota. Autoscope
is a video image processing system that can
be used to provide information on traffic
levels, travel speeds, and incidents. The
first large scale test of the system will be in
the 1-394 corridor.
Mr. Braun noted the importance of
addressing legal, institutional, and human
factor issues related to the development of
many IVHS projects. Many of these same
concerns relate to HOV facilities. He also
stressed the real opportunity to fold transit
into IVHS, especially as it relates to giving
transit an advantage. This is an area where
the creative application of IVHS technology
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•

A wide variety of technical choices and
approaches exist and should be utilized.
These include telecommuting, dynamic
bus routing, real-time traffic and transit
schedule information, dynamic rideshare
matching, providing travel time savings
to HOVs, and allowing SOVs access to
HOV facilities for a fee. All of these
approaches can improve the management
and operations of the transportation
system and enhance the environment.

•

A better understanding of the needs of
commuters is necessary to ensure that the

status of programs,
innovative technique.

programs and technologies are matched
to the desires of the customers. A
number of options must be provided to
individuals so they can select the ones
which best meet their needs.

Ron Fisher
Urban Mass Transportation
Administration

Mr. Fisher summarized the major points
of the Advanced Public Transportation
System (APTS) program, which represents
UMTA's component of the IVHS program.
The program is designed to focus transit
IVHS applications and coordinate with the
activities of IVHS America, FHWA and
other groups. One of the IVHS America
Committees will deal specifically with
transit.
He supported the comments of previous
speakers who suggested that IVHS can be
used to give transit an advantage in
congested transportation corridors. Mr.
Fisher further suggested that transportation
professionals should think creatively to
identify ways IVHS technologies can be
used to improve transit management and
operation.
Mr. Fisher identified the
following opportunities for improving
transit.
• There is a vast amount of information
becoming available on all aspects of the
transportation system. Providing this
information to commuters along with
information on travel options can result
in more educated consumers.
• A variety of IVHS technologies can be
used to better manage HOV facilities and
test different innovations.
• Since technologies evolve so quickly,
there is a need to continually monitor the
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INTRODUCTION
Travel Demand Management and High Occupancy Vehicle systems are intensely
mutually supportive. TDM counts on HOV systems as a major strategy. HOV
systems are undergirded by the ridesharing enhancement of practically all TDM
activities. Major HOV systems today already benefit from TDM, much of it put in
place before the term "Travel Demand Management" was coined, and a lot more
can be done. HOV without TDM is like rail rapid transit without feeder bus lines
or station parking.
This White Paper describes and examines TDM in brief. It then addresses the
synergy of TDM and HOV working together. It closes by looking at future
directions, recognizing that HOV systems are a here and now example of
"manageable infrastructure;" infrastructure that is friendly to TDM and the
broader concept of Transportation Management as a whole.

TRAVEL DEMAND MANAGEMENT IN BRIEF
Travel Demand Management, or TDM, focuses on measures that nudge travel
behavior toward choices that increase transportation efficiency. 1 It is the demandside partner of Transportation Systems Management, or TSM, which is being
definitionally narrowed to focus on supply-side operational efficiencies. By
addressing both supply and demand, TSM and TDM together offer promise of the
most efficient use of existing and future transportation facilities.
Travel Demand Management may be characterized in terms of distinctive types of
actions:
• Improved Alternatives: Supplying improved travel alternatives that are
attractive and competitive with driving alone in the private (single
occupant) auto.
• Incentives and Disincentives: Encouraging use of alternatives to driving
alone through various bonuses, penalties and compensatory actions
which impact the cost, time or ease of travel.
• Impediment Removal: Elimination of barriers to use of alternatives,
particularly lack of information and real or perceived needs that keep
travelers "captive" to the single occupant auto.
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• Travel Time Management: Inducing shifts of travel to less congested
times of the day, or reduction in the number of days travel to the job site
is required.
An alternative categorization of TDM actions is to separate those which are
employer-based from those which are sponsored by area-wide organizations,
typically government. Employer-based strategies have excellent potential, but
their effectiveness is highly dependent on the degree of employer participation.
Employer participation and other factors in TDM effectiveness are examined
immediately after the following examples of different types of TDM actions.

Improved Alternatives
It is unrealistic and unreasonable to expect that travelers will switch from single
occupant auto driving unless suitably attractive alternatives are made available.
Availability of viable options is generally required for imposition of disincentives
and mandatory requirements to be politically acceptable. In any case, the bettered
travel times, costs and convenience of significantly improved alternatives will in
themselves act as incentives for more transportation-efficient behavior.

Transit is the traditional alternative to the automobile. It is at its most effective
when the travel market involved is radial to a central business district.
Conventional transit is placed at a disadvantage by suburbia's typical lack of
development concentration at either the residence or workplace. Dispersed travel
does not provide the critical mass for the advantages of mass transit to manifest
themselves, making it difficult to provide competitive door-to-door travel times and
adhere to realistic cost recovery standards.
New service designs more attuned to dispersed travel markets include direct
express services between those residential and business concentrations which
may exist, timed-transfer networks, subscription or "buspool" services to take
repeat-user groups directly to their destinations, and linkages between business
concentrations and parking facility/staging areas, either near the destination area
or at more remote park/ride locations.
The option of obtaining transit service from providers other than the regional
transit operator, including employers themselves, may entail fewer restrictions
and come at lower cost. At the other extreme, high capital options such as rail
services, bus transitways, and advanced technology circulators surely fit within
the transit improvement menu, but require evaluation in the context of regional
major-capital-investment decisionmaking.
Vanpooling is an alternative that strikes a balance between the door-to-door
convenience of carpooling and the vehicle capacity of transit. Because vanpooling
is a subscription service, pickup and distribution can be systematized and made
convenient to the needs of the particular group. Vanpools are most commonly
offered, promoted and subsidized by employers, but some programs are run by
certain transit agencies and other parties, including individuals. Vanpools are
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sometimes entrusted to join transit in using HOV facilities deemed inappropriate
for general carpool use.
Carpooling offers door-to-door convenience that approaches that of the single
occupant auto, particularly in suburban settings. It requires as few as two
passengers with common schedules and geography to form an effective unit. The
primary user disadvantage is imposition of workplace arrival and departure time
constraints.
Unless travelers are willing and able to make arrangements on their own,
carpooling requires providing information on acceptable matches. Both regional
and employer-based efforts are used in supplying matching assistance. Employerbased programs have advantages even beyond that of offering match possibilities
structured around a common destination. An employer can put corporate support
behind a carpool program, including marketing and promotion, flexibility with
work hours, and rewarding carpooling with employer-based incentives.
HOV systems in all their various manifestations are, as already stated, a major
TDM strategy. They, in combination with the transit, vanpooling and carpooling
given preference by each particular HOV facility, constitute alternatives to driving
alone that offer inducements of travel time savings and avoidance of congestioninduced travel uncertainties. Integration of Travel Demand Management and
HOV systems is covered in the next section of this paper.
Walking and bicycling is a legitimate TDM alternative to single occupant auto use.
Public interest in exercise activities offers new potential for non-motorized travel if
proper facilities are provided at the destination for bicycle storage and change of
attire, and enroute in the form of suitable bikeways/walkways and sidewalks.
Moreover, walking is an important distribution and circulation mode for those
who arrive as a transit or van/carpool passenger.
Modal interconnectivity can make combinations of single occupant auto use,
carpooling, transit and non-motorized travel attractive to travelers who cannot be
accommodated by one mode operating in isolation.
Low capital modal
interconnectivity strategies include park/ride staging areas for carpools, vanpools
and transit services; integration of bicycling or walking with either line-haul or
local circulator transit services; enhancement of opportunities for "instant
carpools" through provision of enroute carpool formation facilities, and linkage of
employer-provided transit or ridesharing services with regional transit services.
Incentives and Disincentives
The configuration of cities today, particularly the shape of the suburban
environment, and current costs from which the auto is exempt, make it difficult to
produce alternatives that can stand alone as fully competitive alternatives to single
occupant auto use.
For many travelers, it will be necessary to provide
inducements to overcome residual advantages of the single occupant auto.
Inducements can be incentives (carrots) which make alternatives more attractive,
or disincentives (sticks) which make auto driving less attractive. The most
powerful inducements are incentives and disincentives working together.
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Introduction of new disincentives tends to be politically feasible only when paired
with both acceptable alternatives and compensatory incentives.
Transit/HOV Cost Incentives can be provided by employers through provision of
direct subsidy payments to transit and van and carpool users. Even though public
transit fares are already subsidized and van/carpoolers realize savings by sharing
costs, driving alone has the cost advantage of being heavily subsidized as well.
Most employers provide free or heavily subsidized parking even though parking is
not free to them. Direct subsidies to users of alternatives helps to level the playing
field.
A common method of subsidizing transit fares is for the employer to buy prepaid
transit passes and resell them to employees below cost. Of course, if the site is not
adequately served by transit, the effort will accomplish little. Vanpools may be
subsidized in many ways, including assistance with van purchase financing,
insurance and maintenance. One company, State Farm in Southern California,
subsidizes carpooling by handing out chits at the parking lot which are cashed in
at paycheck time. 2 Unfortunately, any employee transit/HOV subsidy over
$15/month is subject to federal income tax, whereas parking subsidy is not.
Time and Convenience Incentives at employment sites and activity centers are best
provided to transit users at the time of site design, by ensuring that buildings are
placed close to transit stops and sidewalks, and not set back in a sea of parking.
Time and convenience incentives for van and carpoolers are provided with
preferential HOV parking; special spaces which are reserved, close-in and
sheltered if possible. Figure 1 illustrates a suburban job site design incorporating
these features. Both transit and van/carpools can also gain time savings if special
business park and activity center entrances and exits are provided for them.
The effectiveness of preferential HOV parking depends on the relative advantage to
van and carpoolers as compared to single occupant auto drivers, which in turn is
a function of parking facility size. Where the parking facility is small, the most
effective approach is to allow HOV parking on-site, and shift single occupant
vehicle parking off-site.
Parking Management encompasses parking pricing programs, parking supply
and location programs, and related incentive programs. 3 Parking pricing
programs include elimination of subsidies so that commuters pay free market
rates, and institution of parking charges where there are none. Parking supply
and location programs include the preferential parking strategies discussed
above, plus overall restraint on parking availability.
Incentive programs
associated with parking pricing include applying differential parking rates to
lower charges as auto occupants increase in number.
The beneficial effect on transit use and ridesharing of parking cost occurs whether
the cost is imposed by a parking facility operator or an employer. However,
employers play a crucial role, because they generally influence whether or not,
and how much, their employees have to pay. Posted pay-parking fee schedules do
not reflect what the average employee pays, even in central business districts. In
Washington, D.C., for example, half of all employees receive or find free parking;
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Figure 1
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in Los Angeles, more than half of downtown office workers who drive receive
subsidized parking.
As quantified later m the section on 'I1DM effectiveness experience, parking
management is the hallmark of higher impact TDM programs. Unfortunately,
provision of free parking as an employee benefit is a deeply ingrained practice,
sometimes even written into union contracts. It is regarded as an aid to employee
recruitment and retention, and as a perk that may disgruntle employees if taken
away. Landowners fear that elimination of free parking will lower the desirability
of their property and therefor property values.
Any program of parking
management, to gain acceptance, must address these concerns satisfactorily.
Transportation Allowance programs offer an incentive package specifically
designed to balance imposition of parking pricing from the perspective of affected
employees. The transportation allowance is a fringe benefit remuneration scaled
to the parking cost the employee must pay with parking subsidy eliminated. If the
employee continues to drive alone, he or she incurs no net financial gain or loss.
If the employee uses transit or rideshares, financial gain is obtained. Current tax
law, which makes any such allowance in excess of $15 a month non-taxable when
applied to other than parking, is an undesirable complication, but not a
prohibition. The solution under present conditions is to compute the tax cost to the
employee and increase the transportation allowance accordingly.
Impediment Removal

Improved alternatives, and complementary incentives and disincentives, all serve
to present the traveler with a set of choices in which transit and ridesharing offer
enhanced travel time, cost and convenience relative to single occupant auto use.
Mode choice modeling and related travel behavior studies have well established
that relative travel time, cost and convenience among modal options influence
travel decisions in significant and rational way.
However, if there are barriers to
giving up driving alone, travel time, cost and convenience improvements will be
correspondingly limited in their effectiveness. As barriers are identified, TDM
actions are being devised to help travelers become less "captive" to the single
occupant auto.
Marketing/Brokerage focuses on providing information on alternatives to driving
alone and on actively matching travelers with appropriate options; i.e., brokering
alternative transportation. Marketing/brokerage seeks to break down barriers of
ignorance about options, address needs for van and carpool matches, and form a
line of communication between travelers with specific requirements and parties in
a position to respond. An example of a party in position to respond might be a
Transportation Management Association of employers and transportation
agencies that could effect service changes. Employment site resource persons
assigned to assist in marketing/brokerage functions through direct employee
contact are known as On-Site Transportation Coordinators.
Guaranteed Ride Home programs address the concerns that a potential transit
user or van/carpooler may have that an unexpected need to work late, or leave
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early to tend to a family/personal emergency, may leave him or her stranded.
Such programs provide an alternative mode such as a taxi at no extra cost or a
company car. Indications are that the impediment to transit and van/carpool use
thus removed is significant even though the backup mode is seldom actually used.
On-Sjte Services are being planned for and provided as a strategy to reduce real or
perceived need for a car enroute or at midday to accomplish errands or secure day
care for children. This action requires employment sites to be planned or
retrofitted with restaurants, day care centers, and retail services such as dry
cleaning and banking outlets.
Travel Time Management

Variable work hours, variable work weeks and alternative work arrangements are
all travel time management strategies int ended to shift the timing or frequency of
travel in such a manner as to reduce travel peaks. Whereas other TDM strategies
have as their primary objective reduction of the vehicle trips required to
accommodate a given amount of travel, travel time management strategies are
primarily attuned to shifting trips of whatever travel mode from the most
congested times to times when more capacity is available, or, in some cases, the
elimination of trips altogether. Examples include:
Flexible Work Hours, whereby an employer gives employees a degree of freedom to
vary arrival or departure times, to either avoid peak travel conditions or allow
flexibility to use an alternative mode.
Staggered Work Hours, a fixed scheduling of different work hours designed to get
away from a sharp concentration of employee arrivals and departures by
spreading employee starting and quitting times over a wider band of time.
Modified Work Week, the institution of a 4-day or other non-traditional work week
that both eliminates an entire trip to work once each week or two, and, because of
the longer workday, spreads arrival and departure times into off-peak periods.
Telecommuting. the substitution of advanced telecommunications equipment and
networking for travel by allowing certain types of job functions to be performed offsite, at home or at a satellite work center, eliminating the need for daily commute
travel or shortening trips.
Employer Participation

Some non-conventional transit services, a majority of van and carpooling
programs, certain non-motorized travel and modal interconnectivity programs,
most applications of incentives, disincentives and impediment removal actions,
and all travel time management strategies, are employer based TDM measures.
At the site of a single employer, TDM effectiveness is a function of individual
program success, including the rate of employee participation in the options
offered. However, in an employment area as a whole, a corridor, or a region, TDM
effectiveness is heavily reliant on employer participation.
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Without substantial employer participation, the vehicle trip reduction benefit of
individual programs can be lost in a sea of status quo vehicular travel. Employer
participation can be purely voluntary, influenced by incentives, or mandatory.
Rates of employer participation in carpooling programs, where participation is
actively encouraged but still voluntary, appear to average about 4% for firms with
less than 100 employees, and 35-40% for larger firms. Roughly half of all
employees work for firms with less than 50 employees in a typical metropolitan
area. 4 For offices, voluntary employer participation in the more common travel
time management programs is similar. 0i Voluntary participation in subsidized
transit pass programs appears to be only about 1/5 the participation in carpooling
and variable work hours programs, probably indicative of the situation for
voluntary incentive/disincentive programs as a whole.
More substantial employer participation appears to require mandatory employer
involvement. The following approaches have been employed to require private
sector cooperation with TDM objectives:6
Conditional Development Approval allows local governments to require private
sector involvement as a condition of individual land development project
approvals. The requirements are usually imposed on developers at the subdivision
or preliminary site plan approval stage, with applicable elements passed down to
individual employers through sale or lease agreements. Most TDM agreements
reached as a condition of development approval set targets in terms of allowable
vehicle trip generation for the development as a whole or per employee, but leave
developers wide latitude as to means used for achieving the target.
TDM requirements placed on new development enforce employer participation by
new and expanding firms, but leave other employers with no requirement for
other than voluntary involvement. They are thus most applicable in the case of
newly urbanizing areas that do not yet experience high levels of congestion. Some
conditional development approval requirements apply only for a fixed time period,
such as 10 years, and what happens afterward is yet to be seen.
Trip Reduction Ordinances, or traffic mjtigation ordinances, can cover existing as
well as new employers. They generally apply to all present employers over a given
size, such as 50 or 100 employees, plus all future development. Typically they
establish target vehicle trip generation rates, set to represent a reduction from preexisting ambient conditions. Many, but not all, ordinances require annual
surveys as a way of monitoring progress. In virtually all cases to date, failure to
reach a target is not treated as a punishable offense, so long as the employer has
demonstrated good faith efforts toward complying.
Both traffic congestion and air quality concerns have served as impetus for trip
reduction ordinances. Traffic mitigation is the most common objective, but the
most far reaching trip reduction ordinance to date is "Regulation XV'' of the South
Coast Air Quality Management District in southern California.

120

Transportation Management Districts are something of a hybrid between an
assessment district and a trip reduction ordinance. They encompass and focus
responsibility for action on all commercial entities of a designated area, and are
specifically intended to create a collective public/private response to an areawide
problem. Attainment standards are developed for the area, in terms of level of
service or measures of effective use of transportation, and then a program of
combined public and private actions is devised to bring the area into compliance.
The concept is quite new. At issue is whether such a district has legal authority to
impose requirements on existing as well as new employment, require monitoring
of conformance, impose penalties for non-compliance or non-performance, levy
fees to encourage performance, and raise capital for transportation programs.
The two such districts which have been formed, the Silver Spring, Maryland
Transportation Management District and the Coastal Transportation Corridor m
southern California, were created by a public entities under legislative action.
A Transportation Management District could logically evolve out of a
Transportation Management Association, but there is a major distinction between
the two.
Transportation Management Associations are cooperative _partnerships
of private and public interests that have a shared interest in the satisfactory
resolution of an impact area transportation problem, operating primarily in the
realm of voluntary participation in any travel demand management actions.
Transportation Management Districts would have legal power to involve key actors
and institute key actions, and thus would operate in the realm of mandatory
participation.

Factors in TDM Effectiveness
Effective Travel Demand Management requires a full complement of strategies
encompassing improved alternatives, incentives and disincentives, barrier
removal, and employer participation. Improved alternatives are essential to
provide travel times, costs and convenience that will help attract travelers from
single occupant auto use, and make imposition of certain auto use disincentives
and mandatory requirements acceptable. Incentives and disincentives are needed
to reinforce the attractiveness of alternatives, and to make auto driving less
attractive. Removal of barriers that keep certain travelers "captive" to the single
occupant auto will allow alternatives, incentives and disincentives to reach a
broader clientele. Ensuring substantial employer participation will join individual
employer efforts with those of others to ensure area-wide TDM effectiveness.
Figure 2 illustrates these relationships with the analogy of a structure that will be
severely weakened or collapse without all four components. Such is the structure
of Travel Demand Management.
To assess the likely impact of a TDM program on regional transportation system
efficiency, it is necessary to understand the factors that impose a degree of
dissipation on the effect that is observed at an individual employment site with

121

Figure 2

STRUCTURE OF EFFECTIVE TRAVEL DEMAND MANAGEMENT
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TDM. Relative to effectiveness in work trip reduction for large participating
employers in the office land use category, the dissipation elements are: 7
• Inclusion of small employers along with large ones. Overall, small
firms exhibit lower TDM effectiveness than medium to large firms, and
have a much lower employer participation rate. (Half of all employees
work for firms of under 50 people, on average.)
• Inclusion of non-office employers along with office employers. Some
TDM actions are impractical for non-office employers, for example, work
hours management has little application to retail employees, who tend
not to arrive and depart in peak hours anyway.
• Inclusion of non-participating employers. This is a much more serious
factor in a voluntary program that in a fully mandatory program.
•

Inclusion of non-work travel. Few TDM measures directly address nonwork travel, except those which seek to reduce "captivity" to the single
occupant auto by introducing on-site services.

• Inclusion of travel not generated by TDM-area employment. Such
unaffected travel will include residence-based travel if not included in
the program, and all travel between areas not included.
The degree of dissipation potentially involved can be illustrated with TDM
effectiveness estimates that have taken all such factors into account. Probably the
first such estimate was that prepared for the 1987 1-494 Corridor Study in
Minneapolis.a In this study, workplace based TDM actions were estimated to
reduce peak hour vehicle trips at the largest participating office employers by 33%
(Low Scenario) to almost 50% (High Scenario). These "ideal employer" results
were shown to equate to peak hour vehicle trip reductions at the average workplace
of 4% to 10%, respectively, after taking into account smaller employers, non-office
employers, and non-participating employers. This in turn translated into peak
hour vehicle trip reductions of 1% to 3% on the 1-494 segment under study, after
accounting for inclusion of non-work travel, and travel from land uses and areas
not included in the corridor TDM program.
This study did not assess mandatory participation, except for new development
under the "High Scenario." It also faced the most difficult set of circumstances; a
circumferential highway running through an entirely suburban residential and
employment area, with no TDM programs assumed in areas beyond the suburban
corridor segment under study. When the workplace TDM actions were combined
with HOV lanes and ramps, and ramp meter bypass lanes, the "High Scenario"
TDM estimates projected a 9% peak hour vehicle trip reduction potential for I-494.
TDM Effectiveness Experience

A major TDM research effort currently underway, under contract to the Traffic
Operations Division of FHWA, is presently beginning the process of synthesizing
current TDM experience. It has been possible to draw some TDM information
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from literature assembled for that project, but much of the experience presented
here is necessarily from earlier compilations. Unless otherwise footnoted, all
1970s data is from the FHWA handbook Traveler Response to Transportation
System Changes, 9 and all 1980s data is developed from the FHWA report
Evaluation of Travel Demand Management Measures to Relieve Congestion. 10
Insofar as possible, all examples are presented in terms of percentage reduction in
the number of vehicle trips per traveler, as compared to prior conditions, or to
control areas without the TDM strategy or strategies in place. In many instances
this has required application of person trip per vehicle trip assumptions for
specific modes. For consistency with FHWA case studies, assumptions of 2. 5
persons per carpool, 12 persons per vanpool, and 30 persons per bus have been
used.
Transit improvements in the suburbs of a conventional nature are perhaps typified
by the 1987-1988 restructuring of bus service in the suburban Bellevue, Washington
CBD, which was accompanied by added transit service hours and introduction of
service from exurban areas. Transit usage by Bellevue CBD employees overall
increased by 38%, to a mode share of 11 %,11 producing a 1 ½% reduction in vehicle
trips per CBD employee.
Expansion of bus service by 32% in the I-35W corridor of Minneapolis, through the
introduction of express routes to the CBD, gave a 12% increase in ridership in 19721974, and increased the AM peak period corridor-wide transit mode share to 19%.
The corresponding reduction in corridor-wide vehicle trips per traveler was 1 ½%.
However, measured in terms of AM peak period corridor travel to the Minneapolis
CBD, the transit mode share increased by 18%, producing a 39% mode share,
accompanied by a 10% reduction in vehicle trips per CED-destined traveler.
A program of multifaceted improvements of alternatives, implemented by the
Tennessee Valley Authority at their Knoxville headquarters in the context of a preexisting pay parking disincentive, gave a 1973-1974 reduction in vehicle trips per
TVA employee of 27%. The part attributable to a targeted express bus service
focused on TVA's downtown offices was a vehicle trip reduction per TVA employee
of 15%. After addition of transit fare subsidies as part of an overall incentives
strategy, the total 1973-1977 reduction was 58%, still the standing record for TDM
programs. The part attributable to the targeted express bus service was a vehicle
trip reduction per TVA employee of 37%.
Vanpooling. as a part of the TVA program example, can be attributed a vehicle
trip reduction per TVA employee of 3% prior to implementation of vanpool
subsidies as one of several transit and ridesharing incentives, and 9% after
incentive program implementation. The 3M Company vanpool program at their
St. Paul, Minnesota headquarters was credited with a 9% reduction in vehicle
trips per employee in 1977. The 3M program was not yet at its peak in 1977, but
was fairly close to more recent (1985) performance. Cost and convenience
incentives are part of the 3M program.
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Carpooling programs that specifically involve employer carpooling assistance and
encouragement were found in the National Ridesharing Demonstration Program
to reduce vehicle trips per employee by 5% to 8% as measured at the site of
participating employers.
The higher rate is for programs with proactive
measures such as in-house matching and special incentives, and to some extent
includes the effect of van pooling as well.1 2 In the TVA example, carpooling can be
attributed a vehicle trip reduction per TVA employee of 8½% prior to
implementation of reduced parking fees for carpools, as part of their total
ridesharing and bus incentives package, and 9% after incentive implementation.
The disincentive imposed by pay parking on driving alone applied in both periods.
Incentives have their effectiveness illustrated in most of the preceding examples.
The high-end vehicle trip reduction percentages for each category of improved
alternatives reflect inclusion of incentives in the TDM program package. The
importance of incentives is further demonstrated by a final look at the TVA
program example. From 1973 to 1974, improved alternatives reduced vehicle trips
per TVA employee by 27%. From 1974 to 1977, with addition of cost and certain
time and convenience incentives, vehicle trips per employee were reduced by 42%.
TVA's express bus and van pool alternatives were obviously further improved in
the latter period in response to greater usage, so it cannot necessarily be concluded
that incentives were more important than improved alternatives, but it is clear
that they both played major roles.
A unique incentive program was introduced in 1989 by State Farm Insurance in
Orange County, California. Each employee, upon arrival each day, is given a
coupon worth 50¢ if he or she came via 2-person carpool, $1.00 if via 3-person
carpool, and $1.50 if via 4-or-more-person carpool, bus, bicycle, or walking. When
added along with vanpool subsidies to what had been a largely passive carpool
program, these incentives produced an immediate 22% reduction in vehicle trips
per employee. Compared to other firms in their area, State Farm produced 30%
less vehicle trips per employee.
Parking Management. which introduces the disincentives to driving alone of pay
parking and constrained parking, offers demonstrably superior trip reduction
potential. Of 11 top individual TDM programs evaluated recently by the Federal
Highway Administration, 8 out of 11 have some measure of restricted parking,
and 7 out of 11 charge for employee parking. Of the top 6 as measured by trip
reductions achieved, 4 charge for employee parking; of the 6 with the lowest
number of vehicle trips per employee, all charge for parking.
Most TDM programs with parking management also include other TDM actions,
making it difficult to quantify parking management's undeniably major role. The
experience of 20th Century Insurance in the San Fernando Valley of Los Angeles
is helpful. Their initial effort at TDM, offering preferential carpool parking space
locations and a $15 per month subsidy for vanpools and transit users, produced
negligible impact. Institution of a $30 per month parking charge with carpools
exempted, enhanced with impediment removal in the form of an on-site
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transportation coordinator and a guaranteed ride home, netted a 25% reduction in
vehicle trips per employee.13
The 11 TDM programs evaluated by FHWA ranged in effectiveness from 6% to 48%
reductions in vehicle trips per employee. These were single employer, not areawide, programs. The 3 programs without any measure of restricted parking
ranged from 10% to 30% reductions, and averaged 18% (11 ½% without State
Farm, described above). The 8 programs with restricted or pay parking ranged
from 6% to 48% reductions, and averaged 27%.
The full range of TDM measures employed by the better of these programs is
illustrated by the engineering firm of CH2M Hill in Bellevue, Washington, which
achieved a 26% vehicle trip reduction.
This firm gave a $40 per month
compensation increase as a transportation allowance while instituting a parking
charge of $40 per month. They continue to give transit users a $15 monthly pass
discount, and carpoolers a free parking space, both in addition to the
transportation allowance.
Impediment Removal effectiveness is only now beginning to be quantified, very
tentatively. Analysis of time-series surveys in the Seattle area suggests that use of
transportation coordinators in conjunction with offering a guaranteed ride home
and other complementary programs has a beneficial employee trip reduction
impact on the order of 1% over a one-year period, and maybe 3% or more over a
2-year period.14 Modeling studies done with the same data set give preliminary
indication that transportation coordinators and the guaranteed ride home are of
roughly equal importance, at least for transit users. 15 Trip generation surveys in
Minneapolis-St. Paul have been used to suggest that placement of offices in
developments with mixed land use may offer vehicle trip reduction potential on the
order of 5% as compared to monolithic office developments.1 6
Travel Time Management that focuses on variable work hours programs such as
flexible work hours and staggered work hours has been found to average a peak
hour reduction in trips per employee of 22% as measured at the site of
participating em ployers.17 As might be expected, results are highly variable. At
individual downtown San Francisco firms in 1978, for example, the peak hour trip
reduction achieved with variable work hours ranged from 4% to 49%. Such
programs, as previously noted, do not eliminate vehicle trips per se; they spread
them into less traveled hours. If critical transportation system elements are
equally crowded in the hours next to the peak, variable work hours programs offer
no benefit.
Employer Participation rate data were given earlier in the section on that topic.
Areawide TDM effectiveness is a function of both employer participation and
effectiveness of the individual programs encompassed. There are four areawide
efforts for which there is sufficient data presently available to judge overall TDM
affectiveness in scenarios covering multiple employers.

A voluntary program in downtown Hartford, in which individual companies have
used parking management and other strategies to achieve employee vehicle trip
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reductions on the order of 25%, has yielded a 2½% employee vehicle trip reduction
overall. The overall reduction is measured across the downtown as a whole,
between 1981 and 1987. The Bellevue, Washington suburban CBD has 17% fewer
vehicle trips per employee as compared to other Seattle suburban employment
areas. This is the result of mandatory TDM participation by new development
since 1983; individual employer programs encompassing parking management,
with employee vehicle trip reductions as high as 48%; and a built environment
with offices placed close to sidewalks and transit stops, along with mixed land use.
Hacienda Business Park in Pleasanton, California, is covered by an ordinance that
requires TDM participation by new and old employers, and multi-tenanted
buildings. The Pleasanton approach to TDM places heavy emphasis on peak hour
trip reduction through variable work hours. Business park employees generate
4% fewer vehicle trips per employee than Pleasanton as a whole. In Pleasanton as
a whole, the drive alone rate actually increased between 1985 and 1988. Peak hour
employee vehicle trips were down 9%, however, thanks to shifting trips out of the
peak hour.
Bishop Ranch business park, also in Northern California, has a program run by a
Transportation Association which, although not covered by ordinance until
recently, is dominated by three major employers. Bishop Ranch employees in 1988
generated 17% fewer vehicle trips per employee than adjacent suburbs. This was
accomplished without parking management, but may not be sustainable without
stronger TDM actions, as vehicle trips per employee increased 16% in the 1986-1988
period of project maturation.

TRAVEL DEMAND MANAGEMENT AND HOV
With TDM supportive of HOV system effectiveness, and HOV systems as a major
TDM strategy, how then do TDM and HOV work together in practice? Evidence is
that HOV systems and TDM are both major players, and that when system design
is developed from this perspective, the best results will be secured.
Transit and HOV
Transit service is the senior partner of HOV systems. The first major HOV
facilities were opened 20 years ago as busways or exclusive bus lanes, with van
and carpools introduced more recently to those facilities which can accommodate
them. Even today, with greater emphasis on van and carpooling, the majority of
passengers on HOV facilities are bus passengers.
Table 1 lists in descending order, for 33 HOV facilities in freeways or separate
rights-of-way, the 1989 a.m. peak hour percentages of all passengers (including all
van and carpool occupants) that are bus passengers. All North American HOV
facilities and lanes are covered, except for five for which data is not available. 18
The average is 63% bus passengers, the median is 41 %, and the average excluding
6 facilities which allow only buses, or buses and vanpools, is 35% bus passengers.
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Table 1
1988 AM PEAK HOUR, PEAK DIRECTION, BUS AND VANPOOL RIDERSHIP ON
ON HOV FACILITIES IN FREEWAYS OR SEPARATE RIGHTS-OF-WAY

AM Peak Hour Inbound Passengers Percent
Total

Bus

0
0
0
0
0
0
173
214
416
498
229
1,105
919
1,490
604
498
2,595
4,352
9,483
1,598
942
8,273
1,720
5,336
3,248
2,278
2,460
803
2,686
435
3,705
2,687
3,112

34,685
11,000
5,892
2,098
1,080
1,000
8,859
8,052
3,226
3,638
1,479
3,710
2,719
3,485
1,204
983
4,415
7,102
15,104
2,438
1,397
11,808
2,350
6,562
3,848
2,676
2,810
908
3,036
455
3,825
2,737
3,112

100
100
100
100
100
100
98
97
87
86
85
70
66
57
50
49
41
39
37
34
33
30
27
19
16
15
12
12
12
4
3
2
0

105,834

61,859

167,693

63

33,555

61,472

95,027

35

Location

HOV Facility

Bus

Union City, NJ/NY
Ottawa, Ontario
Pittsburgh, PA
Pittsburgh, PA
Vancouver, B.C.
Denver, CO
NewYork,NY
NewYork,NY
Houston, TX
Seattle, WA
Seattle, WA
Seattle, WA
Fort Lee, NJ/NY
San Francisco, CA
Hartford, CT
Pittsburgh, PA
Houston, TX
Los Angeles, CA
WashingtonlNo. VA
Houston, TX
Minneapolis, MN
San Francisco, CA
San Jose, CA
Fairfax Co., VA
Houston, TX
WashingtonlNo. VA
Miami,FL
San Jose, CA
San Diego, CA
Seattle, WA
L.A/Orange Co., CA
LA/Orange Co., CA
L.A/Orange Co., CA

Rt. 495
O-C Transitway
EastBusway
South Busway
H-99
US 36-Boulder Tpk.
Gowanus Expy.
Long Island Expy.
I-45N (pre-carpools)
SR520
1-90
1-5
1-95
us 101
1-84
1-279
1-10 (Katy)
San Bemadino
1-395 (Shirley)
I-45S (GulO
1-394 (interim)
Oakland Bay Bridge
Rt. 237
1-95
US 290 (Northwest)
1-66
1-95 (1985 data)
Rt. 101
1-15
1-405
1-405
Rt. 55
Rt. 91

34,685
11,000
5,892
2,098
1,080
1,000
8,686
7,838
2,810
3,140
1,250
2,605
1,800
1,995
600
485
1,820
2,750
5,621
840
455
3,535
630
1,226
600
398
350
105
350
20
120
50
0

TOTAL, all facilities
TOTAL, facilities open to carpools

Van/Carpool

Median percentage bus passengers relative to total passengers
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41

A comparable summary for arterial HOV facilities is not available, but a majority
of arterial facilities are for buses only.
Transit improvements, including reroutings, establishment of new express
services, and increases in service levels have accompanied most HOV facility
openings, especially those with heavy transit usage. Clearly transit and transit
improvements are crucial to the success of many HOV systems. In turn, the
travel time savings offered by HOV systems make transit much more attractive to
potential users and offer operating efficiencies. Transit travel time reductions
achieved with individual HOV treatments have ranged from nothing to 30
minutes, depending on characteristics of the applications, and reliability
increases have similarly ranged from marginal to more than a tripling of buses
arriving on time or early.19
The Shirley Highway Busway (1-95) through Northern Virginia into Washington,
D.C. served buses only from partial opening in 1969 until van and carpools were
admitted in 1974. The inbound a.m. peak period reduction in vehicles per person,
as measured for all travelers crossing a 4-mile wide corridor (including 7 other
arterials), was reduced by 5% in the all-bus 1970-1973 period, and 16% after
introduction of van and carpools in 1974.20 (This reduction was helped along by
gas shortages, but has apparently held over the years.) In 1988 the 2-lane
reversible facility carried 160 buses during the a.m. peak one hour, and 2,300 van
and carpools.
Transit will not perform as well in all corridors. Like any transit operation, the
viability of bus lines on HOV facilities is a function of both service and geographic
characteristics. HOV facilities radial to a region's CBD are much more likely
than any other to provide the travel time savings, and encounter the trip densities
and destination parking costs, that make conventional transit successful. The
only facility in Table 1 that carries over 500 transit riders in the peak hour, peak
direction without being radial to the region's CBD is California Rt. 237. Located in
the vicinity of San Jose, Rt. 237 serves the "Silicon Valley'' employment area. New
transit service designs intended for dispersed travel markets may hold the most
promise for non-radial HOV facilities.
CarpoolingNanpooling and HOV
Transit service may be the senior partner of HOV -systems, but van and carpooling
is the fastest growing component of system users. Looking at Table 1 from the van
and carpooling perspective, 65% of all a.m. peak hour passengers on 27 HOV
facilities in freeways or separate rights-of-way which allow van and carpools are
van and carpool occupants. Van and carpooling are much more suited to
dispersed travel patterns than transit service, but do require enough concentration
of trip origins and destinations to allow carpools to be formed in sufficient
numbers.
TDM carpooling/vanpooling programs have a double benefit for those HOV
facilities which may be a bit ahead of their time or otherwise marginally used. By
helping increase the use of HOV facilities in the vicinity, TDM van and carpooling
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programs not only increase their efficiency, they also increase the perception of
their usefulness by making the facilities appear less empty. .This can be an
important factor in successful implementation; an additional argument for
coordinated TDM and HOV development.
Like the Shirley Highway Busway, the San Bernadino Busway from El Monte to
Los Angeles along 1-10 was open to buses only for its first 4 years of operation. In
1976-77 it was opened to van and carpools. The inbound a.m. peak period reduction
in vehicles per person, in addition to what had been achieved by the bus operation,
was 4% as measured on 1-10, or 2% as measured on both freeways (about 3 miles
apart) in the corridor. 21 In 1988 the inbound lane carried 1,400 van and carpools
during the a.m. peak one hour, in addition to 70 buses. TDM programs in central
Los Angeles will increasingly contribute to San Bernadino Busway usage as South
Coast Air Quality District regulations continue to be implemented.

Incentives, Disincentives and HOV
Just as TDM incentives and disincentives support reduction in use of the single
occupant auto, they play an important role in amplifying use of HOV systems by
both transit passengers and van/carpoolers.
Synergistically, even as TDM
incentives and disincentives are providing time and cost reasons for transit use
and ridesharing, the HOV systems add their own time savings (and sometimes
toll savings) to the equation.
Development of mode- and occupancy-choice models in the Shirley Highway
corridor, for purposes of improved HOV forecasting, has helped provide a clue as
to the importance of carpool programs and incentives.2 2 To quantify effectiveness
in inducing ridesharing, several measures of TDM activity were expressed in
terms of their equivalent in minutes of time savings for HOV users. Two
surrogates for carpool programs and encouragement, employment of the traveler
in the federal government or a by large employer, were found to be equivalent to
12.5 and 8.1 minutes of HOV user time savings in explaining who chooses to
rideshare. Parking incentives at the worksite were equivalent to an 8.0 minute
HOV time savings. Flexible work hours were equivalent to 2. 7 minutes of time
savings in enhancing ridesharing, but similar studies in the Seattle suburbs are
in conflict; Seattle results suggest flexible work hours may be detrimental. 23
Given that HOV facility time savings are in the range from nil to 30 minutes, it
follows that the importance of TDM actions is of the same order of magnitude as
the importance of HOV time savings in encouraging use. An HOV system not
paired with TDM is performing with one hand tied behind its back.

Modal Interconnectivity and HOV
Transit use of non-arterial HOV systems consists primarily of express bus routes,
often serving relatively low density residential markets. For such routes, parkride facilities are an essential ingredient, providing modal interconnectivity
between the auto as a passenger collection and transit access mode, and transit as
the trunk line and distribution mode. Van and carpooling use of HOV systems is

130

similarly enhanced by park/pool lots, which supplement home pickup of
passengers by allowing van and carpool members from scattered locations to drive
to the park/pool lot, leaving all but the pool vehicle there. In Houston, where there
are four major HOV "transitway" facilities, there is one car parked at park-ride
lots for every three round trips via transitway bus or van/carpool. Houston's two
matured transitway facilities have achieved 23% and 14% reductions in vehicles
per person, as measured on the freeways traversed by the transitways (not the
corridor as a whole).24
Modal interconnectivity between an HOV facility, a parking management system,
and a pedestrian system is featured in the design of 1-394 in Minneapolis, now
under construction. Eleven miles total of concurrent flow diamond lanes and
reversible HOV facility are being linked with three new parking garages, two via
direct ramps. Van and carpoolers from 1-394 are eligible for reduced rates in
these garages. The garages, and 1-394 bus terminal facilities which they contain,
will be connected by skyway to adjacent buildings that are on the downtown
Minneapolis skyway system, a network of weather-protected grade-separated
pedestrian walkways.25
An interim 1-394 HOV lane is in use during construction, and has been operating
in conjunction with two downtown parking lots opened by Minnesota Rideshare to
provide free parking for registered carpools. The combination has resulted in a 9%
reduction in vehicles per person, as measured on the facility. The percentage
traveling in van and carpools increased by over 12% without detriment to transit
usage. An HOV time savings averaging 8 minutes, combined with the parking
pricing incentives, has achieved this result even with interim conditions of lane
discontinuity and traffic signal control.26
HOV modal interconnectivity with bus transit -- carried to its logical conclusion -can, under appropriate circumstances, provide a rapid transit service that is quite
economical. Modal interconnectivity allows buses in rapid transit service to have
the flexibility to use any combination of running on busways, lanes reserved for
buses or for all HOV's, freeways in mixed traffic, and/or streets in mixed traffic.
The more expensive options need only be used for those portions of a transit route
where they are critical to bypass congestion and bring service close to high-activity
centers. Wherever HOV system elements can accommodate van and carpools,
costs can be shared between the transit and highway system.2 7
Using modal interconnectivity and HOV systems to provide bus rapid transit is
beyond what is commonly considered as travel demand management, and moves
into the realm of multi-modal infrastructure, discussed in the section on "Future
Directions." It places special demands on physical design, discussed next.
Physical Design for Synergy

The fullest advantage from joint application of HOV and TDM systems will be
gained when HOV system design deliberately supports TDM improvements to
alternatives to the single occupant auto. In the case of transit improvements, that
means provision of special ramps where bus routes diverge from the HOV facility,
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as done along the Shirley Highway Busway; on-line stations where buses can stop
at major enroute passenger destinations and transfer points, out of the way of van
and carpools, as provided on the El Monte Busway; and direct connections from
HOV lanes into HOV facilities, like the connection from I-5 to the Seattle Bus
Tunnel. For van and carpools, it means provision of exclusive ramps and
interchanges at sites such as major employment centers to provide significant
advantage over low occupancy vehicle access.
Obviously transit ramps and van/carpool ramps can be one and the same in many
instances.
Transit and van/carpools have differing needs under some
circumstances, however, and to overlook this in design can detract significantly
from performance. A transit vehicle that is making a stop and continuing on
must be able to do so without a high time penalty. On-line stations, such as on the
El Monte Busway, generally meet this need. Poorly thought-through off-line
stations, particularly those that require weaving across mixed traffic and passage
through mixed traffic interchanges, but also those with exclusive but circuitous
access, can largely or totally negate the time advantage of the HOV facility.
Properly done, melding HOV systems and transit improvements can provide
segments of true bus rapid transit. If the special needs of transit service are not
dealt with appropriately, transit will remain the poor cousin of automotive
transport, even though it may have been afforded some highly visible
infrastructure. If transit is to be a significant component of an HOV application,
as it is in so many of the more successful projects, it deserves the analysis of travel
demands and planning of operations that should be done for any major transit
capital investment, with follow-through in HOV facility design to ensure success.

FUTURE DIRECTIONS
The futures of travel demand management and HOV systems are -- or should be -intertwined with each other and with provision of new infrastructure and land use
decisions. This is a future that lies beyond TDM alone or HOV systems alone, and
is best described as "Transportation Management."
Transportation Management

Transportation Management is the concept of solving the travel demand vs.
transportation supply imbalance through systematic, coordinated efforts that
encompass provision of new strategic, manageable, multi-modal infrastructure;
transportation systems management; land use management; and travel demand
management. 28 Actions can be "supply side" or "demand side", long term or short
term, and focused on management to obtain better use of existing resources or on
structural change to achieve fundamental redesign of the existing environment.
Transportation Management may be thought of as a "toolbox" of actions which
may be strategically and creatively applied to achieve the desired ends.
New infrastructure must be made as effective and supportive of mobility and
management goals as possible, given limitations in the amount of new
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transportation infrastructure that can be provided, for reasons of cost and
available space. Strategic infrastructure seeks to meet these objectives by focusing
on providing missing critical elements in the transportation system. These
elements may be missing links whose omission leads to lack of system integration
and flexibility, with associated travel circuity and bottlenecks, or missing classes
of facility that impose traffic on routes ill-suited to it.

Manageable infrastructure goes beyond strategic infrastructure by being designed
for maximum efficiency in operation and use through complementing and
enhancing travel demand management. Manageable infrastructure, as best we
can conceive of it today, is transportation infrastructure offering built-in emphasis
on HOV, transit and pedestrian mobility. With manageable infrastructure, TDM
and other programs of single occupant auto de-emphasis can build upon inherent
advantages not present in conventional traffic plans.
HOV systems are manageable infrastructure in the here and now. By offering
time savings to high occupancy vehicles, they help guarantee a higher ratio of
person-to-vehicle usage than could be . provided with the same investment in a
conventional highway, and work in partnership with other travel demand
management actions intended to encourage transit use and ridesharing. In the
next section of this paper a hypothetical example of manageable infrastructure is
presented that suggests how the concept may be further developed into a total
network embodying advanced redesign of conventional transportation and land
use systems.

Multi-modal infrastructure brings in the companion concept of providing multiple
modal options and full integration of those options. Infrastructure planning for
multiple options addresses the full range of conventional highways, HOV systems,
and special transit facilities and services, with special attention to integrating
their use. The options should recognize the needs of various groups of travelers in
their design and location, providing viable alternatives to the single occupant auto
wherever feasible.
Transportation Systems Management or TSM, as definitionally narrowed in
context with TDM, focuses on supply-side operational efficiencies. It includes
Traffic Engineering actions such a ramp metering, lane management,
channelization improvements, access management, traffic signal system
improvements, various forms of traffic restrictions, and enforcement. It also
covers incident management, including monitoring of traffic conditions, motorist
information systems and incident response. In the future TSM may increasingly
rely on advanced traffic management systems and associated intelligent vehicle
highway system technologies for added effectiveness.
As an element of
Transportation Management, TSM requires coordinated actio.n to make sure that
improvements in one location do not result in service degradations in other parts
of the total transportation system.
Land Use Management addresses the physical environment from which travel
demand patterns are formed. The potential solution to mobility problems, and the
suburban mobility problem in particular, rests heavily on the shape of this
environment. Achieving change in the land use environment to enhance mobility
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and transportation efficiency is unfortunately a highly complex and difficult
undertaking that encounters a byzantine web of economic, political, and legal
forces and constraints, both public and private; individual preferences; and even
lack of reliable information about which of certain land use arrangements are the
most beneficial. Be that as it may, there are specific actions that could favorably
impact on the current fragmented approach to shaping the physical environment.
Land use planning should identify the preferred development plan, and the
transportation infrastructure should then be designed to reinforce it, thus
harnessing the development shaping power of transportation access. Greater
attention to achieving balanced land use, from mixed-use site development to
attaining better matches in local area jobs/housing ratios at all income levels, can
help reduce travel needs. Judiciously applied higher densities and improved site
design can make transit and ridesharing more convenient and economical to
provide, enhancing alternatives to the private auto. Land use reform and
innovation, and manageable/multi-modal infrastructure, hold powerful long term
potential if developed and applied together.
Travel demand management was discussed at length in the first part of this
paper. It can be a short term action to obtain a measure of relief from congestion
today, or a long term action to protect transportation investments from tomorrow's
excess demand. The more manageable/multi-modal infrastructure that can be
developed, the more effective tomorrow's TDM will be.
Manageable Infrastructure and TDM

At the Stone Mountain Conference on Transportation for Suburban and Activity
Center Locations sponsored by TRB in 1988, a hypothetical example of manageable
infrastructure was presented to suggest how the concept may be further developed
into a total network embodying advanced redesign of conventional transportation
and land use systems. 29 This example is reproduced here in Figure 3 to provide
an illustrated "vision" of future directions for travel demand management and
HOV.
The conceptual example focuses on an activity center. The activity center itself is
the crosshatched area. It is a pedestrian zone, connecting mixed land uses
without auto penetration, an advanced application of land use management. An
array of on-site services is assumed, to reduce midday or enroute need for an auto
to the bare minimum, thereby removing an impediment to ridesharing.
Within the pedestrian precinct, internal circulation and transit/HOV passenger
trip distribution is enhanced by a "circulator," shown as an ellipse for illustrative
purposes.
This "circulator" can be any form of pedestrian movement
enhancement, including Minneapolis-St. Paul type skyways. The pedestrian zone
and its pedestrian systems strengthen both walking and bicycling as auto
alternatives and provide modal integration at the core of the activity center.
Carpools and vans are allowed to penetrate into preferential parking facilities
located directly on the circulator, indicated by the letters "PP" in Figure 3. This
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Figure 3

MANAGEABLE INFRASTRUCTURE
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strong convenience and time savings incentive for HOV use 1s assumed to be
further undergirded by parking pricing incentives.
The closest-in circulation road for mixed traffic is the rectangle around the activity
center proper. General purpose mixed traffic is allowed to penetrate no further
than the unrestricted use parking garages indicated by the letter "P." These
garages would charge substantial rates for long term parking as part of the overall
parking management program.
Low occupancy vehicles may use garages on the circulator if they drive to the
fringe parking facilities located outside of the activity center, at the locations
indicated by the letters "FP ." The fringe parking is located on major arterials with
freeway interchanges, but with less direct access than provided to carpools,
vanpools and transit. Low occupancy vehicle access time disincentive is thus
maintained.
Carpools, vanpools and transit are afforded direct access into the activity center,
and into the preferential parking, via HOV/bus transitways. These transitways
provide exclusive facilities approaching from each compass direction, the trunk
line elements of HOV system and transit alternatives to single occupant auto
access.
Direct access is provided local buses from surrounding areas by connecting local
streets with the inner links of the transitways. This connection is by exclusive
facility not open to low occupancy vehicles. By allowing carpools and vanpools
from the local area to use the exclusive bus access routes in as Jar as the
preferential parking facilities, travel time incentives can be provided even short
trip HOVs.

CONCLUSIONS
TDM and HOV .systems both provide here-and-now transportation management
actions to increase transportation system efficiency. Working together, they are
more effective than either can be alone. The importance of TDM actions is of the
same order of magnitude as the importance of HOV time savings in encouraging
HOV system use, and their effects are synergistic. Looking to the future, TDM and
HOV systems together form part of a transportation management "vision"
incorporating manageable/multi-modal infrastructure, other TDM and HOV
system elements, TSM and land use management into an advanced expression of
transportation efficiency and effectiveness.
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INTRODUCTION

High occupancy vehicle (HOV) facilities require substantial investment of public
funds. It is important that public policies that support and encourage the use of those
facilities be adopted so that the full potential of those facilities can be realized. Any policy
that discourages driving alone and encourages HOV usage is supportive of HOV facility
usage.
Transportation demand management is the name for a wide variety of policy
alternatives to reduce vehicle trip-making. Among these, one of the most promising is
parking policy. Since parking is essential for virtually all automobile trips, the price and
supply of parkin$ bas a strong influence on whether people choose to make their trips by
automobile and m decisions about residential or job location. Policies that have an impact
on parking supply and price can greatly affect people's travel behavior. If an employer
implements a charge for parking where none existed before, the disincentive for driving
alone is generally much greater (on a percentage of commute cost basis) than the incentive
provided by time savings from using an HOV lane (on a percentage of commute time
basis).
On the other hand, proposing changes in parking policy provokes strong reactions.
Parking policies that influence the commute trip have a direct effect on employees'
perceived freedom. "Free" parking at the workplace is seen as a right and is often
mentioned in union contracts. Since employers use parking as a means to attract
employees, they are also concerned with parking policies. Businesses are concerned that
customers not be affected by parking policies. Developers do not like to see restrictions on
parking, because they are concerned that restrictfon would reduce the economic viability of
their developments. Local jurisdictions have an interest in parking policy because of their
concern with their ability to attract development.
The focus in this paper is on commuter parking and its relationshi,p to HOV
facilities. Shopping or recreational trips are less important to deal with, smce auto
occupancy is higher for those kinds of trips and since public transportation is not as readily
available as it is for work trips. Commute trips generally take place at the same time and
place each day and involve large concentrations of people at the destination. The
opp~rtunities for transit use or ridesharing are therefore much greater than for other types
of tnps.
In December 1990, the National Commuter Parking Symposium was held in Seattle,
Washin~on. During the last few years, several conferences have dealt with issues of traffic
congest10n, ridesharmg, and transportation demand management. However, this was the
first time that a wide variety of people - including consultants, employers, developers,
public sector managers, service ~roviders and academics - have focused on parking policy
reform exclusively. The symposium dealt with the issues presented in this paper and
developed recommendations that can be used to chart the direction of parking policy
reform. Much of the following discussion comes from that symposium.
The main body of this paper includes alternative policy initiatives that are and can
be pursued, followed by a discussion of some of the challenges involved in implementing
those policies. The remainder of this introduction includes a discussion of the problem of
"free" commuter parking and the evidence that changin~ the provision of subsidized
parking can have a major impact on commute trip-making.
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"Free" Parking
People expect not to have to pay for parking where they work and where they shop.
Even though the land, the structures, and the maintenance to provide parking clearly cost
money, people expect the employer or the shop owner to pay these expenses, even in
downtown areas. This expectation dates back to the horse and buggy days. Even before
automobiles existed, shop owners provided hitcbin~ posts and J?laces to leave horses and
wagons near their places of business. If space was inadequate m the street in front of the
shops, separate parcels of land were set aside for parking. Often the city provided the land
and picked up the manure that inevitably accumulated. The public's expectation that they
should not have to pay for parking is not a new phenomenon.
Paying for parking is the exception in anything by extremely depse areas.
Nationally, 90 percent of all auto commuters pay nothing for parkin~. Even in dense
urban centers, most auto commuters do not pay the full cost of parking. The following
examples illustrate the pattern of subsidized parking in dense urban locations:
•

In Seattle, one third of the emp2,oyees pay nothing at all for parking; another
one third receive some subsidy.
In Manhattan, 64 percent of the auto drivers crossing the Hudson River par\
their cars in spaces that are completely or partly paid for by their employers.
In Wash4ngton, DC, almost half of the peak hour commuters receive free
parking.

Usually, the employer absorbs the cost for parking in some way. Sometimes the
subsidy is direct, in that the employer pays a parking lot owner so that employees may park
free. In other cases, the cost for parking is incorporated into the lease of office space that
the employer pays. In some cases, the employer owns the land where the employees park
and J?rovides an indirect subsidy by allowing them to park without charge. In any case, free
parking is a fringe benefit of the job. However, unlike other benefits such as health care,
vacations, and retirement, parkin~ is provided exclusively to those who commute by car. In
some organizations, the inequity 1s even more pronounced. Parking is often only available
to upper management. Lower level employees who wish to commute by car have to pay for
the parking themselves.

1

Shoup, D. & Pickrell, D., "Free Parking as a Transportation Problem," U.S.
Department of Transportation, Washington, D.C., 1980 and Center for Urban
Transportation Research, "Factors Related to Transit Use," University of South
Florida, Tampa, 1989.

2

Municipality of Metropolitan Seattle, "Rider/Non-rider Survey," Research Report,
1990.

3

Port Authority of New York and New Jersey, 1984 Survey of Trans-Hudson Autmobile
Commuters, October, 1984, quoted in Pickrell, D. H., "Federal Tax Policy and
Employer-Subsidized Parking," white paper for Commuter Parking Symposium,
December, 1990.

4

Metropolitan Washington Council of Governements, Parking Management Policies
and Auto Control Zones, Report DOT-OS-40045-1, June, 1976, quoted in Pickrell, op.

cit.
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Despite people's perceptions, no parking is free. The provision of free or subsidized
parking encourages automobile use and contributes to congestion. This social cost is paid
by everyone. In addition, direct financial costs to provide parking are significant and
spread among the whole population. Parking places take up land. Paved parking costs
money to provide. Often parking spaces are in structures, which are expensive to build.
Parking lots need maintenance. Clearly, parking has a cost, and somebody has to pay for it.
When an employer does not charge for parking, who pays? Employees who don't
use the parking facilities lose out, since part of the cost of parking is probably covered by
reduced salaries. Owners or stockholders in the company probably also pay part of the cost
in reduced profits. Customers of the company pay part of the cost in higher product costs.
Although the exact distribution of cost cannot easily be determined, most likely every one
of these groups pays part of the cost. If the average annual cost to provide each parking
place is $250 (a conservative estimate), and 85 percent of all commuters don't pay this cost,
the annual cost to provide that parking in the United States is about $30 bill~m,
comparable to the cost of bailing out the failed savings and loan institutions.
The provision of "free" parldng is a powerful incentive to drive alone. Furthermore,
itis usually a tax-free benefit not offered universally to all employees. The pursuit of
parking policy reform is seen as a way of "levelin the playing field" so that transit and
ridesharmg alternatives can be considered fairly.

6

Parking Cost and Supply and Mode Choice

Recent studies of parking have confirmed its significance in affecting travel
behavior. A compilation of results from studies of 13 employers who implemented paid
parking programs revealed ljil average trip reduction of 20 percent when employees were
required to pay for parking. For instance, in Los Angeles County, free parking was
replaced with a combination of a pay-for-parking program and a $70 per month
transportation allowance. Incentives such as a guaranteed ride home program, vanpool
support and on-site child care were provided. The result was a 40 percent reduction of cars
in county lots. Over ten years ago, Canadian government employees were required to pay
parking prices equal to 70 percent of the market rates. The number of people driving
alone decreased by 23 percent, with a corresponding shift to transit and ridesharing.
The empirical evidence is clear that parking supply and cost affect mode choice.
Mode choice modeling provides another kind of evidence of the importance of parking cost
in travel behavior. The COMSIS Corporation conducted a comprehensive analysis of
mode choice in the Shirley Highway corridor in the Washington, DC, area using
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Ulberg, Cy, "Parking Tax Discussion Paper," white paper for Commuter Parking
Symposium, November, 1990
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Municipality of Metropolitan Seattle, "Executive Summary," Proceedings of the
Commuter Parking Symposium, Seattle, Washington, December 6-7, 1990.
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Municipality of Metropolitan Seattle, "The Effects of Introducing Parking Charges on
Mode-Shift," 1990 report based partially on Pickrell, D. H and Shoup, D.C., ''Employer
Subsidized Parking and Work Trip Mode Choice," Transportation Research Record
No. 786, 1980 and COMSIS, Report on TDM Measures to Relieve Congestion, 1989.
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multinomial logit modeling and conclu~d that provision of free parking was the most
influential determinant of mode choice.
The Washington State Transportation Center (TRAC) conducted extensive analysis
on survgy data in the Seattle area to identify the most important determinants of mode
choice. In one analysis, commuters were statistically separated into clusters with factors
expected to relate to mode choice. Each cluster tended to contain commuters that used a
certain mode. However, the exceJ?tions provided some of the most interesting information.
For instance, a few bus riders fell mto the cluster that contained mostly single occupant
vehicle commuters. The bus riders were alike in most ways to the single occupant drivers,
except that they didn't have free parking at their workplace.
Detailed statistical analysis of mode choice is one way to gain an understanding of
why parking is such an important factor. However, a simple comparison of P.arking cost
with two other aspects of mode choice (operating cost and travel time) can illustrate why
parking is such a critical variable.
Most people evaluate only their marginal costs in comparing commute options.
When driving alone, they generally take into account only the cost of gasoline.
Depreciation, maintenance, insurance, and license are costs that people evaluate when they
buy a car, but thereafter consider sunk costs. With a typical commute of 10 miles each way
in a car that gets 30 miles per gallon, the daily gasoline cost is less than $1. However,
parking costs approach $10 per day in most large urban centers and exceed it in others.
Even in suburban areas, the market value of parking, if it is charged, is two or three times
the daily cost of gasoline. If the true cost of parking is charged, it overwhelms the other
costs that people usually pay attention to in deciding how to travel.
Mode choice studies (and intuition) tell us that travel time is a critical factor in
mode choice. However, even though time is important, there is not as much room for
variability in time as there is with parking cost. High occupancy vehicle (HOV) lanes may
save several minutes in travel time, but when the time for carpool or vanpool formation is
taken into account, the percentage of savings in travel time over driving alone js minimal.
By contrast, the introduction of a parking charge or elimination of a subsidy constitutes a
major change in that factor.

POLICY OPTIONS
Reducin~ the availability of free parking involves consideration of the interests of
several groups, mcluding employees, employers, developers, local jurisdiction staff and
politicians. Access to free parking can be controlled in two ways: through management of
supply and management of price. Both approaches have proved effective with some of
these interest groups. However, both types of approaches are politically and operationally
difficult to implement and may have umntended consequences.
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Ryun, J., "Demand Estimation Techniques: Shirley Highway Experience," paper
presented at the National HOV Facilities Conference, Minneapolis, 1988.
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Herman, W., "Analysis of HOV Policies in the 1-5 Corridor between Seattle and
Everett," degree project for Master of Public Admininstration, Graduate School of
Public Affairs, University of Washington, 1990.
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Supply-based Solutions

Supply-based solutions affect the interests of local jurisdictions and developers. The
availability of parking can be limited through regulation. Local jurisdictions have
traditionally imposed minimum numbers of parking spaces for new developments. That
requirement typically results in parking supply far in excess of demand. Recently, however,
some have experimented with regulating the maximum numbers of parking spaces. The
maximums have been specified in terms of the number of parking spaces per employee for
commercial developments or number of parking spaces per unit m residential
developments.
Another tack taken by local jurisdictions has been to allow a development to supply
fewer parking spaces if it uses other means to reduce the number of automobile trips
generated through transportation demand management measures. Supply can also be
limited with monetary incentives. For instance, a developer can be offered tax incentives to
limit the number of parking spaces available in a new development.
Another regulatory approach that can be used is to establish a cap on the number of
parking spaces in a particular geographical region. No new development is allowed unless
no new demand for parking is engendered or the demand for parking is reduced in another
part of the region. An example of this approach is a proposal to create a South Boston
Parking Freeze &,rea, in which parking supply is to be capped at 10 percent above the
current supply. 1
Price-based Solutions

Monetary incentives can be used to influence the use of parking and to reduce the
amount of free parking. Parking taxes are a direct way to increase the cost of parking and
thereby reduce use. A par.king tax rate ranging from 10 percent to 25 ffrcent of the cost of
parking has been imposed in several jurisdictions around the country.
Generally, a tax is
perceived primarily as a revenue-generating tool, but it also serves as a transportation
demand mana$ement mechanism. A parking tax can also be used as leverage to decrease
parking subsidies if the parking tax rate is related to the amount of subsidy.
Federal income tax reform is one obvious way to reduce the incentive for employers
to provide free parking to employees. Federal tax policy affects the provision of free
parking in two ways. First, the cost for providing parking is considered a cost of doing
business and is therefore completely deductible from taxable corporate income. This
policy encourages the provision of paid or subsidized parking.
Second, free or subsidized parking is a tax-exempt fringe benefit. Taxing that
benefit would certainly reduce the amount of subsidized parking and might also induce
employers to change parking subsidy policies. It has been estimated that such a tax would
10 Hamilton, A., "Synopsis of the Proposed Amendment to the Transportation Element of
the State Implementation Plan relating to the Creation of a South Boston Parking
Freeze Area," in Municipality of Metropolitan Seattle, Proceedings of the Commuter
Parking Symposium, Seattle, Washington, December 6-7, 1990
11 Washington State Transportation Center, Parking Tax Evaluation: Admininstrative
and Legal Issues - Interim Report, Seattle, November, 1990. Locations include
Baltimore, Chicago, Los Angeles, New York, Pittsburgh, San Francisco and
Washington, D. C.

145

produce $5 billion per year in additional income tax revenue. However, because of strong
opposition to this approach, two other ways to deal with parking as a fringe benefit are
under consideration. In one, only transportation benefits exceeding $60 (including parking
subsidy) would be taxed. In this way, ridesharing incentives would be less likely to be
affe~ted. The second alternative is to requ~e employers who offer an employee a parking
subsidy to also offer that employee the opt10n to take the market value of the parking
subsidy as a taxable cash travel allowance in lieu of the parking subsidy.
Another approach to changing the amount of subsidy that commuter parking
receives is to require employers to charge for parking.
requirement has been
proposed as part of a permit to build a new development.
It could also be a_1;>plied to
existing developments. For instance, air quality legislation that requires explicit levels of
trip reductions could include charging for parkmg as a mandatory element 1f goals are not
met through other means. The obvious imI?acts on employees could be mitigated with
transportation allowances and other HOV incentives that gave employees the choice of
driving by themselves and paying for parking or using other less expensive means to
commute and pocketing the difference.

~:2

CHALLENGES

Each of the policy solutions summarized above has potential for affecting the
provision of free parking. However, each approach has potential unfavorable
consequences that must be considered to avoid fatal flaws. The challenge is to formulate
policies that avoid these problems or to find ways to deal with the reactions to them.
Supply-based Solutions

The most important problem resulting from limiting parking supply is that parking
demand simply shifts elsewhere unless total demand is reduced. One of the first solutions a
commuter will try when parking has been limited in one location is to park nearby. This
spillover may be more damaging than the parking at the original site.
There are solutions to the spillover problem. For instance, if the parking moves to
nearb>: residential areas, it can be controlled to some extent through residential parking
zone (RPZ) permits. For example, in a residential area near the University of Washington
in Seattle, there is a strong demand for parking by students, faculty and staff of the
university. Local residents are allowed to obtain RPZ permits for a small annual fee.
Parking 1s not allowed without these permits. Parking 1s enforced by the 1;>arking division of
the city's police department. Alternatively, parking may simply be prohibited in nearby
sites. In other cases, the owner of adjacent parking locations (whether public or private)
can begin to charge for their use, since their market values will be higher than they were
before. In any case, an investment in enforcement is required to deal with the spillover
problem.
Another unintended consequence of limiting parking supply is that additional
vehicle miles are generated because people drive around to find scarce parking places.
These extra vehicle miles are especially harmful environmentally, because they tend to be
stop and go and at slow speeds. Having extra parking places, even though it may encourage
more automobile travel, at least offers efficiency in parking.

12 Metropolitan Transportation Commission, State Clean Air Act - Transportation
Control Measures, Oakland, California, 1990.
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A major problem with limiting parking supply is business reaction. Developers of
commercial and residential properties complain that limited parking puts them at a
competitive disadvantage with other nearbr developments. Employers often express the
concern that limited parking will make it difficult to attract employees. Tying
transportation demand management measures such as ridesharing incentives or support
programs to parking supply limits is one way of dealing with this objection.
Price-based Solutions

One of the major objections to policies that increase the price of parking is the
equity issue. Since low income people spend a greater portion of their income on
transportation than upper income people, any price increase hits them proportionally
harder. There are several ways to mitigate this effect. One is to find ways to use the
additional funds to develop transportation alternatives. For instance, the additional
revenue generated from a parking tax could be used to fund public transportation or other
HOV pro&rams that disproportionately serve low income people. On an aggregate basis,
such a policy could lead to an equitable distribution of costs and benefits to different
income classes. Since upper management is more likely to receive free parking as a job
perk, a policy that discourages free parking shifts some cost from lower to upper income
commuters.

In a similar fashion to limiting supply, raising the price of parking tends to move
parking demand to places where parking 1s cheaper. Many people believe that providin~
periphery parking and a shuttle is the way to solve a parking problem. However, removing
the parkmg problem from a local situation does not usually help the regional situation.
There stilJ will be con~estion on arterials and freeways leading to the area. The primary
way to deal with the displacement of parking is to apply pricing policies area-wide so that
parking costs are raised everywhere.
One objection to _price-based solutions is that some increases in parking prices are
difficult to apply to individual commuters and are simply absorbed by employers. Critics of
this approach observe that this limits the transportation demand management potential of
increases in price. One can argue, however, that price increases to employers will reduce
their willingness to subsidize parking and eventually lead to the same effect as charging the
employees directly.
Employers required to charge more for parking may object because they are
concerned that the policy will put them at a competitive disadvantage. This result can be
mitigated to some extent by applying any policy that increases parking price to a large area,
not to specific developments. In addition, the cost to the businesses and the impact to the
employees can be mitigated by including transportation allowances in the policy.
CONCLUSION

Parking policy reform is an important way to support the ability of HOV facilities to
reduce trip-making and therefore to deal with transportation impacts on air quality, waste
management, energy usage and wasted time and money. This paper bas argued that
encouraging or requiring policies that cause commuters to pay the full cost of their parking
will change people's choices. It has also pointed out that limiting parking supply can have
the same effects. However, it is important not to minimize the secondary impacts of such
policies nor to forget the ingrained assumptions of most people that "free" parking is a
right.

147

The National Commuter Parking Symposium recommended four policy initiatives to
support the accomplishment of parking policy reform.

1)

Amend the federal tax code so that the: value of any commute benefit
(including parking) that exceeds $60 is taxed (and any commute benefit
under $60 1s tax-free).

2)

Amend the federal tax code to require that employers who offer an employee
a parking subsidy must also offer that employee the option to take the
market value of the parking subsidy as a taxable cash travel allowance in lieu
of the parking subsidy.

3)

Amend the federal tax code to reclassify employer-provided parking as a
taxable fringe benefit.

4)

Mandate a state level congestion relief program with transportation demand
management and parking elements.

In addition to these policy initiatives, four demonstration projects were also recommended.

1)

Develop an assessment program that introduces a parking fee at individual
sites based on the number of employees. The employer would be responsible
for collecting the fee and investing it in transportation demand management
programs.

2)

Adopt policies_for federal employees that include paying for parking. The
federal government would be a model for all employers.

3)

Offer a reduced property tax for developments that take land out of active
parking (parking bank) and convert that land to new services for employees.

4)

Reduce parking requirements at redeveloping projects in suburban areas and
place aJ1d on peripheral parking at adjacent sites.

All of these policy initiatives and demonstration projects should have a strong impact on
travel patterns and add to the efficiency of an HOV system.
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Exacuuva summary
Growing competition, heightened public demand for improved effectiveness and
economic pressure have encouraged transportation policy and planning leaders
to consider marketing as a powerful tool which can enhance the transportation
facility planning process.
A marketing orientation can strengthen and smooth the HOV planning process.
Many regions throughout the country have demonstrated that when a planned
marketing approach is included in the HOV planning process, the six major HOV
constituency groups -- elected offlclals; publlc agency staff; planning
organizations; community groups/ employers; media; and the general
public -- have increased opportunities to impact the decision making process of
the HOV project planning team.
There are six compelling reasons to include marketing as a part of the HOV
planning process. They are to:

1)
2)
3)
4)
5)
6)

Heighten public awareness of the organlzatlonal mission;
Build constituencies, create partnerships and foster support;
Increase public confidence;
Develop accurate expectations;
Facllltate Immediate use of the faclllty; and
Provide Information which enhance future project planning
activities.

If marketing activities are not included as part of the planning process, the study team
risks constituency dissatisfaction with the project and a lasting mistrust of the
organization.
Marketing activities associated with the HOV planning process should assure that
HOV recommendations that are technically suitable (they are cost-effective,
increase the overall people carrying-capacity of the roadway and are sensitive to
safety and environmental requirements) are also alternatives that are acceptable to
a variety of publics.
There are four activity phases of the HOV marketing process. These phase are
designed to coordinate with and compliment technical HOV planning and
implementation activities. These activities are:
Phase One:

Data Gathering
Literature Search
Surveys
Focus Groups
Executive Interviews
Issues/Stakeholders Identification
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Phase Two:

Public and Private Communication
Kick-Off Briefing
Community/Jurisdiction and Elected Official Briefings
Media Relations
Newsletters
Targeted Mailings
Speakers Bureau/Public Forums

Phase Three:

General Awareness
Information Development and Distribution
Advertising
Media Relations
Special Events and Ceremonies
Transit and Rideshare Promotions

Phase Four:

Evaluation
Survey
Focus Groups
Executive Interviews
Final Report

Through implementation of a HOV marketing strategy in concert with the technical
planning process, a communication forum is established which stimulates the
exchange of ideas and preferences between HOV constituency groups and the
technical experts who are charged with translating those preferences into a
physical program, resulting in a facility which is supported and used by the publics
it seeks to serve.
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lntroducuon
This paper suggests a marketing orientation and partnering strategies to
strengthen the HOV planning process. A variety of strategies suggested herein
have been successfully implemented by HOV planning teams throughout the
country, including those in Minneapolis, Houston, Seattle, Santa Clara and
Orange counties in California and Connecticut.c1) These wise teams knew that
if the public becomes involved after it's too late to influence basic decisions
about the HOV project, their resulting frustrations are manifested in
dissatisfaction with the project and a lasting mistrust of the organization.
This mistrust can .set back the planning and implementation of future projects,
HOV or otherwise.
The following information and examples seek to demonstrate the value of
integrating marketing activities into the HOV planning process. When project
managers, team leaders and other decision makers understand and appreciate
the positive influence these strategies can have on the planning process and
outcomes, they can oversee and assure that technical and marketing functions
will be united into one cohesive activity.
Paper development began by sending out a questionnaire. Engineers, planners,
marketers and administrators who deal in the design, development and marketing
of highway transportation facilities and transit and ridesharing services nationwide
were included on the mailing list. The purpose of the questionnaire was to find out
what they thought about a variety of HOV marketing issues as well as how they
dealt/were dealing with those issues.
Responses to the questionnaire revealed a wide chasm between the
perceptions of respondents with responsibilities for marketing, public
involvement, public affairs, public relations, etc., and the perceptions of
respondents who were engineers, planners and non-marketing administrators.

1See "Hampton Roads Area HOV- Rideshare Marketing Prograrrf', Richmond VA, Virginia
Department of Transportation, May, 1989; ,.HOV Communications Prograrrf', Wethersfield, CT;
Connecticut Department of Transportation, 1989; "l-394 Interim HOV Lane: A Case Study
Phase I Report', Minneapolis, MN; Minnesota Department of Transportation, October, 1987;
"l-394 Interim HOV Lane: A Case Study Phase II Report', Minneapolis, MN; Minnesota
Department of Transportation, July, 1990; "Community Involvement Program Summary"
Houston, TX; Metropolitan Transit Authority, May, 1985.
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The engineers, planners and administrators who answered the questionnaire
were almost apologetic in their responses. To them, the issues the
questionnaire sought input on -- developing/maintaining a positive image for
HOV facilities, furthering statewide support for facilities, combatting the "empty
lane syndrome" -- just didn't seem to be a problem in their region.
Marketing personnel responses, however, revealed an entirely different
perspective. While they acknowledged that the issues outlined in the
questionnaire were important, they expressed significant frustration with their
inability to deal with them effectively.
Their frustration lay in the fact that only once a facility was nearing completion, was
the assistance of public affairs or marketing personnel requested by "the HOV innercircle" -- high-level departmental personnel directing the actions of the HOV planning
team. Respondents with a marketing background pointed sadly to the lost
opportunities to have a variety of publics - elected officials, commuters, local
jurisdiction personnel, transit agencies -- participate in the planning activities
associated with the HOV facility. Lost, too, were the rich educational opportunities
and subsequent interest and support that spring from that participation. Interest and
support which marketing personnel were now expected to arouse.
One survey respondent put it this way "There is the potential to head off
problems by involving marketing personnel as part of the various design teams
in our region. Unfortunately, the (name of city/state withheld} has not embraced
the importance of including the marketing perspective as part of product
development. All too often, marketing issues are addressed by planners and
then they become marketing problems". This respondent did not have a very
upbeat vision of the future, as evidenced by his/her closing remarks ... "We just
keep plugging away in hopes that those who control the quality, status and
integrity of these facilities will see the light".
It appears that those who spend time trying to persuade commuters to leave
their single occupant vehicles behind for life in the HOV lane, (or sane lane, or
diamond lane, or whatever the facility may be) need to consider yet another
market -- the .engineers, planners and administrators who have ultimate
oversight authority of HOV projects. So that they, too, will be invited to join the
"inner-circle", HOV marketing professionals need to Heighten the awareness
and understanding of the value of marketing as part of the HOV planning
process.
The rest of this paper discusses the marketing techniques which can enhance
technical HOV planning process. It will also discuss how those techniques can
ultimately enhance not only the resulting HOV facility, but the sensitivity of the
organization to future transportation challenges and opportunities.
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Public Sector MarkeUng -- AHistorical Overview
To understand why marketers are traditionally not included as part of the planning
team of an HOV project, it's helpful to understand the historical role of marketing
within the context of public agencies.
Business Fads, What's In - And Out (2), offers an overview of the variety of
trends that have come and gone over the past four decades. In the 1950's
it was computerization, diversification and management by objectives. The
1960's gave rise to the popularity of conglomeration (putting disparate
businesses under a single corporate umbrella) and matrix management. In the
1970's, zero-based budgeting (throwing out last year's numbers and starting
from scratch when making up the following year's budget) and "management by
walking around" were in vogue.

During this decade, too, scrutiny of management practices within the public sector
became especially popular. In the marketing arena, however, attention seemed to
focus on how to transfer business marketing techniques to the nonbusiness
sector. Hence, strategies which worked wonders in the private sector were
adopted within the public sectors, some with resounding success, some with
dismal failure. As the size and number of government and non-profit
organizations multiplied during the decade, so did the interest in developing
marketing strategies unique to the public sector.
The 1970's interest in public sector marketing was transformed into a 1980's
mandate with the continuing proliferation of public and non-profit organizations.
To some public sector managers, however, it was a most unwelcome mandate.
Having had the luxury of fulfilling their goals and objectives simply through
carrying out their assigned tasks, the thought of "having to sell themselves",
(the popular belief of the time regarding marketing's role) was abhorrent. In
Marketing for Public and NonProfit Managers (3), Christopher Lovelock and
Charles Weinberg state,
"Some public and nonprofit administrators resisted the very notion of marketing;
they regarded the concept as inappropriate for their type of organization, the
terminology unseemly and arcane, and the actual practice of marketing strategies
as positively unethical. Popular exposes of manipulative practices, such as
Vance Packard's The Hidden Persuaders (4) and later works (5), doubtless
underlay that view.

2John A. Byrne, Business Fads - What's In - And Out; Business Week Magazine, January 20,
1986

3Christoper H. Lovelock and Charles B. Weinberg, Marketing for Public and Non Profit
Managers: John Wiley & Sons, 1984, p.8
4vance Packard, The Hidden Persuaders, New York: Pocket Books, 1957.
5See, for example, Robert N. Anthony and Regina E. Herzlinger, Management Control for
Nonprofit Organizations, revisd edition, Homewood, Ill: Richard D. Irwin, 1980; Denis Lindon,
Marketing Politique et Social, Paris: Dalloz, 1976; Michael P. Mokwa and Stephen E. Permut
(eds.), Government Marketing: Theory and Practice, New York: Praeger, 1981; David L. Rador,
Marketing for NonProfit Organizations, Boston: Auburn House, 1981; Philip Kotler, Marketing
for Non-Profit Organizations, second edition, Englewood Cliffs, N.J.:Prentice Hall, 1982.
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At the other end of the spectrum were those who embraced marketing with more
enttusiasm than understanding; it was almost as if marketing were a magic wand
that, if waved by the right professional wizard or fairy godmother, would transform
a Cinderella institution into a princess. Miracles rarely happen in marketing,
however; these individuals were usually disappointed and frequently
disillusioned."

What kind of marketing atmosphere can the public sector anticipate during the
1990's? There appears to be a growing recognition that marketing involves more
than just developing advertising and publicity campaigns to build awareness and
support. For example in High-Occupancy Vehicle Facilities: A Planning, Operation,
and Design Manual (6), Char1es Fuhs acknowledges that
"Education and marketing are important tools in obtaining and maintaining a broadbased constituency. A public participation program is a necessary ingredient during
planning and implementation. Avenues to public/political support include public
awareness programs to disseminate information on the consequences and benefits
of the HOV project, advertising, rideshare matching, and employer outreach
services to promote concepts like discount parking for carpools, vanpools and flexible
working hours. Feedback can be obtained through various public meetings and the
formation of focus groups to be involved in the decision making process. Sometimes
local consent is the most important hurdle in obtaining federal funding, and critical to
concept viability".

Clearly, an awareness that marketing is a management function that provides a
link between the organization and it's constituents seems to be emerging.
Transportation policy and planning leaders are realizing that marketing helps
their organizations to fulfill their missions.
Growing competition, heightened public demand for improved effectiveness and
economic pressure have encouraged these leaders to consider marketing as a
way for their organization to meet their goals. Because this awareness still
seems to be in it's infancy, exactly how marketing can help an organization move
toward a greater customer responsiveness is still a mystery.
The following section discusses a variety of marketing strategies appropriate for
inclusion in the HOV planning process, and the advantages of those strategies.

6Charles A. Fuhs, High-Occupancy Vehicle Facilities: A Planning, Operation, and Design Manual,
New York; Parsons Brinckerhoff, Inc, 1990, p. 2-2-5
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Advantages ol lncludlng MarkeUno In le HOV Planning Process
There are six compelling reasons to include marketing activities in the HOV
planning process. They are to:
1)
2)
3)

4)
5)

6)

Heighten public awareness of the organlzatlonal mission;
Bulld constituencies, create partnerships and foster support;
Increase publlc confidence;
Develop accurate expectations;
Facilitate Immediate use of the facility; and
Provide Information which enhances future project planning
activities.

Heighten PullDC AWl'IIIBSS DI Drga~zaUonal Mlssllll
The mission of many transportation organizations, such as state departments of
transportation and transit agencies, are slowly changing. For departments of
transportation, the traditional mission of building as many roads as possible to
accommodate an increasing number of vehicles is being replaced with a
mission that recognizes that highway dollars are not infinite, and even if
unlimited dollars were available, building to increase vehicle capacity poses a
detrimental impact on the environment.
Transit agency mission changes are evidenced by the expansion of product
lines from traditional bus service to carpool and vanpool services, paratranist
and rail services. Many transit agencies have also introduced expanded
customer services, such a transit pass purchase through automatic teller
machines and route-specific telephone information services.
Transportation organizations are also adopting an aggressive congestion
management approach through activities such as transportation demand
management strategies and employer outreach programs. Additionally,
legislation to encourage a more pro-active congestion management position is
being enacted as many states face increasing traffic congestion problems.
For example, the draft HOV Policy Issues Report (7) published by the
Washington State Department of Transportation states that "The mission of the
Washington State Department of Transportation (WSDOT) is to ensure a multimodal system which meets the social, economic, and environmental needs of
the state. Mission objectives include reducing traffic congestion and enhancing
mobility."
The report goes on to state that "...the purpose of the system is to move people
and not just vehicles and by showing that HOV lanes move more people than
any of the adjacent general purpose lanes, attitudes toward the system tend to
improve." (8)
7wsooT HOV Study Committee, Draft HOV Policy Issues; Olympia, WA 1990, p.4
BAs in reference 7
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By implementing concurrent, integrated HOV technical and marketing activities,
awareness of the dedication an organization has to its mission is enhanced.
The use of marketing can help to communicate this change in mission and the
transportation organization's expanded role and vision for mobility.

a.Id l'.onsUIIHIIICIBS , Creall Parlnersblps and 1'111111' lupport
As the number and impact of HOV systems grow, so too does the desire for a
broad variety of special interest groups to be a part of the HOV planning
process. An HOV planning approach which integrates technical and marketing
activities can capitalize on that interest, resulting in a HOV project which is
supported by a broad base of public and private organizations. There are six
major constituency groups an HOV marketing component can address during
the planning stage. These groups are:
1)
2)

3)

4)

5)

6)

Elected Officials; including local, regional, state and national officials;
Publlc Agency Staff; such as staff working in traffic &
transportation, public affairs, public works, intergovernmental
relations and the ecological and air quality arenas;
Plannlng Organizations; especially those charged with planning
for growth and/or transportation;
Community Groups/Employers; these two groups are vital to
the HOV planning process, as they are directly affected by the
ultimate facility;
Media; the broadcast and print media can be the strongest
advocate or biggest adversary to the success of an HOV project.
The media picks up it's cues from the positive and negative
comments made by the preceding four constituency groups.
Recognize the media's importance as a player in the success of
a project, and treat them accordingly;
General Public; the general public will often develop their
attitudes about an HOV project not only from the information
provided to them by the HOV project planning team, but also by
the information generated by the preceding five constituency
groups, especially the media.

The secret to capturing and maintaining the support of these six constituency
groups lies in understanding and addressing their important concerns and
issues. These issues could be technical or political. Perhaps they focus on
safety or equity. Whatever the issue, it must be adequately and honestly
addressed as part of the HOV project planning process, and those findings and
anticipated outcomes should be communicated back to constituents.
Through this communication process, partnerships can be developed which
can ultimately enhance the HOV facility. A case in point is an unexpected and
welcome partnership resulting from the Washington State Department of
Transportation 1-5 South HOV Study in Seattle. One aspect of this study was to
determine the feasibility of converting an existing general purpose lane to an
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HOV lane on 1-5, the state's busiest corridor. One agency which supported lane
conversion was the Washington State Department of Ecology. A letter from the
department Director to the state's Secretary of Transportation stated:
"Ecology recommends that an existing lane be converted to a high occupancy vehicle
lane. This is the most expeditious and least costly method to shift the public's
transportation habits. Results will carry forward and complement WSDOrs long-term
initiatives. The change could, and should, be completed immediately." (9)

As part of the integrated technical/marketing process used to conduct this study,
a public opinion survey and executive interviews, in additional to traditional
technical data analyses techniques, were employed. As a result of these three
activities, the study team concluded that lane conversion was not a viable
option.
Although the benefits pointed out by the Department of Ecology -- low
construction cost and quick implementation -- did exist, the delays caused by
the freeway being over-capacity would overwhelmingly counteract the HOV
benefits of converting an existing general purpose lane. In fact, the projected
back-up of general purpose traffic would be to the extent that an environmental
impact statement may be required for air quality assessment.
Findings from the telephone survey along the corridor indicated that the majority
of respondents were not in favor of taking a lane away from general purpose
traffic in order to construct an HOV lane. Findings from the executive interviews
conducted with twenty-two community leaders representing elected officials,
public agencies, Elmployers, trade associations and the media indicated no
support for the lane conversion concept.
Before recommendations were presented to the study's steering committee,
briefings were held with public agencies and local jurisdictions which could be
affected by the study recommendations. At the Department of Ecology briefing,
Air Quality Programs staff were most interested in the analysis process used in
formulating recommendations pertaining to lane conversion. Their satisfaction
with the process used is evidenced by a second letter from the Department of
Ecology's Director to the Secretary of Transportation. In this letter the Director
stated:
"I would like to thank you for the obvious effort the WSDOT has devoted to this important
project and for taking the time to keep Ecology apprised of your progress. From listening to
the briefing and reviewing the printed materials, we are convinced that WSDOT is doing a
thorough and efficient evaluation of alternatives for providing HOV facilities In the 1-5 South
corridor in the near term. We are partlcularfy impressed with your public involvement
process, and respect your conclusion based on this process, as well as technical analysis,
that lane conversion is not a viable alternative". (10)

9Christine O. Gregoire, "Letter to Secretary of Transportation Duane Berentson" , Washington
State Department of Ecology, June 1, 1990.
10christine 0. Gregoire "Letter to Secretary of Transportation Duane Berentson", Washington
State Department of Ecology, February 13, 1991
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The Department of Ecology Director goes on to offer her department's support for
implementation of study recommendations, as well as offer her staff's assistance
in "making the HOV program a success."

Increase Ndlc r.ontldence
Secrecy in the protection of national security is good. Secrecy in the planning
of HOV projects is not. Although taxpayers may not want to be directly involved
in the decision-making process, they still have a desire to remain informed
regarding how their tax dollars may be spent.
Attitudes are learned, based on information about the subject and direct
experience with it. (11) Through the marketing activities associated with the
HOV planning process, favorable public attitudes towards the HOV project may
be nurtured. Communication activities can also help to educate the public and
to modify unfavorable attitudes.
The 1-5 South HOV Study in Seattle provides a revealing example of how an
open planning process can serve to encourage public confidence and support
for an HOV project. Long-range WSDOT plans call for the construction of
continuous HOV lanes between Seattle and Tacoma. However, that tentative
schedule indicated that construction of HOV lanes between Federal Way and
Southcenter, the most congested segment of the corridor, would not be
completed, at the earliest, until 1995.
"Not good enough" was the loud and long response of SHOVE -- Southend High
Occupancy Vehicle Enthusiasts. Armed with reams of petitions, a core group of
SHOVE members gathered over 2,000 signatures from people willing to support
new HOV lanes, even if that meant converting 1-5 general purpose lanes to HOV
lanes to get them. SHOVE organizers followed their petition drive with letter
writing campaigns to the Washington State Secretary of Transportation and the
Chair of the House Transportation Committee. Their message was clear and
succinct -- "give us HOV lanes -- NOWI"
SHOVE also secured the support of the local media. SHOVE sought the assistance
of a Seattle Times writer who's twice-weekly column explores transportation issues.
This columnist wrote about SHOVE's desire for HOV lanes in this congested
corridor, and encouraged readers to get in touch with SHOVE organizers. His
column resulted in hundreds of letters in support of SHOVE's goal.
SHOVE leaders testified before the Transportation Commission, which oversees
the Washington State Department of Transportation, when the commissioners
we're briefed regarding the scope and schedule of the 1-5 South HOV Study.
When a transportation commissioner asked the Times columnist, who was
covering the meeting, what he thought about the prospective study, his response

11 Martin Fishbein and leek Ajzen, Beliefs, Attitudes, Intention and Behavior: An Introduction to
ThBOry and Research, Reading Mass.: Addison-Wesley, 1975, p.6
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of "I think it's a great opportunity for this state to show that it can do something
innovative and decisive."c12) also appeared in his column the following week.
SHOVE's confidence in the recommendations of the 1-5 South HOV Study was a
key element of the study's marketing strategy. To ensure their confidence,
SHOVE leaders were kept continually apprised of study activities and findings,
and asked to assist with study activities whenever appropriate. One SHOVE
leader with a background in research, reviewed and commented upon the study's
telephone survey before it was fielded. Mailing lists were shared between
SHOVE and the study team to ensure broad distribution of information relating to
the study's progress and findings. SHOVE leaders were invited to speak during a
bus tour of the study corridor held for decision makers and elected officials.
The relationship between SHOVE and the 1-5 South HOV Study team been
viewed as so unique that SHOVE leaders and 1-5 South HOV Study
representatives have been asked to participate on a University of Washington
Graduate School of Public Affairs panel to discuss how advocacy can work to
influence policies, shape programs and promote citizen participation.
Although the recommendations of the study -- which include expanding the
existing HOV system and implementing a system of ramp meters, variable
message signs, closed circuit television cameras and incident management
teams -- have yet to be implemented, the study team plans to continue to
involve SHOVE throughout the implementation phase of the study. This
involvement is key to maintaining SHOVE's confidence and support of future
HOV facilities and partnering transportation system management techniques.

Develop Accurate Expeclallons
If the public has not been adequately included in the HOV project planning
process, there is a risk that they will develop inaccurate or unrealistic
expectations regarding the project's goals, objectives and expected outcomes.
For example, the Virginia State Legislature rescinded HOV requirements on a
section of highway in the state's Hampton Roads area two years ago. When
Virginia Department of Transportation (VDOT) opened the first, and in some
officials minds, the weakest link of the HOV system, public reaction was
overwhelmingly negative because the public perception was that the system was
underused (occupancy rates were at HOV-3). This same section of state highway
will connect with an interstate facility with dedicated HOV lanes scheduled to open
in 1992. Because federal funding for the interstate system dictates that HOV
requirements be in place on that section of state highway when the interstate
opens, HOV requirements will be reinstated on the state system at that time. When
reopened as an HOV lane in 1992, occupancy rates will be at HOV-2, with
requirements for HOV-3 to be reinstated when necessitated by traffic demand.
The legislative experience has resulted in VDOT becoming more sensitive to
developing accurate public expectations as they relate to HOV facilities. VDOT
12Peyton Whitely "Commuters Spoke Up and DOT Listened', Seattle, WA: The Seattle Times,
June 24, 1990.
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has developed a marketing plan to address the problems created by the
Hampton Roads experience.(13) In 1990, their marketing efforts focused on
developing an appreciation for the benefits of ridesharing. In 1991, marketing
efforts broadened to improve the public's perceptions of HOV lanes. Goals for the
1992 - 1993 marketing efforts will be to give credibility to HOV effectiveness.
Unrealistic public expectations can be extremely damaging to the credibility and
morale of the organization undertaking the HOV project. They can also erode
public confidence in the organization's ability to carry out it's mission.
On the other hand, when the public (and the public's designated decision makers,
such as elected officials, local jurisdictions staff, etc.) has been included in the
planning process, expectations are much more likely to accurately reflect the goals,
objectives and expected benefits and outcomes of the project.

Facllllale lnlnedlate Use of Ille Faclllty
The "empty lane syndrome" -- an HOV facility which to the public looks underutilized -- can cause considerable general and political dissatisfaction, especially if
the construction of the facility caused motorist or neighborhood inconvenience.
Integrating marketing activities into the HOV planning process serves to
heighten awareness of the facility amongst all markets. Heightened awareness
should translate into increased utilization.
Because a variety of organizations and individuals have "ownership" in the facility
through their participation in the planning process, they have a stake in assuring
the success of the facility. While this concept was discussed previously in this
paper under the subsection titled "Build Constituencies, Create Partnerships and
Foster Support" constituency ownership should manifest itself in a broad-based
willingness to promote the facility prior to and following it's opening.
At a minimum, planning teams should look to partnering organizations to help
with the design, production and distribution of promotional materials and
request organization representatives to make public presentations to corporate
and community groups.

ProVlda lnll'lllld• which Enhanc8 Fubn Pro]eet Pl•lna Acdvldes
In our increasingly complex environment, it is becoming more and more difficult for
HOV project teams to stay informed. Planning, development and construction
activities are constantly taking place which could affect the design and
implementation of the HOV facility being considered. The integration of marketing
activities as part of the HOV planning process provides increased opportunities for
communication between the HOV planning team and other organizations.
Not only does this communication aid in the planning of the HOV facility, it provides
local decision makers not associated with the project with information extremely
useful to their independent planning activities. For example, the City of Kent,
13•Hampton Roads Area HOV-Rideshare Marketing Prograrrf', Richmond VA, Virginia
Department of Transportation, May, 1989.
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located about fifteen miles south of Seattle, had been trying, unsuccessfully, to
expand an east-west corridor through their city to link Interstate 5 and Highway 167,
a major state route about three miles to the east of Interstate 5. Local opposition
focused on the theory that because congestion on both 1-5 and 167 was already so
severe, an expanded east-west link would do nothing to reduce congestion, it would
just create one more congested corridor.
At the jurisdictional briefing held as part of the 1-5 South HOV study, Kent traffic,
planning, public works staff were pleased to hear about the potential HOV
improvements being considered for the 1-5 corridor. Providing an HOV facility on 1-5
gave planners a significant reason to expand the east-west corridor -- as HOV's
which were currently using Highway 167 would probably switch to 1-5 to take
advantage of the travel time savings provided by the 1-5 HOV lane.
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PotenUal HOV MarkeUng AcUvlUes
The preceding sections of this paper argue for an increased role for marketing
activities as a part of the HOV planning process. This final section gives specific
examples of what those activities can include. This listing is not intended to be
all-inclusive, but suggests ideas which should stimulate thoughts and discussion
regarding activities which might be appropriate when developing the HOV
planning scope.
In all cases, however, marketing activities should assure that HOV
recommendations which are technically suitable (cost-effective, increase the
overall people carrying-capacity of the roadway and are sensitive to safety and
environmental requirements) are also alternatives that are acceptable to the
publics they seek to serve.
Obviously, inclusion of and emphasis on each of these suggested activities
would be dependent upon the environment in which the planning activities are
to take place. For example, if a region has experienced a significant amount of
negative media coverage relating to past HOV projects, special care should be
taken in developing activities which include the media within the planning
process. If elected officials have complained about their lack of past
participation in the planning of transportation improvements (HOV or otherwise)
a strong component to assure their input should be developed.
On the other hand, if the HOV project is part of a larger ongoing program which
is successful, then the marketing approach should capitalize and build on that
positive image and established activities.

1he foup Activity Pbases of HOV MarkeUng
High-occupancy vehicle marketing activities should coordinate, both in scope
and in schedule, with the technical activities traditionally undertaken when
planning, developing and implementing an HOV project. Sequence and timing
of these marketing activities is critical, as their purpose is to provide information
which, combined with technical activities, provides a strong basis of support for
the next phase of the project.
The four activity phases of the HOV marketing process are:
Phase
Phase
Phase
Phase

One:
Two:
Three:
Four:

Data Gathering
Public and Private Communication
General Awareness
Evaluation

The underlying principal of these HOV marketing activities are to provide a
communication forum to stimulate the exchange of ideas and preferences
between the six major HOV constituency groups -- elected officials, public
agency staff; planning organizations, community groups/employers; media; and
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the general public -- and the technical experts who are charged with translating
those preferences into a physical program.

PIIBSBIIB
Dall Gathering AcllvlUes
The purpose of data gathering activities is to clearly define the social and
political atmosphere in which the HOV planning process will take place.
Successful data gathering also provides the project team with historical
information and insights about projects which had similar goals, objectives or
other characteristics.

lillrllln lard
A literature search should be the first marketing activity undertaken.
In addition to a review of reports on similar projects, news clippings,
speeches, and voting records should be reviewed. Literature search
activities provide the project team with information about projects with
similar challenges and goals, and the outcomes of those projects.

,,,,,,

A survey to measure the public's attitudes and opinions about the
HOV system can provide the HOV team with information vital to the
development of project recommendations. Surveys can gather travel
information and data and measun:t public opinions, knowledge,
concerns and expectations regarding the HOV project. A survey can
also supply insight necessary for the development of communication
messages and mechanisms useful during the implementation phase of
the project.
The marketing representative on the HOV team should oversee the
development, testing and fielding of the survey instrument, as well as
the subsequent survey analysis.

11&111,,,,.,
Focus groups can be used to further explore survey hypothesis. Focus
groups are a market research technique that provide quantitative or
exploratory information about individual perceptions toward an idea or
product. In a focus group, a small number of people (usually 7 to 10) are
brought together to discuss a particular topic under the guidance of a
skilled moderator. Focus group participants could be made up of survey
respondents, community or elected leader, or some other targeted group.

Exalirl ,,,,,,,,,,,,
Executive interviews are especially useful in gauging targeted market
interest and perceptions and expectations of the HOV project.
Interview participants should be selected based on their roles in the
community, interest in the subject and potential impact they could have
on the study's outcomes.
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Information gathered through the survey and focus groups and
executive interviews should be used to compile the
Issues/Stakeholders Identification report.

"'1III/IIJa/ll IIIIIIJffalJII
Upon completion of survey, interview and literature search activities, an
Issues and Stakeholders Report should be compiled. This report should
list the major issues, concerns and expectations expressed by the
general public and targeted markets, as well as information obtained
through interviews, surveys and focus groups.
This report completes the information gathering phase of the project
and provides a framework for phase two activities, Public and Private
Communication.

PIISaTwo

Plalc 11111 PrlVall Clmlllllcalloa
Phase Two activities are designed to solicit and encourage thought, reaction, and
ultimately, support for the HOV planning process and final recommendations. These
activities tend to be targeted in nature, that is, they are designed to meet the specific
needs of each of the six major HOV constituency groups.

m-111,,..,,,,
Kick-off briefings are extremely important in the development of
support and understanding of the HOV project by key departmental
and policy making leaders. It also allows lower-level staff who have
some association or interest in the project to learn about its goals,
objectives, process and timing.
Kick-off briefings are especially important when the HOV project may be
controversial or require a fast-track schedule. The briefing agenda should be
designed so that it provides a forum in which departmental leaders can talk
about the importance of the project in relation to the numerous other activities
also being undertaken by the department.

t,...,,,/Jtriddtlllllldd ,,,_ ll'/dlBfl
Community, jurisdiction and elected official briefings give the project team a
conduit for direct interaction with three important and powerful constituency
groups. These briefings fulfill multiple purposes -- they build constituencies,
create partnerships, foster support, develop accurate expectations and provide
information which enhances future project planning activities.
Briefings are most successful when the HOV project team is asking for input and
reaction to a set of specific HOV treatments or scenarios. Care must be taken by
the project team to ensure that briefings are scheduled so that input can be
adequately considered and changes based on that input can be incorporated
into the project.
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.,.,,,.,.,,
The project team must consider the media as a very special target market, not
only because of their functional role as the disseminator of information, but
because of the inherent power the media has in shaping attitudes toward an
HOV project. The more knowledgeable the media is regarding the HOV
planning process, the more supportive they will be in project outcomes.
Targeted media activities should extend beyond the traditional news
releases and press conferences to include editorial board briefings, media
tours of the geographic area being studied, and regular phone calls and/or
face-to-face discussions between designated reporters and project team
staff.

,,_,,,,,

A project newsletter is a very efficient and effective communication
tool. It serves as a forum to address a number of issues and
questions raised through the information gathering phase. It can
educate the reader to the project process, progress and findings. It
can be a mechanism to publicly recognize and compliment project
participation by constituency groups. Finally, a project newsletter is
especially helpful in assuring that accurate expectations are being
maintained about the project scope, activities and outcomes.
Newsletters should be distributed to coincide with project milestones,
so a typical HOV project would likely require newsletter publication
on a quarterly basis.
Project teams should look to partnering organizations for assistance in
newsletter distribution. Transit agencies and local jurisdictions are
a good starting point. They can put newsletters aboard their buses,
distribute them to their employees, and place them in customer
waiting areas. Elected officials may want to insert newsletters in
publications they send to their constituents.

,.,,,._
Project newsletters sent with appropriate cover letters can be
extremely powerful yet inexpensive targeted mailings. This
technique is particularly effective when the newsletter discusses a
topic of special importance or interest to the recipient.
Cover letters should ~II attention to the particular newsletter item or
items and be signed by a individual who carries the most credibility
or importance with the letter recipient. A computer database program is
ideal for developing and maintaining a database which allows for
efficient generation of targeted letters.

....,,,,,,.,,.,,,_

Public speaking engagements and participation in public forums are
effective and timely methods for increasing awareness of the HOV
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project, educating the public and measuring support for alternatives.
Presentations can be made at community and civic club meetings;
city, county and other elected official council meetings and other public
forums as appropriate.
Meetings of special interest associations, such as ITE (Institute of
Transportation Engineers) and TAB (Transportation Research Board) are
also forums which offer opportunities to talk about the process and
progress of the HOV planning activities.

PhaelJllee
lienePal AWl'IIISS CIQII•
General awareness activities associated with the opening of an HOV project are
the areas where marketing activities have traditionally focused. Although the
promotional messages and techniques used prepare the general public for the
opening of a facility are diverse, there is general agreement by HOV project
team leaders that marketing activities are an important part of the HOV
implementation process.
Excellence in executing the general awareness campaign require a clear
theme, and detailed attention to carrying out the chosen activities. Activities are
most successful when carried out as an integrated mix rather than as individual
components.
The effective design and development of HOV marketing activities associated
implementation phase has been well documented (14) and will not be discussed
as part of this paper, except to acknowledge the following as activities which
generally fall within the scope of implementation marketing.
Information Development and Distribution
Advertising
Media Relations
Special Events and Ceremonies
Transit and Rideshare Promotions

14see "Hampton Roads Area HOV- Rideshare Marlceting Prograrrf', Richmond VA, Virginia
Department of Transportation, May, 1989; "HOV Communications Prograrrf', Wethersfield, CT;
Connecticut Department of Transportation, 1989; "l-394 Interim HOV Lane: A Case Study
Phase I Repoff', Minneapolis, MN; Minnesota Department of Transportation, October, 1987;
"l-394 Interim HOV Lane: A Case Study Phase II Repoff', Minneapolis, MN; Minnesota
Department of Transportation, July, 1990; "Community Involvement Program Summary"
Houston, TX; Metropolitan Transit Authority, May, 1985.
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PllsafU

Evaluauoa
Good implementation requires the development of an evaluation system which
measures results. Unfortunately, marketers "are weak at constructing simple,
reliable and understandable monitoring mechanisms which do not get
corrupted by 1he politics of the situation and mired in incomprehensible
complexities." (15)
Evaluations, while a most important final component to the marketing process,
do not have to be complex. Evaluation activities which extend beyond
measuring volumes, capacity and travel speeds help the project team to
determine the public's acceptance of the facility. They also help evaluate the
impact of the marketing activities undertaken throughout the planning as well as
the implementation phases of the project, and provide the HOV project team
with vital information necessary in the development of future projects.
Evaluation activities can include:

,.,,,

A survey to measure the public's attitudes and opinions about the
completed HOV facility provides "before and after" information
valuable in formulating future marketing strategies. If a survey was used
in Phase One of the project, the evaluation survey should be developed
to correspond accordingly in terms of development, fielding and
analysis, so that comparisons are statistically valid.

,,,.,,.,.,

.

As discussed previously (see page 22 of this report) focus groups are a
useful tool when further exploration of survey hypotheses is necessary.

Eldrl ,,,,,.,_,

A selected sub-set of individuals who participated in executive interviews
undertaken as part of Phase One activities should be re-interviewed.
These executive interviews allow the study team to determine the
attitudes and perceptions of key decision makers regarding the project
process and outcomes. Their input is especially useful in the
development of future HOV planning strategies.

FIIII,,,,,,
Whew... we're finally there! The final report should outline the process
and procedures used in the design, development and implementation of
marketing activities undertaken in all four phases of the HOV project.

15Thomas V. Sonoma, Managing Marketing, New York: The Free Press, 1984
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Concluslons
Developing a planning orientation which marries marketing and technical activities
can help the project team to achieve their goals effectively and efficiently. However,
developing a marketing orientation takes time and trial, sometimes merely because
the term "marketing"
has become (to many) a catch-word standing for all the undesirable elements In American
business: the foisting of worthless products on an unsuspecting public; the aggressiveness of
Madison Avenue and it's Immortal manipulation of people. In short, marketing Is looked upon by
many as being fundamentally self-seeking and thus unacceptable by Its very nature ... (lf) anything
Is undesirable about marketing, it Is the not the activity per se; rather it Is the motives of those
guiding the activity and manner In which it Is carried out."(16)

Because of this unfortunate pre-disposition, HOV team members should be prepared
for some initial skepticism regarding the inclusion of marketing as a part of the
planning process. Comments like "We've never done it that way before", "We could
use that money to pay for some signalization (or maintenance, etc.)" or "Marketing?
Why do we need marketing?" may arise.
This paper has sought to provide some answers to those questions by showing that
marketing is a management function that provides a link between the organization
and it's constituents. The benefits of this link -- heightened public awareness of the
organizational mission; building constituencies, creating partnerships and fostering
support; increasing public confidence; developing accurate expectations;
facilitating immediate use of the facility and. providing information which enhances
future project planning activities -- extend far beyond the confines of the HOV
project at hand to encourage confidence, respect and greater success for the
organization as a whole.

16A.R. Krachenberg, "Bringing the Concept of Marketing to Higher Educatlorf', Journal of
Higher Education, May, 1972, p. 380
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INTRODUCTION

High-occupancy vehicle (HOV) lane design standards, guidelines and studies have
been prepared by numerous local agencies and national organizations. The relationship
between these types of documents and operating projects is important to an understanding
of design issues. Design standards have typically illustrated what might be termed
"desirable" dimensions -- concepts, widths and grades that woµld offer a high level-of-service
to HOVs. Implementing agencies (usually highway departments and transit agencies),
however, sometimes find locations where desirable dimensions are not possible. In many
instances right-of-way, topographic features, roadway structures or cost present constraints
forcing design engineers to choose between a project with less than desirable dimensions
and not being able to implement an HOV improvement.
As the number of HOV projects have increased in the 1970's and 80's, so have the
number of different HOV lane designs. While this has not been desirable from a
consistency standpoint, it has provided the professionals concerned with HOV lane design
the opportunity to study the performance of many designs in a variety of conditions.

The information presented in this paper summarizes the current practice regarding
the design of line-haul and access/egress facilities as derived from operating HOV projects
and design guidelines or manuals. The discussion illustrates common features that appear
to be present in successful HOV projects and attempts to gauge the importance of design
to the overall prospects for success or failure of an HOV treatment. Several areas which
represent gaps in the understanding or justification of HOV systems are also noted along
with suggested future activities that may assist in developing definitive guidelines for HOV
facility design.
Oq:anization of This Paper

Designs of current HOV lanes, relevant design guidelines and conceptual studies are
summarized for line-haul and access/egress facilities in separate sections. Unresolved issues
and concerns for both line-haul and access/egress facilities and some suggested activities to
address them are included to assist in focusing the activities of future HOV design studies.
A bibliography is included to assist those desiring more information on a particular aspect
of HOV design or a specific project.
GENERAL TYPES OF HOV LANES

One concern of HOV design has been the terminology applied to the various types
of HOV lanes. This document will use the following descriptions to summarize HOV lane
design elements (11, 15).
•

Exclusive HOV Lane -- A roadway separated from adjacent traffic by a physical

barrier or a wide buffer (12 or more feet) (11, 15.). The exclusive group also includes
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HOV lanes or busways in a separate right-of-way. These types of facilities are
usually associated with higher construction cost, wider HOV cross section and fulltime HOV designation. There are 14 exclusive HOV projects in operation in North
America. (Other terms -- Transitway, Barrier-Separated HOV Lane, Busway).
•

Concurrent Flow HOV Lane -- A roadway in the peak direction of traffic flow
separated from adjacent traffic by a narrow buffer (4 feet or less) or by no buffer
area (11, 15.). This type of facility may have a relatively wide cross section if a full
HOV shoulder is provided, but the separation between HOV and general purpose
traffic is not significant and is easily crossed. Construction costs may be high if a
wide cross section is provided, but typically these facilities have relatively low initial
costs and are implemented by restriping an existing freeway cross section.
Approximately half of the 18 concurrent flow HOV projects in North America
operate only during peak periods. (Other terms -- Non-separated HOV Lane,
Contiguous Concurrent Flow HOV Lane, Diamond Lane).

•

Contraflow HOV Lane -- An inside freeway lane in the off-peak direction of travel
designated for use by high-occupancy vehicles travelling in the peak direction during
the peak period. The 3 operational contraflow lane projects are separated from the
general purpose lanes by plastic posts or pylons. Eligible users are limited to buses,
vanpools and taxis. A contraflow project under construction in Dallas on 1-30 East
(47) will use a movable concrete barrier to separate HOV and general purpose
traffic. Carpools will be allowed to use that contraflow lane.

•

Queue Bypass HOV Lane -- A short HOV lane designed to provide a travel time
advantage to HO Vs at locations where the traffic flow is regulated. There are a wide
variety of queue bypass treatments including those at freeway entrance ramp meters,
toll plazas and ferry loading docks.
BASIC DESIGN CRITERIA

Several HOV design specifications that have been produced as either national
guidelines or as project specific design criteria use highway design manuals as the source for
basic design criteria. A monograph produced by Charles A. Fuhs of Parsons Brinckerhoff
Quade and Douglas (.11) includes a table summarizing several criteria needed for any type
of HOV lane. That table is included in this document as Table 1; the design parameters
in Table 1 are relatively consistent for most design manuals developed for HOV lanes. A
more detailed listing of some of the other important design criteria from HOV design
documents is included in Appendix A.
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Table 1.

5'.alary of Basic HOV Lane Design Criteria

Ramp

Hainline
Design Parameter
Design Speed

(mph)

Al igrvnent
Stopping Distance
(ft)
Horizontal Curvature
(ft/radius)
Superelevation (ft/ft)
Vertical Curvature
(ft)
Gradients
Maximum(%)
Minimum(%)
Maximum Length (ft)
Clearance
Vertical (ft)
Lateral (ft)
Lane Width
Travel Lanes (ft)
Transition Lanes
Acceleration (ft)
Deceleration (ft)
Tapers (ratio)
Cross Slope (ft/ft)
Maximum
Minimum
Turning Radius
Minimum (ft)
Note:
Source:
1
2

Desirable

Reduced

Desirable

Reduced

50-60

40

40

30

450-650

400

300

200

1,200
0.06
200
Ck=150 crest)
(k=100 sag)

600
0.08
1,125
(k=60 crest)
Ck=40 sag)

800
0.04
125
Ck=60 crest)
Ck=45 sag)

350
0.06
100
(k=30 crest)
Ck=15 sag)

3.0
0.3

-. -

6.0
0.3
750

6.0
0.3
750 1

8.0
0.3
500 1

1.65
5

14.5
2

15.0
5

14.5
2

12

11

13

12

900-1,2002
50·7202
30: 1 (exit)
50:1 Cent)

4002
3202
20: 1 (exit)
20:1 Cent)

900 2
900 2

400 2
320 2

---

...

0.020
0.015

0.020
0.015

0.020
0.015

0.020
0. 015

1

1

50

45

---

...

Superelevation - Depends on curve radii and design speed (0.1 ft/ft maximum)
Design Load on Structures - State DOT or AASHTO Design Load, whichever governs
References

<1, 11,

27).

Not applicable for mainline connector ramps.
Adjusted for grade.

Desirable and Reduced Desi1:n Standards

The implementation of a high-occupancy vehicle lane is usually characterized by one
of two processes.
•

Major Construction or Reconstruction -- HOV lanes are implemented as part
of a larger freeway construction or reconstruction project. A significant
amount of construction activity results in either a new roadway for use by
HOVs or additional pavement to which general purpose lanes can be shifted,
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leaving a lane(s) for HOVs. Substantial right-of-way acquisition may also be
involved.
•

"Retrofit" Project -- HOV lanes are implemented by modest construction
efforts which might include resurfacing, but usually only involve restriping,
narrowing of lanes and additional signing.

Desirable criteria are usually applied to HOV projects implemented with a major
construction effort. Grade-separated interchanges and significant support facilities and
programs usually accompany these types of projects. Isolated locations of right-of-way,
structural or other constraints may exist which force compromises in desirable dimensions,
but many of these are removed in the design process.
Re<luce<l crilt:ria are more often applied to IIOV projects implemented by
"retrofitting" the freeway cross section. Access and egress are usually provided by at-grade
facilities delineated by striping or openings in the physical barriers. The retrofit HOV
projects have a lower capital cost per mile; incremental costs to remove or ameliorate
design constraints may have a significant effect on the total project costs.
All of some HOV projects, and isolated locations of many other HOV facilities, do
not meet the reduced standards. These projects have provided travel time advantages to
lane users and resulted in increased use of HO Vs. One activity suggested at the conclusion
of this paper is the investigation of which of these design compromises are successful and
which may not be a cost effective balance of increased person volume or speed, and safety
or other operational concerns. Until such an analysis is completed, the desirable dimensions
included in design manuals should be applied to all HOV lane projects.
MAINLINE HOV FACILITY DESIGN

The design of high-occupancy vehicle lane projects is governed by criteria from design
manuals and local conditions and preferences. This section describes the cross section
designs for the mainline portions of HOV lanes and presents summaries of the desirable and
reduced dimensions associated with each design type.
Current State-of-the-Practice

Exclusive HOV Lanes
Exclusive HOV lanes may be either reversible or two-way. Of the eleven exclusive
HOV lane projects currently operating, ten use a physical barrier to separate HOV and
general purpose traffic. Reversible HOV lanes must use a physical barrier to separate the
HOV facility from the general use lanes. Some two-direction HOV projects also use
physical barriers to separate the facility from general traffic. Separation between general
purpose and HOV traffic may, however, also be achieved by a wide buffer area (51).
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A physical barrier provides a more definitive separation and may indicate a more
permanent facility to commuters planning to carpool or ride public transportation. The
provision of a space that will allow a disabled vehicle to be passed by another vehicle is very
important in barrier-separated HOV lanes. The need for shoulders for both HOV and
general purpose traffic does, however, result in more required roadway width.

A buffer-separated exclusive HOV lane provides more flexibility in the operation of
a freeway corridor. In addition, combining the breakdown shoulder for HOV and general
purpose traffic into a single area requires less right-of-way. While this shoulder cannot be
used for enforcement, detection of violators attempting to cross the wide area and use the
HOV lane is somewhat easier than on concurrent flow HOV lanes. A driver in the HOV
lane also has more warning of an encroaching vehicle from the general purpose lanes. The
increased separation provides more time and space for an HOV to take evasive action in
the event a violator or inadvertent maneuver carries a vehicle into the HOV lane.
While two buffer-separated exclusive HOV projects are in operation and one more
is under construction, current practice is moving away from this. type of cross section. It
should be noted that the more prevalent use of a buffer area is a O to 4-foot separation
associated with a concurrent flow HOV lane (51). This practice is based on the thought that
a wide buffer presents a greater hazard as an open area between two traffic flows than it
assists motorists with vehicle problems in either HOV or general purpose lanes.
Enforcement officers insist on a wide left-side shoulder (with barrier protection desired) and
will not typically use a wide buffer as an enforcement location. Shifting the HOV lane
laterally from a wide buffer to a wide left shoulder is also not seen as an application of
consistent cross section design.
Reversible Exclusive HOV Lanes

The only single-lane reversible HOV projects are in Houston and have a cross section
similar to the reduced dimensions in Figure 1 (22). Design manuals typically present a
wider total cross section of 22 to 28 feet, as noted in the desirable dimensions of Figure 1.
A width of 22 feet provides the ability to park a disabled vehicle to one side, allowing a
relatively high speed passing maneuver by other motorists. Widths in excess of 24 feet can
be striped with a minimum clearance (2 to 4 feet) on one side and a full shoulder on the
other side of the travel lane (11, 15). The full-width shoulder allows drivers to anticipate
on which side of the lane a vehicle will be parked resulting in fewer unexpected encounters.
Multi-lane reversible HOV projects in operation in Pittsburgh (I-279), San Diego (115), and Northern Virginia (I-395) and under construction in Denver (I-25), Minneapolis (1394) and Seattle (I-90) have provided for at least one full emergency parking shoulder and,
in three cases (I-15, I-90 and I-395), full shoulders on both sides. Figure 2 illustrates a
reduced cross section with a minimal lateral clearance on one side. If additional width can
be provided to this reduced cross section, a shoulder width between 4 and 8 feet should be
avoided if possible. This distance appears to be sufficient for emergency parking, but can
create a hazard to vehicles operating in the adjacent lane. Parking shoulders between 8 and
12 feet are acceptable (11, 15, 51).
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Figure 1. Single-Lane Reversible Exclusive HOV Lanes

0
J\
Reduced

Desirable

0

HOV

HOV

Shoulder

Lane

Lane

2'

12'

12'

1 O'

1O'

12'

12'

10'

Shoulder

J\

Figure 2. Two-Lane Reversible Exclusive HOV Lanes

Two-Way Exclusive HOV Lanes
The HOV project on 1-84 in Hartford and 7 miles of the 12-mile San Bernardino
Freeway HOV Lane in Los Angeles are two-way projects with a buffer area separating HOV
and general purpose traffic. A minimal left-side lateral clearance is provided in both cases,
similar to the reduced dimension in Figure 3. A separating buffer area of at least 12 feet
is necessary to provide a reasonably safe parking area (11, 15).

0

J\ Shoulder
Reduced

Desirable

HOV
Lane

Buffer

4'

12'

12'

10'

12'

14'

General-Purpose
Freeway Lanes

Figure 3. Buffer-Separated Exclusive Two-Way HOV Lane
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The remaining 5 miles of the San Bernardino Freeway HOV Lane and the 1-5
Transitway to be developed in Orange County (CA) use barrier separation and have total
cross section widths similar to the buffer-separated projects; these similarities are reflected
in the desirable dimensions in Figure 4. The reduced dimensions :reflect the 20-foot
minimum cross section width of a reversible HOV lane. HO Vs are expected to move to the
left to pass a disabled vehicle in this cross section (11, 15).
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Figure 4. Barrier-Separated Exclusive Two-Way HOV Lane

Busways
A special type of exclusive HOV lane in operation in Ottawa and Pittsburgh is a busonly two-way roadway with only a paint stripe separating the two traffic directions. Only
trained drivers are allowed on these facilities. The cross sections are similar to high-level
two-lane roads, with 10-foot shoulders and 12-foot lanes for both directions (11, 15).
Concurrent Flow HOV Lanes

This paper uses a buffer-width related definition to identify concurrent flow HOV
lanes. A buffer between general purpose freeway lanes and an HOV lane defines a
concurrent flow lane. Within this group, however, there is a significant range of project
costs and cross sectional widths.
Figure 5 illustrates the desirable and reduced cross sections for left-side concurrent
flow HOV lanes. The reduced buffer width of 2 feet is wider than 8 of the 12 existing leftside concurrent flow projects. Only 2 of the 14 projects have buffer widths of 4 feet. Most
of the projects with no buffer have been implemented as "retrofit" projects, developed by
restriping the existing roadway width, to provide a travel lane on the inside shoulder. In
some cases the shoulders have been reconstructed, but the freeway mainlanes have rarely
been improved (11, 15).
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Figure 5. Left-Side Concurrent Flow HOV Lane
A consideration in the use of a buffer for a concurrent flow lane is the operating
times of the lane. If the HOV restriction will only apply to a portion of the day, a buffer
would not be desirable. The buffer could possibly disrupt general purpose traffic flow on
the lane during the remainder of the day by introducing an awkward lane configuration.
Contraflow HOV Lanes

Design standards of contraflow lanes are usually linked very closely to those of the
existing freeway. As with part-time concurrent flow lanes, general purpose traffic uses the
contraflow lane for the majority of the day. A somewhat wider inside freeway lane and a
breakdown shoulder are sufficient for a desirable contraflow HOV lane (Figure 6).
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D
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Figure 6. Contraflow HOV Lane
A demonstration contraflow HOV lane project is being constructed on I-30 East in
Dallas (47) with a movable concrete barrier delineating the HOV lane. The barrier will be
stored against the fixed median barrier and be laterally transferred into position by a
rubber-tired machine. The two inside freeway lanes will be restriped to 13 feet wide. The
2-foot-wide movable barrier will be centered on the inside lane stripe, leaving 12-foot lanes
for both HOV and general purpose traffic. An inside breakdown shoulder is present for
most of the project length.
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Queue Bypass Lanes
Short HOV lanes that provide a time savings at regulated locations are the most
prevalent type of HOV lane. Typically these take the form of ramp meter bypass lanes on
either a separate ramp or an adjacent ramp lane. Most queue bypass lanes are the result
of a combination of the desire to provide individuals with an incentive to carpool or take
transit and an opportunity to retrofit an additional lane into a cross section. Most design
manuals do not list standards for these treatments and there are a variety of applications.
Some general guidelines, however, are applicable (11).
•

A buffer separation between HOV and general purpose traffic is usually desirable,
especially if speed differentials above 10 to 15 mph are expected.

•

For entrance ramp meter bypass lanes, the HOV and general purpose ramp traffic
should be merged so that only one acceleration lane is needed.

•

The queue of general purpose vehicles should not block access to the HOV lane.

•

A paved area and a signal head facing downstream of the queue will assist
enforcement officers in apprehending and deterring violators.
HIGH-OCCUPANCY VEHICLE LANE ACCESS AND EGRESS

Regardless of the mainlane configuration chosen for an HOV facility, access and
egress treatments are needed to facilitate specific collection and distribution requirements.
This section of the paper presents current design concepts, guidelines, and standards
associated with HOV lane access and egress.
More detailed information on
recommendations by individual design documents is included in Appendix A.
Current State-of-the-Practice

Design Concepts
A variety of HOV lane access and egress design concepts are possible, with final
implementation typically dependent upon factors such as existing geometrics, available cross
section width, right-of-way constraints, adjacent lane use, and cost. The design concepts can
be grouped into the functional areas of terminal access/egress design concepts, and
intermediate access/ egress design concepts (11, 27).

HOV Lane Terminal Designs
With regard to the design of an HOV lane terminus, two basic options are available.
The first is to make an at-grade connection of the HOV lane directly to the freeway through
the use of either a slip ramp, as would be the case for a barrier-separated facility, or a
gradual merge of the HOV lane with an adjacent freeway lane, in the case of a non barrierseparated facility.
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An example of a design concept for a barrier-separated HOV lane is illustrated in
Figure 7 (32). The facility shown in this figure is a single-lane, reversible HOV lane.
Modification of this design concept could, however, accommodate two-lane, two-way
operations. An example of a design concept for non barrier-separated facilities is included
in Figure 8. The design shown in Figure 8 is for a concurrent flow lane. The terminal
design for a contraflow lane would require the provision of a roadway by which HO Vs could
cross the median and enter the general purpose freeway lanes.
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Freeway Lanes

....,.._

...,_

-~====--=-= '--= <>'=-<>\;::::<>~<>- ~_---=---===-=-=<> =<>r::-=
------=~:::!~---=:._-==---=---=:._-------

-...

Freeway Lanes

Gate Closed

Not to Scale

300'
• Openings in the barrier should be a minimum of 14' wide

Figure 7. Typical At-Grade Terminal Treatment for a One-Lane Reversible,
Barrier-Separated HOV Lane
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Figure 8. Typical At-Grade Terminal Treatments for a Concurrent-Flow Lane
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The second option available for a terminal design is to link the HOV lane to the
frontage road, surface street system, or collection/distribution center ( e.g. park-and-ride lot,
transit center) through the use of an elevated flyover ramp. An example of a design concept
related to this type of application is illustrated in Figure 9 (18). The concept shown in this
figure can be applied to both barrier and non barrier-separated facilities.
40'

To
Park-and-Ride
Lot
Not to Scale

..,__
+--- freeway Lanes

- <>-HOV Lane
~

freeway Lanes ---+

---+

Figure 9. Terminal Flyover Connection to a Park-and-Ride Lot
HOV Lane Intermediate Access/Egress Designs

The design concepts associated with intermediate access/egress points of an HOV
lane can also be discussed in terms of at-grade and elevated options. The simplest form of
at-grade intermediate access/egress design would be that employed for a concurrent flow
lane. As shown in Figure 10, this is typically controlled through the use of pavement
markings and supplemental signing. The only additional requirement for the intermediate
access/egress point of a contraflow lane is the provision of a road surface to traverse the
freeway median. Illustrated in Figure 11 is a design concept which is typically employed for
intermediate access/egress points on a reversible barrier.;§eparated HOV lane.
Left
Laue

Carpools
Only

<> __.
<>
- -- -----.
~ freeway Lan~
___.

HOV Lane

<>_ __ __ ..,_ Paint Stripe
_

Figure 10. Typical At-Grade Treatment for Intermediate Access/Egress on a
Concurrent Flow Lane
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Figure 11. Typical At-Grade Treatment for Intermediate Access/Egress on a Reversible,
Barrier-Separated HOV Lane (Reduced Dimensions)

A relatively inexpensive method of providing at-grade access/ egress to a two-way
HOV lane is illustrated in Figure 12 (34). A weave lane is provided to allow vehicles to
transition from HOV speeds to freeway speeds and vice versa. The barrier-separation
between HOV and general purpose freeway traffic would not be present, and both access
and egress maneuvers could occur in this weaving area.
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Figure 12. Intermediate Access/Egress Treatment for a Two-Way HOV Lane
A concept similar to that shown in Figure 12 utilizes a flyover ramp from the median
to the outside of the general purpose freeway lanes to provide both access to and egress
from the freeway mainlanes at the same point. As is the case with terminal flyover
treatments, however, elevated structures are typically used to provide intermediate access
and/or egress to the following: 1) bus transfer terminals; 2) park-and-ride lots (Figure 13);
3) arterial streets (Figure 14); and 4) frontage roads (Figure 15).
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Figure 15. Intermediate Elevated ·connection to Frontage Roads
Design Guidelines and Standards

Many decisions associated with HOV lane access/ egress are made during the
planning phase. The following, however, are general guidelines that, in addition to planning,
apply to the design and implementation of HOV lane access/egress points (11):
•

Locate access/egress facilities away from existing freeway interchanges and
freeway exit and entrance points; this will serve to minimize the impact of
HOV lane access/egress on freeway mixed-flow lane operations.

•

Locate access/egress points associated with street access away from
intersections which already operate at, or are projected to reach, capacity.

•

Adequate space on ramps should be provided for possible metering and
storage.

•

During the early operations of an HOV facility, demands may not warrant
exclusive or elevated ramps. Subsequent to HOV lane implementation,
however, demands may increase, thus, requiring a retrofit that may be difficult
and/or expensive. Therefore, if exclusive ramps are not included in an initial
project design, provisions should be included so that dedicated ramps can be
added later.

•

Where possible, entering and exiting movements should be shared on the
same structure or space envelope to reduce costs.

•

Provision for ramp enforcement should be considered instead of rnainlane
enforcement points, if possible.
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•

Adequate pavement markings and advance signing as to permitted movements
and destinations should be provided.

•

Where possible, the same design criteria should be applied to HOV lane
access/egress points as would be used for freeway ramps, including entrance
and exit departure angles.

Freeway design standards can be referenced in state or federal design manuals.
Examples of design standards typically utilized for HOV lane access/egress throughout
North America are included in Appendix A. As is the case for HOV mainline designs,
exceptions to these standards are, however, sometimes necessary to maintain feasibility for
retrofit designs.
Specific design standards also exist for the acceleration/deceleration lanes associated
with intermediate access points of an HOV facility (Figure 13). It is desirable for vehicles
entering the HOV lane(s) to achieve speeds within 10 mph of the mainlane HOVs (52).
Table 2 summarizes recommended acceleration/deceleration lane lengths for various
combinations of HOV mainlane and exit/entrance ramp design speeds. The minimum taper
lengths to allow lane transition are included in the total recommended length (Table 2) and
illustrated in Figure 16 (Ld, L8 ).

Exit
Taper

Deceleration
Lane Length

Acceleration
Lane Length

Figure 16. HOV Acceleration Lane, Deceleration Lane, and Taper Lengths
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Table 2.

Transitway
Mainlane
Thru Speed
(mph)

Transitway
Intersection
Entering
Speed 1 (mph)

Length of
Acceleration/
Deceleration
Lane (ft)

Length of
Taper 2
(ft)

Rec011111ended
Total
Length
(ft)

35
40
45
50
55
60
65
70

25
30
35
40
45
50
55
60

250
400
700
975
1,400
1,900
2,400
3,000

170
190
210
230
250
270
280
290

420
590
910
1,205
1,650
2,170
2,680
3,290

Note:
1
2

Reca.neided Acceleration/Deceleration Lane Lengths

The lengths shown are based upon acceleration and deceleration rates for single unit buses of 2.0
mph/second and 2.5 mph/second, respectively, on a level (0%) grade.

Bus speed at end of taper
Usual minimun taper - 20:1, desirable taper - 50:1

Sources:

References 48 and 49.

The lengths in Table 2 may be reduced when incorporated with a grade separated
interchange (Figure 13). The effective reduction in length for a deceleration lane on an
upgrade is approximately 5% for every 1% positive grade, while the effective reduction in
length for an acceleration lane on a downgrade is approximately 10% for every 1% negative
grade. These guidelines are restricted to gradients of 6% or less and lengths of grade of
1,000 feet or less.
FUTURE HOV DESIGN ACTIVITIES

This section highlights several unresolved design issues and activities that might be
useful in advancing the state of the practice. The design of high-occupancy vehicle facilities
has evolved from highway design practices and experience with priority lane operation.
While much has been learned from the various applications discussed in this document,
there still remains some need for additional study of appropriate designs.
Safety
While it is generally agreed that the application of freeway design standards to the
design of HOV facility access/egress is appropriate, there has been little, if any, formal
publication of the impacts of this approach on the safety of HOV facilities. A study of
HOV-related safety concerns is being conducted in California, and a significant amount of
data are available for the Houston HOV lane projects. There have been few other studies
comparing the safety characteristics of the various mainline and access/ egress design
concepts discussed previously.
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Actions Needed

•

Make a formal assessment of accident rates and severity associated with the
implementation of mainline and access/egress facilities of HOV lanes, and
compare these figures to those typically observed on general purpose freeway
lanes.

•

Compare the accident rates and severity associated with the various mainline
and access/egress designs presently in use to determine if certain design
concepts are safer than others.

•

Specific studies of design issues are also important to understanding the
operation and design of HOV and freeway facilities. Many HOV lanes are
created by removing the inside freeway shoulder. In some cases this is
allowed as a design exception and in other cases this is not. A study of the
data on the cost effectiveness of inside shoulders would assist in developing
policies related to this issue.

Buffer Width
Two projects in operation, and another under construction, use a wide buffer to
separate general purpose and HOV traffic. Other projects requiring significant new
construction are configured with 4-foot wide buffers and wide left-side shoulders. Projects
developed as "retrofits" often do not have any buffer.
Action Needed

•

A study of the impact of buffer width on HOV lane safety and operation
using experience from the wide range of HOV designs could quantify some
of the design tradeoffs for future design efforts.

Barrier vs. Buffer Separation
A variety of factors, including local preference, currently determine HOV facility
type.
Action Needed

•

An investigation of the benefits and costs associated with the safety and
operating characteristics of each type of configuration could be useful to areas
where either cross section is possible. The important differences between a
physical separation of general purpose and HOV traffic, and a wide buffer
area that allows for more flexible operation of the freeway corridor, especially
during major incidents, should be investigated.
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Arterial Street HOV Lane Design
As traffic congestion near major activity centers increases, pressure to provide HO Vs

direct access from freeway HOV lanes to arterial street HOV facilities also grows. Direct
connections from HOV lanes and priority lanes on the arterial streets allows HOVs to retain
the time advantage obtained on freeway HOV lanes.
Action Needed

•

A comprehensive survey and description of the possible access and arterial
street HOV lanes could enhance the visibility of these treatments and increase
their implementation as part of an HOV lane system.

HOV Lane Signing
While the Manual on Uniform Traffic Control Devices (MUTCD) (52) briefly
addresses the issue of signing for HOV lanes, there exist no definitive design guidelines
related to the signing of HOV facility access and egress points.
Action Needed

•

The next update of the MUTCD should include more examples of good
practice in HOV signing and provide for consistency of application. The
diamond symbol could be restricted to HOV lane use, terminology
standardized and more guidance given on the signing and marking of access
and egress locations.

Use of a Movable Barrier
The movable concrete barrier being used on HOV lane projects and in roadway
construction zones in North America may provide increased safety and allow greater
application of HOV treatments. Contraflow lanes may be much more feasible with a
movable concrete barrier; carpools can be allowed to use such projects, increasing person
movement and operating flexibility.
Action Needed

•

A study of the operational and safety aspects of this technology could be very
useful to future HOV projects.
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Tradeoffs in the Width of Cross Section Elements
HOV lane projects will be developed in corridors with one or more locations where
desirable standards cannot be maintained. A summary of the current practice in reducing
various cross section elements is included in Fuhs' monograph (11).
Action Needed

•

A verification of the appropriate tradeoffs for all types of HOV lane projects
would be useful to HOV lane design projects and should be included in future
design manuals as guidance for less than desirable treatments.

CONCLUSIONS
This white paper represents a summary of the state of the practice in high-occupancy
vehicle lane design. Both mainline and access/egress treatments are included for exclusive,
concurrent flow, contraflow and queue bypass HOV facilities. Desirable and reduced cross
sections are included where appropriate to give designers guidance for a range of situations
involving cost, right-of-way availability, local preferences, and operational considerations.
As the issues associated with HOV design are not as settled as for highway design,
several key issues and needed activities are identified to help focus efforts of professionals
on improving the knowledge base.
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APPENDIX A

Typical HOV Mainlane and Ramp Design Standards

Table A-1.

Typical Mainline HOV Lane Design Standards

HOV Lane Envelope Width 1

Lateral Clearance/Shoulder
HOV Lane
Design Reference

Lane
Width

or Plaming Study

(feet)

AASHTO Guide
Caltrans I-5 Busway
Design Standards, 1982
Houston METRO
OCTD Geometric
Report, 1985
Orange County Transitway
Concept Design Study
Ottawa Manual
Texas Transitway

<1>
<:Z:>
(28)
(31)

~

(34)
(44)
(27)
(20)
(55)

Design Manual
NCHRP 155
Class A Busway
WSDOT Manual

Left

Right

outside2

One-Lane

Two-Lane
One-Way

Two-Lane
Two-Way

(feet)

(feet)

(feet)

(feet)

(feet)

(feet)

12.0
12.0

4.0
2.0

10-12
8.0

N/S
2.0

26.0
26.0

40.0
36.0

12.0

4.0

4.0

N/S

20.0 3

40.0

12.0

2.0

8.0

2.0

22.0

N/S

12.0

2-6

8-10

2-10

22.0-26.0

N/S

11.5
12.0

N/S
5.04

10.0
5.04

N/S
5.0

N/S
22.0

12.0

4.0

8-10

N/S

12.0

4-10

10.0

N/S

(percent)

60+
70

16.5
18.0

N/S

5.0

60

16.5

3.0/6.0

46.0

60

17.5

3.0

46.0-56.0

60

15.0

3.0/6.0

N/S
38.0

N/S
44.0

50
60

16.5
16.5

3.5
6.0

N/S

36.0

44.0

70

18.0

5.0

26.0

40.0

44.0

50-80

16.5

3-6

Clear distance between median general purpose freeway lane and exclusive HOV lane barrier-.
2.0 feet for two-way, center buffer HOV lanes.

Source:

Reference 15

Vertical
Grades

(feet)

3More recent exclusive barrier-separated lanes have been constructed with a 20.5-foot width.
4

Vertical
Clearance

(q>h)

N/S
46.0
44.0-52.0

<1> Indicates docunent nlilber in Reference section of this paper.
N/S - Not specified
1
Clear distance between inside of outer barriers. Dimensions refer to exclusive barrier-separated HOV lanes.
2

Design
Speed

Table

Transitway
Design Reference
or Planning Study

Design
Speed

(20) NCHRP 155
Class A Busway

30-35

-

Lateral
Clearance

Typical HOV

Total Pavement Width 1

Vertical
Grades
(percent)

Radius of
Horizontal
Curve
(feet)

Maximun
Super·
elevation
(ft/ft)

Taper Ratios
Entrance

Exit

Two-Lane
One-Way
(feet)

Two-Lane
Two-Way
(feet)

13.0

N/S

N/S

22.0

N/S

N/S

N/S

8.0

250

N/S

50:1

12:1

N/S

12.0

2.0

8.0

22.0

N/S

N/S

N/S

6.0

N/S

N/S

N/S

N/S

(28) Houston METRO

N/S

12.0

N/S

N/S

N/S

N/S

N/S

N/S

6.0

750

N/S

N/S

N/S

(27) Texas Transitway
Design Manual

40

13 . 0

2.0

8.0

24.0

36. 0

36.0

16.5

8.0

575

0. 04

50: 1

30: 1

<ll>

OCTD Geometric
Report, 1985

35

12.0

2.0

8.0

22.0

N/S

28.0

17.5

6.0

600

N/S

115:1 2

115:1 3

@

Cal trans
RecOlllllended
Standards, 1985

35

12.0

2.0

8.0

26.0

N/S

N/S

17.5

3.0

N/S

N/S

115:1 2

115:1 3

Caltrans I-5
Busway Design
Standards, 1982

Indicates docll!lent nll!lber in Reference section of this paper.

N/S · Not specified

3

Vertical
Clearance
(feet)

One-Way
(feet)

<Z>
1

Design Standards

Right
(feet)

N

2

R~

Left
(feet)

<Z>

0

(~)

Lane
Width
(feet)

A-2.

Clear distance between inside of outer barriers
50:1 if on structure or if mainlanes are not required to move laterally
20:1 if on structure or if mainlanes are not required to move laterally

Source:

Reference 32
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EXECUTIVE SUMMARY
This white paper examines the application of intelligent vehicle-highway systems (!VHS)
technology to high-occupancy vehicle (HOV) facilities. Intelligent vehicle-highway systems
represent a continually evolving group of advanced technologies directed at improving the
efficiency of the overall transportation system. High-occupancy vehicle facilities, which provide
priority measures for high-occupancy vehicles -- buses, carpools, and vanpools -- are intended
to help maximize the person-carrying capacity of the roadway. As outlined in this white paper,
combining many !VHS technologies with HOV facilities offers numerous benefits related to
improving the efficiency of the total transportation system, increasing mobility, reducing
congestion, improving air quality, and reducing fuel consumption.
These benefits can be realized through the development of an HOV IVHS program. This
white paper outlines the initial focus and elements of such a program and is intended to provide
a starting point for the development of a comprehensive and coordinated HOV !VHS research,
demonstration, and full implementation program. Such a program is supported by, and supports,
the federal policy direction on !VHS and is compatible with the approaches proposed by national
organizations such as Mobility 2000.
The proposed HOV IVHS program builds on the activities currently underway in a few
areas. These include the development and testing of a wide variety of !VHS technologies and
a more limited number of direct applications to HOV facilities. Following the recommendations
of Mobility 2000 for a national IVHS program, the HOV !VHS program suggested here
represents a multi-year, multi-phased effort. A projected total budget of approximately $1.2 to
$3.0 billion is suggested over the next twenty years. This represents 5% to 10% of the budget
proposed by Mobility 2000 for a national !VHS program. It is suggested that the program be
funded and supported by the federal government (FHWA and UMTA), national organizations,
state departments of transportation, transit agencies, local jurisdictions, the private sector, and
universities. These groups have been actively involved in both !VHS and HOV programs to
date, and their continued involvement is critical to the success of an HOV IVHS program.
A summary of current examples of major !VHS projects and potential applications to
HOV facilities are shown in Table 1. The major elements of the proposed HOV !VHS program
are outlined in Table 2 and Table 3. The recommended program is presented in more detail in
section V, following a discussion of current activities and projects.
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Table 1. Current IVHS Projecta and Potential Applications to HOV Facilities

Advanced Traffic
Management Systems

Advanced Traveler
Information Syatems

Advanced Vehicle
Control Systems

Current Projecta

SMART Corridor-Loa Angeles
PEGASUS-Houston
Autoscope-Mpls.-St. Paul
Northern Virginia Traffic Management
System
Seattle FLOW System
SC ANDI-Detroit
Dallas North Tollway AVI
Route 495 HOV Lane Toll Plaza AVI
San Antonio
VIA Vehicle Location System
Ottawa Vehicle Location System

TravTek:-Orlando
Pathfinder-Los Angeles
Changeable message signs
Teleride telephone
information system,
Videotex Monitors
Seattle Traffic Reporter

PATH-California
BART-Texas

Current Or Planned HOV
Facility Applications

Autoscope-Mpls.-St. Paul
PEGASUS-Houston
Route 495 HOV Lane Toll Plaza AVI
Ottawa Vehicle Location System

Chan3e.ffble MeH,RlJe SignA
Teleride Telephone
Information System-Ottawa
Houston Smart Commuter
Demonstration Project

PATH-the T-1:'i HOV
facility in San Diego is
being used to test automatic
vehicle braking and other
applications.

Potential Applications to
HOV Facilities

Widespread application ia appropriate,
especially when integrated with
advanced traveler information systems
Possible applications include:
• Expand and improve traffic
management systems to all HOV
facilities .
• AVI as toll pre-payment with
HOV /toll facilities.
• AVI 88 pre-payment with
HOV/parking facilities
(1-394 parking garages)
• AVI as authorization/monitoring
devise for HOV facilities

A number of applications
may be appropriate,
especially when coordinated
with advanced traffic manaaement systems. Possible
applications include:
•Demonstration projecta in
2-4 areas focusing on
providing current traffic and
transit information to
commuters to encourage
mode change&.
•R&D real-time rideahare
matching for uae with these
syste11111.
• Fully integrate advanced
traveler information systems
with other componcnta.

HOV facilities especially
exclusive lanes, appear to
offer a an excellent control
environment for the testing
of advanced vehicle control
systems.
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Table 2. HOV IVHS Suggested Program Element&

General Research
•

Further research on privacy, safety and liability, and human factor issues associated with the use of IVHS technologies
with HOV facilities.

Advanced Traffic Management Systems (ATMS)
•
•
•
•
•
•

Implementation of new ATMS to additional HOV facilities and enhancement of existing systems.
Further testing of new technologies, such as Autoscope, to assist with monitoring, enforcing, and operating HOV facilities.
Further examination and testing of automatic vehicle identification (AVI) with toll facilities associated with HOV projects.
Research, testing, and demonstration of AVI technologies with preferential parking facilities associated with HOV facilities.
Research and demonstration projects focusing in the use of AVI technologies to enhance the monitoring, enforcement, and
operation of HOV facilities.
Research and testing of automatic vehicle location (AVL) technology with HOV facilities to provide real-time information.

Advanced Traveler Information Systems (ATIS)
•
•
•

Initiate a series of demonstration projects focusing on the provision of real-time traffic and transit information to individuals
to influence a change to high-occupancy commute modes.
Research and demonstration projecta on the use of real-time ride-matching services.
Full integration of advanced traffic management and traveler information systems.

Advanced Vehicle Control Systems
•

Continue use of HOV facilities for testing of advanced vehicle control systems.

Commercial Vehicle Operations (CVO)
•

Research the possible benefit& and issues associated with commercial vehicle operations and IVHS technologies with HOV
facilities .
Table 3. HOV IVHS Program Potential Program Elements

Time Period
1990-1995

Program Element&

•
•
•

•
•
•
•

1996-2000

2001-2010

•

•
•
•
•

•

•

Expand and improve traffic management systems to include all HOV facilities
Develop real-time traveler information systems for commuten focusing on promoting use of HOV
facilities - initiate 2-3 demonstration project&.
Expand use of AVI technology for toll facilities usociated with HOV lanes .
Examine use of AVI for HOV lane authorization and monitoring .
Examine use of IVHS technology for HOV lane enforcement activities .
R&D the use of real-time rideshare matching .
Continue limited testing of advanced vehicle control systems in HOV lanes .
Research privacy, safety and liabiity and human factor
Research commercial vehicle operations related to HOV facilities.
Expand use of real-time traveler information systems with HOV facilities - expand demonstration program
to 6-12 projects, including use of real-time rideshare matching.
Expand use of AVI for HOV lane authorization, monitoring, and enforcement .
Demonstrate real-time ridcshare matching projects .
Expanded testing and preliminary use of advanced vehicle control systems in HOV lanes (adaptive cruise
control, automatic breaking, automatic lane keepina).
Fully automated freeway, HOV facilities, and arterial trsffic information and management systems,
including real-time traveler information systems.
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II. INTRODUCTION
A major focus of recent transportation research and development activities has been on a
variety of technologies being examined under the general heading of intelligent vehicle-highway
systems (IVHS). Intelligent vehicle-highway systems include the application of a wide range of
advanced technologies that share the common goal of improving the efficiency of the overall
transportation system. More specifically, IVHS technologies are directed at improving mobility
and transportation productivity, enhancing safety, maximizing current transportation facilities,
and enhancing the environment. These efforts are being supported by federal and state policy
directives, private industry groups, university research institutions, and others.
Intelligent vehicle-highway systems technologies are usually classified into the four general
categories of advanced traffic management systems, advanced traveler information systems,
advanced vehicle control systems, and commercial vehicle operating systems. A number of
different demonstration projects and ongoing research activities are currently being conducted
around the country in each of these areas. In addition, IVHS projects are underway in Europe
and Japan.
High-occupancy vehicle (HOV) facilities, which provide priority measures for high-occupancy
vehicles -- buses, carpools, and vanpools -- are intended to help maximize the person carrying
capacity of a roadway. Since the opening of the Shirley Highway exclusive bus lanes in the
Washington, D.C. area in 1969, numerous metropolitan areas have developed priority facilities
for high-occupancy vehicles. Although differing in design and operation, these facilities provide
one approach to addressing traffic congestion and mobility concerns in many metropolitan areas.
Currently, a total of 40 HOV facilities are in operation on freeways or on separate rights-of-way
in North America (1). Figure 1 identifies the metropolitan areas with operating HOV lanes,
while Figure 2 summarizes the increase in miles of operating HOV lanes since 1969.
The application and testing of many of these technologies with high-occupancy vehicle (HOV)
facilities has been suggested and discussed at numerous meetings and conference sessions over
the past few years. It appears that HOV facilities offer promise for a number of IVHS
applications. The combination of these two elements has the potential to improve traffic
conditions within some corridors. In response to this growing interest, and in realization of the
potential benefits the application of advanced technologies to HOV facilities may hold, the
Transportation Research Board (TRB) HOV Systems Committee recommended the development
of a white paper on this topic. A subcommittee was formed and charged with the development
of the white paper on the potential application and integration of IVHS technologies and HOV
facilities.
This white paper represents the results of that effort. The white paper provides an overview
of the current status of IVHS policy directives, research activities, technology developments, and
demonstration projects. Current HOV !VHS-related activities are examined and documented.
Based on this review and the generation of ideas from members of the TRB Committee and
others, the paper identifies potential IVHS applications to HOV facilities. These range from the
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Figure 1
HOV Facilities in North America
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Figure 2
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Data shown are for continuously operating HOV Lanes located either on freeways or in separate
rights-of-way in North America. Mileage is not shown for HOV Lanes that have been discontinued .

Source:

Katherine F. Turnbull and James W. Hanks, Jr. A Descripti on of High-Occupa:ncy Vehicle Facilitie,r in North America. Prepared
for the Texas State Department of lfichways and Public Transportation and the Urban Mass Transportation Administration, Technical
Report 0925-1, by the Texaa Transportation Institute, July 1990.

testing of intelligent vehicle technologies on HOV lanes to the use of advanced technologies to
promote greater utilization of HOV facilities. A general description is provided of potential
demonstration projects, research nee.ds, and funding levels. The possible role of the private
sector in these efforts is also outlined.
This white paper should be viewed as the starting point for further discussions leading to the
development of a comprehensive HOV IVHS program. The white paper is neither intended to
cover all IVHS activities nor to provide a definitive answer to all possible HOV applications.
A number of good reports exist covering many aspects of IVHS applications and activities.
These are referenced as appropriate, and a complete listing is provided in the Bibliography.
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m, OVERVIEW OF CURRENT IVHS ACTIVITIES
Definine IVHS
Intelligent vehicle highway systems (IVHS) have best been described as not a single, static
technology, but rather a continually evolving group of technologies@. Thus, IVHS is usually
thought of as the ongoing development of a variety of loosely related advanced technologies, all
focusing on improving the efficiency of the transportation system. Some of these technologies
are currently in use, while many others are in the research and development stage.
Intelligent vehicle-highway systems technologies are usually classified into the four general
categories of advanced traffic management systems, advanced traveler information systems,
advanced vehicle control systems, and commercial vehicle operating systems. A brief summary
of these areas, and the general types of applications being explored within each, follows.
•

Advanced Traffic Management Systems (ATMS). This category focuses on the
development of advanced transportation surveillance and monitoring systems. These
systems provide detection, communication, and control functions in major travel
corridors. Surveillance systems transmit information on facility conditions within the
corridor to a traffic management center. This information, in combination with other
data, can be used for a variety of purposes including advising commuters on current
traffic conditions and alternate routes, controlling the flow at ramp meters and traffic
signals, and alerting police and emergency vehicles to incidents.
Currently, a number of metropolitan areas either have or are developing advanced
traffic management systems. Current technologies include the use of closed circuit
television cameras and induction loops located in the pavement for surveillance,
changeable message signs and radio broadcasts to communicate with motorists, and
direct telephone connections to emergency personnel. However, the technologies used
to perform these different functions are evolving rapidly, and much of the IVHS
research is focused on advancements in this area.
The current traffic management systems have resulted in numerous benefits. Reported
examples include a 35 % increase in speeds and a 27 % decline in accidents on freeway
segments within the Minneapolis-St. Paul area and reductions in travel times due to
ramp metering in Seattle and Long Island @. Additional benefits are projected with
the use of more sophisticated advanced technologies and expansion of these systems.
• Advanced Traveler Information Systems (ATIS). These systems focus on the
provision of pre-trip and in-vehicle information to motorists on current traffic
conditions and real-time guidance on route alternatives. Much of the recent research
and development activities are focused in this area, especially on the use of visual or
auditory systems located in the vehicle. This includes the "smart driver" projects
under development in California and Florida. In addition, many of the transit-related

221

IVHS applications focusing on providing improved information to potential passengers
fall within this category.

• Advanced Vehicle Control Systems (AVCS). These types of IVHS applications
focus on the use of technologies to enhance vehicle control and operation, thus,
providing a "smart vehicle." Applications currently being explored include the
detection of obstacles or other vehicles, collision avoidance systems lateral and
longitudinal control functions, and completely automated vehicles on special facilities.
A number of AVCS demonstrations are currently underway around the country.
• Commercial Vehicle Operations (CVO). This category focuses on the utilization of
IVHS technologies to improve the efficiency and effectiveness of commercial vehicles.
Technologies being examined include automated vehicle identification and
classification systems, weigh-in-motion sensors, and in-vehicle communication
systems.
The technologies being developed within these four general categories should not be
thought of as mutually exclusive. Rather, there is a good deal of overlap among the four areas.
Thus, the development of many of the technologies will serve multiple purposes and will be used
in a variety of ways. Many of the technologies and applications within these categories are
appropriate for use with HOV facilities.
Federal Policy Direction
A clear understanding of the federal policy direction relating to the development and
testing of IVHS technologies is an important starting point for the development of an HOV IVHS
program. A number of documents and reports provide an indication of the policy direction from
the U.S. Department of Transportation, Federal Highway Administration (FHWA), and Urban
Mass Transportation Administration (UMTA). The U.S. Department of Transportation outlined
the following seven goals for IVHS programs in its 1990 Report to Congress on Intelligent
Vehicle-Highway Systems(~.

• To increase vehicle occupancy levels by providing better information on ridesharing
opportunities and priority access to high occupancy vehicles using advanced
communication and information systems;
• To increase traffic movement efficiency of urban streets and highways using advanced
traffic management systems, including real-time, traffic responsive control strategies
and integration with advanced information systems;
• To enhance individual's information on route choice, traffic conditions, traffic
incidents, and mode choice through advanced in-vehicle driver information systems
and traffic information systems;

222

• To improve safety of highway operations through the use of in-vehicle safety advisory,
warning and crash avoidance systems;
• To increase the efficiency, safety, and reliability of trucks, buses, taxis, and other
highway-based fleet operations using safety warning systems and communication,
vehicle identification, and safety backup systems;
• To improve highway operating performance, including vehicle throughput and trip
predictability in major urban traffic corridors through the use of automated vehicle
control technology; and
• To increase future levels of highway service (higher speeds and increased safety) for
intercity and rural highway travel using partially automated vehicle control systems.

Moving America:

New Directions, New Opponunities (~, the U.S. Department of

Transportation's recently published statement of national transportation policy strategies for
action, also supports the continued research and development of a wide variety of IVHS
technologies. The document contains a number of references on the need to advance the
development of IVHS technologies. Specific policy directives on the development of advanced
technologies include the following.

It is Federal transportation policy to:
• Increase the Federal transportation budget for research and technology projects, in
coordination with the efforts of private industry, the academic community, and state
and local governments.
• Continue research on improvements in design and operation of existing vehicles and
transportation systems.
• Provide seed money for research on new transportation systems and technologies, and
assist in assessing their feasibility.
• Ensure that regulatory and institutional barriers do not impede implementation of
viable new technologies while assuring that procedures are in place to assure their
safety.
• Foster a program of national research in transportation at the country's universities
and research institutions.
• Maintain a knowledge base and active cooperative exchanges covering international
research and innovation in transportation.
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• Make Federal transportation data, research findings, and information on technology
and innovation in transportation available to researchers, industry, and all levels of
government.
• Promote adoption of new technologies and reassert U.S. international technical
leadership in transportation by fostering increased awareness of and interest in
research and development activities.
The Urban Mass Transportation Administration {UMTA) has also identified a strong
interest in the promotion of a variety of transit and rideshare related IVHS applications. UMTA
has indicated the agency will work closely with other "DOT administrations to test the
application ofIVHS technologies that may improve public transportation efficiency, productivity,
safety and ridership. Improvements based on IVHS could be used to increase market share for
transit and ridesharing. IVHS technologies may be applied by transit operators to reduce costs,
increase reliability, and raise vehicle occupancy levels (~. "
These policy statements indicate a strong interest and commitment on the part of the
federal government to the further development of IVHS technologies. A number of the policies
directly or indirectly support the use of IVHS technologies in conjunction with HOV facilities.
These include the policies on increasing vehicle-occupancy levels, enhancing individual's
information on route choice, traffic conditions and mode choice, increasing the efficiency of the
total transportation system, and promoting the use of transit and rideshare alternatives. Thus,
IVHS HOV facility applications both support and are supported by federal policy directives.
National Organizations
Much of the national focus on IVHS has resulted from the work of Mobility 2000, an
informal assembly of interested individuals from the public and private sectors. , The Mobility
2000 group has held a series of meetings over the past few years to define a national cooperative
program to advance the development of IVHS technologies to address transportation problems.
Two recent meetings, held in San Antonio in February 1989 and Dallas in March 1990, led to
the development of a proposed IVHS program for the country. A summary document (1),
prepared after the second meeting, outlines Mobility 2000's vision of what IVHS can and should
be, presents a program for research, development, and testing of IVHS technologies, and
provides a preliminary schedule and funding requirements.
The summary was used at the May 1990 IVHS National Leadership Conference in
Orlando. One of the outcomes of this meeting was the formation of a national organization,
/VHS America, that will be the focal point for the promotion of IVHS research and development
activities. /VHS America is currently in the process of organizing and developing an agenda for
the advancement of IVHS activities.
The Transportation Research Board (TRB) of the National Academy of Sciences, has also
been involved in a variety of !VHS-related activities. Under the sponsorship of the American
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Association of State Highway and Transportation Officials, and in cooperation with the Federal
Highway Administration, TRB's National Cooperative Highway Research Program (NCHRP)
is examining IVHS activities and applications (fil. TRB has initiated a study committee to
examine the role IVHS may play in addressing traffic congestion, safety, and other
transportation issues. A TRB task force on !VHS is also supporting !VHS-related research and
activities, including sponsorship of IVHS sessions at the Annual Meetings and an IVHS
newsletter.

State and University Activities
A few states have been actively supporting the research and development of a variety of
IVHS technologies. California, through the California Department of Transportation (Caltrans),
has probably been the most active in this area. Starting in the mid-1980s, Caltrans focused
significant resources on the development and use of advanced technologies to address growing
traffic and mobility concerns. More recently, Texas, Michigan, Florida, Virginia, Washington,
and Minnesota have initiated major !VHS-related programs.
In most cases, these efforts have been undertaken in coordination with universities within
the states, and with private sector involvement. The University of California, Berkeley, Texas
A&M University, University of Michigan, and the University of Minnesota have been very
active in these efforts. Some of the specific projects associated with the different states and
Universities are described in the next chapter.

Private Sector Involvement
The private sector has taken an active role in many aspects of IVHS research and
development, including a number of the demonstration projects. Examples of this include the
involvement of automobile manufactures with the in-vehicle navigation systems being tested in
Florida and California and development of other advanced vehicle control technologies,
development of automatic vehicle identification and automatic vehicle location technologies, and
development of a variety of advanced driver information systems. In some cases these efforts
have been initiated solely by private companies, while others have been joint efforts of the public
and private sector. The federal policy directives and the Mobility 2000 recommendations
outlined previously, support the continued public and private partnership in the development of
IVHS technologies.
Issues Associated With IVHS
A number of issues have been raised with the research, development, and implementation
of many IVHS technologies. These relate primarily to concerns associated with privacy,
liability, and human factor issues, interagency cooperation, and establishing realistic goals for
IVHS programs. Concerns with privacy have been raised in relation to the ability to monitor
and track a vehicles movements through the use of advanced vehicle identification technologies.
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The potential for abuse of this information has been noted as an inhibiting factor to wide-spread
public acceptance of many IVHS applications.
A second issue relates to liability concerns. These deal primarily with advanced vehicle
control systems, but also effect other IVHS elements. The use of technologies ranging from
automatic crash avoidance systems to fully automated vehicles and highway systems obviously
involve numerous legal liability issues. The potential for additional liability concerns have also
been raised with the provision of alternate route information and the use of instant carpool
matching programs.
Human factor issues represent a third area of concern relating to IVHS technologies.
Human factor issues focus on the human element involved in the use of IVHS technologies.
These include consideration of an individual's ability to utilize various IVHS technology, such
as in-vehicle information systems, and the resulting impact on their driving behavior. Issues in
all three areas will need to be addressed before wide-spread use of these technologies will be
feasible.
The importance of institutional issues, especially those relating to interagency cooperation
and coordination, have also been noted as a concern with the development of IVHS programs.
The application of IVHS technologies in the various categories will require the coordination of
federal, state, and local agencies and jurisdictions. Thus, the successful implementation of many
approaches will require the ongoing communication and cooperation of multiple agencies and
organizations.
Finally, establishing realistic goals for the different applications of IVHS technologies
have been noted as an important issue. While IVHS programs appear to have significant
benefits, they should not be viewed as the total solution to transportation problems in urban
areas. While an important element, IVHS projects will not preclude the need to examine other
transportation improvements in many metropolitan areas.
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IV, CURRENT IVHS PROJECTS AND POTENTIAL APPLICATIONS

TO HOV FACILITIES
A brief overview of the four general categories of IVHS technology was provided in the
previous section. This chapter provides a more detailed description of research activities and
demonstration projects associated with the three categories that have the greatest potential for
application with HOV facilities; advanced traffic management systems, advanced traveler
information systems, and advanced vehicle control systems. For each of these categories,
examples of current research and demonstration projects are provided. This is followed by a
discussion of those relating directly to HOV facilities. A discussion of potential applications of
IVHS technologies to HOV facilities is provided next. These potential applications were
identified by members of the TRB HOV Systems Committee and others. They are not meant
to be inclusive of all possible applications, but rather are intended to provide an example of the
breadth and depth of potential HOV IVHS applications. Table 4 at the end of this section,
provides a summary of examples of existing, planned, and potential HOV applications within
each of the three categories. While not examined in this white paper, commercial vehicle IVHS
technologies may have some potential application with HOV facilities. Given certain information
and operating characteristics, some commercial use of HOV facilities may be appropriate.
Further analysis of the potential benefits and issues associated with commercial vehicle HOV
IVHS applications is needed before specific suggestions are made.
Advanced Traffic

Manai:ement Systems

Examples of Current Applications

A number of major metropolitan areas in the country have or are in the process of
developing advanced traffic management systems. New systems are being designed to include
more sophisticated technologies and many existing systems are being upgraded. The SMART
Corridor system in Los Angeles, the PEGASUS system in Houston, the use of Autoscope with
the traffic management system in the Minneapolis-St. Paul area, the traffic management center
for the Shirley Highway and 1-66 in the northern Virginia/Washington, D.C. areas, the Seattle
FLOW system, and the system in operation in Detroit provide good examples of the different
types of approaches being developed. A brief description of each of these follows.
• The SMART Corridor Project in the Santa Monica Freeway Corridor in Los Angeles
includes the implementation of advanced surveillance and control systems, improved
traffic management strategies, advanced driver information systems, and the testing of
numerous advanced technologies. The traffic management system will connect ramp
meters, changeable message signs, and other system elements on both the Santa
Monica freeway and five parallel arterials. The system is being further developed to
include in-vehicle navigation systems. The California Department of Transportation
(Caltrans) is the lead agency on the project. Other participating agencies include
FHWA, LACTC, CHP, Los Angeles Transportation Department, and the Los Angeles
Police Department. The project budget is approximately $50 million. Currently,
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development of the SMART Corridor Project is not directly associated with an HOV
facility.
• The PEGASUS system, currently being developed in Houston, will incorporate
demand responsive traffic management with advanced traffic control systems. The two
distinct system components include one for vehicle route assignment and one for
metropolitan area traffic control. The initial system will be installed on the I-45 North
Freeway, followed by the I-10 West (Katy) Freeway. The projects will include
surveillance, control, and motorist information along the transitways (HOV facilities),
the freeway mainlanes, and the frontage roads and adjacent corridor street intersections
impacted by freeway traffic. The system is being developed by the Texas State
Department of Highways and Public Transportation (SDHPT) and the Metropolitan
Transit Authority of Harris County (Metro), with anticipated funding from FHWA and
UMTA. The PEGASUS system represents a planned application of ATMS technology
to HOV facilities.
• The traffic management system on I-35W in the Minneapolis - St. Paul Metropolitan
area was one of the first to be implemented in the country. The system has been
expanded to include other freeways since its initial development in the mid-1970s.
The system currently includes a coordinated system of surveillance and monitoring
cameras, control of ramp metering rates, changeable message signs, a traffic
information radio station, and direct connections to emergency personnel. The system
is currently being expanded to include the new I-394 freeway and HOV facility on the
west side of Minneapolis. A new element, Autoscope, an advanced wide area vehicle
detection and automatic surveillance device, is being added to the system on I-394.
Autoscope utilizes a video camera and computer software for real time video image
analysis and traffic parameter extraction.
The Minnesota Department of
Transportation (Mn/DOT) is responsible for the overall development and management
of the system. Autoscope was developed by researchers at the University of
Minnesota. The use of the traffic management system and Autoscope represent a
planned application of ATMS technology to an HOV project.
• The Shirley Highway HOV lanes and the I-66 facility are monitored by the Virginia
Department of Transportation's Traffic Management System. The management system
includes the use of cameras for surveillance and monitoring activities, incident
response, ramp metering, variable message signs, access gate control, and roadway
lighting. The Traffic Management System represents one application of current
technologies with HOV facilities.
• The FLOW system in Seattle includes a freeway management element, including a
ramp metering system, closed circuit television surveillance and loop detector
monitoring, a variable message sign system, highway advisory radio, and a system to
graphically display traffic conditions. The ramp metering system utilizes a real-time
traffic responsive algorithm that calculates metering rates on the basis of system wide
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traffic conditions. This algorithm is being improved to include a predictive element.
The overall system is being upgraded as part of the 1-90 construction project. Work
is underway to integrate freeway and arterial control in this system. An advanced
traveller information system element is being incorporated into the system that will
deliver traffic information to the public at their point of origin.
• The Surveillance, Control, and Driver Information System (SCANDI) has been in
operation in the Detroit area for 12 years. The system, which is operated by the
Michigan Department of Transportation, includes the use of video cameras and loop
detectors to monitor approximately 32 miles of freeways. The system is currently
being upgraded and expanded.
In addition to these major traffic management systems, many areas use a variety of other
techniques for providing preference to HOVs. These include the use of ramp meter by-pass
lanes for HOVs, signal pre-emption for HOVs, and signal timing to provide even progression
in for HOVs. Many of these applications should benefit from advancements in technology. In
addition, many relate either directly or indirectly to HOV facilities.
The use of automatic vehicle identification (AVI) and automatic vehicle location
technologies also fits within the general parameters of the advanced traffic management system
category. Current examples of the use of these technologies include the following.
• The North Tollway in Dallas is currently testing the use of an electronic toll collection
system. Approximately 20,000 vehicles are currently equipped with credit-card-size
transponders. These tags, which are located on the windshield of the automobile, are
read by receivers at the toll stations, allowing the vehicles to by-pass the normal pay
booths. Each time the toll facility is used the receivers deduct the toll charge from a
pre-paid account.
This represents a general, non-HOV, application of AVI
technology.
• The use of electronic toll collection was also recently initiated on the Route 495 HOV
lane on the approach to the Lincoln Tunnel in New York City. Buses using the
facility are equipped with electronic tags that are read by receivers at the toll plaza.
Like the North Tollway in Dallas, pre-paid accounts are required for users of the
system. This represents one current application of AVI technology with an HOV
facility.
• An example of a non-HOV lane related automated vehicle monitoring system has been
implemented by VIA Metropolitan Transit in San Antonio. This system tracks the
location of buses, provides information on delays, and allows for two-way voice and
data radio communication between dispatchers and drivers. The system incorporates
electronic beacons located on signposts, which send out coded identification signals
that are picked up by a location antenna on the bus and relayed to a central computer.
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• The Ottawa-Carlton Transit system (QC Transpo) is phasing in an automatic vehicle
location and control system. The AVI system, which will include coverage of the
transitways, uses roof-mounted electronic tags that are read by overhead
transmitter/receivers. The system will be used to monitor the location of buses,
provide real-time schedule information to passengers, and provide a variety of other
statistics to the transit operator. System-wide application, which will include the
transitway system, is projected for 1991.
Examples of Current or Planned HOV Facility Applications

The Autoscope system being implemented on 1-394 in the Minneapolis-St. Paul area, the
PEGASUS system being designed in Houston, the FLOW system in Seattle, and the Traffic
Management System in use on the Shirley and 1-66 highways all represent existing or planned
applications of advanced traffic management systems to HOV facilities. These systems either
are or will be providing a variety of surveillance, control, monitoring, and public information
functions. Examples of the use of automatic vehicle identification (AVI) systems and automatic
vehicle location systems with HOV facilities include the electronic toll collection on the Route
495 HOV lane in New York City and the AVI system being implemented in Ottawa.
Potential Applications with HOV Facilities

The continued development and improvement of advanced traffic management systems
and expanding their coverage to additional HOV facilities, appear to offer benefits to the
operation of both the HOV lanes and freeways. Improved surveillance and control systems on
HOV facilities could lead to faster detection and response to incidents and improved,
enforcement levels resulting in enhanced operating levels. In addition, the potential may exist
for increasing utilization of HOV facilities through the provision of real-time information on the
total transportation system. The ultimate development of region-wide advanced traffic
management systems should include the ability to provide real-time information on all aspects
of the system -- freeway mainlanes, HOV lanes, ramp meters, and arterial streets. Providing
this information in combination with other transit and travel demand programs to individuals in
their home and work place through the use of advanced traveler information systems will allow
commuters to select the most appropriate commute mode, commute time, and commute route.
Current experience (Q, 1, .ID indicates that a significant number of commuters do respond by
changing to higher-occupancy modes to take advantage of the travel-time savings and travel-time
reliability offered by HOV facilities. Thus, the development and integration of advanced traffic
management systems, especially when incorporated with advanced traveler information systems,
could improve the efficiency and effectiveness of HOV facilities and subsequently the total travel
corridor.
In addition, a number of applications of automatic vehicle identification (AVI) technology
may be appropriate with HOV facilities. Where HOV lanes are connected with toll facilities,
the use of AVI devices like those in use on the Dallas Toll Road or the Route 495 HOV lane
can be an efficient method of speeding the toll collection process, thus helping to maintain the
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travel times advantage of HOVs over SOVs. This technology could also be used at parking
garages, where lower rates may be provided for HOVs. The parking garages in downtown
Minneapolis, which are part of the I-394 HOV facility project, provide one example where this
technology might be appropriate. In addition, AVI tags could be used to authorize monitor, and
enhance the use of HOV facilities.
The use of automatic vehicle location (AVL) systems with buses also appears to be
appropriate with HOV facilities. AVL systems could provide real-time transit information as
one component of an advanced traveler information system. This information may assist in
influencing individuals to change to a high-occupancy commute mode.

Advanced Traveler Information Systems
Examples of Current Applications
Examples of current advanced traveler information systems include both in-vehicle and
out-of-vehicle technologies. The TravTek project in Florida and the Pathfinder project in
California are two examples of in-vehicle systems currently being tested. To date the use of
these types of technologies have not been used with HOV facilities. Out-of-vehicle technologies
include the use of changeable message signs, telephone information systems, videotex terminals,
and other applications. Limited examples of the use of some of these technologies with HOV
projects are available.
• The TravTek project in Orlando, Florida, is testing the use of an in-vehicle route
guidance system. Approximately 100 vehicles are being equipped with navigation and
driver information systems. These will provide maps of the area with the locations of
major congestion, incidents and services, and route guidance information. TravTek
is jointly sponsored by the American Automobile Association, General Motors,
FHWA, the Florida Department of Transportation, and the City of Orlando. The
current project budget is $8 million.
• The Pathfinder program is being implemented in coordination with the SMART
Corridor project in Los Angeles. Under the Pathfinder program, 25 cars are being
equipped with in-vehicle information systems. Drivers will receive traffic data and
will transmit location and speed data to a central traffic information center. Sponsored
by Caltrans, FHWA, and General Motors, Pathfinder is a three-year, $1. 7 million
program.
• Changeable message signs are currently used in many metropolitan areas to
communicate with drivers. A variety of different types of signs are used. The content
of the message provided to drivers also varies, but most try to communicate major
incidents or other traffic related concerns. Changeable message signs are often used
with HOV facilities. These signs commonly provide information on operating hours
and occupancy requirements.
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• A number of transit authorities use a variety of telephone information systems to
provide route and schedule information to potential passengers. The most sophisticated
of these is the Teleride system developed by the Canadian company Teleride Sage
Limited. These systems provide individuals with a telephone number linked to their
specific location usually a bus stop. Calling this number provides information on the
next available buses serving that area. While most transit systems provide only the
scheduled bus times, when coordinated with automatic vehicle location systems,
Teleride can provide real-time information on the status of buses. Teleride systems are
currently in operation in Pittsburgh, Salt Lake City, Columbus, Ottawa, Toronto, and
a number of other Canadian cities.
• A variety of videotex systems are being utilized around the country to provide transit
information. These terminals are usually found in high volume passenger areas, such
as transfer locations, transit terminals, and downtown stops. In addition, a few transit
systems are experimenting with the use of broadcasting transit route and schedule
information over cable television. The Ann Arbor Transportation Authority is even
experimenting with providing real-time transit information, obtained through their
vehicle location system, on cable television.
• The development of a real-time motorist information system, called Traffic Reporter,
is currently in the design stage in the Seattle area. The proposed project would utilize
pavement loop detectors and surveillance cameras to provide real-time traffic
information to commuters. The data from the loop detectors will be used to calculate
travel times in both the HOV lane and general-purpose traffic lanes, providing a
comparison of travel times for the two facilities. Broadcasting this information over
local access cable television is one of the methods being considered to transmit this
information to commuters. The development of the system is based on the results of
a recent survey of Seattle motorists which indicated that approximately 16% do change
their travel mode based on pre-trip information, while another 40% indicated they
change their commute time.

Examples of Current or Planned HOV Facility Applications

Currently few of the advanced traveler information system technologies are being applied
to HOV facilities. Changeable message signs are used on some HOV facilities, but these often
just provide information on operating hours and vehicle occupancy requirements. Applications
of some of the transit information systems noted previously are used with HOV facilities,
especially in Ottawa and Los Angeles. A project in Houston, currently in the planning stages,
would involve the application of advanced traveler information to HOV facilities. The focus of
this project is briefly described below.
• The Houston Smart Commuter Demonstration Project focuses on the use of advanced
traveler information to promote and encourage the use of high-occupancy commute
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modes -- buses, carpools, vanpools -- and the Houston transitways. The demonstration
is based on the hypothesis that commuters who have quick and easy access to relevant,
accurate, and up-to-date information on existing traffic conditions and bus routes and
schedules in their home and work place will be more likely to use public transportation
and high-occupancy commute modes. To accomplish this it is anticipated that the
demonstration will focus on the provision of current transit and traffic information to
commuters in their home and work place and the initial testing of an instant carpool
program. Initial market and technology assessments are being conducted by the Texas
Transportation Institute, a part of The Texas A&M University System. These will
lead to the development of a concept plan and implementation program. These initial
elements are being funded by UMTA, the Metropolitan Transit Authority of Harris
County, and the Texas State Department of Highways and Public Transportation.
Potential Applications with HOV Facilities

It appears that advanced traveler information systems, especially when combined with
advanced traffic management systems, may lead to increases in the use of HOV facilities. A
1989 survey in the Seattle area (2) indicated that approximately 16% of the commuters do
change their travel mode based on pre-trip traffic information. Thus, it appears that
demonstration projects examining different applications of this concept may be appropriate.
These demonstrations could focus on various approaches and combinations of advance
traffic management systems and advanced traveler information systems. For example, it appears
that much could be learned by testing the use of different technologies in the delivery of
information to individuals in their home and work place. These could include the use of
telephones, cable and commercial television, microcomputers, and videotex terminals. In
addition, demonstrating different approaches and technologies to gather and disseminate the
traffic and transit information may also be appropriate. Possible approaches include the use of
pavement loop detectors, cameras, AVI and AVL tags, and other technologies. Further,
providing real-time transit information at major bus stops, office buildings, and other locations
may be appropriate. Conducting a series of demonstration projects in 2 to 4 areas could advance
the understanding of the benefits combining these system elements may have on increasing the
use of high-occupancy commute modes.
Advanced Vehicle Control Systems
Examples of Current Applications

The two best examples of the developments of advanced vehicle control technology in the
United States are the Program on Advanced Technology for the Highway (PATH) in California
and the Binocular Autonomous Research Team (BART) in Texas. In addition, most of the major
automobile companies are pursuing a variety of advanced technologies. Currently, only the 1-15
HOV lane in San Diego is being used to test advanced vehicle control technologies.
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• The PATH program sponsored by Caltrans, FHWA, UMTA and the National Highway
Traffic Safety Administration, is being conducted primarily by the University of
California's Institute of Transportation Studies at Berkeley. At this point PATH
represents an anticipated six-year $56 million program. The PATH program includes
the initial development and testing of selected automated driver functions leading to
a fully automated vehicle. The Santa Barbara Electric Bus Program is part of the
overall PATH program. Initial testing of an automated vehicle braking systems has
been conducted on the 1-15 HOV facility in San Diego. Caltrans plans to continue to
use the 1-15 HOV lanes as a test site for the PATH program until a comprehensive test
facility is completed.
• The BART project, which is being developed by The Texas A&M University through
funding from the Texas State Department of Highways and Public Transportation, and
FHWA, utilizes a stereo vision system and real-time image processing in the
development of a fully autonomous vehicle. Currently, initial testing is being
conducted on following a lead vehicle and recognizing and stopping at a stop sign.
Examples of Current or Planned HOV Facility Applications
The use of the 1-15 HOV lanes in San Diego to test a variety of advanced vehicle control
technologies is the only current example within this category. The 1-15 HOV lanes have been
used in the midday, when they are normally closed, for the testing of collision warning devices
and collision avoidance devices. Approximately 3 to 4 test have been run using the facility.
Additional tests are planned for adaptive cruise control technologies and multiple vehicle
platooning. It appears that the 1-15 HOV lanes will continue to serve as the test facility for
many of the California AVCS technologies until such time as a new testing center is constructed.

The Institute of Transportation Studies (ITS) at the University of California, Berkeley is
currently examining additional applications of advanced vehicle control systems to HOV
facilities. The study, which is being funded by UMTA, includes a generic technology evaluation
and the identification of potential case studies on selected HOV facilities in California. Presently
the technologies that are being considered include roadway electrification, longitudinal control
systems, lateral control systems, and fully automated systems.
Potential Applications with HOV Facilities

It appears that HOV facilities, especially exclusive barrier-separated lanes, offer a
controlled environment that could be used for the testing of advanced vehicle control systems.
It has been further suggested that the first applications of many of these technologies will be
used with HOV facilities. Thus, it may be appropriate that one element of an HOV IVHS
program focus on the use of HOV lanes as testing sites for advanced vehicle technologies during
off-peak periods.
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Commercial Vehicle Operations
Examples of Current Applications

A number of examples of commercial vehicle operation (CVO) !VHS projects are
currently in the design, development, and initial implementation stages. Two examples, the
HELP/Crescent and WA YM/Road KIT projects, are briefly described.
• The Heavy Vehicle Electronic License Plate (HELP)/Crescent program is exploring
the use of automatic vehicle identification, automatic vehicle classification, weigh-inmotion, computer integration, and communication links to improve the efficiency of
commercial truck operations. The crescent demonstration project, which focuses on
14 states and one Canadian province, was recently initiated. A crescent shaped
corridor focusing on Interstate 5, Interstate 10, and Interstate 20 from British
Columbia through Texas and into Georgia, is included in the demonstration. The
demonstration focuses on the use of sensors at state boarders to provide information
needed by truckers and state agencies for fleet management and control, regulation,
vehicle taxation, and business management.
• The Wide Area Vehicle Monitoring (WAVM)/Road KIT project is a six year
public/private effort coordinated by the Ontario Ministry of Transportation. It
provides a commercial mobile satellite communication and positioning service for the
trucking industry, allowing fleet dispatchers to automatically track the position of
vehicles, acquire vehicle status information, and exchange digital messages.
Examples of Current or Planned HOV Facility Application

Currently, no IVHS commercial vehicle operation applications are being utilized with
HOV facilities. Further, at this point, none appear to be in the planning stages.
Potential Applications with HOV Facilities

Additional research is needed on the application of commercial vehicle operations and
related IVHS technologies with HOV facilities before any specific suggestions can be made
regarding possible applications. While many CVO applications to date have focused on heavy
trucks, other commercial vehicles such as taxis, airport shuttles, and intercity buses, also fall
within this general category. These types of operations could benefit from HOV !VHS
applications. Additional research is suggested to further explore possible CVO IVHS
applications with HOV facilities and the potential benefits and issues associated with these
applications.

235

Potential Benefits of MIS Applications With HOV Facilities
This section has provided an overview of current examples of IVHS programs in the three
areas of advanced traffic management systems, advanced traveler information systems, and
advanced vehicle control systems. Within each of these categories specific HOV-related
applications were identified. In addition, both current projects and possible future applications
were discussed. The results of this review indicate that a variety of IVHS applications appear
to be appropriate with HOV facilities. It appears that more extensive use of IVHS technologies
with HOV facilities could provide a variety of benefits.
First, the application of advanced traffic management technology may improve the overall
operation of HOV lanes. Improvements in incident detection and response, enforcement, and
overall operation of the HOV facility may result. Second, the use of automatic vehicle
identification technology could improve the efficiency of toll facilities utilized in conj unction
with some HOV lanes. Third, the combination of advanced traffic management and advanced
traveler information systems could increase the use of HOV facilities and encourage a change
to higher-occupancy commute modes. Last, many HOV facilities offer a protected, controlled
environment that appears well suited for the testing of advanced vehicle control systems.
Given these potential benefits, it seems appropriate that an HOV IVHS program be
developed and included as one element of a national IVHS program. The potential scope and
elements of such a program are outlined in the next section.
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Table 4. Current IVHS Project& and Potential Applicationa to HOV Facilitie•

Advanced Traffic
Management Systems

Advanced Traveler
Information Systems

Advanced Vehicle
Control Systems

Current Project&

SMART Corridor-Loa Angelea
PEGASUS-Houston
Autoscope-Mpls.-St. Paul
Northern Viririnia Traffic Management
System
Seattle FLOW System
SCANDI-Detroit
Dallas Toll Road AVI
Route 495 HOV Lane Toll Plaza AVI
San Antonio - VIA Vehicle Location
System
Ottawa Vehicle Location System

TravTek-Orlando
Pathfinder-Lo• Angeles
Changeable me11age signa
Teleride telephone
information systems
Videotex Moniton
Seattle Traffic Reporter

PATH-California
BART-Texas

Current Or Planm:d HOV
Facility Applications

Autoscope-Mpls.-St. Paul
PEGASUS-Houston
Route 495 HOV Lane Toll Plaza AVI
Ottawa Vehicle Location System

Changeable Message Signs
Teleride Telephone
Information System-Ottawa
Houston Smart Commuur
Demonstration Project

PATH-the 1-15 HOV
facility in San Diego is
being used to test automatic
vehicle braking and other
applications.

A number of applicationa
may be appropriate,
e1pecially when coordinated
wiih advanced traffic management systems. Possible
applications include:
• Demonstration project&
in 2-4 areas focusing on
providing current traffic
and tranait information to
commuters to encourage
mode changes .
R&D real-lime rideshare
matching for use with
these systems with other
component&.
• Fully integrate advanced
traveler information
systems with other
componenta.

HOV facilities especially
exclusive lanes, appear to
offer a an excellent control
environment for the testing
of advanced vehicle control
systems.

Potential Applications to
HOV Facilities

Widespread application is appropriate,
especially when integrated with
advanced traveler information system•
Possible applications include:
• Expand and improve traffic
management systems to all HOV
facilities.
• AVI as toll pre-payment with
HOV/toll facilities.
• AVI as pre-payment with
HOV/parking facilities (1-394
parking garages)
AVI as authorization/monitoring
devise for HOV facilities

•
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V. DEVEWPMENT OF AN HOV IVBS PROGRAM
Based on the potential benefits described in the previous section, it seems appropriate that
a program focusing on the specific application of IVHS technologies to HOV facilities be
developed and pursued. Such a program not only supports federal policy, but is supported by
recent FHWA and UMTA policy statements. In addition, an HOV IVHS program provides the
opportunity for "early winners" that some have suggested are needed to build support for an
IVHS program (lQ).
This section outlines the major elements such a program might include. A brief
description of the scope of the possible program is provided, along with potential funding levels.
In addition, the possible roles of different groups, including the federal government, state
departments of transportation, transit agencies, universities, and the private sector, are presented.
The outline presented in this section is intended to serve as a starting point for the development
of a comprehensive HOV IVHS program.

Scope and Fundin2 of the HOV IVHS Pro2ram
Following the approach taken by Mobility 2000 (2), a multi-phased and multi-year
program is suggested. This approach provides for the opportunity to implement a number of
initial projects, while continuing research and development activities on longer-range projects.
Thus, a continuing program is suggested that will build on initial successes and take advantage
of emerging new technologies. It is realized that the elements outlined in this program will not
be occurring in a vacuum. Rather, it is envisioned that the HOV IVHS program will be one
component of a national HOV program and will thus benefit from the interaction and crossfertilization that will occur between the different fields. In fact, the HOV IVHS program builds
on the transit, traffic management, and traveler information technologies already under
development.
It is suggested that the HOV IVHS program focus on research and development activities
centered around the general categories of advanced traffic management systems, advanced
traveler information systems, and advanced vehicle control systems. In addition to these three
areas, further research is suggested on potential commercial vehicle applications with HOV
facilities and with the issues of privacy, liability, and human factors. The elements of the
suggested HOV IVHS program relating to each of these areas are described briefly in this
section and outlined in Table 5.

General Research
Additional research is needed into the issues associated with the application of IVHS
technologies identified in Chapter III. These include privacy, safety and liability, and human
factor issues, interagency cooperation and coordination, and establishing realistic goals for IVHS
programs. The implications of these issues as they relate to the use of IVHS technologies with
HOV facilities needs to be examined further. Addressing and resolving these and other concerns
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that may arise will be necessary to advance the wide-spread use of many IVHS technologies.
Some of these issues may be easier to address with transit and HOV applications of IVHS
technologies due to the protected environment of many HOV facilities and the professional
drivers used to operate bus services.

Advanced Traffic Management Systems (ATMS)
The further expansion and improvement of advanced traffic management systems (ATMS)
and related technologies to additional HOV facilities appears to hold promise for enhancing the
operation of the HOV project. In addition, when linked with advanced traveler information
systems, ATMS offers the potential to encourage commuters to change to higher occupancy
modes. Thus, it appears that a significant portion of a HOV IVHS program should focus on the
continued expansion, improvement, and testing of new technologies and approaches in the
ATMS area. The following elements are appropriate for considerc1.tiun in this area.
• Implementation of new advanced traffic management systems to additional HOV
facilities and enhancement of existing systems. This could include the additional
testing of new technologies, such as Autoscope, to assist with monitoring, enforcing,
and operating HOV facilities.
• Further examination and testing of the use of automatic vehicle identification (AVI)
with toll facilities associated with HOV projects. Building on the successful use of
AVI with the Route 495 HOV lane toll plaza in New York, additional demonstration
projects and full implementation of the use of AVI with toll facilities on HOV lanes
appears to be appropriate. For example, the use of different types of AVI
technologies and different pre-and-post payment methods could be tested further.
• Research and testing of AVI technologies with parking facilities associated with HOV
projects also appears to warrant further examination. This could include the
development and implementation of demonstration programs utilizing AVI
technologies with parking facilities that provide preferential rates to HOVs. One
possible demonstration location is the 1-394 parking garages in downtown
Minneapolis.
• Research and demonstration projects focusing on the use of AVI technology to
enhance the monitoring, enforcement, and operation of HOV facilities. It appears
appropriate to initiate a series of demonstration projects on different HOV facilities
to test different applications of AVI technologies to improve the operation of the
facility.
• Additional research and testing of automatic vehicle location (AVL) technologies to
·provide real-time transit information on HOV facilities also appears to warrant further
examination.
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Advanced Traveler Infonnation Systems (ATIS)
Along with advanced traffic management systems, the further testing and· implementation
of advanced traveler information systems appears to offer potential benefits to increasing the use
of high-occupancy commute modes, including HOV facilities. The following elements are
appropriate for consideration in a HOV IVHS program.
• Initiate a series of demonstration projects focusing on the provision of current traffic
and transit information to individuals to encourage a change to high-occupancy
commute modes. These demonstrations could build on the work that has been
initiated on the Houston Smart Commuter and the Seattle Traffic Reporter projects.
• Research and demonstration projects on the use of real-time ride matching services.
When used in combination with other ATIS elements, real-time ride matching may
be a viable alternative to increase the use of carpooling and vanpooling. However,
additional research and testing of the viability of this approach is needed before widespread application can be considered.
• Examine the full integration of ATIS systems with other IVHS technologies and
applications. This element would focus on the development of fully integrated
advanced traffic management and traveler information systems.

Advanced Vehicle Control Systems (AVCS)
It appears appropriate that the testing of different advanced vehicle control systems
continue to occur in barrier-separated HOV facilities. Ultimately, many of these applications
could be used to increase the operating efficiency of HOV lanes through vehicle platooning and
headway control. However, this should not impact the intended purpose of the HOV facilities.

Commercial Vehicle Operations (CVO)
Additional research is needed on the application of commercial vehicle operations and
related IVHS technologies with HOV facilities before any suggestions can be made regarding
the feasibility of possible applications. Thus, it is suggested that additional research be
conducted in this area to determine potential benefits and issues and possible future activities.
Tables 6 and 7 present a preliminary time schedule and budget for the suggested HOV
IVHS program. These are intended to serve as general guidelines for the possible timing and
budget of a HOV IVHS program.
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Table 5. HOV IVIIS Suggested Program Elements

General Research
• Further research on privacy, safety and liability, and human factor issues associated
with the use of IVHS technologies with HOV facilities.
Advanced Traffic Management Systems (ATMS)
• Implementation of new ATMS to additional HOV facilities and enhancement of
existing systems.
• Further testing of new technologies, such as Autoscope, to assist with monitoring,
enforcing, and operating HOV facilities.
• Further examination and testing of automatic vehicle idenlificaliun (AVI) wilh toll
facilities associated with HOV projects.
• Research, testing, and demonstration of AVI technologies with preferential parking
facilities associated with HOV facilities.
• Research and demonstration projects focusing in the use of AVI technologies to
enhance the monitoring, enforcement, and operation of HOV facilities.
• Research and testing of automatic vehicle location (AVL) technology with HOV
facilities to provide real-time information.
Advanced Traveler Information Systems (ATIS)

• Initiate a series of demonstration projects focusing on the provision of real-time traffic
and transit information to individuals to influence a change to high-occupancy
commute modes.
• Research and demonstration projects on the use of real-time ride-matching services.
• Full integration of advanced traffic management and traveler information systems.
Advanced Vehicle Control Systems

• Continue use of HOV facilities for testing of advanced vehicle control systems.
Commercial Vehicle Operations (CVO)

• Research the possible benefits and issues associated with commercial vehicle
operations and IVHS technologies with HOV facilities.
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Table 6. HOV IVHS Potential Program FJemeots
Time Period
1990-1995

1996-2000

Program Elements

•

•
•
•
•
•
•
•
•
•
•
•
•

2001-2010

•

Expand and improve traffic management systems to include all HOV facilities
Develop real-time traveler infonnation systems for commuters focusing on promoting use of HOV
facilities - initiate 2-3 demonstration projects.
Expand use of AVI technology for toll facilities associated with HOV lanes .
Examine use of AVI technology for HOV lane authoriution and monitoring .
Examine use of IVHS technology for HOV lane enforcement activities .
R&D the use of real-time ridellhare matching .
Continue limited testing of advanced vehicle control systems in HOV lanes .
Research privacy, safety and liability, an_d human factor issues associated with HOV IVHS applications .
Research commercial vehicle operations related to HOV facilities .
Expand use of real-time traveler infonnation systems with HOV facilitiea - expand demonstration program
to 6-12 project&, including use of real-time ridellhare matching.
Expand use of AVI for HOV lane authoriution, monitoring, and enforcement .
Demonstrate real-time rideshare matchina project& .
Expanded testing and preliminary use of advanced vehicle control systems in HOV lanes (adaptive cruise
control, automatic braking, automatic lane keeping).
Fully automated freeway, HOV facilities, and arterial traffic information and management systems,
including real-time traveler information system&.

Table 7. Preliminary Funding Estimates'
Time Period

Mobility 2000 Estimate for Total
IVHS Program2

Estimated Funding Levels for HOV
IVHS Element&'

1991-1995

$4,000

$200-$400

1996-2000

$12,000

$500-$1000

2001-2010

$17,000

$500-1,500

'In millions, using conatant 1990 dollars.
2

Source 1.

'Assumes a range of 59£ to 109£ of total budget would be allocated to HOV related projects.

Roles and Responsibilities
The current roles and responsibilities of the different governmental levels and groups
involved in IVHS activities were described previously. It appears appropriate that the future
development of a national IVHS program, including the HOV IVHS program, continue to build
on and enhance the existing roles of these groups. It is suggested that the federal government
should continue to play a lead role in setting policy and funding the national IVHS program.
This could be done as part of the overall National Transportation Program. The Federal
Highway Administration (FHWA) and the Urban Mass Transportation Administration (UMTA)
could be encouraged to continue their active support for an IVHS program and their
administration of a federal program. This could include the development and initiation of a
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variety of demonstration projects, continued support for research and development activities, and
full scale implementation of some program elements.
In developing and implementing a national IVHS program, the federal government may
also want to give due consideration to the recommendations of other groups, including Mobility
2000, IVHS America, Transportation Research Board, AASHTO, ITE, state agencies, and
universities. The commitment of significant funding resources by the federal government to the
development of a national IVHS program, including the HOV IVHS elements outlined in this
white paper, appear appropriate. In addition, state, local, and private funding is also appropriate
and could be used to match federal funds.
National Organizations

The various national organizations have played an important role in the emerging national
IVHS program, including HOV facility applications. The continued active involvement in the
development and promotion of IVHS technology by Mobility 2000, IVHS American, TRB,
AASHTO, ITE, and other groups appears to be appropriate and important. These organizations
perform the critical functions of identifying potential projects, assisting to establish priorities
among competing interests, providing two way communication with their members, coordinating
activities among different groups and organizations, and promoting the !VHS program at the
national level.
State Departments of Transportation and Local Transit Agencies

The states, acting primarily through their respective departments of transportation or
highway departments, should continue an active involvement in the emerging IVHS program.
Many states, especially California, Texas, Minnesota, Michigan, Washington, and Florida, have
initiated involvement in IVHS activities.
Their continued involvement, including the
commitment of resources, will allow IVHS programs to be tailored to the specific problems and
needs of urban and rural areas within each state. The HOV IVHS program outlined in this white
paper is obviously more appropriate and of more interest to metropolitan areas that currently
have or are planning HOV facilities.
Transit agencies and local governments have also been involved in many of the IVHS
activities described previously. Both can play an important role in implementing different
elements of a comprehensive HOV IVHS program and both need to be actively involved to
ensure a coordinated program. In addition, transit agencies and local governments have assisted
in funding some elements of existing IVHS programs. Continuing this financial support appears
appropriate. Many of the applications outlined in this white paper focus on coordinating the
development and integration of transit, highway, and HOV facilities with emerging IVHS
technologies.
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Metropolitan Planning Organizations and Air Quality Agencies

Metropolitan Planning Organizations (MPOs), Air Quality Agencies, and other specialized
state and regional agencies have often been actively involved in planning for HOV facilities.
In some areas these groups have also become involved with !VHS-related activities as well.
These organizations can play an important role in examining potential HOV IVHS applications,
establishing policy direction for implementing agencies, and coordinating the activities of the
different implementing and operating organizations. Thus, MPOs, Air Quality Agencies, and
other specialized organizations perform important functions that can enhance the development
of HOV IVHS projects. The continued involvement of these agencies is appropriate to ensure
the ongoing coordination of HOV IVHS activities.
Universities

Universities and transportation research institutes have an appropriate role in the research,
development, testing, and evaluation of IVHS technologies, including the HOV IVHS program
outlined in this white paper. Universities provide the technical and research expertise and many
of the R&D facilities needed to advance the IVHS program.
Private Sector

The private sector has been an active participant in the emerging IVHS program. The
opportunity exists to expand and enhance this role. Private vendors of equipment, such as
automatic vehicle identification, automatic vehicle location, videotex, touch-tone and cellular
telephones, transit information, and other technologies, need to be actively involved in the HOV
IVHS program. The development of specific demonstration programs offer opportunities for
numerous public/private initiatives.
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VI. CONCLUSION
This white paper has presented an overview of current IVHS activities, including those
associated with HOV facilities. Based on this information, and input from members of the TRB
HOV Systems Committee and others, a preliminary HOV IVHS program has been developed.
The program outlined is intended to provide a s~ng point for the development of a
comprehensive national HOV IVHS program that would be part of the larger national IVHS
effort. Such a program can offer significant benefits to metropolitan areas in assisting to address
traffic congestion, mobility, air quality, and energy concerns. The suggested program is
consistent with federal policy directives, and in fact, is directly supported by many policies. In
addition, the HOV IVHS program would provide the opportunity for "early winners" in the
IVHS program that could assist in building support and enthusiasm for the national IVHS
program.
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Abstract
Enforcement is recognized as an essential element in HOV operation. The role enforcement
serves has been well documented in various publications since the mid 1970s. Still,
enforcement issues are frequently raised as needing increased awareness among the
profession and practitioners. The emergence of HOV facilities in new areas and the creation
of regional HOV networks has increased the need to address issues of common interest.
The purpose of this white paper is to place perspective on available literature, recent
experiences, and issues of concern regarding HOV enforcement. The current state of the
practice is examined. Information is provided from selected projects on how enforcement is
facilitated. Factors are presented that appear to influence the effectiveness of enforcement.
Current issues are examined. Where demonstrations and tests have been conducted to
resolve selected issues, these are presented. Areas in need of additional research or testing
are highlighted. This paper concludes with some observations and considerations that
clarify what has recently been learned and where the role of enforcement appears to be
going over the next decade.
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1. INTRODUCTION
This paper addresses enforcement issues on HOV facilities constructed within freeway
rights-of-way. Of the 37 or so freeway-based HOV projects in operation throughout the U.S.,
all require some complement of enforcement activity to preserve their operation benefits (i.e.,
travel time savings and trip reliability). The need for enforcement is manifested in the
inherent nature of preferential treatment. Higher occupancy vehicles are afforded travel
benefits over their lower occupancy counterparts. This incentive is often so enticing that
violators attempt to thwart rules and regulations that are imposed. Accordingly, occupancy
violations are the most common infraction. Distinguishing eligible from ineligible has been a
vexing problem for policing agents vested with enforcement responsibilities. Design
features, operation policies, public attitudes, and enforcement strategies all play a role in the
changing character of this topic and issues that result therefrom. The role effective
enforcement serves in sustaining project viability has been documented in various
publications. Still, striking the proper balance to best meet enforcement goals remains an
enigma on some projects. It is not uncommon to find some HOV operations where a
majority of users do not meet eligibility requirements, and responsible policing agents who,
for a variety of reasons, do not feel capable of performing enforcement activities. These are
issues that continue to erode public confidence in this concept, threatening viability of the
respective operations.
The purpose of this paper is to place some perspective on recent experiences and issues of
concern regarding HOV enforcement needs and practices. The current state of the practice
is examined in Section 2. In Section 3 enforcement issues more commonly experienced are
discussed. Examples are borrowed from selected projects on how these issues have
affected local attitudes and operations. Section 4 provides a discussion of various
demonstrations and innovative techniques being tried to address or mitigate identified
issues. Areas needing additional research or testing are mentioned. The final section
concludes with some observations and considerations that clarify what has been learned
and where the role of enforcement appears to be headed over the next decade.
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2.

CURRENT PRACTICE AND EXPERIENCE

Regular enforcement activities are conducted on most freeway-based HOV facilities. The
degree of enforcement varies, and where enforcement is not performed or performed
sufficiently, there are often some fundamental reasons why. If operation policies or project
design make enforcing an HOV facility difficult, unsafe, or expensive, it is unlikely that
sufficient enforcement will be applied to assure acceptable compliance (Figure 1). An
enforcement policy for the HOV facility should protect travel time and reliability benefits for
eligible HOVs, promote fairness and the integrity of HOV operation among eligible users,
and dist;ourage i11eligit.Jle vetiides from using the faclllty(7J*. One enforcement agency,
usually the state or local police, has this responsibility. Various guidelines over the years
have regularly stressed involvement of the respective enforcement agencies during the
planning process for an HOV facility, when the operation plan and facility design are being
formulated. Involvement at this time helps ensure that the selected operation and design
concepts are enforceable.
Methods of Enforcement

A number of enforcement strategies are used on various HOV projects. The type of HOV
operation and design features play heavily on the type of enforcement strategy that may be
applicable. Other factors affecting the selection of an effective strategy include signing and
pavement markings, lighting, and presence of closed circuit television. Enforcement
strategies can also be influenced by the compliance goal set for a facility, accepted local
practices of enforcement agencies, and available staffing and resources.
The type of strategy is often dictated by the type of HOV operation being served (Table 1).
Barrier-separated facilities (either operated in a two-way or reversible-flow fashion) allow for
a "captive audience" to be more easily monitored and apprehended with a minimum of effort,
inherently serving as a deterrent to violators. A single police officer can be located in a
strategic stationary position and observe most users, flagging over potential violators as they
pass by. This strategy is also applied to contraflow operations and HOV queue bypasses at
metered freeway entrance ramps as well, with the same relative effectiveness(7J.

*U

Denotes reference number in bibliography.
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Figure 1
Typical Design Shortcomings for Enforcement
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Source: Reference 7.
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Table 1
Enforcement Procedures For Selected HOV Projects
Apprehension/Citation

Detection
HOV Facility

HOV
Code•

Fool
Patrol

Line
Patrol

1A
1A
18
2
2
2
1,2
3

X

Loe Angeles, CA, 1-1 O (Santa Monica)

4
4

X
X

Seattle, WA,1-5
San Franclsco-Oaldand Bay Bridge, CA

5
6

Washington, DC, 1-395 (Shirley)
Houston, TX, 1-10, 1-45 (Katy and GulQ
Loa Angeles, CA, 1-10 (El Monte)
Miami, FL. 1-95
Loe Angeles, CA, Route 91
Marin County, CA, US 101
Minneapolis, MN, 1-394
New Jersey, Route 495 (Uncoln TunneQ

Minneapolis, MN, l-35W

Mobile
Patrol

X
X

Hidden
Enlorcement

X
X
X
X

X

Standard
Procedure

Stationary
Apprehension

Wave:0II
Violator

X

X

X
X
X
X
X

X

X

X
X

X
X

X
X

X

X
X

X

Source: Reference 7.
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Team
Approach

X

X
X

X

X
X

• HOV Code
1A Barrier-Separated Feclllty (Reveralble-Fl°"1
1B Barrier-Separated Feclllty (Two-Way)
2 Butler-Separated or Nonseparated Facility (Two-Way)
3 Contraflow Facility
4 Entry Ramp with HOV Bypaaa
5 Direct Connection Acce8a Ramp
6 Toll Plaza Queue Bypaaa Lane(a)

Mail-out
Warnings

X

X
X

X
X
X
X
X

X

Stationary
Patrol

X

X
X

X

HOV Facilities which are not physically separated from adjacent freeway lanes allow virtually
uncontrolled access in which violators can enter and leave the facility at will. This can, at
the very least, increase the need for enforcement presence. To be able to monitor and
apprehend violators at any point, roving patrols become a more popular deterrent. The
efficiency of the roving patrol strategy is compromised-if a violator cannot be apprehended
and cited "on the spot," usually via a shoulder adjacent the HOV facility<6>. Escorting
violators across several lanes of traffic onto an outside (right) shoulder is not considered an
efficient or safe way of performing this activity.
Table 2 provides general information on the methods of enforcement applied to selected
HOV projects.
Quite often extra enforcement personnel are assigned to an HOV facility when it opens, to
help ensure a safe initial operation and guard against noncompliance. Over time the extra
patrols are removed to a typical complement of one or more officers per shift, who may
share HOV enforcement responsibilities with other traffic enforcement and incident handling
obligations. If violations rise above a level deemed locally unacceptable, saturated
enforcement is applied in which a higher number of officers converge on the HOV facility for
a time period sufficient to manage the violation rate. This practice is repeated as necessary.
Violation Rates

Violation rates experienced on various projects are arrayed in Table 2. For limited access
facilities with barrier separation, they are generally below 1O percent. Rates below 5 percent
are considered good, with 20 percent considered the maximum acceptable before remedial
action is required( 17)_
For lanes without physical separation (with or without buffers), rates are generally above 10
percent. With little to no enforcement, violation rates can climb to above 60 percent and
effectively clog the operating capacity of the lane. By their very nature, these concurrent
flow lanes are more difficult to enforce and are more sensitive to the presence of
enforcement. Violators can enter or exit the facility at will. Inadequate budgets and
personnel restrictions are reasons commonly given in preventing better management of
violation rates. There are no specific strategies or number of officers that may ensure a
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Table 2
Summary of Enforcement-Related Information for Selected HOV Projects

Violation
Ratel(%)
Peak Peak
Hour Period

Fine
Amount

Method of
Enforcement

Yearly
Cost

Charged vi/trespassing
Citation

$200,000
$100,000

1
1

1
1

$53.75
$300 + court

$60,000

1

14am, 1pm

$75

HOV Facility

Enforcement
Features

Assigned to
Enforcement
Enforcement
Number of
Responsibility
Persons Adequate?
(agency)

FACILITY IN SEPARATE R.O.W.

•
•

Ottawa, Canada
Pittsburgh, PA

Use shoulder
None

3
4

Yes
Yes

Transit
Transit

Enforcement areas, widened
or separate ramps to exit
violators

2

Yes

Transit

2-5

No

State

Continuous shoulder
Shoulder

2

Yes
Yes

mate
State

Wide shoulder on HOV lane

2

Yes

State

None

·-

Protected median areas
Protected median areas
None

63

FACILITY IN FREEWAY R.O.W.
Reversible-Flow

N

N
°'

•

Houston, TX
1-45, I-i0, US 290

•

Virginia (Washington, DC)
1-395 (Shirley)

Vehicles identified2

•

Pittsburgh, PA, 1-279
San Diego, CA, 1-15

Vehicles stopped
Vehicles stopped

•

Special citation areas,
vehicles diverted

$35,000 each
officer

5

15

$50

-·
-·

3

5

$82.50
$246 + court

$20,000

11

11

Two•Way Barrier-Separated

•

Los Angeles, CA, 1-10

Citation on HOV Shoulder

Two-Way Buffer-Separated

•
•

•
•

•
•
•
•
•

Hartford, CT, 1-84
Orange County, CA,
Route 55 & 1-405
Los Angeles, CA, Route 91
Miami, FL, 1-95
Ft. Lee, NJ, 1-95
Honolulu, Moanalua Fwy.
Orlando, 1-4
San Francisco, CA area
(Santa Clara, Marin,
San Francisco Counties)
US 101, Rte. 237
Seattle, WA
1-54 and 1-405
SR520

--

Citation on HOV buffer
Special citation areas
Special citation area
Vehicles diverted, not
enforced
Vehicles stopped
Vehicles diverted
Not enforced

$30,000
$30,000

Vehicles diverted
License plates
identified, routin~, special,
& HERO program

$246 up

+ court

$40
$246 + court
$246 up + court
$43.50

10-123

State
State
State

None
None
None

1
3
0

Yes
No
No

State, Regional Auth
State
State

$50-500

None

1-7

Yes

State

$47
$47

None
None

Yes
Yes

State
State

7
7

$35,000
0

30
20
75

30
20
75

$50
$40
$43.50

$215,000

5

10

-

11
8

11
8

-

63

State
Yes
Yes
Yes

6
7
40

--

Shoulder, HERO program

Table 2
(continued)
Summary of Enforcement-Related Information for Selected HOV Projects

HOV Facility

Method of
Enforcement

Yearly
Cost

Violation
Rate 1 ~!
Peak Peak
Hour Period

Fine
Amount

Enforcement
Features

Assigned to
Enforcement
Enforcement
Number of
Responslblllty
(agency)
Persons Adequate?

Contraflow

•
•
•

Honolulu, Kalanianaole Hwy. Vehicles diverted
New Jersey, 1-495
Vehicles diverted
(Lincoln TunneQ
New York City, NY
Gowanus and L.I.E.
Stopped al termination

$25,000
$35,000

5-10

-

--

-

$35

--

$65

3

No
Yes

State
State,Regional, Auth.

None

1 each

No

City

Wide shoulder
Wide shoulder
Wide shoulder

4
Varies
Varies

Yes
Yes
Yes

State
State
State

User permit
Vehicle check point
and diversion lanes

1

Queue Bypasses
N

w
°'

•
•
•

San Francisco-Oakland

Bay Bridge, CA

Vehicles diverted
Los Angeles - ramp bypasses Vehicles diverted
Minneapolis - ramp bypasses Vehicles diverted

-Data not available or not provided.
1
As a percentage of legal HOV traffic.
2citatlons issued by mail.
3
For entire freeway, not specifically HOV.
•violation rates vary widely by location and time or day.

Source: Reference 7.

$200,000

-

2
5

2
10

--

$50-500
$160

-

given violation rate( 17) . Each project is different. Design and operational characteristics play
a significant role in defining the ease or difficulty associated with enforcement activities.
Innovative Techniques
Aside from standard enforcement procedures, selected projects have adopted strategies to
reduce enforcement costs and promote better compliance. One approach to help curb
high violation rates involves self enforcement (termed "HERO" in several locales). Through
signing and a public information program, other freeway and HOV users are asked to report
violators by calling a hotline telephone number with information about the violating vehicle
(Figure 2). Form letters are initially sent to the offending motorists, advising of the purpose
of the lane and potential penalties. Follow-up reports of the same offender result in
notification from the Washington State Patrol, and ultimately efforts to apprehend the violator
on the facility(10>.
The first application of the HERO program was reported to have reduced violations about 33
percent without the need for additional enforcement personnel(10>. In subsequent years, this
technique has become more of a public information and relations tool than a means of
helping contain violations(9>. Other areas, including northern Virginia and Houston, have
tried or are currently trying this technique.
Northern Virginia and California projects have attempted to improve the efficiency of issuing
citations by mail by applying various audio and video techniques. With the aid of changes in
state legislation, Virginia State Police began using tape recorders to document violators by
license plate and issued citations by mail. Due to a number of cases which were appealed
and overturned by local traffic courts, this approach has been refined. Troopers must
accurately record information for later court use, either via written or taped information on
license number, sex of driver, and number of obseNed occupants. An alternative means of
briefly stopping each violator to obtain license and social security information has been
pursued on rental vehicles, company trucks, etc. when the troopers know the driver is
probably not the registered owner (Figure 3).
The Virginia State Police still lose some cases if the registered owner comes to court and
rebuts. But the resulting 85 percent conviction rate is considered locally acceptable. This
procedure expanded the ability of an officer to apprehend more violators and thus, manage

rates with fewer field personnel.
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Figure 2
Self-Enforcement Program Begun in the SeatUe Area

Thanks For BeingA HERO

Sign Of The Times
Times are changing. Sharing the ride is
no longer just a vision of the future. It's the
present. That's why the Washington State
Department of Transportation developed
new Transportation System Management
(TSM) programs that support the Diamond
Lanes. (These are also called "HOV lanes,"
for use by high-occupancy vehicles).
One element of the TSM program is
Thanks for Being a HERO. The Department
of Transportation, Metro, and the
Washington State Patrol work together
and with the public to discourage improper
use of the special Diamond Lanes reserved
for carpools, vanpools, buses, and
motorcycles only!
The HERO program is an example of the
ongoing commitment to the best management of our transportation system. The
following pages of this brochure tell more
about how to use these special lanes, and
tell the story of other TSM techniques
that make the best use of our existing
transportation system.

Here's one we can all get involved in! By
encouraging motorists to phone 764-HERO
when they see a vehicle (motorcycles are
okay) with one occupant (or only two
people in a car where three or more are
required) in a Diamond Lane, we can all be
winners! So exercise that memory ... we
need to know the license number of the
vehicle, plus a date,
time, the location,
number of people
(children count!),
and some description of the vehicle.
Vehicle owners are
informed by mail
about the proper use
of the lanes in order
to deter repeat
violations. The Washington State Patrol is
kept informed about repeating violators.
Whenever possible,the State Patrol contacts
them, or they are issued a moving violation
on the road. Violation reports also help the
Washington State Patrol determine where
to focus officer enforcement.

Comments Ol questions are welcome.
Please contact the:
Washington State Department of Transportation
15325 S.E. 30th Place
Bellevue, Washington 98007-6538
206 562-4000

Looking at 1987 records:
Less than five percent of those reported were reported
asecond time.
Fewer than one percent were reported three or more times!

Source: Reprinted from Seattle HOV Task Force Brochure, 1989
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Figure 3
Changes in the Number of Violations on HOV Projects in Northern Virginia
Due to Innovative Enforcement Techniques

Monthly Reported Violations by Route
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Notes: l-95 lanes are nonseparated without buffers or median shoulder.
l-66 is a standard freeway, the peak direction of which is reserved for
HO Vs during peak periods.
l-395 (Shirley) is a two-lane reversible-flow facility that is fully barrier-protected.

Source: Reference 7.
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The California Highway Patrol, in conjunction with California DOT staff, has demonstrated
the use of video in documenting occupancy violations from up to three closed circuit
television cameras mounted and synchronized to record vehicle movement along an HOV
facility(15>. However, California state statutes currently require that police physically
apprehend and cite any violator in person, and for this reason, they have not used video for
routine enforcement activities. A change in the statutes will be required to further advance
this approach.
Penalties
An alternative means of managing violations through customary apprehension is to adopt an
aggressive scale of penalties to thwart violators. Current penalties range from fines and in
selected cases, penalty points against the driver's record. Penalties on HOV projects in
1989 varied from $40 to over $246 for first offenses. In California, penalties for the third
offense rise to over $800. A common theme heard outside California is that penalties are not
high enough to deter violators. Another common experience is that individual judges may
not agree with the fine structure and impose a lessor penalty or worse, allow a substantial
number of offenders to go free. Appropriate actions taken to date have included public
information and staff outreach to familiarize motorists, police, the courts and judges of the
intent of the HOV project and its regulations. The California DOT has gone so far as to
promote public awareness of penalty information on signs on several projects as a means of
managing violations (Figure 4). The number of citations noticeably declined by 61 percent
when fines were posted.

Figure 4
HOV Penalty Notification

CARPOOL
VIOLATION

$246
MINIMUM FINE
Route 55, Orange County, California
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Publlc Attitudes and Education

There are two common HOV violators: those who do it knowingly, risking apprehension, and
those who are uninformed of the restrictions. Single drivers have been known to violate
HOV restrictions and vocalize their deeds in the media or newsprint because they did not
believe in the HOV concept(?). Other violators end up in the HOV lane because they are
legitimately confused about who is eligible and how the facility operates. Either event makes
the role of the enforcement officer more difficult.
Experience with HOV facilities has demonstrated that enforcement is required to develop an
understanding public attitude toward these facilities . The simple presence of a police officer
has a beneficial impact. The level of benefit realized in enforcement can be effected by the
following factors:

•

Is the enforcement unit moving with traffic or is it parked?

•

Where and how frequently are enforcement units observed?

•

Are enforcement units observed issuing citations?

•

Are costs of citations sufficiently high to deter the illegal use of the HOV facility?

Public education has been applied and found helpful for this purpose. Education can go
hand-in-hand in helping sustain a high compliance rate and understanding of the HOV
benefits to all motorists. Public education can elicit more support for, and compliance with,
the regulations needed to sustain locally acceptable project operations. Notifying the public
of enforcement activities can increase the effectiveness of the enforcement effort and can
reduce the commensurate manpower required to achieve compliance goals.
3.

ISSUES ASSOCIATED WITH ENFORCEMENT ACTIVITIES

Experiences from current projects suggest a number of broad issues that deserve attention .
Enforcement issues are so integral to HOV design, development, and operation, it is often
difficult to isolate them. Addressing each seems to have a cumulative effect on meeting
overall goals of acceptable compliance with limited enforcement. Five issue "areas" are
discussed in this Section :
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•

Different agency perspectives and priorities

•

Adequate design provisions for enforcement

•

Public attitudes

•

Adequate penalties

•

Improving enforcement strategies

Different Agency Perspectives and Priorities
HOV projects often need close coordination between the planner, designer and operator.
Input from the enforcement agent is commonly overlooked, especially early in the planning
and development phases of a project. Input, when offered after critical decisions have been
made, can be more difficult to accommodate. State police in northern Virginia cite this as an
issue on both the 1-95 and 1-66 interim extension projects.
Even when enforcement agents are invited to participate, they may lack an understanding of
project objectives and perspective to provide a meaningful response. This was the case
when transitways were first proposed in Houston. A similar situation also occurred when an
operating plan was first proposed for the Charlotte HOV facility on U.S. 74.
Too much involvement from multiple enforcement agents can create an aire of disharmony.
This happened on one project in Orange County when two different state police precinct
jurisdictions overlapped the project limits, and invited representatives from each brought
forth conflicting input for what they felt was needed. On another project, the policing agents
may have been given too much latitude in providing input; their requirements for 14-foot
shoulders adversely affected the project schedule and budget and raised questions if the
project was, in fact, feasible.
Sometimes, there is no clear enforcement agency delineation for this role. As the project
evolves, the agency responsibility is sanctioned by formal agreement. Until this happens
policing jurisdictions may be reluctant to get involved, or seNe in a representative role only
passively as a "bystander".
Even with the best of intentions from a policing agency, higher priorities can leave HOV
needs on the short end of the budget. Few HOV projects have a dedicated enforcement
agency; practically all rely on policing agencies to perform this role in concert with the
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myriad other requirements placed on them. There are a few locations where dedicated
enforcement is provided, but when emergencies arise, police may leave their posts on the
HOV facility. HOV enforcement, unless it is protected by some form of dedicated funding for
extra duty officers, is often a function that is reduced or eliminated when making difficult
trade-offs in resource allocations for competing police service needs.
Perspectives of other agencies can create equally vexing challenges in developing an HOV
facility and operation that is in balance with its enforcement needs. Designers caught up in
the crux of protecting project feasibility by reducing design standards do not always have
the latitude to provide what is needed to manage enforcement. Examples of such trade-offs
can be seen on US 101 in Marin and Santa Clara Counties in California. Retrofitting
additional lanes within highly constrained corridors, where limited right-of-way exists, can
require substantial compromises in desirable design applications. The resulting
configuration sometimes falls short in meeting enforcement needs, reflecting an additional
lane and little else in the way of lateral offsets or available shoulders.
Where widening can facilitate shoulders for enforcement, other constraints may be
responsible for precluding them. Such constraints can include limited available funding or
the need for immediate action, resulting in development of an "interim" project. Route 55 in
Orange County is one such project that would not have been implemented if inside
shoulders had been required. Other projects developed in a similar vain include the 1-95
and 1-66 extension interim projects. To keep costs within budget for the initial Route 55 HOV
project, short enforcement areas were provided in isolated widened segments. When these
proved to be inadequate for enforcement, modifications were made to lengthen them when
funding became available.
Adequate Design Provisions for Enforcement

As mentioned earlier, incorporating point-specific enforcement areas along barrierseparated HOV facilities is usually sufficient to manage enforcement. This is not true of nonphysically separated lanes (either separated by paint stripe or buffer from adjacent traffic).
This issue primarily pertains to this latter design, of which over half the HOV lane mileage in
the U.S. qualifies. A majority of these lanes offer no adjacent shoulder or enforcement area
of any type (including projects in northern and southern California, Seattle, Miami and
Boston). Some projects provide a shoulder that is of nominal width (i.e., an 8 or 10-foot
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width suitable for emergency breakdowns), but not necessarily wide enough, from the
perspective of some policing agencies, for regular enforcement). Providing a wide buffer
width between HOV and general purpose traffic, as is reflected in Los Angeles on 1-1 o and
on 1-91 in Hartford is not always considered safe by enforcement agents due to the
exposure to high speed moving traffic on both sides(6l.
HOV enforcement guidelines dating from 1978(11 ) have emphasized that an HOV lane must
have design provisions for enforcement to be viable. The definition of what these provisions
are has varied interpretations. Based on comments from prior HOV conferences(13, 14, 15),
what has been provided is considered by enforcement agents to generally be insufficient.
Existence of outside, or right hand, shoulders is not deemed satisfactory. This practice
requires hazardous weaves across all lanes, induces additional risk to the violator and
enforcement officer, and slows the ability to effectively enforce the HOV lane.
The lack of some form of safe enforcement area on non-barriered lanes, whether it be at
irregular intervals or continuous, appears to be one of the most frequently criticized aspects
of HOV facility design. One state police sergeant's quote from a recent survey sums up this
attitude:
"The greatest problem we face in enforcement in (our state) is the lack of
areas/facilities or shoulders. It appears that rather than learning from past
mistakes, we are continuing to make them. The latest HOV expansion project
will remove the (outside) shoulder to incorporate an inside (non-separated) HOV
lane. The inside shoulder is inadequate and unsafe for enforcement, but it
appears plans are moving forward despite our objections."
Not all locales reflect such proactive sentiment as projects are implemented. Police apathy
toward HOV facilities without enforcement provisions is another prevailing attitude.
Excessively high project violation rates can be a barometer of this design shortcoming after
the facility has been opened. This attitude should be explored further, and may be grounds
to consider additional improvements to make enforcement easier.
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Publlc Attitudes

The role of enforcement is vulnerable to the same array of public and political perceptions
that routinely affect the HOV concept in general. Implementing an HOV facility and
sustaining its long term viability has been infrequently fraught with a lack of early public
awareness, education, and marketing. This is one factor contributing to the termination of
the Garden State Parkway project several years ago and the Santa Monica diamond lanes in
1976.

As the application of HOV concepts grows and experiences are shared, sensitivity toward
public awareness and marketing has become widely recognized. Fewer instances of this
issue surfacing on newly opened projects have been experienced. Still, politicians
occasionally dabble in specific HOV operation policies and regulations. These matters can
influence enforcement activities. Varying occupancy restrictions by time of day on such
projects as the Katy Transitway and 1-66 in northern Virginia 1-66 can adversely impact
enforcement activities and the level of enforcement required. The Houston police claim that
having different occupancies during various hours of the day complicates their abilities to
enforce. Virginia police apply a grace period surrounding the transition from higher to lower
occupancies on 1-66. California police share similar concerns; on two recent occasions,
California politicians have attempted to override local staff decisions on eligibility regulations
and hours of operation.
Enforcement agents are caught in the middle in such issues. They find themselves in a
reactive role to conditions often beyond their control. They look to the sponsoring agencies
and the potential of public awareness and marketing activities for help.
Adequate Penaltles

As noted in previous Table 2, penalties for HOV occupancy violations commonly rank
equivalent to other minor traffic infractions. Research documents(13,14,15) confirm a general
feeling that HOV penalties are not high enough, in most instances, to offset errant driver
behavior. When respondents were asked what would be a proper first offense penalty,
respondents favored a range of between $50 and $100. Clearly, few current operations
attain this level of penalty. Surveys from prior years appear to indicate that in most states,
penalties have tracked inflation. Only one state--California--has substantially raised
penalties to lofty levels as a deterrent. There is no documentation to ascertain how many

272

California motorists are aware of these penalties and what deterrent the higher fine has
been.
Adequate penalties are only as effective as the traffic courts that uphold them. Where police
have believed in the penalty and actively pursued enforcement activities, their liaison with the
traffic judges has been generally effective in helping uphold penalty statutes.
Improving Enforcement Strategies
The common method of detecting, stopping, and citing violators is time consuming,
expensive, and often unsafe to the offender and officer. Several strategies have been tested
to streamline citation efficiency. Some have proven more acceptable than others. Most
alternative enforcement strategies have focused on the use of either audio recording license
plates for subsequent citation by mail or video photographing of offenders(14,15l. Neither
demonstration can prove satisfactorily that the violator is the vehicle owner, an element
sometimes contested in court. As long as mail-out citations are sanctioned by the legal
system and the officer can vouch for driver identity in court, selected application of audio
and video devices can improve efficiency. So can automating the process of license
checks, printing of summonses, and issuing of citations. The Virginia State Police have
recently received grant money to purchase equipment for this purpose. Automating the
citation process can free up the police officers' follow up time considerably.
Countering visual and procedural efficiencies, certain emerging vehicle features can
obscure visibility. Heavily tinted or mirror finished window glass is preventing visual
inspection of potential violators at high or low speeds. Night visibility, never a good option,
can be further hampered by this problem and compounded by a lack of lighting in the
enforcement area.
Innovative enforcement techniques are improving the efficiency of the citation process.
Demonstrations of such techniques are still limited. Policing agencies have yet to alternative
solutions to the difficulty or risk associated with on-site enforcement activities in most
instances.
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4.

RESOLUTIONS TO ISSUES

Few projects can be found that do not exhibit some weakness in one or more of the above
issue areas. Yet no projects are facing any immediate demise from such issues. The
profession has identified these issues as needing attention. Experiences show some case
study successes in each issue area. This section highlights some of these. This section
also provides some thoughts for future research in support of resolutions.
Agency Perspectives and Priorities: Bulldlng Close Working
Relationships

No one solution will work in bridging the agency perspective gap commonly found between
the planners, designers, traffic engineers, operations staff, and enforcement agents, in
particular. Awareness of each others' turf can help, particularly with respect to agency
limitations and attitudes.
Awareness of the need to involve enforcement agents as equal partners in dialog is a good
starting point. The initiative for seeking enforcement involvement will typically have to come
from the agency(s) performing lead sponsorship of the project. For most projects, this is the
state DOT. Creating an environment in which all participants feel comfortable to provide
meaningful participation-is one element to ensure better communication. Providing
enforcement agents a better understanding of the HOV concept is another. -Many states
and locales now have good information and useful resources to share with enforcement
agencies, explaining the purpose and role of this concept. There are also many good
generic resources, including HOV guidelines from professional transportation organizations.
These include reports and video media from the Institute of Transportation Engineers,
American Association of State Highway and Transportation Officials, Transportation
Research Board, and Federal Highway Administration, among others(1,7,11,13,14,15).
Continuing outreach will be equally beneficial in helping ensure that enforcement agencies
maintain a high priority on their responsibilities. One such strategy is to formalize an
operation team, including representation from enforcement. Team members should be
capable of responding to the changing nature of lane use and enforcement needs. This
may require periodic modifications to specific project design or operation features .
Providing responsiveness to enforcement agents' concerns can foster a close working
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relationship that helps them "buy" into the project. This relationship can protect the project's
longevity during periods when enforcement priorities are reassessed. Similarly, having
enforcement representatives involved in discussions affecting changes in operation policies
can help overcome their resistance to actions that may increase or complicate their duties.
Several case studies can be drawn where good working relationships have evolved. In
California, the state highway patrol is brought in during the planning activities of any HOV
study. Their involvement is considered a requirement for project approval within the DOT.
Enforcement agents offer input and are involved throughout the project development
process. Over time, regional and statewide operation and design policies adopted from
state police needs are "given" criteria for any project. The state police play an active role in
operation management of the lanes, setting enforcement strategies and providing ongoing
feedback to the state DOT. Where selected design treatments and enforcement strategies
have been found lacking, modifications have been undertaken to correct or amend the
condition. To document these findings, several statewide research activities have been
undertaken to ascertain the effectiveness of various enforcement strategies, in order to
establish realistic compliance goals.
In Minneapolis, the 1-394 project is a good example of interagency cooperation in handling
traffic and providing HOV incentives during construction activities. The Minnesota State
patrol was actively involved in project operations. They were an integral member of the
project management team.
In Houston, Texas, the transit police is vested with the responsibility of enforcing HOV
facilities throughout the region. They are members of an operation management team
composed of other representatives of the transit agency and state DOT(15l. Collectively, this
group has the responsibility and authority to manage rules and regulations of the HOV
system. Financial resources are available to make design and operationai changes as
needed to respond to enforcement issues. These enforcement agents, in turn, coordinate
their activities with the other local and state enforcement agencies. Such a management
approach has allowed the enforcement agents to best respond to violations and keep rates
under control as occupancy rules have changed.
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Design Provisions: Bulldlng on Experience

Significant strides have been made in recent years in identifying enforcement design
provisions that appear to be safe and acceptable(16) (Table 3)(1.4,S,7)_ Unfortunately, this
experience has not been widely disseminated, nor been found practical to all situations. The
reluctance to invest more in HOV facilities as a permanent feature of the urban roadway may
be in part, responsible. Guidelines for permanent facilities, in several states (including
Washington and California) reflect design policies that promote the provision of a continuous
adjacent shoulder sufficient to perform enforcement activities on. The acceptable width
varies, but is usually at least 10 feet wide (Figure 5). This provision-allows the greatest
flexibility for enforcement agents to apply a number of apprehension strategies in a safe
fashion.
In cases where continuous shoulders are not feasible, isolated shoulders, or enforcement
areas, are utilized (Figure 6). Again the width and spacing of these is largely a local matter.
In southern California the interval between isolated enforcement areas is every two to three
miles. In New York, a project is being considered with three-mile spacing. These designs,
as noted in Figure 6, can be oriented so as to reduce accident exposure to the enforcement
officer. They can also be designed to offer monitoring capability in both directions of travel.
Adoption of such features and incorporation of these design treatments within the context of
locally accepted practice seems to be a common way this issue is getting resolved.
On other project treatments, including reversible-flow and contraflow lanes and queue
bypass treatments, enforcement pads located at the entrance is increasingly applied
(Figures 7 and 8, respectively) . Although enforcement pads are usually capable of being
accommodated in a project design, their inclusion is sometimes overlooked.
As various designs emerge and are applied, experiences are gained. There is a need at
some point to perform research and document which designs work and under what
conditions. Only then will more uniform applications be appropriate to consider.
Maintaining Favorable Publlc Attitudes

Increasing use of public awareness activities are being applied during the critical early
phases of project opening, when enforcement activities are most visible. Use of newsletters,
marketing, and brochures helping educate the public of the role of the HOV concept and the
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Table 3
Enforcement Provisions Employed by Various HOV Projects
Designated Enforcement Areas
Full
Shoulder(s) At Entrance
or Wide
or
Along Designated
Self
Termination Guideway Pad(s)
Enforcement
Buffer

Citation
No
by Mail
Provisions

REVERSIBLE (Barrier-Separated)
Houston, TX
1-45 (North)
1-45 (GulQ
US-290 (tWvJ
1-10 (Katy)
Virginia (Washington, D.C.)
1-395 (Shirley)
1-66
San Diego, CA, 1-15
Pittsburgh, PA, 1-279
Minneapolis, MN, 1-394

X
X
X
X

X
X

X
X
X
X

X
X

X
X

X

1WO-WAY
Barrier-Separated
Los Angeles, CA, 1-1 O (El Monte)
Orange County, CA, 1-5 (Proposed)
Hartford, CN, 1-91
Buffer-separated and Nonseparated
LA/Orange County
1-405
SR91
Santa Clara County, CA, US 101
Marin County, CA, US 101

X
X
X

X
X

x1

X
X

X

X
X

Seattle, WA
1-405
SR520
1-5

X
X
X

N. Virginia, 1-95
Miami, FL, 1-95
Phoenix, AZ, 1-10

X
X

X
X
X
X
X
X

CONTRAFLOW
New Jersey, Route 495
New York City, NY, Route 495
(LIE)
New York City, NY, Gowanus

X

X

X
X

1A short portion of this project has a wide buffer separation, but this area is not used for enforcement. Continuous shoulders are not
available in ail sections.

Source: Reference 7.
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Figure 5
High-Speed Enforcement Areas
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FREEWAY

Figure 6
Typical Layouts for Designated High-Speed Enforcement Areas
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Figure 7
Opportunities for Low-Speed Enforcement Areas on Reversible-Flow HOV Facilities
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Figure 8
Typical Layouts for HOV Bypasses on Shared Ramps
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role of enforcement are appropriate. Good sample material is reflected in project operations
in Hartford, Connecticut (Figure 9) and project planning in Seattle, Washington (Figure 1O),
respectively. Such material should target specific markets and issues that are locally
important. Police agencies generally feel distribution of this information can reduce the
amount of on-site presence needed.
Maintaining favorable attitudes toward enforcement can be critical to the project's success.
Some form of public awareness and education activity should be considered in perpetuity.
This is one of the primary reasons that the HERO program is maintained in the Seattle
area(9l. It continues to involve the public in the role of enforcing the HOV facility, and the
perception of the public is that this involvement is worthwhile and promotes compliance.
Public perceptions toward enforcement are thereby enhanced by this program.
Penaltles: WIii a Larger Stick Help?

It is not clear whether the California approach of aggressively raising penalties will have the
desired effect on all statewide projects in thwarting violators. Certainly, doing this and
advertising the penalties, taken collectively, seems to have helped the state police manage
violation rates on Route 55 in Orange County. However, other factors including perceived
use of the facility, presence of enforcement, and the facility design may have an equally
important role in regulating the number of violators. There is little correlation in the penalties
applied and violation rates experienced on projects arrayed in previous Table 2.
Possibly a more appropriate question that should be asked in each locale is what penalty
the public would support and traffic court system would be willing to uphold. With proper
education and awareness, the police and court system may be willing to enforce higher
fines associated with this type of violation. Model ordinances are available in at least one
reference(11 l.
More research into the effectiveness of penalties would be meaningful. Currently, a wide
array of penalties are prevalent from one project to another. With few exceptions, revenue
from penalties is seldom recycled directly back into enforcement or evaluation activities.
California is one exception, in which revenues are transferred to counties, which in some·
cases, are applying these toward dedicated HOV enforcement programs.
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The HOV lanes are a 'Iransportation Management Program
of the Connecticut Department of 'Iransportation
and the Federal Highway Administration.
Reprinted from Connecticut DOT Newsletter on Hartford HOV Lanes, September 1989.
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Figure 10
Public Awareness Bulletin from Seattle, Washington
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ccupancy

Vehicle
STUDY
ConslrucUon Begins
on HOV Lanes
Interstate 5 travelers in South
King County will receive some

welcome traffic congestion relief
this summer, in the form of new
high-OCCupaocy vehicle (HOV)
lanes.
Nonhbound, a new HOV lane will
begin at S. 272nd and end at S.
200th. Southbound, CaipOOlers,
vanpoo lers aod bus riders will
access a new HOV lane south of
the KlickiiavSouthcenler on-ramp.
The southbound HOV lane will
end at SR 516.
To avoid adverse environrnenllll
impacts, the new lanes are being
collSIJUCted by widening the inside
of the existing north wd
.
soulhbound roadways.
CoMl'UCtion activities include the
widening of three-bridges,
excavating the shoulder and paving
full-depth for the new "51h lane".
Bridge widening, which requires
the construction of additional
footings, has alread;r begun.
Excavating and pavmg should
begin in hue siruig and is
scheduled 10 minimize peak-hour
traffic disruptions.

lll'III 111111 Al:tlvlllD IIIRlllata
HOV IIICIIIIIII
The fact that these HOV lanes are
being built at lhi.s l.imc is a

teslimony to citizen activism and
intergovernmental coope.ralion.
Long-range WSDOT plans call
for the construction of continuous
HOV laoes between Seattle and
Tacoma. However, lhat tentative
schedule indicated that
construction of HOV lanes
between Federal Way aod
Soulhceniu, the most congested
segment of the corridor, would
DOI be completed, al the earliest,
until 19')
"Not good enough" was the loud
and long respome of SHOVE Southend High Occuparicy
Vehicle Enthusiasts. Armed with
reams of petitions, acore group of
SHOVE members gathered over
2,000 signarures fiom people
willing 10 support new HOV
lanes, even if Iha! meant
converting I-S general purpose
lanes to HOV lanes 10 get them.

s.

SHOVE organii.e,s followed their
petition drive with a leuer writing
campaign to Secretary of
Transponation Duane Bcrcn.tson
and Representative Ruth Fisher,
Cliair of the House Transportation
Committee. Their message was
clear and succlnct - "give us HOV
lanes - NOW!"
(see Ill'-.. on back}-

truck climbing lane, congestion
through the I-5/I-405 interchange
area should be lessened

Study
Recommendattons
Submitted to
Steering Committee
In the last issue of The Bulletin,
you read about some of the

traruporlalion strategies being
evaluate(! by the I-5 South HOV
Snldy Team for l)()IWial
implementation 6etween
Lakewood in Tacoma and
downtown Seattle.
These Slrategics included
narrowing lanes on I-5 to allow
for adding new HOV lanes,
converting existing lanes to HOV
lanes, constructing revmible
"express lane&", restricting truck
traffic and promoting ~wed
HOV travel.
Evaluation of those, and other,
s1ra1egies has recently been
completed. The following draft
recotlrDelldations were presented
to the I-5 South HOV Study
Steering Committee on Feb. 14.
Elpll~ 1111V I.DI lylllm,

CIISll'ICI I TPlli l:loilll lul
The HOV lanes currently under
construction and scbeduled to
open in August of 1991 begin
nonhbound at S. 272nd and
extend to S. 200th. The study
team I\'ICOlllIDClld that the lane
begin at S. 336th wd extend
nonh past S. 188th Street
In the southbound direction,
construction is underway for an
I-5 HOV lane between
Klickital/Southcelller on;amp and
Highway S16. The study team
recommends tllal atruck climbing
lane also be constructed between
Klickitat and S. 1881h SL It is
anticipated that with the oombinalion of a new HOV lane and 1

Source: 1-5 South HOV Study Project Data.

284

L-r,1H1d
!K•• HOV Lanae CurrenUy
,II1 Under Con11rucllcn

I

=
I

Recommendltd

HOV Lane Extenelon•
Recommendltd
Truell Cllmblng Lane

- • tb 'flaw" lymm

The "Flow" System - a set of
traffic management teclmiques
currently used on I-5 north of

downtown Seattle •· is
reoororoewit implemeDlation in
the study corridor. These traffic
management teclmiques include
variable-message highway signs,
closed circuit television cameras,
ramp meters (stop-and-,to signals
at entrances to I-5) and 1DCiden1
management teams.
When the Flow System was
implemcrued on I-5 nonh of
dowru.own Seattle, vehicle speeds
through the congested corridor
increased 15% in the am. and
25% in the p.m. while accidents
decreased 40%.
The Flow System promises
particular advantages for Pierce
County travelers, as accldentS on
I-5 in the downtown Tacoma area
are two to three times the
WashinglOn State interstate
average. Most of these accidents
are sideswipes, rear end and
"fixed-object" accidents, often
caused by unbroken lines "pl8IOOIIS" - of traffic merging
onto Ille freeway.
(see IIClallllllllll... on back)

More Efficient Enforcement Strategies

The advent of sophisticated electronics still limits police in their ability to more effectively see
occupants inside vehicles. The state of the art is improving. Automation of the citation
process is more easily feasible. However, state statutes in some locations inhibit ticket by
mail and other more efficient strategies for face-to-face apprehension. Virginia changed the
state statute to permit citations of occupancy violations by mail. Visual inspection and
automated ticket by mail allows police there to be more efficient. This process does not
substitute for in all instances, and there is some percentage of cases that are not accepted
by the courts, but there are clearly some techniques that have demonstrated higher level of
efficiencies. Accordingly, Washington is now pursuing a similar state statue that would allow
ticket by mail on projects in the Seattle area.
Laws are being drafted in several states that would outlaw the use of mirrored windows on
vehicles. This is one method of easing the difficulty of seeing inside vehicles. Other, more
sophisticated electronic devices may also be tested shortly.
Wider application of automated processing equipment, vehicle identification (AVI), and
intelligent vehicle/highway systems (IVHS) may open opportunities for more widespread
efficiencies to be applied. Several projects in the past, including the 1-45 contraflow lane in
Houston and 1-1 O El Monte busway in California, have authorized eligible vehicles by
windshield mounted permit. This process allowed some control over who was eligible.
Such a method is most amenable to AVI technology that identifies and records each user.
Documentation of current demonstrations, with particular focus on the Virginia experience, is
needed. No tests are currently being proposed or conducted in this area. Perhaps interest
in AVI or !VHS research can be focused on this issue as well.
5. CONCLUSIONS

Enforcement continues to play a key role in the operational viability of an HOV project.
Enforcement representatives continue to find frustration in not being involved in project
decisions until too late. Differences in agency perspectives and priorities, perceptions of the
public, and a lack of enforcement provisions all contribute to less than desirable violation
rates on many projects.
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Apprehension strategies are expensive, sometimes unsafe, and in relative terms of the state
of the art, quite primitive on most projects. Face-to-face contact is the norm when detecting
and citing violators. The legal system frequently limits officers in their abilities to apply state
of the art technology.
Resolutions to these issues are complex, and largely interrelated with the broader objectives
that should be pursued in HOV projects. These include planning and operating a project
from the direction of an interdisciplinary team that includes enforcement and public
awareness components.
Success stories for most enforcement issues can be found. Following are trends that have
been identified:

•

Close interagency working relationships with enforcement agencies have been formed,
particularly in areas where the greatest concentration of HOV systems are located. As
this happens, the police begin playing a broader role in the day-to-day operation
management of the system.

•

Non-barriered lanes that encourage violators will continue to be popular among
designers because they are most easily adapated into a freeway. However, designs
incorporating adequate enforcement areas will become more widespread. Most new
guidelines being published address the need for enforcement areas for all types of HOV
facilities and provide design guidelines for their application.

•

There are increasing commitments being made to the role of public awareness and
education, both during the planning and implementation process and after a project
opens. Such programs help instill a sense of purpose and support to the concept in
general, and to enforcement in particular.

•

Strategies for detection, apprehension and citation by more automated means will
become more widespread in selected areas. These will not substitute for conventional
apprehension techniques in all cases. Citation by mail appears to be the best near term
option at improving enforcement efficiency. Automating the ticketing process can
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substantially improve efficiency. Future innovations in AVI and IVHS may offer still
further potential toward more efficient HOV enforcement.
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Jess Abed
Shannon & Wilson, Inc.
400 N. 34th Street
Box 30313
Seattle, WA 98103
206/632-8020

Martin W. Baker
Seattle Metro
Exchange Bldg
821 2nd Avenue, MS 51
Seattle, WA 98104
206/684-1652

David P. Beal
Seattle Metro
821 Second Avenue
MS-51
Seattle, WA 98104
206/684-1883

Mujib Ahmed
Alpha Engineer, Inc.
16040 Christensen Road
Seattle, WA 98188
206/248-1412

Pasco Bakotich, III
Washington State DOT
5720 Capitol Blvd.
Tumwater, WA 98502
206/357-2651

Stephen Albert
Houston Metro
P.O. Box 61429
Houston, TX 77208-1429
713/739-4078

Morgan Balogh
University of Washington
Dept. of Civil Engrg.
FX-10
Seattle, WA 98195
206/685-2481

Harry D. M. Beere
Reg. Municipality of
Ottawa
111 Lisgar Street
Ottawa, Ontario,
CANADA
613/560-1296

Randi Alcott
Reg. Pub. Trana. Authority
505 N. 2nd Street
Suite 365
Phoenix, AZ 85004
602/256-0996

Mark Bandy
Washington State DOT
811 East Roanoke
Seattle, WA 98102
206/464-7592

Lois R. Anderson
Washington State DOT
Transportation Building
KF-01
Olympia, WA 98504
206/753-3984
Ronald Q. Anderson
Washington State DOT
15325 SE 30th Place
Bellevue, WA 98007
206/562-4000
Jacob Antebi
City of Dallas DOT
1500 Marilla, LlE-N
Dallas, TX 75201
214/670-3267
Robert D. Aye
Washington State DOT
15325 SE 30th Place
Bellevue, WA 98007
206/562-4000
Jerry D. Ayres
Washington State DOT
Transportation Building
Olympia, WA
98504
206/753-6644
Stephen J. Bahler
FHWA
Suite 490, Metro Sq. Bldg.
KF-01
St. Paul, MN 55101
612/290-3259

Dan Barnes
Houston Metro
3700 W. Clay, #230
Houston, TX 77019
713/739-4649

George Benson
Seattle City Council
1113 Municipal Building
Seattle, WA 98104
206/684-8801
David B. Berg
Washington State DOT
15325 SE 30th Place
Bellevue, WA 98007
206/562-4000
Duane Berentson
Washington State DOT
Transportation Building
Olympia, WA 98504
206/753-6054

David E. Barnhart
LA County Trana. Comm.
818 W. Seventh St.
Suite 1100
Los Angeles, CA 90017
213/236-9516

Mike Bergman
Seattle Metro MS-64
821 Second Avenue
Seattle, WA 98104
206/684-1593

Herman Baamaciyan
Basmaciyan-Darnell, Inc.
17701 Mitchell North
Suite 101
Irvine, CA 92714
714/474-1131

John H. Bergerson
ICF Kaiser Engineers
801 Second Avenue
Suite 311
Seattle, WA 98104
206/623-7626

Valerie Batey
Seattle Metro
Environ. Compliance Div.
821 Second Avenue
Seattle, WA 98104
206/684-1418

Wayne Berman
FHWA
400 7th Street, SW
Room 3419
Washington, DC 20590
202/366-4069

Anoop Batra
Alpha Engineers, Inc.
16040 Christensen Rd #305
Seattle, WA 98188
206/248-1412

Timothy A. Bevan
CH2M Hill
777 108th Avenue, N.E.
Bellevue, WA 98009
206/453-5000

Paul Bay
BRW, Inc.
700 Third Street South
Minneapolis, MN 55369
612/370-0700

Ellen N. Bevington
Seattle Metro
821 Second Avenue
MS-51
Seattle, WA 98104
206/684-1636
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Brian Bierwagen
HDR Engineering, Inc.
11225 S.E. Sixth Street
Building c, #200
Bellevue, WA 98004-6441
John w. Billheimer
Systan, Inc.
343 Second Street
Los Altos, CA 94022
Michael R. Birdsall
Birdsall & Associates
25713 SE 164th Street
Issaquah, WA 98027
206/392-7062
Victor H. Bishop
Trans. Planning & Engrg.
2101 112B Ave. NE #110
Bellevue, WA 98004
206/455-5320
Lawrence w. Blain
Puget Sound COG
216 First Avenue South
Seattle, WA 98104
206/464-5402
Ronald E. Bockstruck
Sverdrup Corporation
P.O. Box 369
Bellevue, WA 98009
206/454-9562
John A. Bodoia
King Cty Public Works
Roads Div, Room 956
King Cty Admin. Bldg
Seattle, WA 98104
206/296-6545
John P . Boender
Min. of Trans & Public
Works
Trans & Traffic Res.
Boompjes 200 Rotterdam,
THE NETHERLANDS
3110 4026769
Ron Borowski
City of Seattle
RM 200, Municipal Bldg.
Seattle, WA 98104
206/684-8056
Richard P. Braun
Center for Trans. Studies
500 Pillsbury Drive SE
Mpls., MN 55455-0220
612/626-1077
Briglio
Washington State DOT
15325 SE 30th Place
Bellevue, WA 98007
206/562-4000

Jeffrey R. Brooks
FHWA
211 Main Street
Suite 1100
San Francisco, CA
415/744-2647

94105

Harold J. Brown
FHWA, NY Div.
Leo O'Brien Bldg.
9th Floor
Albany, NY 12207
518/472-3616
Janice W. Brown
FHWA
Capitol Way, Suite 501
Olympia, WA 98501
206/753-9555
Scotty A. Bruce
Santa Clara Cty. Trans.
Agency
1570 Old Oakland Road
San Jose, CA 95131
408/299-7932
Robert P. Caldwell
Washington State DOT
15325 SE 30th Place
Bellevue, WA 98007
206/562-4000
Vicki Cannard
Pierce Transit
P.O. Box 99070
Tacoma, WA 98499
206/581-8129
Donald G. Capella
Parsons Brinckerhoff
505 s. Main Street
Orange, CA 92668
714/973-4880
James L. Cardwell
Santa Clara Cty. Trans.
Agency
1570 Old Oakland Road
San Jose, CA 95131
408/299-7932
Milton S.E. Carrasco
PBK Engineering LTD
#200 2150 W. Broadway
Vancouver, BC, V6Y 1M3
CANADA
604/736-5421
Donna R. Carter
Frank Wilson & Associates
23332 Millcreek Drive
Suite 155
Laguna Hills, CA 92653
714/588-1124
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Owen Carter
Snohomish Cty Pub Works
3000 Rockefeller Ave.
Everett, WA 98201
206/388-6203
Katherine G. Casseday
City of Kirkland
123 5th Avenue
Kirkland, WA 98033
206/828-1214
A. Frank Cechini
FHWA
P.O. Box 1915
Sacramento, CA 95812
916/551-1297
A.R. Chamberlain
Colorado Dept. of Highways
4201 E. Arkansas Avenue
Denver, co 80222
303/757-9201

Gordon F.W. Chan
British Columbia Transit
1200 W. 73rd Avenue
Vancouver, BC, V6P 6M2
604/264-5000
Charles W. Chappell
FHWA
capitol Way
Suite 501
Olympia, WA 98501
206/753-9485
Frank Cherutti
Ministry of Trans, Ontario
1201 Wilson Avenue
Downsview, Ontario, M3M1J8
CANADA
416/235-5030
Stanley Ching
Parsons Brinckerhoff
999 Third Avenue
Suite 801
Seattle, WA 98104
206/382-5200
Ted Chira-Chavala
ITS
Univ. of CA, Berkeley
109 McLaughlin Hall
Berkeley, CA 94720
415/642-3559
Dennis L. Christiansen
TTI
Texas A&M University
College Station, TX 77843
409/845-1535

R. Andrew Clapham
Boeing Engrg & Constr.
Boeing Support Ser. P.O.
Box 3707, MS 13-03
Seattle, WA 98124-2207
206/544-6002

Michael J. Delsey
IBI Group
240 Richmond Street, West
Toronto, Ontario, MSV lWl
CANADA
416/596-1930

Terry L. Ebersole
UMTA
915 Second Ave.
Suite 3142
Seattle, WA 98174
206/553-4210

Elsa U. Coleman
City of Portland
1150 SW 5th Avenue
Room 730
Portland, OR 97204-1987
503/796-5185

Gary F. Demich
Washington State DOT
P.O. Box 1709
Vancouver, WA 98668-6720
206/696-6621

Dennis P. Eckhart
FHWA
Capitol Way, Suite 501
Olympia, WA 98501
206/753-9552

Lori A. Diggins
COMSIS Corp.
2615 Pacific Coast Hwy
#330
Hermosa Beach, CA 90254
213/372-7989

Richard Edgar
Orange Cty Transp. Comm.
1055 N. Main St.,
Suite 516
Santa Ana, CA 92701
714/541-7850

Jerry A. Dow
DSV International
5819 E. Mercer Way
Mercer Island, WA 98040
206/232-6897

Gary w. Edson
Metro Dynamics
1535 Fairway Green Circle
San Jose, CA 95131
408/441-1514

Ken Driggs
Reg. Pub. Trans. Authority
505 N. Second Street
Suite 365
Phoenix, AZ 85004
602/256-0996

Jennifer Ellis
Min of Energy, Mines
& Petrol
617 Govern. St., Room 401
Victoria, BC, V8V 1X4
604/356-2144

Evan P. Dust
Kittelson & Associates,
14575 Bel-Red Road
Suite 102
Bellevue, WA 98007
206/641-5848

Donald J. Emerson
UMTA
400 7th Street, SW
Washington, DC 20590

Erik Collett
Daniel Mann Johnson
910 15th Street
Suite 500
Denver, co 80202
303/892-1300
Charles E. Collins
TxDOT
125 E. 11th Street
Austin, TX 78701
512/483-3653
John F. Conrad
Washington State DOT
Transportation Building
Olympia, WA 98504
206/753-4776
Vinh Q. Dang
Washington State DOT
15325 SE 30th Place
Bellevue, WA 98007
206/562-4000
Larry w. Carnes
FHWA
400 7th St., SW
Room 3419
Washington, DC 20590
202/366-5465

Bruce Duvall
Snohomish Cty Pub. Works
3000 Rockefeller Ave.
Everett, WA 98201

Mike Davis
BC Transit - Victoria
520 Gorge Road E.
Victoria, BC,
V8W 2P3
CANADA

Sondra L. Earley
Seattle Metro
821 Second Avenue
MS-51
Seattle, WA 98104
206/684-1633

Pete E. DeLeyser
Metro Transit
1975-124th Ave N.E.
Bellevue, WA 98005
206/684-2515
Michaels. Della Rocca
Parsons Brinckerhoff
830 Bear Tavern Road
West Trenton, NJ 08628
609/882-4300

John Eastman
N.D. Lea Consult., LTD
1455 W. Georgia St.
Vancouver, BC, V6G 2T3
CANADA
604/685-9381
Charles K. Eaton
Arizona DOT
2055 S. 17th Avenue
Phoenix, AZ 85020
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Lorena E. Eng
Washington State DOT
15325 SE 30th Place
Bellevue, WA 98007
206/562-4000
David H. Enger
Transportation
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Engrg
2101 112th Avenue NE
Suite 110
Bellevue, WA 98004
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Marvin L. Essex
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555 Zang Street, Room 250
Lakewood, CO 80228
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Susan L. Everett
Washington State DOT
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Bellevue, WA 98007
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Jerry M Fay
Transp. Impr. Board
Transp. Bldg. KF-01
Olympia, WA 98504
206/753-7199
Matt Feeney
Snohomish Cty Trans
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Lynwood, WA 98036
206/672-0674
Rob Fellows
Washington State DOT
15325 SE 30th Place
District l
Bellevue, WA 98007-6538
206/562-~000
Ross A. Fenton
HDR Engineering, Inc.
11225 S.E. Sixth Street
Building C, #200
Bellevue, WA 98004-6441
206/453-1523
Loyd Fergestrom
Washington State DOT
Transportation Building
Room 1C20
Olympia, WA
206/753-6634
Edward L. Fischer
FHWA
IN Center, Suite 600
222 S.W. Columbia
Portland, OR 97201
503/326-2071
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Suite 900
Orange, CA 92668
714/973-4880

Paul Grant
Shannon & Wilson, Inc.
400 N. 34th Street
Suite 100
Seattle, WA 98103
206/632-8020

William R. Garing
Washington State DOT
15325 SE 30th Place
Bellevue, WA 98007
206/562-4000

Eugene D. Griffith
Cobb Community Transit
10 East Park Square
Marietta, GA 30090-9612
404/425-9182

Helen E. Gault
Ottawa Carleton Reg
Trans Comm
1500 St. Laurent Blvd.
Ottawa, Ontario, KlV 7C6
CANADA
613/741-6440

Sheila M. Groves
Simon Fraser Univ.
Burnaby, B.C., V5A 1S6
CANADA
604/291-4318

Charles A. Fuhs
Parsons Brinckerhoff
505 s. Main Street

Miguel Gavino
Washington State DOT
15325 SE 30th Place
Bellevue, WA 98007
206/562-4000
David R. Gehr
Virginia DOT
1401 East Broad St.
Richmond, VA 23219
804/786-2711
Jeffrey A. Georgevich
MTC
101 8th Street
Oakland, CA 94607
415/464-7820

Ronald J. Fisher
UMTA
400 7th Street, SW
Washington, DC 20590
202/366-4995

Mike Giaramita
Houston Metro
3700 W. Clay
#230
Houston, Texas
713/739-4649

Michael Forbis
Washington State DOT
811 East Roanoke
Seattle, WA 98102
206/464-7592

Charles E. Gibson
Transp Improvement Board
Transp Building KF-01
Olympia, WA 98504
206/586-6262

H. Jonathan Frank
Barrier Systems, Inc.
Canfield Road
Essex, CT 06426
203/767-0534

Eric Gleason
Seattle Metro MS-64
821 Second Ave.
Seattle, WA 98104
206/684-1484

Christine M. Fueston
Spokane Transit Authority
1230 W. Boone
Spokane, WA 99201
509/325-6000

Donna M. Gordon
King County Roads Division
956 Administration Bldg
500 - 4th Avenue
Seattle, WA 98104
206/296-6547
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Jim Guenther
Washington State DOT
15325 S.E. 30th Place
District l
Bellevue, WA 98007-6538
206/562-4097
Kevin A. Haboian
Parsons Brinckerhoff
505 s. Main Street
Suite 900
Orange, CA 92668
714/973-4880
Randy Hain
Washington State DOT
15325 S.E. 30th Place
District 1
Bellevue, WA 98007-6538
206/562-4097
Paula J.C. Hammond
Washington State DOT
5720 Capitol Blvd.
Tumwater, WA 98502
206/357-2630
Tom Hamstra
Washington State DOT
15325 S.E. 30th Place
District 1
Bellevue, WA 98007-6538
206/562-4000
Einer I. Handeland
Tudor Eng. Company
801 Second Avenue
Suite 516
Seattle, WA 98104
206/682-4915
Tom Hanson
Washington State DOT
Transportation Building
MS: KF-01
Olympia, WA 98504
206/586-2400

Patrick H. Hare
MD Nat'l Park & Plng.
8787 Georgia Avenue
Silver Spring, MD 20017

Robert Huddy
SCAG
818 W. 7th St 12th Floor
Los Angeles, CA 90017
213/236-1800

Stephen L. Jacobson
Washington State DOT
P.O. Box 1709
Vancouver, WA 98668
206/696-6347

Randy Hart
Washington State DOT
Transportation Building
Room 3013
Olympia, WA 98504
206/753-4853

Frank Huerta
Houston Metro
5700 Eastex Freeway
Houston, Texas 77026
713/635-4000

Bill James
Washington State DOT
15325 S.E. 30th Place
District 1
Bellevue, WA 98007-6538
206/562-4000

Bob Hauck
Houston Metro
3700 W. Clay, #230
Houston, Texas 77019
713/739-4649

George E. Human
City of Richardson
P.O. Box 830309
Richardson, TX 75083
214/238-4243

Emmett w. Heath
Seattle Metro
821 2nd Avenue
Seattle, WA 98104
206/684-1953

Mika Imori
Seattle Metro
821 Second Ave MS-60
Seattle, WA 98104
206/684-1527

John L. Heilman
OH-KY-IN Reg. COG
801 B. West 8th street
Suite 400
Cincinnati, OH 45203
513/621-7060

Lawrence H. Ingalls
Community Transit
8905 Airport Road
Everett, WA 98204
206/356-2712

Timothy A. Henkel
Minnesota DOT
3485 Hadley Avenue North
Oakdale, MN 55128

Dennis B. Ingham
Washington State DOT
Transportation Bldg.
Olympia, WA 98504
206/753-7355

Kirn c. Henry
Washington State DOT
15325 SE 30th Place
Bellevue, WA 98007
206/562-4000

Juanita M. Jackson
Washington State DOT
5720 Capitol Blvd.
Tumwater, WA 98502
206/357-2644

Chris J. Hill
Castle Rock Consultants
18 Liberty Street SW
Leesburg, VA 22075
703/771-0020

Eldon Jacobson
Univ. of Washington
Dept. of Civil Engrg.
FX-10
Seattle, WA 98195
206/685-2481

Arny Ho

Commuter Trans. Service
3550 Wilshire Blvd.
Suite 300
Los Angeles, CA 90010
213/365-6822

Jim Jacobson
Seattle Metro
821 Second Avenue
Seattle, Wa 98104
206/684-1614

Robert E. Holcomb
Washington State DOT
P.O. Box 9327
Olympia, WA 98504
206/357-2601

Kern L. Jacobson
Parsons Brinckerhoff
999 Third Ave Suite 801
Seattle, WA 98166
206/382-5239

Lenwood B. Howell
DeLeuw, Cather & Company
1109 let Avenue
suite 206
Seattle, WA 98101
206/467-6072

Leslie N. Jacobson
Washington State DOT
4507 Univ Way NE Suite 204
Seattle, WA 98105
206/543-3331
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William I. James
HNTB
600-108th Ave. NE
Suite 405
Bellevue, WA 98004
206/455-3555
Tanya R. Jirnale
Seattle Metro
821 Second Avenue MS-51
Seattle, WA 98104
206/684-1853
Ken B. Johns
Fluor Daniel, Inc.
3333 Michelson Drive
Irvine, CA 92730
John E. Johnson
Washington State DOT
15325 S.E. 30th Place
District 1
Bellevue, WA 98007-6538
206/562-4000
Kathleen C. Johnson
Coral Sales Company
P.O. Box 577
Clackamas, OR 97015
503/661-0756
Robert A. Josephson
Washington State DOT
15325 SE 30th Place
Bellevue, WA 98007
206/562-4000
Eileen Kadesh
Seattle Metro, MS-64
821 Second Avenue
Seattle, WA 98104
206/684-1600
William H. Kappus
FHWA, Oregon Division
530 Center Street, NE
Salem, OR 97301
503/399-5749
Hal Kassoff
MD St. Hwy Admin.
707 N. Calvert st.
Baltimore, MD 21203
301/333-1111

Bradley Keazer
FHWA
450 Main Street
Room 635
Hartford, CT 06103
203/240-3704

Jodi Koehne
Univ. of Washington
Dept. of Civil Engrg.
FX-10
Seattle, WA 98195
206/685-2481

Glen R. Leicester
BC Transit
1200 West 73rd Avenue
Vancouver, B.C., V6P 6M2
CANADA
604/264-5228

Brian K. Kemper
Seattle Eng. Dept.
Municipal Bldg.
600 Fourth Avenue
Seattle, WA 98104-1892
206/684-5096

Ronald B. Kuchenreuther
Seattle Metro
821 Second Avenue MS-51
Seattle, WA 98104
206/684-1648

Steven Z. Levine
TxDOT
P.O. Box 1386
Houston, TX 77251-1386
713/869-4571

Clifford L. Kurtzweg
Washington State DOT
15325 SE 30th Place
Bellevue, WA 98007
206/562-4000

David M. Levinsohn
COMSIS Corporation
8737 Colesville Road
Silver Spring, MD 20910
301/588-0800

Johannes W. Kurz
Snohomish Cty Pub Works
2930 Wetmore Avenue
Everett, WA 98201
206/388-3488

Wayne H. Lewis
HQ Reports
2672 Point Grey Road
Vancouver, B.C., V6K lA5
CANADA
604/737-8136

David J. Kimmett
Ministry of Trans.
335 Counter Street
Postal Bag 4000
Kingston, Ontario,
K7L 5A3
CANADA
613/545-4747
Timothy B. King
CH2M Hill
777 108th Avenue, N.E.
Bellevue, WA 98009
206/453-5000
Ron R. Klusza
California DOT
120 s. Spring Street
Los Angeles, CA 90012
213/620-3264
Theodore c. Knappen
Greyhound Lines, inc.
1101 14th Street, N.W.
Suite 1201
Washington, D.C.
20005
202/347-3827
John Knodell
City of Bellevue
11511 Main Street
Bellevue, WA 98009
206/453-4877
Ken Knutson
Univ. of Washington
Dept. of Civil Engrg.
FX-10
Seattle, WA 98195
206/685-2481
Steven T. Kodama
Lavalin Engineers, Inc.
2235 Sheppard Avenue
East Willowdale, Ont,
CANADA
416/756-1333

Michael T. Lambert
ICF Kaiser Engineers
Four Gateway Center
12th Floor
Pittsburgh, PA 15222-1207
412/644-3100

James R. Lightbody
Santa Clara Cty Trans.
1570 Old Oakland Rd.
Suite 202
San Jose, Ca 95131
408/299-3141

Larry L. Langer
Arizona DOT-Urban Highways
205 S. 17th Avenue
Mail Drop 614E
Phoenix, AZ 85007
602/255-7545

Jeffrey A. Lindley
FHWA
211 Main Street Room 1100
San Francisco, CA 94105
415/744-2659

Jack Lattemann
Seattle Metro MS-64
821 Second Avenue
Seattle, WA 98104
206/684-1647

Greg Lippincott
Washington DOT
Transportation Bldg.
Olympia, WA 98504
206/586-9198

Greg B. Lawrence
Swedish Hospital
747 Summit Avenue
Seattle, WA 98104-2196
206/386-2235

Ysela Llort
Virginia DOT
3975 Fall Ridge Drive
Fairfax, VA 22033
703/934-7305

David Lee
Snohomish Cty Pub. Works
3000 Rockefeller Ave.
Everett, WA 98201
206/388-6203

Richard C. Lockwood
Virginia DOT
1401 E. Broad Street
Richmond, VA 23219
804/786-2964

Bill Legg
Washington State DOT
4507 University Way, NE
Suite 204
Seattle, WA 98105
206/543-3332

Timothy J. Lomax
TTI
Texas A&M University
College Station, TX 77843
409/845-1535
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Dean c. Lookingbill
Intergovern Res. Ctr.
1351 Officers Row
Vancouver, WA 98661
206/699-2361
Donald Loseff
University of Washington
Dept. of Civil Engrg.
FX-10
Seattle, WA 98195
206/685-2481
Donna Y. Lott
Cal if. Air Resources Board
P.O.Box 2815
Sacramento, CA 95616
Jim Lutz
Washington State DOT
15325 S.E. 30th Place
District 1
Bellevue, WA 98007-6538
206/562-4097
William B. MacCully
Community Transit
8905 Airport Road
Everett, WA 98204
206/348-7100
Leonard D. Madsen
Seattle Metro
821 Second Avenue
MS-51
Seattle, WA 98104
206/684-1604
Andrea Maillet
Seattle Metro MS-60
821 Second Avenue
Seattle, WA 98104
206/684-1526
Robert E. Maki
Michigan DOT
425 West Ottawa
P.O. Box 30050
Lansing, MI 48909
517/373-2247
Karen L. Martin
Metro MS-60
821 Second Avenue
Seattle, WA 98104
206/684-1543
Robert T. Maruska
HNTB
600 - 108th Avenue NE
Suite 405
Bellevue, WA 98004
206/455-3555

S. Stuart Maynes
Min. of Trans. & Hwys
7878 6th Street
Barnaby, B.C., V3N 4N8
CANADA
604/660-8221

Abi Mogharabi
DKS Associates
2700 N. Main Street
Suite 900
Santa Ana, CA 92701
714/543-9601

Douglas McCorquodale
Ottawa Carleton Reg Trans
1500 St. Laurent Blvd.
Ottawa, Ontario, KlV 7C6
CANADA
613/741-6440

Martin J. Monahan
FHWA
18209 Dixie Highway
Homewood, IL 60430
708/206-3218

Ronald D. Mccready
Puget Sound COG
216 First Avenue, South
Seattle, WA 98104
206/464-6174
Jonathan D. McDade
FHWA
Leo O'Brien Federal Bldg.
Room 719
Albany, NY 12207
518/472-4253
Allan D. McDonald
Washington State DOT
P.O. Box 1709
Vancouver, WA 98668
206/696-6335
Don McDowell
C-TRAN
P.O. Box 2529
Vancouver, WA
206/696-4494

98668

Renee N. Montgelas
Governor's Office
Insurance Bldg.
AQ-44
Olympia, WA 98504
206/586-0829
Mark H. Morse
Washington State DOT
15325 SE 30th Place
Bellevue, WA 98007
206/562-4000
William R. Moyer
Pennsylvania DOT
1212 Trans & Safety Bldg .
Harrisburg, PA 17120
717/787-6898
Tom Mulligan
Munic. of Metro Toronto
Transportation Dept.
30th Floor, 401 Bay St.
Toronto, Ontario, M5H 2Y4
CANADA
416/392-8329

Kent L. McHenry
Parsons Brinckerhoff
999 Third Avenue
Suite 801
Seattle, WA 98104
206/382-5200

Mike Murphy
City of Bellevue
11511 Main Street
Bellevue, WA 98009
206/453-4877

Gary McKee
Washington State DOT
15325 S.E. 30th Place
District 1
Bellevue, WA 98007-6538
206/562-4000

Mac R. Nanton
Ministry
of
Trans
&
Highways
3A - 940 Blanshard Street
Victoria, BC, V8W 3E6
CANADA
604/387-5251

Matthew M. Miller
FHWA
400 7th Street, S.W.
Room 3419, (HTV-1)
Washington, D.C. 20590
202/366-1993

Howie Nelson
Seattle Metro
821 2nd Avenue MS-129
Seattle, WA 98104
206/684-1694

Rick Mitchell
Washington State DOT
15325 S.E. 30th Place
District 1
Bellevue, WA 98007-6538
206/562-4000
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Jerome M. Nery
Regional Transp. District
1600 Blake Street
Denver, CO 80202
303/299-2332

Greg Nickels
King County Council
402 King Cty Courthouse
Seattle, Wa 98104
206/296-1008
Nancy L. Nihan
University of Washington
FX-10
Seattle, WA 98195
206/543-8255
Johns. Niles
Bellevue TMA
500 108th Avenue NE
Suite 210
Bellevue, WA 98004
206/781-9493
John Nisbet
University of Washington
Dept. of Civil Engrg.
FX-10
Seattle, WA 98195
206/685-2481
Martin c. Nizlek
JHK & Associates
16000 Christiansen Road
Suite 304
Seattle, WA 98188
206/246-7882

Ted Paselik
University of Washington
Dept. of Civil Engrg.
FX-10
Seattle, WA 98195
206/685-2481

Peter A. Peyser
Peyser Associates, Inc.
1000 Vermont Ave, N.W.
Suite 400
Washington, D.C. 20005
202/842-4545

Yogesh D. Patel
Houston Metro
1201 Louisiana
Houston, TX 77208
713/739-6961

Dave J. Philpott
Washington State DOT
5720 Capitol Blvd.
Tumwater, WA 98502
206/357-2644

Fred P. Patron
FHWA
The Equitable Center
530 Center NE, Suite 100
Salem, OR 97301
503/399-5749

Christopher M. Poe
TTI
1600 East Lamar Blvd.
Suite 120
Arlington, Texas 76011
817/261-1661

David K. Peach
Washington State DOT
Transportation Building
Room 1C20
Olympia, WA 98504
206/753-6090

Norton J. Posey
JHK & Associates
16000 Christensen Road
Suite 304
Seattle, WA 98188
206/246-7882

Don Penny
City of Carrollton
P.O. Box 110535
Carrollton, TX 75011-0535
214/466-3050

Richard H. Pratt
RHPC, Inc.
11112 Rokeby Avenue
P.O. Box 158
Garrett Park, MD 20896
301/933-0400

Tom Noguchi
City of Bellevue
Planning Department
P.O. Box 90012
Bellevue, WA 98009
206/455-6880

John N. Perlic
The TRANSPO Group, Inc.
14715 Bel-Red Road
Suite 100
Bellevue, WA 98007
206/641-3881

Peter L. Olson
FHWA
3520 Executive Park Dr.
Springfield, IL 62703
217/492-4634

Darrell N. Perry
Washington State DOT
5720 Capital Blvd.
Tumwater, WA 98502
206/357-2644

Eugene E. Ofstead
Minnesota DOT
395 John Ireland Blvd.
st. Paul, MN 55155
612/296-1344

Richard A, Peters
New York State DOT
4 Burnett Blvd.
Poughkeepsie, NY 12603
914/431-7904

Robert C. Parke
Delaware DOT
P.O. Box 778
Dover, DE 19903
302/739-3056

Donald R. Pethick
Puget Sound COG
216 First Avenue, South
Seattle, WA 98104
206/464-7536

Koorosh Olyai
Dallas Area Rapid Transit
601 Pacific Avenue
Dallas, TX 75202
214/658-6493

Ray D. Pethtel
Virginia DOT
1401 E. Broad Street
Richmond, VA 23219
804/786-2701

Charles E. Prestrud
Community Transit
8905 Airport Road
Everett, WA 98204
206/356-2635
Sharon R. Price
FHWA
Capitol Way
Suite 501
Olympia, WA 98501
206/753-9551
Jim G. Prokop
BC Transit
1200 West 73rd
Vancouver, B.C., V6P 6M2
CANADA
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604/264-5000
Karl H. Quackenbush
Central Trans. Plng Staff
10 Park Plaza
Suite 2150
Boston, MA 02116-3968
Elizabeth A. Rankin
Seattle Engineering Dept.
708 Seattle Municipal Bld
Seattle, WA 98104
206/684-7570

Sajjad Rasheed
Washington State DOT
811 East Roanoke
Seattle, WA 98102
206/464-7592
John Rebstock
Houston Metro
3700 W. Clay, #230
Houston, TX 77019
713/739-4649
Francois Regnard
HQ Reports
2672 Point Grey Rd.
Vancouver, B.C., V6K 1A5

CANADA
604/737-8136
Karen E. Richter
Chicago Area Transp. Study
300 w. Adams
Chicago, IL 60606
312/793-3467
Toby D. Rickman
Washington State DOT
1020 Transp. Admin. Bldg.
Olympia, WA
206/586-9068
Matthew J. Rilling
Washington State DOT
15325 SE 30th Place
Bellevue, WA 98007
206/562-4000

James R. Robinson
FHWA
400 7th Street, SW
Room 3419
Washington, DC 20590
202/366-2221
Thomas Rochon
Pennsylvania Transit
2235 Beaver Ave
Pittsburgh, PA 15233

Greg Schertz
FHWA
555 Zang Street
Room 400
Lakewood, co 80228
303/969-6715

Mark E. Rohwer
WSDOT
N2714 Mayfair
Spokane, WA 99207
509/456-3996

Stephen Schijns
McCormick Rankin & Assoc,
2655 North Sheridan
Mississauga, Ontario, L5K
2P8

Morris J. Rothenberg
JHK & Associates
4660 Kenmore Avenue
Alexandria, VA 22304
703/370-2411
Francie J. Royce
City of Portland
Bureau of Traffic Mgmt.
1120 SW 5th Ave, RM. 730
Portland, OR 97204-1987
503/796-5183
Les Rubstello
University of Washington
Dept. of Civil Engrg.
FX-10
Seattle, WA 98195
206/685-2481

Jennene Ring
University of Washington
Dept. of Civil Engrg.
FX-10
Seattle, WA 98195
206/685-2481

Ralph B. Ruiz
City of Charlotte DOT
600 E. 4th St., 6th Floor
Charlotte, NC 28202-2848

Renee J. Robins
Conserv. Law Foundation
3 Joy street
Boston, MA 02108
617/742-2540
Andrews. Robinson
H.W. Lochner, Inc.
12011 NE First St, #201
Bellevue, WA 98005
206/454-3160

Karen Jones Savage
KJS Associates, Inc.
500 108th Ave. #2160
Bellevue, WA 98004
206/646-6600

Lawrence J. Roediger
Washington state DOT
Transportation Building
Olympia, WA 98504
206/586-2257

Rand A. Riness
Intercity Transit
P.O. box 659
Olympia, WA 98507
206/786-8585

Nicholas P. Roach
Puget Sound COG
216 First Ave, South
Seattle, WA 98104
206/464-6843

Barbara Sauerbrey
City of Bellevue
11511 Main Street
Bellevue, WA 98009

Carol A. Russell
Tidewater
Trans.
P.O. Box 2096
Norfolk, VA 23501
804/627-92921

Dist.

G. Scott Rutherford
Univ. of Washington
FX-10 3917 University Way
Seattle, WA 98195
206/685-2481
Donald R. Samdahl
JHK & Associates
16000 Christensen Road
Suite 304
Seattle, WA 98188
206/246-7882
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CANADA
416/823-8500
Kees J. Schipper
City of Mississauga
300 City Centre Dr.
Mississauga, Ontario, L5K
2P8

CANADA
416/896-5787
Timothy J. Schnarr
Delcan Corporation
300 - 604 Columbia St W.
Vancouver, BC, V5C 1C4

CANADA
604/525-9333
David Schnell
Snohomish Cty Public Works
3000 Rockefeller Avenue
Everett, WA 98201
206/388-6203
Noel F. Schoneman
Seattle Engiheering Dept.
708 Seattle Municipal Bld
Seattle, WA 98104
206/684-7572
Robert c. Schuster
SVERDRUP Corporation
P.O. Box 369
Bellevue, WA 98009
206/454-9562
John M. Sedlak
Houston Metro
1201 Louisiana Street
Houston, TX 77208
713/739-4600

John Shadoff
Washington State DOT
15325 SE 30th Place
Bellevue, WA 98007
206/562-4000

Thomas J. Smith
FHWA
1720 Peachtree Street NW
Atlanta, GA 30367
404/347-4040

James R. Shanafelt
Washington State DOT
Transportation Building
Olympia, WA 98504
206/753-3389

Lanny R. Snyder
Seattle Metro
821 Second Ave MS-51
Seattle, WA 98104
206/684-1633

Henry Sharpe
City of Seattle
Off for Long Range Plng
Room 200, Municipal Bldg.
Seattle, WA 98104
206/684-8056

Susan Sowers
University of Washington
Dept.
of
Civil
Engrg.
FX-10
Seattle, WA 98195
206/685-2481

Guillaume Shearin
DeLeuw, Cather & Company
P.O. Box 3821
San Francisco, CA 94119
415/495-6060

Theodore Spence
Oregon Dept. of Trans.
9002 S.E. McLaughlin Blvd.
Milwaukee, OR 97222
/653-3090

Sharron Shinbo
Seattle Metro
821 Second Avenue
Seattle, WA 98104
206/684-1547

Robert J. Spillar
PBQ&D
999 3rd Avenue
Seattle, WA 98103
206/382-520

Pam Sienkiewich-Callanan
University of Washington
Dept. of Civil Engrg.
FX-10
Seattle, WA 98195
206/685-2481

Gail Spolar
C-TRAN
P.O. Box 2529
Vancouver, WA
206/696-4494

Thomas C. Simpson
Washington State DOT
15325 SE 30th Place
Bellevue, WA 98007
206/562-4000
Jim Slakey
Washington State DOT
Transportation Bldg KF-01
Olympia, WA 98504
206/753-2931
Art T. Smelser
Washington State DOT
P.O. Box 9327
Olympia, WA 98504-9327
206/357-2605
Gerald A. Smith
UMA Engineering
17762 Cowan Street
Irvine, CA 92651
714/660-0101

98668

Heidi J. Stamm
Pacific Rim Resources
155 N.E. 100th Suite 410
Seattle, WA 98125
206/526-0559
John R. Stephenson
Washington State DOT
15325 SE 30th Place
Bellevue, WA 98007
206/562-4000
Norman N. Storme
SVERDRUP Corporation
P.O. Box 369
Bellevue, WA 98009
206/454-9562
Sheldon G. Strickland
FHWA
400 7th Street, SW
Room 3419
Washington, DC 20590
202/366-1993

Linda Smith
Seattle Metro
821 Second Ave MS-57
Seattle, WA 98104
206/685-1655
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William G. Stringfellow
Colorado Dept. of Highways
4201 E. Arkansas Ave.
Room 225
Denver, CO 80222
303/757-9266
Cynthia Sullivan
King County Council
516 Third Avenue Room 402
Seattle, WA 98104
206/296-1002
Edward Switaj
Seattle Engineering Dept.
708 Seattle Municipal Bld
Seattle, WA 98104
206/684-7574
Maria D. Szalay-Swan
Govt of British Columbia
Ministry of Trans. & Hwys
7818 Sixth Street
Burnaby, BC, V3N 4N8
CANADA
604/660-8235
David F. Talcott
HOR Engineering, Inc.
11225 S.E. Sixth Street
Building c, #200
Bellevue, WA 98004-6441
206/453-1523
Samer T. Tamimi
RTD
1600 Blake Street
Denver, CO 80202
303/299-4129
Tom A. Tasaka
Reid Crowther & Partners
4634 E. Hastings St #202
Burnaby, B.C., V5C 2K5
CANADA

604/294-2883
Ben Teitelbaum
Operations Management
Group, LTD.
615 Second Ave, Suite 200
Seattle, WA 98104
206/682-4173
Arthur G. Thoma
Spokane Transit Authority
1230 w. Boone
Spokane, WA 99201
509/325-6000
Donald M. Tranum
CH2M Hill
777 108th Avenue, NE
Bellevue, WA 98009
206/453-5000

Ted Trepanier
University of Washington
Dept. of Civil Engrg.
FX-10
Seattle, WA 98195
206/685-2481

Brian w. Wallace
N.D. Lea Consultants, LTD
1455 w. Georgia Street
Vancouver, BC, V6G 2T3
CANADA
604/685-9381

Morgan Wong
University of Washington
Dept. of Civil Engrg.
FX-10
Seattle, WA 98195
206/685-2481

Amity A. Trowbridge
Washington State DOT
15325 SE 30th Place
Bellevue, WA 98007
206/562-4000

Hansel H.C. Wang
British Columbia Transit
1200 W. 73rd Avenue
Vancouver, BC., V6P 6M2
CANADA
604/264-5013

Jonathan N. Young
FHWA
Kain Center, Suite 600
222 S.W. Columbia
Portland, OR 97201
503/326-2061

Roberts. Tung
Professional Solutions
1101 Andover Park West
Suite 101
Seattle, WA 98188-3911
206/575-4425

Martin T. Whicher
Ontario Ministry of Energy
56 Wellesley Street West
Toronto, Ontario, M7A 287
CANADA

Young Long Wu
University of Washington
Dept. of Civil Engrg.
FX-10
Seattle, WA 98195
206/685-2481

Katherine F. Turnbull
TTI
Texas A&M University
College
Station,
Texas
77843
409/845-1535
Cyrus G. Ulberg
University of Washington
4507 University Way NE
#204
Seattle, WA 98105
206/543-0365
Michael Van Gelder
Intercity Transit
P.O. Box 659
Olympia, Wa 98507
206/786-8585
Marko G. Velikonga
Washington State DOT
Transportation Building
Olympia, WA 98504
206/586-7015
John A. Villager
Washington State DOT
15325 SE 30th Place
Bellevue, WA 98007
206/562-4000

Todd R. Whipple
URS Consultants
1100 Olive Way, Suite 200
Seattle, WA 98101
206/623-1800
Franklin E. White
New York State DOT
1220 Washington Avenue
Albany, NY 12232
518/457-4422
Jon Williams
WASHCOG
777 N. Capitol Street NE
Washington, DC 20002
202/962-3313
Carl Wilson
Thurston
Reg.
Planning
Council
2000 Lakeridge Drive, SW
Olympia, WA 98502
206/786-5480
Melvin E. Wilson
City of Renton
200 Mill Avenue South
Renton, WA 98055
206/296-7402

Robert w. Vockrodt
Minnesota DOT
3485 N. Hadley Avenue
Oakdale, MN 55128
612/779-1162

Dale E. Wirkkala
HOR Engineering, Inc.
11225 S.E. Sixth Street
Building c, #200
Bellevue, WA 98004-6441
206/453-1523

Brandon E. Wade
City of Dallas
320 E. Jefferson Blvd.
Dallas, Texas 75203
214/948-1220

Joel Woodhull
SCRTD
425 s. Mail Street
Los Angeles, CA 90013
213/972-4850
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Charleen A. Zimmer
Strgar-Roscoe-Fausch,Inc.
Suite 150
One Carlson Parkway
Minneapolis, MN 55447
612/475-0010
Wei-Wu Zhou
Ministry
of
Trans
Highways
940 Blanshard Street
Victoria, B.c., V8W 3E6
CANADA
604/387-7685
Samuel L. Zimmerman
c/o UMTA/USDOT
UGM 20
Washington, DC 20590
202/366-2360

&

