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WHAT ARE
INTELLIGENT
TRANSPORTATION
SYSTEMS?

WHY A HANDBOOK
FOR
INTEGRATINGITS
WITHIN THE
TRANSPORTATION
PLANNING
PROCESS?

1. INTRODUCTION AND OVERVIEW

TitleVI, Part B of the Intermodal Surface Transportation Efficiency Act of 1991
established the national Intelligent Vehicle-Highway Systems (IVHS) program.
Now known as Intelligent Transportation Systems (ITS), the program was
designed to promote the use of advanced technologies in multimodal
transportation. While the use of advanced technologies in transportation has
been ongoing for many years, the creation of the ITS program has accel erated
the pace of innovation and integration of technologies into the transportation
system. The program has brought new players into the transportation arena
with interests in the application of technologies previousy developed for
defense, space, and other fields.

Intelligent Transportation Systems have been defined as:

"The application of advanced sensor, computer,
electronics, and communication technologies and
management strategies - in an integrated manner - to
increase the safety and efficiency of the surface
transportation system."

Thisdefinition encompasses a broad array of techniques and approaches. This
may be donethrough stand-al onetechnol ogical applicationsor asenhancements
to other transportation strategies.

One of thedifficultieswith incorporating I TS into the planning processisthat,
often, I TS has been represented as merely a collection of support technologies
rather than a set of transportation strategies with specific objectives. Asapartial
remedy for this, ITSwasstructured around a set of " user services" Thereare
currently 30 user services defined for the ITS program, listed in Exhibit 1-1.
The purpose of defining user serviceswastordate| TS strategies(ITS projects
and programs such as automatic vehicle location systems for transit) and
technologies (hardware and software used to implement strategies) to specific
user needs. User services represents a cusomer orientation rather than afacility
or technology orientation.

“ User Services represent a customer orientation rather
than a facility or technology orientation.”

Much of the early interest in the ITS program has been stimulated by Federal
funding, rather than through a systematic planning process. The benefit of this
approach hasbeen the generation of many innovative applications of technology

in the arenas of safety, traffic operations, transit operations, emergency
management and other areas of the transportation practice. However, the
development of these innovations has not always been clearly connected to a
trangportation problem or need. Their development hasnot been well integrated

with therange of other transportation strategiesand programs. Thishasresulted
inalack of clarity at thelocal level asto the potential long term benefitsof ITS
applicationsand how I TS applicationsfit into other transportation projects and

programs. In addition, ITShasastrong private sector component. Many of the
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Exhibit 1-1. Listing
of ITSUser Services

ITSinnovationswill find their way into commercial products with little or no
investment from the government. Y et effective application of some of these
products will require coordination with public agencies.

At the same time, changes also have been occurring in statewide and
metropolitan planning processes. The Final Rule on Statewide Planning and
Metropolitan Planning issued by the Federal Highway Administration (FHWA)
and Federal Transit Administration (FTA) in October, 1993 established revised
and more comprehensive processes for metropolitan and statewide

transportation planning. 1STEA also established six management systems and
atraffic monitoring system to support the planning and programming process.

Though the management systems are now optional, except for congestion

management systems in transportation management areas, many states and
metropolitan areas are using the structure of the management systems as an
integral element of the planning process. The rapid pace of change in

technology and the new dimensions of the planning process present many

challenges to successful I TS applications.

Trave and Transportation Management
En-route driver information
Travel servicesinformation
Traffic control
Route guidance
Incident management
Emissionstesting and mitigation
Travel demand management
Pre-trip travel information
Ride matching and reservation
Demand management and operations
Public Transportation Management
En-route transit information
Public transportation management
Personalized public transportation
Public travel security
Emergency Management
Emergency noatification and personal security
Emergency vehicle management
Advanced vehicle control and safety systems
Longitudinal collision avoidance
Lateral collision avoidance
Intersection collision avoidance
Vision enhancement for crash avoidance
Safety readiness
Pre-crash restraint deployment
Automated highway systems
Electronic payment services
Commercial vehicle operations
Commercial vehicle dectronic clearance
Automated roadside safety inspection
Commercial vehicle administrative processes
On-board safety monitoring
Freight mobility
Hazardous material incident response
Railroad/Highway Intersections
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PURPOSE OF THE
HANDBOOK

CHALLENGES
PRESENTED BY ITS

The purpose of the ITS Planning Handbook is to provide a tool to assist in
meeting these challenges. Specifically, the purposes of the Handbook areto:

1 Identify and describe ways that ITS should be integrated with the
mainstream transportation planning process.

Increase the likelihood of successful transportation projects and
programs by providing lessons learned, good practices, and practical
information on ITS.

Provide specific guidance and resources in conducting ITS planning
associated with metropolitan and statewide transportation plans, major
investment studies (MISs), other corridor and subarea studies, region-

wide strategic assessments of ITS (such as through ITS Early
Deployment Planning Studies), and related ITS planning activities.
This guidance is designed to cover both institutional and technical

issues related to ITS planning.

Identify and describe air quality requirements that can affect ITS
projects.

Ultimatel yimprovetheefficiency and effectivenessof thetransportation
system through successful I TS applications.

This Handbook focuses on applying ITS within the broader context of the
planning process; it is not intended as a complete treatment of the planning
processitself. The Handbook treats| TS not as a separate and distinct element,
but as an integral dement of all types of solutionsto transportation problems.

“ ThisHandbook treats ITS not as a separate and distinct
element, but asan integral element of all types of solutions
to transportation problems.”

ITS presentsa set of challenges not found in most other types of transportation

strategies. Thereismuch that isunknown about I TS: the market for in-vehicle
devices, the level of benefits ultimately achievable, and the impact that
ingtitutional barriers may have on the rate of deployment of ITS. This

Handbook talks about the challenges that are somewhat uniqueto I TS and how
they might be overcome. Some of these challengesinclude:

1 ITS has a heavy emphasis on operations that many transportation
departments are not used to dealing with. For example, information
systems take more attention to maintaincredibility with the public and
other users.

ITS crossesmodal, institutional, and geographic barriers. Thispresents
significant coordination challenges. These are usually substantially
more difficult than the technological ones.
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EMPHASIS OF THE
HANDBOOK

ITS works best as a cohesive system of individual el ements that work
together. The integrationof these elements makes the total concept of
ITS more complex.

ITSisnot well understood by the public or elected officials.

Up to this point, ITS has received substantial special attention and
priority asthe U.S. undergoesdefenseindustry downsizing and transfer

of someof thosetechnol ogiesintotherealm of transportation. Thishas

made it more difficult to integrate I TS strategies with other planning
and implementation programs by state and local governments.

The Handbook draws on multiple sources of information:

1 Current literature - Substantial data gathering and analysis on ITS
planning and deployment has been conducted already by various
academic ingtitutions and government agencies. Some of the sources
include FHWA-sponsored research, while others are papers and
findingsfrom I TS planning and deployment experiencesthroughout the
U.S. Thesewill bereferenced later in the Handbook.

Interviews with staff involved in ITS. Interviews were conducted by
JHK & Associates (now TransCore) with personnel at selected FHWA
and FTA regional and FHWA division offices, states, metropolitan
planning organizations (MPOs), and local governments. These were
coordinated with interviews conducted by the Vol pe Center and with
workshops held by Public Technology, Inc.

Other discussons with professionals experienced in ITS and
transportation planning.

The Handbook considers all ITS user services. However, the emphasis of the
Handbook is on that segment of ITS that tends to be the public sector’s
responsibility. ThisgenerallyincludesTravel and Transportation Management,
Travel Demand Management, Public Transportation Management, Emergency
Management, El ectronic Payment Services, and Railroad/Highway I ntersections.
Several Commercial Vehicle Operationsuser services also would be included.
The ITS public infrastructure is the key building block to achieving a fully-
developed ITS. It lays the foundation for future services, including some of
those to be provided by the private sector. Much of the case study information
isfrom experience with implementing the ITS public infrastructure.

ThelnterimHandbook for Integrating I TSwithin the Transportation Planning
Processwas devel oped to describe how to improvetransportation servicetothe
customer through effective I TS applications. It isnot an advocacy statement
for ITS; rather it isan advocacy statement for more integrated planning
of ITS with the other dimensions of transportation planning. For
convenience of reference, this document will bereferred to asthe ITS Planning
Handbook.

Although some portionsof the material in the Handbook may overlap with other
documents, the emphasis is distinct from much of the other information
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available. Itisnot the purpose of the Handbook to provide detailed information
on ITS technologies. This information is contained in other material being
provided through FHWA, FTA, ITS Americaand other organizations. Rather,
thefocus of the Handbook is on making decisions concerning I TS projects and
programs. what to implement, where to implement it, and how to coordinate
it with other transportation strategies. Thel TS Planning Handbook addresses
the following types of specific questions:

1 Under what conditions should an I TS application be devel oped?

1 What should be the process for how ITS applications are considered
(groupsto be involved, issues addressed, evaluation conducted, etc.)?

Wheat are the key decision items used to ensure proper selection and
provision of effective I TS programs?

How can decisions be made on the most appropriate I TS applications,
given the defined problems and needs and within physical, financial,
institutional, and environmental constraints?

Wheat actions can be taken to provide the greatest likelihood of success,
when ITS applications are pursued?

"...the focus of the Handbook is on making decisions
concerning I TS projects and programs. what to
implement, where to implement it, and how to
coordinate it with other transportation strategies.”

As with most transportation initiatives, success is not achieved through
technology alone or through sheer engineering know-how. TS cuts across

geographicareasand modesas much or morethan other areasof transportation.

The institutional elements that are brought in by the modal and geographic
diversity of ITS are a critical factor to ITS success. The added need for both

technical and policy-level officialsto understand I TS amplifiestheingtitutional
concerns. Thus, thel TS Planning Handbook dwellsasmuch on theingtitutional
issues as it does on the technical ones. In doing so, it exposes both the
ingtitutional and technical issuesto both technical and non-technical staff. The
cross- ertilization of information among these groups and a partnership at both
the technical and ingtitutional levelsisvital to the long-term success of ITS.

"...a partnership at both the technical and institutional
levelsisvital to the long term success of ITS."

It also should be acknowledged that ITS is merely a means to an end; it is not
the end itsdlf. ITS represents a group of transportation technologies and
strategies that can be used independently or in combination to foster mobility,
safety, and environmental protection. ThisHandbook presentsaframework for
decision-making concerning | TSand aidspractitionersin successfully deploying
ITS in the context of the overall transportation program.
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ORGANIZATION OF
THE HANDBOOK

AUDIENCES FOR
THE HANDBOOK

The ITS Panning Handbook is generally organized around tasks that
practitioners will need to perform in examining ITS applications. These tasks
areviewed tobeanchored to theoverall transportation planning processand are
not independent from the planning process. Chapter 2 providesthe framework
for ITSplanning, asit isintegrated with the overall planning process. Thereare
threeprincipal contextsdescribed for ITS planning within that overall process:

1 The transportation plan and transportation improvement program
(discussed in Chapter 3). The transportation plan prepared for a state
or metropolitan area is a comprehensive, coordinated look at
transportation requirements extending over at least a 20-year period.

Corridor and subareatransportation studies, including major investment
studies and environmental studies (discussed in Chapter 4). Many
decisons on appropriate transportation strategies are made at the
corridor/subarea level.

Strategicassessmentsof I TS (discussed in Chapter 5). Thesehavebeen
called by various namesin certain states or metropolitan areas, such as
ITS strategic planning efforts, ITS strategic studies, or ITS early
deployment planning studies.

There are also other support functions, such as traffic monitoring support and
evaluation (discussed in Chapter 6). I1TS program administration is discussed
in Chapter 7. Air quality issues, which are of significant concern with ITS, are
addressed in their appropriate context.

The Handbook al so underscores the need to take awide range of circumstances
into account in approaching ITS. Each metropolitan area has its own unique
environment--ingtitutionally, physically, and in terms of the transportation
system and travelers on that system. Failure to account for these differences
will be amajor impediment to success. Thereisno "one sizefitsall" solution.

It isrecognized that there may be diverse audiencesthat will read or refer to the
Handbook. Some readers may have a technological background and wish to
find out more about the planning process. Others may have a planning
background and wish to find out more about ITS. Material iscontained in the
Handbook that will appeal to both these audiences and others. Exhibit 1-2
provides across-referencing of Handbook topicswith possible audiences. The
identification of an audience does not mean that the section will beof nointerest
to other readers. Rather, it indicates sectionsthat will be of particular relevance
to the identified groups. It is advisable that all audiences should be familiar
with the entire breadth of material to foster interdisciplinary communications.

Theaudiences are classified into two broad categories: TS implementers and
transportation planners. ITS implementers are further classified into ITS
managers (managers of implementation) and I TS engineers (those involved in
hardware and software development and integration or in ITS operations).
Planners are further classified as planning managers and planning analysts. It
isassumed that ITS managers and engineers are generally familiar with ITS-
related material (the national architecture, etc.) and that planning managersand
analysts are generally familiar with transportation planning processes.
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Exhibit 1-2.
Audiences for

Selected Handbook

Topics

DEFINITIONS

Exhibit 1-3. Basic
ITSand
Transportation

Planning Definitions

Chapter and Topic Audience
Chapter 1 - Introduction and Overview All
Chapter 2 - Integrating I TS into the Transportation Planning
Process
ISTEA and the Clean Air Act Amendments ITSManagers
Where does I TSfit? All

Overview of ITS Strategies or "Market Packages'

Overview of the National ITS Architecture

Planning managers
Planning analysts
Planning managers
Planning analysts

Chapter 3 - ITS Connectionsto Transportation Plansand TIPs

ITS Managers
Planning Managers

Chapter 4 - ITS Connectionsto Corridor/Subarea Studies
Overview of a corridor/subareas study
Defining problems: project purpose and need
Evaluation criteria

Defining relevant I TS strategies or market packages
Agency and public invol vement
Devel. of recommendations and implementation plan

ITS managers

ITS managers

ITS& planning mgrs.
Planning analysts
All

ITS& planning mgrs.
ITS& planning mgrs.

Chapter 5 - Statewide or Regional I1TS Strategic Assessments

All

Chapter 6 - ITS Evaluation and Monitoring

ITS& planning mgrs.
Planning analysts

Chapter 7 - ITS Program Administration

ITS& planning mgrs.

Appendix A - Description of ITS Market Packages.

Planning mgrs &
analysts

Appendix B - ITSTool Box (Annotated Reference List) All
Appendix C - Funding Sourcesfor ITS ITS& planning
managers

Appendix D - Description of Simulation Models

Planning mgrs &
analysts

Appendix E - Analytical Approachesto ITS Evaluation

ITS& planning
analysts

A widevariety of termsare used in the I TS Planning Handbook. It isimportant
to have an understanding of these terms to effectively communicate concepts.
Theligting below is not intended as a comprehensive list of all transportation
terminology related to planning and I TS, but the key termsthat will beused in
this document. Further explanation of some of these terms will be provided
later in the Handbook. Exhibit 1-3 provides a listing of basic ITS and
transportation planning definitions.
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Architecture

A framework that describeswhat a system doesand
how it does it. The architecture identifies thg
functions to be performed by the system, allocates
thesefunctionsto subsystems, and definestheflows
of information and the interfaces between the
subsystems and components.

Data dictionary

A detailed set of definitions of information that
must be communicated between I TS subsystems.

Equipment packages

Units that can be deployed in the field, control
centers, vehicles, etc. that make ITS happen.

Intelligent The integrated set of nine basic infrastructure
Transportation components needed to get I TS deployment started,
Infrastructure primarily in urban aress.

Interfaces (also Connections between subsystems that transfer
abbreviated 1/F) information between subsystems.

ISTEA The Intermodal Surface Transportation Efficiency

Actof 1991. Thiswaslegidation passed by theU.S.
Congress that established initiatives for
transportation planning, ITS, and other
transportation elements.

ISTEA Management
Systems

Six infrastructure management systems that arg
intended to help states and metropolitan areas
devel op systematic approaches to making decisions
on projects and programs related to congestion,
intermodal transportation, transit, safety, pavement,
and bridges.

Legacy systems

Systems that have already been in operation. New
ITS systems that are implemented will need to
develop waysto interface with these systems, or the
legacy systemswill need to be upgraded.

Logical architecture

A description of the functions required to carry out
an ITS system in a defined area. The logical
architecture is typically shown in data flow
diagrams (DFDs) and process specifications (P-
Specs).

Major Investment Study
(MIS)

A type of corridor or subarea planning study
required by the U.S. DOT to examine potential
solutions to defined transportation problems, where
amajor metropolitan investment of Federal funds
is potentially involved.

Market packages

Groupings of equipment that need to work together
to deliver a particular ITS servicee A market
package is the basic level of ITS definition for
which benefits and costs can be evaluated.
Different levels of sophistication could be provided
in individual market packages. Market packages

could be described as the “how” of ITS.
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National ITS
architecture

Provides amaster plan established by the U.S. DOT
for deployment of ITS technologies and systems
into the next century.

National Environmental
Policy Act (NEPA)
Documentation

A required documentation of the environmental
impacts, consequences, and mitigation actions
associated with certain projects.

Organizational
architecture

A description of the agency responsibilities
associated with carrying out the functions in the
logical architecture. The agreement for agenciesto
carry out the identified functions is a key to
successful I TS implementation.

Physical architecture

A description of how the functions of a logical
architecture should be carried out. It typically
groups functions together.

Regional ITS
architecture

A structure for how individual ITS elements are
linked together and intended to work together on a
regional basis, both physically and logically.

Regional ITSframework

A comprehensive structure describing how ITSwill
be deployed within aregion. Itisall-encompassing,
and includes the regional architecture aswell as all
the ingtitutional, operations, and management
activities necessary to implement the architecture.

Standards

Provide the means by which compatibility of ITS
systems will be achieved. Standards may occur
primarilyin the communications area, but may also
involve user interfaces where safety is a particular
concern. Standards may be regulated or may be"de
facto," in which the industry gravitates toward
certain protocols without regulation because it has
become common practice.

State Implementation
Plan for Air Quality
(SIP)

The portion or portions of an applicable
implementation plan approved or promulgated
under sections 110, 301(d) and 175A of the Clean
Air Act (Public Law 101-549)

Strategic Assessment for
ITS

An evaluation or study conducted for a dstate,
metropolitan area, or other geographic region
regarding how ITS will be implemented and
operationally coordinated over a period of time.
Theword “assessment” is used as a broad, general
term to describethe process. Other termsthat have
been used include ITS Strategic Plan, ITS Strategic
Study, or Early Deployment Plan. Strategig
assessments are typically multi-modal and multi-
agency collaborative efforts.
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Statewide
Transportation
Improvement Program
(STIP)

A staged, multiyear, statewide, intermodal program
of transportation projects which is consistent with
the Statewide transportation plan and planning
processes and with metropolitan plans, TIPs and
processes.

Subsystems

Logically independent entities (personal vehicles,
traffic and transit management centers, various
roadside devices, etc.) among which information
must be shared.

System integration

The process of physically making the hardware and
software components of ITS technologies work
together.

Technologies

Types of eectronics, communications, software,
and hardware components that can be used in
equipment packages.

Transportation
conformity

A requirement in the Clean Air Act thal
transportation plans, transportation improvement
programs, and Federally funded highway and transit
projects conform to the State Implementation Plan
for air quality.

Transportation
Improvement Program
(TIP)

A staged, multiyear, intermodal program of
transportation projects which is consistent with the
metropolitan transportation plan.

Transportation plan

A document required to be prepared periodically by
each state and metropolitan area that identifies
transportation needs over a 20-year (or longer)
period.

User interfaces

Methods of communicating and interacting with
operating ITS elements or with the customer (e.g.
ways of displaying information at a computer
terminal).

User services

Descriptions of the type of ITS initiativesor
enhancements that could benefit the customer
(traveler, shipper, transporter, etc.). User services
could be described asthe” what” of ITS. Generaly,
market packages represent ways to implement an
ITS user service, but there is no one-to-one

correspondence.

It must be stressed that thisis an interim handbook. It is a working document.
The final Handbook will be based on additional input received by the user
community and from case studies. Comments, suggestions, or corrections
should be forwarded to Mr. Doug Laird, FHWA Office of Environment and
Planning, Room 3232, 400 7th Street SW., Washington, D.C., 20590, Phone
202-366-5972, Fax 202-366-3713, e-mail doug.laird@ fhwa.dot.gov.
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2. INTEGRATINGITSINTO THE TRANSPORTATION PLANNING PROCESS

ISTEA AND
TRANSPORTATION
PLANNING

The Intermodal Surface Transportation Efficiency Act of 1991 (ISTEA)
introduced a significantly different approach to the delivery of transportation

services than had been in effect previously. Among other significant changes,

the ISTEA recognized that system preservation, rather than new construction,
needs to become ahigher priority. Thel STEA a so acknowledged the changing
devel opment patterns, the economic and cultural diversity of metropolitan areas,

and the need to provide metropolitan areas with more control over

transportation in their own regions by strengthening planning practices and
coordination between states and metropolitan areas and between private and
public sectors. It also sought to improve linkages and connections between

different forms of transportation.  Further, for the first time, statewide
transportation planning was required.

The ISTEA recognizes the need for anew outlook on transportation and how
it serves the Nation’s economic, mobility, and accessibility needs. Although a
continuing, cooperative, and comprehensiveplanning processhasbeenrequired
in urbanized areas since 1962, ISTEA calls for a more integrated planning
process to better meet the needs of all constituencies. The ISTEA places
significant emphasis on broadening participation intransportation planning to
include key stakeholders who have not traditionally been involved, including
the business community, members of the public, community groups, and other
governmental agencies. The ISTEA aso reflects an understanding of the
constraints imposed upon further expansion of the highway network,
particularly in metropolitan areas, and that system efficiency and system
preservation need to become priorities.

Finally, ISTEA includes unprecedented linkages to achievement of the air

quality objectives embodied in the Clean Air Act Amendments of 1990 (CAAA)

andin stateair quality plans. The CAAA recast the planning function to ensure
that, in areas failing to meet Federal air quality standards, transportation
planning is geared to improving air quality as well as mohility. The CAAA
challenges officials to reduce emissions, to reduce the number of single

occupant vehicles, and to make alternatives such astransit and bicyclesamore
viable part of the transportation network. These goals can be furthered by

addressing management and operation of existing and future transportation
facilities and consideration of ITS to meet transportation needs within the
metropolitan and statewide planning processes.

Within metropolitan areas, the MPO provides a forum for cooperative
transportati on decision-making in which communitiescan identify shared goals
and negotiate differences so that transportation plans and programs can be
developed in an effective manner.

MPQOs serve as a mixing bowl wherelocal e ected officials and the communities
they serve can interact to resolve problems and build consensus in developing
transportation priorities that will provide the most benefits to the community.
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Flexible Funding

Financially
Constrained Planning

"... the MPO provides a forum for cooperative
transportation decision-making in which communities
can identify shared goals and negotiate differences..."

One of the most important changesin Federal policy found in ISTEA involves
funding flexibility. The Act provides extensive flexibility to State and local
officials by eliminating the barrierstraditionally standing between highway and
trangit funds. Under previous legidation, arelatively small amount of Federal
highway funds could be used for transit projects. With theSTEA, not onlyis
fifty-eight percent of the Federal highway program ultimately available for
trangit projects, nearly thirty percent of the transit funds may be used for

highway projects. Over the six-year span of ISTEA, more than $80 billion
dollars may be flexibly programmed.

Thisflexibility will allow States, MPOs, and transit operators to respond better
tother particular needs. Flexibility means choice. Making effective choicesis
strengthened by active participation from the community. Public participation

isessential in considering thevariousfunding trade-offsin selecting projectsfor

implementation.

I STEA requires that the transportation planning processes conducted by State
DOTs and MPOs produce two documents that indicate what transportation

programs/projects will beimplemented in the short-term and what the priorities
are over the long-term. The short-term list of projects is called the
transportation improvement program or TIP. According to ISTEA, the TIP
must include a priority list of projectsto be constructed over athree year period

after itsapproval. Thelong-term priorities, covering a twenty year time period
are incorporated into the transportation plan. The transportation plan, as
defined by the Act, identifies transportation facilities including, but not
necessarily limited to, major roadways, transit, multimodal, intermodal, bicycle
and pedestrian facilities.

The production of the TIP and the long range plan do not represent new
requirements. What is new, however, is that ISTEA requires that the
metropolitan transportation plan and both the metropolitan and statewide T1Ps
be financially constrained toreflect revenuesreasonably expected to beavailable
over the time period that they cover. In other words, only projects for which
funds are expected to be available may be included in these documents. Each
must contain a corresponding financial plan that indicates how funding will be
provided. Thisis a significant change from the past, where both of these
documents wereoften "wish lists' that included everything desirablebut did not
represent projects that could be actually implemented.

Thefinancial constraint requirement now adds credibility, accountability, and
realism to the planning process. Correspondingly, participation in planning
efforts becomes moreimportant and more controversial since moreis at stake.
Communities actively participating in these effortswill expect to seetheresults
of their work.
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I ntermodalism

Public Participation

WHERE DOESITS
FIT?

"... both of these documents (transportation plan and
TIP) were often "wish lists' that included everything
desirable but did not represent projects that could be
actually implemented.”

Intermodalism involves the use of many different modes of transportation and
their connectionsin making atrip. Asitsnameimplies, ISTEA goesbeyond the
traditional highway/transit focus in transportation and suggests that all modes
be considered in the planning process. The Act recognizes that the movement
of both goods and people is critically important in improving the nation's
transportation system. It suggests that the efficient movement of freight and
people among different modes, and the improvement of connections between
modes (truck/rail; bus’commuter rail; rail/ship; bus/airling, etc.) beaddressed in
developing plans and programs. Accessto ports, airports, intermodal facilities
(freight distribution centers, transit stations), and major freight distribution
routes, including rail, must be considered. The private sector should participate
in the process so that resulting plans meet the needs of shippersand merchants.
The consumers should participate so that the plans meet their mobility needs.
Improving intermodal transportation is one of the keys to increasing
productivity and improving the competitiveness of U.S. industry worldwide.

If ISTEA isto be successful, broad publicinvolvement in making transportation
decisons must occur. The Federal Transit Administration and Federal Highway
Administration jointly published the final planning regulations guiding the
development of statewide and metropolitan plans and programsin the October
28, 1993 Federal Register. Both the statewide and metropolitan planning
regulations include public involvement requirements. The joint planning
regulationsindicate that " public involvement processes shall be proactive and
provide complete information, timely public notice, full public access to key
decisions, and opportunities for early continuing involvement.”

Why is public participation important? Quality of life and transportation have
close ties. Early public involvement can steer the development of future
highway and transit improvement alternatives into areas of support and away
from deadlock at the end of the process. Broad participation is necessary in

linkingtransportation strategiesto environmental goals. Theimplementation of
transportation strategiesto reduce pollutant level swill require substantial public
involvement to be successful. Ridesharing, HOV use, transit ridership,

congestion pricing, and other pieces of the solution depend on an informed

public for implementation. Early public involvement in developing these
strategies will help to ensure their success.

Although the planning processis only one of many eementsthat contributesto
successful ITS implementation, itsimportance will increase as the dependence
on set-aside Federal funding for I TS potentially diminishesin thefuture. Even
with set-aside Federal funding, the coordination of ITS projects with other

transportation programsisvital to optimizing the benefit of those programsand
tothesuccessof ITS. Theintegration of ITSwith the planning process presents
awin-win scenario. Failureto coordinate and integrate could result in missed
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Flow of the Planning
Process

opportunities for implementation, less effective implementations, and
unnecessary increasesin costs.

"The integration of ITSwith the planning process
presents a win-win scenario.”

Put simply, the focus of the planning process is on making decisions. The
various elements of the planning process provide information so that good
decisons and wise investments can be made in the transportation system.
Exhibit 2-1 is onedepiction of the transportation planning process, indicating
thatit isiterative and has two primary planning and programming vehicles: the
transportation plan and the TIP. Implementation is not a part of the planning
process itsdlf, but isshown toillustrate its relationship to the planning process.

ITS has a place in virtually every step of the planning process. The
transportati on planning activities shown at thetop of the chart represent multiple
activitiesthat feed information to the devel opment of thetransportation plan and

TIP. Asindicated, there are a number of inter-related planning activities that
could take place. Therdationship between ITS and the various e ements of the

planning process shown in Exhibit 2-1 are described bel ow:

1 Transportation Planning Activities: There are a broad array of
activities that ultimately result in a set of recommended, fundable
transportation projectsand programs. Theseactivitiesfeed information
to the principal products of the transportation planning process: the
transportation plan and TIP. The process varies from one area to
another and includes input from many agenciesand individuals. Some
of these transportation planning activities include policy definition,
corridor/subarea studies, strategic assessments (an example of whichis
for ITS), etc.

The Transportation Plan: The plan is a primary product of the
planning process and is required to be prepared periodically by each

state and metropolitan area. 1t documents the policy direction for the
region and describes how transportation projects and programswill be

implemented over a 20-year (or longer) period. It has sometimes been

called the long range plan, but it includes the entire time period out to
the horizon year, including projects and programs that are short range
as well as those that are long range. Projects for ITS need to be
included in this document. Chapter 3 providesan extensive discussion

of ITSin the transportation plan.

Transportation I mprovement Program (T1P)- A document required
to be prepared periodically by each state and metropolitan area that
describes specific projectsthat will be constructed and/or operated over
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Exhibit 2-1. Overview of the Transportation Planning Process

Speoial Studies
- Major Investment Studies
Corridor/Subarea smdles
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Studles anning Measures

Performance Transportation

Evaluation Plan
(Monitoring Systems (Including
and Inventory) Financial Plan)
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Implementation

(Strategies and
Projects)
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the next several years (minimum three years, some areas include
additional years). ITS projectsneed to beincluded in this document to
receive Federal funds. Chapter 3 discusses ITSin relation to the TIP
and project selection processes.

Transportation conformity: A regquirement in the 1990 Clean Air Act
Amendments for transportation plans, transportation improvement
programs, and Federally funded or approved transportation projectsin
non-attainment or maintenance areas to conform to the State
Implementation Plan for air quality. Some TS projects may be subject
to conformity requirements. ITS may also be a way to help a
metropolitan area achieveits air quality requirements. Chapters 3 and
4 both discussITS and air quality issues. The analysis approaches to
air quality for ITS are discussed in Chapter 6.

Implementation: For ITS projects, implementation takes on the
broader definition of construction and operations. In most cases, ITS
infrastructure requires active management to achieve the effectiveness
levels anticipated. Implications for ITS implementation are treated
mainly in Chapters 5 and 6.

Perfor mance Evaluation: Achieving maximum effectiveness of a
system requires assessing its effectiveness and making adjustments, as
necessary. Thisis perhaps more important for ITS than many other
strategies, because of the strong operational emphasis of ITS. ITS
infrastructure can also be used to assist in evaluating the effectiveness
of other transportation strategies. Effectiveness evaluation isdiscussed
in Chapter 6.

Travel Monitoring: Ongoing monitoring of the transportation system
helpsin diagnosi ng continuing congestion and safety problems, aswell

asproblemsin theinfrastructureitsdf. ITScan play astrongrolein the
overall transportation planning processfor providing monitoring input.

A specific section is devoted to monitoring and ITS in Chapter 6.

The sections below describein greater detail the various planning activitiesthat
feed the transportation plan and TIP and how ITS relates to those activities.

Policy Definition

Decision-makersprovidebroad direction for thetransportation planning process
through the establishment of goals, objectivesand policies. 1TS should takeits
direction from these policies, not attempt to create a separate policy direction.
However, policy makers should be made aware of how ITS could influence

policy through the technological opportunitiesit affords.

Special Studies
A variety of special studies are often conducted to develop information to

support the decision-making process. These studies are normally targeted
toward addressing problems and needs for specific geographic areas or specific
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functional issues. The results of these studies are provided to the decision-
making process for further consideration, funding, and implementation. Two
types of special studies that can relate to ITS are discussed in the Handbook:
corridor/subarea studies, and strategic studies or assessments.

Corridor/Subarea Studies

Corridor/subarea studies, including major investment studies (MI1Ss), are used
to flesh out transportation strategy and project recommendations on a
geographic basis. A corridor or subareaisacontext for evaluating how specific

transportation conditions, problems, and needs should be addressed within the

defined geographicarea. A widerange of multimodal strategies, including I TS,
are considered as candidate solutions for those problems.

A corridor/subarea study addresses problems and needsin greater detail than is
possible in a transportation plan. The results (project costs, benefits, and an
investment strategy) arethen provided for consideration in the devel opment of
the transportation plan and TIP. Thus, corridor/subarea studies both provide
information to and use information from the transportation plan. Priority-
setting and selection of alternatives within the corridor/subarea can be
addressed in the corridor/subarea study. Priority-setting among
corridor/subareas (which may also affect priorities within
corridor/subareas) is addressed in the transportation plan development
pr ocess.

Strategic Assessmentsof ITSor ITS Strategic Planning

Some issues are regional in nature and cannot be addressed only at the
corridor/subarea level. Yet they are beyond the level of detail that can be
accommodated in the transportation plan. In some cases, details need to be
worked out among a certain class of strategiesto ensure that the eventual system
isfully coordinated, that designs can take advantage of economies of scale, and
that the operation of the system can be supported. 1TSisone of those areasthat
can derive particular benefit from a strategic, regional approach. A strategic
assessment isused to develop aregional framework for implementation of
ITS. Theregional ITS framework incorporates a regional architecture,
consistent with the National Architecture, along with the institutional,
oper ations and management activities needed to implement the regional
architecture. Theterm “ strategic assessment” isabroad term used to describe
the process. Theregional ITS framework, including aregional architecture, is
aproduct of that process. Other termsthat have been used for similar activities
include ITS strategic plan, I TS strategic study, or ITS Early Deployment Plan.
It should be noted that the idea of a strategic assessment or strategic plan goes
well beyond the concept of early deployment, incorporating along term view
of ITSimplementation in a state or region.

“ ITSisone of those areas that can derive particular
benefit from a strategic, regional approach.”

There are several reasons why an ITS strategic assessment can be beneficial:
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It helpsto relate I TS solutions to specific transportation problems.

It provides amechanism for communicating potential ITSinitiativesto
other parts of the planning process. Other (non-ITS) projects may be
able to integrate I TS elements more cost-effectively (e.g. along with a
highway construction project) than if the ITS eements were
implemented alone.

It can ensure more cost-effective | TS depl oyment over time because of
a comprehensive approach (rather than a piecemeal approach) that
maps out growth pathsthat will result in good decisions on equipment
purchases and operational management.

It allows for easier integration of systems over time.

It brings agencies together to discuss implementation, operation, and
management issues of mutual concern. The bringing of multiple
agencies to the table hasbeen one of the most often cited benefits of a
strategic assessment.

It documents(and usually prioritizes) desired | TS projects so that funds
can be sought and projects implemented in a reasonably logical,
systematic fashion.

Most agencies have found that conducting an I TS strategic planning effort isa
useful way to address regional issues associated with ITS: communications
systems, regional information needs, enhancement to regional transit systems,
etc. Theconcerns are broader than only a corridor or subarea. Aslong asthe
results are viewed as an integral part of the broader planning process (and not
asan independent activity), astrategic assessment can be an efficient mechanism
for bringing a broad cross section of stakeholders together to structure an
approach to ITS that supports the entire regional transportation program.
However, an ITS strategic assessment is not a requirement. Many states or
regions have already conducted an activity smilar to the ITS strategic
assessment.  Strategic assessments should usually be updated periodically, as
with any planning activity.

An ITS strategic assessment is an important forum for bringing together a
broad, multimodal cross-section of stakehol ders, including thosewho would be
unlikely to become directly involved in the transportation plan devel opment.
These public and private stakeholders (such as emergency service agencies,
communications system providers, etc.) will deal with issues that tend to be
specific to ITS strategies, providing solutions back to the transportation plan
and TIP for further consideration.

“ An ITS strategic assessment is an important forum for
bringing together a broad, multimodal cross-section of
stakeholders. . .”

Interaction of the Transportation Plan, Corridor/Subarea Studies, and
Strategic Assessments
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The transportation plan guides and draws information from strategic
assessments, just asit doesfrom corridor/subareastudies. Strategic assessments
may be visionary in nature and are often not financially constrained. They
would usually result in a report that documents potential projects that may be
apart of an ultimate plan or vision but for which funding is not yet available.
In metropolitan areas, the transportation plan addresses how much of the plan
or vision can be afforded with reasonably available resources.

It isimportant to note that the planning processdoes not need to cause delays
totheimplementation of I TS projects or to makeimplementation moredifficult.
If funds become available for certain projects, implementation can often
proceed even if the planning is not completed, as long as other necessary
requirements are satisfied (e.g. inclusion in the appropriate improvement
programs). It isimportant that ITS projects (aswell asnon-I1TS projects) take
advantage of implementation opportunitiesasthey arise. In doing so, however,
agencies should be cautious of the following circumstances:

1 Making commitments(e.g. to a certain technology) that will resultin a
greater long term cost.

Investing in a project because the money is available but where the
project isnot well suited to the conditions and needs. The project could
proveto be a distraction.

Making commitments that will obligatean agency to ongoing costsfor
which resources may not be available. It is better not to implement a
project than to implement one that must be terminated shortly
thereafter.

Making commitmentsto projects that will not integrate well with other
ITS applications that may come |ater.

Strategic assessments are typically not just a long term view, but aso
incorporate the near term. An ITS strategic assessment, for example, may
provide projectsthat can beincluded in both the plan and TIP and implemented

in the near term. However, similar to the case with corridor/subarea studies,

project selection/prioritization decisions among ITS and non-ITS projects are

not finalized within a strategic assessment but within the devel opment of the
financially constrained TIP. Thisisillustrated in Exhibit 2-1 by the “project
prioritization/funding decisons’ dlipse. None of the individual planning

activities can establish final priorities and ensure the allocation of funds. In

metropolitan areas, these decisions are made at the regional level under the
financially constrained conditionsof thetransportation plan and Transportation

Improvement Program.

“ ... theplanning process does not need to cause delays
to the implementation of I TS projects or to make
implementation more difficult.”

Page 2-9



A strategic assessment providesinformation sothat better decisions can bemade
in thetransportation plan and TIP. It provides an opportunity to focus on the

details of a certain type of transportation strategy or set of strategies (i.e.
obtaining greater efficienciesout of thetransportation system through advanced

technology) to support the overall decision-making process. It is not an

independent activity; rather it provides information to other activities and
resolves issuesthat cannot beresolved in other frameworks. Thisispart of the

iterative, interactive nature of the planning process.

Much like corridor/subarea studies, strategic assessments must take direction
from the transportation plan and provide enough detail to identify appropriate
strategiesthat addressthe plan’s objectives. Priority setting among strategiesis
then addressed in the transportation plan.

A strategi c assessment can al so provideinformation to corridor/subareastudies.
For example, if aregional transportation information system isenvisionedin an
ITS strategic assessment, this concept can be incorporated into the alternatives
or concepts being evaluated in the corridor/subarea study. Likewise, if a
corridor/subarea study identifies a problem or need that should be addressed
with ITS, this can be taken up in the ITS strategic assessment (or an update, if
one has aready been completed) to be incorporated into the overall ITS
architecture for the region.

Local plans and studies are also an important part of the iterative planning
process. Certain projects may originate in alocally-sponsored transportation
study or proposal. These projects need to be considered as a factor in other
corridor/subarea or strategic studies that are regional in nature.

Relationship to the M anagement Systems

ISTEA established six management systems (bridge, congestion, intermodal,
pavement, public transportation, and safety), plus a traffic monitoring system.
The management systems are optional, except that the planning process in
transportation management areas must include a congestion management
system.

There are several ways of thinking of ITS in relationship to management

systems. The management systems typically have components of data
collection/monitoring, deficiency/problemidentification, strategy identification,
strategy eval uation, and post-implementation effectivenessevaluation. 1TS has

significant potential to assist in data collection and monitoring. ITSisalso a
potential set of strategies that can be employed in addressing problems or

deficiencies.

Some metropolitan areasmay view an | TS strategi c assessment and certain types
of corridor/subarea studiesto be apart of their congestion management system

(CMYS). Other areas may take a narrower definition of the CMS, classifying
strategic and corridor/subarea studies as“other” planning activities, not as part
of their CMS. All of the activities, whether they be the management systems,
corridor/subarea studies, or strategic assessments, feed the transportation plan
and TIP; they do not ultimately resolve project priorities and financing on their
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Relationship to
Transportation
Conformity

own. The resolution of priorities is done in the context of the financially
constrained metropolitan transportation plan and TIP/STIPs.

Subpart T of 40 CFR Part 51 and subpart A of 40 CFR Part 93 address
conformity of transportation plans, programs, and projects to state or Federal
implementation plans prepared pursuant to section 110 and Part D the Federa
Clean Air Act (CAA). Subpart T setsforth policy, criteria, and procedures for
demonstrating and assuring conformity of these activities to the applicable
implementation plan.

In areas that are nonattainment or maintenance for transportation-related
pollutants, transportation plans and programs which are financed wholly or in
part with Federal-aid or receive approvalsfrom FHWA or FTA arerequired to
be in conformancewith the State Implementation Plan (SIP) for air quality. In
most cases, I TS projects are Federally funded and it is mandatory for them to
be in compliance with conformity regulationsissued by EPA (August 1997) in
nonattainment and maintenance areas. All regionally significant projects,
including non-federally assisted projects, must beincluded in theplan and TIP
conformity analysis. According to the CAAA, transportation plans and
programs cannot create new National Ambient Air Quality Standard (NAAQS)
violations, increase the frequency or severity of existing NAAQS violations, or
delay attainment of the NAAQS.

In metropolitan areas, the MPO isresponsible for making determinations that
the plan and TIP conform to the SIP. The FHWA and FTA must also review
the plan and TIP and make a conformity determination in order for projects
contained in the plan and TIP to be dligible for Federal funding or approvals.
If atrangportation plan, TIP, or project does not meet conformity requirements,
transportation officials have the following options:

1 Modify the plan, TIP, or project to offset emissions

1 Work with the appropriate state agency to modify the SIP to offset the
plan, TIP or project emissions

If the aboveisnot accomplished, the plan, TIP, or project cannot advance. This
can affect ITS plans and projects.

Based on a literal reading of the regulations, many ITS projects would not
appear to be exempt from regional emissions analysis. In a practical sense,
many ITS projects could not be included in a regional emissions analysis
because their effectsare so difficult to analyze. Exhibit 2-2 shows a diagram of
the flow of the conformity process asit relates to transportation projects. This
process would apply to non-exempt I TS projects.
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Plan
Phase

Planning process identifies problems/needs

L 2

Planning process identifies potential projects

Program
Phase

v

MPO develops/updates the
Transportation Improvement Program

Agencies and MPO develop/update
Metropolitant Transportation Plan

v

v

MPO analyzes TIP for air quality impacts

MPO conducts conformity modeling
on the Metropolitan Transportation Plan

v

v

MPO makes conformity determination
on the TIP

MPO makes conformity determination
on the Metropolitan Transportation Plan

v

FHWA/FTA make Federal conformity
determination on the TIP

v

FHWA/FTA make Federal conformity determination
on the Metropolitan Transportation Plan

Project
Phase

v

Lead agency conducts project level environmental
analysis including air quality section

Lead agency includes Local or state funded
conformity determination projects

~N

in final report implemented

FHWA/FTA make Federal conformity determination
on Federally funded projects

v

Federally funded projects implemented

Exhibit 2-2. How a Project Passes Through Air Quality Confor mity
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Americans with
Disabilities Act of
1990 (ADA)

OVERVIEWOF ITS
STRATEGIES

Several types of ITS projects could be readily accepted as exempt from

conformity determinations, such as safety-related I TS projects, equipment to
improve transit operations, and fare payment systems. Signalization projects at
individual intersections are exempt from regional emissions analysis, as are
truck size and weight inspection stations. However, these projects are till
subject to the requirements for CO and PM 10 hotspot analysis. Traffic signa
synchronization projects may be funded, approved, or implemented without

being subject to a conformity determination; however, the effect of the

emissions of such projects must be included in the supporting regional

emissons analysis. Freaway control systems, and other I TS projectsthat affect
traffic operations would not appear to be exempt, but may be difficult to

analyze. A more comprehensive discussion of transportation conformity and

its relationship to the planning process is included in the FHWA/FTA
publication Transportation Conformity, A Basic Guide for State and Local
Officials (Publication No. FHWA-PD-97-035).

The ADA givescivil rights protections to individuals with disabilities ssmilar
to the rights provided to individuals on the basis of race, color, sex, nationa

origin, age, and religion. It guaranteesequal opportunity for individuals with

disabilities in public accommodations, employment, transportation, State and
local government services, and telecommunications.

Under the ADA, the Department of Transportation hasissued regulations
mandating accessible public transit vehicles and facilities (49 CFR 27,37, and
38). They include requirementsfor accessible fare vending machinesand fare
collection areas. The regulations also require transportation terminals and
stations with public address systems to make messages accessible to persons
with hearing impairments. The requirements for accessible information
provide opportunitiesfor I TStechnol ogiesto hel p meet thetransportation needs
of the disabled.

ITS is not a new concept. It began with the early computers and vehicle
detection systems over 25 years ago, with applicationsto traffic signal systems
and freeways. What is new is the rapidly increasing array of advanced
technol ogies applicable to multimodal transportation. These technol ogies can
be packaged in various ways into strategies that improve the efficiency and
effectiveness of transportation systems. In the planning of ITS, strategieswill
be specified in terms of specific locationsfor implementation and technol ogies
to beincluded.

The TS National Architecture uses the term"market package" to represent an
ITS improvement strategy or set of strategies that can be deployed as a unit to
address a transportation or air quality objective or problem. The market
package terminology is used throughout the Handbook as synonymous with

improvement strategies. Theterm “ ITSuser services’ hasalso been used in the
past to represent ITS strategies. User services represents a customer/user
orientation to ITS strategies, while market packages are oriented toward the
equipment to be implemented. The emphasis of the user servicesison “ what”

isto be achieved, whilethe emphasis of market packagesison “how” to achieve
it. There is substantial flexibility in how a region may wish to refer to ITS
strategies. Some may prefer user services, some may prefer market packages,
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CurrentITS
Applications

Assessment of
I TS Benefits

and others may refer to ITS strategies. However, it isimportant to use terms
that are meaningful tothe stakeholdersinvolved in your local process. Agencies
involved in ITS should be careful not to use ITS “lingo” that does not

communicate well with the audience.

In examining terminology tobe used to represent I TS strategies, it isimportant
to define strategies in a way that benefits, costs, and impacts can be defined.
Neither ITSmarket packagesor user servicescan be cons dered detail ed enough
to allow this to occur. Additional definition is needed for some of the user
services or market packages. For example, aramp metering systemisan ITS
strategy that has certain effects on speeds, accidents, etc., yet neither market
packages or user services explicitly identify ramp metering. Additional
definition isneeded to allow an eval uation of that strategy to take place. Market
packages tend to be defined at a greater level of detail than user services.
Exhibit 2-3 provides a list of ITS market packages associated with ITS user
Services.

“...itisimportant to define I TS strategies in a way that
benefits, costs, and impacts can be defined.”

It is at this level that the most meaningful evaluation can take place. It is
important to note that the list of market packages in Exhibit 2-3 is not
necessarily a complete list. Additional market packages may be identified to
address specific problems or opportunities, or some market packages can be
further subdivided.

Substantial information existson current operational | TSprojectsand programs.
It is not the purpose of this Handbook to provide a comprehensive listing of

these applications. However, asummary of references(The TS Tool Box) is
provided in Appendix B. These documents show how far the transportation
community has come in implementing ITS. References are listed from both
transit and highway modes.

Information on documented benefits of ITS is more difficult to obtain.

However, thereis a growing body of evidence from a variety of projects and

programs. Exhibit 2-4 provides asummary of information on quantifiable I TS
benefits, extracted from the report Assessment of ITS Benefits: Early Results,
MitreCorporation for FHWA, August, 1995. There are also numerous benefits
that cannot be quantified, such as management efficiency and responsiveness
that are often associated with ITS. Thesewill be discussed later in the report.
Other useful referencesinclude Traveling With Success by Public Technol ogy,

Inc. And the Intelligent Transportation Systems Action Guide: Realizing the
Bendfits, by the Intelligent Transportation Society of America (ITS America).

Transportation planning revolves around making decisions on projects and
programs. Good planning depends on arealistic assessment of the benefitsand
costs, and on the advantages and disadvantages of potential courses of action.
In effect, that isthe subject of this handbook: identifying the implications of
choices so that agencies can make wise investments of their resources. Each
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Exhibit 2-3. Market Package to User Service Relationships
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Exhibit 2-4. Selected
Quantifiable ITS
Benefits

(Sour ce: Assessment
of ITS Benefits: Early
Results)

ITSSTRATEGY

LOCATION

DEMONSTRATED BENEFITS

Commercial Vehicle
Operations:

- Electronic clearance,
improved inspection
procedures, and
vehicle performance
monitoring

Oregon

- increase in weighing of 90%, and
an increase in safety inspections of
428% between 1980 and 1989
with staff increase of only 23%

Motor Carrier Safety
Assistance Program

Nationally

- the cost/ben€fit ratio estimated at
2.5 whileyielding areduction of
2,500-3,500 accidents annually.
- improved brake ingpection
technology will reduce inspection
time by 10-15 minutes

- use of pen-based computers will
reduce the duplicate input of
inspection report data resulting in
asavings of 125 staff years
annually

Ramp
Metering/Traveler Info

Minnesota DOT -
TMC (January
1994)

Sesttle,
Washington
(WSDOT, 1989,
measured)

Long Idand, NY
(INFORM)

- increase average speedsfrom 34
mph to 46 mph

- accident rates dropped 27%,
from 428 to 308 per year

- annual accident experience
dropped from 3.4/MVM to
2.11/MVM

- over asix year period, freaway
speedsincreased up to 20%

- 38% reduction in accidents

- ramp delays 3 minutes or less

Freeway speedsincreased 13%
(with 5% increasein VMT for PM
period)

- 300,000 vehicle hours saved/year
with motorist info

- 7% increase in throughput in
some sections, no changein others

Route Guidance

LosAngeles-
Pathfinder

Orlando -
TravTek

- Driversusing Pathfinder were
40% more likely to divert

Decreasein travel times of 19%
for equipped vehicles
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ITSSTRATEGY

LOCATION

DEMONSTRATED BENEFITS

Incident Management

Twin Citiesarea -
Minnesota
Highway

Helper Program

Maryland
CHART program

- reduces duration of astall to 8
minutes

- annual benefit estimated at $1.4
million with a cost of $.6 million
- reduction of secondary collisions
(difficult to estimate)

Estimated 10:1 benefit/cost ratio

Transit services -

Baltimore - Mass

- 23% improvement in on-time

vehiclelocation Transit performance
systems Adminigtration
Kansas City - Improved schedule adherence by
K.C. Area 12%
Transportation
Authority
Milwaukee - Improved on-time performance by
Milwaukee 28%
County Transit
System
Electronic toll Detroit, Michigan | - Benefit/cost ratio estimated at
collection/ to 30:1
Automatic vehicle Windsor, Ontario
identification
Oklahoma - 91% savingsin annual costs per
Turnpike lane
Advanced vehicle Telesat, Canada - increased | oaded mileage by 9%

monitoring and
communications

Dundas, Ontario -
Frederick
Transport

Fort Wayne, IN -
North American
Van

Lines

Fenton, MO -
United
Van Lines

to 16%
- reduced operating costs $.12 to
$.20 per track mile

- increased | oaded miles by 20%
- reduced phone costs by $30 to
$150 per month

- increased load factors by .07%

- increased shipping business by
16.9%

- expedited service by 24.5%

- reduced cancellations by 3.8%

- easer recovery of stalen
equipment
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ITSSTRATEGY

LOCATION

DEMONSTRATED BENEFITS

Automated Vehicle
Inspection

Nationwide
(projected)

- reduced impacts of HAZMAT
incidents by $1.7 million annually
- reductionsin tax evasion from
$0.5 to $1.8 million annually per
State

- reduction in overweight loads
saving $5.6 million annually

- weigh station operating costs
reduced up to $160,000 annually
per state

- with automated credential
checking, operating costs could be
reduced from $4.3 to $8.6 million
annually per state

- with automated safety
inspections, operating costs could
be reduced from $156,000 to
$781,000 annually per state

Bus priority traffic
signal system

Portland, OR

5% to 8% reduction in bus travel
time

Transit - Automated
vehicle location/CAD
system

Kansas City

- reduction in scheduletime

- two year cost savings of $1.5
million in capital expensesand
$404,000 annually in operating
expenses

Trangt - Computer-
aided dispatching and
scheduling

Winston-Salem

Improved productivity

- 9% lower expenses per mile

- 2% lower expenses per passenger
trip

Automated traffic
surveillance and
control (signal
systems)

California

- 13% reduction in travel time

- 35% reduction in vehicle stops
- 14% increase in average speed

- 12.5% lower fud costs

- 20% reduction in intersection
dday

- 10% reduction in HC emissions
- 10% reduction in CO emissions

Closed loop signal
system

Abilene, TX

- 13.8% lower travel time

- 5.5% reduction in fue
consumption

- 12.6% reduction in CO
emissons

- 9.8% reduction in HC emissions

chapter that follows makes a contribution to the procedures and methods that
support the making of these choices.
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WHAT ISTHE
NATIONAL
ARCHITECTURE?
(Excerptsfrom “ The
National Architecture
for ITS: AFramework
for Integrated
Transportation into
the 215T Century.”)

ITSisbascally all about information—the collection, sharing, processing, and
redistribution of information—to help move people and goods better.

Information lets travelers make better decisions, and helps improve the
efficiency and safety of the various elements of our surface transportation

infrastructure.

An architecture is a framework that lays out the boundaries, players, and
strategies for that process of information management and in the case of ITS,

it has to have an intimate knowledge of the way transportation works, in order

to get the new systemsto work well with the existing ones. Theframework can

then guide agencies and the private sector in devel oping standards and making
deployment decisions that will result in efficiency, economies of scale, and
national inter-operability.

The architecture will help coordinate the development of Intelligent
Transportation Systems. It will help ITS eements to use a common
vocabulary, think about acommon set of issues, and, eventually, useacommon

set of design and i nterconnection standards, asadvanced transportation systems
are gradually tied together and new ones are created.

In many ways, the National Architecture—reflecting asit doesafair consensus
of the diverse parties that have had arole in its formation—provides a master
plan for deployment of ITS technologies and systems into the next
century...much as the architecture (or master plan) for the Interstate Highway
System influenced a half-century of transportation development. Asindicated,
an architectureis basically aframework...away of thinking about the world of
transportation and information management. The National 1TS Architecture
relies on interactions among three “layers’ of infrastructure:

1 Communications Layer. Thisis the information infrastructure that
connects elements of the transportation layer—it is what puts the
“Sygem” in ITS—and allows coordination and sharing of information
among systems and people. The Architecture carefully lays out @ what
types of information and communication are needed to support various
I TS services, U how data should be shared and used by which physical
entities (subsystems); and U what types of standards are needed to
facilitate this sharing.

Communications is what puts the “S’ (for “ sysem’) in ITS. Ever
increasing availability of communications, together with fast, cheap,
and small computing technology, have combined to create an
unprecedented opportunity for ITSdevelopment. Thetypesof linkages
advocated by the Architecture include:

- Wide Area Broadcast—such asa car’s FM radio receiver

- Wide Area Two-Way Wiredess—allows more advanced,
interactive services over, for example, a cdlular phone link.

- Dedi cated Short Range Communi cati on—such astheemerging
wireless vehicle ‘tags for toll collection.

- V ehi cle-to-V ehi cleCommuni cation—whichwill someday help
in avoiding collisions and improving vehicle control.
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I TSMarket Packages:
Bringing the
Architectureto Life

- Wirdine Communication—regular ‘ phone lines': phone, fax,
modem, video, and high speed data networks.

Transportation Layer. Thisis the ‘real world'—our physical ITS
infrastructure that is beginning to evolve and will continue to evolve.

This layer identifies the key players and establishes a common
terminology for existing and future I TS subsystems. The Architecture
is made up essentially of: travelers; vehicles, management centers; and
roadside elements.

Ingtitutional Layer. Our socioeconomic infrastructure of
organi zationsand social roles—reflecting jurisdictional boundariesand
including agencies at alllevels of government, private companies, and
those that may be impacted by ITS services. Activities on this level
include developing local policy, financing ITS, and creating
partnerships to guide ITS deployments. The architecture does not
propose modifications to this layer, acknowledging that there are
reasonswhy things are the way they are...and that they are very difficult
to change. It doesrecommend who should be connected to whom; and
what types of things they need to betelling each other.

The architecture groups equipment into sample market packages, each of
which describes a group of eements (equipment packages) that need to work
together to deliver a particular ITS service. For example: for asingle | TS user
service such as Dynamic Route Guidance, a range of equipment is needed:

The Traveler requires two equipment packagesin the vehicle: aroute
guidance system; and someway of receiving dynamic information (for
example, an enhanced FM radio that can receive data; or, better yet, a
two-way interactive means of requesting and receiving routesfrom an
Information Service Provider.

An Information Service Provider (I1SP) needsto have the equipment
to calcul ate route/traffic information, and the means to communicate it
to the customers.

A Traffic Management Center (or other source) needs the means of
collecting this information, and providing it to the ISP.

This suite of equipment together makes up the market package, the whole of
which is necessary to deliver the service (dynamic route guidance) to the user.
The architecture recognizes that a diverse marketplace will result in a whole
range of market packagesthat can ddliver thisuser service. Oneshould beable
tofind equipment with different level sof capability at correspondingly different

prices.

Several important perspectives on the National TS Architecture include:

The architecture is a tool , a framework, for the people who will be
designing and building the systems that will deliver ITS servicesto the
user. For instance, designers can find guidance on how much and what
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The Next Step:
Standards

kind of information needs to be produced by a traffic management
center; and what other systems it needs to be shared with. The
Architecture does not prescribe any technologies, designs, or palicies;
it provides the framework. It gives each ITS center, or system, or
information device an understanding of how it should relateto the rest
of ITS.

The architecture prioritizesthe key ITS market packages that bring
thegreatest benefit early on, and recommendsearly depl oyments: things
that make sense to do NOW due to technological or ingtitutional
opportunity, high potential benefits, market demand, or pre-existence
of required standards.

Thear chitectur eleavesmaximum room for and strongly encourages
private sector participation in ITS. Functions are broken out such that
there is maximum opportunity for private sector involvement in
providing ITS services—especially in the role of an Information
Service Provider, or |SP.

Thear chitectur eproposesimplementation scenarios thatfirstenable
isandsof ITS development NOW, which leverages existing assets and

ITS investments, and then encourage increasing integration over time,
resultingin progressively greater inter-operability and capability among
systems.

The architecture developers have recommended policy to USDOT,
for example: @ facilitate achievement of nationwide inter-operability
by supporting standards development efforts;, U maintain the
architecture over time; U devel op education and training programs for
the local ITS implementor; U provide ‘handbook’ -type guidance for
ITS design and procurement; and U emphasize evaluation of systems
to determine actual benefits derived from investments.

Aswith any system, the critical linksin ITS are the interfaces that tie together
the different parts of the system—for instance, between a vehicle and roadside
equi pment; between atraffic management center and acompany that repackages
raw travel data; between two vehicles cruising on an automated highway. The
Architecture describes these interfaces to be descriptive, not prescriptive, in
keeping with itsrole asaframework. Thereisnot enough detail that a hardware
or software designer could actually build a given interface. There are many
different ways to design architecture-defined interfaces. Consequently,
consensus standards are needed. No matter how solid an architectural master
plan is, standardized parts will be needed to carry out the plan consistently
throughout the country.

Over the coming years, agreement will be reached on how to standardize each
of thecritical linksin the architecture which will ensure that users can interface
with systemsin a consistent way. The architecture will continue to evolve, to
accommodate new user services and—by guiding the standards devel opment
process—to preserve the ability of systems to operate throughout the nation.
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An Overview of
Documents from the
National Architecture
for ITS

A substantial amount of information has been developed through U.S. DOT's
National Architecture development process. Although many of the documents
extend well beyond the planning processinto project devel opment and design,

an introduction to the documents is warranted here. The documents are
available on a CD-ROM entitled The National Architecture for ITS, available
from the Federal Highway Administration.

The Vision contains a magazine style description of what users can expect to see
in the transportation world of the future. The document contains easy to read

descriptions addressing each of themajor I TS stakeholders. Also presented are
vignettes of lifein the years 1997, 2002 and 2012.

The Misson Definition ties the architecture program to U.S. DOT’sNational
Program Plan for ITS. Here, the stage is set for the architecture work. The
document addresses goal s, objectives, user service requirements, and expected
benefits. The document also contains a communications threat analysis to
remind us of the pitfalls that we should avoid.

The Architedure Definition is contained in a set of 4 volumes. The Logical
Architecture presents a functional view of the ITS user services. This
perspective is divorced from likely implementations and physical interface
requirements. It presents only the functions (process specifications) that are
necessary to perform I TS services and the information (data flows) that need to
be exchanged between these functions. The Logical Architecture document
contains diagrams showing such processes and data flows between them. The
document also contains a complete data dictionary.

The Physical Architecture collects related functions together into subsystems.
This document contains a collection of Architecture Flow Diagrams that show
al of the data that passes between subsystems. The characteristics and
constraintson theinter-subsystem dataflowsareal so presented. Thelogical and
physical architecture aretied together with acollection of cross-referencetables
in theTraceability Matrix. The Theory of Operations provides a smple walk-
through of how the architecture supports | TS implementations. This document
containseasy-to-read text and diagramsthat explain the operational conceptsthe
architectureusesto implement the user services. Advantages and disadvantages
of alternative operational conceptsareal so presented. Several documentsreport
theresults of the numerous eval uations conducted on the architecture. Because
the architecture is not something that one can directly see or touch, the
evaluations are based on possible implementations.

The Communications Document presents a thorough analysis of the
communications aspects of the architecture. Analysis begins with the
communi cations requirements resulting from analysis of the architecture data
flows. Quantitative data loading requirements are proposed for a hypothetical
system design whose parameters are documented in the Evaluatory System
Design. A far reaching technology assessment is presented that covers several
potential communi cations technol ogy choices. These alternatives are compared
with estimated I TS requirements. In particular, data |oading requirements are
used in a detailed simulation of one of the candidate wireless wide area
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communications technologies (CDPD). The document has an extensive set of
appendices, each dealing with a specific communications study.

The Risk Analysis document assesses the risks threatening architecture
deployment and suggests mitigation strategies. These strategies have been
included in the overall implementation strategy for the architecture. The
Performance and Benefits Study documents the results of a set of evaluation
criteria as applied to the architecture. Theresults indicate that the architecture
is flexible and adaptable. The document also presents an overall benefits
discussion. Thisdiscussion islimited to benefits of the architecture (as opposed
to benefits of ITS). ITS benefits can also be found in a number of other
sources. A Cost Analysis document uses the same hypothetical system design
used for the communication analysis, to provide a basis on which an
implementor might begin to estimate the costs of deploying ITS in specific
jurisdictions. The evaluations are summarized in an Evaluation Summary
document that focuses on results of the various analyses.

Support for Implementors is provided in three documents. A Standards
Development Plan presents the steps that need to be taken to produce a
collection of interface standards. The document |eads a standards devel opment

organization through the architecture documents. It defines those standards that
require national interoperability for nationwide deployment of ITS. Thosedata

flows that arerelated to near term deployments (e.g. Intelligent Transportation
Infrastructureand Commercial Vehiclelnformation Systemsand Networks) are
listed. For each deployment feature (e.g. Traffic Signal Control), either a set of

existing standards activities are identified, or new standards work is
recommended. In elther case, architectureinformation should bevaluable. A top

level view of how to use the detailed information is presented along with a

mapping from deployment features to a set of 12 standards packages. The

Standards Requirements Document contains detailed information for each

standards package.

The culmination of the architecture effort is its ultimate implementation. This
isdescribed in the |mplementation Strategy document. The document includes
samplewaysin which current deployment activities can use the architecture to
identify interfaces that need to be standardized. It also presents a process for
rolling out ITS services. The processis part of an overall strategy that includes
recommendations for future research and development, operational tests,
standards activities, and training.

Each region of the U.S. isunique. There are differences in size, geographic
layout, ingtitutional structure, demographics, existing transportation
infrastructure, etc. Because of these differences, transportation priorities al'so
tend to be different. One region may emphasize transit more than others;
another region may be an industrial distribution hub; another may be primarily
a retirement area. Although the ITS National Architecture provides a
framework, it is important for each region to tailor an ITS architecture to their
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specific needs. For example, each region will have a different set of legacy
systems, and the agencies responsible for various € ements of the transportation
system differ as well. A regional architecture maps out how the various ITS
components will ultimately be tied together, not only physically, but
ingtitutionally aswell. It allows the system to built incrementally, in the most
cost-effective way.

ITS presents an additional challenge not present in many other capital projects,
particularlyhighway projects. Transportation planning hastraditionallyfocused
on capital projects. Thechallenge of ITSisnot only to plan and build thel TS
infrastructure, but to use it on a continuing basis to operate and manage the
transportation system more safely and efficiently. Planning for operations and
management is often either never done or is merely an afterthought to what are
considered to be the major infrastructure decisions.

“The challenge of ITSis not only to plan and build the
ITSinfrastructure, but to useit on a continuing basisto
operate and manage the transportation system more
safely and efficiently.”

Operations planning takes the planning process a step beyond the traditional
plansfor building theinfrastructure or the purchase of equipment. It addresses
how the transportation system will function on a day-to-day basis. Operations
and management should be factored into planning at several levels:

! In decisions on traditional infrastructure investment: The resources
required for operations and management may influence the type of
infrastructure that is built. For example, eectronic toll collection not
only isrevolutionizing the way that toll operations are conducted, but
is making infrastructure investments possible that may not have been
possi ble without the advent of this technol ogy.

In decisonson ITSinfrastructure: Operations and management costs
are a significant consideration in identifying approaches to ITS.
Personnel requirements, maintenance requirements, etc. need to be
considered in making choices on how to invest in ITS and how to
prioritizel TS projects. Thisispart of thelife-cycle costing process that
has become important as a tool in the thorough evaluation of
transportation plans, corridor/subarea studies, and other planning
activities.

In decisions on investment levels in personnel and equipment to
support implemented or soon-to-be-implemented I TS projects and the
integration of those projects.

In real-time management and coordination of inter-jurisdictional and
agency operations. While thisis more of an implementation e ement
than a planning € ement, decisions made on real-time management and
coordination of agency functions need to be understood not just within
the responsible agency, but outside the responsible agency aswell. A
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good exampleisincident management. Many agenciesareinvolvedin
incident management, and incident management works best when
agencies have determined their mutual responsibilities and protocols
beforehand. The linkage between police, fire, transit, and traffic
management agencies is critical for improved public safety. The
process of making these determinations may impact the financial
requirements of the transportation plan and could therefore be
considered part of (or an important input to) the planning process.
However, thislevel of operations planning tendsto bevery short term.

Operations planning isnot unliketraditional infrastructure planning. It merely
involves thinking farther through the process of delivering transportation
services. It recognizes operations not just as an afterthought, but asintegral to
making good overall investment decisions. Just as the consumer has become
educated to examine many dimensions of the purchase of an automobile (not
just the physical characteristics of the vehicle, but fuel economy, maintenance
costs, etc.) so transportation agencies need to consider the full implications of
investing taxpayer dollars. In some cases, this means saving taxpayer dollarsor
being ableto do morewith the resources available. Operations planning means
working smarter, not necessarily more expensively. It means providing the
basis for system integration and system evolution, not building it and forgetting
it.

“Operations planning is not unlike traditional
infrastructure planning. It merely involves thinking
farther through the process of delivering transportation
services.”

In addition, operations planning does not need to be complicated, nor does it
need to slow down the decision-making, funding, or implementation process.
It involves assembling the appropriate players, identifying responsibilities,
making reasonable resource estimates, and making decisions based on that
information. It does not require arestructuring of traditional agency oversight
over their facilities. It doesinvolvegharinginformation sothat all the agencies
can ddiver better service to ther transportation customers. If agencies
determine that a restructuring of some responsibilities is appropriate (e.g. a
multi-jurisdiction traffic operations center), this option is available.

Thereare several possibleforumsfor coordination of multi-agency operations
planning and ongoing coordination of operations and management:

! Under the MPO umbrella.
1 Asagroup of agencieswith specific responsbility for asubareathat is

geographically tied together (e.g. some cities organize themselves with
an operations group or committee).

Page 2-26



1 Under the umbrella of an agency that has prime responsibility for an
activity (e.g. when a state DOT seeks input from local agencies and
transit agencies).

The ongoing coordination of operations and management is becoming a more
important function as I TS becomes more prevalent. Agencies cannot live in
isolation from one another. Not only do the actions of one agency affect
another, but the operation and management of thetransportation system crosses
both geographic and institutional boundaries. An ongoing transportation
management and operations group can:

1 Provide anurturing atmospherefor operations projectsand operational
enhancements. These can be projectsin an ITS strategic assessment
that are further developed, or additional projects that are introduced
because of specific needs or opportunities.

Troubleshoot existing interagency projects or projects being
implemented.

Devdop and make adjustments to operational and management
procedures.

Serve asacommuni cation mechanism for special eventsand emergency
situations and a forum for debriefings on how planned operational
strategies worked.

A number of examples of these arrangements exist. For example, in Los
Angeles County, individual cities are members of the Metropolitan
Transportation Authority’s signal group, which was an outgrowth of an effort
to coordinate signals across jurisdictional boundaries. This group now deals
with ITS activities on a broader scale.

The most appropriate approach to ongoing operations and management likely
depends on the level of operational detail being examined. Areas that have
fewer operational issueswill tend to havelessformal arrangements. Operations
planning can usually occur under existing organizational structures. Itisnot an
activity that should be pulled out and conducted separately; rather, it is an
activity that should be integrated with traditional infrastructure considerations.
Operations planning issimply adimensi on that should bean ongoing part of the
overall planning framework. Itsmost concentrated form may bewithinan ITS
strategicassessment, but it should integrated throughout the planning process.
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3. ITSCONNECTIONSTO TRANSPORTATION PLANS AND
TRANSPORTATION IMPROVEMENT PROGRAMS

REQUIREMENTS
FORTHE
TRANSPORTATION
PLAN

The emphasis of ISTEA is on a systems approach to delivering transportation
services. The “E” was deliberately included to promote the importance of
efficiently using the existing transportation system. Thisisone of the principal
assatsof ITS. Thus, itisimperative that ITS be a significant consideration in
transportation planning activities. One of the focal points of these activitiesis
the transportation plan.

Thetransportation plan isone of the principal products of the planning process.

It is the expression of a state or metropolitan area's long-term approach to
constructing, operating, and maintaining the multimodal transportation system.
It is the forum for balancing transportation investments among modes,

geographic areas, and institutions. 1TS should have a relationship to both the
statewide transportation plan and the metropolitan transportation plan. The
emphasis of this chapter will be on the metropolitan transportation plan.

The Federal regulation on Statewide and Metropolitan Transportation Planning
(23 CFR, part 450) specifiesrequirementsfor transportation plans. Exhibits3-1
and 3-2 indicate those requirements and highlight some of the associated
considerations for ITS inclusion into those plans. There are several general

observations from those exhibits:

C The exhibits can be used as a point of reference for ITS plannersin the
preparation of material to be included in the transportation plan.

C Although the transportation plan covers along term horizon, it also isto
include short-term projects and programs. Thus, even short-range ITS
actions are appropriate for inclusion in the plan.

C Thereis substantial emphasis on the inclusion of actions that promote
system efficiency. Thisisone of the strengths of ITS.

C Thereissgnificant emphasison themulti-modal needsof thetransportation
system, agoal in common with ITS.

C Metropalitan transportation plans must be financially constrained. This
requires that strategies involving ITS provide reasonable estimates of not
only capital costs, but operations and maintenance costs as well.

Statewide transportation plans do not need to be financially constrained.
However, many statewide plans tend to be policy plans more than plans
identifying specific improvements.
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Exhibit 3-1.
Requirements for
Statewide
Transportation
Plans and
Considerationsfor
ITS

Requirement

Considerationsfor ITS

Beintermodal and statewidein
scope in order to facilitate the
efficient movement of people
and goods

ITS could be considered as an
important component for
maintaining system efficiency.
ITS cuts across multiple modes.

Be reasonably consistent in time
horizon among its e ements, but
cover aperiod of at least 20
years

Encourages examination of
long-term approach to ITS.
However, thisis difficult given
rapid changes in technology.

Contain, as an element, aplan
for bicycle transportation,
pedestrian walkways and trails
which is appropriately
interconnected with other
modes

Not substantially relevant to
ITS.

Be coordinated with
metropolitan transportation
plans

Statewide I TS e ements should
be coordinated with
metropolitan ITS elements.

Reference, summarize or
contain any applicable short
range planning studies, strategic
planning and/or policy studies,
transportation need studies,
management system reports and
any statement of policies, goals
and objectives regarding issues
such as transportation,
economic devel opment,
housing, social and
environmental effects, energy,
etc., that were significant to the
development of the plan

ITS strategic assessment,
corridor or subarea studies that
involve ITS, ITS palicy
statements should be referenced
or incorporated into the
transportation plan. ITS
related plans should be
packaged in such away that
certain summary e ements
could be easily incorporated
into the transportation plan.

Reference, summarize or
contain information on the
availability of financial and
other resources needed to carry
out the plan

Any financial resourcesthat are
generated through ITS
applications (e.g. from private
sector, user fees, etc.) should
be included.
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Exhibit 3-2.
Requirements for

M etropalitan
Transportation Plans
and Considerations
for ITS

DEVELOPINGITS

Requir ement

Consderationsfor ITS

Include both long-range and short-
range strategies/actions that lead to
the development of an integrated
intermodal transportation system that
facilitates the efficient movement of
people and goods.

Even though many ITS actions may
be short-term to mid-term, they
should beincluded in the
transportation plan. The plan covers
all time periods.

| dentify the projected trangportation
demand of personsand goodsin the
metropolitan planning area over the
period of the plan

Estimates of benefit for ITS should
take into account the future, not just
the present.

I dentify adopted congestion
management strategies

ITSisoneof anumber of congestion
management strategies, oriented
toward the more efficient use of
existing facilities.

| dentify pedestrian walkway and
bicycle transportation facilities

Not substantially relevant to ITS.

Reflect the consideration given to the
results of the management systems

Any ITS grategy evaluation and
project recommendations conducted
through the management systems
should be reflected.

Assess capital investment and other
measures necessary to preserve the
existing transportation system and
make the most efficient use of
existing transportation facilitiesto
relieve vehicular congestion and
enhance the mobility of people and
goods

ITS could represent one form of
capital investment to preserve and
make most efficient use of the
existing transportation system.

Include design concept and scope
descriptions of al existing and
proposed transportation facilitiesin
sufficient detail in nonattainment and
maintenance areas to permit
conformity determinations.

If ITSisto beused asan eement of
demonsgtrating transportation
conformity, it must be specified in
sufficient detail to be evaluated under
those requirements.

Reflect a multimodal evaluation of
the transportation, socioeconomic,
environmental, and financial impact
of the overall plan, including all
major transportation investments

Tothe extent possible, the I TS
elements should beincluded in the
transportation, environmental, and
financial evaluation. ITSisnot
generally relevant to socioeconomic
factors.

Include afinancial plan that
demonsgtrates the consistency of
proposed transportation investments
with already available and projected
sources of revenue.

ITS eementswill need to be costed
and balanced against total revenue.
ITSwill need to include operations
and maintenance € ements.

The metropolitan transportation plan expresses a metropolitan area'slong term
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ELEMENTSOF THE
TRANSPORTATION
PLAN: THE BIG
PICTURE

plan for transportation (at least 20 years). The plan must be financially
constrained, requiring an assessment of all reasonably available sources of
revenue. Costs must include operations and maintenance costs. Therearethree
ways that ITS could be considered for inclusion in the plan:

C As an integrated element of other transportation strategies, without a
significantidentity of itsown. Thisapproach would view I TStechnologies
primarily asenhancementsto other transportation strategies. For example,
a real-time transit information system is an enhancement to schedule
information systems already in place.

C As a distinct element, discussed in parallel with other transportation
strategies such aslane additions, high occupancy vehicles, and transit. For
example, there could be an alternative that specifically emphasizesITS, in
which ITS would be a major transportation theme (although not to the
exclusion of other strategies). This might be appropriate for metropolitan
areasthat arewell-devel oped, where possihilitiesfor new highway capacity
arelimited.

C Both as a distinct element and integrated with other strategies. This
approach seems most appropriate because some I TS strategies do not fit
within the umbrella of other strategies (e.g. a freeway traffic control and
information system tendsto be viewed as an operational strategy in itsown
right). However, other ITS strategies can be viewed primarily as
enhancements, such as the transit information example provided above.

The third approach is the more comprehensive of the three and accomplishes
two objectives: it helpsITSto stand out as an important transportation feature
in and of itself, and it allows ITS to distinguish itself as an important value-
added feature of other transportation strategies. Because ITSis not currently
included at all in many transportation plans, any of the above three approaches
would tend to be an improvement. However, ITS components should be

viewed as tools to help deal with a range of multimodal transportation
problems, not merely as an effort to find technology applications for

transportation. The planning processisto be problem-driven or needs-driven.

Thefailuretoshow aclear connection between transportation problemsand I TS
solutions may be one of the reasons that ITS is not readily accepted in some
palitical and public circles.

"The failure to show a clear connection between
transportation problems and I TS solutions may be one of
thereasonsthat ITSis not readily accepted in some
political and public circles.

Thereare several examplesof ITSbeing explicitly considered in ametropolitan

transportation plan. In Southern California’ s 1994 Regional Mohility Element
(RME) of the Regional Comprehensive Plan (the RME is the region’s
metropolitan transportation plan) by the Southern California Association of

Governments (SCAG), ITS was explicitly included in several ways:
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C ITSwas one of several strategiesin a group of Advanced Transportation
Technologies (ATT). Othersincluded zero emission vehicles, alternative
fuel vehicles, telecommunications, and advanced shuttle transit (which
would include ITS features).

C SCAGformed atask force composed of |ocal elected officialsand Caltrans
toassist in preparing ATT options for inclusion in the RME.

C Theuseof ATT wasidentified asone of 10 criteriafor inclusion of projects
into the RME (a benefit to other projects, but not arequired feature).

C Objectives and strategies for the group of advanced transportation
technol ogies were formulated and stated.

C References were made to other ITS-related studies such as the Statewide
Smart Corridor Study.

C An egtimate of financesto be devoted to ATT strategies was specified ($15
billion to $29 billion over 20 years, but tied to revenue believed to be
obtainable from a market incentives program).

Many agencies are only now grappling with therealities of long range planning
under financial constraint. Asindicated in Chapter 2, states and regions are
being held more accountable to present a realistic picture to their constituents
regarding the projects and programs that are buildable and operable with the
resources available. In some cases, however, agencies are also creating a
visonary element or aseparatevision plan or needsplan. Thisisanimportant
consideration for ITS. Many of thoseinvolved with ITS believe there needsto
be astrong visionary e ement when crafting plansfor ITS. Beingvisionary does
not mean that one should strive for a"gold-plated” I TS plan, nor doesit mean
that the vision is detached from problems and needs. Rather, it recognizes that
one needsto think beyond the limitations of financial constraint initially, to be
comprehensive and inclusive of the opportunities I TS affords.

“ Many of those involved with ITS believe there needs to be a strong
visionary e ement when crafting plansfor ITS”

The case for avision planning as input to the transportation planning process
iscompelling. The reasons for vision planning asrelated to I TS include:

C Documents strategies and approachesthat were considered before the plan
was financially constrained. |deas may have been generated in the process
of plan development that should be taken up as issues in a subsequent
transportation plan. Visionary thinking should not need to be reinvented
each transportation plan iteration.

C Provides a basis for addressing contingencies in the transportation plan.
For example, abetter approach to transportation may not have been useable
in thefinancially constrained plan because of the uncertainty surrounding

Page 3-5



other related events, such asapproval of a project that may have allowed a
major financial savingsto an ITS communications system.

Provides a basis for anticipating problems beyond the typical 20-year
horizon.

Provides afoundation for legal or legidative work that may be needed to
advance innovative transportation opportunities. For example, avisionary
element may be highly desirable but cannot be achieved without a change
in state law or local palicy.

The development of the ITSregional architecture (described in Chapter 5)
needsto beinclusive of all ITS strategies that could occur, not just those
that fit within the financially constrained transportation plan.

If costs of implementation should belower than expected or the amount of
funding available higher than expected (e.g. if amajor project is dropped
from the plan), the vison plan can provide ready candidates for
replacement.

Itisappropriatefor ITSto haveastrong rolein both thefinancially constrained
transportation plan (a necessity) and in long rangevision planning. Exhibit 3-3
shows the general relationship between them:

C Stateand regional policy provide the overall direction. Consideration of

ITS must take place in the broader policy context.

Goaly/ Vision Concepts
Policy —b or limnt‘ ¢— Problems

Exhibit 3-3.

Relationship Between Vision Concepts
and Financially Constrained Plans and Programs
in Metropalitan Planning
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ITSRELATED
GOALS,
OBJECTIVES, AND
POLICIES

Examplesof ITS
Related Policy
Statements at the State
Leve

C Awiderangeof ITSstrategies could be considered as part of the vision for
ITS. However, the process of setting priorities and making decisions at the
regional level narrows down the projects and programsto those that will fit
within afinancially constrained transportation plan.

C AnNnITSdrategic assessment isapossibletool in creating thevision for ITS
in aregion. However, it isan gption, not a requirement.

The level of formality in evaluating metropolitan transportation plan projects
and programsvarieswidely among regions. Invirtually all cases, theevaluation
criteriaarenct so rigid asto limit the flexibility of decision-makersto include
and exclude projectsfor palitical reasonsor for balancing out projects modally

and geographically. Thus, for ITSto bewell-represented at the transportation
plan level requiresthat ITS be elevated in its visibility among elected officials
aswell asagency staff. Theremainder of this chapter illustrates how ITS can
fit into specific eements of the transportation plan.

At the statewide level, plans tend to be more at the policy level. Financial
constraint isnot arequirement. However, financial constraint is arequirement
of the statewide TIP.

“ For ITSto bewell-represented at the long range plan level requires
that ITSbe eevated in itsvisibility among el ected officials aswell as
agency dtaff.”

Goals, objectives, and policies represent the underpinnings of plans and
programsin transportation planning. They expressthe direction to be taken for
providing transportation facilities and servicesin the future. Goals, objectives
and palicies are commonly drawn from the community vision for the future.

In an example at the state leve, the statewide transportation plan for New Y ork
State, "The Next Generation. . . Transportation Choices for the 21st Century"
contains a number of policy statementsrelated to ITS. They are organized by
chapter:

Transportation Infrastructure Chapter

C Test new technologies and, where feasible, replace or update parts of
the existing transportation system.

C Incorporate new technol ogiesinto the operation and maintenance of the
transportation system where cost-effective.

Mobility Chapter

C Expand the ingtitutional framework necessary to provide a single
electronic identification tag for use on al tolled highways, bridges and
tunnels.

C Createtheingtitutional framework in metropolitan areas necessary to
carry out incident management programs.

C ProvideIntelligent Transportation Systems in metropolitan aress.
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ITSEMPHASIS
RELATED TO
CHARACTERISTICS
OF A REGION

C Provideeectronic toll collection at tolled bridges, tunnels, and on the
Thruway.

C Set up incident management programs in metropolitan regions.

C Reduce the number of highway lanes needed through operational and
demand management improvements.

The State of Maryland Transportation Plan expresses a set of six vison
statements, one of which deals with innovative technol ogy:

"Innovative technology will also play a central part in providing
efficient and convenient services and increasing the information
travelers have about the transportation system. Technological
improvements, such asIntelligent Transportation Systems (ITS) will
monitor traffic, identify problems, and alert drivers to alternatives
through an extensive network of variable message signs and radio
broadcasts. To assist transit users, an Automatic Vehicle Locator
System (AVL) will enhance service, reliability, and customer service.
"Universal" farecards will allow commuters to transfer to different
transit modes without buying a new ticket. The Department will
cooperate with local governments and businesses to develop
telecommuting programs that allow commuters to eliminate, reduce,
or shorten their trips.”

In addition, the Maryland plan expresses five sets of goals: travel, economic
development/growth management, environmental, intermodal, and financial.
The goals that may have somereationshipto ITS are listed in Exhibit 3-4. A
similar set of goals, objectives or vision statements could be conceived at the
metropolitan level.

It is the responsibility of each state or metropolitan area to express its own
vision for thefuture. However, avariety of characteristics of the state or region
tendto shapethesevisions. A matureareamay tend to expressitstransportation
vison primarily to address the efficiency of the existing infrastructure rather
than major infrastructure expansion. A growing area may have a different
overall focus as they attempt to keep pace with growth.

Therole of ITS needsto be shaped in light of these factors.
Thereisno "one-size-fits-all" solution.

There is no single approach to ITS. States and metropolitan areas vary
significantly in terms of ther social fabric, geographic characteristics,
transportation and traffic characteristics, economies, and many other factors.
Theroleof ITS needsto be shaped in light of these factors. Thereisno "one-
size-fits-all" solution. Hence the need for ITS-related planning.

Page 3-8



Exhibit 3-4. State of
Maryland
Transportation Plan
GoalsRelated to ITS

C

C

TRAVEL GOAL

Maintaina transportation system that accommodates both intrastate
and interstate travel and commerce.

Provide and maintain an efficient highway network for the
movement of goods, interstate travel, and for trips not made by

alternative modes.

Provide a network of high occupancy vehicle lanes and busways

with access to park and ride facilities.

Enhance the safety, comfort, and convenience of existing transit
services to encourage passenger growth.

Managetravel demand by providing or supporting programs and

services to encourage use of transit, vanpools, and carpoals to

reduce trips and the growth in vehicle miles traveled.

Develop and implement Intelligent Transportation Systems(ITS) to
create safer roads and better informed travelers through

technol ogi essuch ascongestion monitoring; automaticaccident alert
systems; on-board navigation; and weighing and inspection of
commercial vehicleswhilein motion.

C

ENVIRONMENTAL GOAL

Plan transportation improvements that maintain or improve air
quality, consistent with requirements of the Clean Air Act
Amendments of 1990.

Undertake energy conservation within the Department and plan,
design, and construct all transportation projects in a manner that
promotes energy-efficient travel behavior.

INTERMODAL GOAL

C For freight, provide and maintain rapid and efficient access to

transportation terminals, especially the Port of Baltimore, Baltimore-
Washington International Airport, and rail and truck terminals.

Exhibit3-5 listsavariety of characteristics of metropolitan areas and how these
characteristicsmight influence the approach to ITS. The purpose of thisexhibit
istoillustrate possibleinfluences on thedirection of ITS. Itis not prescriptive.
There are dSituations in which one metropolitan area that has similar
characteristics toanother hasan entirely different approach to ITS. In general,
however, the factors and characteristics in Exhibit 3-5 may help point to ITS
solutions, to integration with other strategies, or to an appropriate phasing of an
ITS program. Agencies should consider how these factors relate to the ITS
decisions they must make at the state or local level. Also, these emphases can

be reflected in goals, objectives and paliciesin the transportation plan.
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Exhibit 3-5. Characteristics of Metropolitan Areasand How They May Influence ITS
Deployment

CHARACTERISTIC CONSIDERATIONS FOR ITSDEPLOYMENT
Metro Area Size - Tendsto have higher levels of congestion, with greater potential
- Large benefits from ITS.

- Bus system will be larger and more complex operationally. Should
result in greater benefit for transit management systems, such as AVL
and automated dispatching.

- Freeways typically operating closer to capacity for larger numbers of
hours.

- Impact of incidents will be greater under these conditions. Rapid
clearance policies will be particularly important.

- Navigation within and through the area will be more difficult for
unfamiliar drivers. Traveler information needs to recognize the
complexity and devise strategies for route diversion Information
system needs to be kept smple for travel ers to understand.

- Medium - Congestion level will likely be lower, but still significant. A core set
of ITS applications will still likely be warranted

- Emphasison ITSwill be dependent on special characteristics of the
region (e.g. tourism area, freight distribution area, etc.)

- Small - ITSwill likely be warranted for "niche" areas, relating to special
characteristics of the area.

- Benefits from widespread application will be reduced.

- If mobility is primarily dependent on a single facility (i.e. asingle
freeway through the areq) ITS programs will likely focus on the
corridor through which that facility passes.

- In some smaller areas, major generators may dominate (universities,
tourist attractions, etc.) and these will likely be focal points of ITS as

well.
Metro Area Growth - Transportation infrastructure is likely expanding to keep up with
Rate growth. 1TS should be planned in concert with other infrastructure to
- Rapid economize.
- Potential additional funding exists from private sector as areas are
devel oped.
- Low - Opportunities for innovative financing may be more limited.

- If existing communications infrastructure does not exist, wireless
technol ogies may be more of a consideration, or leased
communications lines as opposed to new dedicated communications
lines.
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CHARACTERISTIC

CONSIDERATIONSFOR ITSDEPLOYMENT

Right-of-way - Roadway infrastructure is expandable. Communications systems

Availahility should be planned in close coordination with infrastructure planning.

- Ample - There may be lessincentive to deploy I TS immediately unless other
financial constraints make infrastructure expansion unlikely in the near
term. A regional philosophy against highway expansion may also
argue more for an I TS approach.

Right-of-way - Limited options on roadway infrastructure expansion may increase

Availahility potential for ITS deployment.

- Limited - Creative solutions to communications may be required if

communications corridors are restricted.

- Limited right-of-way may mean that shoulders are being or will be
used for travel lanes. The importance of incident management
increases under these conditions.

- Regions typically also look more toward transit and TDM under these
conditions. This may provide an opportunity for transit-related ITS.

- Incident access by emergency vehicles may be limited. Operational
plans for gaining incident access should be a part of strategy

devel opment.

Existence of Parall€

- Thisisan ideal opportunity to showcase traveler information systems.

Routes Strong, competent operational support will be needed to deliver an
- Numerous effective traveler information system and maintain the public's
confidence.
- Opportunities may also exist for dynamic routing of transit vehicles.
- Limited - Pre-trip traveler information will be moreimportant than for areas

that have ample paralle routes.

- Incident management will take on a more important role, particularly
incident response and clearance.

- En-route traveler information will be less useful, but probably still
important.

Topographic Features
- Magjor rivers

- River crossings are typically a critical link to regional mobility.
Additional surveillance is normally warranted to provide rapid
response to emergency conditions.

- Shoulder access on bridgesis usually limited. Incident response
plans need to be in place, and could include automated features such as
lane contral.

- Traveler information needs to be focused at specific points where
travelers will make decisions on which bridgeto use. It isdifficult to
use information once committed to a specific river crossing.

- Special features may exist on some bridges, such astolls or HOV
drategies. 1TS should be designed to support these other features.
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CHARACTERISTIC

CONSIDERATIONSFOR ITSDEPLOYMENT

- Mountains or hilly
terrain

- Mountains and hills may limit the avail ability of parallel routes.
Incident response and clearance will need to be emphasized.

- Additional surveillance may be warranted for mountain passes or
other areas where mohility is dependent on asingle facility. Safety
warning and environmental sensing may increase in importance.

- Lakes and smaller
rivers

- The roadway system may be fragmented or discontinuous, due to
these natural barriers. Traveler information strategies will need to be
supported with alternate route plans that make sense for both familiar
and unfamiliar drivers.

Special Generators
- Tourist areas

- Tourist areas have many unfamiliar drivers. Traveler information
systems are often appropriate, and can be tied to the specific needs of
the tourists.

- Opportunities may exist in conjunction with tourist operators to fund
ITS applications.

- ITS should betied in with any special transportation modes serving
the area, but most access will likely be by auto.

- Airports

- Traveler information systems should be oriented to specific needs of
airport travelers: parking, weather delays, specific traffic management
needs, €etc.

- ITS applications can focus on major gateways to the airport.

- Electronic collection of parking feesis an ideal application to increase
efficiency.

- Stadiums, convention
centers, event centers

- ITS can focus on major entry and exit points.

- Opportunities to automate certain traffic management features should
be examined, particularly demand-responsive traffic signal operations.
These types of applications typically perform better when integrated
into facility planning.

- Traveler information can focus primarily on parking.

- Funding opportunities for ITS exist by integrating them with other
information needs such as event dates.

- Universities and
colleges

- Much of the traveler information emphasis can focus on visitors for
sporting events, graduations, orientation, etc. It could also be
important for areas with commuter-related congestion.

- ITS applications may exist in parking management, both for
information and access control/payment.

- ITS may be planned in conjunction with security features to improve
cost effectiveness.

- Universitiestypically are well served by transit. Efficiency may be
increased through e ectronic fare collection and transit information
systems.
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CHARACTERISTIC

CONSIDERATIONSFOR ITSDEPLOYMENT

Weather
- Snow/ice areas

- Commercial radio provides substantial coverage on days when
snow/ice impacts transportation. 1TS may enhance this coverage
through surveillance technol ogies.

- Areas of frequent
rain, fog, and dust

- Automated speed advisory systems could help in reducing accidents
during these time periods. Normally, these will need to be targeted on
specific locations that have historically been problems.

Transit Orientation
- Extengiverail system

- Busrouting will normally be oriented to support therail system.
Major ITS emphasisfor thisareawill be fleet management, transit
information, and transfer efficiency.

- Extensive or
emerging HOV
network

- Many opportunities exist for ITS to support the HOV system.
Examplesinclude: automated gate control, ramp metering bypass and
traveler information (e.g. at park-and-ride lots).

- ITS applications to enhance ridesharing should be strongly
considered.

- Major bus system, no
HOV or rail

- Capturerates for transit will likely be lower than rail-based system.
Bus system must run as on-time and efficiently as possible to maximize
capturerate. Fleet management and e ectronic fare collection will
enhance service.

- Transit agencies should work with traffic departments to determine
feasihility of bus pre-emption and other ways of reducing transit
vehicle delays through signalized street networks.

- Express bus may be cost-effective for larger metropolitan areas.
Attention given to incident management may need to be higher for
express bus routes, to maximize person carrying capacity and travel
time mobility.

Presence of Toll

- Potential for ectronic toll collection is obvious. Economies of scale

Facilities will allow substantial penetration of transponders into the motoring

- Extensivetoll public.

network - Congestion pricing strategies may be implementable through ITS.
However, the major problems will be palitical viahility.

- Emerging toll - Electronic toll collection will still be an appropriate consideration.

network or spot - ITS could work in conjunction with incentive strategies, such as

facilities priority treatments for carpooals, etc.

Commercial/ -Truck traffic volumes will be high. Electronic credentialing will

Employment Base
- Heavy manufacturing
and distribution

improve efficiency of movement into and through the area.

- Substantial opportunities exist for ITS near intermodal terminals.
Information systems can be designed to support the goods movement
industry.

- Major business
park/office
employment

- ITS should be designed to support transit and TDM strategies that
would reduce or manage demand into these commuting aresas.
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ITSRELATED
STAKEHOLDER
INVOLVEMENT

DEFINING
PROBLEMS AND
CAUSES

Effective applications of ITS cross modal and jurisdictional boundaries. This

elevatestheimportance of broad stakehol der involvement, including partiesthat
have not traditionally been at the planning table. Examples may include:
communications system providers (to assist in defining cost-effective

communications linkages), operations engineers (to provide areality check to
thefeasbility and cost of planned systems) and amix of state and local agencies
(to coordinate traffic and transit movements between state and local systems).

Many of these agencies do not commonly participate in transportation plan

development. However mechanisms can be found (such as ITS strategic

assessments or MPO subcommittees) to solicit their involvement.

A transportation plan has asits foundation an understanding of the problemsit
istrying to address. It isimportant to think beyond the surface-level problem

to the underlying cause(s) so that the potential solutions can be better tailored
to each situation. In many cases, thislevel of analysis cannot be conducted at

the metropolitan transportation plan level. The problem/solution paradigm is
easer to address at the corridor/subarea level. Theresults of corridor/subarea
studies and other special studies can then be brought into consideration at the
metropolitan plan level. However, acomprehensiveidentification of problems

and needs of the plan level is desirable.

ISTEA places substantial emphasison the management of travel demand and
operational efficiency, not just on building new capacity. The transportation
planisintended to reflect this philosophy. Ideally, all those participating in the
development of the plan should have a view consistent with this philosophy.
Inevitably, however, memberswill have modal biases or are expected to serve
as advocates for certain positions or types of improvements. Thisisoneof the
ways that the planning process has pursued the implementation of multiple
modes and strategies; it is, in large part, an advocacy process. Even though a
problem-sol ving and needs-based orientation isdesirabl e, the advocacy process
isunlikely to disappear.

“ One of thereasons I TS has been overlooked as a serious
element of many transportation plansisthat there has not been
a clear assignment of responsibility for ITS at that level.”

One of the reasons ITS may be overlooked as a serious element of many

transportation plans is that there has not been a clear assignment of
responsibility for ITS at that level. While this has not been a problem where
there has been substantial dedicated funding for ITS, alack of advocacy in the
transportation planning process in the future may result in ITS being
overlooked. Advocating I'TS doesnot mean an unyielding insistenceon ITSas
the premier strategy for an area. It does mean that ITS is brought in as a
consideration during all appropriate phases of the planning process, including
developing the plan. Following isalist of activitiesthat may be appropriatein
advancing theconsideration of I TSwithin the context of thetransportation plan:

C Ensure that ITS is a consideration as a major transportation
strategy, where appropriate.

Page 3-14



C Ensure that ITSisaconsderation asan enhancement to other

strategies.

Provide information to staff and MPO board members on

available technologies, including examples from other areas.

Provide information on the costs and potential benefitsof ITS

Write an ITS section for the transportation plan.

Writean I TS-related articlefor theregional planning newsl etter

Provide ideas for the funding of ITS.

Provide information that would allow for ITS projects to be

considered in the prioritization and financial analysisactivities

of the transportation plan.

C Draw appropriate players together to coordinate I TS planning
and implementation.

@

OO0O0O0OO0

In a number of areas, ITS subcommittees have been formed under the
transportati on advisory committee (usually composed of agency technical staff),
to provide input and guidancein theareaof ITS. For example, in the Orlando
Urban Area Metropolitan Planning Organization Committee/Subcommittee
structure chart (Exhibit 3-6), there are currently three committees that report
directly to the MPO board on amonthly basis, the Bicycle Advisory Committee,
theTransportation Technical Committee, and the Citizens Advisory Committee.
Seven subcommittees report to the TTC, one of which is the Intelligent
Trangportation System subcommittee.  The membership of the ITS
subcommittee (12 members) includes:

Selected city representatives
Three counties

State DOT

Transit provider
Expressway (toll) authority
Airport authority

OO0OO0O0OO0

The ITS subcommittee deals with ITS issues that flow through the MPO,
including input to the transportation plan. The subcommitteeisalso overseeing
thedevel opment of theregion's| TS strategi c assessment (I TS Early Deployment
Project). Additional stakeholders are being brought in through this process.

The selection of a chairperson for the ITS subcommittee isa critical decision.
This individual will frequently become the spokesperson for ITS priorities,
expressing the options available and their potential benefits. In effect, this
individual may become the "ITS champion” (on aregional basis) that is often
needed to see projects through the planning phase to final implementation.
Often, the right choice will be apparent from prior activities. Important
characterigticsinclude such thingsas. having aregional view, knowledge of the
ITS subject area, articulate, respected by peers and elected officials, and time
availableto emphasize ITS.

The importance of convincing top MPO management (e.g. executive directors
and board members) of thevalue of ITS cannot be overstated. The Metro-Dade

MPO (Florida) incorporated $85 million in ITS improvementsinto their 1995
Long Range Plan Update. Staff attributes thisto having a director who has been
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involved with ITS and county commissioners who appreciate the ability of ITS
to maximize current transportation operations. This agency built off the
development of 1-95 corridor work that is nearing completion.

Exhibit 3-6. Example MPO L eadership Structure, with ITS Representation
(Sour ce: Orlando, Florida M PO)

MPO Board
Bieyele Advisory ;"‘"“"m m"mﬂ tion Citizens Advisory
Committee Commiftee Committee
Freight and Geods Land Use Air Syotarp ration
Movement and Data Transportation M ement
Intelligent
Long Range Plan/ Transportation ll:nn: and
CMS Systens grams
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DEFINING AND
EVALUATINGITS
ELEMENTSIN THE
TRANSPORTATION
PLAN

Defining ITS
Elements

Examination of
Alternatives

Criteria-Based
Analysis

A metropalitan transportation plan isbased on regional transportation needsand
an evaluation of the effectiveness of possible transportation projects and
programs in meeting those needs. Transportation projects and programs are
typically evaluated in one of two ways:

C Through a top-down examination of alternatives
C Through a bottom up submission of projects and evaluation
using acriteria-based analysis

A third approach involvesthe inclusion of projectsthrough political power, an
approach that is more difficult under ISTEA, but still very much alive in most
states and metropolitan areas. In most metropolitan areas, combination of all
three approaches is used. The two technically-oriented approaches are
described below.

Transportation plans are often developed through examining a set of

aternatives. Typically, alternatives revolve around major themes. Examples
would include atransit emphasis alternative, an HOV emphasis alternative, or
a highway capacity emphasis alternative. The transportation plan could also
incorporate an ITS emphass alternative. Typically, these alternatives are
developed as broad program packages, and individual projects are often not

examined individually within those packages (although information could be

forwarded through other studies, such as major investment studies, or in the
caseof ITS, through an I TS strategic deployment plan). This can provide more

flexibility for political input in the inclusion of individual projects.

“ Little experience exists anywhere in the U.S. with respect to
evaluating I TS benefits through the long range plan.”

Expressing ITS-emphasis as one of several aternativeswould requirethat ITS

be evaluated at the same leve of detail asmajor highway and trangit alternatives.
Another option isto view ITS strategies as enhancements to other alternatives
and to evaluate them as an integrated elementof the others. In either casg, the
evaluation of ITS in the sameframework as other strategies (such asin atravel

demand moddl) isquitedifficult. Little experience exists anywherein the U.S.
with respect to evaluating ITS benefits through the transportation plan. A

subsequent section presents a commentary on the analytical evaluation of

selected ITS strategies within the framework of the transportation plan.

Another systematic approach to developing and evaluating projects for the
transportation plan is based on the examination of individual projectsagainst a
set of criteria. The criteria could vary in type and number. They would likely
resemble the type of criteria used for the development of the Transportation
Improvement Program (TIP- seediscussion at theend of thischapter). Because
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of the number of projects being considered, they would likely be more
gualitative than quantitative. Projects for consideration in the transportation
plan would generally be submitted by state and local agencies, transit agencies,
or other project “sponsors.” Sources from which potential transportation plan
projects could be drawn include:

Projects in the existing transportation plan
Major Investment Studies

Other corridor and subarea studies

ITS Strategic Assessments

Local or subregional transportation plans
Other individually conceived projects

OO0OO0O0OO0

In some cases, the application of the criteria could be supported by data from
the studiesin which the projects were generated. 1n other cases, no specific data
on the project may be available. Where no data are available from existing
studies, information can sometimes be obtained from research studies or other
generalized information on particular project types. In the case of ITS,
information on demonstrated I TS benefits provided in Chapter 2 can be used
as support for the application of certain criteria.

In acriteria-based approach, 1 TS needs to be examined acrossthe same criteria
to which other types of projects would be subject. One of the considerations
brought in by ITSisto makethe criteria sengitiveto the types of non-traditional
benefits introduced by ITS. For example, in addition to criteria such as delay
reduction and safety improvement (which are addressed by many of the ITS
strategies), criteria such as operational efficiency or management efficiency
would be areas where ITS would tend to show a significant contribution.

Analytical toolsthat can adequately examine the benefits of ITS strategies are
dtill in the formative stages. Chapter 6 provides an extended discussion of the
evaluation of ITS srategies using tools that are typically available to the
transportation planning and engineering community. The basic approach taken
in thisHandbook isto provide insights into how the most reasonabl e estimates
of ITS benefits can be derived for specific applicationsusing existing, available
tools and without an inordinate investment in evaluation. It isrecognized that
agency budgets for studies and evaluation are limited. It is important to
understand that reasonable estimates of benefit can often be obtained without
alarge, costly undertaking. Asmore sophisticated tools are introduced, more
refined answers can be obtained. But even if more sophisticated tools are
available, many agencies will either not have the expertiseto use them, or their
use will not be possible within the time and cost constraints of the agencies
conducting the studies.

Therearethreegeneric approachesto I TS evaluation that are currently available:
sketch planning analysis, travel demand modeling, and traffic simulation.
Exhibit 3-7 indicates that the travel demand modeling and sketch planning
approaches are appropriate for consideration within the context of the
transportation plan. However, if aregional transportation conformity analysis
isrequired, ITS effects will normally need to be incorporated into the travel

demand model, because the air quality models use the travel demand moddl's
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outputs. Thus, the ideal approach for evaluation associated with the
transportation plan isto account for as many of the I TS effects as possible into
the travel demand model.

Exhibit 3-7. Applicable Analysis Toolsfor Evaluating I TS Strategies

in the Trangportation Plan (highlighted row)

Travel Emissions | CO Hot
Demand Traffic Sketch Inventory Spot
M odel Simulation | Planning Models Models
Trangportation Plan U U U
Plan and TIP Conformity U U
ITS Strategic Assessment U U U
Corridor/Subarea Study U U U U U
| solated ocation U U U

THE
TRANSPORTATION
PLAN,
TRANSPORTATION
CONFORMITY,
AND ITS

Chapter 6 and Appendix E discuss the use of travel demand models for

evaluating selected ITS strategies. These procedures areincluded in a separate
chapter, because travel demand modeling may be used for ITS drategy

evaluation in other contexts as well (e.g. within a corridor study). It is
recognized that travel demand models are not as sophisticatedin treating even
the more traditional strategies as many planners would like. Procedures for

evaluating ITS within travel demand models are included to provide agencies
with at least some guidance, while recognizing the limitations of the tools.
Where aregion has a more sophisticated approach, they are encouraged to use
it.

“ Procedures for evaluating ITSwithin travel demand models
areincluded to provide agencies with at least some guidance,
while recognizing the limitations of the tools.”

One of the major dements of the planning processin metropolitan areasthat are
nonattainment or maintenance for transportation-related pollutants is that the
transportation plan and TIP must conform to the State Implementation Plan
(SIP), pursuant to the Clean Air Act Amendments (CAAA) of 1990. One
element of the conformity test isthat the emissions forecast to occur be within
the emissions “budget” of the State Implementation Plan for air quality.

Regional emissions estimates are obtained by conducting an analysis of the
outputs of the regional travel demand model (primarily speed and volume) in
conjunction with emission rates. There are two possible levels to treat ITS
within this framework:

C If an agency intendsto derive an air quality benefit from ITS strategies
and to use that benefit in passing the conformity test, a defensible

methodol ogy needsto be used to generate those estimates. Whether the
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above procedures, or alternate procedures, will be sufficiently

defensible needsto be discussed with the appropriate authorities. Even

if an agency does not intend to use ITS strategies in passing the
conformity test, analysisof certain projects may berequested toidentify
their effects on theresults. Theanalysisfor conformity purposes may

be more rigorous than air quality analyses for merely estimating
benefits, as conformity analysisisalegally required function and tends
to be scrutinized fairly carefully.

C Air quality analysis may be desired for other reasons, such as gauging
the overall benefit of the ITS program. The analysis requirements for
such a purpose may be moreflexible, and possibly can be morereliant
on sketch planning techniques.

Asindicated earlier, metropolitan transportation plans must now befinancially
constrained. Theinclusion of all desired ITS projects in the plan may not be
possible, just as the inclusion of all other desired projects is not normally
possible. Although there may be an ultimate vision of the metropolitan ITS
program, there should also be a sense of prioritiesto guide the devel opment of
the ITS elements of the financially-constrained plan, based on the overall ITS
vison. Some of the factors to be considered in developing these priorities
include:

C Urgency of need for the project.

C Project effectiveness versus cost.

C Sequencing asrelated to other non-1TS projects (e.g. Isit best if ITS
implementation is done at the same time as a construction project?).

C Type of funds available and their applicability to ITS.

If the long term ITS vision is contained in an ITS strategic assessment, or
similar document, separate from the transportation plan, a sense of priority
should be available from that document. If not, additional information may
need to be obtained or those parties with a vested interest in ITS may need to
be involved in further discussion.

Financial constraint for I TSwithin themetropolitan transportation plan can also
be considered through either geographic or functional approaches:

C Geographic: Selection of specific corridors, subareas, transit routes,
etc. for implementation. Prioritization information would need to be
arranged geographically. An example of thisis California's Statewide
Smart Corridor study. Potential smart corridors were evaluated and
ranked in priority order (without reference to financial constraint), as
illustrated in Exhibit 3-8. The highest priority SmartCorridors can be
considered in the financially constrained transportation plans of the
various regions.

Exhibit 3-8. Example Statewide ITSProject Prioritization
(Source: Smart Corridor Statewide Study, Caltrans)
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District/ B/C 10 Year Annual
Corridor | Description Ratio Score Initial Cost O&M Cost Benefits
($Millions) ($Millions) ($Millions)

7 38 - 1-405 between 1-110 and 9.94 714 $17.4 $18.6 $35.8
1-10

4 15 - Route 980/580 between 9.01 783 11.4 10.8 20.0
Route 83880 and Powdl| St.

7 4 - |-5 between 1-605 and 8.96 766 11.7 12.3 21.6
Route 60

7 2b - Route 60 between I-5 8.45 621 11.0 13.8 21.0
and 1-605

7 40 - 1-405 between 1-10 and 8.27 721 8.8 11.4 16.7
Us 101

12 8 - 1-405 from Route 22 to I- 8.06 668 20.7 21.7 34.1
5

4 1 - Route 101 between 7.75 606 23.6 20.3 34.1
Blossom Hill Rd. and Route
237

4 17 - Route 80 between 7.67 567 8.9 8.4 13.2
Powell St. and San Pablo
Ave.

11 2-1-8from1-5tol-15 571 711 19.3 17.6 21.1

7 20 - Route 91 between 1-10 5.04 614 16.7 17.0 17.0
and Beach Blvd.

4 22 - Route 280 between 4.33 502 24.6 19.3 19.0
Magdalena Ave. and Route
101

7 27 - 1-110 between [-405 and 3.93 731 14.3 14.9 11.4
1-10

7 22 - US 101 between Valley 3.88 784 19.0 18.9 14.7
CirdeBlvd. and I-5

8 10 - Route 91 between 3.62 562 7.6 9.6 6.2
Maple &. and La Sierra Ave.

12 4 - Route 55 from 1-405 to 341 600 12.7 134 8.9
Route 91

7 1-1-5,1-10, US 101 and I- 3.03 610 19.4 154 10.6
110 (downtown L.A. ring)
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C Functional: Selection of a more limited set of ITS applications (e.g.
includingincident response e ementsand network traffic control system
elements while excluding ramp metering and freeway surveillance).
Prioritization information would need to be arranged to enable the
selection from among functions, sometimes involving decisions
between modes.

Both geographic and functional prioritization can be difficult. 1f geographic,
competition will beamong citiesor subregions. If functional, competition may
exist among transportation agencies. In many cases, however, the recognition
of aproject and placement on alist, along with continuing pursuit of additional
funds, may make it easier for an agency to accept the failure of a project to
make the financially constrained list. The speaksto the value of avision plan
for ITSin addition to afinancially constrained plan.

There are a variety of ways of prioritizing projects, ranging from a heavy

reliance on benefit/cost analysis, to weighted criteria. The determination of

projectsfor the transportation plan has not been particularly systematic in the
past. Morework has been done by agencies on project selection criteriafor the

TIP. Many agencies tend to use a weighted criteria method for the TIP, and
could apply that to the financially constrained transportation plan aswell. One
of the major questions concerning the transportation plan project selection is
how the general criteriaused for selecting among all the candidate projectswill
treat the unique features of ITS projects. The Baltimore MPO developed the

following criteria and weights for use in selecting projects for the TIP. These

could betypical of thosein many metropolitan areas, whereselection criteriaare
used:

C Preserves existing regional transportation system (15 points)

C Implements State Implementation Plan Transportation Control
Measures (12)

C Facilitates alternative travel modes (12)

C Implements TSM strategies (10)

C Improves level of service (9)

C Provides new or improved capacity (8)

C Improves pedestrian/bicycle safety and access for transportation (8)

C Provides system continuity between logical points (7)

C Enhances environmental efforts (6)

C Preserves future right-of-way corridors (6)

C Permits timely advancement of transportation projects (5)

C Implements ISTEA transportation enhancement activities (2)

ITSrelateswell to many of the above criteria, particularly those with the higher
point scores. Totheextent possible, even weighted criteriashould be supported
by data. The data can be used to ensure that the relative points assigned are
based on a reasonable base of knowledge.

If the prioritization is being conducted within the confines of ITS alone, the
criteriacan be moretailored to the unique characteristics of ITS. Thefollowing
criteriawere used in prioritizing potential smart corridors on a statewide basis
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in Californiaand may beworthy of consideration in evaluating other major ITS
projects:

Freaway capacity/congestion level (weighting factor 24)
Surface street capacity/congestion (21)

Local/regional commitment (13)

Land use compatibility (11)

Accident/incident history (9)

Environmental (7)

Number of jurisdictions (fewer meanslesscomplexity and higher rating
(6)

Part of alarger system (4)

In-place control features (3)

Data availability (2)

OO0O0O0O0O0OO0

OO0

Thisresulted in a prioritized set of smart corridors, which are now referenced
in the Los Angeles region's transportation plan.

A financialy constrained transportation plan requires that cost estimates be
provided for both one-time construction costs and for ongoing operations and
maintenancecosts. I TS can add significant costsin the areas of operationsand
maintenance and are therefore as important to plan’s costing as construction
costs.

The appendices of this handbook present data and methodol ogy for developing
planning-level costs for ITS. It does not present engineering-level cost data.
The planning level costs are approximate and do not consider a number of
variables that may influence the ultimate cost of implementation. In addition,
technology is changing rapidly, and the costs incurred could also change
significantly, in some cases providing cost reductions. Great care should be
undertaken to understand the conditionsin which costs are being estimated and
how those costs may vary from the norm. Funding mechanismsare also treated
in Chapter 5 and the appendices.

The approach to documentation of ITS in the transportation plan may vary
depending on whether ITSistreated as a separate and distinct element or asan
integrated element, as discussed in a previous section. If ITSistreated asa
distinct element, atypical outline of an ITS section could include the following:

Overview of ITS

Role of ITSin regional transportation
Existing ITS Program

Proposed ITS Program

- ITSVison for the future

- ITS Projects

- Benefits and Costs

- Funding

- Implementation responsibility

OO0

The above information does not need to be extensive. In fact, portions of an
ITS
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strategic assessment would likely be extracted and incorporated into the
transportation plan. The section should concisely and clearly lay out the
elements of the program and how it should be accomplished. The alternative
approach isto incorporate I TS throughout various sections of the document.
Arguably, thiswould bethe moreintegrated approach, and could foster greater
coordination with other modes of travel. However, thereisno requirement for
either approach, and each state or metropolitan area has choices for how to
incorporate in transportation plan documentation.

In one sensg, inclusion of an ITS project or program in the transportation plan
ismerely the beginning. Sustained follow-up isneeded to see projects through
to implementation. The following actions should be considered:

C Ensuring that long range plan ITS projects are forwarded to the
transportation improvement program at the appropriate time.

C Ensuring that a subcommittee (such as an ITS subcommittee as
discussed earlier), agency, or individual has responsibility for taking
ITS projects through followup steps.

C Procuring funding.

C Continuingto provideinformation to el ected officialsand the public on
ITS.

Likethe metropolitan transportation plan, the metropolitan and statewide T1Ps
must be financially constrained. ITS projectsincluded in the TIP could come
from several sources:

C An action plan generated through the I TS Strategic Assessment or other
mechanism.

C An action plan or set of projects generated through a corridor or
subarea study (of which ITSisa part).

C A prioritizationand project selection process conducted as part of TIP
preparation.

All of the above activities need to be coordinated with the transportation plan.

Asdiscussed earlier, agencies have typically developed a more thorough set of
procedures for TIP prioritization than for transportation plan project
prioritization. Prioritization criteria were discussed under the transportation
plan.

Project descriptionsfor the TIP areusually more extens vethan those associ ated
with the transportation plan. The following information would typically be
included for each TIP project:

C Sufficient descriptive material (i.e. type of work, termini, length, etc.)
to identify the project or phase.
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Estimated total cost.

The amount of Federal funds proposed to be obligated during each
program year.

For thefirst year, the proposed category of Federal funds and source(s)
of non-Federal funds.

For the second and third years, thelikely category or possible categories
of Federal funds and sources of non-Federal funds.

Identification of the agencies responsible for carrying out the project.

Exhibit 3-9 shows an example of a description of an ITS project in a statewide
TIP (STIP) in Maryland. Projects proposed in an areathat is nonattainment or
maintenance for transporation-related pollutants can only be included in the
STIP if the projects are found to conform, or are from a metropolitan T1P that
conforms, to the State Implementation Plan for air quality.
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MD STATE HIGHWAY ADMINISTRATION - PRINCE GEORGE'S COUNTY - INTERSTATE
CONSTRUCTION PROGRAM

PROJECT: US 50; John Hanson Highway

DESCRIPTION: Install advanced traffic management system along US 50 from 1-95/1-495 (Capital Beltway)
toMD 70. Thisequipment will includevariable messagesigns, closed circuit television, pavement condition
sensors, traffic detectors, fiber optics, traveler's advisory radio, median barrier gates and supplemental
signing.

JUSTIFICATION: Thissegment of US 50 experiences congestion problems during morning and evening
peak periods. Congestion also results from accidents and special events. Thisproject will providetoolsfor
managing congestion in this area.

ASSOCIATED IMPROVEMENTS

US 50, west of 1-95/1-495 to west of the Patuxent River Bridge

US 50, west of the Patuxent River Bridge to west of South Haven Rd.
US 50, Interchange at Columbia Park Road (D& E Program)
STATUS Construction to begin during budget fiscal year.

FUNCTION:

State - Principal Art.
Federal - Interstate
STATE SYSTEM: Primary
DAILY TRAFFIC:

Current (1993): - 84,500
Projected (2015): 128,400

SIGNIFICANT CHANGE FROM FY 94-99 CIP

Added to the Construction Program
Federal Funding by Year of Obligation

PHASE FFY 95 FFY 96 FFY 97 FFY 98 FFY 99-00 | FEDERAL CATEGORY
PP 0 0 0 0 0
PE 0 0 0 0 0
RW 0 0 0 0 0
CO 15,380 0 0 0 0 IS
Project Cash Flow
Potential Funding Sources: X Special X Federa _ Generd _ Other
Phase Total Expended Current Budget Six Bal. to
Est. Thru Year 1995 | Year 1996 Year complete
Cost 1994 1997 1998 | 1999 | 2000 | Tota
Panning 0 0 0 0 0 0 0 0 0 0
Engrg. 0 0 0 0 0 0 0 0 0 0
ROW 0 0 0 0 0 0 0 0 0 0
Constr. 15,380 0 0 9380 0 0 0 0 15,380 0
Total 15,380 0 0 9380 0 0 0 0 15,380 0
Inflated 15,995 0 0 9735 0 0 0 0 15,995 0

Exhibit 3-9. Example ITS Project Description in a Transportation | mprovement Program

(Source: Maryland State Highway Administration)
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4. ITSCONNECTIONSTO CORRIDOR/SUBAREA STUDIES

OVERVIEW OF A
CORRIDOR/SUB-
AREA STUDY
(with excerpts
from the MIS
Desk Reference,
FTA and FHWA)

Asindicated in Chapter 2, corridor and subarea studies represent an important
part of the planning process where more specific decisions are made on project

design concept and scope. In almost all cases, there is substantial public and
agencyinvolvement, asprojectstypical ly canimpact businesses, neighborhoods,

and theenvironment. Thisisparticularly truefor major investmentswhich may
require preparation of a major investment study or Environmental Impact
Statement. It is not the purpose of this chapter to provide a comprehensive
review of the process of conducting corridor and subarea studies. Rather, the

focus is on the treatment of ITS within the context of these studies. Major
investment studies will be used as an example of a corridor/subarea study
framework for purposes of discussion here. In many cases, ITSis either an

afterthought in thesetypesof projectsor itsroleisnot acknowledged. Inclusion

of ITSasan integrated element of corridor/subarea studies opens up numerous
opportunities, including:

1 Substantial cost savingsin I TS implementation.

1 Potential cost savingsininfrastructureif theappropriate | TS application
can be designed as an alternative or companion to other improvements.

1 A more effective overall project in improving mobility.

1 A mechanism for monitoring and improving operations.

This does not necessarily mean that every corridor/subarea analysis will result

inan ITS application. It does mean that ITS will have been considered in

paralld, with the intent of integrating multiple modes and techniques into a
cohesive transportation package.

A typical processof conducting amajor investment study isillustratedin Exhibit
4-1 (based on guidance provided by FTA and FHWA). Five generalized steps
can be defined:

1 Studly initiation: Includes the devel opment of the work plan, definition
of problems and needs, and definition of goals and objectives. The
work plan should indicate the consideration of a broad range of
strategies. 1TS strategies should bein thelist to be considered.

Development of initial set of alternatives. Thiswould also includethe
definition of evaluation criteria by which the alternatives may be
compared, and establishment of evaluation methodologies. Methods
for evaluation of I TSor estimation of | TS benefits shoul d be discussed.

Screening and decision on detailed set of alternatives.

Analysis, refinement, and eval uation of alternatives. I TSstrategiesmay
need to be defined in greater detail, just as major highway and transit
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Exhibit 4-1. Phasesof a

|
|
|
|
|
|
|
| Detailed Set of Alternatives
|
|
|
|
|
|
|

alternatives would need to be defined. They should be identified at a
level that benefits and costs can be estimated.

Selection of preferred investment strategy. |ITS strategies may be
recommended in conjunction with other major highway or transit
improvements. In transportation management areas designated as
nonattainment for ozone or carbon monoxide, Federal funds may not

be programmed for a highway project that will result in a significant
increase in carrying capacity for single occupant vehicles unless the
project results from a congestion management system. Such projects
must incorporate all reasonably available strategies, such as ITS, to
manage the facility effectively.

Major Investment Study and Relationship to the Planning Process
(Source: MIS Desk Reference)

Metropolitan Transportation Plan

Corridor/Subarea
Identified for MIS

7| Major
InMiation Investment
| Study

Development of Inifial
Set of Alternatives

Screening and Decision on

Analysis, Refinement and
Evalnation of Aliernaitlves

Selection of Preferred
Investment Strategy

_ 4 a1

Dpdated Metropolitan
Transportation Plan/TIP

Project Development

Implementation
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STRUCTURE OF
ANMISDOCUMENT

All of this technically-oriented information is then passed on to the decision
making process, which involves a combination of both institutional and
technical issues. Project costing is more definitive in the corridor/subarea
context than when conducted for the metropolitan transportation plan, but costs
aredtill at aplanning level. Funding sourcesare alsoidentified, including those
that are used in competition with projects and programs in other geographic
areas as well as funding that may be more site-specific (e.g., creating a special
transportation district for the funding of amajor element of the corridor plan).

The remainder of this chapter discusses the steps within the corridor/subarea
planning process in the context of how an MIS document may be organized.
Areas where ITS should be given consideration are highlighted. Chapter 6
provides more detail ed information on the evaluation of ITS projectsusing the
three types of evaluation tools discussed above.

Although the way in which MISs are performed is flexible, most MIS
documents have similar, well-defined structures. The following represent a
typical organization of adocument and how ITS could be considered in each
section:

1 Purpose and Need: What problems does the preferred alternative
address? Statements on ITSwould be included to the extent that ITS
addresses the defined problem(s).

Alternatives Considered: Whereincluded asan aternative or part of an
alternative, significant ITS elements would be discussed as part of the
description of alternatives. It is possible and perhaps likely that ITS
would beincluded in some form as an element of all alternatives.

Affected Environment: The physical and environmental background
of the study area would be discussed. Existing and planned ITS
deployments would be identified.

Transportation Impacts: ITS alternatives or elements would be
discussed in terms of their transportation impacts and benefits, along
with the impacts and benefits of other features of the transportation
alternatives.

Environmental Analysis and Consequences. Contributions of ITS to
the improvement of or impact on the environment would be
documented along with the impacts of other elements of alternatives.
The level of sophistication of the analysis and documentation would
vary widely depending on the significance of the ITS elements and
availability of analysistools. If ITS elementswere common among all
alternatives, little analysiswould likely be conducted.

Cost and Financial Analysis: ITS implementation and operating costs
would be estimated for inclusion in the overall costs.

Comparative Benefitsand Costs: 1 TSwould beincluded in assessments
of effectiveness, efficiency, equity, etc., as appropriate.
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DEFINING
PROBLEMS:
PROJECT PURPOSE
AND NEED

Other types of corridor or subarea studies would have similar report
organizations. The remaining sections of this chapter discuss selected MIS
topics and the relationship of I TS to those topics.

A corridor or subareaistherealm in which specific problems can be most easily
identified. Specific problems are more difficult to identify at aregional level.
However, a problem identification phase at the regional level may be one of the
means of triggering an MIS or other corridor/subarea study.

A purpose and need statement in a MIS document is one of the most important
chapters. It providesthe foundation for explaining to the public and decision-
makers why a project is necessary and how the preferred alternative addresses
the problems. Failureto provide a convincing case of the need for the project
isone of the more common reasons why projectsinvolving Federal funds may
not be approved or may be successfully litigated. Although a purpose and need
statement may not be required for other types of studies, aclear statement of the
problem remains as an important element.

“ Failureto provide a convincing case of the need for the project is one
of the more common reasons why projects involving Federal funds may
not be approved or may be successfully litigated. “

Problems can be classified in several broad categories. Most of the problems
related to ITS fall into congestion, safety, or environmental categories. One
helpful way to illustrate or summarize problemsin acorridor or subarea context
isto present a map graphic highlighting the problems. The problem areas can
also belisted. A more generic list is provided in Exhibit 4-2. Itisalist of
problem areas (not necessarily all possible problems) developed as part of the

National ITS Architecture. It illustrates how technology-based approaches
relate to a variety of problem types and to traditional transportation solutions.

Making the connection between I TS and the specific problems to be addressed

isimportant in conveying what ITS can do. Citizens, businesses and el ected
officialstend to think in terms of "hereisaproblem, let'sfix it." Thisstructure
directly addresses that line of reasoning.

Itisimportant to remember within thisstructurethat agenciesmust deal not only
with problemsthat arerecurring (e.g. congestion due to geometric deficiencies)
but problemsthat are non-recurring. These are more difficult toillustrate on a

graphic.

Exhibit 4-2. Relationship Between Problems, Conventional Approaches and

Advanced Technology Approaches

(Sour ce: National I TS Architecture Implementation Strategy)

Problem

Possible
Solutions

Conventional Advanced Systems Supporting Market
Approach Approach Packages
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Traffic Increase C New roads C Advanced traffic control C Surface street control
Congestion roadway C New lanes C Freeway control
capacity C Incident management C Incident management system
(vehicular C Electronic tall collection C Dynamic toll/parking fee
throughput) management
C Corridor management C Regional traffic control
C Railroad operational
coordination
C Advanced vehicle systems C Advanced vehiclelongitudinal
(Reduce headway) control
C Automated highway system
Increase C HOV lanes C Real-timeride matching C Dynamic ridesharing
passenger C Car pooling C Integratetransit and feeder C Multi-modal coordination
throughput C Fixed routetransit services
C Flexible mode transit C Demand response transit
C Personalize public transit operations
Reduce C Flex time programs C Telecommuting C Dynamic toll/parking fee
demand C Other telesubstitutions management
C Transportation pricing
Lack of Provide user- C Expand fixed-route C Multi-modal pre-trip and en- C Interactivetraveler
mohility and friendly transit and paratransit route traveler information information
accessibility access to service services
quality C Radioand TV traffic C Respond dynamically to C Demand response transit
transportation reports changing demand operations
services C Personalized public C Transit passenger and fare
transportation management
C Common, enhanced fare card
Disconnected | Improve C Inter-agency agreements | C Regional transportation C Regional traffic control
transportation | intermodality management systems
modes C Regional transportation C Multimodal coordination
information clearinghouse
C Disseminate multi-mode C Interactivetraveler
information pre-trip and en- information
route
Severe Use existing C Existing funding C Privatize market packages
budgetary funding authorization and C Public-private partnerships
constraints efficiently sel ection processes C Barter right-of-way
C Advanced maintenance C Transit maintenance
strategies
Leverage new C Increased emphasis on fee-for-
funding use services
sources
Transportatio | Improve C Review and improve C Establish emergency response C Emergency response
n following disaster existing emergency plans center (ERC) C Incident management system
emergencies response C Inter-network ERC with law C Emergency routing
plans enforcement emergency units,

traffic management, transit, ...
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Traffic Improve C Improve road- way C Partially and fully automated C All advanced vehicle safety
accidents, safety geometry vehicle control systems system market packages
injuries, and C Improve sight distance C Intersection collision avoidance | C Intersection collision
fatalities C Trafficsignals, protected | C Automated warning systems avoidance
|eft hand turns at C Vehicle condition monitoring C In-vehiclesigning
intersections C Driver condition monitoring C Vehicle safety monitoring
C Grade separatecrossings | C Driver vision enhancement C Driver safety monitoring
C Driver training C Advanced grade crossing C Driver visibility improvement
C Sobriety check points systems C Standard railroad grade
C Lighten dark roadsto C Automated detection of adverse crossing
improve visibility/better weather and road conditions, C Advanced railroad grade
lighting vehiclewarning, and road crew crossing
C Reduce speed limits/post netification C Network surveillance
warningsin problem C Automated emergency C Trafficinformation
areas notification dissemination
C In-vehiclesigning
C Mayday support
Sometimes pictures convey this meaning more effectively. For example, the
Incident Management Study for the Louisville, Kentucky region placed
photographs of major incidents and a summary of the newspaper report at the
beginning of each chapter. Thisapproach brought back to memory some of the
major events that made the study necessary and personalized the statistical
evaluation.
DEFINING One of the main reasons for specifically defining recommended I TS strategies

RELEVANT ITS
STRATEGIES

in acorridor/subarea study isto connect with one or more specific problems or
opportunities. Exhibit 4-3 listed the association of ITS strategies (market
packages) with transportation problems. It does not attempt toillustrate the full
set of other potential solutions, nor does it necessarily cover all potential
problems. Notethat the strategies are identified by the user service with which
they are associated.

It is also helpful to understand which strategies have application in a corridor.
Some dtrategies, such asdectronic fare collection or AVL systems, may only be
practical when applied at theregional level. Bus pre-emption systems are much
more a corridor-oriented strategy.

Potential I TS applications can be envisioned not only as aresponse to a specific
problem, but an opportunity to improve efficiency, provide better service, or
increase comfort and convenience. One example is with transit management
systems such as automatic vehicle location (AVL) and associated dispatching
capabilities. Although AVL may ultimately provide better service to transit
patrons, one of the principal reasons for considering AVL is for internal
operating efficiency. Electronic fare payment can be thought of smilarly asa
benefit both tothetransit patron and tointernal operations. Neither of thesel TS
strategies are easily connected with a specific problem of congestion or safety
on a specific facility. However, they primarily present opportunities to make
operation more efficient. 1n the process, they may directly affect the customer
through improved schedule adherence and improvements in travel time and
travel time reliability.

A typical corridor study involves addressing problems with a coordinated
package of transportation strategies. 1 TS strategiesmay becomeaconsideration
in the following ways:
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EVALUATION
CRITERIA

AGENCY AND
PUBLIC
INVOLVEMENT

May be the most cost-effective way of addressing a problem.

May represent a mitigation of a problem that is not completely solved by
the major investment or of a secondary problem that is created by the
major investment.

May represent a solution or partial solution to a problem that cannot be
addressed in other ways(e.g. if laneadditionsare prohibitively expensive).

May represent part of the traffic management strategy during construction
of the major project. Thisisafrequent rolefor ITS.

Specific decisions on the appropriate I TS strategies to consider are part of the
creative process of corridor/subarea analysis and evaluation. The chapter on
ITS evaluation provides additional insights into how some of these decisions
might be made.

Many corridor/subarea studies are structured to use a set of criteriaasthe basis
for making decisions on the most cost-effective program of improvements.
These criteria normally include an extensive list of environmental criteriain
addition tothoseinvolving congestion, safety, and other transportation benefits.
Thecriteriaarenormally created through extensivemulti-agency discussion and,
in many cases, public involvement.

Exhibit4-3 showsalist of criteriathat was used for an MISinthe St. Louisarea.
ITS strategies are most likely to show benefit for those criteriarelated to delay
and safety. Although some of the criteria may, on the surface, seem not to be
relevant to ITS, it isimportant to note that theabsence of impact may makelTS
attractiveas an alternative or enhancement to an alternative; in other words, the
lack of negative impact can be a strength of ITS. Examples could include
environmental factors such as biology, displacements, wetlands, etc.

“ ... the absence of impact may make I TS attractive as an alternative or
enhancement to an alternative; in other words, the lack of negative
impact can be a strength of ITS”

In aMIS, thetransportation problem is often so significant and the need so great
that ITSis not considered as a primary solution. Consequently, ITS will not
normally bethefocal point of publicinvolvement in these situations. ITSalso

tends to be less controversial and less of an impact: it does not take property,

it does not threaten endangered species, and does not impact wetlands. This
meansthat the public concern (and subsequent public attention) will belessthan
with strategies that have less impact.

Interviews with agencies that have conducted I TS strategic assessments (i.e.
early deployment planning studies) have, for the most part, indicated that the
public provided littleinput, even when publicinvolvement wasattempted. This
likely stems from thefact that ITS has relatively little direct impact outside the
transportation right-of-way. However, some issues concerning ITS may
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surface, depending on the strategy. These questions must be addressed to
minimizethe chance of elimination or detrimental alteration of a planned ITS
component.

Objectionsthat have been known to surface, and suggested approachesto those
issues, arelisted in Exhibit 4-4. Thefact that these questions can ariseindicates
areas where ITSrelated public involvement may be needed. If a public
involvement program is already in place as part of the corridor/subarea study,
thel TS-related outreach can occur along with that program. TS could capture
added public support in cases where it eliminates the need for improvements
that would have significant impact. New public involvement efforts should
follow principles and practicesfor effective outreach programs such asthosein

the MIS training course sponsored by FTA and FHWA.

Exhibit 4-3. Sample Evaluation Criteriafrom a Major Investment Study
(Source: St. LouisRiver Crossing MIS)

GENERAL CATEGORY

CRITERIA

MEASURE

Goals

Corridor specific

Qualitative discussion

Public opinion (3-point ranking)
Service Effectiveness Peak period dday Minutes
Peak period queue length Miles

Peak period speed

Traffic reduction

Mode split
Leve of service

Accident reduction

Miles per hour

Averagedaily traffic
Single occupancy vehicles

Percent LRT, bus, auto (2+ and SOV)
A through F

Number of accidents by type
Total cost of reduction

Environmental Effectiveness

Criteria pollutants
Greenhouse gas emissions
Noise sensitivity

Fuel consumption

Number of areas unable to be mitigated

Barrels of oil saved

Cost-effectiveness

Capital cost per mile
O&M cost per mile

Annualized total cost per trip-
maker

Total life-cycle cost

Dallars per mile
Dallars per mile

Dallars per trip maker

Millions of dollars
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Land use

Land taken

Displacements

Conformity with existing land use

Growth inducement

Acres
Number of dwelling unitstaken
Qualitative discussion

Qualitative discussion
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Exhibit 4-4. Common
Issues About ITS
That Might Be
Raised

by the Public, and
Possible Responses

EVALUATINGITS
STRATEGIES AND
BENEFITS

Issue

Possible Response

Ramp metering more severdy
impacts cities closer in than those
farther out

1. Ensurethat ramp metering is approached
as a system, with as much coverage as
possible

2. Ramp metering al so benefitsindividual
ramps by making merging easier and safer

Ramp metering will increase my
trip time by delaying me at on-
ramps

1. Delayswill only be several minutes at a
maximum

2. The system will release additional
vehiclesif delays become excessive

CCTV system will be used to
"spy" on areas other than the
streets

Ruleswill beinstituted to ensure that
operators are not inappropriately using
cameras. Police may use camerasin
emergencies.

"Hackers' may be ableto use
variable message signs, or
operators will misusethem

Sign operation is password protected.
Any abuse will be dealt with quickly.

Alternate routing for incident
management will taketraffic
through my area

Traffic will come through your area
anyway. It will be better to have designed
to accommodate it than to let it occur
randomly.

| can never believe what the Signs
sy

Agency must maintain quality of
information asatop priority, or confidence
in system will be difficult to maintain.

Traffic signal optimization
through this street will reduce my
business. Wewant to dow traffic
down.

Work with businesses and el ected officials
to create a set of timing plans that
maximizes throughput while controlling

Speed.

AVI toll information may be used
to track my location

It is not mandatory that you use atoll tag
Thefinancial information will betreated as
confidentially as other financial
information such as phone hills, etc.

A subarea or corridor study providesthe opportunity tolook at the benefitsand
tradeoffs of all srategies, including ITS, at amore detailed level than ispossible
inatransportation plan or strategic assessments. For major investments, atravel
demand forecasting model will ordinarily be one of the principal means of
evaluation. Unfortunately, travel demands models in their current form are
limited in their ability to evaluate ITS strategies. Chapter 6 discusses
adjustments that might be made in model parameters to generally reflect the
possible impacts of selected ITS strategies. Analysts should understand that the
bas sfor making these adjustmentsislimited and that they need to be careful not
to imply more accuracy than actually exists. Nevertheless, there may be
situationsin which theinclusion of ITS effectsinto travel demand models may
be appropriate.

A corridor or subarea study offers an opportunity to empl oy techniquesthat are
more sensitive to the types of changesin traffic flow and travel behavior than
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ITSCOSTING

DEVELOPMENT OF
RECOMMENDA-
TIONS AND
IMPLEMENTATION
PLAN

would be possiblein aregional framework (such asthe evaluation of strategies
in the metropolitan transportationplan). Traffic and transit simulation models
have been developed to deal with some of these types of changes.
Unfortunately, simulation models are far from being developed enough to
evaluate all ITS strategies. Although some ITS strategies can be ssimulated
directly, and others can be ssimulated indirectly (i.e. through changesin model
parameters that approximate the strategy’s effect), analysts will till need to
resort to sketch planning techniques for some of the ITS strategy evaluations.
In addition, the time and financial resourcesto employ simulation models may
not exist, even for a major study. Therefore, it isimportant to recognize that
sketch planning techniques may <till be a critical element of the overall
evaluation framework for corridor/subarea studies.

“ A subarea or corridor study provides the opportunity to look at the
benefits and tradeoffs of all strategies, including ITS, at a more detailed
level than is possible in a transportation plan or ITS strategic
assessment.”

Chapter 6 discussesthe full range of analytical approachesto evaluating ITSin
subarea and corridor studies. With respect to how ITS is evaluated, there is
little difference in analysis techniques between approaches for MIS projects
versus other types of corridor and subarea studies. Thedifferencein technique
liesin the amount of detail the analyst requires and the budget available for
analysis. Descriptionsof available simulation modelsare provided in Appendix
D.

One of the advantages of a corridor/subarea evaluation isthat I TS elements can
often be specified more explicitly, enabling more accurate costing. 1n addition,
the physical characteristics of the corridor arealso documented in more detail,
so that factors such as the specific approach to communications infrastructure
can be taken into account.

Procedures for devel oping planning-level cost estimates for I TS are discussed

further in Chapter 5. For a corridor-subarea study, the cost estimates need to

be consistent with the cost estimates for other alternatives or combinations of

alternatives being considered. Ideally, this should involve a life-cycle costing
approach. A major source of cost dataisthe Cost Analysis document from the
National ITS Architecture. In addition to capital costs, it providesinformation

on anticipated service life and on maintenance and operating costs. The
document is available on the National ITS Architecture CD-ROM, available
through the Federal Highway Administration.

The estimation of user benefits, fuel consumption, and air quality impacts
represent one el ement of the evaluation of ITSin acorridor context. The full
evaluation requires the assessment of ITS against a set of criteria (examples
provided earlier), balanced against system costs. Some of this additional
evaluation of benefits and impacts may be qualitative. Some may have to do
with agency internal operating efficiency rather than a direct impact on the
public. The ground rulesfor evaluation are normally established within each

Page4-12



INTEGRATION OF
FINDINGSINTO
OTHER PLANS
AND PROGRAMS

dudy. Therdeof ITSwill bedependent on how I TSmeasuresuptothosegroundrules.

The phasing of ITS elementsisimportant in two respects:

Phasing in coordination with other corridor improvement activities. Cost
savings can sometimes be realized if ITS can be implemented along with
certain infrastructure improvements (e.g. communicationsin conjunction
with bridge structures, and roadway construction).

Phasing in coordination with other ITS improvements. The corridor in
which the study has been conducted may be part of alarger ITS program
that must be phased. For example, aregional control center may need to
bein place before corridor ITS improvements can be ingtituted.

Early implementation of I TS can enhance operational efficiency, possibly
delaying the need for more extensive improvements.

Theresults of corridor/subarea eval uations may be forwarded to other planning
activities. The most important ways to reflect the outcome of corridor-level
evaluation include:

Projects should be forwarded for consideration to the transportation plan
Short term projects should be forwarded to the TIP at the appropriate time

Information should be provided to an ITS strategic assessment for
consideration in the next update

Local agencies should reflect their responsibilities in local government
plans.

Related state agencies (e.g., police) should reflect their commitmentsin
their own planning documents

Theinclusion of information developed at one level of planning activity into
another ispart of the essence of integrating I TSinto the transportation planning
process. It represents an ongoing, iterative process that will improve the
likelihood of successful ITS implementation.
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5. STATEWIDE OR REGIONAL ITSSTRATEGIC ASSESSMENTS

OVERVIEW OF
ITSSTRATEGIC
ASSESSMENTS

An ITS strategic assessment for a state, metropolitan area, or region isa study
designed to address regional ITS issues, including the development of a
framework for ITS deployment in the area or region. This framework is not
only technological, but also incorporates the institutional and operational
elements needed for ITS to function as an effective, integral part of the total
trangportation system. A strategic assessment will normally result in
identification of a set of ITS e ements to be implemented over time, aimed at
achieving specific transportation goals and addressing needs. An ITS strategic
assessment, is similar to the ITS Early Deployment Plans that have been
conducted in anumber of areas.  The strategic assessment should:

C Define ITS user services and/or market packages designed to address
specific objectives, meet customer needs, and address specific problems
in a planning context on aregional basis,

C Define aregiona framework, including aregional TS architecture,
that will serve as theguide for long term implementation of ITSin the
area; and

C Establish a plan for funding, phasing, managing, integrating, and
operating the ITS elements that are to be implemented within the
region.

There are several important points to remember in conducting an ITS strategic
assessment:

C It isnot arequirement. It ismerey a planning tool or approach to
developing aframework for long term ITS implementation consi stent
with the area's transportation plan.

C No singleapproach istheonly “right” approach. Thereareavariety
of ways of going about a strategic assessment. Theinformation in this
chapter provides a number of ideas regarding how to structure an
effective I TS strategic assessment.

C A strategic assessment may need to be updated over time, as
conditionschange (e.g. institutional structures, technology costs, etc.).
Some regions may have already conducted an | TS strategic assessment
(usually under the FHWA ITS Early Deployment Planning Program)
and will be mainly concerned about updating their efforts periodically.

C The name given toan I TS strategic assessment by state, regional,
or local agenciesistheir own choice. Thattermisused here because
the process is strategic (i.e. deals with strategy, both long term and
short term), and involves making an assessment of where agencies are
and where they are going with respect to ITS. The term conveys the
fact that there are a variety of ways to go about the process that
ultimately results in a framework for utilizing ITS to meet
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Why Conductan ITS
Strategic Assessment?

transportation needson aregional basis. Many agencies have called the
results of such an effort an “ITS Strategic Plan” or ITS Deployment
Pan.” Agencies may use any termsthat are most appropriate for
their region or state.

In addition, an ITS strategic assessment ismost effective when considered as
an integral part of the metropolitan or statewide transportation planning
processes. An ITS strategic assessment must both feed and be fed by other
transportation planning and programming activities (e.g. transportation plan,
corridor/subareas studies). ITS investments could be developed from avariety
of other sources, but ultimately they will need to be integrated into a regional
framework.

There are multiple reasons why a state or region may find it advantageous to
conduct or update an an ITS strategic assessment :

C

Reason 1. Statewideor metropolitan transportation plansmay not
include the level of detail needed to ensure cost-effective
implementation and coor dinated operation of ITS. A morefocused
effort is usually needed to work out the details of coordinated ITS
strategi es, communications, operations, and ingtitutional responsibility.
However, the assessment must be conducted within the overal
guidanceand framework of themetropolitan and/or statewide plansand
integrated with other strategies.

Reason 2: ITSisacritical strategy for maximizing the efficient use
of existing and future transportation facilities. These benefits are
often not realized without specific attention devoted to how I TS could
be integrated with other transportation strategies.

Reason 3: An ITS strategic assessment can be the catalyst for
promoting greater consideration of systems management and
operations as a part of a region’s overall approach to
transportation needs.

Reason 4: A strategic assessment provides a mechanism for

bringing stakeholders together to address transportation

operations and management issues of mutual concern. It is
particularly useful as a way to involve stakeholders who may not

ordinarily be involved in other elements of the planning process.
Examplestakeholder groupsthat may bedifficult toinvolveunder other
planning formats include: the communications industry, the trucking
industry, certain emergency service agencies, traffic reporting services,
and other information service providers.

Reason 5: Thedevelopment of aregional ITS framework will help
to coordinate long term implementation of ITS. It will allow for
individual components of I TStowork together and will result in more
cost-effective approaches. 1t will allow for easier integration of systems
over time.
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Relationship of ITS
Strategic Assessments
to ITS Early
Deployment Plans

C Reason 6: With limited availability of funds, priority needs for
specific ITS projects and programs can be defined within the
framewor k of the area's or region's overall transportation
program. An ITS strategic assessment can be visionary, without
financial constraint. However, investment priorities and funding
decisons are ultimately made within the broader transportation
planning process. Hence, an ITS regiona framework will need to be
developed that reflects the area's financial resources.

C Reason 7: Documentation of I TS plansand programsservesasan
ongoing communications mechanism for successful, coor dinated
implementation.

An ITS strategic assessment may be similar to I TS early deployment planning
studies that have been conducted (or are being conducted) in many areas of the
U.S. Theearly deployment plans (EDPs) were intended by FHWA asaway to
“jump-gtart” ITS deployment for a broad cross-section of states and
metropolitan areas. Initial guidance provided for EDPs consisted of a series of
steps designed to lead agencies through the process of developing an ITS
architecture, including ITS projects and programs. Theterm “early” in EDPis
somewhat of a misnomer, as the EDP was intended to cover both short-term
and long-term time frames. It isaframework for implementation of ITS well
into the future. The term “strategic assessment” isused to reflect the idea that
theoutcomewill be along term strategy and that thereisflexibility in how such
an evaluation takes place. A strategic assessment resultsin a regional
framework for deploying an integrated set of ITS elements over time,
consistent with the National I TS Architecture.

The material presented in the Handbook does not imply that an existing EDP
needs to beredone. However, there may be good reasons to update an existing
EDP because one or more of the following factors:

C The EDP may not have considered all modes or all geographic areas
within aregion.

C It may have focused more on a specific project than an overall regional
plan or approach.

C The National ITS Architecture, which may not have been available at
thetime, can be used to guide development of a structured regional
framework for ITS implementation.

C Theinstitutional structure mayhave changed or new players may now
beinterested in ITS.

C The changing costs of ITS technology may have created new
opportunities for ITS that were not avail able previoudly.

The discussion in Chapter 5 may apply to both new ITS strategic assessments
or to updates of EDPs. The principles and examples are not intended as a
“standard” but rather as ideas for how an ITS strategic assessment could
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What Procedures
Can Be Used for
Initiating a Strategic
Assessment?

What Are The
Productsof an ITS
Strategic Assessment?

LESSONSLEARNED
FROM PRIORITS
STRATEGIC
ASSESSMENTS
AND EDPs

proceed. The examples drawn from other areas are intended asillustrative of
how agencies have addressed ITSissuesin their region.

Therearesevera waysin which an I TS strategic assessment can beincorporated
into the overall transportation planning process. It can be:

C Conducted as part of the development or update of metropolitan or
statewide transportation plans. In the case of a metropolitan ITS
strategic assessment, a committeeor subcommittee of the MPO could
be assigned the responsibility of oversight. In the case of a statewide
assessment, the state DOT would ordinarily be responsible.

C Conducted as a regional-level study targeted toward problems ITS is
designedtoaddress(e.g. regional travel er information, regional incident
problems, etc.). The results would be considered in the development
or update of the transportation plan and TIP.

C Conducted as a corridor or sub-regional special study, the results of
which would be considered in the development or update of the
transportation plan and TIP.

An TS strategic assessment for a state or region can beinitiated by any agency
involved in transportation planning or implementation. Becauseit isintended
asamulti-modal, multi-institutional effort, an I TS strategic assessment should
be conducted under an umbrella where significant multi-agency coordination
cantakeplace. A metropolitan planning organization or council of governments
would be an appropriate lead agency. However, state or local transportation
departmentscould serveas|ead agenciesaswell. A statewide assessment would
likely have a state DOT as the lead. In any case, it is essential that a broad
cross-section of stakeholders be included for successful deployment and
integration of ITS elements. These should include both transportation system
users as well as those agencies responsible for providing the services, both
public and private.

Not every I TS strategic assessment will bethe same. However, documentation
will usually be prepared that identifies decisions, implementation approaches,
and responsibilities. The documentation would typically includeidentification
of the ITS eements to be implemented, the ingtitutional arrangements to
support implementation (including private sector involvement), and an action
plan for funding and phasing. The documentation should be designed so
that appropriate sections can be easily incor porated into other planning
and implementation documents. Specific examplesare provided later in this
chapter.

A number of key lessons have been learned from ITS strategic assessment

efforts conducted to date. Some of the more important lessons are described
bel ow.

Lesson 1 - A realistic assessment of funding is needed.
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There is sentiment voiced by some of those who have been involved in ITS
strategic assessments that the lack of adequate funding for construction,
operation, and maintenance of TS greatly limits the usefulness of the results.
However, it could also be stated, that the strategic assessment is needed
precisaly because of the lack of and competition for funding. An important
lesson for those conducting I TS strategi ¢ assessmentsisto ensurethat funding
for ITSiscomprehensively considered sinceaconstraint in resourcesis one of
the greatest barriersto sustaining ITS over the long term. This requires not
only alisting of wherefunds could possibly be obtained, but afunding strategy
that charts a course toward the actual acquisition of those funds. This can be
important information for consideration of the total transportation funding
package for the metropolitan or statewide transportation plan.

Lesson 2 - An effort should be made in strategic assessmentsto craft the
agreements and partner shipsthat will sustain I TS implementation.

Transportation history is replete with plans that looked good on paper but
lacked commitment to implement them. One of the observations from some of
thoseinvolved in ITS strategic assessmentsisthat an effort should be madeto
secure commitmentsin writing asa direct outgrowth of the strategi c assessment
process. This provides a sense that elements of the plan are being seriously
considered for implementation. It also provides a firm indication of the
agenciesthat have the commitment to moveforward. If it should be discovered
through this processthat agencieswill not or cannot make those commitments,
the results may need to be adjusted accordingly.

"Transportation history isreplete with plans that looked good on paper
but lacked commitment to implement them.”

Lesson 3 - Make appropriate connections with other elements of the
planning process and with other planning documents.

Asdiscussed in Chapter 2, ITS eements must find their way into transportation
plans and programs and other planning and implementation documents. An
effective way to foster incorporation is to design specific sections of the ITS

strategic assessment to  be consistent with and part of metropolitan and
statewide transportation planning, local comprehensive planning, operations
planning, and similar planning activities.

Lesson 4 - Improved interagency communication and coordination is the
key to an effective I TS strategic assessment

Many agencieshaveindicated that an I TS strategi c assessment effort or EDP has
brought agencies and other stakeholderstogether that had not been accustomed

tointeracting on transportation issues. Not only did thislevel of communication
result in amore comprehensive and compl ete approach to I TS implementation,

but it also opened up continuing channels of communication that are bringing
long term benefitsto operations, management, and ongoing planning activities.
The importance of involving elected officialswas also noted. Elected officials

will ultimately determine whether ITS elements are implemented.
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APPROACHESTO
ITSSTRATEGIC
ASSESSMENTS

Lesson 5 - ITS must be related to agency functions. The institutional
concerns over ITS tend to be considerably more significant than the
technological ones.

ITS applications can directly affect agency operation and staff needs. The
ability to support these operationsis a key consideration of ITS feasibility and
acceptability. Traditional agency functions canalso bethreatened, and strong,
tactful leadership is needed to preserve relationships and maintain momentum.
The ITS regional framework must identify agency responsbilities and
supporting functions to serve as the basis for agency agreements and
commitments.

Lesson 6 - Do not commit to specific technologiestoo early in the process.

Technologies are changing rapidly. Asaresult, cost-effectivenessrelationships
may change that will, in turn, affect technology decisions. Legal impediments
can sometimes be rectified that will make an option that is currently infeasible
highly attractive. For thisreason, an 1TS strategic assessment can be expected
to be somewhat fluid over time. However, the results of a strategic assessment

can be more enduring if recommendations on technology are specified at a

functional level, leaving room for technological change. 1TS implementation
actionsthat areto take placein the near term can be more specific on selection
of technology.

“ Discussions of potential projects are key to bringing stakeholders
together and keeping theminvolved ."

Lesson 7 - An ITS strategic assessment should identify implementable
projects, not merely concepts. Discussonsof potential projectsarekey to
bringing stakeholder stogether and keeping them involved.

The strategic assessment  should include discussions on potential projects as
soon as possible, but not before laying an adequate foundation. Consideration
of actual projectsisimportant, because agenciescan better relateto aproject that
will directly affect them than they can to a broad concept. But keep in mind that,
although discussions of broad concepts and architectures have less meaning to
implementing agencies, these discussions are also needed for successful
implementation and interoperability. The priority setting process can be
developed through both the strategi c assessment and through thepriority-setting
mechanisms of the transportation plan and TIP.

The conduct of a strategic assessment and development of the ITS regional

framework should follow a structured process to ensure proper coverage of

relevant transportationissues, permit key input fromtransportati on stakehol ders
within the study area, and identify cost-effective and integrated solutions that
can evolve as the state-of-the-art progresses. Asindicated earlier, thereis no
single right approach to an ITS strategic assessment, nor does a strategic
assessment need to delay the implementation of important ITS projects for
which funding is available. However, as discussed in Chapter 2, there are
several items an agency should consider to insure that projects being
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implemented prior to the completion of aregional framework for ITS will be
cost-effective and compatible with other projects.

Exhibits5-1 and 5-2 illustrate two example processes that could be used as a
structure for an ITS strategic assessment. Exhibit 5-1 shows the process as
similar to the ITSearly deployment planning process that has been carried out
in a number of metropolitan areas and states. Exhibit 5-2 shows a dightly
different process that has a stronger relationship to the National ITS
Architecture. Theseapproachesserve asexamples, not mandates. Each of these
exampl e approaches take place in two phases:

C ITS concepts definition. This phase examines the individual 1TS
elementsthat should beincluded in an area'sregional framework for an
integrated ITS. It includes visionary, top-down planning, as well as
bottom-up identification of potential solutions that address specific
problems.

C I TSframework development and implementation plan. Thisphase
identifies how the individual ITS elements fit and work together. It
results in a set of implementable ITS projects and programs,
coordinated with non-ITS strategies and prescribes the institutional
responsibilities for implementation.

"...thereisno singleright approach to an ITS strategic assessment,
nor does a strategic assessment need to delay the implementation of
important 1TS projects for which funding is available."

Both methodol ogies recognize the lessons learned from prior ITS strategic
assessment efforts. Some of the key points that the methodol ogies incorporate
are

C Inclusion of avisonary dement early in the processthat hel psto define
themes around which aregional ITSframework can betailored to state
or local conditions and to transportation or modal emphases that have
already been established within the area through the transportation
planning process.

C Addressing specific ITS strategies more directly, and earlier in the
planning and project devel opment processthan previoudly done. This
can be done in the framework of either ITS user services (strategies
with acustomer-orientation) or I TS market packages (strategieswith an
equipment orientation). Although addressing specific ITS strategies
early in the process hel ps to engage the stakeholders at the level they
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Exhibit 5-1. Example 1 of an ITS Strategic Assessment Process
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Exhibit 5-2. Example 2 of an ITS Strategic Assessment Process
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are most interested in, the strategies need to be tied back to goals and
objectives defined in the overall transportation planning process.

C Taking advantage of the National ITS Architecture to minimize the
work effort and to streamline decisions made.

C Assuring that vital linkages are recognized early in the concept
development stage and carried forward into the systems devel opment
and implementation stages.

C Preparing the strategic assessment in a way that supports the overall
planning process, including the transportation plan and the TIP.

Statewide versus Metropolitan ITS Strategic Assessments: Most ITS
strategic assessments will be conducted at the metropolitan level, because a
large percentage of travel within a metropolitan areais self-contained. Even
where a metropolitan area cross state boundaries, the ITS strategic assessment
and regional framework should encompass the metropolitan area, at a
minimum. |ITS strategic assessments can aso be considered for logical

corridors between metropolitan areas, or even across multiple states. These
would be appropriate where continuity of information or operation is of

concern. Statewide plans are sometimes a particular consideration for state
departments of transportation to develop a consistent and cost-effective

approach to ITS. A datewide assessment may have less emphasis on
development of a framework and more on funding, administration, and
standards. The format for the development of ITS strategic assessments
presented here can be adapted to any of these conditions.

A summary of the process under each of the two approachesis provided bel ow.
The approachesare not intended asrigid steps, but describe the types of
considerationsthat may gointoa strategic assessment and their general
order of performance. A key to successistheinclusion of a broad cross-
section of stakeholders. Both approaches can be thought of in two phases: a
first phase to develop the overall 1 TS concepts, and a second phase to identify
specific projects and develop aregional plan for implementation.

Example Approach 1

C Define Problems, Existing System, and Established Goals. Thisactivity
links the ITS effort directly to established, agreed-upon regional
transportation goals. It aso defines the problems that ITS should
address and provides the existing ITS inventory base upon which the
the ITSregional framework will be built.

C Expand Stakeholder Involvement. This activity sets the institutional
stagefor the remainder of the strategic assessment effort. Stakeholders
will have already been identified within the overall planning process,
but additional stakeholderswith specific ITS interestswill likely need
to be included to facilitate consensus-building.
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Develop ITS Vision. This activity helps to define the "big picture’
approach to ITS for the state or region. The ITS vison sets the
direction of the planning effort by defining areas of emphasis, themes,
and priorities. 1t answersthe question: “ How could ITShelp meet the
region's transportation needs?’ Itisaninitial “top down” look at what
ITS could do, which will be married with the “bottom up” process
conducted in the following steps.

Identify/Screen Market Packages. The market packages can be
examined against the goals, objectives, and problems defined in a
screening process. This screening is not location specific.

Develop Regional ITS Concept Plan. Thisresultsin a set of potential
market packages or user services that may be appropriate for specific
locations within the state or region. Based on the goals and abjectives,
and on the screened market packages, more specific performance
criteriaareidentified. Thesewill be used to evaluate the potential value
and feasibility of market packages.

Identify Desired Functional Capabilities and Potential Projects. This
expresses in more detail what the stakehol ders desire the system to do.

The information can be drawn from material developed as part of the
National I TS Architecturework, enhanced with additional information

that may have been developed locally. Initial projects are identified,

covering specific geographic areas.

Define Regional Framework, Including Architecture. This activity
identifies the relationship between the local decisions on market
packages and the National 1TS Architecture. This step will also define
technologies to be applied (for short-term or early-start projects only)

within the framework of the regional architecture.

DefineOperational and | mplementation Strategies. Thisactivity defines
approaches to deployment, operations, and maintenance, including
ingtitutional and financial arrangements. It is necessary to ensurethat
the entire plan will be operable and that agencies are prepared to take
responsibility for operation and maintenance.

ITS Implementation Plan. Some agencies may chooseto call thistheir
ITS Strategic Plan. This activity documents the ITS projects and
programsto clearly define the action-oriented I TS implementation plan
for inclusion in the next updates of the transportation plan, TIP, and
other planning documents. It documentsthe plan for funding, phasing,
operating, and maintaining the ITS applications.

Example Approach 2

Define Regional Transportation Problems and Needs. This builds, if
necessary, on problems, goals, and objectives already defined at the
regional level through the overall planning process.
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Develop Mission Statement, Measures of Effectiveness, Vision for the
Future, Applicable ITS Strategies, and Initial Architecture Concept.
This series of paralld, iterative activities results in identification of
potential ITS solutionsto an area'stransportation problems. The initial
architecture concept is a “back of the envelope” architecture concept
that could serve as the starting point for the full architecture
development in phase 2. Thisactivity could become part of phase 2, if
desired.

ITS Concept Plan. Thisrepresentsthedocumentation of recommended
ITS eementsthat will help address existing and future transportation
needs identified through the overall planning process.

Strategy (market package) Evaluation. This includes a quantitative
and/or qualitative evaluation of the effectiveness of the ITS strategies
to be considered in the 1TS regional framework.

Layered Framework (regional architecture development). This
represents the core of the processfor ensuring regional integration of
ITS elements based on the National ITS Architecture. It takes place at
threelevels: transportation (the physical components), communications
(how the physical componentsexchangeinformation), and institutional
(which agencies areresponsible). Thisisan iterative processthat may
have multiple solutions.

Implementation Plan. Thisactivity defines approaches to depl oyment,

operations, and maintenance, including institutional and financial
arrangements. It is necessary to ensure that the entire plan will be
operable and that agencies are prepared to take responsibility for

operation and maintenance.

ITS Implementation Report. This activity documentsthe I TS projects
and programsto clearly define the action-oriented I TSimplementation
plan for inclusion in the next updates of the transportation plan, TIP,
and other planning documents. It identifies agency responsihilities,
implementation schedules, and funding needs. It documents the plan
for operating and maintaining the ITS applications.

Theremainder of Chapter 5 describes principlesfor conducting an ITS strategic
assessment. It uses the structure of Approach 1, identified in Exhibit 5-1.
However, most of the principles are equally applicable to Approach 2. The
difference is primarily in the packaging and terminology. In either case, the
process isnot intended to berigidly applied to all situations; rather, it should be
adapted to meet local needs and resources. Thereis no single approach to all
ITS strategic assessments. Exhibit 5-3 amplifies Exhibit 5-1 by listing products
that could be generated by each element of an ITS strategic assessment.
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Exhibit 5-3. Possible Productsfrom an I TS Strategic Assessment

Organize the Study Effort and Expand Stakeholder I nvolvement

C Listing of stakeholders/users
C Work plan and schedule
C Outreach and consensus-building plan

Develop ITS Vision
C Listing of ITS-related themes or vision statements
C Initial assessment of funding situation and implementation barriers

Define Problems, Existing Goals, and Existing Systems
Documentation of existing conditions

Study area map

Listing or graphic representation of problems and opportunities
Listing of overall and ITS-related goals and objectives
Documentation of existing ITS e ementsin study area

O0O0O0O0

| dentify/Screen Market Packages

C Mapping of market packages against problems and goals
C (Alternate) Environmental scan of ITS e ements

C (Alternate) SWOT analysisof ITS eements

C Listing of market packagesto be further evaluated

Develop I TS Concept Plan

C List of performance criteria

C Results of market package evaluations

C Documentation of recommended market packages by geographic area

I dentify Desired Functional Capabilities and Potential Projects

C List of potential system requirements by market package

C Functional requirements definition by subsystem and technology area

C Initial listing of ITS projects that address problems and needs

Define Regional Framework, I ncluding Architecture

C Charts and description of logical, organizational, and physical architectures

C I dentification of ingtitutional actions needed to support ITS implementation

C List of recommended technologies for near-term I TS program

Define Operational and I mplementation Strategies

C Project definitions, integrated with other transportation projects, where appropriate
C Operations and management plans

C Potential sources of funds (implementation and operating), schedule, and agency responsibility by project
C Potential public private partnerships

Develop the I TS I mplementation Plan

C Documentation of ITS regional framework, including an implementation plan

C TIP project summariesfor near-term projects

C Potential material for integration into long range plan
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EXPAND
STAKEHOLDER
INVOLVEMENT

Laying the
Foundation
for Consensus:
Defining the
Stakeholders

Exhibit5-4. Potential
ITS Stakeholders
/Users

Key Activities:

| dentifying stakeholders/users

Establishing leadership structure

Acquiring technical support, where needed

Establishing awork plan and schedule

Definingoutreach activitiesand theconsensus-buil ding process

O0O0O0OO0

Key products:
C List of stakeholdersusers
C Work plan and schedule
C Outreach and consensus-building plan

A strategic assessment for an area or region will definetheITS eementsto be
deployed to meet the needs of the state, area or region. It is designed for al
transportation system stakeholders/users, cutting across travel modes,
jurisdictions, and the public and private sectors. The identification of all
stakeholders/usersin thearea or region will bevital to addressing theissuesand
needs of all interested parties. A samplelist of potential stakeholdersusersis
provided in Exhibit 5-4.

Motorists Law Enforcement
- Commuters - State Police
- Tourists/visitors - Local Police

- Other travelers
State/local transportation
Transit Riders departments.

Bicyclists/Pedestrians Transit Operators

Employers Metropolitan planning
organizations

Private Industry

- Communications industry Emergency Services

- Vehicleindustry - FireEMS

- Electronics industry - HAZMAT

Private Towing/Recovery Business

Fleet Operators (trucking companies,
taxi companies, courier fleets, etc.)

Activity center operators
- Event centers
- Major employers

- Airport operators
Traffic reporting services

The structure of the consensus-building process can help to create an

environment in which consensus can be more easily and efficiently reached.

Exhibit 5-5 is an example of one approach. It indicates project oversight by a
steering committee, chaired by aknowledgeableindividual from theagency with
the lead responsibility for the I TS strategic assessment.
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Structuring Initial Outreach: Initial outreach would be conducted through
a series of focus groups and individual interviews. The purpose of thisinitial
fact-finding isto:

C Gauge interest of potentia participants, including the private sector.
C I dentify specific transportation problems and needs.
C Identify additional stakeholders who should be involved in helping

develop the strategic assessment.

One useful mechanism for obtaining input is a set of focus group sessions. A
focus group is a small group of individuals (typicaly between 10 and 20)
representing various interests and viewpoints that can help identify issues,
concerns and ideas associated with a particular topic, inthiscase ITS. A focus
group is not the only way to gather this cross-section of feedback, but it isa
relatively efficient and cost-effective method. Thelist of potential attendeesis
represented by the stakeholder/userslist presented earlier.

Exhibit 5-6 shows alist of questions provided to individualsinvitedtoan ITS
focus group for the I TS Strategic Plan project in Riverside and San Bernardino
Counties, California. Four meetingswere held, spread geographically through
the study area. The agenda items included a description of the study, purpose
of the meeting, avideo providing an overview of ITS, and a structured dialogue

with participants regarding their thoughts on a number of questions that were
posed. Responses were recorded on flip charts. Some of the principles

involved in running a good focus group session include:

C Send out meaningful materials in advance. This should include a
description of the study, information about ITS, and topics of
discussion for the meeting. Individuals must have a general frame of
reference to be able think about the subject in advance or even know
whether they are the right ones to attend. In the Riverside/San
Bernardino project, a brochure about the ITS project was mailed with

the invitation.

C Provide a set of questions to stimulate their thought prior to the
meeting.

C Provide afacilitator who can help the participants stay focused on the

primary issues of concern. This individual needs to be able to keep
things moving, while not discouraging participation and cregtivity.

C Provide aforum for everyoneto expresstheir views, not domination by
a small number of individuals. This can be done by systematically
rotating around the table in answering questions.
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STRATEGIC PLAN FOR
INTELLIGENT TRANSPORTATION SYSTEMS(ITS)
FOR THE INLAND EMPIRE

Focus Group Workshop

June 18, 1996 10 A.M. to 1 P.M.
Kay Ceniceros Center
29995 Evans Road, Sun City, CA 92381

QUESTIONS

Wheat do you think are the most pressing transportation problemsin the Inland Empire?

Wheat areas are you aware of already in the Inland Empire where technology has been used to
improve transportation service?

In what ways do you think new technology can be applied to commercial vehicle management and
operations?

In what ways do you think new technology can be applied to enhance local or regional traffic
services, traffic systems management, and traffic systems operation?

Which of these areas would seem most practical for the Inland Empire?

What do you think are the most significant barriers to implementing advanced transportation
technology in the Inland Empire?

We will be forming advisory councils to address several key functional areas, including transit,
traffic management/information, and freight movement, at aminimum. The advisory councilswill
meet approximately once every two months, asneeded, to devel op recommendations or suggestions
for consideration by the project oversight committee. Would you liketo beinvolved in an advisory
council? If so, which one?

Who else should be involved in this process?

Exhibit 5-6. Example List of Questionsfor ITS Focus Group Meeting

C Take good notes. Writing ideas on a flipchart and having them
confirmed by the contributorsis a good approach.

The focus groups could be followed by an “lIssues and Opportunities
Workshop,” which would assemble the concerns, ideas, and possible
approaches into a session that would begin to focus the direction of possible
ITS applications in specific ways. The workshop would be oriented toward
agency staff, elected officials, and potential participants from private industry.
It would not be intended as a public meeting, although interested citizens could
attend. An example agenda for the workshop is shown in Exhibit 5-7.
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Exhibit 5-7. Sample
Agendafor anITS
Issuesand
Opportunities
Workshop

AGENDA
ISSUES AND OPPORTUNITIESWORKSHOP
ON INTELLIGENT TRANSPORTATION SYSTEMS

Welcome (elected official or high ranking transportation agency representative)
Objectives of the workshop

Description of the strategic assessment process

Overview of Intelligent Transportation Systems

C Status of ITS nationally (should include slides or video of
actual applications)

C Status of ITS locally
Overview of ITS opportunities and technol ogies

C Highway
C Transit
C Travel demand management
C Other
Local issues and opportunities
C Issuesidentified in the focus groups and interviews
C Problems and concerns identified to date
C Open discussion or breakout groups

Where we go from here

Use of “ Advisory Councils.” Based on the outcome of the above activities,
Advisory Councils (typically 3 to 8 participants each) could be established to
tackle specific functional areas that emerge from the initial issues and
opportunities list. Typical advisory councils could include: a Commercial
Vehicle Council, a Transit/TDM Council, and a Traffic Engineering Council.
The Advisory Councilswould take on an issues-resolution focus, rather than
meeting on a typical monthly basis. This has been shown to be a good
mechanism for maintaining the interest of participants, particularly those
representing the private sector, while making the process efficient. If the
steering committee has adequate representation of these areas, an advisory
council structure may not be needed, but the steering committee size should be
limited. Existing committee structures can also be used. However, an effort
should be madeto obtain fresh ideas from the outside, particularly from groups
such as private industry, who are important players but often not included in
ongoing committee structures.

Interacting with Elected Officials. Exhibit 5-5 shows an iterative exchange
(meetings and presentations) between the Advisory Councils and the Steering
Committee. It also shows a two-way exchange between the Steering Committee
and the elected officials (through meetings and presentations). Elected officials
need both to be informed and to inject policy into the project to make it
consistent with overall community goals. Financial information must be
provided to the project both at an early stage and during the development of
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recommendations. Thisprovidesthe project with alevel of realism that will be
needed to moveit forward.

"Financial information must be provided to the project both at an early
stage and during the devel opment of recommendations.”

There are a number of actions staff can take to work with € ected officials on
ITSrelated programs:

Help them to identify ways ITS can be useful in addressing the
problems presented to them by their constituents.

Provide them with material showing them some of the proven benefits
of ITS. Sample documentsinclude:

- Traveling With Success, Public Technology, Inc., for FHWA,

October, 1995

- Intelligent Transportation Systems Action Guide, by ITS
America

- Extractions from theexhibit in Chapter 2 of this Handbook on
ITS benefits

Videos of ITS implementations from around the country. Examples
include:

- Smart Moves by Public Technology, Inc. For U.S. DOT
- U.S.DOT Operation Timesaver Video

- Moving Transportation Into the Information Age, by ITS
America

- Videos from other comparable areas with successful systems

Provide for visits to other operational ITS sites, where convenient

Bringthemtothel TS Americaannual meeting or other local or regional
conferences

Provide them with briefing papers prepared through the ITS strategic
assessment or through other ITS planning activities

Elected officials have many issuesto deal with other than transportation, many
of which are more visible or sensitive. Providing visibility for ITS and
encouraging substantive thought about I TS can be difficult in the midst of busy
agendas. Separate half-day or full-day workshops have been used in some
cases, but again, there issubstantial competition for elected officials time, and
this opportunity may not occur. Some of the techniques for overcoming these
problems include:
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DEVELOPITS
VISION/THEMES

Provide for occasional brief presentations at regularly scheduled
council meetings, board meetings, etc. to educate elected officials.

Provide separate material to newly-elected leaders who may have
missed prior presentations. Individual meetings may be needed for
education through the continuing turnover that occursin the palitical
arena. Elected officials should not have to ask “ What isthis project?’
when they get to a council or board meeting. They should have already
been briefed prior to that time.

Give dected officials credit for successes. Press releases can be
provided at project milestones, or press conferencescan bearranged for
themost significant events, such asinitiation of operation of major ITS
elements. Ask elected officials for their input and participation.

Provide videos or reading material that elected officials can view or
read at home.

Stressthe importance of coordinating I TS e ements with other parts of
the overall transportation program.

Remember that most eected officials have only a certain amount of time for
absorbing information. The information given to them should be concise but
informative.

Interacting with the Public and with Interest Groups. Certaingroups may
have an interest in following the progress of and providing input to the strategic
assessment. Thisinterest will vary widely from region to region. Some of the
logical groups with which to interact could include: chambers of commerce,
police/firelEMS associations, trucking associations, real estate associations,
environmental groups, or neighborhood associations. Typically, the venuefor
communicating project activity would need to be at regular meetings of these
groups. Experience of someregionswho have used special public meetingsjust
for ITS has been that public turnout is usually limited. Brochuresin public
places or information accessible on a Web site are relatively cost-effective and
allow for exchange of ideas with those who are interested.

Key Activities:

C I dentify key themes or ITS-related vision

C Relate themes and vision to state/metro area goals

Key Products:

C Listing of ITS themes or vision statements

C Initial assessment of funding situation and implementation barriers

The development of a"vision" of ITS for the state or region can be viewed as
an e ement of “top down” planning. Most of the other stepsin the I TS strategic
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planning processreflect a“bottom up” approach, addressing specific problems
and user needs. Thetop down and bottom up approaches are brought together
in the development of an ITS concept plan at the conclusion of phase 1. The
statement of avision allows agenciesto definethe areas of TS they would like
to emphasize asthey relate to broader community concerns. The devel opment
of avision is closely associated with setting objectives. An example of an
overall ITS vision statement is taken from the ITS Strategic Plan for the San
Diego region:

“TO MAXIMIZE TRANSPORTATION PRODUCTIVITY,
MOBILITY, EFFICIENCY, AND SAFETY
WITH A REDUCTION IN ENERGY USE AND
NEGATIVE ENVIRONMENTAL IMPACTS
THROUGH THE USE OF COST-EFFECTIVE
ITSTECHNOLOGIES AND SYSTEMS’

This is supported through a number of vision statement elements (only an
excerpt from each statement isincluded here):

C Technology test bed - The San Diego region will become anational test
bed for the testing, integration, and introduction of ITS technologies.

C Travel information - Information regarding the transportation system
within the San Diego region will beimmediately availableto users and
operators through a variety of devices. . .

C Traffic management - Thetraffic on regionally significant routeswill be
monitored and controlled through an integrated system.

C Commercial operations - In coordination with national and regional
initiatives,commercial carrierswill be ableto drive from oneend of the
San Diego-to-Los Angeles corridor to the other with minimal delays at
toll booths or weigh and inspection stations.

C Toll collection - Where deployed, devices will alow users to
electronicallypaytolls, faresand feeswith aminimum amount of del ay.

C Travel demand - Users who wish to rideshare can immediately
determine potential candidates and dynamically create carpools.

C Transit systems - Public transportation will be more attractive by faster
serviceresulting from traffic signal priority and control of special ramps
or lanes.

Page5-21



C Vehicle tracking - Systems will track commercial carriers, transit
vehicles, emergency service vehicles, and hazardous material carriers
to monitor the status of these vehicles.

C Emergency management - Deviceswill notify authorities of the need for
dispatching emergency vehicles to the site of a collision or incident.
Systems will coordinate theresponse. . .

C Navigation - Systems and on-board devices will assist driversto plan
and follow safe and efficient driving routes throughout the corridor.

C Air quality - Air quality will be improved through the increased
efficiency and use of transportation systems including demand
management strategies.

C Intermodal and multi-modal cooperation - All agencies and
transportation providers will work together to promote and encourage
safe and efficient operation of the transportation network.

Aspart of their ITS early deployment plan, the Nashville region determined that
amajor theme for their program would revolve around the tourism industry.
This set the stage early in the project for bringing in the tourism industry to
create apartnership for jointly supporting the industry and I TS initiatives that
would benefit the community at large. Other areaswith significant distribution
industries have placed an emphasis on commercial vehicle operation initiatives.
Areaswith dense street networks and varied traffic patterns, event centers, etc.
have focused on signal system upgrades.

The vision concept(s) or themes may be defined at an early meeting of the key
transportation stakeholders, could be fed by interviews and focus group
sessions, or could even serve asa "kickoff" to devel opment of the I TS strategic
assessment. In an open setting, the stakehol ders may be asked their ideas of the
future transportation system for theregion. Possible questionsfor stimulating
thinking on ITS-related visions or themes include:

C What functional areas do you think the I TS strategi ¢ assessment should
emphasize (e.g. information, commercial vehicle operation, etc.)?

C How should those emphasis areas be focused geographically (e.g.
which corridors or subareas)?

C What constituencies exist to support initiativesin these emphasis areas?

C Do these constituencies have the commitment and/or financial capacity
to carry out the program and back its operation?
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DEFINEPROBLEMS
AND EXISTING
SYSTEM

| dentification of
Problems and
Opportunitiesin the

System

Exhibit 5-8. Sample
ITSRelated Themes
Correlated to Sample

C What would you like to seethe I TS program accomplish over the next
5 years? 10 years? 20 years?

Answering these questions serves both to provide direction to the program and
as a reality check on the customer base (drivers, private sector, and public
agencies, etc.) that will be needed to sustain an ITS program in certain areas
over thelongterm. Thelack of aclear customer base or support basewill bring
into question whether a particular element of the vision can be achieved.
Elected officials can be brought into this discussion to render their sense of
community prioritiesand how ITSmay fit into those priorities. The vision may
be refined throughout the strategic assessment process but will initially
define focal points for the project. Sample themes or vision statements are
listed in Exhibit 5-8, related to a sample set of state or regional goals.

Key Activities:

C Define trangportation system to be examined

C I dentify problems and opportunities

C Develop inventory of existing ITS infrastructure

Key Products:

C Documentation of existing conditions

C Study area map

C Listing or graphic representation of problems and opportunities
C Listing of ITS-related goals and objectives

C Documentation of existing ITS eementsin the study area

An ITS strategic assessment will be targeted to address a specific set of
transportation problems and opportunities, defined as follows:

C Problem: Failure of the transportation system to perform up to its
expected level. An example problem statement would be “congestion
in the AM peak period on Facility X southbound”, “accident rate
exceeding Y on facility Z,” or “lack of schedule adherence of transit
service along route A” . Problems could include both current and
anticipated problems. Problems could also relate to agency functions,
such as ineffective emergency communications equipment.

C Opportunity: Theseinclude actionsthat could make the transportation
system or agency operations more efficient, but cannot necessarily be
associated with a problem.
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State/Regional Goals

GOAL: PROMOTE ECONOMIC DEVELOPMENT

Themes

C Strive for successful private sector business opportunitiesin thel TS
program devel opment

C Strongly support economic devel opment through I TS-related accessibility
improvements

C Support bi-national trade through border accessimprovementsusing ITS

C Work with freight industry on ITS applicationsto improve their

efficiency and competitiveness with other regions
PROMOTE TRANSPORTATION SYSTEM EFFICIENCY

C Support single payment smart card systemsfor transportation and non-
transportation applications

C Encourage greater use of HOV facilities and transit systems

C Work with telecommunications industry on multi-purpose projects that

benefit transportation and local communications
SUPPORT LOCAL ENTERPRISES AND ASSETS

C Develop world class airport access system

C Support the tourism industry through automated traveler information
systems

IMPROVE THE ENVIRONMENT

C Support alternative fuel vehicleswith ITS applicationsto improve air
quality

C Provide and operate transportation systems to minimize energy

consumption and emissions

IMPROVE INFORMATION PROVIDED TO THE PUBLIC

C Make traveler information readily availableto al citizens

C Digtribute traveler information widely to home and work locations to
assist in trip planning.

PROMOTE ALTERNATIVE MODES OF TRAVEL

C Provide capability for real-time monitoring and dispatching of bus fleet
REDUCE CONGESTION
C Limit recurring congestion on freeways to no more than one hour in the

am. peak period and one hour in the p.m. period

To improve a transportation system, it is necessary to identify the problems
associated with its current operation. Identification of problems and
deficiencies may be obtained from numerous sources including: citizen
complaints, past studies identifying major transportation issues, current or
planned traffic studies and analyses, transit studies and analyses, specially-
conducted focus group meetings, surveys of existing and potential
transportation users, and field observations or reviews of the transportation
facilities. A congestion management system, if one exists, should provide a
regular tracking of system deficiencies. Examples of typical problems or
deficiencies may include:

C Congested highway sections
C High accident locations
C Lack or absence of transit service
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I nventory of
Transportation
Facilities and
Features

Amplify Goals and
Objectives

Slow response to highway incidents

Undependabl e transit service (headways, etc.)

Air quality non-attainment

Institutional barriers

Inaccurate information or information that is not timely
Commercial vehicle management problems

Intermodal transfer inefficiencies

OO0 000O0

These problems should be identified on a location-specific basis, where
applicable. Anexamplegraphic of traffic-rel ated deficienciesor problemsfrom
the ITS strategic assessment in Portland, Oregon is displayed in Exhibit 5-9.

An assessment of potential or future deficiencies may also need to be
conducted. Travel demand forecasting model results and projected traffic
volumes (highway, transit, or pedestrian volumes) may be obtained and used
to identify potential deficiencies under projected future programs and
transportation scenarios. The study of future projected conditionswill provide
valuableinput into defining the future needs of ITS programs and can be used
to supplement the vision statement identified earlier

In addition, abasic inventory of current and planned ITSfacilitiesand features
isneeded. Thisinventory identifiesthe current conditions, available resources,
and ITSeementsalready operational. It will definethe"point of departure" for
the ITS program devel oped through the strategic assessment.

Theinventory may be comprised of sampleitemsas shown in Exhibit 5-10. As
indicated in the "lessons learned" section, however, most system el ements and
traffic-related problems are already known or documented in some fashion.
Existing data should be used, to the extent possible.

Goals and objectives establish the foundation that will be used asthe basis for

performance criteria. Performance criteria, in turn, are the basis for selecting
user services and market packages. The broader transportation planning
process will provide the policy underpinnings of all transportation initiativesin
astateor region, including ITS. However, there may be reasons why this set

would be incomplete. In addition, there are goals and objectives (which imply
performance criteria) specific to I TS that should beincluded so that a complete
evaluation of options can be conducted.

“The broader transportation planning process will provide the policy
underpinnings of all transportation initiativesin a state or region, including
ITS
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Exhibit 5-9. Sample Maps of Existing and Future Congestion
(Source: Portland ITS Early Deployment Plan)
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Exhibit5-10. Sample Physical Components 0 Milesof highway by facility type

List of

Transportation

0 Number of traffic signals by jurisdiction
o Transit routes/stops
0 Number of buses and how equipped

System Inventory 0 Transportation Management Centers

Iltems

0 Trangt Transfer Centers

0 Variable Message Sign Locations and Features
0 Ramp Meters

o Traffic Monitoring Stations

0 CCTV Locations and Features

o Highway Advisory Radio Locations and Coverage
0 HOV Lanes

0 GIScapahilities

o Signa Systems

o Trangit Priority System

o0 AVI/AVL Systems

0 Weigh-in-Moation System

0 Emergency Vehicle Pre-emption System

o Incident Management Programs

0 Electronic Toll Stations

0o Commercial Vehicle Dispatch System

0 Emergency Call Boxes

Organizational Components 0 Transportation Operating Agencies -
Jurisdiction and Function
o Political Jurisdictions
o0 Major Traffic Generators
0 Operational policies
o Funding Sources

It is not intended that the amplification of goal sand objectives be an extended
or elaborate process. The goals and objectives should consist of statementsthat
address the deficiencies or problemsidentified earlier, aswell as characteristics
that agencies expect the implemented market packages to possess (minimize
cost, etc.). Some of these goals and objectives may be related to an opportunity
or atheme, as described earlier. A sample set of goalsis displayed in Exhibit
5-11.

Exhibit 5-11. Sample ITS-Related Goals and Objectives

C

O0O0O0

Goal 1. Increaseefficiency (person-carrying capacity) of the transportation system
Objectives:

Minimizetravel demand for commute trips.
Encourage mode shifts to higher occupancy vehicles.
Minimizetravel timefor all vehicles.
Maximizetrip timereliability.

Increase person capacity.

Goal 2. Reduce emissonsand ener gy consumption
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Minimizetravel demand for commute trips.
Providetrangt priority at key intersections.
Encourage fudl-efficient vehicles.
Encourage mode shifts to higher occupancy vehicles.
Maintain steady speeds.
Minimize stops.
oal 3. Enhance safety
Reduce the number of accidents.
Reduce the severity of accidents.
Avoid secondary accidents.
Speed delivery of emergency services.
Enhance genera safety through the use of the transportation system.
Minimize theimpact of construction, maintenance, special events, and incidents.

oal 4. Support transportation operationsand planning
Collect data on system performance and usage.

Facilitate interagency coordination.
Increase productivity of the agency staffs.
oal 5. Improvethe quality of life
Addressidentified problems and deficiencies
Increase travel er/shipper convenience (commuters, freight haulers, tourigts, etc.).
Promote social and geographic equity in delivery of transportation services.
Provide equitable distribution of costs and benefits.
Distribute benefits across a broad cross-section of users
Enhance economic vitality.
Improve transportation system reliability.
oal 6. Minimize cost
Minimize non-recurring costs.
Minimize recurring costs.
Promote public/private partnerships
oal 7. Provideframework for system evolution over time
Allow for expansion to meet future demand
Allow for expansion to add capabilities as technol ogies, solutions, and funding
become available

OO0OOIOOOOIOOOOO000OMIOOOOIOOOO00O0OOHIOOOO0OOO0

C Allow for modifications to meet future palitical and social environments.
Goal 8. Maximizeimplementation potential
C Pursue approaches that are within the purview of state/regional/local government

involvement.
Maximize funding potential
Minimize potential for fatal institutional flaws
Build on existing successful systems
Minimize technological risk
. Providefor system responsiveness and flexibility
Improve for operational flexihility.
Provide maintainable system.
Provide for adaptability to changing travel patterns.

OO0 OOO0O
(@]
2
(o]

IDENTIFY/SCREEN Key Activities:

MARKET C Evaluation of potential market packages against problems and

PACKAGES deficiencies

(ITSSTRATEGIEY) C Evaluation of potential market packages against goals and objectives
C (Alternate) Environmental scan of potential market packages
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C (Alternate) SWOT analysis of potential market packages

C Determination of market packages that support statewide or
metropolitan goals and objectives

Key Products:

C Mapping of market packages against problems and goals
C (Alternate) Environmental scan of ITS eements

C (Alternate) SWOT analysis of ITS e ements

C Listing of market packages to be further evaluated

The delivery of transportation services, including ITS, should be customer-
oriented. The strategy screening activity defines the ITS strategies/market
packages that best address the defined goals and objectives. It isthefirst step
in the process of eiminating those market packages that may not be feasible or
practical for implementation within the study area.

A noteonterminology: It isimportant to notethat the screening analysis could
be conducted using the structure of either user services or market packages. As

indicated earlier, user servicesare viewed to be I TS strategieswith a customer-

orientation, while market packages are viewed to be strategies with an
equipment orientation. Whichever terminology is used, it isimportant that the
strategiesbe defined in sufficient detail to identify benefits, costs, and impacts.

In some cases, neither user services nor market packages are defined at a
sufficient level of detail for thisto occur. Several I TS strategies are sometimes
included under a single user service or market package definition (e.g. the
market package “freeway management” includes both ramp metering and lane
control, two different ITS strategies). Thus, additional definition below the
user service/market package level may be needed. In this discussion, we
will most often make reference to market packages, but the reader should

understand that either set of definitions may be used.

Thereareanumber of reasonswhy an I TS strategy/market package may not be
appropriate for a particular area.

C It does not relate to the identified problems.

C It does not address the goals and objectives as well as others.

C Significant barriers (e.g. legal or legidative) stand in the way of its
implementation.

C The area does not have the resources to support it (i.e. it istoo costly).

All of the above issues arereflected in the goals and objectiveslisted earlier. 1f
properly defined, the goal sand objectives should provide areasonabl e basisfor
the screening of market packages.

A set of definitions of market packages is provided in Appendix A. It is
important to note that the listing of market packages is neither
compr ehensive nor prescriptive. It should beused asastarting point. There
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Screening ITS
Strategies Against
Problems and Goals

Exhibit 5-12.
Example of Potential
ITS Market
Packages Related to
Identified Problems

are other ideas for ITS market packages that may be devel oped in response to
specific problems identified in the ITS strategic assessment process, or the
development of the ITS industry over the coming years may generate new
packages. Do not let the current listing of market packages be a limitation in
addressing local issues.

There may also be questions about ITS strategic assessments (or Early
Deployment Plans) that were developed on the basis of ITS user services. In

most cases, these plans have moved beyond user servicesto recommendations

for actual projects and programs. In doing so, these plans likely dealt with
market package concepts, even though the term “market package” was not in
existence at the time of that study. Thus, thereisno reason to re-analyze these
plans, in most cases, just because of the terminology. However, there may be
aneed to re-evaluate the concepts and projects due to changesin technology, in

theregional transportation vision, in funding, or for other reasons.

The screening of ITS strategies/market packages down to those applicable for
the area of interest can involve one or both of the following:

C Mapping of market packages against identified problems and
deficiencies. The purpose is to determine the extent to which each
market package addresses problems and needs specifically identified in
the study area.

C Mapping of market packages against goals and objectives. Thisisa
broader evaluation than just of the relevance to a problem. It
incorporates the full range of objectives that are believed to be
important in shaping the system. It includesa consideration of cost and
ingtitutional elementsin addition to effectiveness.

Using the market package definitions provided in Appendix A assists in
matchingthe specific problem/deficiency to feasiblemarket packages. A sample
of sdected deficiencies (representative of list that might come from a
metropolitan area) and respective market packages is shown in Exhibit 5-12.
The association of market packages with problems and deficiencies is a
relatively smple, qualitative process.

Identified Problems Market Packages

C High number of incidentsalong highway X |C Network surveillance

C Broadcast-based ATIS

C Interactivetraveer information

C Incident management system

C Trafficinformation dissemination

C Slow speeds along arteriads X, Y and Z C Surface street control
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Additional Screening
Techniques

Identified Problems Market Packages

C Limited transit usage C Transit vehicle tracking
C Fixed-route operations
C Transit security

C Multi-modal coordination

C Delays at Weigh Stations C Electronic Clearance

C Weigh-in-motion

C Traffic congestion on freeways A and B C Freeway control

C Broadcast-based ATIS

C Traffic information dissemination
C Network surveillance

C Heavy tourist traffic-weekends C Interactive traveler information

C Yélow pages and reservation

C Broadcast-based ATIS

C Traffic information dissemination

C Special event traffic handling at stadium | C En-route Driver Information

and coliseum C Incident Management
C Traffic control
C Long delays at tall booths C Dynamic toll management

The market packagescan also be matched to the system goals and objectives.
This process can be designed to result in a sense of priority among market
packages. For example, a numerical ranking can be assigned that provides a
total score of each market package against the goals or objectives. Weightings
canalso beapplied to differentiate therelativeimportance of goals or objectives.
Theevaluation can also be conducted qualitatively with a high-medium-low
system. There is no single technique. However, the process should be
systematic, involve multiple stakehol ders(probably an exercise conducted by
the strategic plan steering committee), and be well documented so that the
decision-makingprocessisclear. Exhibit 5-13 providesasampleevaluation for
one market package.

Although the screening of market packages against identified problems and
stated goals and objectives is the preferredscreening approach, there are other

approaches aswell. Two of these are the environmental scan (or e-scan), and
the SWOT analysis.

Environmental Scan: The basic concept behind anenvironmental scan isto
learnfrom the experiences of other, smilar regions. In the environmental scan,
the analyst identifies other regions with similar socioeconomic and
transportation characteristicsto theregion in question. Then, the analyst looks
at theregion’suse of ITS tofind both positive and negative experiences. These
experiences can then be used to screen market packages for the strategic
assessment.

For example, consider developing an I TS strategic assessment for a moderately
sizedregion characterized by its port and major interstatetunnel facilities. Other
regions with similar characteristics are identified. Through field visits,
interviews, and data analysis, it is found that within these areas, the market
package “broadcast-based ATIS’ has been very effective, while efforts to
introduce the commercial vehicle electronic clearance market package has met
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Exhibit 5-13. Sample
Evaluation of Fixed
Route Oper ationsfor
Transit Against Goals
and Objectives

with significant resistance. In thiscase, the analyst may usethisinformation to
prioritize broadcast-based ATIS while eliminating electronic clearance from
consideration for the region being studied.

The caution to be exercised in using this technique is that situations are not
always easy to compare. For instance, there may be ssmilar physical features,
but the main factors behind what was done in another region may have been
purdly institutional .

SWOT Analyss SWOT standsfor strengths-weaknesses-opportunities-threats.
Itisaclassic analytical approach to certain problemsor situations, and could be
applied to the screening of TS market packages. In this screening step, the
analyst considers the region’s strengths and weaknesses as they relate to
deploying ITS. Opportunities and threats to deployment are considered aswell.
This step requires that the analyst go beyond the conceptual idea of a market
packageto considering its palitical and institutional viability. The analyst must
effectively use the steering committee to conduct this screening step. Often,
these concerns are implicitly considered in the screening of market packages
against goals and objectives. The SWOT analysis can bring out these issues
explicitly.

Goalsand Objectives Responsiveness
to Objective
Goal 1. I ncrease efficiency (per son-carrying capacity) of
thetransportation syssem
Objectives:
C Minimizetravel demand for commute trips. High
C Minimizetravel timefor all vehicles. Low
C Maximizetrip timereliability. Medium
C Increase person capacity. Low
Goal 2. Reduce emissions and ener gy consumption
C Minimizetravel demand for commute trips. High
C Encourage fud -efficient vehicles. Low
C Maintain steady speeds. L ow
C Minimize stops. Low

Goal 3. Enhance safety

C Reduce the number of accidents. Low
C Reduce the severity of accidents. Low
C Avoid secondary accidents. Low
C Speed delivery of emergency services. Low
C Enhance general safety through the use of the transportation L ow
system.

C Minimize the impact of construction, maintenance, specia Low

events, and incidents.
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Goal 4. Support trangportation oper ations and planning

C Callect data on system performance and usage. High
C Facilitate interagency coordination. Low
C Increase productivity of the agency staffs. Medium
Goal 5. Improvethe quality of life

C Addressidentified problems and deficiencies Medium
C Increase travel er/shipper convenience (commuters, freight Low
haulers, tourigts, etc.).

C Promote social and geographic equity in delivery of Medium
transportation services.

C Provide equitable distribution of costs and benefits. High
C Disdtribute benefits across a broad cross-section of users Medium
C Enhance economic vitality. L ow
C Improve transportation system reliability. High
Goal 6. Minimize cost

C Minimize non-recurring costs. Medium
C Minimize recurring costs. Medium
C Promote public/private partnerships Low
Goal 7. Provide framework for system evolution over

time

C Allow for expansion to meet future demand High

C Allow for expansion to add capabilities as technol ogies, High
solutions, and funding become available

C Allow for modifications to meet future political and social High
environments.

Goal 8. M aximize implementation potential

C Pursue approachesthat are within the purview of state/ High
regional/local government involvement.

C Maximize funding potential ?

C Minimize potential for fatal ingtitutional flaws High
C Build on existing successful systems Medium
C Minimize technological risk )
Goal 9. Provide for system responsiveness and flexibility

C Improvefor operational flexibility. High
C Provide maintainable system. Medium
C Providefor adaptahility to changing travel patterns. High

Consider thefollowing examplesfor guidancein completing the SWOT analysis
screening:

Strengths. A region has been found to have an active, long-standing incident
management team. This strength provides a strong foundation for a number of

traffic management market packages, such as the incident dispatch
coordination/communication system.
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ITS CONCEPTS
DEVELOPMENT
AND
DOCUMENTATION

Evaluation Criteria

Weaknesses. Public transit has been receiving less funding in the region over
the last several years, resulting in a loss of staff, and poor maintenance of
existing equipment. Thisweakness may not provide the support necessary for
some of the public transportation market packages such as transit vehicle
tracking. Thisfactor would not necessarily rule out moving forward with this
market package, but would be a consideration in that decision. On the other
hand, thisweakness could al so be seen as an entre to devel oping more efficient
management of the existing system, countering or adjusting to existing trends.

Opportunities. Thelargest local police department in theregion isplanning to
procure a new computer-aided dispatch system in two years. This represents
an opportunity to more easily and effectively integrate market packages such as
Mayday Support and Incident Dispatch Coordination/Communication System.

Threats. Thepalitical climatein theregion has shifted to a small-government,
low taxes philosophy. This philosophy threatens certain market packages that
would be operationally intensive.

Theoutput of thisactivity will bethe set of market packages designed to address
theidentified problems, deficiencies, and goalsfor the study area. At thistime,
areview meeting should be held with the steering committee to present the key
findings, thelist of market packagesto addresstheregion's priority needs, and
to maintain the consensus-building efforts in the strategic assessment
development process.

Key Activities:

C Identification of evaluation criteria that relate to the types of benefits
expected from the market packages.

C Evaluation of potential market packages against goals, objectives,
and/or evaluation criteria.

C Selection and prioritization of market packages.

C Documentation of market package prioritiesand overall ITS concepts.

Key Products:

C List of performance criteria.

C Results of market package evaluations.

C Documentation of recommended market packages by geographic area

Phase 1 of the I TS strategi ¢ assessment should cul minate with the prioritization
of market packages and documentation of theresults. Thissetsthe stagefor the
identification of projects, establishment of the regional ITS framework, and
development of an implementation plan in Phase 2.

Theevaluation criteriaused to prioritize market packages shoul d take advantage
of the information developed up to this point, but add evaluation € ements that
will help to distinguish the feasibility of moving forward with various market
packages, in addition to identifying their potential effectiveness. In most cases,
the criteria used to prioritize market packages can also be used in evaluating
potential ITS projects.
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Exhibit 5-14.
Example

Secondary
PerformanceCriteria

Therearetwo basic categoriesfor development of evaluation criteria: evaluation
of performance, and evaluation of implementation potential. The
performance criteria mainly address the benefits of the market package. The
implementation potential addresses factors that influence whether or not the
market packageislikely to be areasonable investment for the areain question.
To the extent practical, the performance criteria should be quantitative, even
though there may be limited data to support their analysis.

It isuseful to think of performance criteria in terms of how projects will
ultimately be selected in the TIP or in various “ calls for projects” A
strategic assessment should be designed to provide any information that an
MPO (and other agencies that make project-level decisions) might need to
evaluate potential ITS projectsagaingt other projects. A strong argument can be
made for a“core’ set of performance criteria that can be used to compare ITS
projects not only against one another but against or along with other types of
projects. Some of the key performance criteria often used for making these
project comparisons include:

vehicle miles of travel (VMT).

vehicle hours of travel (VHT).

average speed.

number of accidents.

percentage of trips by mode (transit, carpool, single occupant vehicle).
vehicle emissions.

energy consumption.

transit on-time performance.

cost (capital, maintenance, and operating).

benefit/cost ratio or net present value.

OO0OO0O0O00O0O0O0O0OO0

Typically, quantitative assessments cannot be achieved at the market package
stage, because the market packages are not defined well enough to enable such
an evaluation. Quantitative assessments may be possible at the project
definition stage, but even then, quantitative analysisisoften limited. Appendix
E provides additional information for how to evaluate selected I TS strategies
and generate some of the above performance measures.

Individual market packages have features that may require “secondary”
performance criteria. For example, timeliness of information might be used to
distinguish among various ways to provide information to vehicles or to transit
passengers. Several examplesof thesesecondary criteriaareprovidedin Exhibit
5-14.

Market Package Secondary Performance Criteria

Incident Management System Total incident duration
Detection/verification time
Response time
Clearancetime
Incident-related delay
False/'wrong calls eliminated

Page 5-35



Locations for
Potential Market
Package Application

Evaluation of Market
Packages Against
Performance Criteria

Transit Vehicle Tracking Response-to-breakdown time
Reduction in field supervision costs

For the prioritization of market packages, the performance of the market
package would be only one of a number of considerations. The following list

represents a sample of the types of criteriathat could be considered, including
criteria that address implementation potential. In this case, the assessment
against performance criteria might be grouped into a single “performance’

category.

Performance (benefits to mobility, safety, etc.).

Consistency with regional goals and objectives.

Degree to which identified problems are addressed.
Implementation costs.

Operating and maintenance costs.

Cost-effectiveness.

Public acceptance.

Operational feasihility (including the potential for working out
ingtitutionally acceptable arrangements).

Extent to which technology is proven (leve of risk or reiability).
Extent to which market package enables other functions.

ONONONONONONONP)

ON@]

In most cases, a smple high-medium-low evaluation of each of the above
factors displayed in a ssimple matrix format would provide ample information
for making recommendations of high priority market packages at thispoint in
the strategic assessment. Although some regions may prefer to go through a
numerical rating, thisisnot particularly recommended, as the criteria can be
viewed as having different levels of importance. Thelist is merely a way of
exposing the strengths and weaknesses of the various market packages. Itisa
mental “checklist” of considerations. As indicated earlier, however, the best
way to proceed with these criteriais to take those already used by the state or
region in examining all projects. 1n some cases, additional criteriamay need to
be added to address the unique capabilities of ITS.

Some of the market packages may be | ocation-specific, while others may apply
on a regional or wide-area basis. Potential locations for market package
application should be identified either through mapping or in a table. The
mapping would show the facilities or routes (including transit routes) along
which the market package is to be considered or the potential area to be
covered. Some areas may be clearly inappropriate for application. Specific
equipment locations are not specified at this point (e.g. surveillance detector
spacing or vehicle probe surveillance frequency).

The evaluation of market packages can range widdly in scope. With the
physical identification of potential locations for the packages, a quantitative
evaluation may be possible for some market packages for selected performance
criteria. For example, it may be possible to estimate the reduction in vehicle
hours of travel that would accrue to applications of the freeway control market
package or reduction in passenger hours of travel for transit passenger and fare
management.
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Exhibit 5-15.
Example Market
Package Evaluation
Matrix

I dentification of Key

Chapter 6 introduces proceduresfor the evaluation of ITS strategies. Appendix
E provides specific proceduresfor sel ected market packages. Threeapproaches
arediscussed: sketch planning, travel demand modeling, and traffic simulation.
Although any of the three approaches could be applied to ITS analytical
evaluationsin a strategic assessment, the sketch planning level isthemost likely
and most cost-effective method. Simulation may be preferred in corridors
where these tools have been developed already, but generally thisis not the
case. The following principles can be applied to evaluation at the strategic
assessment level:

C

Keep the evaluation as simple and understandable as possible. The
participants will provide good input when they understand the
information and their objectives. Creating an evaluation process which
isoverly complex will be counterproductive.

Generadly, the most straightforward way to conduct an evaluation of
market packagesisto array the market packages against the criteriain
amatrix format. Thisisillustrated in Exhibit 5-15, using the samplelist
of criteriapresented earlier. A numerical scale could also be used, with
the point total representing the level of priority that should be assigned
in moving forward with certain market packages. The point score
could be weighted by the perceived relative value of the criteria.

Evaluation Criteria

Consistency Addresses
Per formance With Goals Problems Etc.

Market Package 1 | High Medium Medium

Market Package2 | Medium Low Medium

Etc.

C

There are several mechanisms for going through the evaluation of
market packages. Anindividual or subgroup could conduct an initial
ranking, followed with review by the project steering committee. The
steering committee could also conduct the evaluation directly.

If an updateis being conducted, rather than an evaluation from scratch,
only deal with those market packages for which thereare questions. In

an update, it may not be necessary to go through this step, but candidate
projects could be identified and evaluated directly. But if the original
strategicassessment is believed not to have been comprehensive, anew

evaluation may be advisable.

Recognizethat therearelimitationsin theanalytical techniquesand base
data available. Do not give the users of the results the impression of
greater accuracy than actually exists. 1t may be appropriate to specify
theresultsasarange.

The ITS Architecture Implementation Strategy (from which much of this
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Market Packages

section is extracted) describesthe concept of key market packages. Many of the
market packages are inter-related and are also dependent on external factors
such astechnol ogy advancement, policy change, and development of common
interfacestandards. Moreover, each market package providesdifferent benefits,
lends itself to different cost recovery mechanisms, and is subject to different
levels of market influence. It isthrough the interplay of these influences that
ITS deployments will occur over time.

AsITS deployment is initiated and basic market packages are deployed, the
deployment of more advanced market packages which build on the existing
capabilitieswill beenabled. Astechnology advances, technical constraints for
amarket package should bereduced. Astherequired standards are devel oped
and approved, interoperability issues are resolved. Thus, as a natura
progression, market demand may overcome the challenges associated with an
increasing number of market packages over time as the impediments are
reduced.

By considering each of these factors, a subset of the market packages can be
highlighted as important early deployments. Such market packages are
identified askey market packages. Thekey market packagesarethose packages
that tend to address three general criteria:

C Care function. A key market package that satisfies fundamental
requirements that enableimplementation of arange of more advanced
packages which can be sdlectively implemented over timeto meet local
needs.

C Feasible. A key market package which can be implemented with
existing technologies, is not dependent on forthcoming national
standardsfor basicimplementations, and is also subject to limited non-
technical risk.

C Established benefit. A key market package that has already been
implemented in several locations around the nation is an indicator of
potential demand for the package. Moreover, these preliminary
deployments have demonstrated tangible benefits in an operational
setting. Assuch, akey market packagewill have fewer unknowns and
islikely to subject the local implementor to limited risk.

In short, the key market packages appear to be early winners due to promising

combination of low risk implementation characteristics, developing public or

private marketsfor the packages, and tangible system or user benefits. Exhibit
5-16 taken from the I TS Architecture Implementation Strategy, evaluates the
market packages againgt these attributes and i dentifies the key market packages.
Severa of the criteria for identifying key market packages are smilar to the
example criteria used earlier. An explanation of the column headings is
provided following the exhibit. It should be noted that each region may wish

to make its own assessment of key market packages, based on the criteriain

Exhibit 5-16 or on other criteria believed to be more appropriate.
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Core Function: Market packages that are checked (T) are highlighted as
providing critical early capabilitiesthat will enable future deployments of more
advanced services.

Technology Available: The majority of the market packages require only

relatively mature, commercially available technologies for implementation.

Market packages that are checked (T) are identified as not reliant on an
identified critical technology area. For instance, the HOV and Reversible Lane
Management market package is identified as reliant on a critical vehicle
passenger occupancy verification technology. Since useful implementation of

thismarket package can be achieved, even without thistechnol ogy, this market

packageis still identified as technically feasible.

Standards Not Required: Market packages that are checked (T) are not
dependent on forthcoming national standards for basic implementation. In
reviewing the standard interface requirements associated with each of the
market packages, interfacesthat are fundamental to provision of aservicewere
distinguished from optional interfaces. Also, it was recognized that even
fundamental “national interoperability” requirementswill often be met through
multiple, competing product-specific “standards’ . All market packages which
can be viably implemented without the associated standards areidentified in the
column.

Institutionally Feasible: Market packages that are subject to limited non-
technical risk arechecked (T). Market packages that wereidentified as having
associated interjurisdictional issues, liability implications, antitrust issues,
privacy issues, or regulatory constraints are not checked in the column.

Established Bendfit: Results from the separate “ Performance and Benefits
Study” (performed as part of the National Architecture Study) were used as a
basis for this column. Only market packages that were highlighted in the
Performance and Benefits study as particularly beneficial that were checked in
thiscolumn. To further reduce the set of candidate market packages, only those

market packages which have existing or currently emerging implementations
were considered since the benefits associated with these market packages can
be more reliably estimated.

Exhibit 5-16. Identifying Key Market Packages

Core |Technolog | Standards | Institutionally | Established Key

Market Package Function ]y Available| not Reqd Feasible Benefit Package
TRAFFIC MANAGEMENT
Network Surveillance T T T T T T
Probe Surveillance T T
Surface Street Control T T T T T
Freaway Control T T T T T
HOV and Reversible Lane Management T T
Traffic Information Dissemination T T T T
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Exhibit 5-16. Identifying Key Market Packages

Market Package

Core

Function

Technolog
y Available

Standards
not Reqd

Institutionally
Feasible

Established
Benefit

Key
Package

Regiona Traffic Control

T

T

T

T

Incident Management System

T

T

T

Traffic Network Performance Evaluation

T

Dynamic Toll/Parking Fee Management

EIE

Emissions and Environmental Hazards
Sensing

-

Virtua TMC and Smart Probe Data

-

TRANSIT MANAGEMENT

Transit Vehicle Tracking

Transit Fixed-Route Operations

-

Demand Response Transit Operations

Transit Passenger and Fare Management

GG

GG

Transit Security

EIEIEIE

Transit Maintenance

-

EIEIEIGIE

Multi-modal Coordination

EIEIEIGIEIE

TRAVELER INFORMATION

Broadcast Traveler Information

-

Interactive Traveler Information

-

-

Autonomous Route Guidance

Dynamic Route Guidance

GG

GG

| SP Based Route Guidance

EIEIEIE

Integrated Transportation Management/Route
Guidance

Y dlow Pages and Reservation

-

Dynamic Ridesharing

In Vehide Signing

ADVANCED VEHICLE SYSTEMS

Vehicle Safety Monitoring

Driver Safety Monitoring

Longitudinal Safety Warning

Lateral Safety Warning

Intersection Safety Warning

Pre-Crash Restraint Deployment

Driver Vishility Improvement

Advanced Vehicle Longitudina Control

Advanced Vehicle Lateral Control

EIEIEIEIGIEIGIE

Intersection Collision Avoidance

Automated Highway System

COMMERCIAL VEHICLE OPERATIONS

Heet Adminigtration

Freight Administration
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Exhibit 5-16. Identifying Key Market Packages

Core |Technolog | Standards | Institutionally | Established Key
Market Package Function ]y Available] not Reqd Feasible Benefit Package
Electronic Clearance T T T T T
Electronic Clearance Enrollment T T T T T
International Boarder Electronic Clearance T T
Weigh-In-Mation T T T T
Roadside CVO Safety T T T T T
On-Board CVO Safety T
CVO Fleet Maintenance T T T
HAZMAT Management T T T
EMERGENCY MANAGEMENT
Emergency Response T T T T
Emergency Routing T T T T T
Mayday Support T T T T
ITS Planning T T T T
NOTE: Check marks (T) indicate the market package meets the criteria identified in the column heading.
See supporting text for additional information.

The key market packages are those that best satisfy the combination of these
criteriaas identified in the last column of Exhibit 5-16. In some cases, a
compellingbenefit or significant market activity for a market package caused it
to be identified as key even though there may be remaining standards or
institutional issues associated with the package.

Market Package The end result of ITS concept development in Approach 1 is a set of

Prioritization recommended | ocation-specific market packages. In addition, prioritieswill be
established by corridors or subareas, where appropriate. These priorities may
be revised asthe process continues through additional stepsto incorporate cost
tradeoffs and system architecture decisions. The recommendation of market
package locations and priorities under Approach 2 is not conducted until the
second phase of that approach. However, the process is essentially the same.
Each state or metropolitan area has flexibility in how rigorous their approach
should be.

Possible activities in market package prioritization could include:

C Assemble the evaluation data along with the previously conducted
mappingof market packages against goals and objectives and against
identified problems.

C Prioritize the market packages into high/medium/low priority.

C Classify the market packages by short-term (1-5 years), mid-term (5-10

years), and long-term(10-20 years). Distinguish by geographic areas,
where appropriate. For example, the most congested freeways or more
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Documentation

densely traveled transit routes might be given higher priority and be
implemented first.

Documentationof I TS concepts should be prepared summarizing the decisions
madein this activity. For the sake of discussion, the documentation will be
referred to asthe “ITS Concept Plan.” However, agencies may title the report
according to their own local preferences. Sectionsto consider for inclusion are:

C Purpose of the ITS Concept Plan.

C Description of candidate market packages.

C Statewide or metropolitan goals to be addressed by the market
packages.

C Evaluation process.

C Evaluation results and recommended market packages.

C Initial prioritization of market packages.

A listing of benefits is instrumental in displaying to the target audiences the
value of ITS programs and the I TS strategi assessment. Some of the benefits
can be quantified, while others must be specified qualitatively. The benefits
shoul d be associated with specific stakeholder groups. Some examples of such
benefits are highlighted in the descriptions in Exhibit 5-17, adapted from a
completed ITS early deployment planning study in Sacramento, California.

It should also be noted that many benefits wilbaccruein the form of increased
efficiengy in administrative processesand reduced paperwork. Itisunlikely that
theseareas of benefit can easily beidentified in quantitativeterms. In assessing
the potential areas of benefit that may result from ITS deployment, it is
necessary to make assumptions on the areas of application and the stakeholders
who may benefit from each market package.
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Exhibit 5-17. Sample Benefit by Market Package
(Source: Adapted from Sacramento | TS Early Deployment Planning Study)

Stakehol der | How They Benefit

MARKET PACKAGE: SURFACE STREET CONTROL

All Motorists Reduced delay, lower accident rates

Business Owners Improved mohility of customers and employees

General Public Control over neighborhood traffic, improved air quality

Bus Transit Riders Improve travel times

Private ITS Industry Market for products

Insurance Industry Reduced accident claims

Fleet Operators Reduced delays

System Operators Operational flexibility, improved data gathering capability

Transit Operators Improved on-time performance

Federal Government Reduced funding needs for road construction

Regulatory Agencies Aid in meeting air quality goals

Emergency Services Improved response times

MARKET PACKAGE: INCIDENT DISPATCH COORDINATION/COMMUNICATIONS

All Motorists Reduced delay, |ess secondary accidents

Accident Victims Lower response times

Business Owners Improved mohility of customers and employees

General Public Improve air quality

Bus Transit Riders Improve travel times

Private ITS Industry Market for products

Private Tow/Recovery Business Public market for business

Insurance Industry Reduction in number of accidents and severity of injuries

Fleet Operators Reduced delays

Local System Operators Fewer unknowns, pre-determined strategies

State System Operators Fewer unknowns, pre-determined strategies

Transit Operators Improve on time performance

Regulatory Agencies Aid in meeting air quality goals

Emergency Services Improved response and deployment of correct resource

Law Enforcement Reduced response and restoration times

MARKET PACKAGE: TRANSIT FIXED-ROUTE OPERATIONS

Business Owners Improved mohility of customers and employees

General Public Improved transportation service, improved air quality

Transit Riders Improved travel times, reduced wait times

Private ITS Industry Market for products

Transit Operators Improved administration and productivity, improved ridership

MARKET PACKAGE: INTERACTIVE ATISWITH DYNAMIC RIDESHARING

Single Occupancy Vehicle Motorists | Reduced delay resulting from mode shift to HOV's

High Occupancy Vehicle Motorists Reduced travel timeresulting from HOV incentives

Business Owners Improved mohility of customers and employees

General Public Improved mohility, improved air quality

Transit Riders Reduced travel timeresulting from HOV incentives

Local System Operators Inter-agency coordination for operations, input to private
employers, reduced SOV demand

Transit Operators Increased ridership from HOV incentives

Air Quality Agencies Aidin meeting air quality goals

MARKET PACKAGE: EMISSIONS AND ENVIRONMENTAL SENSING

Local Motorists Reduced bureaucracy for “ clean” vehicles

General Public Improved air quality

Private ITS Industry Market for products

Regulatory Agencies Aid in meeting air quality goals

MARKET PACKAGE: ROUTE GUIDANCE

Page 5-43




Local Motorists Reduced trip length, reduced travel time

Inter-Regional Travelers Reduced trip length, reduced travel time

Business Owners Increased patronage when coupled with travel servicesinformation
General Public Reduced through trips in neighborhoods

Private ITS Industry Market for products

Fleet Operators Reduced trip length, reduced travel time

Regulatory Agencies Reduced VMT

Emergency Services Improved response time

Law Enforcement Improved response time

MARKET PACKAGE: INTERACTIVE ATISWITH DRIVER AND TRAVELER

Transit Riders
Private ITS Industry
Fleet Operators

Transit Operators

INFORMATION

Local Motorists Predictable travel time

Inter-Regional Travelers Decision support for mode choice

General Public Improved air quality through fewer peak period trips

Local and State System Operators Reduced delay in peak periods and during incidents

Decision support for mode choice and trip scheduling
Market for products
Reduced en-route weather and congestion-related delay

Potential increased ridership

Regulatory Agencies Reduced VMT
IDENTIFY Key Activities:
DESIRED C Develop list of potential system requirements.
FUNCTIONAL C Correlate recommended market packages to equipment packages,
CAPABILITIES organized by subsystem.
AND POTENTIAL C Determinefunctional requirements of market packages by subsystem
PROJECTS and technology area.
C Develop an initial listing of projects, based on problems and needs
Key products:
C List of potential system requirements by market package.
C Functional requirementslefinition by subsystem and technology area.
C Initial listing of ITS projects that address problems and needs.
Basic Concepts Asindicated in the “lessons learned” section of this chapter, an ITS strategic

assessment should identify implementabl e projects, not just concepts. Thereis
some debate concerning how early in the process potential projects should be
identified. Experiencefrom many I TS strategic planning and early depl oyment
planningefforts suggests that ear ly identification of potential projectscan be
advantageous for several reasons :

C Defining projects helps to keep the stakeholder s engaged in the
planning effort. When agencies recognize that there will be actual
projects coming from the planning effort, they are more likely to
actively participate and provide meaningful input.

C Defining projects provides a basis for mor e explicitly structuring
the regional I TSframework, which will tiethevarious| TS projects
together.
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C Defining projects provides a basis for specifying ow ITS can be
integrated with other transportation strategies.

C Projects providethebasisfor morerealistically estimating potential
benefits and costs. This allows for a more realistic assessment of
priorities. Estimates of benefits and costs usually require the definition
of a geographic coverage area.

C Projectsrepresent a bridge from the market packages identified
in Phase 1 to an implementable plan in Phase 2.

One way to think of projects is that projects provide geographic and
institutional definition tothe priority market packages. A market package
by itself does not define a geographic coverage area or the institutions that
should be involved in its implementation or operation. A project overlays
specific geographic and institutional decisionson themarket package. Oneway
to think of defining a project is to specify it in sufficient detail to enable an
estimate of planning-level costs and benefits. Thisforcesthplanning to take
on a geographic dimension, ancbnethat ismorereal to the stakeholders. This
does not mean that technol ogies need to be specified. Planning-level costsand
benefits can usually be identified without reference to specific technologies.
Specification of technologiesisreally only pertinent for near-term projects. An
example of thiswill be given later in this chapter.

Thereare several pointsat which initial project concepts can beidentified. The
choice of the most appropriate point for entering this part of the planning
process will be alocal decision. Several of the options include:

C Immediately following the definition of priority market packages.
Projects would be structured around the market package definitions.

C Asan integrated step with the devel opment of theregional architecture.
In other words, the projects and the architecture could be devel oped
simultaneously.

C Following theinitial development of the regional architecture.

In any of the above cases, it isimportant to understand thathe definition of
projectsisan iterative process. Theprojectsand theregional I TS framework
(whichincludestheregional architecture) will both be most effectiveif they are
developed in conjunction with oneanother. Both individual projects and the
regional ITS framework will normally berefined and further developed asthe
planning process continues through the remainder of Phase 2. These
refinements may be based on information such as: devel opmentsin other non-
ITS projects with which I TSproject may be integrated, funding opportunities
that may encourage specific project types, institutional constraints, etc. For
purposes of discussion in this chapter, it will be assumed that theinitial project
definitions are devel oped at the beginning of Phase 2 (i.e. after the devel opment
of the ITS Concept Plan) and refined as the planning effort continues.
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Some of the key points to remember in defining initial projects include:

C

Relate the projects back to the problems, goals, and objectives
identified earlier in the process. Projects should not comefrom “out
of the blue,” but should percolate up from the needs identified at the
regional and local level.

Think of implementation acrossagency structur es, not just within

a single agency. Many of the benefits of ITS accrue from linking
operationsand information exchangeamong agencies. Itiseasytolimit
one'sthinking tothetraditional role of an individual agency. Although
there aregreater implementation challenges on multi-agency projects,
that isthe horizon that much of ITSisintended to address.

Keep the projects from becoming too complex and risky for the
agencies which must implement them. Focusing on areas where
implementationhas already been demonstrated in other areas of the
country will help ensure that the definitions of projects are realistic.
However, other more risk-prone projects that are key to moving the
region’stransportation program forward may also be needed. The
experience and abilities of agenciesin managing I TS projects will
be a major factor in how aggressive or complex a project should
be.

Think in terms of projects that will make sense to those who will
ultimately need to approve them . ITS projects can be difficult for
many decision-makersto understand, and the projects will need to be
explained in wayghat demonstrate how they will benefit constituents.

Another activity that is part of developing and fleshing out project conceptsis
that of functional requirements. Several concepts within the National 1TS
Architecture also comeinto play here:

C

Equipment Package: An equipment package (or set of packages)
containsthe capabilities required for an individual I1TS subsystem to
implement an individual market package.

ITS subsystems: Components that will make up the physical
architecture. Subsystems are classified into four categories:

- Vehicle subsystems

- Roadside subsystems

- Center subsystems

- Remote access subsystems

Technology areas (or functional areas): Technological functions
allow the market packages to be implemented.

Requirements: Functionsthat are either required or desired within a
market package. The requirements would be specified by technology
area and subsystem.

Page 5-46



Functional
Requirements
or Features

Exhibit 5-18. Partial
(Sample) List of
Potential System
Requirements or
Features of Market
Package " Surface
Street Control”

Functionalrequirementswill be discussed first, followed by further discussion
on identification of projects.

Functional requirements are generally used to help define projectnd to link
equipment packages to those projects. These options would be evaluated in
terms of priority (e.g. high, medium, low), or desirability (e.g. mandatory,
desirable, not necessary). For example, the market package "surface street
control” might include thelist of potential system featuresin Exhibit 5-18.

C

Algorithms

- Ability to optimize on total travel time? No. of stops?
Emissions?

- Ability to estimate delays at intersections?

- Ability to optimize across jurisdictional boundaries?

- Ability to optimize dynamically for special events?

- Ability to generate and incorporate off-line timing plans? How
many?

Signals

- Capability to accommodate __intersections

- Include HOV preferential treatment?

- Include emergency vehicle preferential treatment?

Sensors, traffic

- Capability for video at critical intersections? Special event
centers? Critical links?

- Capability to prevent spillback into intersections?

Information management

- Capability to storedatafor __ days on disk.

- Ability to store non-filtered data for planning purposes?

- Ability to count turning movements at intersections?

User interface

- Make condition reports available to multiple agencies?

- Make condition reports available to public?

- Provideinterfaces for other systems?

- Provide manual overrides?

A systematic approach to this activity could include the following:

C

Identify the subsystems that are relevant to each market package.
Exhibit 5-19 illustrates the subsystems and their relationships, as
defined in the National 1TS Architecture.

I dentifythetechnol ogy areasthat arerel evant to subsystemswithin each
market package. Exhibit 5-20 liststhe technology areas related to each
market package as defined in the National Architecture. The opagque
(black) squares denote a basi ¢ rel ationship between the market package
andthetechnology area. Thisassignment indicatesthat the technol ogy
area is fundamental to the core services provided by the market
package. The transparent (white) sguares denote a secondary
rel ationshi pbetween the market package and the technology area. Use
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of this technology area is desirable but not necessarily required for
market package implementation.

C Specify system requirements by subsystem and technology area for
each market package. These requirements can be specified at three
levels: "Mandatory," "desired,” and "not important.” Alternatively, the
requirementscould berated on anumerical scalefrom "very important”
to "not important." The specification of requirements in this step
representsan opportunity to "localize" the functions anticipated for the
recommended market packages. It isimportant that this exercise not
become merely a"wish list." It needsto include arealistic assessment
of what will constitute useful, effective system capabilities. Exhibit 5-
18previoudy listed asampl e of system requirement i ssuesor questions.
Theissues were organized by technology area.

Exhibit 5-19. National ITS Architecture Subsystems and Communications
(Source: National 1TS Architecture | mplementation Strategy)
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Exhibit 5-20. Market Package Requirements by Technology Area
(Source: National I TS Architecture Implementation Strategy)
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Market Package
Synergy

I nitial Definition of
Projects

The market packages often include capabilities that are allocated to several
different subsystems. For instance, the Transit Vehicle Tracking market
packageincludes vehiclelocation equipment in the Transit Vehicle Subsystem,
a base station element in the Transit Management Subsystem, and a basic
traveler information capability from the Information Service Provider
Subsystem. A particular end-user may require only aportion of the capabilities
included in an equipment package and should be afforded the option of
purchasingonly the desired subset equipment without incurring additional risk
through forced procurement of additional undesired "rider" capabilities. This
isthereason that a detailed analysis of functional requirementsisneeded at this
stage. Fortunately there will be &imited number of subsystems that correlate
to technology areas for agiven market package, simplifying the evaluation of
requirements.

The requirements analysis activity could be undertaken in at least two ways:

C An individual or agency (public agency or consultant) provides an
initialevaluation, which is reviewed by the advisory councils and/or
strategic assessment steering committee.

C The activity is conducted as a group exercise, with composite scores
devel oped from the individual eval uation.

At this stage, the requirements are independent of technol ogy and architecture.
Rather, they expressthe desired functionsto address theregion's unique goals,
objectives and desires regarding ITS. However, the requirements analysis
should not be independent of other transportation initiativesin the region.

Animportant precursor to architecture development istheidentification of ITS
maket packages that may have a synergistic effect (i.e. the benefits of
combiningthe strategiesmay be greater than the sum of theindividual benefits).
Thisis part of taking advantage of the potential benefits of ITS integration.
Consideration for these market package synergies can result in more efficient
deployment of ITS services over time. It is up to the local implementor to
develop a deployment strategy that capitalizes on these efficiencies. ThETS
Architecture Implementation Strategy provides a description of how to go
about identifying these synergies or inter-dependencies.

As indicated earlier, the definition of projects will likely be developed and
refined throughout the strategic assessment effort. There can be a number of
sourcesfor theidentification of ITS projects. These could range from projects
identified through otherstudies (such as corridor/subarea studies), to projects
identified specifically through the ITS strategic assessment. Some of the
sources include:

C I dea-generating discussions held as part of the strategic assessment.
Some agencies have held workshops or formal discussionsto generate
ITS project ideas that relate to the goals and objectives for
transportation system improvement in the region.
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Exhibit 5-21.
Example Table
Showing How
Potential Projects
Relateto Identified
Problems and Needs
(X Indicates
Problems
Addressed)

C Submissi on of projectsfor consideration by agencieswithin theregion.
The ITS strategic planningeffort for Los Angeles/VVentura Countiesin
Californiarecently went through a process of calling for ITS project
submissions. These will be evaluated for potential inclusion into the
plan.

C Projects identified through other planning efforts, including
corridor/subarea plans, individual agency plans (such as an operating
plan coming from a transit agency), or other regional-level planning
activities.

C Projects identified through the private sector. This could include
possible public/private ventures or public projects that may support
later private ventures.

C Projects identified through the contributions of other individuals or
groups (including eected officials, citizen advisory committees, etc.).

One of the tasks of the strategic assessment is to associate projects with real
problems and needs, to help identify the means for integrating the projects
across geographic and ingtitutional boundaries, and determine which may be
appropriate for inclusion in the resulting documentation. Projects should be
related to the problems and needs originally defined. One example format for
this is shown in Exhibit 5-21. An “X” means that a project addresses the
identified problem. A numerical scale could also be used to identify the degree
to which a project addresses each problem or need (e.g., 1 for “not at all,” up
to 5 for “directly addresses problem.”  Another mechanism for doing thisisto
use the performance criteria or project evaluation criteria discussed in the
previous sections. Thiswould besimilar to Exhibit 5-15, but with projectslisted
instead of market packages. It should be noted that not every candidate
pr oject would beaccepted intotheplan. Rather, candidate pr oj ectswould
be evaluated, and those that were best for the region or for individual
geographic areaswould be included . The evaluation process could also be
conducted in a framework of evaluating alternatives, similar to other
transportation studies. Alternatives or groups of projects could be constructed
reflecting different approaches, levels of investment in ITS, etc.

I dentified Problems
Candidate Accidentson Congestion
Projects Facilities on Freeways Bus Etc.

XIY/lZz XYz Schedule
Adherence

Proect A X X
Project B X
Etc.

At this stage, the candidate projects could al so be grouped intoinitial program
areas. These would represent categories of projects that tend to focus on
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DEFINE REGIONAL
FRAMEWORK,
INCLUDING THE
REGIONAL
ARCHITECTURE

specific objectives or elements of the ITSvison. Example program areas
could include Transit/Travel Demand M anagement, Freeway Oper ations,
Arterial Operations, Commercial Vehicle Operations, etc. The projects
could also be organized geographically.

Key Activities:

C I dentify thelinkagesamong subsystemsand technol ogy areas, usingthe
National Architecture as the base.

C Develop thelogical, physical, and organizational architectures

C Identify potential short-term or early start projects (and possibly
technol ogies to support those projects).

Key Products:

C Charts and description of logical, organizational, and physical
architectures.

C List of potentia projects and technologies for near-term ITS program.

It isimportant to be clear on the differ ence between the terms*“ regional
ITS framework” and “regional ITS architecture.” The regional ITS
framework isall-encompassing, and includesthe ar chitecture aswell asall
the ingtitutional, operations, and management activities necessary to
implement the architecture. Theregiona ITSarchitectureisused mainly to
describe how individual 1TS elements are linked together, both physically and
logically. The regional architecture should be consistent with the National
Architecture and may be based on or devel oped from the National Architecture.
However, there could be ITS applications not addressed in the National ITS
Architecture that agencies plan for and implement within their own regional
architecture.

The development of theregional architectureistermed * Layered Framework”

in Approach 2 to the ITS strategic assessment process. This term is used
because architecture development takes place at three levels: transportation,
communications, and institutional, asdescribed earlier. In both Approach 1 and
Approach 2, the architecturedevelopment is viewed to be an iterative process,

identifying initial conceptsand narrowing down to a preferred concept through
aseries of discussions among multiple agencies. It is perhapsthe most creative
processin an I TS strategic assessment.

"Without an architecture to guide the development of a new system, the
system may be unable to share data, cooperate in carrying out a process
or strategy, evolve with changing practices and technology, and optimize
program development with funding opportunities.”

Without an architecture to guide the development of a new system, the system
may be unable to share data, cooperate in carrying out a process or strategy,
evolve with changing practices and technology, and optimize program
development with funding opportunities. An ineffective architecture definition
could also result in overlapping functions and redundant development of
components in the system. Thegoal isto define an architecture which meetsthe
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Building on the
National Architecture

functional requirements of the proposed system and can provide for inevitable
change, evolution, and growth.

Inthecontext of ITS, an " architecture" isaframework that describeswhat
a system doesand how it doesit , providing the general structurewithin which
the various system components are deployed. The architecture identifies the
functions to be performed by the system, allocates these functions to
subsystems, and definestheflows of information and theinterfaces between the
subsystems and components.

Three forms of architecture are normally defined. These are "logical”
architecture, “organizational” architecture, and "physical” architecture. The
logical architectureisadescription of the functions required to carry out an
ITSsystem in adefined area. Thelogical architectureistypically shown in data
flow diagrams (DFDs) and process specifications (P-specs). It ismost related
to the communications layer as described in the National Architecture The
organizational architecture focuses on agency responsibilities needed to
implement the architecture. It represents theinstitutional layer as described in
the National Architecture. Thephysical architecture groups functions into
subsystems, identifies technological areas required, and identifies how the
functions arerelated to one another. It ismost smilar to thetransportation layer
of the National Architecture. All the architecture elements are highly inter-
related and should be developed together in an iterative process.  Initial
architecture concepts should be able to accommodate all candidate projects
remaining at that stage.

It should be noted that any evaluation of technol ogies done at this stage should

be limited to short-term opportunities. Technologiesare changing rapidly, and
both the types of technology available and their cost may change over a short

period of time and thereby alter decisions that may be made. More detailed
technol ogy evaluationstypically take place during system definition, design, and
implementation.

The development of the National | TS Ar chitectur e has provided afoundation
for the development of regional ar chitectures. Regional architectures can be
defined for entire metropolitan areas, corridors (rural or urban), or other
subareas. Two resources from the National Architecture work can be
particularly helpful here: the ITS architecture subsystems diagram (previously
shown in Exhibit 5-19, a generalized physical architecture diagram) and
generalized logical architecture diagrams showing data flows for the various
market packages (a sampleisshown in Exhibit 5-22). Exhibit 5-23illustratesa
sample organizational architecture from the Boston region ITS Strategic Plan.
A possibleapproach toregional architecture devel opment based on the National
Architecture includes the following steps:

C If there are current ITS applications, diagram the regional architecture
asit currently exists. The subsystems framework previously shown in
Exhibit 5-19 can be used as an initial starting point.
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C Construct individual data flow diagrams for the selected market
packages, asillustrated in Exhibit 5-22. Most of thiswork has already
been donein the National ITS Architecture.

C Determinethemarket packagesthat shoul d haveinter-relationships, and
develop an amplified physical architecture diagram. (note: all selected
market packages do not need to be included in a single architecture
diagram. Some may be implemented totally independent of other
market packages.) Usethe National Architecture subsystems structure
asaguide.

C Develop the corresponding logical and organizational architecture
diagrams. It ispossible that several optionswill need to be devel oped
that reflect different ways of organizing the market packages.
Organizationalresponsibility can be associated with either thelogical or
physical architecture diagrams, if desired. Exhibit 5-24 illustrates a
generalizedphysical architecturediagram from Dallas, Texasdiagramed
in the National Architecture structure.

C Work through variations of the architecture diagramsin a consensus-
building process until the right combination of market package inter-
relationships and agency responsihilitiesis derived.

The development of the organizational architecture (i.e. determining agencies
responsible for various functions) can be controversial. Decisions need to be

made regarding theagencieswith which certain functionswill reside. In most

cases, I TSwill primarily involve enhancement of existing agency functions,

not a reconstruction of core functions. However, substantial 10sses in

efficiency or increases in expense can sometimes be incurred if decisions on

consolidation or change of agency functionsare not aconsideration. Itishere
that the consensus-building skills of the steering committee leader will be
particularly important. Some of the principles that will assist in working
through the logical and organizational architecture include:

C Tryto preserve existing agency functions, when doing so does not
present a major impediment to system effectiveness.

C Do not rush the process. Take time to work with agencies
individuallytor esolvedifficult choices. Thereshouldbenosurprises.

C Be customer-oriented . Failure to serve the traveling public or the
business community will ultimately damage the credibility of all the
agenciesinvolved. It isbetter to makethedifficult decisionsand move
on, rather than live with unnecessary costs and inefficiency.

C Secure written agreementsthat clearly spell out responsibilitiesand
expectationsfor the most critical areas of application. Whilethis
may take additional time, it will serve as thefoundation for the future
and reduce the potential for misunderstandings. Thiswould ordinarily

Page 5-54



be done following the completion of the I TS strategic assessment, but
could be done as part of the process as well.

Reference should be made to the I TS Architecture I mplementation Strategy for
additional guidance on architecture devel opment.
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Exhibit5-22. Example Generalized Data Flowsfor the | SP-Based Route Guidance M ar ket Package
(Source: National 1TS Architecture | mplementation Strategy)
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of the National 1TS Architecture
(Source: National 1TS Architecture I mplementation Strategy)

Architecture Defining an architecture within the regional TS framework requires areview
Considerations of anumber of key considerations. These considerations are highlighted bel ow.

C

Institutional Framework: An ITS architecture, particularly on the
regional level, must fit within the existing organizational infrastructure.
It is unredlistic to demand significant changes or to impose a new
ingtitutional framework on thevariousjurisdictionsand entitieswhoare

involved or affected by ITS, other than tobuild logical extensionstothe

existing framework. In essence, theregional architecture must provide
for aseaml esstransportation network whilerespecting local autonomy-

-awin-win solution. Care must beexercised in defining invol vement by

agencies which permit compatibility to their existing and planned
resources and provide advantages or value to the agency being part of

the system.

Functional Areas. The development of aregional ITS architectureis
primarily based on the market packages it will provide. The
identification of functional areas needed to support and tailor the
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market packages was described in the previous step. This list
establishes the functions and activities to be part of the system
architecture.

Technology Availability and Implementation Phasing: The
availability of key enabling technologies within the functional areasis
critical. Certain system strategies and functions (e.g. in-vehicle routing)
require hardware and/or software which isnot yet fully devel oped and
tested, and prerequisite information (e.g. real-time surveillance) which
isnot currently available. Accordingly, the system architecture must be
flexiblesuch that these (and other) enabling technol ogiesmay bereadily
incorporated into the ITS network in the future.

Openness:  An ITS architecture must also be "open" to ensure
compatibility with existing/proposed systems and with future
technologies. "Open" architectures utilize standards and non-
proprietary interface protocols, thereby allowing various (and
conceivably dissimilar) systems to interact with one another, and
allowing modular replacement and upgrading of system elements and
subsystems with minimal impact on other components. Openness
allows multiple vendors to supply the same type of element, thereby
preventing the operating agency from becoming locked into a single
proprietary component. Moreover, standards and protocols typically
provide upward compatibility for accommodating new technologiesin
the future.

Public/Private Responsibilities: A key issue in defining and
devel oping | TS-based transportation networksisthe concept of public-

private partnerships and the respective roles of each in implementation,
operation, and maintenance of these systems. To date, nearly all ITS
implementations within North America have been based on the
philosophy that mogt, if not all, surveillance, management, and traveler
information functions should be provided by government (i.e. the

public side). In essence, ITS has been viewed as an advanced

technol ogy/el ectronic extension of the transportation operations which
are currently provided by government. Within this context,
"public/private” relationships have traditionally involved the public
agency hiring aprivateentity to perform work that cannot be effectively
accomplished with in-house staff or resources. A new role of public-

private partnership exists--onein which the private entity till provides
ITS sarvices and/or system elements;, but, instead of direct
reimbursement from the public agency, some or all of the private
entity's costs for these functions are recouped by selling 1TS-based

services to other private entities (collecting a user fee), or by receiving
a non-monetary consideration for these services from the public

agency. Several examples of this concept being used in the United
States include:

- Marketing and sales of in-vehicle and portable devices to
provide real-time traveler information and routing.
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Technology
Requirements

Feasible Technologies
Assessment for Short-
Term (or Early Start)
Projects

- The government agency providing access to the highway
agency right-of-way to a private communications firm, in
return for which the private entity installs and maintains a
communications network for the government agency's ITS
network.

- Collection, marketing, and sales of real-time traveler
information or of traveler services information.

The regional framework incorporates the architecture and defines the
rel ationships between the public and private sectors, along with their respective
responsibilities to most effectively utilize these available resources.

Theassessment of alternative architectures may take on many forms, depending
on the existing architecture in place, the cooperation level of agenciesin the
region, and theresources available for the effort. The analysis may rangefrom
a general weighing of advantages and disadvantages (in the form of a
comparison matrix) of alternative scenarios to a highly detailed cost-benefit
analysisof aternatives. In all cases, the study team must compare each feasible
alternative's ability to meet the region's goals and objectives, to address the
system constraintsand sensitivity issues, to properly function given theavailable
resources (time, equipment, and manpower), and to be implementable and
open/robust to meet the future and dynamic needs of the region's transportation
system.

A range of technologies, each with unique performance, cost, and maturity
characteristics can be applied to provide ITS services through the market
packages. The majority of these technologies are commercially available and
expose the agencies to little technical risk. The most problematic technology
implications exist where arequired I TS function is not supported by any cost-
effective, commercially available technology.

In afew cases, required technol ogies may not exist or may be too costly and/or

unreliable for commercial application. Market packages that are dependent on
such technologies require further research and development to provide the
enabling technology and integrate it into a commercially viable deployment
package. Exhibit5-20 previoudy identified functional groups of technologies
and related them to the market packages.

An assessment of technol ogies may be conducted, but isrecommended only for
short term or early start projects. Technologies are changing rapidly. As a
result, cost-effectiveness relationships for projectsto be implemented beyond
a 2 or 3-year time frame may change that will, in turn, affect technology
decisons. For example, leasing communications lines and wireless
communications have become much more competitiveto traditional dedicated
communications, dueto the major changes in the communications industry in
recent years. In addition, legal impediments may sometimes be rectified that
will make an option that is currently infeasible, highly attractive. For this
reason, the ITS technology assessment should be fluid over time, except for
short-term or immediate deployment projects. The framework for technol ogy
assessment provided in this section can be applied to a wide range of current
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and future technology, but the process should be applied only for short term
projects.

A review of existing and emerging specific technologies or standards will
normally be conducted to define the most cost-effective conceptsto achieve the

defined goals and objectives. For example, to meet vehicle surveillance needs
of the ITS system, alternate technologies may include: in-pavement sensors,
overhead detectors (several feasible technologies), CCTV, cdlular telephones,
and others. Advantages and disadvantages exist for each alternative that will
result in the selection of a cost-effective alternative.

“ Technologies are changing rapidly. As a result, cost-effectiveness
relationships. . . may changethat will, in turn, affect technology decisions.”

A wide range of technologies are identified in the documentation for the
National ITS Architecture. Technology options may include hardware
components, software components, and control strategies. Sources such as:

state-of-the-art reviews, eval uation studiesand reports, manufacturer'sliterature
and/or demos, visits to existing systems, and technical inputs or papers from
current users of the technologies should be used to identify alternative
technologies whose performance and reliability may meet the functional
requirements of the planned systems.

Technology evaluation issues should consider: (1) theinteraction of alternative
technol ogies and the other dementsthat will be part of the planned architecture,
(2) theimpact on the physical configuration of the planned architecture and the
performance of other technologies and/or components, (3) the compatibility
with the regional goals and objectives, (4) the expansion capability and
flexibility of alternative components, and (5) the availability of standards for
specific technologies (e.g. IEEE, NEMA, ASTM, etc.). The incorporation of
standardswill allow the option of using different vendorsfor the same service,
helping to ensure compatibility with new products and services in the future,
and providing compatibility between neighboring traffic operating systems. In
addition, specific technologies should be selected to assure compatibility with
existing, in-place components of the ITS system.

An analysisto determinethe desirable technol ogiesfor short-term projects may
be conducted. Some agencies may wish to conduct this analysis outside the
framework of the ITS strategic assessment. Others may view it asalegitimate
activity to address short-term project and program decisionswithin the strategic
assessment. Detailed analysis for mid- and long-term services is generally not
advisable at this stage due to the dynamic nature of I TS technology and needs.
Technology readily adaptable today may be obsolete or inefficient several years
down theroad. Technology assessments can be conducted as a later project
development activity in this case.

For near- or short-term projects, a higher, more detailed level of analysisis
sometimes warranted. The evaluation may consist of a detailed life-cycle cost
evaluation (accounting for procurement, installation, construction, initial costs,
anticipated benefits, and operations and maintenance costs, product reliability,
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product replacement values, and system expansion features). An alternative
approach may be by qualitative evaluation using key criteriain an evaluation
matrix. Typical evaluation criteriafor atechnology assessment include:

Applicability
Maintainability
Reliability

Initial cost
Operating cost
Ease of integration
Openness
Feasibility

OO0O0O0O0O00O0OO0

The criteria may vary depending on the type of technology being evaluated.
The ITSTransguide Design Report for the San Antonio area provides several
good examples of technol ogy assessments. Thefollowing exhibitsareexcerpted
from that report: Exhibit 5-25, Detection Method Decision Matrix; Exhibit 5-26,
Camera Technology Decision Matrix; Exhibit 5-27 Communications System
Decision Matrix; and Exhibit 5-28, Computer System Decision Matrix. The
format is attractive, as it provides descriptive information in paralle on each
alternative. Note that the evaluation criteria vary depending on the technology
area being examined. A numerical rankingsystem could be added, if desired.
However, aranking system alone loses some of the information that can be
useful to those who are reviewing the results of decisions.

It should bereiterated that thistype of eval uation isprobably not appropriatefor
long term projectsin the planning stage. Yet it may be appropriate for short-
term projectsto provide reasonabl e cost estimates for projectsto beincluded in
the Transportation Improvement Program. Without this type of analysis, an
unacceptably wide or uncertain range in cost estimates could occur. The
technology choices may also have an impact on operating and maintenance
resource needs, which also have an impact on costs. Whether this short-term
technology definition occurs within the strategic assessment or in a follow-up
activity is a decision agencies will need to make. The decision on how far to
take the technology assessment points to how inter-connected many of these
decisonson ITS actually are. Asstated earlier in thisHandbook, ITSrequires
theplanning community to think farther through the processthan they may have
been required to do previoudly.

“ ... ITSrequiresthe planning community to think farther through the
process than they may have been required to do previoudly.”

The technology assessment can be updated periodically. Given the pace of
change in technology, continuous feedback may be required. Added to this
input should bethefeas bility of incorporating I TS technol ogiesasthey become
proven in field operational tests. As such, the technology assessment should
plan for "openness' in allowing for multiple vendor supply aswell asflexihility
to incorporate enhancements or major breakthroughsin the market.
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Theoutput of thisstep will be: (1) thedefinition of the architecture; (2) feasible
technol ogies or conceptsto support short-term I TS projects, and (3) institutional
arrangementsthat will allow for the effectiveimplementation of thearchitecture.
It is possiblethat short term I TS projects may be defined prior to or during the
architecture. To the extent possible, these projects should be examined for

compatibility with what is known about the architecture at that time.

Exhibit 5-25. Detection M ethod Decision M atrix
(Source: San Antonio Transguide Design Report)

Radar
Characteristic |Priority Loop Detection | Detection Video Detection Audio Detection
Maintainability | Very high High, stable sail, [High, easily High, easily High, easily
no salt usage, no |accessible accessible accessible
ground freezing
Reliability Very high High, (in San Moderatdly high, | Moderate, could Moderate, little
Antonio stable) | little history, but | have westher or history, but no
soils, no salt no foreseeable vehicle specific major
usage, ho ground | high failure detection problems | expectation of
freezing components failures
Initial costs Medium Medium, some [ Moderately high, |High, expensive Moderatdy high,
loops aready new method, systems, prices new system, high
installed, lotsof | higher risk should fall risk
experience
Operational costs |High Low, few Moderate, Moderate, Low, unknown,
failures, low components components could be | but no major
maintenance could be expensive, system expected
expensive updates may be expenses
required
Accuracy High High, lots of Medium, should |Medium, relatively | Medium,
experience be good, but not | complex and new primarily
much history unknown, could
bereatively low
Ease of Medium High, some Medium, Medium, complex, Medium,
integration loops aready requires overhead ingtalation |installation new,
available overhead required at each compatibility
installation at all [location, but could unknown
locations, could | berdatively
befairly compatible
compatible
Feasibility Very High High, available, [Low, not well Moderate, available, [Moderate, not
known proven at design | but not well proven | well proven at
technol ogy time at design time design time

Exhibit 5-26. Camera Technology Decision Matrix
(Source: San Antonio Transguide Design Report)
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Low High
Resolution Resolution
Black & Single-Chip [Single-Chip | Three-Chip
Characterigic |Priority White Color Color Color Digital
Calor High No Yes Yes Yes Yes
Daylight High Moderate, loss | Low, High, requires | Very high, Very high, but
Resolution of color clues | combined reasonable combined with |can belost
cameraand lens very good lens | quickly dueto
lens digital
magnification
Night Resolution [ High High, good Very low, Medium, High divided |High, lost
contrast, but  |divided light |divided light, |light, but high [quickly when
some light & low but high gainand high |digital
artifacts resolution resolution resolution magnification
isapplied
Cost High Low, low cost |Low, low cost |Medium, Medium high, |Medium,
camera, cameraand medium priced | moderately moderately
variablecost |lens camera high priced high priced
lens relatively low |camera, high |camerawith
cost lens priced lens fixed lens
Bright Light Moderately [High Very high, High, some Medium, most | Medium, most
Effect High Significant combination | effects effects effects
effects of low reduced reduced and reduced and
resolution and some some
large effects eliminated eliminated
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Exhibit 5-27. Communications Systems Decision Matrix

(Source: San Antonio Transguide Design Report)

Dedicated
Dedicated SONET Fiber
Optical Coax, (oc3
Characteristic |Priority |LeasedT1 Leased T3 and Digital Microwave |Multiplexer)
Maintainability |Veryhigh [High, single [High, single |[Low, multiple Low, many High, onecable,
telco telco cables, no independent | stlandard network
connection,  [connection, |standard network |connections | management
external external management required
network network
management | management
Reliability Very high |Medium, not |Medium, not |Low, multiple Low, weather |High, redundant
under direct |under direct |failure points and fiber and
control control interference | communications
among other | cards
factors
Operationa High Moderately  |High, leasing |High, Medium, easy | Low, redundant
Costs high, leasing |costsfor T3 |maintenancewill |accessfor all |fibers make
costsaddto |connections |increaseoverall |maintenance |maintenance
operational arevery high |operational costs |requirements |non-critical
costs operation
Maximum data | High 1.5Mbps 45Mbps Varies, analog, |45Mbps 155 Mbps per
rate low speed data fiber
and fiber for
future
applications
Video clarity High Medium, High, near High, sandard | Variable High, near
jumpy in broadcast cabletypesignals broadcast quality
dynamic quality
situations
Installation costs [ Medium | Low, telco Low, telco Medium, cables | Medium, Medium, must
investment investment must be pulled establish path | pull fiber
for each hub
Videointerface |[Medium [High, Low, very Very low, Very high Low, very little
costs compression |(little gtandard compression
required compression | components required
required
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Exhibit 5-28. Computer System Decision Matrix
(Source: San Antonio Transguide Design Report)

Radar
Characterigtic | Priority L oop Detection |Detection Video Detection Audio Detection
Maintainability [Very high Moderate, High, can easily | Moderate, back on Very high, most
requires multiple | replace linefast when there | of system can be
location workstation arefailures replaced while
maintenance while system the system is till
continuesto operational
operate
Reliability Very high Low on entire High, overall Moderate, quality Very high, almost
system, but high | system should systems no failuresthat
for most of the | stay up aimost affect system
system all thetime performance

Feasibility Very high High, can Moderate, High, nosignificant [High, littlerisk

address one requires complex | effects on system added by fault
section at atime | design, somerisk | complexity tolerance

Operationa High High, dueto Moderate, Moderate, primarily |[Moderate,

Costs multiple sites maintaining off-linerepairs infrequent, non-
several, similar critical repairs
computers

Availability High High overall, High for overall | Moderately high, Very high, repairs

toleratesfaults | system, back on linerapidly | can be made

by losing transitions when the primary while system is

sections required when fails available
workstations fail

Installation Costs [ Medium High, but can be [Medium, more | Moderatdy high, High, must be

spentin workstationscan | must beincludedin | purchased
minimum size  [beadded as initial purchase initially
chunks needed

Ease of Medium Low, difficult Moderate, High, no significant | High, minimum

Integration unlessdesigned |[complexinitial | effects on system added design

asasysemfrom |system designto |complexity complexity for
the beginning maximize use of fault tolerance
resources
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DEFINE
OPERATIONAL AND
IMPLEMENTATION
STRATEGIES

I mplementation/
Operations Plan

Key Activities:

C Define operational strategies.

C Examine funding opportunities.

C Develop implementable projects.

C Deveop phasing plan.

Key Products:

C Project definitions, integrated with other transportation projects, where
appropriate.

C Operations and management plan.

C Potential sources of funds (implementation and operating), schedule,
and agency responsibility by project.

C Potential public private partnerships.

In this step, the implementation and operational strategies for the strategic
assessment are defined. This would be included in the “Implementation
Strategy” portion of Approach 2. These strategies should be aimed at
identifying a near-term program of projects which has a high likelihood of
success and directly contributes to the long range vision of an integrated,
efficient, and productive transportation system. Thismay be accomplished by:

C Examining ITS implementation not just in terms of hardware and
software installation, but in terms of ongoing operation and
maintenance, e.g. costs, responsihility, public acceptance, etc.

C Recognizing that ultimate success will largely rest on the fundamental
benefit of the implemented ITS actions to the public and industry and
on the coalition that supports those actions.

C M ai ntai ninga healthy balance between "vision" and the " nutsand bolts'
issues of implementation and costs. Innovation should lead to more
cost-effective applications.

C Recognizing the importance of successful near-term implementation in
the long-term success of ITS. Make the near-term implementation
visible but manageable.

A plan for implementation and operations should be devel oped. It need not be
alengthy document, but should spell out which agencieswill beresponsiblefor
various elements of ITS implementation. An implementation/operations plan
should, as a minimum, address the following issues:

Operations and maintenance strategy.

Project definition consistent with requirements for the TIP.
Planning-level cost estimates.

Project phasing.

Procurement approaches.

Funding levels.

Legal issues.

OO0O0O0O0O0O0
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Operations and
Maintenance
Planning

C Ongoing consensus-building.
The following sections highlight the key factorsin each of these issues.

The operations and mai ntenance requirements of the planned systems must be
in balance with the availahility of proper personnel, equipment, and budget
resources to operate and maintain the systems. Providing qualified personnel
and staff with available equipment to operate the system is a MUST. New
equipment and new technologies will require specific operations and
maintenance activities that may be unique to each technology and may be
foreign to existing staff capahilities.

Most strategic assessment efforts do not go far enough in thinking through
approachesto operating ITS. Examining the strategy for operation of a system
in greater detail may reveal either gapsin the plan or overlapping, unnecessary,
or unproductive functions. For example, an effective traveler information

system needs to examine where travel ers should be receiving information, how

frequently, and of what type. These parameterswill have implicationson sign
|ocations, and the use of alternative information outlets.

“ Mog strategic assessment effortsdo not go far enough in thinking through
approachesto operating ITS’

At this stage, identification of the maintenance and operations requirements
should be based on the assessment of the existing capabilities in terms of
personnel, skills, and equipment; determining the necessary skillsand work load
impacts of the system (by agency and overall); comparing the existing
conditions with what isrequired for the system; analyzing the deficiencies; and
establishing thefeasibility of providing any additional capabilitiesrequired for
the system. This capability may range from adding capable staff to training
existing staff to private contracting for specific services or even the primary
operation and maintenance activity. Thisissueis critical to assure the system
does not become obsolete due to lack of proper operation or maintenance
activities. Absence of proper staff to operate the system may result in the
system losing its effectiveness and support by the region. The level of
analysis should be such that the need for additional capabilities and resources
isidentified and a plan to obtain the proper resourcesis established.

Exhibit 5-29 shows an evaluation matrix used in the San Antonio area to
evaluateal ternativeoperational/staffing approaches. Thematrix highlightssome
of the key issues that tend to surface in these deliberations.
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Exhibit 5-29. Overall Approach Decision Matrix

Traffic Engineer Trained
Traffic Pregenerated Scenarios, |Operators,
Engineersat Techniciansas TrafficEngineer |Learning
Characterigtic |Priority [Consoles Operators asManager System
Responsetime |Very Moderately dow, |Very fast, sdection and Slow, responses Variable, initial
high responsesmust | implementation time must betailored slow, but faster
be generated fro | minimized foremost and approved as system learns
each situation Situations more appropriate
responses
Flexibility High Very high, traffic | Very high, scenarioscan | Very high, High, response
engineerscan be generated to cover response can be can betailored
respond most expected situations, |tailored for each for each
appropriately to | can also be combined or situation Situation, but re-
each situation modified using responses
may limit
flexibility
Operationa High Very high, Low, advantage of traffic | Medium, some Declining,
costs requires engineer’ sexperience engineering initially
experienced without continual presencerequired | significant
engineersas presence engineering
operators presence
required, but not
after the system
comes up to
Sped
Timerequired |High Low, no ramp-up | Low, scenarios can be Moderately low, High, system
for system to generated before system is [ someinitial must encounter
get up to speed operational training required | problem beforea
for operators scenariois
generated
Initial effort Medium |[Verylow, Very high, scenariosmust | Medium, Moderately low,
required minimum of be generated for each significant initial | someinitial
advanced work potential situation operator training  |training, but little
or training will berequired other initial
required preparation
Legal Medium |Moderately high, |Very high, scenarios Medium, non- Medium, non-
supportability usetraffic generated and approved by | engineersgenerate | engineers
engineers, but traffic engineers responses, generating and
under pressure approval under selecting
greet pressure responsesin redl
time
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Further Project
Refinement

Planning-Level Cost
Estimates

The initial project definitions developed earlier in the strategic assessment
process will be further devel oped and refined as the architecture is devel oped
in greater detail andagency responsibilities are thought through. Asindicated
earlier, the development of projectsis an iterative process. An example of an
ITSrelated TIP project description was provided in Chapter 3. These projects
will be part of the ITS"vision plan” described earlier in thischapter. Whether
the projects become part of the financially constrained transportation
plan and TIP will depend on the extent to which funding is available.
These tradeoffsar eultimately madeat aregional level. Someof thefactor s
to consider in defining I TS projectsinclude:

C Theprojectswill berefined from theinitial list generated earlier, based
on the discussons of architecture, operations and maintenance
requirements, and review by various stakeholders.

C Having implementation take place in away that will make sense to the
customer. This meansthat e ements most visible to the public should
have the proper supporting features included as a package. For
example, ramp metersor variable message signs should not beingtalled
too far in advance of their operational date. The public may become
skeptical of government actions when visible field equipment lies
dormant for long periods.

C If itisuncertain whether certain low-payoff projectsshould beincluded
in certain geographic areas, it is normally best to define them as
projects, but give them alower priority than other areas.

C Estimated quantities should be defined for major features: number and
location of variable message signs, feet of new communications lines,
number and location of AVI readersfor transit fleet management, etc.

C Special effort should be provided to coordinate with other
transportation projects, both transit and highway. In some cases, ITS
projects will be best integrated with other transportation projects. In
other cases, it will be critical to closdly coordinate the efforts,
particularly with respect to timing of construction or installation.

The definition of projects may be further modified as additional information is
developed on costs and phasing later in this step.

Planning-level cost estimates are needed to develop and prioritize individual

projects and to carry out the broader ITS program. The Cost Analysis
document intheNational ITSArchitecture (availablein CD-ROM from FHWA)
provides a wealth of cost information that can be used in an ITS strategic
assessment, corridor/subarea study, or other planning activity. This section
provides an overview of planning-level costingfor ITS. Someof theprinciples

that should be considered in developing planning-level cost estimates include:

C Do not be overly conservative or liberal on cost estimates.
Conservatively low estimateswill result in problemsin implementation
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when actual costs exceed budgeted estimates. Overly liberal estimates
may jeopardizeproject approval. However, one should probably err on
the high side so asto retain credibility of the program by minimizing
cost overruns.

Work on an installed unit cost basis (per intersection, per mile, per
ramp, per bus, per control center, etc.), but taking into account major
features, not minor options.

Estimate operating and maintenance costs aswell asinitial installation
costs.
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C The early deployment of projects should be set to allow for several
early "successes' to assist in consensus-building and in developing a
solid framework of successes with the ITS program.

C Early (short-term) deployment projects should be capable of being
environmentally cleared and ready for implementation in the next 1 to

2 years.

Theabove criteriacan beincorporated into a priority-setting scheme along with
other ITS criteria. Examples of other criteria could include: significance of
existing problems addressed, relationship to regional goals and objectives,
benefit/cost relationship, environmental and other benefits, etc. Alternatively,
a less systematic negotiated approach can be used, but anchored in the
evaluative information that has been devel oped through earlier steps.

A preliminary phasing plan should be devel oped displaying the general priority

implementation of projects using a non-fiscally constrained condition.

A

sample phasing diagram is shown in Exhibit 5-30. This plan should be
presented to the study's steering committeefor preliminary buy-in of the concept
and for consensus building of the subsequent activities, i.e. the devel opment of
the strategic assessment.

Exhibit 5-30. Orange County Phased I mplementation Plan

Implementation

Description

1994

1995

1996

1997

1998

1999 | 2000

2001

2002

2003

2003-
2008

2008-
2013

TOC/TMACs

Caltrans TOC

TMSs

Agency Traffic Operations
Support

OCTA Technical Liaison

Maintenance Support (Contracted|

Decision Support Systems

Smart Corridor Expert Systems

Emergency Priority System

Signal Pre-emption Test bed

Rapid Incident Clearance (RICpw Truck Deployment of Freewd

yS

Interface with TIS

Mobile Data Terminal Interface with ITS

Accident Investigation Sites

Adaptive Signal Control

and Signal Synchronization

Adaptive Control Software

Signal Synchronization -- Upgradd

Q.

Corridor Ramp Metering

Additional Ramp Meters

Software Development

Integrated Signal/Ramp Met
Control

rSoﬁware

Lead and Supporting
Agency | dentification

One of thefactorscritical tothe success of ITSimplementation isthe leadership
for each individual project. Thisistruefor virtually any transportation project.

However, theimpor tanceof assigningimplementationresponsibility for ITS
projectsisamplified, because | TS projects are mor e specialized, therisks
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Procurement

are higher, and agency procedur es ar e often not fully in place to govern
the project implementation steps. Choosing project lead agencies, and the
individuals responsible for moving projects forward, is therefore one of the
most important decisions that can be made. This can also be a delicate issue,
particularly with projects that cross jurisdictional boundaries or that do not
follow the institutional norms.

Some of thefactorsthat should be consideredin choosing lead agenciesinclude:

C Facility ownership or current operational responsibility. In most cases,
theagency that ownsthefacility or facilitieson which thel TS project(s)
will beimplemented would bethelogical lead agency. The state DOT
would be lead agency for projects on state roadways, cities would be
lead for projects on local roadways, etc. However, in some cases, the
ITS project is not implemented on a facility per se, or the project may
be implemented on facilities with multiple owners.

C Knowledge and experience of personnel. The expertise to implement
an I TS project may exist in an agency that is not necessarily the owner
or operator of the transportation facilities or servicesin question.

C Contractual capabilities of theagency. In some cases, the contractual
process for some agencies is more amenable to the unique features of
ITS than for other agencies. The expedience of contracting may be a
reason for not following traditional |ead/support agency structures.

C Enthusiasm for or commitment to the project. This can mean a major
difference in the likelihood of success. Most successful ITS
implementations have had an agency “champion” or champions who
have made it their business to ensure that the project works
successfully. The level of commitment can be a mgjor factor in a
positive or negative outcome.

C Stability of project leadership. Agencieswith ahighlevel of turnover
or rotation (especially in positions that could impact the project) can
pose a serious problem in continuity over the full project
implementation and operation period.

A key question in resolving the lead agency question is “ What |eadership
structure will result in the highest probability of success?’

Procurement alternatives should be identified, at least for the short-term
projects. It ispossible that different projects selected for deployment will have
different methods of procurement. Traditional low-cost bid procurements that
work well for smple construction projects do not, asarule, work out well for
implementing a system composed of computers, software, communication
devices, eectronic sensors, and other similar equipment. In addition, in-house
staff is typicaly not qualified to perform many of the functions required to
design, construct, inspect, operate and maintain a system or its components.
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Funding

Several alternatives exist to accomplish the procurement of the ITS system
and/or components. They include:

C Low bid (single contract awarded to the lowest bidder who is
responsible for all tasks identified in the scope request)

C Two-step (process which adds aformal technical prequalification step
to the bid approach; sets of qualified contractors are then requested to
submit a bid and/or proposal)

C Design/build (process where a single entity, i.e. designer/builder, is
responsible for ALL work associated with the system devel opment,
including design, contracting, and system integration; once completed,
system is turned over to agency to operate and maintain; thisgenerally
results in reduced implementation time over normal processes)

C Sole source ( contract is awarded to a named supplier without
competition; thisprocessisusually oriented towardsimplementation of
standard, off-the-shelf products; it can be used to maintain continuity
or compatibility of products).

C Systems manager ( primary system manager contract is awarded to
design and managethe systemsdevel opment process; separate contracts
are prepared and awarded for implementation of individual
components; however, the interface between subsystems is the
responsibility of the systems manager/management consul tant)

Selection of the procurement method can be based on several criteria, most

notably: staff capabilities, bidding processes regulated by the agency, time
constraints, needs of the system to be implemented (i.e. whether significant
existing ITS infrastructure exists or are the programs such that existing
staff/hired staff can manage the implementation), and operations and
maintenance capabilities of the agency or region involved. Each of these
factorg/criteriashould be assessed and the appropriate methods reviewed. In

some cases, multiple methods may be feasible and should be considered.

Implementation of an I TS program for aregion will require extensive amounts
of funding to achieve the desired needs of most regions. Funding isrequired to
initially implement the system as well astooperate, maintain and upgrade the
system as technology and system needs evolve. In defining potential funding
sources, key guidelinesfor success are to be creative, innovative, and flexible.

Thefunding processfor ITS can be approached in at least two ways. 1If viewing
ITS to be an integrated element of many other transportation strategies, ITS
funding would be approached as a part of funding an entire package of
improvements to address specific problems. For example, 1TS funding could
be included as part of the funding of a major corridor capacity expansion
project or HOV lane addition project. Inthiscase, ITSislikely asmall part of
the total funding package.
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Alternatively, ITS can be treated as a separate set of actions with separate
funding. In thiscase, ITSis often viewed to be in competition for funding
against other projects, and obtaining funding tends to become part of an
advocacy process. Itisnat theintent of this Handbook to prescribe an approach
for advocacy of ITS funding over other typesof projects. Thisisnot to say that
those agenciesand individual scommitted tomoving I TSforward in their region
should not be advocates of funding ITS projects. The allocation of funding at
the state and metropolitan level, after all, often involves a process of advocacy.
The extent to which agencies and individual s become advocates of I TS funding
isalocal decision. Theintent of theinformation in this Handbook isto provide
information that will allow agenciesto explore and pursue fundsfor ITS either
as an integrated part of other funding or as stand-alone funding for dedicated
ITS projects.

Typically Available Funding Sources: The traditional funding sources are
available to assist with the funding of ITS programs. The traditional funding
sources include:

Federal-aid National Highway System funds.

Surface Transportation Program (STP) funds.
Congestion Mitigation and Air Quality (CMAQ) funds.
Federal Transit Act Funds.

State and local sources.

OO0 00

These funds are available through the traditional methods of allocation,
application, and obligation. Proceduresin each state may vary regarding how
funds may flow down to the metropolitan and local level. Some areas have
made major commitments to allocate a significant portion of certain funding
pools to ITS. For example, the Houston region’s TRANSTAR system was
funded largely from the commitment of CMAQ funds. Other areas have drawn
funds from multiple sources over along period of time, building and operating
in increments as the funds became available. Two special funding sources that
have been used extensively for ITS are U.S.DOT Operational Test funds and
Defense Conversion Funds. Further discussion of funding sourcesis provided
in Appendix C. Appendix C also describes some of the multifaceted funding
approaches to ITS that have been used in the past in Southern California.

Private Funding Potential: A new and much-needed source of fundsis based
on the potential for public/private partnerships. The privateroleisincreasingin
thisarena. It isonein which the private entity may provide I TS services and/or
system elements; but, instead of direct reimbursement from the public agency,
some or all of the private entity's costs for these functions are recouped by
salling ITS-based services to other private entities (i.e. collecting a user fee or
deriving revenue from advertising), or by receiving a non-monetary
consideration for these services from the public agency. This offers advantages
both in public cost reduction and in capitalizing on the private sector’s market
orientation. Several examples of this latter concept of public-private
partnerships are being devel oped in the United States, including:
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C Marketingand sales of in-vehicle and portable devicesto providereal -
time traveler information and routing;

C The government agency providing accessto the highway right-of-way
to a private communicationsfirm, in return for which the private entity
installs and maintains a communicationsnetwork (e.g. conduit, cable,
and electronics) for the government agency's I TS network. The private
communications firm recoups the cost of the communications system
by sizing it to provide telecommunications services to other users (e.g.
other private entities) and charging for the service; and

C Callection, marketing, and sales of real-time traveler information and
travel er servicesinformation supported by advertising (e.g. the Weather
Channdl, etc.).

Developing sustainable public-private partnerships is proving to be difficult.

Private sector involvement is driven by the profit motive, and the potential

profitability of certain I TS applications remains amajor question in the eyes of
potential private sector players. There is also general mistrust by public
agenciesof the profit motive, and adistrust by the private sector of the stahility
and timeliness of decisionsthat would be madein the public realm. Instability
and delays increase risk.

Successful partnershipswith the private sector will likely beinitiated by private
sector playerswho understand themarket. However, additional exposureof the
private sector to I TSisimportant and may generate other potential joint projects.

Areasor regionsdesiring strong, solid I TS programs must defineand encourage
the relationship between the public and private sectors, along with their
respective responsihbilities. Arranging joint meetings, conducting conferences
on ITS, soliciting private input on typically public transportation issues,
encouraging public/private cooperation, implementing | egid ation encouraging
these relationships, becoming visible in private group concerns (without harm
to public conflict-of-interest issues), developing a cooperative atmosphere/

business climate, and openly promoting the | TS advantages to the private sector
represent steps needed to be taken by the public side to encourage private

participation. Some basic principlesin developing public/private partnerships
include:

C Assist the private sector in areasof I1TS that make good business
ventures. While private companies may be “good citizens’ in
participating in ITS proects for a period of time, long-term
commitment to ITS projects will need to be justified, ultimately, by
whether the company can make a profit from that activity. Itiscritical
that public agencies understand this as an essential element of a
successful private venture.

C Structure projectsto be self-monitoring. The private entity should
have areason other than gover nment regulation and enfor cement
to make certain that the project succeeds. There should be a built-
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Legal Issuesand
Agreements

in motivation for customer service, that leads to additional profits. If
the only force that holds the project together is the threat of
governmental retribution, theproject islikely tofail in thelong run, and
relationshipswill quickly turn adversarial.

Bewilling totake calculated risks. The private sector operateswithin
an atmosphere of risk on a daily basis. From the government
perspective, much of therisk will take placein either the perception of
the public of “deals struck” with the private sector, or in the failure of
the private sector to deliver on services traditionally provided by the
government. These risks need to be addressed in the structure of the
arrangements made for a particular ITS project.

Bewilling to alter the traditional rules by which state, MPO, and
local gover nmentsoperate. Legidative changes may be necessary to
enable certain privately-sponsored I TS projects to occur.

Provide an atmosphere of stability. Private partners are usualy
unwilling to move forward on projects where the public partner’s
decisons areunrdiable. Unfortunatdy, thereisonly so much that staff
can dotocreatethisatmosphere. Political changeintroduces sometimes
dramatic shifts in thinking concerning public decisions. Long term
commitments need to be locked in to engender the confidence of the
private partner(s).

Devise mechanisms that will protect both parties while not

squelching the oppor tunity itself. Thisiswhereabalance needsto be
achieved between willingness to take risks and building in necessary
protections. Because government agencies have not traditionally
negotiatedin these areaswith the private sector, expertswith experience
dealing with the private sector may need to be retained to guide the
government agency through the process.

Be willing to give up turf where there is a legitimate area for
privatization.

Leave room for competition. If there are profits to be made, and if
there are ways to allow for multiple providers, the customer is best
served by creating a competitive environment. Theextent towhich this
is possible will depend on the specific nature of the ITS activity.

In the ITS project definition process, a number of legal complications may
occur dueto the specialized nature of these activities. Theseissues may include:

C
C
C

Development of multi-agency agreements.

Development of public-private partnerships.

Ownership/property of hardware/software rights devel oped with or in
conjunction with the project implementation.

Product liability and insurance.

Regulatory limitations on resource sharing.
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Public Relations

Roles of private parties.
Organizational conflicts of interest.
Organizational roles.

Others.

OO0

Whilethe nature of these issues cannot be easily determined during the course
of an ITS strategic assessment process, early discussion of several of these
issues should be conducted by key official sin theregion in hopesof minimizing
any associated impacts or eliminating them from occurring through proper
planning.

Several typesof legal instruments exist for creating agreements among public
agencies and between public agencies and the private sector. Several of these
include:

C M emor an dum of under anding (M OU): An MOU isanon-binding
statement of under standing between two or moreparties. 1t can address
a wide range of agreements, from operational responsibility to the
exchange of funds among agencies.

C Cooperative agreement: A cooperative agreement is similar to a
contract, but usually involves the exchange of funds for services, or
other agreementsinvolving financial matters.

C Contract: A common legal instrument between parties and would be
thetypical form for an ITS arrangement between the public and private
sectors.

C Partnership: A legal instrument in which agencies take on joint

responsibility for a project. Costs, rewards, and penalties would be
shared or incurred according to formulas set up in the partnership
agreement. A true partnership between a public and private entity for
atransportation-related project would be unusual.

Agencies entering into agreements with the private sector should consult legal
counsel early in the process, for obvious reasons.

Undertakingamajor I TS project requires careful attention to public perception.
Poor public perception not only jeopar dizesa given project, but may make
elected officials and the agencies they over see more reluctant to move
forward on other ITSventures. There are numerous pitfalls of which an
agency should beaware. The pitfallsare more present for ITSthan for capital-
intensive projects because of the day-to-day operational attention required to
run asuccessful system. Theprovision of real-timetraffic or transit information
to the publicisa case in point. It takes numerous repeated times of accurate
information to gain the public's trust; it takes only a few times of wrong
information to lose that trust. Mediaattention to those problems, even if they
are infrequent, will make the image of credibility more difficult to rebuild.
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DEVELOP

THEITS
IMPLEMENTATION
PLAN

Maintaining credibility of operations is perhaps the single most important
objective that an agency involved in ITS can undertake. Even an excellent
public relations program may not be able to salvage a reputation damaged by
consistently poor operation. Credibility is maintained in several ways. by
executing operation consistently and with few errors; by not extending the
operation of the system beyond its capahilities for reliability; and by quickly
correcting errors and restoring confidence.

“ Maintaining credibility of operationsis perhaps the single most
important objective that an agency involved in ITS can undertake. Even
an excellent public relations program may not be ableto salvage a
reputation damaged by consistently poor operation.”

One of the agencies with a long history involved in ITS deployment has
provided a number of lessons learned on public relationsrelated to ITS:

C Bringin publicrelationsat the outset of implementing a significant
ITS project. It iseasy to ssumblein the early stages and have that
affect the project throughout. Public relations can help with crafting
messages to the public and dected officials at alevel that will be easily
understood.

C Develop the public relations tools early. There are a variety of
audiences, each with their own concerns. Be careful not to neglect the
internal audience.

C Don’'t try to compete with the media. Maintain an open, helpful
relationship with the media, to make them an ally rather than afoe.

C Don’t rush the process, but make surewhat isimplemented for the
publicworkswell. It isbetter to under promiseand over ddliver, rather
than the other way around.

C Do your homework. Anything that is said or provided to the media
could be tomorrow’s headline. Be able to stand behind what you say.

C Think in termsof teamwor k and sharetheglory. Bewillingtogive
up some credit for the long term benefit of the program.

Toward the end of the formulation of the ITS strategic assessment, it may be
advisableto consult the appropriate public relations individual s associated with

an agency.

Key Activities:

C Confirm agency responsibilities.

C Develop the action plan.

C Identify connections to other el ements of the planning process.
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Key Products:

C Documentation of the ITS regional framework, including an
implementation.

C TIP project summaries for near-term projects.

C Potential material for integrating into thelong rangetransportation plan.

In this step, the results of the earlier steps are organized into the ITS
Implementation Plan document and the background for its devel opment. Some
agenciesmay wish to call thereport an ITS Strategic Plan. The name should be
chosen to convey theintent locally. The purpose of the plan will beto guidethe
implementation of the ITS projects on an area-wide scale commensurate with
the needs and objectives of the system. It will serveasaprimary resourcein the
ongoing consensus-building associated with the ITS program. It will also serve
as a guide to those carrying projects forward into design and implementation.

The plan embodied in the report should strive for: fundability, sustainability,
flexibility, integration of activities, measurable benefits to customers, and
sengitivity to details. The plan will focus on the short and medium term
components and highlight the long term needsin order to set along range goal
or "vison" for future activities.

Information to be documented in this plan will include the steps from earlier
activities:

@

Transportation system vision, problems/deficiencies, opportunities,
and abjectives.

Institutional issues.

Recommended market packages.

System functional requirements by subsystem and technology area.
System architecture requirements.

Technology options.

Implementation and operational strategies.

Specific projects: description, benefits, and responsibility.

Funding issues.

System Implementation or Operations Plan.

ONONONONONONONONS

Whilemuch of thereport highlightsthe background material and thefoundation
for decisions, a section should beincluded on the Operations Plan for the ITS
system (covered in previous section). The Operations Plan should include an
approach to accommodate advances in technology, feedback from ongoing

tests, changes in institutional conditions, sources of funding, and any new
emerging opportunities. An Implementation/Operations Plan is required for
Federal-aid funded projects per 23 CFR, part 655, subpart D.

The strategi ¢ assessment document should be a high-quality, user-friendly, and
dynamic document. The document will be utilized as a consensus-building
document, receiving scrutiny by a range of public and private sector
representatives. Asaresult, the document should be written to best present this
information in a marketable way to gain the support of the key parties and
stakeholders that will be involved in guaranteeing the success of the plan and
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FOLLOW-UP
ACTIVITIES

Effective
Operations: Key
ToLong Term
Successof ITS

the ITS System. Several meetings or agenda items should be planned to
guaranteeproper display, presentation, and public relations/consensus-building
of the plan.

The TS Implementation Plan should al so recognizeits place within the broader
planning process. It is not the ultimate determinant of regional or statewide
project priorities; rather, it feedsinformation and recommendationstothelegally
established processes of transportation plan T1P development. It also receives

input from these other processes, and makes adjustments accordingly in later

updates.

“The strategic assessment must also recognize its place within the
broader planning process.”

Onefinal notein the preparation of the ITS Implementation Plan isthat the plan
properly addresses the “vison” statement and the problems/deficiencies
identified originally. These were the issues that initiated in the consensus-
building effort and which were highlighted in much of the previouswork. They
also werethe main reason or purpose for the conduct of a strategic assessment.
Gaining or adding to the support of the program and system will requirethat the
reasons for implementing the plan be emphasized throughout the
implementation (existing and future) of the plan.

A key to success of any ITS program is an effective execution of system
operation. This requires an adequate staff of available and well-trained
operators and maintenance personnel, up-to-date documentation on all system
components, adequate budget for spare parts and expendables, and along-term
commitment on the part of the transportation agenciesto utilizethe sysem toits
full potential, including keeping the various displays and system algorithms up-
to-date on a continual basis. A "set-it-and-forget-it" policy will not work.

Although it is arguable whether examination of operations, staff training, and
mai ntenancebel ong within the planning process, it isclear that theseissuesmust
be a consideration in the selection and funding of projects. One of main

benefits of bringing operations personnel into the planning processisnot only
better decisions but a better transition to project implementation for all

stakeholders. It is important for agencies responsible for planning to
understand the commitment needed to keep I TS systems operating on a daily
basis. Theseissuesare also an important consideration in full project costing.

The importance of operations planning was addressed in Chapter 2.

An effective operations and maintenance program is not always easy. Whilethe
system is expected to operate on a continuous basis, it must do so in a very
demanding physical environment which subjects components to extremes in
weather, temperature, eectrical noise, and disturbances, as well as possible
physical damage from vandalism and accidents. The system's operational
environment is perhaps even more demanding. Daily operation of some system
elements may bein full public view of travelerswho are directly affected by it
aswel| asthe decision makerswho areresponsible for allocating the funding so
necessary to the continued success of ITS.
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Training and
Documentation

Agency management must be made awar e that the investment in ITSis
not smply a one-time expense for design and installation, but rather a
long-term commitment requiring continuous support. The sophistication
and capabilities of a transportation management system usually do not reduce
thesizeof the operationsand maintenance staff. However, certain ITSstrategies
provide asignificant return to agenciesin termsof reduced costs. For example,
electronic toll collection systems greatly reduce the operational expense of
manned toll lanes. It istruly awin-win proposition for both thetraveler and the
operating agency. The same would be true of other ITS strategies that stress
operational efficiency. However, for those ITS market packages that provide
an added service (such as improved traffic information), a commitment to
providing the necessary personnel must be made to ensure quality service. In
some cases, this can be a cost borne by the private sector, which will derive
returns through other sources of revenue. Automation of as many of the
components as practical will minimize staff requirements.

The successful operation and maintenance of an I'TS-based system must be an
integral part of the entireimplementation process from the very beginning. For
example:

C During the dtrategic assessment, the system architectures and
technol ogies must consider the associ ated operations and maintenance
requirements. The system must be in balance with the agency's ability
to provide the required operations and maintenance resources.

C The system must be designed to facilitate proper operations and easy
maintenance. Considerations in this regard include user-interfaces,
specifying environmental ly-hardened, modular componentsthat can be
swapped in the field, locating components such that they are not
vulnerable to damage, providing safe and convenient access to
hardware for maintenance personnel, and including provisions in the
contract documents for spare parts, test equipment, training and
documentation, and testing requirements.

C Thorough inspection during installation, and stringent testing of all
hardware and software before acceptance.

Although training and system documentation is not part of the strategic
assessment itself, it is essential to anticipate the need for training and
documentation in the planning process. Specific projects and funding should
be identified, where necessary, to ensure that proper training takes place.
Successful operation and maintenance of an ITS-based system is dependent
upon personnel having access to adequate documentation. The documentation
must be easy to follow by future employees as well as those who have been
through initial training. Documentation must be provided for every system
component and for every aspect of the system’s operation. Additionally, this
documentation must be in sufficient detail to fully describe the maintenance
requirements, methods of operation, and the expansion/modification
procedures. In essence, the documentation should satisfy the requirements of
all personnel involved with the operation and maintenance of the system,
including:
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“Although training and system documentation is not part of the strategic
assessment itsdlf, it is essential to anticipate the need for training and
documentation in the planning process.”

C Operators who must understand the theory of system operation aswell
as the procedures and various traffic flow and incident conditions.

C Maintenance staff who must understand the theory of operation of all
of theed ectronicsdeviceswithin the system. They must haveinstallation
procedures and parts lists, and they must know whom to contact (e.g.,
original vendor) should problems arise. They must al so have schematic
diagrams, cabling plans, and any other details required to maintain the
system.

C Programmers who must be provided with detailed descriptions of
software operation, including up-to-date sourcelistings of the computer
programs and descriptions of where everything islocated in memory,
so that functional modifications can be made as required.

C Analystswho must beableto modify the system databasetoincorporate
new algorithms and functions, and to expand the system.

C Engineers and managers who will require summary information to be
used for public relations or planning purposes.

Asaminimum, documentation to be provided with an | TS-based system should
include as-built drawings; hardware documentation (e.g., manualsthat describe
the operational and maintenance details for all components and equipment);
software documentation (e.g., flow charts of logic, source listings, license
agreements); and operator's manuals. System brochures and videos may also be
developed for public relations.

Training should be given to maintenance personnel and operators before the
system is accepted. The purpose of thistraining istwo-fold. Most importantly,
it providesthetechnical skillsand proficiency required to operate and maintain
the ITS-based system. The training process also gives agency personnel an
opportunity to be familiar with the overall system objectives, thus encouraging
their acceptance of the system. Trainingismost successful whenit iscontinuous
-- consisting of both formal and informal elements. Formal training consists of
classroom-style seminars and workshops, while informal training is more
"hands-on," consisting of day-to-day interaction between the agency personnel
and the system provider/installer.

Training and documentation go hand-in-hand. For example, the operator’s
manual should be used as the primary text during the training sessions on
systems operation, and equipment manuals and related documentation should
be extensively utilized during the training on system hardware maintenance.
Thisapproach lets personnel become familiar with the documentation, and also
aidsin identifying errorsand deficienciesin the documentation so they can be
corrected prior to final acceptance.
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Operations

Implementingaregional 1TS program constitutes a major action on the part of
the transportation agencies, leading to the active management of the regiona
transportation network. As part of that commitment, it isessential that qualified
staff be dedicated to the various transportation operations center functions and
rel ated management activities. For aroadway-based traffic management system,
these activities may include:

C Monitoring the system to determine the current performance of the
roadway network, and identifying incidents or unusual congestion.

C Verifyingincidentsand determining the cause of congestion through the
use of closed-circuit television.

C Reporting of verified incidentsand unusual congestion, along with their
causes and other pertinent information, to the State Police, maintenance,
and other impacted agencies.

C Operating variable message signs including developing and updating
the message libraries.

C Testing new control strategies.
C Keeping records, and day-to-day care of the control center equipment.
C Planning and coordination for the system response to construction

activities (e.g., analyze traffic data to determine permissible hours of
construction operations, develop special sign messages, review
construction plans to determine impact on system elements such as

detectors).
C Preparing and updating incident response and management plans.
C Responding to inquiries from other agencies and the public.
C Administering contracts affecting system operations(e.g., construction,

maintenance, freeway service patrols).

C Planning and design for the expansion of the system, including
implementation assistance.

C Interfacing with media and other private entities for dissemination of
traveler information.

The local operations center should be viewed as the nucleus of the agency's
commitment to ITS operations, and staffing levels should complement that
overall commitment. The operations staffing requirementsare dependent on the
complexity and functionality of the ITS-based system, as well as the hours of
operation. On alocal agency basis, personnel levels should not be expected to
increase significantly over current levels. Existing personnel will, however, be
responsible for increased areas of activity, e.g., monitoring and evaluating
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Maintenance

additional signal timing plans (by time-of-day). Additional maintenance
personnel may beregquired for mai ntenance/operation of aregional surveillance

system (although this isdependent on the quality of theimplemented detection

systems).

For transit-oriented I TS applications, such asautomatic vehiclel ocation systems
for fixed route service, atypical set of operations activities could include the
following:

C Referencing the AVL display tolocate transit vehicles that have called
in with maintenance or security problems.

C Dispatching maintenance personnd or other field units to managethe
problem.
C Making decisions to hold or release transit vehicles at transfer points,

based on vehicle location.

C Spot-checking on-time performancein real -timeand reviewing records
of on-time performance for input to route and schedul e modifications.

C Enauring that GPS and control center equipment arein proper working
order and that necessary repairs and replacements are made.

C Making recommendationsfor system improvement and/or expansion.

Provisions will have to be made for maintaining the I TS-based system and the

associated technologies and electronic components. The agencies may need to

hireone or more qualified el ectronic technicians (al ong with the associated test

equipment, vehicles, spare parts, etc.); utilize contract maintenance; or some
combination.

Contract maintenance is utilized to some extent in nearly al transportation
management systems. Maintenance of the computer hardware and peripherals
isaprime example, by which the computer vendor provides both preventative
and remedial maintenance, includingparts and labor for a fixed monthly fee.
Leased/privatized communication networks also involve a form of contract
mai ntenance.

Thereis precedent for contract maintenance covering all system elements. The
Chicago Freaway Surveillance and Control System relies heavily on contract
maintenance, and the INFORM system on Long Island, New York utilizes
contract maintenance exclusively. Maintenance contracts can be written such
that the contractor ispaid for each specific work item (e.g., repair/replace VM S
module, repair/replace cameraassembly, perform preventative maintenance per
unit) at an established unit price; or the contractor can be paid on a per month
basis which covers all maintenance activities required to keep the system
operational, regardliess of how many activities are actually performed each
month. Whatever the contract language, agency staff must be dedicated to
manage and oversee these contracts.
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Enteringinto a software maintenance agreement with the system supplier can be
a worthwhile and cost-effective endeavor. Under such an agreement, the
supplier can correct any latent programming "bugs’ (e.g., flaws that do not
reveal themselves for ayear or longer), make system enhancem nts based on
the experience of the operators, and provide system upgrades. This software
mai ntenancecan often be accomplished over a phonelink and dial-up modem.
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6. ITSSTRATEGY EVALUATION AND SYSTEM MONITORING

ITSSTRATEGY
EVALUATION

Overall Framework

Chapter 6 covers three elements that comprise important parts of the overall
planningprocess. | TSstrategy evaluation, system monitoring, and effectiveness
evaluation of implemented strategies. Strategy evaluation can take place in a
variety of areasin the planning process. in theformulation of the transportation
plan, in corridor or subarea studies, in an I TS strategic assessment, or in other
analyses not connected to a particular type of study.

Performance evaluation and travel monitoring areacritical part of the planning
process feedback loop, illustrated previoudy in Exhibit 2-1. System monitoring
provides input into ongoing operationsaswell asfuture planning. Effectiveness
evaluation of implemented ITS projects provides feedback for improved
decison-making in ITS planning and operations as well. TS strategy
evaluation isdiscussed first, followed by atreatment of system monitoring and
effectiveness eval uation.

Analytical toolsthat can adequately examine the benefits of ITS strategies are
dtill in the formativestages. Chapter 6 provides an overview discussion of the

evaluation of ITS strategies using tools that are typically available to the
transportation planning and engineering community. Appendix E supports
Chapter 6 with procedures for evaluating specific ITS strategies. The basic
approach taken in this Handbook is to provide insights into how the most

reasonable estimates of I TS benefits can be derived for specific applications

using existing, available tools and without an inordinate investment in
evaluation. It isrecognized that agency budgets for studies and evaluation are
limited. It isimportant to understand that reasonable estimates of benefit can
often be obtained without a large, costly undertaking. As more sophisticated

tools areintroduced, more refined answers can be obtained. But even if more

sophisticated toolsareavail able, many agencieswill either not havetheexpertise
to usethem, or their usewill not be possible within the time and cost constraints
of the agencies conducting the studies.

In the context of thissection, strategy eval uation invol ves estimating the benefits
of ITS strategies for planning purposes, that is, for the purpose of making
decisions on whether and how toinvest in ITS. In some cases, the investment
in ITS should be considered virtually an inseparable part of the on-going
business of operating the transportation system. Thisis particularly true where
ITS reduces the cost of current operations (e.g. electronic toll collection). In
other cases, however, the choice of an ITS strategy may not be so clear, and
there may be tradeoffs to be considered between ITS and other strategies. Itis
in the context of making these tradeoffs that planning-level strategy evaluation
becomes more important. The evaluation information could be generated in a
variety of contexts, including the development of the transportation plan,
corridor/subarea studies, ITS strategic assessments, etc. Regardless of the
context, the challenges of evaluating I TS strategies are similar.

The typical framework of an evaluation includes the following:
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Overview of ITS
Evaluation Using
Travel Demand
Models

Identification of goals and objectives (typically generated from the
transportation plan, corridor/subarea study, or strategic assessment)

Identification of evaluation criteria (or performance criteria) that can
serve asthe basis for making comparisons of strategies or alternatives.
Chapter 5 discussed possible “core criteria’ for evaluation. These are
criteriathat allow I TS strategies to be evaluated not only against one
another, but against other strategies. Several criteriarelated to I TSthat
normally would be considered core criteria are vehicle miles of travel
(VMT), vehicle hours of travel (VHT), number of accidents, and
quantities of emissions generated. Secondary criteria can also be
identified (examplesin Chapter 5). Criteria can be both quantitative
and qualitative.

Identification of alternatives or strategies to be evaluated. The point
was madein Chapter 5 that I TS Strategies need to be defined to the level

at which benefits and costs can beidentified. Thisincludesnot only the

definition of the strategy itself, but the geographic setting in which the
strategy is being applied (e.g. which bus routes and which miles of

freeway or arterial street).

Evaluation of alternatives using appropriate tools. This produces
estimates of impact related to the evaluation criteria.

Use of the information generated to make strategy tradeoffs and other
planning decisions.

It isimportant to recognize both quantitative and qualitative elementsto ITS
evaluation. Some of the benefits of certain I TS strategies cannot be quantified.
For example, there are benefits to abtaining traveler information in addition to
potential reductionsin trip time (e.g. having enough information to call home
or business associates that you may arrive late, or alowing additional time to
reach theairport). Chapter 5illustrated some of those benefits, asthey relateto
the stakeholder groups. The qualitative benefits should be identified by
stakeholder group, so that the stakeholders better understand how an ITS
project could benefit them. The emphasis of Chapter 6 is on procedures
available to quantify the benefits of ITS, where possible.

There are three generic approaches to quantitative ITS evaluation that are
currently available:  sketch planning analysis, travel demand modeling, and
traffic smulation. These are related to analysis contexts in Exhibit 6-1. An
overview of the three approachesis provided below, followed by information
on the evaluation of specific I TS strategies using each approach.

It isrecognized that travel demand models are not as sophisticated in treating
even the more traditional strategies as many planners would like. Although

approaches are quite unsophisticated at this point, proceduresfor evaluating ITS

withintravel demand model sareincluded to provide agencieswith at |east some

guidance, while recognizing the limitations of thetools. Where aregion hasa
more sophisticated approach, they are encouraged to useiit.
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“ ... procedures for evaluating ITSwithin travel demand models are
included to provide agencies with at least some guidance, while
recognizing the limitations of the tools.”

Exhibit 6-1. Applicable Analysis Toolsfor Evaluating I TS Strategies

Travel Emissons | CO Hot
Demand Traffic Sketch Inventory Spot
Model Simulation | Planning Models Models
Transportation Plan U U U
Plan and TIP Conformity U U
ITS Strategic Assessment U U U
Corridor/Subarea Study U U U U U
| solated location U U U

One of the advantages of using atravel demand model to estimate I TS benefits
isthat it expresses ITS effectiveness in the same terms as for other strategies
evaluated with the model. Typically, these include vehicle miles of travel and
vehicle hours of travel as the primary regional measures. Changes in traffic
volume or in transit ridership on specific facilities also tends to be very
important. There are significant weaknessesin the approaches prescribed, but
they represent the best avail able techniquesfor using traditional travel demand
models as ITS evaluation tools. Redlistic alternatives to traditional travel
demand modeling are likely a number of years away.

Travel demand forecasting models estimate highway volumes and transit
ridership through a four-step process that includes: trip generation, trip
distribution, mode choice, and assignment. In most regional travel demand
models, trip generation is afunction of socio-economic characteristics such as
the number of households, employment, income, household size, and/or auto

ownership. The trip distribution model converts the trips created by the trip
generationmode toamatrix of trips(trip table) to and from specific areas based
on theregion’s travel characteristics. The mode choice model splits the trip
tableinto travel modes based on therelative travel characteristics of each mode.
The assignment procedures load the trip tables to the corresponding network,

resulting in estimated traffic volumes and other travel-related variables.

The majority of models consider travel for the entire day, amost always a
weekday. Some models ssmulate mode choice based on peak and off-peak
conditions and assign trips to peak hour or peak period networks. The model
will bemore useful in ITSplanning if it smulates peak period conditions. The
impacts of ITS strategiesin adaily mode will be more difficult to quantify.

To evaluate I TS strategieswith atravel demand forecasting model, the strategy
must be characterized according to the parameters used in one or more of the
modeling steps. Exhibit 6-2 provides alist of the parameters within a typical
travel demand model that I TS strategies could potentially influence. The order
of magnitude of the likely impact of each changeisalso noted (negligible, low,
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Exhibit 6-2. Ability of
Travel Demand

M odelsto Account
for ITS Influences

Overview of Sketch
Planning Methods

moderate, and high influence). The ratings are made within each category and
between categories. Recommended model evaluation approaches for various

ITS strategies are described in Appendix E.

Model Step and Sample Related ITS Strategies Potential of ITSto
Par ameter I nfluence Par ameter
Trip Generation Low overall
- Triprates Pre-trip travel info. Low
- Auto ownership Ridesharing & transit incentives | Negligible
Trip Distribution Moderate overall
- Travd time Ramp metering, signal systems Low
- Travel Cost Talls, pricing Moderate
Mode Choice Low overall
- Travd time Ramp metering, signal system Low
- Trave cost Fares, talls, pricing Moderate
- Auto ownership Ridesharing & transit incentives | Negligible
Assignment Moderate overall
- Roadway Ramp metering, incident Moderate
capacities management, tolls
- Freeflow speeds Ramp metering, signal systems, Low
info.
- Travel cost Talls, pricing High
- Speed-flow Ramp metering, signal systems High
relationships

Sketch planning refers to ssmplified techniques that can provide reasonable
estimates of the benefit of various strategies. These methods will usually

require only a calculator or spreadsheet, using logical assumptions and
estimates. However, substantial reliance is placed on experienced judgements
by theanalyst. Tothe extent possible, these judgements should be grounded in

actual experience from similar situations and/or in research. Sketch planning
methods have the advantage that they are normally relatively quick and
inexpensive. With some ITS strategies, sketch planning may be asreliable as
more sophisticated methods, given that travel demand models and ssimulation

model s have not been designed to address many of the ITSimprovements. The

additional cost of reflecting an ITS strategy in a Ssmulation technique may not
bewarranted. It should beunderstood, however, that sketch planning estimates

will normally provide only rough approximations. Analysts should be careful

not to over-represent the accuracy of the information.

“ With some ITS strategies, sketch planning may be as reliable as more
sophisticated methods, given that travel demand models and simulation
model's have not been designed to address most of the I TSimprovements.”

Some sketch planning approaches involve the concept of “ market
segmentation.” This means breaking down the components of the market one
istrying to address (e.g. certain segments of the trip-making market, such as
commuter trips, truck trips, or trips affected by certain types of incidents),
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Overview of Traffic
Simulation

Choosing the
Analytical Approach

analyzingthose individual market segments, and reassembling the segmentsto
assess the total effect on the system. It may involve analyzing a “typical”

corridor and extrapolating those results to other corridors to estimate the total
regional effect. Specific proceduresfor market ssgmentation approachesto the

evaluation of certain types of ITS strategies are provided in Appendix E.

Traffic smulation may provide a more sophisticated approach to some ITS
evaluations. However, there are significant limitations. Most ITS strategies
cannot bedirectly simulated with existing tool s, but must beindirectly simulated
through the adjustment of volume inputs and other parameters. Simulation
provides a significant advantage over highway capacity analysis, as it tracks
congestion from section to section and provides outputs in terms of speed and
delay, the primary waysin which ITS affects travel.

“ Simulation ... tracks congestion from section to section and provides
outputs in terms of speed and delay, the primary ways in which ITS
affectstravel.”

An important step in the smulation process is modd validation, in which the
existing condition is ssimulated and compared against known data. Itissimilar
to the validation process undertaken for travel demand models. For freeway
simulation, a primary validation criterion involves matching the known speed
profile with the smulated speed profile. Simulation models can be highly
sensitive to relatively small changes in volume, and it is important that the
validated model reasonably reflect current speed profiles.

Short-term evaluations using simulation (e.g. 5 yearsinto the future) can often
be conducted using trend line traffic forecasts, unless a major transportation
project could occur in the intervening years. Longer horizon years should
consider factoring in results from forecasts using travel demand models.
Normally, traffic volumes cannot be used directly from travel demand models;
rather the travel demand mode outputs need to be refined to account for the
under prediction or over prediction of traffic. Thisis particularly important
when forecasts are being input to ssimulation models because of the sensitivity
of the simulation model results to traffic volume inputs.

A variety of factors need to be considered in selecting the analytical approach
toITS. Exhibit 6-3illustrates some of thesefactors. 1n some cases, theanalysis
could also be two-tiered: sketch planning might be used as a screening tool,
with more in-depth analysis for selected strategies depending on the outcome.
Sketch planning analysismay al so berequired to generateinputsfor someof the
more sophisticated tools.

Some of the basic rulesin conducting I TS-related analyses include:

1 Have key assumptions reviewed by multiple staff, not just a single
individual.

Sengitivity analysis may bewarranted for conditions wherethevalidity
of key assumptionsishighly uncertain. Sensitivity analysis shows how
the outcome will change depending on changes in those assumptions.
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Exhibit 6-3.
Analytical
Approaches Favored
Based on

Selected Factors and
Circumstances

Ensure that staff have proper training in the use of travel demand
models and simulation models, where used. Changes in model
parameters can sometimes have unexpected effects that may not be
readily apparent. The basic structure of the models must be understood

to avoid problems.

Factor or circumstance

Analytical approach favored

Relatively littletime

Sketch planning

Relatively little budget

Sketch planning

Need to compare I TS results on
consistent basiswith other strategies

Travel demand modeling or
simulation

Need to estimate regional impacts of
alternatives

Travel demand modeling or
sketch planning

Higher leve of scrutiny may be given
totheanalysis, or analytical expectations
are higher

Simulation

Detailed peak hour or peak period analysis
isessentia

Simulation

There are many interconnected problems;
need to view thelr inter-relationships

Simulation

Data are available from similar situations for
comparison to the corridor being analyzed
(however, caution should be exercised not to
assume similarity just because data are
available)

Sketch planning

Model does not exist totreat ITS strategy or
data are not available to support model

Sketch planning

Maintain good records of assumptions used for each scenario analyzed.
Variations may need to be tested later, or assumptions may be
guestioned. Good records will support the credibility of the process.

The specifications for an alternative or strategy tested should be
included in the computer-generated output, whether it be spreadshest,
simulation, or travel demand modd!.

Expose the underlying assumptions so that decisions can be based on
full knowledge.

Ensure that the study area incorporates the full effects of the strategy
being analyzed. Upstream and downstream congestion that may be
influenced by a strategy should be included as part of the study area.

Note any potential secondary effects that may not have been included
in the analysis (e.g. diversions that were not accounted for, etc.).
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Approachesto
Evaluation of Specific
I TS Strategies

I TS-Related Air
Quality Analysis

1 Make the results understandable to the intended audience. In many
cases, the audience will be non-technical.

Specific approachesto thetransportation eval uation of individual I TSstrategies
are discussed in Appendix E. The strategies are generally organized by ITS
market package. However, it isnecessary to go below the market package level
to have adequate definition of the evaluation approach, in some cases. Not all
ITS market packages are provided with a methodology. However, the analyst
will either be able to adapt the material in Appendix E to the evaluation of other
strategiesor will beableto deviseasimilar methodol ogy based on theprinciples
described. (Author's note: many of the approachesin Appendix E are newly
devised for this Handbook. The procedures will be tested and refined in the
next project phase, with the provision of examples. Observations on these
procedures should be directed to the FHWA contact manager listed in Chapter
1)

The discussion on simulation is based on three freeway models (FREFLO,
FREQ, and FRESIM) and two surface street network models (TRANSYT-7F
and NETSIM). Theserepresent the most available and used smulation model's
for most applications in the U.S. However, they are not the only simulation
models available. The simulation approaches describe how to use the
appropriate models in the analysis of the ITS strategies. Approaches to
estimating vehicle emissions impacts are described bel ow.

In areasthat are nonattainment for atranspiration related air pollutant, the 1990
CAA requires that transportation plans, programs, and projects that require
Federal approvals, or use Federal funds, meet the transportation conformity
requirementsfor ozone, carbon monoxide, and particulate (PM-10). On July 16,
1997, new air quality standards were announced. The old and new standards,
which will be phased in through 2005, are shown in Exhibit 6-4.

Exhibit 6-4. National Ambient Air Quality Standards for Mobile Source Pollutant Concentrations

Pollutant (Mobile source related) Old Standard New Standard
Carbon monoxide (CO) 9.0 ppm (8 hours) 9.0 ppm (8 hours)
35 ppm (1 hour) 35 ppm (1 hour)

Nitrogen dioxide (NO,)

0.053 ppm (annual average)

0.053 ppm (annual average)

Ozone (O5)

0.12 ppm (1 hour standard)

0.08 ppm (8 hour standard)

Course Particulate (PM-10)

50 pg/m?® (annual average)
150 pg/m? (daily average)

50 pg/m?® (annual average)
150 pg/m? (daily average)

Fine Particulate (PM-2.5)

None

15 pg/m? (annual average)
65 pg/m? (daily average)
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The transportation conformity rule requires that regional emissions analysis
include emissions resulting from:

1. The entire existing transportation network in the nonattainment or
maintenance area (all regionally significant and non-regionally
significant projects);

2. Allregionally significant federal (FHWA/FTA funded) and non-federal
projects expected in the nonattainment area (must cover the 20-year
planning horizon), including traffic signal synchronizationprojects in
the transportation plan and TIP; and

3. All other regionally significant non-federally funded projectswhich are
disclosed to the MPO through interagency consultation.

In addition, the regional emissions analysis must estimate the total projected
emissionsin certain future years(including the attainment year) and may include
the effects of any emission control programs which are already adopted by the

enforcing jurisdiction (e.g., vehicle inspection and maintenance programs,

reformulated gasoline and diesel fuel). Exempt projects which have no

emissions impact and are considered to be neutral are exempted from

conformity requirements. These exempt projects, as defined in EPA’s
Transportation Conformity Rule (40 CFR 93.126, August 15, 1997), mostly fall
inthesafety, transit, and air quality improvement categories. Somel TSprojects
such asrailroad/highway crossing warning devices, and construction of transit

information kiosk are among the list of exempt projects.

Pr oj ect-L evel Carbon Monoxide Hotspot Analysis: Project level emissions
analysis (hot spot analysis) applies to CO and PM-10 concentrations and is
based on quantitative analysisusing applicable air quality (dispersion) models.
For conformity purposes, EPA has selected CAL3QHC astherecommended CO
intersection model. PM-10 hotspot analysis will not be required until EPA
releases modeling guidance. A corridor level evaluation isthe appropriatelevel
in which to examine project-level conformity for carbon monoxide.
Quantitative hotspot analysisis required for these projects:

1 Projects that areidentified in the applicable SIP as sites of violation or
possible violation.

Any project affecting one or more of thetop three intersectionswith the
highest traffic volumes, or worst level of service (LOS) in a
nonattainment or maintenance area.

1 Projects affecting intersectionsthat areat LOS D, E, or F.

The examination includes the evaluation of CO "hot spots' to determine
whether the project will increase the number or severity of violations. For any
project to conform, the project must not cause new violations of NAAQS or

worsen existing violations. The evaluation of ITS in this respect would
incorporate the following steps:
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I dentification of sensitive receptor sitesthat could incur aCO violation
or incur existing CO violations. Sensitive receptors normally refer to
areasthat would be occupied on an extended basis, such as back yards
of homes, playgrounds, parks, or building structures.

Callection of datato support thedispersion model analysis. Thiswould
include items such as traffic volume, idling time in queue, etc. (see
manuals for dispersion models).

Perform traffic and emissions analysis.

Run the dispersion model with and without the changein ITS strategy,
using emissions factors consistent with the year of opening. Analysis
of future years will also normally be required.

Identify whether additional violations will occur. If so, mitigation
measures will need to be identified for non-exempt projects (see
discussion in Chapter 2). It should also be noted that viol ations could
be displaced by the removal of other violations.

Those analyzing CO hot spots should refer to procedural documents associated

with the dispersion models. It should be noted that there are acknowledged

weaknesses in the emission factors used for these models with respect to how

ITS strategies affect emissions. Additional research on improvements to the
methods of estimating emissions is ongoing.

Emissions Inventory Analysis. Emissions inventory analysis refers to the
estimation of the total amount of emissions (in this case, by mobile sources)
within a corridor, subarea or region. The results are normally expressed in
grams, pounds, or tons of emissions. Concentrations of pollutants can be
estimated through emissions disperson models such as CAL3QHC or
CALINE4. Concentrations arenormally expressed in parts per million (ppm).

The calculations of emissions and fuel consumption are included in the
simulation models, such as FREQ and FRESIM. The evaluation of ITS
strategies requires the consideration of "modal emissions.” Modal emissions
refers to emissions produced at various points in the speed change cycle:
acceleration, deceleration, idling, and aconstant travel speed. Emissionsmodels
such as MOBILESA use average speeds from a set of federally established
driving cycles. Use of these averages does not adequately reflect the nature of
the changes brought about by ITS. The use of modal emissions factors within
simulation model swill typically produce better estimates of changein emissions
and fuel consumption. For analyses conducted using travel demand models, the
MOBILESA factors (or the latest version of EMFAC in California) will need to
be used, recognizing their limitations.

Recent research hasindicated the dramatic differencesin emissionsrates at high
acceleration rates versus low acceleration rates. This suggests even greater
benefits from ITS strategies that may deal with reduction in congestion (in
which accelerationsand decel erations arefrequent) and reductionsin stops. For

some strategies (e.g. such asramp metering), theair quality benefit will depend
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ITSIN SYSTEM
MONITORING

on the magnitude of stopping added at ramps versus the stop-and-go
movements on the freeway mainline. Research to support improved analysis
isunderway, but not yet available at the level needed for evaluation of most ITS
strategies.

ITS has the potential to revolutionize the availability of data for
transportation planning. Specific opportunities are availablein thefollowing
areas.

1 Reducing thereliance on manual or temporary traffic volume counting,
thereby either reducing labor costs or allowing more extensive
collection of data.

Providing additional capabilities to monitor travel time and speed
which, up to this point, have been very expensive to collect.

Providing for additional collection of transit data to improve
operational efficiency.

Callectingincident data, which also has been very difficult to collect in
the past

These topic areas are discussed in more detail in the following sections.

Volume from a Freeway Sur veillance System: Freeway surveillancesystems
can be used to collect traffic volume data. Whilethese capabilitiesreadily exist,
thereare anumber of factorsthat complicate the collection of thisinformation:

1 An agency could quickly be overwhelmed by the amount of
information available. Only a reatively small proportion of all
available surveillance data would be needed for planning purposes.

Days and time periods of data collected from the surveillance system
need to be screened to eliminate days that will skew the results.
Typically, planning requires the use of "normal” days to build the
planning database. A variety of influences may make the data unusable
or not useful: occurrence of significant incidents, seasonal influences,
weather, construction, etc. A process to identify incident-tainted data
isdescribed later in this chapter under "effectivenessevaluation.” This
is as critical for constructing a sound basis for planning as it is for
effectiveness eval uation.

Traffic surveillance, control, and information systems use "smoothed"
data to provide stability in making traffic control decisions. For
example, a common smoothing technique is to use a moving average,
in which the most recent time period is averaged into the prior moving
average based on an assigned weight. Those requesting data for
planning purposes need to be clear in discussions with traffic control
center personnel that the "unsmoothed" version of the datais desired.
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In addition, it should be clear that full detector stations be represented.
Normally, surveillance systems have algorithms to account for failed
detectors (e.g. in any single lane) when generating a full directional
value. The procedures for this should be checked. Likewise, the
treatment of missing detector stations (i.e., no datain any lane) should
alsobeexamined. In somecircumstancesof detector failure, thesystem
may be unable to create a pure data set according to the identified
specifications for planning. Some systemswill pick up historical data,
which may be derived in away that is not suitable for planning.

“Itiscritical that ITS designers work with the planning community to
design capabilities that will serve multiple functions, including
planning.”

It is possible that new software may need to be created to accommodate the
necessary features for selecting useable planning data. It is critical that ITS
designers work with the planning community to design capabilities that will
serve multiple functions, including planning. This only increases the overall
value of the system, and can save an agency many hours of labor.

Design criteriafor a surveillance system to serve planning purposes include:

C Capahility to create and store raw data sets (not just smoothed data)
C Capability to count ramp volumes as well as the mainline
C Algorithms acceptablefor planning purposes to estimate volumes for

partially failed or failed detector stations
C Flags identifying data that were estimated due to failed detector

C Capability to document locations and time periods affected by
significant incidents, construction activity, weather problems, and other
influences. The capahility can be either manual or computerized.

C Storage of data in 15-minute increments

Volume from a Network Traffic Surveillance System: Many of the same
precautions and criteria discussed for freeway systems also apply to network
traffic surveillance systems. Depending on the detector layout and recording
capabilities, it may be possibleto capture vehicle turning movementsaswell as
link volumes. Again, coordination with planning staff is critical.

Traffic Speed and Travel Time Monitoring - The Importance to Planning:
Speed and travel time are being given more serious consideration by the
planning community inthe monitoring of traffic conditions. There are several
reasons for this, including:
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The traveling public most directly relates to time-based measures.
Other measures, such as traffic volume or density, are not as
meaningful.

Speed and travel time are direct measures of the quality of traffic flow.
A volume/capacity ratio or volume-based level of service are indirect
measures, asthey requirethe calculation of traffic capacity. Estimating
capacity isan inexact science, and is particularly difficult on signalized
arterial segments. A high estimate of capacity under-represents
congestion, whileal ow estimateof capacity over-representscongestion.
Speed and travel time require no intermediate cal culations.

One of the difficulties of working with speed and travel timeisthe cost of data
collection. Most transportation agencies collect travel time on aspot bas's, if at
all. Few engage in a regular program of travel time data collection. ITS
provides an opportunity to collect more comprehensive travel time data at
substantially reduced cost over methods involving moving car runs with paid
drivers. However, anumber of precautionsshould betaken, and good planning
is required to allow ITS to effectively provide this data. Some potential
applications are discussed bel ow.

Speed and Travel Time from a Freeway Surveillance System: Freeway
detector stationsaretypically spaced at half-mileintervals. Asindicated earlier,
most surveillance systems use one detector per lane for most detector stations,
with occasional speed traps (two closely-spaced detectors in a single lane).
Alternativedetector technology, such asvideo image detection systems(VIDS),
provide speed data as well as vehicle classification at every detector station.

“ ITS provides an opportunity to collect more comprehensivetravel time
data at substantially reduced cost...”

These and other detector technol ogies represent point detection systems. This
means that estimates of speed along the length of a freeway need to be derived
from these point sources. In most cases, thiswould be done by assuming that
the speed represented by the detector station applies half the distance to the next
downstream station and half thedistanceto thenext upstream station. Although
the representation of link speed is not perfect, experience has shown that a
properly calibrated system, with enough averaged data produces reasonably
good agreement with field data. However, the averages can be biased
depending on the location of detector stations with respect to congestion and
gueues. In any evaluation of a freeway management system, it would be
important not to usetwo different techniquesfor comparison. Compare manual
speeds before with manual speeds after, and compare detector speeds before
with detector speeds after. Comparing manual speeds before with detector
speeds after islikely to lead to erroneous results.

Travel Timefrom a Network Surveillance System: Efforts have been made
to estimate link travel time from a network or arterial surveillance system. A
signal system uses both intersection approach detectors and "system” detectors
for surveillance. System detectors are normally placed at mid-block, but not
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usually every link. Speed data from these detectors would be of little value,
even if the detector stations were designed to collect it, as the vast majority of
delay occurs at traffic signals. Attempts have been made to estimate delay at
signals on the basis of input/output volume counts from the mid-block and
approach detectors, coordinated with signal timing data. Although estimates
may be improving, they are still believed to be inadequate for estimating link
travel time for planning purposes.

Travel Time from Alternative Surveillance Technologies: An emerging
alternative to detector-based travel times is automatic vehicle identification
systems. AVI systemsare being installed in some networks for monitoring bus
movements or other government-related fleets. The AVI readers used for the
buses could also be used for other vehicles equipped with appropriate
transponders or other communications devices. Experimentation is aso
underway with other vehicle probe systems, including vehicles equipped with
global positioning systems (GPS) and vehicle location systems using cellular
telephone signal's as the location mechanism.

Vehicle Classification: ITS surveillance systems are able to provide vehicle
classification data at stationswith detector pairs. These pairscan bein theform
of virtually any type of detection, but are normally inductive loops. VIDS
provides more flexibility in locating detector pairs to capture vehicle
classification across al lanes of traffic.

Transit Monitoring Data: Thereareanumber of I TS technologiesthat could
help to automate the collection of transit data, to benefit ongoing operationsand
planning. Some of these technologies include automatic vehicle location
systems that provide logs of bus trips, schedule adherence, average speed, etc.
This could replace more costly and less frequent manual methods traditionally
used. Automated farebox systems and passenger counting equipment can
provide improvementsin revenue and passenger monitoring. Aswith thetraffic
data, a key to useful transit data monitoring isin the translation of data into
meaningful information. Those responsible for planning need to be invol ved
in the design concepts for such systems. In some cases, the packages may be
off-the-shelf, in which case a careful selection of the system to be purchased is
in order.

One of the reasons that estimating the benefits of ITS strategies has been so
difficult isthat thereislimited information on the effectiveness of implemented

ITS strategies. Estimating the effectiveness of implemented strategiesis not a
trivial task. Therearenumerousfactorsthat complicatethe process of obtaining

a"pure' evaluation.

“ One of the reasons that estimating the benefits of ITS strategies has
been so difficult isthat thereislimited information on the effectiveness

of implemented ITS strategies.”

It is not expected that all implemented ITS strategies should be evaluated.
However, in certain cases evaluation will be easier to achieve, and will have
benefits not only for the greater ITS professonal community, but for the
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refinement and improvement of operation of thelocal ITS program. In many
cases, the need for data for operational decisions and the need for data for
program evaluation are very similar. To the extent that these activities can be
accomplished together, the use of funds will be optimized.

There are three potential values to conducting effectiveness evaluations of
implemented I TS strategies:

1 Theresults can be used in making better decisions on the selection and
prioritization of ITS strategies yet to be implemented.

The data can be used to improve the accuracy and responsiveness of
model s and anal yti cal techniquesthat are used to conduct transportation
planning and air quality analysis.

1 The results can be used to refine and improve current operations.

The last reason is one of the most often overlooked reasons to conduct
effectiveness evaluations. In many cases, theimplemented I TS strategies may
not be optimized or may haveroom toimprove. Feedback of datato operations
personnel can yield additional benefits from the implemented strategies.

“ In many cases, the need for data for operational decisions and the need
for data for program evaluation are very similar.”

Lower-cost evaluations are typically more possible where there is extensive
surveillance that has been implemented as part of the project. Unfortunately, a
before/after framework cannot always be achieved using the ITS surveillance
system, as the system will have been "turned on" prior to the collection of the
“before’ data. In somecases, however, thesurvelllanceinformation isavailable
before any control and information activitiesareinitiated. In thiscase, datacan
be collected during an appropriate before period without any of the effects on
traveler behavior. This approach was adopted on the INFORM evaluation.
INFORM is a freeway surveillance, ramp metering, and information system
along 35 miles of the Long Idand Expressway. The surveillance data was
instrumental in assessing changes in travel time, volume, laneoccupancy, and
response to incidents. However, to use surveillance data to reduce the cost of
evaluation requires integrating the effectiveness evaluation needs into the
planning process, and phasing the construction of the system appropriately.
These are issues that are rarely thought about at the design stage, but have
important implications for system optimization and system expansion.

Theremainder of thischapter providesan overview of approachesto eval uating
the effectiveness of implemented ITS strategies. A representative sample of
strategies is used to illustrate various approaches and issues. The approaches
herearenot as sophisticated or comprehensiveasthose being conducted for ITS
operational tests but rather emphasize evaluation activities that can be
undertaken at relatively low cost by states, MPOs, and local agencies. Two
items are specified:
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! Candidate measures of effectiveness.
1 Approaches to data collection and analysis, including complicating
factors to be aware of in designing the effectiveness evaluation.

In addition, implications are identified in the design of ITS projects and
programs to allow for easier and ongoing effectiveness evaluation. Only a
sample set of ITS strategies are covered. Approaches may be devised for other
strategies based on principles and procedures similar to those provided here.

Evaluation of Ramp Measures of effectiveness:
Metering

Average Speed on the Freeway

Average Speed on Arterial Streets

Delay at Ramp Meters

Average Queue Length at Metered Ramps
Number and Severity of Accidents
Number and Severity of Other Incidents
Public Reaction

General Approach:

The basic approach to evaluating a ramp metering application is to compare
speeds on the freeway and parallel arterials before and after the ramp metering
implementation. Complicating factorsto this type of evaluation include:

1 There are a variety of ramp metering operational strategies, ranging
from very restrictiveto fairly unrestrictive. The speeds on the freeway
can be dramatically different depending on the restrictiveness of the
ramp metering policy. Therefore, the ramp meterining operation needs
to be stable during the evaluation period and must be carefully
documented as part of the evaluation.

Traffic incidents and weather can affect the evaluation periods
disproportionately. For example, the after period could incur a
substantial humber of incidents, whereas the before period could
encounter relatively few. Therefore, the effectiveness needs to be
gauged using "non-incident” data. A definition of an incident needsto
be provided so that it is clear which data should be screened out and
which data should be accepted. 1n most urban areas, it isdifficult to get
a completely incident-free time period, as minor incidents typically
occur on adaily basis. A suggested definition of an incident significant
enough to diminate datawould be: "any incident that occurs blocking
at least one lane for at least 15 minutes.” It is important to note that
these incidents may occur not only within the confines of the study
section, but also immediately downstream or upstream of the study
section. For example, if amajor incident should occur upstream of the
study section, traffic will be metered into the study section and traffic
flow will likely be significantly better than normal. Thus, incident
effects should be examined outside the study section aswell. Careful
logs should be taken at the control center for documenting incident
conditions.
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Traffic volume may be different in the before and after periods.

Therefore, an examination should be made of traffic volume levelsin
all periods being compared so as not to be substantially influenced by
changesin traffic demand within the corridor. This means, normally,
that datashould be collected during "typical" seasons, not apeak season
nor alow period.

Regarding sample size, atypical value of 10 "non-incident” daysin each period
isdesirable. Another important point isthat detectors should be calibrated for
both traffic volume and speed. The most sensitive part of this processinvolves
thecalibration of speed, as many systems use single detectorsfor most detector
stations, with less frequent deployment of detector pairs or speed traps. A
singledetector can be used to estimate speed based on volume, occupancy, and
averagevehiclelength. 1n somesystems, averagevehiclelengthiscal culated for
the nearest speed trap and applied to Single detector stations. Other studies have
found reasonably good correlation between actual travel time and travel time
from surveillance systems. However, caution must be exercised to ensure that
all data are being collected accurately. Thisisan important issue not just for
effectiveness evaluation, but for ongoing operations.

ITS strategies that provide traveller information represent one of the more
difficult setsof strategiesto evaluate. Thisisbecausetheinformation provided
can impact traveler behavior in a number of different ways:

Travelers can change their route;

Travelers can change the time during which they trave; and

Some travelers could even change their mode of travel. For example,
amajor incident could persuade some travelers to take a train or car
pool on an HOV lane when, under normal conditions, they would not.

Most evaluations of travel er information systems have worked with the concept
of origin to destination trip-making patterns. Thisapproach isimportant, since
traveers may choose to change their normal route in response to the
information received.

There are numerous complicating factors in evaluating the effect of traveler
information:

1 The amount and quality of information through existing sour ces
can vary. For example, radio stations currently providetraffic reports
which are heard by a wide cross-section of the public. Part of the
improvement in traveler information that may beintroduced by the ITS
strategyisto providetheradio station with areal-timesurveillance map,
which they can use in improving their information delivery. In this
case, the evaluation of effectiveness would be testing the extent to
which trip timeimproved based on the additional information given to
theradio station, as enhanced through variable message signs, highway
advisory radio, etc.

Other factors, such as changes in traffic volume, new
transportation facilities, construction, etc., influence trip time at
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least as dramatically as an ITS information system, or more so.
Providing evaluation periodsthat are devoid of these effectsisdifficult.

Drivers may make inappropriate choices based on the information
provided.

The delivery of messages may be inconsistent. A traveler
information system develops a "personality” based on factors such as
the strength of messages and content of the messages. Motorists come
to depend on consistency in the way that messages are provided so that
they can make the appropriate judgements. Failureto provideastable,
consistent operation will result in ineffective use of the information by
motorists.

M easures of Effectiveness;

Origin to destination trip time

Amount and source of information received
Freguency of route diversion

Freguency of trip time changes

General Approach:

In most cases, a full before/after evaluation of the impacts of traveler
information will be difficult. However, along-term monitoring of the system
could beundertaken by identifying volunteer driverswhowould track their time
from home to work and document the type and use of information. This
approach could be used to evaluate a number of different ITS and non-ITS
dtrategies.  Often, depending on the location of government agencies,
transportation department volunteers could be used to gather this type of
information. Additional information about individual trips can be collected in
a survey or log format to examine the potential benefit of the information
received. Exhibit 6-5illustrates aformat that could be used. It would document
theresults of their trip on adaily basis.

The evaluation of incident management programs can also be a difficult
undertaking, primarily due to the difficulty of estimating incident duration.
Close coordination with police and other emergency response agencies will
improve the ability to generate meaningful incident duration data.

Measures of Effectiveness;

Incident detection/verification time by incident type/severity
Incident response time by incident type/severity

Incident clearance time by incident type/severity

Time periods and locations of incident occurrences

Exhibit 6-5. Sample Commute Trip Survey L og
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Name: Date of trip:
Origin location: ___ Home Office
Destination location Home Office

Time that you left your origin (nearest minute)
Time that you left your destination (nearest minute)

Did you pull off the roadway to make any intermediate stops? (Y es/No)
Were you aware of any significant traffic incidents on thistrip? (Yes/No) __

If yes, how did you hear about this incident?
___ Heard about it after | finished thetrip
_____ Heardit ontheradio during thetrip
__ Sawitonavariable message sign
_____ Heard it on highway advisory radio
____ Heard it through another source:

Did you change your normal route on thistrip? (Y es/No)

If yes, did you change it because of the information you received (rather than just your
observation of traffic conditions)? (Yes/No) _

General Approach:

Elements of an incident management program evaluation can be addressed
through the methodology prescribed under the traveler information section.

Ideally, one would like to be able to use travel time as a primary measure of

evaluating an incident management program, as this is one of its primary
objectives (i.e., reducing travel time and delay). If incidents were of the same
type and severity and occurred in the samelocations, it might be possibleto use
travel timedirectly as a measure of effectiveness. Unfortunately, thisisnot the
case. Incidents vary widely in type, severity, time period, and location, and

thereislittle chance that a comparable set of incidents would occur in abefore
and after period, nor would it be advisable to "stage" a set of incidents for

evaluation purposes, although transportation engineers may have sometimes
been accused of that by the public. Therefore, the core of the evaluation must

rest on examining the effect of the incident management program on incident
duration.

Some situations are more amenable for documenting incident duration than
others. For example, a system with CCTV can be operated with a log of
incident occurrences and response times. However, staff must be well trained
and diligent in this process for the data to be useful. Exhibit 6-6 illustrates an
incident log that could be used to document data from the CCTV system. If
operators are not too over-burdened with other activities, logging this
information is useful not only for effectiveness evaluation but for ongoing
operation. It can also be used as a documentation of activities that may assist
in justifying ongoing operational expense. Thisdocumentation process should
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be built into a database, allowing easier operator entry, and amore disciplined,
paper-free, environment.

If the incident management program has had an effect, there should be a
noticeabl ereduction inincident duration over time. Oncetheincident durations
have been documented, a process can be used similar to that described in the
estimation of ITS benefits (Appendix E) to analyze the potential effect of the
improvement on traffic delay (i.e., through a simulation or sketch planning
process).

Arterial and network traffic signal systems clearly have been the most evaluated
ITS strategy and perhaps one of the most evaluated strategies of any kind.
Many signal timing improvements have required before and after studies of
travel time to demonstrate that the change had a beneficial effect. The results
of these evaluations have been well documented. The evaluation of specialized
ITS applications within traffic control systems can be more complicated. One
of thereasonsfor thisisthat, if reasonably good timing plans already exist, the
computerization and more sophisticated optimization of timing may represent
more marginal improvements than if the baseline was represented by only
moderately good or poor signal timing plans. Much of the benefit of more
sophisticated traffic control systemsliesin the new management abilities they
provide: failure reporting and correction, maintenance, and capability to
respond to special events and incidents. Therefore, documentation of the
applicationsof the system under these conditions can bean important part of the
evaluation. For measuring the effect on traffic performance, the use of moving
car travel timerunsis still an effective approach.

Exhibit 6-6. Sample Freeway Incident Log (Manual or Automated)

Observer: Date:
Sources of observation: __cctv ___Scanner ___ Phone Detectors
Incident location: Roadway Direction
Between and
Milepost or Distance from upstream interchange
Incident type: Accident Out of gas Mechanical
HAZMAT spill Other spill Flat tire
Construction Debriganimal Car fire
If accident, severity: No injury Injury only Fatality

Maximum no. lanes blocked:

Times of occurrence:
(military time)

Incident occurred:
Authorities notified
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(NAS = not at scene)

Comments:

Police arrived:
Medical arrived:
Fire arrived:
First tow arrived:
Last tow arrived:

Other:

Incident cleared to shoulders:

Incident cleared off freeway:

Measures of Effectiveness;

Speed on asample of arterial streets

Traffic volume (as a control variable)

Number of stops

Average vehicle delay at signals

Number and severity of accidents

Number of special events, construction/maintenance, incident
applications of the system

General Approach:

Thegenera approach to evaluating traffic control systemsis consistent with the
methods traditionally used, that is, the use of moving carsto assess changesin
average speed, vehicledelay at signals, number of stops, etc. Whilethe general
approach is the same, the instrumentation available for conducting the data
collection is becoming more sophisticated. Automated systemsarewidely used
to record time and distance on a personal computer and to analyze that
information in an automated fashion. Potential new ways of measuring travel
time within a network environment include:

Use of vehicle probes equipped with aglobal positioning system (GPS)
connected to arecording device. GPSisrapidly increasing in its use
across a wide range of disciplines. Data can also be tabulated to
calculate vehicle delay and stops at intersections. Either a staff driver
or other paid driver can be assigned to collect this information (no
observer isneeded), or avolunteer drivers might be used if they travel
the network regularly during the desired time periods.

Automatic vehicle identification systems that may be operable within
the network. In some cases, transit systems are employing AVI/AVL
systems to track, monitor, and dispatch their vehicles more efficiently.
While transit vehicles may be appropriate for the evaluation of
specialized applications such as bus preemption, automatic fare
collection, etc., regular automohbileswill normally be needed to provide
appropriate data for estimating the effectiveness of the traffic control
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system itsalf. Itisimportant, however, that sample sizes be adequate (a
rule of thumb of six travel times runs within the same general time
period). Itisimportant that the sasmples be concentrated within afairly
limited period of time (normally no more than 30 minutes) so that
variations in traffic volume do not significantly affect the results.
Traffic volume data should be collected at the same time as the travel
time data so that days with unusually high or low volumes can be
thrown out.

Electronictoll collection is one of the easier ITS strategies to evaluate. The
number of vehiclesthrough an electronictoll lane can bereadily monitored, and
the benefits to reduction in overall delay can be calculated. Operational
information isalso important, such asviolations (i.e., vehicles passing through
without an automatic tag), number of erroneous|D's, etc. Because the systems
have been designed to be highly accurate, thelikelihood of missed vehiclesand
wrong ID's is relatively low. These will have been worked out during the
system shakedown phase.

Measures of Effectiveness;

1 Traffic flow rate through eectronic lanes

1 If mixed lane, number of regular and tagged vehicles through those
lanes

1 Operational problems with system/downtime

General Approach:

Most AVI toll operations are set up to capture the above information. The
systems are becoming routine and virtually self-evaluating. However, for ITS
planning purposes, an estimate of the benefits of eectronic toll collection
systems needs to be conducted. This process can be undertaken as follows:

1 I dentify the number of tagged vehicles using the system

1 Egtimate the additional delay that would have occurred had those
vehicles not been tagged vehicles

Estimate any labor savings that may have been incurred due to the
automatic operation (an agency benefit)

The principal expected benefit from automatic fare payment on transit systems
isthe reduction of dwell times at bus stops. This, in turn, could trandlate to
travel time savings, making busridership dightly more attractive, and allowing
more efficient use of the busfleet. The approach to effectivenessevaluation is
described below:

Measures of effectiveness:
1 Number of passengers with automated fare payment

1 Average amount of time for an automated payment versus a normal
payment (including bus passes)
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1 Reduction in average dwell time per boarding passenger for buseswith
automated fare payment
1 Gainsin operational efficiency (accounting, reduced theft, etc.)

General Approach:

The tracking of data on automated fare paymentsisrelatively straightforward.
The recording devices on the bus will provide that information as part of its
ongoing operation. The more complicated e ement hasto do with tracking bus
dwell time. This can be readily done with an on-board observer with a
stopwatch or arecording devicethat provides the time between fare payments.
It is expected that, before a significant impact can be realized on dwell time, a
substantial proportion of bus riders will need to be on the automated fare
payment system. Therefore, it issuggested that evaluations wait until perhaps
at least one-third of patrons are using these systems. If most of the patrons are
changing from monthly passes to the automated fare payment system, little
changein dwell time may be realized. However, other benefits may accrue,
such as reduction in cash handling requirements, reduced theft, and reduced
losses due to forgery of bus passes. This type of information can also be
tracked.

If significant reductions arerealized in dwell times, the benefitsto travel time,
fleet efficiency, etc. can be estimated from this base data. In addition, modest
effects may be estimated for improved traffic flow along bus routes. Even if
thereare benefitsto traffic flow, it ishighly unlikely that these could be detected
through trafficdatacollectioninthefield. Therefore, itisrecommended that the
potential benefits be estimated indirectly by examining changes in dwell time
and travel time of buses on a given route.

The most visible part of a typical transit management system would be
automated vehicle location with a possibility of providing information on bus
location and schedule adherenceto transit users. The approach to effectiveness
evaluation would depend on which specific elementsareincluded. Comments
on each individual transit management system strategy are provided bel ow.

AVL/Dispatching Systems
Measures of effectiveness:

1 Schedule Adherence
1 Bus Replacement Response Time

General Approach:

The primary benefit of an AVL system from the agency side is continuous
knowledge of bus locations so that operational problemsin the field can be
quickly responded to. For example, buses caught in a major incident could
have a rapid replacement for the remainder of the route through on-line
dispatching. It isdifficult to gauge the benefits of this directly, but it should
improve the confidence of transit riders in the system overall, provided an
agency uses the information to improve respons veness.
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Real-Time Transit Information (displaying schedule adherence information
at home, office, or bus stops)

Measures of effectiveness:

Changein passenger wait time at bus stops

Perceived convenience to passengers

Increase in transit patronage linked to information (e.g. identified
through survey)

General Approach:

One of the most direct benefits of areal-timetransit information system isthat
passengers could better timetheir arrival at bus stops. Thiswould allow them
to use their time more productively, and would potentially reduce the
opportunities for crime at bus stops, and improve passengers sense of security.
The approach to evaluation would be to have passengers measure their wait
time at bus stops with and without this information. It would require that
passengers be surveyed prior to and after they had received the capability of
obtaining this real-time information. It is also possible that, due to the greater
convenience of this system, someindividuals may be persuaded to begin taking
trangt. Thus, a survey instrument could be devised to identify the extent to
which people begin riding transit because of thisfeature. Thiswould likely be
combined with other survey data that are periodically collected by transit
systems.
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7. ITSPROGRAM ADMINISTRATION

ORGANIZING TO
ADDRESSITS

Like any other major transportation program, ITS can present management
challenges. One of the common remarks among agencies who are planning and
implementing ITS projects is that ITS has presented a challenge to their
personnel practices and to the way that they generally do business. State and
local transportati on departmentsinvolvedin I T Srequireindividual swith greater
electronics and software backgrounds. ITS also crosses geographic,
ingtitutional, and modal boundaries, presenting unique challenges to putting
cohesive projects together.

Exhibit 7-1 shows one organization from the Commonwealth of Virginia

Within VirginiaDOT, an administrator of the Advanced Transportation Systems
Division (ATSD) reportsto the Assistant Commissioner for Operations. The
ATSD Administrator guidestheactivitiesof both the central officel TS staff and

district staff. The Virginia Transportation Research Council manages ITS
research and devel opment.

Exhibit 7-1. ITSProgram Organization in Virginia DOT

ASSISTANT
COMMISSIONER
OPERATIONS

Advanced Transportation Virginia Transportation

Systems Division

Resear ch Council

ATSD ITS Steering ITSR&D
Administrator Committee Coordinator
1
1
I I . | |
1
ATSD District ! Research Training
Sections | TS Staff . _VTRC Staff - Technology
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Exhibit 7-2. Partia Indiana DOT Organizationa Chart and I'TS Represantatives

The Stateof Indianahasidentified "I TSrepresentatives' within major branches

of its organization, recognizing that I'TS may have application in a broad range
of departmental activities(Exhibit 7-2). A number of MPOshaveal so organized

themselves to address ITS through the transportation planning process, as

discussed in Chapter 3.

Although organizational structures are not the complete answer toinstitutional
problems, a recognition of the special needs of ITS within an existing
organizational structure can help to create an atmosphere of collaboration and
SUCCESS.

“ a recognition of the special needs of ITSwithin an existing
organizational structure can help to create an atmosphere of
collaboration and success.”
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STAFFING FORITS
MANAGEMENT,
OPERATIONS, AND
MAINTENANCE

ITSjob functions

Finding theright staff to support ITSiscritical to success. At the management
level, existing staff that have worked in related fields or have a particular
interestin ITS can sometimes be adapted to that role. Thisistypically not true
of operations and maintenance. The skills are much more specialized.

The very nature of ITS means that attention must be paid to its operation, and
that this requires knowledgeable staff. The staff requirements can vary widely
from one application to another. In some cases, as with ITSrelated transit
maintenance system or fare collection system enhancements, existing staff can
often handle the requirements at even a higher level of proficiency than was
possible before. In this sense, ITS can be a benefit in terms of improved
productivity. Even here, the skill levels and need for training increase, as the
methods for operating atransit or highway system become more sophisticated.

In other cases, such as major traffic operations centers, staffing requirements
can increase in both the maintenance and operations areas. Agencies need to
understand that the systems will not run themselves. Equipment must be
maintained, and individual s need to be assigned to operational tasks. A typical
ITS traffic operations application (either freeway or surface street) would
require staff support from among several possible functions: System Manager,
transportati on engineers, transportati on technicians, system operators, software
support programmer, and electronics maintenance specialists. Each system
would not necessarily require all these functions. The method for recruiting
these individuals, and the level of expertise and experience, depends on the
tasks required. Normally, the system implementer or contractor will have
advice on wheretheseindividual smight befound and the specific skillsrequire.
Although systems cannot be expected to run themselves, it is advisable to
automate as many functions as possible. This may reduce the number of staff
required for operations, reduce demands on the operators, and provide more
consistent system operation. In general, systems should be designed to present
options or recommendations to the operator, who will then make decisionson
whether to accept, reject, or modify system recommendations.

Maintenanceby contract is a so acommon option, particularly in the embryonic
stage of system implementation. A period of operation is often included in

system integration or system management contracts. This can have the
following benefits:

1 Provides atesting period to ensure that the system is operational before
final acceptance
1 Provides for a period of training agency staff, preparing them to take

over the system

"Along-term commitment to I TS may mean setting up a distinct ITS
related career path for theindividualswith a critical skill or knowledge
base that supportsITS."
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Career Path |ssues

ITSCHAMPIONS

ITSrelated staff skills are not nearly as plentiful as with traditional highway
design and construction programs or transit operations. Therefore, theimpact
of staff rotation on the development of an effective ITS program can be
significant. 1t can also haveasi gnificant adverseimpact on agency coordination
and integration efforts. Agencies that are not on a rotation cycle are often
frustrated by agencies who are, because there is a sense that they are always
trying to bring staff up to speed. While staff will change for many reasons
(promotions, retirements, job changes, etc.) thereisasentiment that the problem
should not be made worse than it needs to be. Staff training needs can be
satidied in a variety of ways without impacting on the progress of actual
projects. A long-term commitment to ITS may mean setting up adistinct ITS
related career path for theindividualswith acritical skill or knowledge base that
supports ITS. Thisisimportant when one recognizes that implementing ITS
projects will require multiple years.

The ingtitutional and technological complexity of ITS presents significant
challengesin moving projects forward through implementation to operation.

Projects often do not become reality unless there is an individual or group of

individualsthat iscommitted to crossing all the expected hurdles. Behind many
successful projectsis a"champion,” an individual who was attending to the
details to ensure that projects did not end with a planning report. An ITS
champion must have the tenacity to continue working constructively toward

implementation even when institutional issues and technical barriers have
potential for impeding progress. Some of the activities in which the lead
individual must engage include:

1 Chairing or co-chairing meetings of the ITS steering committee
associated with an M.O. or assigned oversight to an I TS planning effort

Listening carefully to agency concerns

Providing work assignments to committee members and consultants
and seeing that they are foll owed through

Introducing new I TS committee members to the accomplishments and
expectations of work on the committee

Making presentations to other agencies, business and community
groups

Meetingwith elected officials and management to secure commitments
of cooperation, funding, etc.

Working to develop partnerships with the private sector, where
appropriate

Ensuring that thedevelopment of plans, specifications, and estimates
are consistent with the ITS vision and available funding

Trouble-shooting the implementation of I TS projects
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Seeing that adequate resources and training are provide to operate and
maintain the system

Promoting continuing communication among agency and private sector
partners

A successful I TSinitiative must have peoplewho are committed to the program,

who arewilling to go out of their way to explain the technol ogy and the benefits
to beredlized. Staff need to be availableto spend time on the project. It cannot
be a half-hearted effort.

Funding ITS is not always a straightforward exercise, particularly in the
ingtitutionally complex environment that exists in most metropolitan areas. A
case study in Los Angeles County, California provides a good example of how
agencies have been brought together, funds identified, focused and leveraged
into accessing asignificant source of fundsfor theincremental development of
an ITS program. One of the problems of funding ITS in Los Angeles County
was the lack of coordination of activity. The County was losing out on
opportunities for funding signal projects and other ITS activities through the
state's Transportation System Management (T SM) program because of not being
focused. There were many agenciesin the County pursuing small portions of
funding for traffic operationsand signal projects. Other larger projectsintransit
and freeway capacity enhancements consumed most of the available funding.
This led to the creation of the Signal Support Group within the Los Angeles
County Metropolitan Transportation Authority (MTA). TheCountywasdivided
into areas of, on average, 10 cities each for the purpose of coordinating traffic
signal projects. Each of these groups of cities then put together an action plan
for signalization in that subregion.

In conjunction with the creation of the Signal Support Group and subregions,
the County decided to pool TSM funding and related ISTEA funds. They
subsequently allocated $134 million over a four-year period for specific
improvements which allows for a four-tier approach building up toafull ITS
deployment. Thetiersinclude:

Signal synchronization
Coordinated systems

Trangit preferential treatments
Smart corridors

pPWONPE

The Smart Corridor in Los Angeles has provided other opportunities for
cooperative arrangements among agencies for implementing I TS projects. The
Smart Corridor is afreeway/arterial corridor approximately 12 mileslong and
approximately five miles wide, running from just east of downtown Los
Angeles to the west toward Santa Monica. Responsibilities for funding and
implementation of Smart Corridor projects have been shared among agencies.
The agenciesidentify a project el ement, decidewhoisthelogical lead for first,
obtaining funding and second, managing the contract. The same agency does
not always secure the funding and manage the contract. One agency may have
accessto funding, set up amemorandum of understanding to transfer dollarsto
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another agency who actually manages the contract. This is a frequent
occurrence in the Smart Corridor.

Elected officialstend to know relatively littleabout ITS. ITSisnot particularly
visible, nor isit easy to convince eected officials and the public of its benefits.
Like any other program, convincing e ected officialsto spend public dollarson
ITS requires that meaningful information be provided frequently and in a
readily digestible format. Some of the types of information that should be
considered include:

1 Summary literature on ITS applications. Examplesinclude:
- ITS Success Stories, Public Technology, Inc., for FHWA,
October, 1995
- Intelligent Transportation Systems Action Guide, by ITS
America

- Brochures on ITS implementation from other areas

Videos of ITS implementations from around the country. Examples

include:

- U.S.DOT Operation Timesaver Video

- Moving Transportation Into the Information Age, by ITS
America

Vigitsto other operational ITS sites

Briefing papers prepared through the I TS strategic assessment process
or through other ITS planning activities

"...convincing elected officials to spend public dollarson ITSrequires
that meaningful information be provided frequently and in a readily
digestible format."

Elected officials have many issuesto deal with other than transportation, many
of which are more visible or sensitive. Providing visibility for ITS and
encouraging substantive thought about I TS can be difficult in the midst of busy
agendas. Separate half-day or full-day workshops have been used in some
cases, but again, thereis substantial competition for eected officials time, and
this opportunity may not occur. Some of the techniques for overcoming these
problems include:

1 Provide for occasional brief presentations at regularly scheduled
council meetings, board meetings, etc. to educate elected officials.

Provide separate material to newly-elected leaders who may have
missed prior presentations. Individual meetings may be needed for
education through the continuing turnover that occurs in the political
arena.

Support eected official education with outreach to the media. Press
rel easescan be provided at project milestones, or pressconferencescan
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be arranged for the most significant events, such as initiation of
operation of major ITS elements.

Provide videos or reading material that elected officials can view or
read at home.

There are many keys dements that could be cited for successful ITS
implementation and operations. The keys to success in one area may be
different than the keysto successin another. However, there are e ements that
are common among many of the systems that have been implemented, have
good reputations, and are providing a useful service to the community. Some
of these include:

Customer orientation: Thedelivery of I TS projectsand programs needs
to address the needs of the customer: the commuter, traveler, transit
rider, goods transporter, etc. Long term success will depend on the
perception that a useful serviceisbeing provided.

Problem-solution emphasis: This reinforces the customer orientation.
The focus should be on how ITS is addressing problems or is
improving travel convenienceand safety tothepublic. Elected officials
must understand how I TS can betheir ally in gaining the favor of their
constituents.

Integration: ITSisone of abroad array of techniquesto addresstoday’s
transportation problems. ITS is often used to best advantage when
integrated with other techniques. It must work in coordination with
other approaches, not merely bein competition with them.

Partnerships: Substantial ITS deployment cannot be achieved by a
single agency. Partnerships must bring agencies together across
geographic boundaries and across lines of functional responsibility.

For the purposes of long term funding and coordination, partnerships
must bring the public and private sectors together.

Communication with elected officials. Elected official support is
essential tolong term success. Thissupport must extend acrosselection
cycles to maintain continuity. Developing this continuing support
requires continued attention, information, and education.

Maintainingcredibility: The public will mistrust projects that do not
work predictably and consistently. Failureto maintain credibility will
ultimately erode support for ITS. Maintaining credibility goes hand-in-
hand with the customer orientation mentioned above.

Attention to details: Successin ITSisin the details. The details are
important in all phases of ITS implementation, from construction to
maintenance, to operations. Decisions need to be carefully weighed on
striking the balance between relying on proven technology versus
moving forward with the latest technology.
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Patience: Like most transportation projects, many I TS projects take a
significant timeto materialize. Patience and persistencewill ensure that
ITS ultimately makes its mark in improving transportation system
efficiency.
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Implementation Strategy What are the Potential Implementation?

2.4 Market Package Synergy

One of the unique attributes of the National Architecture Program is the breadth of ITS
services that it covers. This scope allows each potential service to be considered in
context with all other ITS services, identifying common features and shared functionality.
Questions such as: “ Once | implement eectronic toll collection in my region, what other
services can | implement by extending the beacon infrastructure?*, and “What sorts of
efficiencies are possible when advanced traveler information and traffic management
systems are implemented in the same region?’ are readily answered through the National
Architecture. These inter-relationships, or synergies, are presented for each of the defined
market packages in this section.

Consideration for these market package synergies can result in more efficient deployment
of ITS services over time. The architecture can only identify the potential synergies, it is
up to the local implementor to develop a deployment strategy that capitalizes on these
efficiencies.

Synergies have been identified and analyzed for each equipment package and then
aggregated and presented in this section at the market package level. A large number of
synergies can be derived from the Architecture Framework by examining the data flows
that are shared between equipment packages Only the most significant synergies are
brought forward and discussed in this section.

Severa different types of synergies have been identified, from most restrictive to least
restrictive as follows.

Interdependent: Interdependent equipment packages are the most closely coupled.
Two equipment packages are interdependent if both must be deployed to achieve
an ITS service.  If interdependent equipment packages are not deployed at the
same time in the same region, the resulting service will be margina or non-
exigtent. All interdependent equipment packages have been allocated to the same
market package to reflect this required association. Since interdependent
equipment packages are not alocated to different market packages, there are no
interdependent relationships between market packages.

Common Functions: Equipment packages which reside in the same subsystem can
share common functions to more efficiently implement the required services.
This type of synergy reflects the potential sharing of hardware and/or software to
perform a function that is required by both equipment packages. The shared
functions are included in only one of the equipment packages and synergy is noted
between the equipment package which includes the common equipment and the
remaining equipment package(s) which utilize it. Many equipment packages rely
on equipment included in more basic equipment packages to support more
advanced capabilities. Such “incremental” equipment packages allow efficient
deployment over time by building on existing equipment capabilities. In other
cases, equipment packages which share functionality are of the same rdative
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sophistication.  In such cases, the dependent equipment packages may be
implemented in ether order based on the needs (and preferences) of the end user.
The common equipment is purchased with the first equipment package to be
deployed.

Shared Information: Some equipment packages rely on information provided by a
equipment package in a separate subsystem. In many cases, if the equipment
package which supplies the information is not deployed, the equipment package
which relies on the information will ill provide degraded capabilities but not
satisfy al user service requirements alocated to it. Typically, this “Shared
Information” synergy reflects information that is shared between an information
collection/provider equipment package in the infrastructure and an information
user equipment package which is part of a second infrastructure subsystem or a
mobile subsystem.

Complementary: Even when equipment packages may be independently deployed
and operated to achieve the required user services (i.e., the equipment packages
are not part of the same market package, do not share equipment, and are not
required to share information), there may still be synergy between the provided
sarvices which should be considered in an implementation strategy.
Complementary equipment packages provide compatible services which, taken
together, enhance net system performance. In most cases, this relationship reflects
the sharing of optional information between equipment packages within the
architecture definition. In such cases, the information generated by one
equipment package, if available, enhances the service provided by a second
equipment package. In contrast, a Shared Information dependency, if not
satisfied, prevents the associated equipment packages from meeting all of the user
service requirements.

A series of five diagrams and accompanying discussion describe the principal synergies
identified for the market packages. In each diagram, the connections represent the
synergies between the market packages. Tracing the diagrams along the flows provides
various efficient deployment sequences that leverage the incremental nature of the market
packages.

The connections are coded to represent the types of synergies between market packages.
When market packages are related in more than one way, the most restrictive dependency
type is shown. (eg., If two market packages share common functions and share
information, the flow connecting the two market packages would reflect a “Common
Functions’ synergy.). Note that the “Interdependent” relationship is not represented in
the figure since this synergy exists only between equipment packages within the same
market package.

Each of the diagrams illustrate the market package synergies for a particular stakeholder
area (e.g., Traffic Management, Traveler Information, etc.) Often, synergies will cross
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stakeholder boundaries (e.g., Traveler Information market packages are often reliant on
information from Traffic Management market packages). These synergies are
documented by “off-page references” which indicate the stakeholder area in an oval along
with the associated market package. The text accompanying each diagram briefly
describes, and justifies, the major synergies.

Advanced Traffic Management Systems

Package Includes {7 HOVand | Tﬁlnlegrnlte Mg '
Enabling Functions { Reversible Lane | - Ao cldanel
——— Common Functions | Management ! T auttiMoga | ( ATISD
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Traffic Network

Performance '
__ Evaluation [
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Figure 2.4-1. Advanced Traffic Management Systems Market Package Synergies.
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The most significant common feature of the Traffic Management market packages is the
shared need for traffic information. Each of these packages are supported by the basic
surveillance infrastructure that is implemented through the two surveillance market
packages. The information provided by this equipment (e.g., traffic counts and speeds)
can be used for many purposes, including control and management of the traffic signals,
incident management, emissions management, and traveler information. The surveillance
data can also be saved as historical data for planning purposes or for evaluating the
effectiveness of previous system enhancements. Each of the synergies that have been
identified between the Traffic Management market packages are elaborated in the
following descriptions.
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Network Surveillance Market Package

This market package implements the basic roadside sensors, controllers, and
communications infrastructure equipment which is leveraged by most of the other
ATMS market packages. In addition to providing the information necessary to
support more advanced traffic management implementations, this package also
shares traffic information with the ATIS market packages.

Probe Surveillance Market Package

This market package provides an alternative approach to surveillance which
provides many of the same fundamental benefits as the network surveillance
market package. The dependency to the Surface Street and Freeway control

market packages is denoted as data sharing since this package does not require
implementation of the extensive distributed roadside infrastructure that may be
directly utilized by the other ATMS packages. Dedicated Short Range
Communications and AVI technologies may be shared between this package and
the Dynamic Toll/Parking Management package. The Virtual TMC and Smart
Probe Data market package adds additional “smart probe’ capabilities such as
road condition monitoring to the basic probe capabilities offered by this package.

Dynamic Toll/Parking Fee Management Market Package

This market package shares common functionality with the Electronic Clearance,
In-Vehicle Signing, and Probe Surveillance market packages. Each of these
market packages are additional potential applications for the dedicated short range
communications, AVI, and rudimentary driver interface capabilities offered by
this Tall/Parking market package.

Freeway Control Market Package

The infrastructure implemented to support this market package facilitates
implementation of the HOV and Reversible Lane Management market package.
HOV management should be able to utilize much of the same wirdine
communications, surveillance, and control infrastructure provided by this market
package. Several more advanced traffic management market packages build on
the fundamental infrastructure and control strategies supported by this package by
increasing the level of coordination and/or increasing the sophigtication of the
control strategies.

Surface Street Control Market Package

This market package provides a basic surface street control building block,
analogous to the Freeway Control Market Package above. The highway-highway
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intersection management capabilities provided by this market package are closdy
related to the highway-rail intersection capabilities provided by the market
packages which support grade crossings.

Standard Railroad Grade Crossing Market Package

This market package manages traffic at highway-rail intersections using
equipment that has potential commonality with equipment used for surface street
control. The active warning systems and ancillary supporting equipment included
in this market package provide the basic equipment that is augmented with
additional features in the Advanced Railroad Grade Crossing market package. In
the same way, the basic communications between Traffic Management and Rall
Operations that is established in this market package is expanded and leveraged in
the Rail Operations Coordination Market Package. The basic intersection status
provided to the driver by this market package may be expanded and also provided
through the Traffic Information Dissemination market package (e.g., variable
message sign displays) and the In-Vehicle Signing market package. The
communication of intersection status to the vehicle provided by the In-Vehicle
Signing market package can be further extended and applied to intersection safety
warning and intersection collision avoidance as will be seen in the analysis of the
ATIS and AVSS market packages.

Advanced Railroad Grade Crossing Market Package

This market package adds additional surveillance, physical barriers, and enhanced
driver information systems to the core equipment included in the Standard
Railroad Grade Crossing. The surveillance capabilities can enable real-time
detection and reporting of collisions which can speed Emergency Response.

Railroad Operations Coordination Market Package

This market package provides additional coordination between railroad operations
and traffic operations by building on the same interface established for the
Railroad Grade Crossng market packages. This market package provides area-
wide, accurate forecasts of grade crossing closures that can be factored into
regional control dstrategies provided by the Regional Traffic Control market
package.

Emissions and Environmental Hazards Sensng Market Package
This market package provides emissions and hazards information to the Traffic
Information Dissemination market package. It may be interconnected with the

basic surveillance infrastructure deployed at the roadside for cost-effective
implementation.
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Traffic Information Dissemination Market Package

This market package provides basic roadside information dissemination
infrastructure which is applicable to a wide variety of traffic management market
packages. The basic infrastructure which provides an information dissemination
interface located at the roadside which is controlled by the traffic management
subsystem may be extended to provide in-vehicle signing capabilities in more
advanced applications.

Incident Management System Market Package

This market package utilizes the traffic information dissemination and traffic
control capabilities deployed through other market packages to adapt traveler
information and traffic control strategies to account for incidents. The
communications infrastructure and working relationships established to support
Incident Management can also be used to support the coordination required for the
regional traffic control market package. This market package shares information
with the Emergency Response market package to enable coordination between
traffic management and emergency management subsystems in incidents and
other emergencies impacting traffic management strategies.

Regional Traffic Control Market Package

This market package enhances the coordination between traffic management
systems within a region. It directly leverages the existing traffic control systems
(freeway and arterial) already implemented in the region through improved
coordination between traffic management systems in the region. It also benefits
from the same coordination between agencies within the region that is established
in the Incident Management System market package. The regiona scope of this
market package provides the opportunity to fully realize the benefits of enhanced
coordination with the transit systems and railroads operating in the region.
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Advanced Traveler Information Systems
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Broadcast Traveler Information Market Package

This market package shares many of the basic transportation data collection and
management functions with more advanced interactive traveler information
packages. This market package and its interactive counterparts each collect
traffic, transit and other traveler information for processing and disseminating. In
addition to providing advisories and other basic traffic information, this market
package can be extended to provide real-time traffic information in a format
supporting dynamic route guidance.

Interactive Traveler Information Market Package
This market package shares the basic traveler information collection and
management and interactive communications capabilities with more advanced or

specialized traveler information market packages. The basic interactive traveler
information service can be extended to support centralized route planning services
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offered by the ISP-Based Route Guidance market package. The interactive
capabilities of this market package allow it to better use information provided by
the Transit Passenger and Fare Management and the Dynamic Toll/Parking Fee
Management market packages for transit, toll, and parking fees and transit
schedules and parking occupancy and reservation.

Autonomous Route Guidance Market Package

This market package provides arich set of in-vehicle functions that can be utilized
by enhanced route guidance services that require interaction with the
infrastructure.  Each of the more advanced route guidance market packages
provide successive enhancements to the infrastructures role in supporting the
autonomous vehicle equipment included in this market package.

In-Vehicle Signing Market Package

This market package communicates between the vehicle and roadside using the
same dedicated short-range communications used by the Dynamic Toll/Parking
Fee Management market package. The infrastructure in the Traffic Information
Dissemination market package which provides dynamic driver advisories to
roadside variable message signs may be extended to support provision of
information to the vehicle for in-vehicle display. The communications of road
status to the vehicle for in-vehicle display provides a incremental step towards
more advanced intersection safety warning and collision avoidance

implementations.
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Advanced Public Transit Systems
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Figure 2.4-3. Advanced Public Transit Systems Market Package Synergies.

Transit Vehicle Tracking Market Package

This market package provides a fundamental vehicle location service that is
required by many of the other APTS related market packages since accurate and
current knowledge of transit vehicle position is key to many other services. The
automated vehicle location and tracking capability provided by this market
package is necessary to support the advanced operations packages, passenger and
fare management, and transit security. Current transit schedule information,
derived through this package, also supports the traveler information market
packages.

Transit Fixed Route and Demand Response Transit Operations Market Packages

These two market packages support operations and dispatch and provide key
database management functions which are utilized to support more specialized
Transit Maintenance and Multi-Modal Coordination market packages. The
Demand Response Transit service is only well supported by the more advanced
interactive traveler information services which enable a convenient, real-time
request/response interface to travelers seeking transit.
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Transit Security Market Package
This market package shares emergency notification and status information with
the Emergency Response market package. It provides many of the same safety
features that are provided by the Mayday Support market package which is
oriented towards individual subscribers rather than a transit provider.

Passenger and Fare Management Market Package

This market package shares information with the Interactive ATIS Driver and
Traveler Information market package for providing real-time fare information to
prospective transit passengers.

Multi-Modal Coordination Market Package
This market package shares transit signal request information with the Regional

Traffic Control market package.

Commercial Vehicle Operations
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Figure 2.4-4. Commercial Vehicle Operations and Emergency Management Market
Package Synergies.
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Fleet Administration Market Package

This market package shares common tracking, management, and dispatch
capabilities with the Freight Administration, CVO Fleet Maintenance, and

HAZMAT Management market packages.
Freight Administration Market Package

This market package adds more specific freight monitoring capabilities to the
basic tracking capabilities provided by fleet administration. These more advanced
cargo tracking capabilities also support the HAZMAT Management market
package.

CV Administrative Processes

This market package enables the Electronic Clearance market package since
participants must both enroll (through this package) and be cleared eectronically
(through the Electronic Clearance market package) before a service is actually
provided to participating carriers. As well, this market package supports various
one-stop shopping applications which facilitate and expedite the administration of
commercial vehicles.

Electronic Clearance

The International Clearance market package extends the basic clearance functions
provided by the Electronic Clearance package by adding an interface to customs
and permitting to support entry and exit from Canada and Mexico. The Weigh-In-
Motion market package provides a logical enhancement to the AVI and
commercia vehicle screening capabilities offered by this package. The Roadside
CVO Safety Market Package provides another potential enhancement that enlists
the basic AVI functions established for Electronic Clearance.

Roadside and On-Board CVO Safety Market Packages

This On-Board CVO Safety market package provides advanced sensory and
diagnostic capabilities on-board the vehicle that complements the services
provided by the HAZMAT Management, CVO Fleet Maintenance, and Roadside
CVO Safety market packages by making additional diagnostic data. The roadside
checking and verification against database entries and safety standards provided
by the Roadside market package will be enhanced by the on-board safety
verification provided by the CVO On-Board Safety market package.
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HAZMAT Management Market Package

This market package provides HAZMAT spill natification information to the
Emergency Response market package.

Emergency Management
Mayday Support

The Mayday Support market package requires a portable traveler interface and
interactive, wide area wireless communications between the traveler and the
infrastructure. This same portable traveler interface and interactive
communications capabilities can be leveraged to support other traveler
information capabilities addressed by the Interactive Traveler Information market
package. This progression reflects a likely scenario in which the consumer is
motivated by the potential for enhanced safety, installs the equipment, and then
becomes part of a larger market for more advanced interactive information
services.

Emergency Response Market Package

The Emergency Response market package enables a rapid response to the
emergency natifications provided by the Mayday Support, Transit Security, and
Incident Management System market packages. The Emergency Routing Market
Package provides the basic dispatcher support capabilities which may be extended
and integrated to support the required multi-agency coordination supported by the
Emergency Response Market Package.

Emergency Routing Market Package
The emergency routing capabilities supported by this market package are a specia

application of smilar route selection agorithms and processing capabilities
provided by the traveler-oriented | SP Based Route Guidance Market Package.
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Advanced Vehicle Safety Systems
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Figure 2.4-5. Advanced Vehicle Safety Systems Market Package Synergies.

Vehicle Safety Monitoring Market Package

This market package shares common functions with the Driver Safety Monitoring,
Longitudinal Safety Warning, Lateral Safety Warning and Intersection Safety
Warning market packages since each of these packages includes common sensory,
processing, and driver interface capabilities. Each of these safety-related market
packages may include separate sensing devices, however similar processing
algorithms as well as the same or similar processors can be expected. The status
and warning displays can be expected to be similar as well.

Longitudinal Safety Warning Market Package
This market package shares common sensory functions with the Advanced
Vehicle Longitudinal Control market package. The sensing and detecting of
obstacles in the longitudinal direction performed in this market package is directly

applicable to the Advanced Vehicle Longitudinal Control market package.

Lateral Safety Warning Market Package

This market package shares common functions with the Advanced Vehicle Lateral
Control market package. The proximity sensing and lane following functions
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performed in this market package may be applied to the Advanced Vehicle Latera
Control market package.

Intersection Safety Warning Market Package

This market package has common functions with the Intersection Collision
Avoidance market package. The sensing and detecting of obstacles and
conditions in the vicinity of an intersection and communicating this information to
on-coming vehicles performed in this market package is directly applicable to its
successor, the Intersection Collison Avoidance market package. The provision of
basic intersection status to the vehicle supports intersection safety warning and is
a logical extenson of the in-vehicle signing function provided by a separate
market package.

Advanced Vehicle Longitudinal and Lateral Control Market Packages

These two market packages share common functions with the Pre-Crash Restraint
Deployment and Automated Highway System market packages. The capability to
sense, detect, and act based upon longitudinal and lateral detection is a
requirement for the Pre-Crash Restraint Deployment market package. This
market package provides these functionalities that would be integral to the Pre-
Crash Restraint Deployment market package. Complete automated control of the
vehicle is an extension to these predecessor packages.
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Brochure.

Intelligent Transportation Infrastructure Benefits: Expected and Experienced January
1996, Publication No. FHWA-JPO-96-008, Prepared for FHWA by The MITRE
Corporation, 19 pages.

Traveling With Success, How L ocal Gover nments Use Intelligent Transportation
Systems, 1995, Prepared by Public Technology Inc. under cooperative agreement with
FHWA, 55 pages.

Assessment of | TS Benefits--- Early Results August 1995, Prepared for FHWA by The
MITRE Corp., MP-W950000192R1, 43 pages.

Operation TimeSaver Speechby Secretary Pena, January 10, 1996 at TRBADbstract: There
isatrangportation problem. ITS can fix it. 1TS has measurable benefits. ITSisa cost
effective investment.

Accelerating ITS Deployment: A Report from the U. S. DOT December 1995, Christine
Johnson, pages 64-67, ITE Journal.

Commer cial Vehicle Information Systems Network (CVISN) Statement of Direction,
November 3, 1995, Prepared for FHWA by The Johns Hopkins University Applied
Physics Laboratory. Publication No. FHWA-JPO-96-006, 8 pageAbstract “...CVISN
refersto the ITS information system elements which supports Commercial Vehicle
Operations (CVO). CVISN includes information systems owned and operated by
governments, carriers, and other stakeholders. It excludes the sensor and control
elementsof ITSYCVO...”

Review of I TS Benefits: Emerging Successes September 1996, Prepared by Mitretek
Systems for Federal Highway Administration. Publication No. FHWA-JPO-97-001, 40
pages. Abstract “...This paper continues the process of documenting and publicizing
experience with, and prediction of, benefits from ITS in the context of continuing

PageB-1



assessment of the ITS program...This document summarizes major I TS benefits findings
while referring the interested researcher to detailed studies or contacts...”

Key Findings from the Intelligent Transportation Systems (I TS Program): What Have
We L ear ned?, September 1996, Publication No. FHWA-JPO-96-0036, Prepared for
FHWA by Mitretek Systems, 35 pages. Abstract “ ...Accordingly, this paper provides
answersto the question “ What Have We Learned?’ on the ITS program. Some of the
key findings in the various program areas are summarized in the executive summary.
Additional findings may be found in the body of the paper...”

Intelligent Transportation Systems Assessment of | TS Deployment, Review of
M etropolitan Areas. Discussion of Cross-Cutting Issues, July 1996, Publication No.
FHWA-JPO-96-0035, Prepared for JPO by FHWA'’ s Research and Special Programs
Administration, many pages.Abstract As part of the assessment of the devel opment
and deployment of ITS products and services in metropolitan areas sponsored by the
U.S. Department of Transportation’s (U.S. DOT) Joint Program Office for ITS, analysts
from the Volpe National Transportation Systems Center, ...interviewed a broad cross
section of state, regional, and local transportation officials from June through October
1995. Thisreview had afourfold purpose:

To understand, within a metropolitan area, local, regional, and state transportation
officials’ view of ITS, including their perception of ITS, their motivation to deploy
ITS, the extent towhich ITSis considered, and the futurerole of ITS.

To assess the degree to which I TS are being planned and deployed and the funding
sources for these activities.

To understand the interaction among agencies responsible for ITS, including the
interaction among public sector agencies, the interaction with the private sector, and
the interaction with elected and appointed officials.

To gain insights from their expectations, including the benefits of deploying ITS, the
barriers to deployment, the keys to success, and the lessons shared.

Realizing the Benefits, Intelligent Transportation Infrastructur eAbstract Brochure.

U.S. Department of Transportation’s Intelligent Transportation Infrastructure
Deployment Database: I nterim Report, June 1996, Publication No. FHWA-JPO-96-
0018, Prepared by FHWA, 99 pages.Abstract “ ... Thisreport summarizesthe
deployment of Intelligent Transportation Infrastructure (IT1) in the largest 75
Metropolitan Areasin the United States and answers the question: “ What Intelligent
Trangportation Infrastructure is operational and in the field today?’ Thisreport
showcases the deployment of ITI components...”

ITSat aglance,July 1996, Publication No. FHWA-JPO-96-0019, Prepared by JPQAbstract
Newdl etter.

| TS Publications Catal og, September 1996.
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2. ARCHITECTURE & STANDARDS

I ntelligent Transportation Systems Building the I T1: Putting the National Architecture
into Action, April 1996, Report FHWA-JPO-96-011 , Prepared by Mitretek Systems for
FHWA, 46 pages.

I ntelligent Transportation Systems The National Architecturefor ITSA Framework for
| ntegrated Transportation into the 21st Century , 1996, Report FHWA-JPO-96-012,
Prepared by FHWA-JPO and ITS America, 11 pages.

Assumptionsfor the Intelligent Transportation Infrastructure Cost Estimate April
1996, draft by FHWA, Office of Traffic Management and ITS Applications, 7 pages.

3. INSTITUTIONAL/LEGAL ISSUES

Shared Resour ces. Sharing Right-of-Way for TelecommunicationsGuidance on Legal
and I nstitutional Issues, April 1996, Report FHWA-JPO-96-0015, Prepared by Apogee
Research, Inc. For FHWA, 26 pages.

4. FREEWAY MANAGEMENT

Ramp Metering Statusin North America, 1995 Update June 1995, Report DOT-T-95-17,
Prepared by Gary Piotrowicz of FHWA and James Robinson of FTA, 65 pages.
Abstract: “ This document represents an update to a previous report published by James
Robinson and Mark Doctor in September 1989 entitled “ Ramp Metering Status in North
America.”

Operational Design Guidelinesfor High Occupancy Vehicle Laneson Arterial
Roadways, November 1994, Report DOT-T-95-14, originally published by Ministry of
Transportation of Ontario, Canada, 193 pagefbstract: “ The purpose of this document
isto summarize relevant information and proven guidelinesin the areas of planning,
design and operation of high-Occupancy Vehicle (HOV) lanes on arterial roadwaysin
Ontario Municipalities.

An Assessment of High Occupancy Vehicle (HOV) Facilitiesin North America,
Executive Report, August 1992, Publication DOT-T-94-17, Prepared for FTA by Texas
Transportation Institute, College Station, Texas 77843, 77 pagésbstract: “ This
executive report provides an overall summary of the major elements of the assessment of
high-occupancy vehicle (HOV) lane projects located either on freeways or in separate
rights-of-way in North America. Thereport includes a discussion of the purpose of the
assessment, an overview of the status of HOV facilitiesin North America, suggested
procedures for evaluating HOV projects, detailed information on selected HOV case
studies, proposed future HOV projects, and areas for further research. This report
summarizes information contained in the four major reports that have been prepared as
part of the three year assessment. Those reports ared Description of High-Occupancy
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Vehicle Facilitiesin North America; Suggested Procedures for Evaluating the
Effectiveness of Freeway HOV Facilities; High-Occupancy Vehicle Project Case
Studies; History and Institutional Arrangements; and High-Occupancy Vehicle
Project Case Studies. Historical Trendsand Project Experiences.”

High-Occupancy Vehicle System Development in the United States, December 1990,
Report DOT-T-91-16, Prepared by Dennis L. Christiansen for Texas Transportation
Institute, 35 pages.

Predicting High Occupancy Vehicle Lane Demand, August 1996, Publication FHWA-SA-
96-073, Prepared for FHWA by Dowling Associates, 275 pages.Abstract’’ This report
presents the results of the Federal Highway Administration Project #42-10-4172,

“ Predicting the Demand for High Occupancy Vehicle Lanes’. Thereport provides: A
review of the available literature and the experiences of public agencies with current
methods for predicting the demand for HOV lanes; the recommended new methodol ogy
for predicting the demand for HOV lanes; and the data on existing HOV lane projectsin
the United States that was used to calibrate and validate the new HOV |ane demand
estimation methodol ogy.”

National Conference on High-Occupancy Vehicle Sysems HOV Systemsin a New Light,
June 1994, Transportation Research Circular 442, Presented by TRB National Research
Council in cooperation with FTA, 117 pages.

Guidelines on the Use of Changeable M essage Signs--Summary Report, May 1991,
Publication No. FHWA-TS-91-002, Prepared for FHWA by Dudek & Associates, 46
pages. Abstract: “ Thisreport isa summary of some of the information that was
assembled and presented in final report FHWA-TS-90-043 entitled, “ Guidelines on the
USE of Changeable Message Signs’ . The final report provides guidance on 1) selection
of the appropriate type of CMS display, 2) the design and maintenance of CMSs to
improve target value and motorist reception of messages, and 3) pitfalls to be avoided,
and it updates information contained in the 1986 FHWA publication “ Manual on Real-
Time Motorist displays’. The guidelines and updated information are based on research
results and on practices being employed by highway agenciesin the United States,
Canada and in western Europe. CMS technology devel opments since 1984 are
emphasized. This summary report focuses on matrix-type CMSs, with particular
attention to the newer light-emitting signs. Although there are many types of new and
emerging CMS technologies, CM Ss that have actually been installed for highway
applications are emphasized.

5. TRANSIT MANAGEMENT

Advanced Traveler Aid Systemsfor Public Transportation September 1994, Publication
DOT-T-95-07, FTA report, 129 pagesAbstract: “ Information is an essential element of
urban public transportation services. The manner by which information is managed and
presented has great effects on the image, attractiveness and, consequently, the ridership
of public transportation. In the case of atransit trip, the traveler isresponsible for
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obtaining the tables of schedule and fare and interpreting it to develop atrip itinerary.
Further, the availability of areturn trip must be checked in order to initiate atrip by
transit. Compared with atrip by auto, atrip by transit imposes a much greater task in trip
planning on the part of the traveler. For atransit system which has a complicated multi-
modal network, interpreting the schedules and making an itinerary, which usually
involves transfers among different modes (including a check for return trip), demand
significant effort and time to the non-captiveriders. Lack of systematic and consistent
information is one reason that many transit systemsin the US are used only by the
captive or repeat users who are familiar with the services. With advances in computer
and communications technol ogies, however, it is conceivable to devise a system which
deliversinformation of the transit services and operating status to the potential users at
the time when they need it. Theinformation can be tailored to the needs individual users
and presented in arelevant form. We call this system an Intelligent Transit Mobility
System (ITMS). Based on the premise that technologies for ITMS will materialize in the
near future, this study identifies the information which ITMS should deliver, and defines
the function and structure of the system components. It then evaluates the feasibility
with respect to technical and non-technical aspects.

Review of and Preliminary Guidelinesfor Integrating Transit into Transportation
Management Centers, July 1994, Publication DOT-T-94-25, 94 page8bstract; “ The
advent of Intelligent Vehicle-Highway System (IVHS) technol ogies has fostered the
development and implementation of automated systems that control traffic and provide
traffic information to drivers. However, one very element of traffic has been overlooked
in the past - public transportation. Traditionally, the impact of public transportation on
traffic flow and volumes has not been factored into these automated systems. Also,
providing transit information along with traffic information to travelers (rather than just
drivers) has not been donein the past. The recognition that multi-modal information can
influence atraveler’ s decision on route(s) selection and mode(s) is not recent, but the
provision of transit and traffic information has not been done until very recently. Thus,
there are two key issues that could be addressed by today’ s IVHS technologies - the
coordination of transit and traffic operations and the dissemination of transit and traffic
information to the public. The basic objective of the study described in this report was to
address these two issues by reviewing existing “ transportation management centers’
(TMCs) and those under development. This review determined the extent to which
transit has been or will beintegrated into TMCs.”

Advanced Vehicle M onitoring and Communication Systemsfor Bus Transit, Benefits
and Economic Feasibility, Revised March 1993, Publication DOT-T-94-03, Prepared for
FTA by University of Pennsylvania Department of Systems, 72 pagesAbstract: “ This
report analyzes the feasibility of advanced vehicle monitoring and communication
(AVM/C) systems for bustransit in the United States. Such systems are widely used in
Europe and Canadato provide more reliable and efficient bus services, but have seen
little deployment in the US Many systems are now available both from American and
from foreign vendors, and thus the question of whether or not to deploy such asystemis
coming to the forefront in many transit agencies. In thisreport, the potential benefits of
such a system are discussed, including benefits to current and new ridersin the form of
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better service, to the agency in the form of increased revenues and reduced costs, and to
communitiesin avariety of ways including :town watch” functions. This setsthe stage
for adiscussion of the actual experience of foreign and domestic agencies that have
introduced such systems, is presented, for both outright purchase and for leasing - avery
attractive alternative that conserves scarce capital resources. Calculations for typical U.
S. conditions suggest that these systems should be quite cost effective, improving both
agency finances and passenger satisfaction. Agencies should consider them carefully.

Benefits Assessment of Advanced Public Transportation Systems July 1996, Publication
No. FHWA-JPO-96-0031, Prepared for FTA by Volpe, 42 pageg\bstract This report
documents work performed under FTA’ s Advanced Public Transportation Systems
(APTS) Program, a program structured to undertake research and devel opment of
innovative applications of advanced navigation, information, and communication
technol ogies that most benefit public transportation. This report presents the results of
analysis conducted by the Volpe Center, for the FTA, to provide an “ order-of-
magnitude’ estimate of the expected benefits to the transit industry with the application
of APTStechnologies. Specifically, the study identified and quantified the major
benefits derived from current applications of APTS technologies within the transit
industry and projected current APTS benefits to a national level based on forecasts and
reasonabl e assumptions on the potential future applications of such technologies within
the transit industry.

Advanced Public Transportation Systems Deployment in the United States August 1996,
Publication No. FHWA-JPO-96-0032, Prepared for FTA by Volpe, 29 pages bstract
Thisreport documents work performed under FTA’s APTS Program, a program
structured to undertake research and devel opment of innovative applications of advanced
navigation, information, and communication technologies that most benefit public
transportation. Thisreport isa compilation of existing and planned deployments of
APTS technologies and services. Theinformation was collected during the fall of 1995
and was obtained through contacts with one or more persons at each agency. The
objective was to include information from all agencies who submitted information for the
1993 National Transit Database (NTD) Report year, the last year for which NTD data was
available at thetime. A total of 464 agencies provided information for this study. Those
with no existing or planned APTS systems are not included herein.

Advanced Public Transportation Systems Brief #1, Spring 1993, FTA Abstract
Newdetter “ What isAPTS?’

Advanced Public Transportation Systems Brief #11, February, 1996, FT A Abstract
Newsletter “ An Intelligent Transportation System for Atlanta for the 1996 Olympics.”

Advanced Public Transportation Systems Publications Catalog March 1996, FTA

Advanced Public Transportation Systems Benefit, March 1996, FTA Abstract A list of
advanced public transportation systems with measurable benefits.
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Advanced Public Transportation Systems Project Summaries June 1996, FTA Abstract
Project summaries.

6. TRAFFIC SIGNAL CONTROL

Improving Traffic Signal Oper ations, A Primer, February 1996, Publication FHWA-SA -
96-007, Prepared for FHWA by J. M. Morales, Reviewed by ITE, 16 pageg bstract:
“ Some relatively simple, low-cost adjustments to a traffic signal system can significantly
improve traffic flow. Thisreport describes how adjusting your city’ straffic signals can
reduce congestion and lead to, big payoffs in time savings, environmental benefits, and
safety.”

7. TRAVELER INFORMATION SYSTEMS

Development of Human Factors Guidelinesfor Advanced Traveler Infor mation Systems
and Commercial Vehicle Operations: ATIS and CVO Development Objectives and
Perfor mance Requirements September 1995, Report FHWA-RD-95-109, Prepared for
FHWA by Battelle, 96 pages.

White Paper, Design and Deployment Alternatives, ATM S and ATIS Components of
IVHS, draft report February 1992, DTFH61-92-P-00284, Prepared for FHWBYy JHK &
Associates, 27 pages.

Advanced Traveler Information Systemsfor Rural Areas. Preliminary Concepts,
January 1995, Prepared by JHK & Associates for FHWAAbstract Newdetter.

TravTek EvaluationOrlando Test Network Study, January 1996, Report FHWA-RD-95-
162, Prepared by Inman, V.; Sanchez, R.; Bernstein, L.; and Porter, C. of SAIC, 89

pages.

8. ELECTRONICTOLL COLLECTION

Electronic Toll & Traffic Management (ETTM) User Requirementsfor Future National
I nter oper ability (Final Draft Version 3.0) January 23, 1995, Reference No. B-95-1,
Available from: ITSAMERICA, 48 pages.

9. ELECTRONIC FARE PAYMENT

Intelligent Transportation Systems (ITS) Projects January 1996, U. S. DOT, Highlighting
the following projects:
— Delaware County Ridetracking, FTA contact Sean Ricketson,(202) 366-6678
— Washington, D. C. Advanced Fare Media, FTA contact Irv Chambers
(202) 366-0238

Intelligent Transportation Infrastructur e, Electr onic Payment Systems: Traveler
Convenience, Operator Efficiency,September 1996, Publication No. FHWA-JPO-96-
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10.

11.

12.

13.

14.

0020, Abstract Brochure.

RAILROAD GRADE CROSSINGS

EMERGENCY RESPONSE MANAGEMENT

INCIDENT MANAGEMENT

Freeway Incident Management Handbook, July 1991, Report No. FHWA-SA-91-056,

Prepared for FHWA by Dunn Engineering Associates, 128 pagebstract; “ This
handbook was written to assist responsible agencies in managing the ever increasing
number of roadway incidents. It has been designed to aid:

Transportation officials with operational responsibility in state and local departments

of highways, traffic or transportation

Police, fire and emergency medical services personnel

Environmental protection officials

Tow truck operators and

Administrators involved with managing roadway incidents.
The handbook will serve as a guide for agencies wishing to initiate an effective incident
management program. It will prove useful in both rural and urban regions by presenting
a menu of responses from which the appropriate sel ections can be made.”

TELECOMMUNICATIONS

Fiber Optic Training Videos a pamphlet by The Light BrigadeAbstract: Brochure.

REFERENCES

GENERAL | TSINFORMATION

National I'TS Program Plan first edition March 1995, prepared by FHWA and ITS

America.

IVHS Strategic Plan, December 1992, Publication No. FHWA-SA-93-009, prepared by

FHWA Abstract: “ This document is Department of Transportation’s IVHS Strategic

Plan Report to Congress. The purpose of thisreport isto set forth and describe the
Department of Transportation’s programs and program delivery processes for supporting
the devel opment and deployment of intelligent vehicle-highway system (IVHS)
technologies and servicesin the United States.”

ARCHITECTURE & STANDARDS

| TS Architectur el mplementation Strategy , June 1996, Prepared by the Joint Architecture

Team, Loral Federal Systems, Rockwell International, many pages.

INSTITUTIONAUL EGAL I SSUES

IVHS Deployment and Public/Private Sector Issues, The Purely Private Model: A White

Paper, May 1992, Prepared for FHWA by Battelle, 28 pagesAbstract: “ This white
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paper iswritten in response to a request by the Federal Highway Administration
(FHWA) to investigate possible business organization approaches that could be used by
the private sector in their deployment of intelligent vehicle/highway systems (IVHS).
Thisfinal version of the white paper takes into account comments from a peer review.
The paper also took into account comments that were made at the FHWA Workshop on
Public/Private Sector Rolesin Intelligent Vehicle-Highway Systems (1VHS) Deployment
conducted in Rockville, Maryland April 8-9, 1992.”

An Analysis of Public/Private Cooperation in European, Japanese and North American
IVHS Efforts, March 1992, Prepared for FHWA by Castle Rock Consultants, 47 pages.
Abstract: “ This paper presents an analysis of mechanisms to support private sector
involvement and public/private cooperation in IVHS activities. The principal focus of the
paper is acomparison of approaches adopted in European and Japanese initiatives with
those of North American efforts. This paper seeks to draw conclusions from this
analysis concerning opportunities for beneficial improvementsin North American
practices.”

Economic I'ssues Associated with the Definition of Public/Private Rolesin the

Deployment of IVHS January 1992, Prepared for FHWA by Farradyne Systems, 53
pages. Abstract: “ This paper evaluates the economic issues associated with realizing the
near term vision of IVHS: That accurate and comprehensive traffic datawill be available
for dissemination to travelersin all the nation’ s urban areas within the next fiveyears. In
essence, this vision foresees the accel erated devel opment of an electronic interstate traffic
surveillance and information system. It will be difficult to achieve this vision because of
the high costs of implementing, operating and maintaining a national system of urban
surveillance systems. The cost of this system is estimated in this paper to include
approximately $25 billion for construction and $1.3 billion per year for operations and
maintenance. These costs represent a significant portion of all funding allocated to the
nation’ s highway system. However, an analysis of alternative business models
demonstrates the potential for financing this infrastructure cost through the award of
IVHS franchisesin urban areas. The analysisindicates that up to two competing
franchises can operate a profitable traffic information dissemination “ utility” with
adequate return to fund the surveillance system installation. The estimated costs and
anticipated returns on investment in this system presented in this paper, lead to the
unavoidable conclusion that thereis a need for a national policy for private participation
in IVHS implementation that can be justified based on the potential return on this
investment. Whilethistype of private participation is rare in the surface transportation
industry, there are precedents in other industries such as telecommunications and air
traffic control. Without such a policy, it isunlikely that the vision will be accomplished
within five years and may never be met. In view of the fact that there are no efforts
currently underway to define public and private sector roles (other than the one
represented by this paper and its counterparts funded under a common Federal Highway
Administration program), it is strongly recommended that following steps be taken
immediately to develop a national policy:

Develop a consensus for a national policy incorporating a higher level of private

involvement than has been anticipated.
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Explore legal issues associated with the development of such a policy.
Prepare a national policy incorporating the franchise concept for implementation of
urban area surveillance systems.
The components of this policy are discussed in the conclusions of this report. Unless
these steps are taken, it is unlikely that the near-term IVHS vision will be realized within
the next five (and probably the next ten) years.”

IVHS Deployment and Public/Private Sector |ssues April 1992, by Sigmund Silber
Abstract: “ This paper addresses certain issues that are relevant to private participation in
IVHS in general and tel ecommunications company participation in particular.” Specific
issues addressed in this paper are:

Roles

Scope

Revenues /Benefits

Investment Models

Need for Models by the Public Sector
Characteristics of Telecommunications Companies
Regulation

Use of Existing Communications Infrastructure
Other Technological Considerations

Models of Public/Private Cooperation

EDI - A Case Study

Summary of Recommendations

FREEWAY M ANAGEMENT
Traffic Control Systems Handbook, February 1996, Publication No. FHWA-SA-95-032,
Prepared for FHWA by Dunn Engineering Associates, many pagedbstract: “ This
Traffic Control Systems Handbook updates the 1985 version (FHWA-IP-85-11) and
broadens the scope to include I TS technology and concepts. The handbook
recommends decision-making processes in selection, implementation and operations of a
traffic control systems and describes I TS plans and programs.

Communications Handbook for Traffic Control Systems April 1993, Publication FHWA.-
SA-93-052, Prepared for FHWA by Dunn Engineering Associates, 292 pagesbstract:
“ This handbook was written to enable transportation engineersto plan, select, design,
implement, operate, and maintain communications systems for traffic control. It has
been designed to aid:

Transportation officials overseeing traffic control systems;

Communications engineers; and

Traffic control systems engineers.
The handbook provides information on communications media, system architectures,
decision-making processes, and trade-off analyses. The handbook will serve asa guide
for agencies wishing to:

Initiate a traffic control system that incorporates functional, effective, reliable and

economical communications.
Update and modernize an existing communications system for traffic control.
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High Occupancy Vehicle (HOV) Guidelinesfor Planning, Design, and Oper ations, Final
Report, June 1991, Report DOT-T-91-17, Prepared by California Department of
Transportation, 136 pagesAbstract “ The goal of these guidelinesisto providea*® how
to” document for planners, designers and operators of mainline HOV facilities. Since
individual site characteristicsvary, only typical scenarios can be presented. For
situations not discussed, Districts are advised to consult the appropriate District and
Headquarters representatives for advice and consent. These guidelines are not intended
to supersede Caltrans Transportation Planning Manual, Project Devel opment
Procedures, Highway Design Manual, Traffic Manual, or other established manuals,
procedures or practices. They are not, and should not be used as a set of standards. The
guidelines are advisory in nature and are to be usednly when every effort to conform to
established standards has been exhausted When conformance is not possible, the
deviation must be documented by a sound and defensible engineering analysis and an
approved design exception fact sheet.”

Guidelines on the Use and Operation of Changeable M essage Signs November 1992,
Publication TTI: 2-18-90/4-1232, Prepared for Texas Department of Transportation by
Texas Transportation Institute, 101 pagesAbstract; “ Thisreport isintended to be a
primer on the characteristics that affect the design, use and operations of changeable
message signs (CMS), and to provide guidance on the selection of the appropriate type
of CMSdisplay. Guidelines on the selection and design of CM S messages are presented
in acompanion Report No. FHWA/TX-92/1232-10 entitled, “ Guidelines on the Selection
and Design of Messages for Changeable Message Signs’. Thisreport is an update and
consolidation of the following reports:

C. L. Dudek and R. D. Huchingson, “ Manual on Real-Time Motorist Information
Displays’ , Report FHWA-IP-86-16, August 1986

C. L. Dudek, “ Guidelines on the Use of Changeable Message Signs’ , Report FHWA-
TS-90-043. May 1991

C. L. Dudek, “ Portable Changeable Message Signsin Work Zones’ , Report FHWA/TX-
85/07+292-4, July 1984.”

Traffic Detector Handbook, Second Edition, July 1990, Publication FHWA-1P-90-002,
Prepared for FHWA by JHK & Associates, 338 pagesAbstract: “ This handbook isa
revised, updated version of the Federal Highway Administration’s (FHWA) Traffic
Detector Handbook, originally published as | mplementation Package FHWA-IP-85-1.
This upgraded version of the handbook supersedes and replaces the previous edition. It
has been restructured, corrected, and revised to update discussions of concepts and
equipment to reflect the current state of the art, particularly asit relates to the
microprocessor revolution, advances in control technology, real-world application
experience. The overall objective of this handbook isto provide a single resource and
basic reference to aid the practicing engineer and technician in planning, designing,
installing, and maintaining detectors. It provides a compendium of existing detector
technology to facilitate the understanding of all aspects of detector systems. Best current
practices are described with emphasis on proper design, applications, and installation
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processes and techniques.”

Responsive M ultimodal Transportation M anagement Strategiesand |VHS February
1995, Publication No. FHWA-RD-94-086, FHWA report in cooperation with FTA, 156
pages. Abstract: “ The purpose of this study was to investigate new and innovative ways
to incorporate IVHS technologies into multimodal transportation management strategies.
Much of the IVHS research done to date has addressed the modesindividually. This
project focused on integrating Travel Demand Management (TDM) strategies with the
IVHS to provide the synergy and cost saving achievable by utilizing an [assumed]
already available IVHS infrastructure for implementation of TDM strategies. Specifically
this study was aimed at devel oping multimodal VHS applications for: (1) increasing the
market share of masstransit, HOV, and ride-sharing, (2) enhancing the efficiency of
urban goods movement, (3) reducing transportation demand in congested areas, (4)
improving mobility in urban and rural areas, (5) improving operations at ports, rail
facilities and airports, and (6) addressing air quality issues. A process was also
developed for evaluating the potential utility and costs of these new applications.
Supplementing these eval uations were a series of 8 1-day workshops held at sites across
the country to obtain input and feedback on these scenarios from transportation
professionals.”

TRANSIT M ANAGEMENT
Advanced Public Transportation Systems: The State of the ArtUpdate ‘96, January
1996, Report FTA-MA-26-7007-96-1, Prepared for FTA by USDOT Research and
Special Programs Administration and Volpe Transportation Systems Center, 212 pages.

Advanced Public Transportation Systems. Evaluation Guidelines January 1994,
Publication DOT-T-94-10, Prepared for FTA by John A. Volpe National Transportation
Systems Center, 166 pages.Abstract: “ This document presents guidelines for planning,
implementing, and reporting the findings of the evaluation of Federal Transit
Administration’s (FTA’s) operational tests. These evaluation guidelines are intended for
use by organizations engaged by the Research and Special Programs
Administration/Volpe National Transportation Systems Center (V ol pe Center) to
evaluate APTS operational tests. In addition, the guidelines will be useful to state and
local organizationsinvolved in the design and evaluation of Advanced Public
Transportation Systems

TRAVELER INFORMATION SYSTEMS

Opportunitiesfor Private Sector Involvement in the Deployment and Oper ation of
Advanced Traveler Information Systems February 1992, 26 pagef\bstract: “ The US
private sector is already a major player in thefield of IVHS. Private industry isthe major
developer and supplier of eectronics, communications, computer and navigation
equipment that goesinto IVHS systems and subsystems. Private industry is also
performing the bulk of the proprietary and contract research and development in support
of IVHS activities. It isestimated that approximately 80% of the investmentsin IVHS
hardware and software development will be dine by private industry. Clearly, the central
role of private sector in research, development, manufacture and marketing of IVHS
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equipment and technology is already secure. What isless clear istherolethat the private
sector will play in the deployment and operation of IVHS. The operation of the highway
system and of its supporting traffic management subsystems has been historically a
government function. Insofar as IVHS is merely a technological enhancement of
conventional traffic management, shouldn’t its deployment and operation be likewise a
public responsibility? The aim of this paper is to assess and, to some extent, to challenge
this point of view. We shall ook at the potential role of the private sector in the context
of the ATIS -- one of the functional areas of IVHS. We have chosen ATIS as our case
study for two reasons: ATIS offers the most tangible opportunities for private sector
involvement -- and probably involves the most complex choices of public and private
roles. ATIS also happens to be the functional area with which we are most familiar, and
in which we are presently conducting an FHWA-sponsored pilot project focused on
institutional issues.”

ELECTRONIC FARE PAYMENT
Integrating ETTM With Transit Fare Collection and Parking: The M APS Concept
Source: UC, Berkeley, Ingtitute for Transportation Studies, TRIS No. 839374 DA.

Electronic Fare Payment to be Tested on Busesin L os Angeles Source: Northwestern
University Transportation Library, TRIS No. 845415 DA.

| NCIDENT MANAGEMENT

Framework for Developing Incident M anagement Systems, Executive Summary August
1991, Report No. WA-RD-224.1, Prepared for Washington State Department of
Transportation by Washington State Transportation Center of the University of
Washington, 32 pagesAbstract: “ A variety of techniques have been devel oped to
manage incidents efficiently. However, very little guidance exists for agencies wishing to
initiate such efforts. The study, serves to provide this guidance by discussing the process
of developing and implementing an incident management system. Generally, the process
consists of several steps: defining the problem, setting goal s and objectives, developing
alternatives, evaluating and selecting from those alternatives, implementing, re-evaluating
after a specified time, and refining the system. The alternatives that were developed in
the document fall under five basic categories, depending on how they benefit incident
management efforts. These categories include incident detection, response, site
management, clearance and motorist information. Specific information, including
technique description, relative costs and benefits, operational requirements, and funding
variationsis given for each incident management technique included in these categories.
More generally, concerns such as jurisdictional issues, geographical constraints, available
resources, operational procedures, training requirements, and administrative coordination
arediscussed in detail to aid in mitigating difficulties early in the incident management
system devel opment process.”

TELECOMMUNICATIONS
Intelligent Vehicle Highway Systems M obile Communications GuidelinesSeptember
1993, Prepared for FHWA by The MITRE Corp., WP-93-WO0363, 88 pagesAbstract:
“ The Intelligent Vehicle-Highway Systems (IVHS) Mobile Communications Guidelines
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15.

was devel oped to provide practical guidance in the area of mobile communications to
those planning for IVHS operational tests or deploying IVHS-related systems and
services. The document provides guidance, in determining communications needs and
requirement, in understanding basic mobile communications concepts, on technologies
that are applicable to IVHS, and on regulatory issues pertaining to the acquisition and
use of frequency spectrum for IVHS applications.”

VIDEOS (Reference)

TravTek, Test Driving the Futur e October 1995, video prepared for FHWA by SAIC, run

time 20 minutes and 39 secondA bstract: “ The TravTek video has been devel oped to
provide a vehicle for disseminating information on the TravTek evaluation to a broad
group of public and private sector individuals. The video serves as an executive
summary for the project, providing information on the overall project goals and
objectives, the public/private partnership created to carry out the effort, the system
design approach, the key evaluation questions, and finally a summary of the results of
the evaluation activities.”

NTCIP - TheKey to Managing the ITS InfrastructureVideo prepared for FHWA.

Traffic Management Lab.,January 1996, Video prepared for FHWA.
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APPENDIX C

FUNDING FORITS
INCLUDING A CASE STUDY OF ITSFUNDING APPROACHES
IN ORANGE COUNTY, CALIFORNIA
(Excer ptsfrom the Orange County IVHS Master Plan)

FUNDING ISSUES

Thesuccessful development and implementation of an I TS Strategic Plan will largely depend
upon the availability of funds to cover the costs of such systems. Beyond the initial funding for
program implementation, a critical factor to the success of I TSthroughout the country will be the
continued availability of funding for operations and maintenance. The implementation of ITS
elementsfor the detection, surveillance, and management of transportation will necessarily increase
the operations and mai ntenance demands of those agenciesresponsible for transportation. Funding
strategies were discussed in Chapter 5 of the Handbook.

GENERAL FUNDING SOURCES

Thissection presentsdetailsof funding opportunitiesfor I TS and traffic management projects
at the local, state and federal level. Of particular concern to all agencies interested in the
advancement of ITS when reviewing the identified funding opportunities, should be the lack of
funding currently available for the continued operations and maintenance of implemented
technologies. Only afew sources currently allow for the operations and maintenance of programs
and, traditionally, these funds have not been allocated for these purposes.

One of the primary reasons operations and mai ntenance funding has not been madeavailable
or allocated is that typically this allocation is viewed as diminishing the funding available for new
programs, politically a more favorable undertaking. It must be stressed to all agencies that the
earmarking of funds for operations and maintenance purposes will diminish the scale of new
programs which may be funded. However, because the continued operations and maintenance of
I TSmay be beyond the financial reach of the average local agency, establishing fundsfor operations
and maintenance is necessary to maintain functional programs. It is strongly recommended that
funds currently available for operations and maintenance are used as such, and that new sources of
operations and maintenance funding are identified.

Locally and Regionally Generated

Thesefundsrepresent specially-appropriated fundsby local areasfor dedicated uses. Means
of supporting these funds can include:

local salestax

motor vehicle registration fee tax
trangsit-related funds

toll-road funds

privatization
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Thefunding sources are legally endorsed and typically require voter approval for implementation.
Millionsof dollars can be developed from these sources as exemplified by the Orange County
(California) Measure M (one-half cent local tax expected to generate $3.1 hillion over its 30-year
lifetime). In this way, funds are directly appropriated to the localized area in which they were
devel oped.

State Funding Sources

State Gas Tax Funds

Many states levy a gas tax on each gallon of fuel sold. The gas tax is dedicated to
transportation improvements, with state and local agencies as the recipients. The gas tax fund has
classically been a major source of funding for regional freeway systems. It can be used to "match”
Federal fundsfor selected magjor projects. It isalso afunding sourcefor continuing operations and
maintenance. State gas taxes may go toward funding sources of particular significance to the
implementation of ITS and traffic management programs.

State ITS Research

Many states have allocated funding to conduct ITS research projects. For example, in
California, Digtrict 12 and the University of California at Irvine led a multi-agency team and
submitted a program for the region. The project, oriented toward a Test Bed for ITS, is receiving
strong support and $7 million or more is programmed for funding over a three year period. The
project includes e ementsthat can support expanded signal operationsand intertiesto other agencies.
The project will also providesometraffic system infrastructurein thetest bed area. Whileresearch
isthe primetarget, such test beds are useful to test and eval uate emerging technol ogies and establish
their utility in traffic signal operations.

Petroleum Violation Escrow Account (PVEA)

Under existing Federal law, fundsin the Petroleum Violation Escrow Account (PVEA) have
been dispersed to states by the Federal government and deposited in the Federal Trust Fund. PVEA
monies have been used in the past to fund statewide programsto relieve traffic congestion, such as
vanpool grants and loans. While future proposals could be formulated to provide some funds for
implementing suitable corridor projects which might include ITS elements, it should be recognized
that PVEA funds are almost exhausted.

Federal Highway Administration Funds (FHWA)

Intermodal Surface Transportation Efficiency Act (ISTEA)

In December 1991, the Intermodal Surface Transportation Efficiency Act (ISTEA) became
law. Whileretaining moretraditional funding programsfor Interstate maintenance and bridges with
minor modifications, the ISTEA restructured the federal aid highway program by creating broad
funding categories. Within this new structure, the emphasis of the ISTEA for highways is on
preservation, operation and better management of existing transportation facilities. Assuch, several
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funding programs are compatible with the objectives associated with developing an ITS.

ISTEA comprises several funding programsranging from Air Transportation to Research.
The Act includes several sources which are of direct interest to the funding of ITMS:

Surface Transportation Program

National Highway System

Congestion Mitigation and Air Quality Improvement (CMAQ)
Intelligent Vehicle Highway Systems Act

OO0

These funding opportunities are discussed below. It should be emphasized that project
readinessisakey requirement for Federal funds. The availability of ready-to-go projectswill put an
agency in an advantageous paosition where demands to deliver on the program are made.

Surface Transportation Program (STP)

Section 1007 of ISTEA describes the STP. Eligible projects include operational
improvements and capital costs, as well as operating costs for traffic monitoring, management and
control facilities and programs. Funds lapse four years after they are available and competition for
availablefunds is introduced into the obligation process annually. The definition of operational
improvementsincludes capital improvementsthat will improve or enhancethe operational efficiency
of ahighway. The STP provides funds directly to the region.

Total funding for the STPis$23.9 billion over thesix yearsof ISTEA. Fundsaredistributed
to states based on their share of all funding made available to the states between FY 87 and FY91.
Following distribution to the states, allocation is as follows:

a 10% - safety construction

b. 10% - transportation enhancement

C. 50% - to urban areas over 200,000 on the basis of population
d. 39% - for use anywhere in the state

ITS and Traffic Management projects are not eligible under categories and b, above, and
while STP fundingfor FTA projects requires alocal match of at least 20%, traffic projects require
only 11.5% local matching funds. State TSM funds will provide alocal match in the future.

While there is obvious applicationof STP funding to capital expenditurefor ITS and traffic
management projects, its application to operations and maintenance is not so well defined. While
thereisprovision at the Federal level making such expendituresigible, current local guidelinesare
that local agencies provide funding for operations and maintenance. Such guidelines need to be
modified, given the new I'TS technol ogies to be supported and the increasing budget limitations on
even routine operations and maintenance. These must be astrong regional and local 1obbying effort
assembled, which can identify operations and maintenance requirements and manual funding needs
tomaintain ITS.

National Highway System (NHS)
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| STEA designates anew highway system of approximately 155,000 milesto beknown asthe
National Highway System (NHS). The NHS is funded at $21 hillion over the six years of ISTEA,
apportioned in the same fashion asthe STP. An additional $17 billion is authorized for Interstate
Highway system upkeep making a total of $38 billion. Statescan, at their discretion, transfer up to
half of their NHS funds to the STP and may transfer up to 100% with DOT approval. Through FY 95,
al principal arterials are to be considered eligible for NHS funds.

Under the NHS, "start-up” funding for the operations of traffic management and control
systems for up to two years can be provided. As with the STP, definition of operational
improvements, start-up costs includes those for traffic signals and systems. Also, dligible projects
includeoperational improvementstothe NHS and operational improvementsto non-NHS highways
in a NHS corridor. Clearly, therefore, NHS provides a major opportunity for ITS funding on
principal arterialsand corridor systems. However, usng NHS fundsfor operationsand maintenance
have been viewed as reducing the funds for NHS construction for which these funds are the support.
As with STP, the costs of operations and maintenance should be addressed and a condition of
regional and local agencies shouldidentify (based on the Action Plan developed el sewherein this
study) the needs of the agenciesin terms of operations and maintenance. NHS funds are managed
by the State Departments of Transportation.

Congestion Mitigation and Air Quality Improvement (CMAQ) Program

The Congestion Mitigation and Air Quality Improvement (or CMAQ) Program directs $6
billion over the life of ISTEA to urban areas not in compliance with the Clean Air Act. Funds are
distributed to states based on each state's population in non-attainment areas. Areaswith very poor
air quality are given greater weight in the formula.

Projects which help to attain air quality standards, or contribute to air quality attainment,
through reduction in vehiclemilestraveled (VMT), fuel consumption or other factors, are digible.
Traditionally,I TS and traffic management programs have been viewed as being effectivein reduction
in fuel consumption and pollution, although their effect on VMT is till to be established.

The Federal share for most eligible activitiess 80% or 90% if used for certain activities on
the Interstate System. Some activities, including traffic control signalization and certain transit
related ITS elements may be digible for funding at 100%.

Clearly, because of the broad array of projects eigible under CMAQ, use of these funds for
ITS will necessarily compete with numerous alternative funding requests. Moreover, it will be
important to establish ITS strategies as an effective use of funds early in the CMAQ program life
cycle. Specifically, theair quality benefitsto be derived for ITS should be demonstrated in the early
years of the program. Asitislikely that this source will be attractive to several regional initiatives,
consensus regarding the use of CMAQ funds for ITS purposes will be required on a countywide
basis.

Intelligent Vehicle Highway Systems (ITS) Act
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ThelTSAct fallsunder TitleVI: Research of ISTEA (while STP/NHSCMAQ fundsall come
under Title I: Surface Transportation) and establishes $660 million of funding for ITS over thelife
of ISTEA. Thisisdivided into $501 million for an ITS Corridors program and $158 million for other
ITS research and development. The applicable federal share for these categories is 80%.

The ITS Corridors program funds are not to be used to create infrastructure but are targeted
at ITSplanning, early deployment and operational tests. The FHWA, which administersthesefunds
and directsthemtoindividual projects, hasidentified four priority corridorsin ozone non-attainment
areas to receive funds under the Corridors program. Initial allocation of FY1993-94 funding was
done through a request for proposals;, 102 proposals were received by the FHWA.

These funds can be usefully expended to be of use in defining future technologies for ITS
programs and giving local agencies first hand experience with them. This put$hose agenciesin a
stronger position when seeking larger funding for full-scal e depl oyment following successful testing.
The Early Deployment program, which will allow the development and design of initial projects.

Under the I TS planning and research program, $27 million of funding is available each year
for fiscal years 1993 through 1997. However, these funds are competitive on a national basis, due
to the earmarking of much of thismoney for specific projects and project types. Moreover, funding
acertain portion of funding for any given year will be used to support previousy funded projects.
Therefore, the feasibility of tapping this fund source decreases somewhat over time.

Transit Funding

The following summarizes transit funding availability from a number of sourcesjncluding
federal ISTEA funding, State funds, and countywide Measure M funds.

Federal Transit Funds

ISTEA included $31.5 Billion nationally in transit funding over the 6 year period of the Act.
Potentially applicable funding to ITS includes. Section 9 Formula Programs; Section 3 Capital
Program and Planning and Research Programs.

Section 3: Thissection of the Act includes a capital grant program for innovative techniques
and practices "in the management and operation of public transit services." Approximately
$10million isavailable nationally within the Section 3 bus capital grant program. OCTA has
traditionally used Section 3 funds for the acquisition of buses. The OCTA Short-Range
Transit Plan (SRTP)anticipates approximately $177 million in Section 3 funding between
1993 and 1999 pending a current grant application approval. Much of these funds are
planned to acquire express coachesand hel p construct the 1-405/SR55 transitway connector.
These funds require a 20% local match.

Because these funds are competitive on a national basis they provide a limited opportunity
for ITS funding.

Section 9: The section 9 formula grant program makes funds available on the basis of a
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statutory formulato all urbanized areas in thecountry. Operating expenses are an eligible
expenditure under this program.

Although both capital and operational aspects are technically eligible under this program,
diversion of these funds to ITS purposes would necessarily curtail alternate application of
these funds.

Planning and Research Funds: Approximately $378 million nationally is available over the
next six yearsfor transit technol ogy devel opment. Thesefundsaredistributed through anew
Transit Cooperative Research Program through calls for projects and throughthe National
Planning and Research Program. Because of the emphasis on technol ogical advancement,
these funds are potentially available for the more advanced aspects of ITS.

State Transit Funds

Many agencies receive transit operating and capital revenues from several state sources
includingthelocal Transportation Funds and various other sources (such as State Rideshare funds).
Transitedlementsof TS may bedigibleexpendituresunder these sources. Application of any portion
of thesefundsto such usewould, of course, impact other transit expendituresplans. Moreover, state
fiscal conditions make these sources vulnerable to invasion to balance the state budget.

Private Sector Role

The nature of ITS, dueto itsinclusion of the vehicle asa"smart" system element, involves
the development of privately-devel oped technologies. Thus, technological vendors and investors
could beconsidered partnership sourcesof privatefundsfor ITSimplementation. Candidate private-
public joint ventures may include in-vehicle navigation systems (implementation and support),
development of new technologies for collection and dissemination of data, and various control
system elements.

Many local governmentschargetransportation impact feesor designatespecial transportation
districts that contribute revenues to transportation facilities that are constructed to benefit the
designated area. These are put in place principally to fund major highway improvements, new
freeway interchanges, etc. Thissame approach could be applied to fund I TS projectsthat benefitted
the areas being developed. However, it isusually more difficult to make that association with ITS
than with larger projects.

The City of Irvine, California, has taken a unique approachn thisareain which developers
have the option to pay part of their impact mitigation fee to support thetraffic control systemin the
city. An alowanceis provided inther calculation of level of service for impacted intersections if
they choose this option, reducing the costs for geometric improvements.

ITS FUNDING OPPORTUNITIES IN ORANGE COUNTY

Locally and Regionally Generated
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Measure M

Measure M, a one-half cent local tax was passed by Orange County voters in November
1990. This sales tax is expected to generate $3.1 billion over its 20 year lifetime. The revenue
generated by this source is administered by OCTA. Funding isdistributed into four categories.

43% to Freeway Projects

25% to Transit Projects

21% to Local Streets and Roads Projects and
11% to Regional Streets and Roads Projects.

OO0

These expenditure categories are further broken downinto seven specific funds. Elements
of IVHS are technically eligible for several Measure M Programs, including Superstreets, Signal
Improvement and TDM/TSM. Additionally, the fundingof IVHS and signal pre-emption projects
with Measure M funds has been preliminarily approved by the OCTA Citizen'sOversight Committee
and is anticipated to receive formal approval.

Clearly, Measure M funds are an ongoing, available source for funding IVHS. This year
provides a critical opportunity to define IVHS's place within the Measure M Program schemes for
the next four years.

However, the overall role of Measure M fundsin theimplementation of IVHS isundefined.
If this sourceisto becometruly viable, more guidance within the Combined Transportation Funding
Programsis needed. As stated above, OCTA will be evaluating IVHS digibility criteria this year.
As Measure M is the most significant local source of transportation funding, it is necessarily
competitive. For thisfund to play a significant rolein IVHS devel opment, consensus regarding its
use for this purpose will be indispensable.

AB 2766 Discretionary Funds/Transportation Control Measure Program

In 1990, the California Legidature passed a motor vehicleregistration feeincrease (Sher-AB
2766), to be assessed to driversin the South Coast Air Basin, to provide funding for mobile source
air quality mitigation programs withinthat area. Beginning April 1991, an add-on fee of $2.00 per
vehicle was assessed annually, with thefee being increased to $4.00 in 1992. 40% of this revenue
is allocated to the South Coast Air Quality Management District (SCAQMD), 30% to local
governments on a per capitabass, and the remaining 30% toward a"discretionary fund." Any type
of project, whether sponsored by government or by the private sector, having somedirect connection
with air quality would be able to compete for the revenues within this discretionary fund.

As an indication of the revenue expected to be generated, it is estimated that with the $4.00
per vehiclefee, Orange County vehicleregistration alonewill generate over $1.3 million for FY 1993-
94 towards the discretionary fund. Funds will be divided, per legidative formula, to fund both
regional and local projects.

With the direct relationship between the traffic signal improvements and air quality, there
should be a strong case for pursuing the discretionary element of these funds. There is also a
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possibility that authorization will begiven tolocal agenciestoincreasethesefees. Consideration may
also be given to establishing an annual fee dedicated to supporting continuing operation and
maintenance of signal systems.

To summarize, these funds could be used for implementation of the IVHS Programs,
especially where a direct benefit to air quality is apparent. Further, given the continuing nature of
the funds, opportunities may exist for funding of a portion of the continuing operations costs.
However, the funding levels are not large, given the likely demands. Alsoaclear tieto air quality
improvement (ideally carbon monoxide emissions) must be made.

Transt-Related Funds

Several sourcesfund OCTA transit services, including the Local Transportation Fund (LTF-
sales tax proceeds from 1/4 of the $.065 per dollar collected from retail salesin Orange County),
Measure M and federal grants. Although there are numerousprogramming needs to be met using
these funds, there may be an opportunity to useamoderate amount of fundsfor transit-related IVHS
components. Themost current OCTA Short-Range Transit Plan aso indicates thatseveral federal
grants(some dating back to 1985) should bereevaluated for continuation. Depending on the nature
of the grant, there may also be a possibility to redirect unused grant funds to 1'VHS devel opment.
As an additional example, OCTA also receives state funding to implement a rideshare program for
Orange County. To the extent that a component of IVHS (such as a transit related traveler
information system) could be defined within the digibility of the state's funding guidelines, such
funds could provide partial funding for IVHS transit elements.

Transit-related funding provides some opportunity to pay for transit-related 1VHS
components. Further evaluation of specific sources would be required to fully determine this
potential.

Funding for transit is limited. Utilization of any transit-related funds for IVHS would
necessarily impact other priorities. Additionally, depending on the nature of the proposed use of
funds, eigibility impediments may be encountered.

Transportation Corridor Agencies (TCAS)

The TCAs have been established to construct three "toll road" facilities within Orange
County. Funding for construction isto come from two primary sources, dedicated devel oper fees
and tolls. After thefacilities are constructed, they are to be turned over to Caltransfor operation and
maintenance. The TCA projects areto beimplemented over the next 7-8 years. Whilethereissome
uncertainty with funding due to the slow down in development over the last several years, the
projects are moving forward toward construction.

TheTCA facilitieswill include compl ete traffic operations systems and HOV lanes. Thetoll
collection system is also to emphasize automated collection using AV1 technology. A number of
IVHS components are planned for incorporation in the TCA facilities, and TCA funds will be
directed toward this purpose.
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At the same time, however, TCA funds cannot be used for infrastructure outside their
roadways. Moreover, to ensure theinclusion of 1VHS e ements which are compatible with the rest
of the County'sIVHS network in the corridor projects, specific agreement on the type and extent of
IVHS system architecture must be reached concurrently with design and construction timetables.
Specific parametersfor linking the corridors to the overall system architecture must also be defined
and funded.

Privatization Projects (Toll Roads and other Facilities)

There are two "privatization™ toll roads being developed in Orange County, one paralld to
SR91 and another extending SR57 south along the Santa Ana River to 1-405. The developer of the
SR91 project hasreceived environmental clearanceand project approvalsand iscurrently negotiating
financing. The developer of the SR57 is seeking equity participation to fund the requisite
Environmental Impact Report (EIR) for the project.

Aswith the TCAS, thereis an opportunity to incorporate certain I\VHS componentsinto the
privatized facilities construction by directing funds dedicated to these project toward IVHS
components. Thiswould require early consultation with the project devel opers regarding common
objectives concerning IVHS.

State Funding Sources

State Gas Tax Funds

The State of Californialevies agastax on each gallon of fud sold. The gastax isdedicated
to transportation improvements, with Caltrans and local agencies as the recipients. The tax has
recently been raised from nine cents per gallon to a programmed eighteen cents per gallon. Five
cents of the new tax increment isin effect and an additional cent willbe added each year until the
full valueisreached. Thenew tax increment includes special funding for TSM and Congestion Relief
programs which are discussed below.

Thegastax fund has classically been the magjor source of funding for the California freeway
system. It isused to "match" Federal funds for selected major projects. Itisalso afunding source
for continuing operations and maintenance ("4 R program”). Prior to the recent increase, the funds
were stretched to the limit in order to provide continuing operations and mai ntenance and to match
federal funds.

State gas taxes go towards two funding sources of particular significance to the
implementation of IVHS and traffic management programs. the Traffic System Management (TSM)
Program and the Flexible Congestion Relief (FCR) Program. The TSMprogram iswholly funded
by stategastax contributions, while FCR moniesare derived from several sources. However, neither
of these programs may be used to fund on-going fund operations and maintenance.

Traffic Systems Management (TSM) Program

Therecently established TSM Program of the gastax fund has already been of considerable
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use in supporting IVHS and traffic management system implementation. The TSM Program
Guiddines that were established by the California Transportation Commission (CTC) in October
1989, define the appropriate uses of these funds to be "those projects designed to increase the

number of person-trips which can be carried on the highway system without significantly

increasing the design capacity of the highway system..." According to the CTC guidelines, digible
project typesspecificallyinclude"trafficflowimprovementssuch ascomputerized synchronization

of traffic signals and intersection improvements on conventional arterial roads and TV

surveillance, computerized message signs, and traffic operations centers on freeways;" also

mentioned are "traffic metering systems, including meters on freeway on-ramps, freeway-to-

freeway connectors, and freeway mainlines." Further, "demonstration projects to implement

research and development in thefield of traffic operations control systems' arealso identified as
an appropriate use.

Sinceitsinception, TSM funds have been used for many traffic signal implementationand
synchronization projects, several of which are located in Orange County. The FY 1992-93 list of
projects approved for funding included: $1.2 million for ATMS projects in Santa Ana, including
expansion of the existing signal system, $5.3 million for TOS central and field equipment, including
fiber opticstrunk communications, and $2.9 million for aTM Sexpansionin Anaheiminthe SRO1/La
Palma corridor. Many other cities have also been successful in securing signal improvements
through the TSM program, especially those that have linked such projects with benefits to the
freeway system. These are significant allocations for a fund which intends to make between $50
million and $100 million available for digible projects per year.

The TSM application processis carried out on an annual basis. Traditionally, applications
were submitted via Caltrans Districts during the month of August. Candidate projects were then
evaluated and a priority list created for publication in December. The amount of funding available,
and the ahility of the agenciesto meet deadlinesfor various stages of the design and construction of
the project determined the number of projects actually funded from the list.

This process changed for FY1993-94. The passage of Senate Bill 1435 linked the TSM
program with the Federal ISTEA of 1991 by using the TSM funds to match Surface Transportation
Program (STP) and Congestion Management and Air Quality (CMAQ) program. STPand CMAQ
funds areprogrammed through theMetropolitan Planning Organi zations(MPO's) such asthe OCTA.
In order to ensure that the state TSM and regional STP and CMAQ programs are compatible, the
TSM program for FY 1993-94 was cancel ed and funding hasbeen apportioned through the February
1993 Call for Projects which consolidates the application of funding from several sources (see
Section 2.5.1). TSM funds through 1993-94 will most likely be exhausted in meeting mandated
match requirementsfor federal CMAQ and STP funds. Beginning in 1994-95, TSM projectswill be
drawn from project priorities that are developed by Caltrans District 12 in cooperation with the
OCTA. Toward thisend, District 12 is devel oping dhree-year plan to target approximately $18.7
million in TSM funds forfiscal years, 1994-95, 1995-96 and 1996-97. In the future, funding targets
will beissued by OCTA for afour year period. Within those limits, OCTA will establish a project
priority list with Caltrans.

TSM fundswill continueto beamajor sourcefor VHS deployment and their useasleverage
for larger federal funds only adds to the funds utility. However, thereis significant competition for
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TSM funds. They have also been the principal source for Caltrans operational elements such as
Traffic Operations Centersand system improvements such as ramp metering, changeable message
signs, closed circuit television and communications. Senate Bill 1435 added HOV lanesand park and
ride facilities to the list of digible projects. TSM funds may not be used for operations and
maintenanceactivities. Becauseof thenature of the TSM Program, many IVHS dementswill qualify
under TSM, plus Federal ISTEA (CMAQ and STP) programs. It isthereforeimportant that District
12 and OCTA work together closdly to develop joint programming strategies covering all three
statewide process to a District-based multi-year evaluation process, the need for well-coordinated
implementation scheduling and financial planningiscritical for the best utilization of thissource. The
following page indicates the criteriafor TSM projects.

Flexible Congestion Relief (FCR) Program

Flexible Congestion Rdlief fundsarederived from avariety of stateand federal sourceswhich
include state gastax, rail bondsand ISTEA. Thesefundsare collected in the State Highway account
and allocated according to prescribed formulae for each county. FCR funding is estimated to be at
thelevel of approximately $300 million per year.

Eligible projects under the FCR program include new roadways, transit guideways,
expansion of existing roadways and rail transit. The efficient addition of capacity to acorridor isthe
primeintention of these funds. Hence, traffic signal projects face significant competition for these
funds and are at a disadvantage due to competition from major freeway projects. One significant
advantage that the IVHS projects do have, however, is cost-effective capacity enhancement. For
example, in Los Angeles County, some $2.55 million of FCR funds have been allocated for thefirst
phases of a multi-agency signal coordination project and Smart Corridor conceptual design for the
northern San Gabrid Valley. Operationsand Maintenancearenot digiblefor funding under the FCR

program.

Caltrans |VHS Research

Caltrans has allocated funding to conduct IVHS research projects and has requested
proposals from thevarious digtricts. Digtrict 12 and the University of Californiaat Irvineled amulti-
agency team and submitted a program for the region. The project, oriented toward a Test Bed for
IVHS, isreceivingstrong support and $7 million or more is programmed for funding over a three
year period. Theproject includesdementsthat can support expanded signal operationsand interties
to other agencies. Theproject will also provide sometraffic systeminfrastructurein thetest bed area.
Funding in the FY 1992-93 has been made available by Caltrans to local universities, and further
funds are forthcoming under the IVHS Corridors program (see Section 2.3.3.5) for equipment
deployment. While research is the prime target, such test beds are useful to test and evaluate
emerging technologies and establish their utility in traffic signal operations.

Petroleum Violation Escrow Account (PVEA)

Under existing Federal law, fundsin the Petroleum Violation Escrow Account (PVEA) have
been dispersed to the State by the Federal government and deposited in the Federal Trust Fund.
PVEA monies have been used in the past to fund statewide programs to relieve traffic congestion,
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such asvanpool grantsand loans. Existing state law, however, does not provide for optimized signal
timingand corridor demonstration projects. Recently specific bills have been formulated to require
county transportation authorities, using fundsall ocated by the CaliforniaTransportation Commission
(CTC), to coordinate Smart Corridor demonstration projects on the state highway system. Thebills
would further requirelocal transportation commissionstoreport on theseprojectstothelLegidature.

In the 1992-93 legidative session, two such bills went before the State senate for the
appropriation of over $6 million of these PVEA funds to the CTC for alocation to these corridor
demonstration projects. Unfortunately, competition for PVEA funds resulted in only $1 million
being all ocated.

Whilefuture proposal s could beformulated to provide somefundsfor implementing suitable
corridor projects which might include IVHS elements, it should be recognized that PVEA fundsare
amost exhausted. This, combined with competition from other urban counties will limit PVEA
funding availability for IVHS Programs in the County.

State and Local Transportation Partnership Program (SLTPP)

ThisCaltrans program consists of funding local projects which are ready for construction
with a minimum of review. Eligible projects are those which increase capacity, extend public
transportation service to a new area, or rehabilitate existing facilities. As discussed with FCR
projects, IVHS and traffic management projects can be shown to increase capacity. SLTPP funds
areavailable only for actual construction costs, aswell as State and Local-furnished materials. The
funds do not cover preliminary and construction engineering. The maximum state shareis50%. In
the first three years (cycles), the state match is 21.47%, 30.2% and 21.6% respectively. Projects
nominated by local agencies are selected by Caltransannually. A oneyear application period begins
on July 1. Project reimbursement proceeds after the final match ratio and list of eligible projectsis
published 13 months after the application deadline. $200 million is available annually statewide.

State Transit Funds

OCTA receivestrangt operating and capital revenuesfrom several state sourcesincluding the
Local Transportation Fund (1/4 of the $.065 collected per dollar assalestax in Orange County); State
TransitAssstance Fund (STAF); and various other sources (such as State Rideshare funds). Trangt
elements of IVHS would be eligible expenditures under these sources. Application of any portion
of thesefundsto such usewould, of course, impact other transit expendituresplans. Moreover, state
fiscal conditions make these sources vulnerable to invasion to balance the state budget.

OCTA projectsreceive $10.6 million per year in staterideshare funds between 1993 and 1999.
This source may contain some potential for application toward devel opment of HOV programs as
defined in the IVHS Master Plan.

Measure M

Twenty-five percent (25%) of Measure M funds are devoted to transit, including rail and
guideway development. The current SRTP allocates $8.3 million toward transifor the 1993-1999
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period. Totheextent that IVHS components aretransit-related, Measure M funds could be applied
for these purposes.

Page C-13



APPENDIX D
AN OVERVIEW OF TRAFFIC SIMULATION MODELS

Traffic smulation models are mathematical methods of approximating real-life traffic
situations. Simulation models are used to assist in planning, design and operations of
transportation facilities. From atheoretical viewpoint, there are two types of traffic smulation
models. macroscopic and microscopic simulation models.

1 Macroscopic models are based on deterministic relationships devel oped through
research on highway capacity and traffic flow. The simulation for a macroscopic
model takes place on a section-by-section basis rather than tracking individual
vehicles. Macroscopic mode s have considerably |ess demanding computer
requirements than microscopic models. They do not, however, have the ability to
analyze improvements and designs in as much detail as microscopic models.

Microscopic models simulate the movement of individual vehicles, based on
theories of car-following and lane-changing. Typically, vehiclesenter a
transportation network using a statistical distribution of arrivals (a stochastic
process) and are tracked through the network on a second-by-second basis.
Computer time and storage requirements for microscopic models are large,
usually limiting the network size and amount of time that can be reasonably
simulated.

Nine traffic simulation models are discussed in thisreport. Table D-1 showsthe nine
simulation models categorized by their operating environments. Historically, smulation models
were developed to modéd traffic in distinct transportation subnetworks such as freeways,
corridors including a freeway and major arterials, surface street grid networks, and rural
highways. Typically, these transportation subnetworks have distinct operational characteristics
that were reflected in ssimulation modeling. As traffic congestion increased -- both in time and in
Space -- the assumption that each subnetwork operates independently has become invalid.
Simulation models were enhanced to addresssmodel the emerging traffic inter-dependency.
Table D-1 summarizes operating environments for traffic ssimulation models by describing
existing (X) or partially existing (P) capabilities of each model to ssimulate the four distinct
operating environments.

CORFLO

CORFLO isafamily of surface street and freeway macroscopic models that can smulate
traffic at different levels of detail for large urban networks. It is one of the component model's of
the FHWA TRAF system that includes both microscopic and macroscopic models. ROADSIM,
FRESIM, and NETSIM are microscopic ssimulation models for rural highways, freeways and
urban streets, respectively. CORFLO consists of the following four macroscopic submodels.

! FREFLO is a macroscopic freeway simulation model.
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Table D-1

OPERATING ENVIRONMENTSFOR
SIMULATION MODELS

. Arterial
M odel Freeway Corridor Network Rural Hwy

1. CORFLO X X X

1A. FREFLO X

1B. NETFLO1

1C. NETFLO2

FREQ

X [T |X [X

. INTEGRATION X

FRESIM

NETSIM

SATURN P P

X |IX X X

. CONTRAM P P

2
3
4
5. TRANSYT7F
6
7
8
9

ROADSIM X

X: Existing
P. Partially Existing

NETFLOL is an event-based model that simulates surface street networks.

NETFLO?2 is a simulation adaptation of the TRANSY T7F signal timing
optimization program.

TRAFFIC is ahighway assignment program with user and system equilibrium
capabilities.

Each CORFLO submode can be run independently or be applied to a specific
subnetwork which isa part of alarger network. The interface of adjoining subnetworksis
accomplished by defining "Interface Nodes'. Continuity of flow from one subnetwork to
another (including spillbacks) is preserved by the program logic.

TRAFFIC produces minimum paths between each O/D pair, link volumes, turning
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fractions, and congested times. NETFLO 1 and 2 generate volumes, speeds, travel times, delays,
fuel consumption, and emissionsrates. These MOESs can be obtained at the network-wide, link-
specific, and movement-specific levels. FREFLO reportsinformation for both the end of each
time dice aswell as a cumulative total for the relevant MOEs. Congested speeds, densities,
volumes, and delays on freeway sections are produced by FREFLO. All of the MOEs are
derived from density, volume and speed. Derivative MOEsinclude VMT, VHT and other
measures. Mainline and ramp statistics are reported by timeslice for each subsection.

CORFLO can assess the operational impacts of incidents, reconstruction, bottlenecks,
design alternatives, and control strategies in networks composed of both freeways and surface
streets. Incidents are represented as lane reductions or in the form of capacity restraint on the
highway section. Currently CORFLO is not sophisticated enough to handle advanced traffic
control strategies. CORFL O explicitly handles passenger cars and trucks, buses, and carpools on
freeways and surface streetsin a single, integrated environment. In its present form, FREFLO
cannot directly model ITS strategiesthat are related to information (CMS, In-vehicle
information). Given the macroscopic (non-microscopic), freeway (non-network), and static
(non-dynamic) nature of FREFL O, modeling of information would require drastic changesto the
model structure. In its present form, CORFLO cannot simulate traffic actuated ramp metering.
Only pre-timed ramp metering control can be evaluated.

CORFLO isnot designed for analysis at amicroscopic level. The absence of any car-
following logic or lane-changing logic prevents the user from conducting traffic analysisat a
detailed level such astraffic operations at freeway-ramp junctions. Further, only one-ring
controllers, with limited features, were implemented in the actuated control logic. These
limitations could be overcome by linking CORFL O with microscopic simulation models such as
NETSIM and FRESIM. The main weakness of CORFLO in evaluating I TS benefitsis the distinct
separation of the assgnment and simulation processes of the analysis, that does not provide for
feedback into the assignment model based on simulation results.

Assuming data availability, the development of a validated simulation model including
freeways and surface streets could be accomplished in aslittle as three person-months. The
simulation of alternatives could be accomplished in two additional person-months, assuming that
forecasts are available and alternatives have been defined. These time estimates assume that the
user is aready familiar with the models.

FREQ

FREQ is a macroscopic model that can ssimulate corridor traffic operationsincluding a
freeway and one parallel arterial. FREQ operates on the basis of speed/volume and
demand/capacity relationships. The classic speed/volume relationship is used to compute speed
for subsections. Several curves are resident in the program, one of which can be selected for any
simulation, or a user-developed curve can be specified. The curves resident in the program were
derived from multiple sources (mainly Caltrans and FHWA) and can be sdlected by choosing the
appropriate freeflow speed. For most freeways the default 65 mph curveis appropriate.
However, the FREQ speed/volume curves are likely to be revised based on new research. Based
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on ramp/mainling/arterial volume inputs, FREQ synthesizes a balanced trip table from each entry
origin to each exit destination. Thistrip table is used to generate weaving volumes.

FREQ is best suited to corridor evaluations covering 5 or more miles of freeway, with
emphasis on computing the effectiveness portion of a cost/effectiveness analysis for various
geometric alternatives, and evaluating traffic management and traffic control alternatives (such as
incident management, ramp metering, mainline HOV lanes, and HOV bypass lanes at ramp
meters). FREQ has incorporated a modal shift capability for HOV strategies (HOV lanes and
ramp meter bypass for HOV). The modal shifts are based primarily on travel time differential
between the HOV and the mixed flow lanes.

FREQ outputs are more informative and comprehensive than most simulation models.
MOEsinclude VMT, VHT, PMT, PHT, ramp-to-ramp travel time, emissions, noise, and a variety
of others. A typical FREQ timeslice report shows subsection number, number of lanes, length,
traffic demand based on the O/D data, modified traffic volumes based on subsection capacity and
unserved volume, freeway capacity, capacity reduction due to weaving, queue length in feet,
storage rate (whether a queue is growing or dissipating), v/c ratio, average speed, fue
consumption and emissions.

FREQ can assess benefits resulting from ramp metering and HOV lane implementation in
acorridor. Mobility, congestion, emissions, and fuel consumption are comprehensively assessed
by the moddl. Especially in the assessment of congestion, FREQ outputs speed and v/c contour
diagrams that provide graphic congestion information by corridor subsection by timedlice.

In modeling detection/surveillance, FREQ can be used to simulate freeway
accidents/incidents and assess corridor performance measures under alternative
detection/response scenarios. Safety can be assessed indirectly as a function of MOEs that are
readily available from the moddl.

In its present form, FREQ cannot model I TS strategies that are related to information
(CMS, in-vehicle information). Given the macroscopic (non-microscopic), corridor (non-
network), and static (non-dynamic) nature of FREQ, modeling of information would require
drastic changes to the model structure. These changes would be equivalent to building a new
model.

If data are available, the development of a validated freeway ssmulation model over a
significant length of freeway could be accomplished in as little as two person-months. The
simulation of alternatives could be accomplished in one additional person-month, assuming that
forecasts are available and alternatives have been defined. CORFLO and FRESIM will require
dightly longer time than FREQ primarily because of user orientation. These time estimates
assume that the user is already familiar with the model.

INTEGRATION

INTEGRATION was devel oped specifically to evaluate and optimize the operation of
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integrated freeway/signalized arterial networks during recurring and non-recurring congestion.
INTEGRATION isless data intensive than other ssimulation modelsin its class.

INTEGRATION simulates traffic flows in terms of individual vehiclesthat have self-
assignment capabilities. The model assignsindividual vehicles sequentially to a network that is
already loaded with any previous departures that have not reached their destination. The turning
movements of each vehicle at each node and time are dictated by the minimum path tree existing
at that instant. Minimum path trees are recalcul ated every 6 seconds. The INTEGRATION
modeling approach consists of a discrete ssimulation that traces the path of each vehicle
throughout the network. The vehicle salf-assignment capability circumvents the need to use
either an explicit time-dlice or iterations during the traffic assignment. Consequently, one can
consider continuoudly variable demands and controls, both freeway and signalized networks, as
well as any links that join them.

At the conclusion of a simulation run, the model produces two types of summary
outputs. Thefirst provides user-oriented statistics on the trips between each OD pair. The
second provides system-oriented statistics on the operation of each network link.

INTEGRATION can model varying levels of driver/vehicle information. Thisis
accomplished by differentiating between the following five distinct driver/vehicle types:

1 Driver/vehicle type 1 represents a background vehicle type that has only historic
information on congestion.

Driver/vehicle type 2 is provided with continuous updates of real-time link travel
times.

Driver/vehicle type 3 represents drivers who have anticipatory knowledge of
expected future link travel times.

Driver/vehicle type 4 isintended to replicate the characteristics of TravTek
vehicles.

! Driver/vehicle type 5 represent the behavior of drivers of HOVs.

The modd has the ability to model and assess the effect of changeable message signs
(CMYS) at any location in the network. The user can specify duration of travel information
displayed by the CMS. Also, INTEGRATION can modd traffic signalization at both
intersections and freeway on-ramps. Intersection control can be fixed-time or actuated. As part
of the TravTek project, the model is being enhanced to optimize ramp metering and traffic signal
control.

INTEGRATION isthe most complete model for ITS benefits assessment at a
freeway/corridor/arterial integrated network. It was specifically developed to perform traffic
assignment in an integrated freeway/arterial network. INTEGRATION can simulate dynamic
traffic demand patterns and a variety of traffic controls, takes explicit account of queue size and
delay through traffic assignment, hasindividual vehicle self-assignment capabilities, and routing
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of traffic can represent the behavior of drivers with varying knowledge of traffic conditions.
INTEGRATION isthat it isstill at an early stage of development. Potential problems may arise
when applying the model to real-life situations. The modd requires a significant amount of
further development. Based on ITS-UC Berkeley experience, applications of INTEGRATION
require approximately as much effort as macroscopic simulation model applications.

FRESIM

FRESIM is an extension of the microscopic freeway ssmulation model INTRAS,
developed under FHWA contract in the early 1980s. It is now part of CORSIM, FHWA's
integrated microscopic simulation modeling package (which also includes NETSIM). FRESIM is
an extensive enhancement of INTRAS to improve its operational performance and enhance
portions of itslogic dealing with lane-changing behavior, freeway incidents, traffic composition
and other variables. FRESIM islinked to the TRAF family of modelsincluding NETSIM,
CORFLO, and ROADSIM. Thislinkage could provide a model framework that could
comprehensively evaluate I TS strategies at a macroscopic level.

The primary relationships governing traffic flow within a smulated FRESIM network are
the car-following logic, the lane-changing logic, and other aspects of gap acceptance. Vehicles
are released into the study section according to a probability distribution based on the traffic
volumes provided by the user in the input data. Upon entry, each vehicle will be assigned a
destination, a vehicle type, and a driver type. Destinations are assigned based on a gravity model
type formulation. Vehicle types are assigned stochastically based on the vehicle type distribution
input by the user.

FRESIM provides a number of powerful and flexible features that permit the evaluation
of traffic operational and ITS strategies. These featuresinclude:

1 the capability to smulate ramp metering under several control options,
1 the capability to define incidents by lane and by begin/end time;

1 the capability to locate detectors for either testing incident detection algorithms or
reporting volume/occupancy/speed data at user selected locations; and

! the capability to examine the impact of truck lane restrictions on traffic operations.

Because of its microscopic nature, FRESIM can simulate more features directly than
macroscopic models. FRESIM is a powerful model for testing detailed freeway design features,
weaving areas, complex ramp merging areas, grades, and the interaction of these e ements with
certain traffic management measures.

Theinput data requirements for FRESIM are only dightly more demanding than
FREFLO and FREQ. However, FRESIM requires considerable computer processing time.
FRESIM frequently takes more than 12 hours to model a heavily congested section, although this
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can be reduced with alonger time step, such as two seconds.

TRANSYT-7F

TRANSY T-7F is capable of simulating a given, non-dynamic traffic flow in asignalized
network, optimizing signal timing, and evaluating the effectiveness of new signal timing plansin
reducing stops, delays and fuel consumption. TRANSY T-7F is a macroscopic modd that
considers platoons of vehiclesrather than individual vehicles and smulates traffic flow in small
timeincrements. Itsrepresentation of traffic is therefore more detailed than other macroscopic
models that assume uniform distributions within the traffic platoons. TRANSY T-7F assumes
that delayed vehicles are al'so stopped. TRANSY T-7F is not capable of dynamic traffic
assignment.

The model is capable of assessing different signalization scenarios (with and without
coordinated sub-sections) and can assist in evaluation of ramp metering scenarios. Indirectly,
TRANSY T-7F is also capable of modeling detection and surveillance technology by simulating
accidents or incidents along a corridor or at an intersection and assessing the performance of the
network under alternative response scenarios. This effort, however, requires linkage to some
traffic assgnment mechanism. Assignment (preferably dynamic) can reroute traffic and thus it
can distinguish benefits from alternative ITS strategies. Such a linkage was attempted in the
CORQ1C mode, where FREQ was combined with TRANSY T-7F and with an assignment
decison model. The major weakness of this mode structure was the absence of an effective
feedback loop from the network performance evaluation back to the initial traffic assignment.

TRANSY T-7F offers a number of different outputs including tables, plots, and reports.
These outputs include a table of all MOEs, atable of controller timing settings, stopline flow
profile plots (arrival and discharge flow rate profiles), space-time diagrams, cycle length
evaluation summary and aroute summary report. TRANSYT is also capable of several special
outputs that can be used by several available post-processor programs. The post-processor
programs are capable of creating platoon progression diagrams and graphic display files.

TRANSY T-7F simulation is very data intensive and requires a cons derable amount of
effort. Past performance of TRANSY T-7F suggests that it does not handle oversaturated traffic
conditions very well. It isclear that this mode should not be used for estimating the delay for
long periods or high degrees of oversaturation.

NETSIM

NETSIM isthe most detailed urban model of the TRAF models and is suitable for urban
networks requiring detailed intersection analysis, and for which detailed input data or ample
resources for data collection are available. Several major enhancements have been added to the
model, including actuated controller logic, conditional turning-movements feature, identical
traffic streams, and signal transition logic.
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NETSIM appliesinterval-based ssimulation to describe traffic operations. Updates are
made every second for each vehicle, every variable control device and every event. Furthermore,
each vehicleisidentified by category (auto, car poal, truck, bus) and by type. Up to sixteen
different types of vehicles, with different operation and performance characteristics, may be
specified, defining the four categories of the vehicle fleet.

Each vehicle's behavior may be ssmulated in a manner reflecting real world processes. A
"driver behavioral characteristic” (passive, aggressive) is assigned to each vehicle, and the
kinematic properties (speed, acceleration) and status (queued, free flowing) of the vehicle are
determined. Turn movements are assigned stochastically, as are its free flow speed, queue
discharge, headways and other behavioral attributes. Each time a vehicle is moved, its position
(both lateral and longitudinal) on the link and its relationship to other vehicles nearby are
recalculated. Its speed, acceleration and status are also recalculated. Actuated signal control and
interaction between cars and buses are explicitly modeled. Vehicles are moved according to car
following logic, response to traffic control devices and response to other demands. For example,
buses must service passengers at bus stops, hence their movements differ form those of private
vehicles. Congestion can result in queues extending throughout the length of a link and blocking
the upstream intersection, thus impeding traffic flow there. Pedestrian traffic can delay turning
vehicles at intersections.

NETSIM can generate congestion (queues and delay) resulting from a user-specified
incident (time duration and capacity reduction). However, NETSIM will not re-route traffic in the
event of that incident. NETSIM is not capable of dynamic traffic assignment.

The model can evaluate alternative traffic signal coordination strategies one at atime.
Thereis no traffic assgnment (dynamic or other) incorporated in NETSIM. Simulation is based
on afixed set of traffic volumes and turning movements that are input to the model. In the
absence of traffic assignment, the model cannot reroute traffic asaresult of any ITS strategy. An
iterative process could be employed in which an ITS strategy is introduced, mode parameters are
modified, and the model is rerun to optimize traffic signals under the new scenario. This process
would need to be accompanied by a traffic assignment methodol ogy external to NETSIM, but
sensitive to the same parameters as NETSIM.

The modd outputs estimates of several measures of effectiveness, including average
vehicle speed, vehicle stops, vehicle-miles of travel, average queue length and fuel consumption.
NETSIM istedious and cumbersometo use. Datarequirements are very intensive and data
coding istedious. Several datainput directs are recommended to minimize errors. Although the
model isvery dataintensive, it is equipped with default values.

SATURN

SATURN (Simulation and Assignment of Traffic to Urban Road Networks) isa
simulation model developed to analyze and evaluate traffic management schemes over relatively
localized networks (typically 100 to 150 intersections). Dueto a highly detailed simulation of
delays at intersections, SATURN is primarily intended to be used as a sophisticated traffic
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assignment model. SATURN can produce extensive graphical outputs, and allows trip matrices
to be obtained from traffic counts.

SATURN requires an O/D trip matrix representing the analysis period. SATURN has the
option to create an O/D trip matrix from traffic counts. SATURN allows networks to be coded at
two levels of detail, an inner or ssmulation network which is coded and simulated in detail and an
outer or buffer network coded in much less detail. SATURN is based on an iterative loop
between the assignment and ssimulation phases. Although SATURN appears as a single program,
the simulation and assignment sages can be run automatically without user intervention until
either convergence has been achieved or a specified number of iterations has been performed.

SATURN provides a complete modeling of signalized networks and thus can evaluate ITS
technologies related to traffic signalization. However, the model cannot perform freeway
simulation nor does it address information-related issues. SATURN, which is on the verge of
release, will contain a number of options oriented towards the modeling of vehicle route guidance
systems.

SATURN can perform assignment for a network consisting of traffic signals while giving
considerations to the platooning structure of vehicle arrivals and the phasing of the signals. The
model incorporates a platooning structure of vehicle arrivals at signalized intersections and allows
networks to be coded at two levels of detail (inner and buffer networks).

Outputs from the SATURN assignment stage include flows and travel times for links and
turns plus various aggregate measures such as average speeds, total vehicle-kilometers, and
interzonal travel times, etc. Outputs from the smulation stage are detailed and mostly
intersection-based. Thelevel of effort required to run SATURN issimilar to that required in other
simulation models.

CONTRAM

CONTRAM (Continuous Traffic Assignment Model) is a macroscopic traffic assignment
model developed for use in the design of traffic management schemesin urban areas. The
program model s time-varying traffic demands on urban road networks subject to capacity
constraints and predicts the variation through time of the resulting routes, queues and delays.
Generation of a synthetic origin-destination trip table is possible through an associated program
called COMEST. The mode can perform detailed modeling of traffic signals with coordination
and optimization capabilities. CONTRAM does not adequately address modeling of freeway
ramps and freeway merging and weaving sections.

Traffic for each origin-destination movement is processed in groups called packets. Each
packet consists of an integral number of vehicles assigned at the same time between the same
origin and destination. The grouping of vehicles into packets can be regarded, for assignment
purposes, as a process in which the behavior of one vehiclein a packet istaken astypical of the
behavior of the other vehiclesin that packet. The mode does not take into consideration vehicle
platoon progression.
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CONTRAM can perform modeling of signalized networks and can evaluate ITS
technologies related to traffic signalization. The program incorporates a superior dynamic traffic
assignment technique that updates vehicle flows and travel times for each link for each specific
timeinterval. On the negative side, the model does a poor job with freeway simulation and with
modeling of information.

There are six forms of output information. A summary report provides data on total
journey time, total distance traveled, overall network speed, total final queues, fuel consumption
and total link counts. Other reportsinclude a convergence monitor report, a detailed link-by-link
report (which includes information on queues, delay, signal efficiency, capacity, etc.), a point to
point speed report, and a turning movement report. Based on ITS-UC Berkeley experience,
CONTRAM modeling requires a significant level of effort.

ROADSIM

The ROADSIM mode performs a microscopic ssimulation of traffic flow along asingle
two-way, two-lanerural road. Likethe NETSIM model, the ROADSIM logic calculates the
trgjectories of individual vehiclesusing an interval scanning methodology. ROADSIM's
methodology and logic is based on amode called TWOWAY. TWOWAY was restructured and
reprogrammed to be compatible with and meet the specifications of the other TRAF models
while incorporating logic from two other microscopic simulation models.

Because I TS research and applicationsis currently focused at urban areas, ROADSIM is
not likely to be an element of an integrated I'TS modeling framework. Potential areas of model
application are assessment of congestion and safety impacts of implementing ITS on at rural
roads.

The statistics gathered by the model describe traffic operationsin great detail. Many
vehicle-type-specific, link-specific, direction-specific and overall measures of effectiveness are
provided, consistent with output of other TRAF models. I1n addition, data specific to the rural
road environment are presented. These include a breakdown of travel time and delay according
to source (i.e., due to geometric features and to impedance by other elements of the traffic
stream) and passing statistics (passes attempted, aborted, completed). Other statistics include
distributions of speed, headways and platoon sizes at |ocations specified by the user. Asaresult
of ROADSIM's small application size, the modeling effort is not as intensive as that required
other microscopic simulation models.
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APPENDIX E. PROCEDURES FOR EVALUATION OF

ITSSTRATEGY
EVALUATION

SELECTED ITSSTRATEGIES

Appendix E provides specific procedures for the evaluation of the potential
benefits of sedlected ITS strategies. The purpose of this appendix is to
supplement Chapter 6 of the ITS Planning Handbook with steps that analysts
can use to derive reasonable estimates of the potential impact of ITS strategies
on travel and congestion. The procedures are intended to be applied in the
planning stage so that better decisions can be made on the benefits of ITSin
comparison with other types of transportation improvements. The procedures
do not include atreatment of each ITS market package. However, they address
across-section of multimodal 1 TS strategies, which may, in turn, provideideas
for how other ITS market packages might aso be analyzed. The emphasis of
most of these proceduresison calculating changesin delay or vehicle hours of
travel (VHT). However, other measures of performance (e.g. vehicle miles of
travel) can also be generated as a byproduct of these procedures. It isimportant
to note that the measures of performance cal culated using these procedures are
not the only benefits that can berealized for the I TS strategies being discussed.
Other quantitative or qualitative benefitsmay also be realized. See Chapters 2
and 5 of the Handbook for information on other types of benefits.

Strategy evaluation can take placein avariety of areasin the planning process:
in the formulation of the transportation plan, in corridor or subarea studies, in
development of the ITS strategic deployment plan, or in other analyses not
connected to a particular type of study. The procedures discussed in this
appendix may be applicablein any of these contexts. Some of the information
from Chapter 6 is repeated in this appendix as background information.

Analytical tools that can adequately examine the benefits of ITS strategies are
dtill in theformative stages. Appendix E provides an extended discussion of the
evaluation of ITS strategies using tools that are typically available to the
transportation planning and engineering community. The basic approach taken
in this appendix is to provide insights into how the most reasonabl e estimates
of I'TS benefits can be derived for specific applicationsusing existing, available
tools and without an inordinateinvestment in evaluation. It isrecognized that
agency budgets for studies and evaluation are limited. It is important to
understand that reasonabl e estimates of benefit can often be obtained without
alarge, costly undertaking. As more sophisticated tools are introduced, more
refined answers can be obtained. But even if more sophisticated tools are
available, many agencieswill either not have the expertiseto use them, or their
use will not be possible within the time and cost constraints of the agencies
conducting the studies.

Therearethreegeneric approachesto | TSeval uation that arecurrently avail able:
sketch planning analysis, travel demand modeling, and trafficsimulation. These
are related to analysis contexts in Exhibit E-1. An overview of the three
approaches is provided below, followed by information on the evaluation of
specific ITS strategies using each approach.

Exhibit E-1. Applicable Analysis Toolsfor Evaluating I TS Strategies
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Travel Demand Traffic Sketch Emissons | CO Hot
Model Simulation | Planning | Inventory Spot
Transportation Plan U U U
Plan and TIP Conformity U U
ITS Strategic Deployment Plan U U U
Corridor/Subarea Study U U U U U
| solated location U U U

Overview of ITS
Evaluation Using
Travel Demand
Models

It isrecognized that travel demand models are not as sophisticated in treating
even the more traditional strategies as many planners would like. Procedures
for evaluating ITS within travel demand models are included to provide
agencies with at least some guidance, while recognizing the limitations of the
tools. Where aregion has a more sophisticated approach, they are encouraged
touseit.

One of the advantages of using atravel demand model to estimate I TS benefits

isthat it expresses ITS effectiveness in the same terms as for other strategies
evaluated with the model. Typically, these include vehicle miles of travel and
vehicle hours of travel as the primary measures. There are significant
weaknesses in the approaches prescribed, but they represent the best available
techniques for using traditional travel demand modelsas| TS eval uation tools.

Realigticalternativesto traditional travel demand modeling are likely a number
of years away.

Travel demand forecasting models estimate highway volumes and transit
ridership through a four-step process that includes: trip generation, trip
distribution, mode choice, and assignment. In most regional travel demand
models, trip generation is afunction of socio-economic characteristics such as
the number of households, employment, income, household size, and/or auto
ownership. The trip distribution model converts the trips created by the trip
generation model to a matrix of trips to and from specific areas of the region
based on the travel characteristics of the transportation network. The mode
choice model splitsthe trip table into travel modes based on the relative travel
characteristics of each mode. The assignment procedures|oad thetrip tablesto
the corresponding network, resulting in estimated traffic volumes and other
travel-related variables.

The majority of models consider travel for the entire day, amost always a
weekday. Some models ssimulate mode choice based on peak and off-peak

conditions and assign trips to peak hour or peak period networks. The mode

will bemoreuseful in ITS planning if it smulates peak period conditions. The
impactsof ITS strategieson adaily modd will be more difficult to quantify. To

test ITS strategieswith atravel demand forecasting model, the strategy must be
characterized according to the parameters used in one or more of the modeling
steps.  Exhibit E-2 provides a list of the parameters within a typical travel
demand model that ITS strategies could potentially influence. The order of
magnitude of the likely impact of each change is also noted (negligible, low,
moderate, and high influence). Theratings are made within each category and
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between categories. Recommended model implementations of various ITS

strategies are described bel ow.

Exhibit E-2. Ability of Travel Demand Modelsto Account for I TS Influences

Model Step and Potential of ITS
Par ameter Sample Related | TS Strategies to Influence
Par ameter
Trip Generation Low overall
- Triprates Pre-trip travel info. Low
- Auto ownership Ridesharing & transit incentives Negligible
Trip Distribution Moderate overall
- Travd time Ramp metering, signal systems Low
- Travel Cost Talls, pricing Moderate
Mode Choice Low overall
- Travd time Ramp metering, signal system Low
- Trave cost Fares, talls, pricing Moderate
- Auto ownership Ridesharing & transit incentives Negligible
Assignment Moderate overall
- Roadway capacities Ramp metering, incident mgmt, tolls Moderate
- Freeflow speeds Ramp metering, signal systems, info. Low
- Trave cost Talls, pricing High
- Speed-flow rdlationships | Ramp metering, signal systems High

Overview of Sketch
Planning Methods

Overview of Traffic
Simulation

Sketch planning refers to ssmplified techniques that can provide reasonable
estimates of the benefit of various strategies. These methods will often be
spreadsheet-based, using logical assumptions and estimates. However,
substantial relianceis placed on experienced judgements by theanalyst. Tothe
extent possi ble, thesejudgements shoul d be grounded in actual experiencefrom
similar situations and/or in research. Sketch planning methods have the
advantage that they are normally relatively quickand inexpensive. With some
ITS strategies, sketch planning may be as reliable as more sophisticated
methods, given that travel demand model sand simulation model shave not been
designed to address most of the ITS improvements. The additional cost of
reflecting an I TS strategy in a smulation technique may not be warranted.

Traffic ssimulation may provide a more sophisticated approach to some ITS
evaluations. However, there are significant limitations. Most ITS strategies
cannot bedirectly simulated with existing tool s, but must beindirectly simulated
through the adjustment of volume inputs and other parameters. Simulation
provides a significant advantage over highway capacity analysis, as it tracks
congestion from section to section and provides outputsin terms of speed and
delay, the primary waysin which ITS affects travel.

An important step in the smulation process is model validation, in which the
existing condition is simulated and compared against known data. Itissimilar
to the validation process undertaken for travel demand models. For freeway
simulation, a primary validation criterion involves matching the known speed
profile with the smulated speed profile, an example of which was shown in
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Choosing the
Analytical Approach

Chapter 6 of the body of thereport. Simulation models can be highly sensitive
to relatively small changes in volume, and it is important that the validated
model reasonably reflect current speed profiles.

Short-term evaluations using simulation (e.g. 5 yearsinto the future) can often
be conducted using trend line traffic forecasts, unless a major transportation
project could occur in the intervening years. Longer horizon years should
consider factoring in results from forecasts using travel demand models.
Normally, traffic volumes cannot be used directly from travel demand models;
rather the travel demand model outputs need to be refined to account for the
under prediction or over prediction of traffic. Typically, adjustmentsto future
volumes are made based on the differences between the moddl validation year
volumes and the actual counts for the same year. These adjustments are
particularly important when forecasts are being input to simulation models
because of the senstivity of the smulation model results to traffic volume
inputs.

A variety of factors need to be considered in selecting the analytical approach
toITS. Chapter 6 in the body of the report described some of these factors. In
some cases, the analysis could also be two-tiered: sketch planning might be
used as a screening tool, with more in-depth analysis for selected strategies
depending on the outcome. Sketch planning analysis may also be required to
generate inputs for some of the more sophisticated tools.

Some of the basic rulesin conducting I TS-related analyses include:

1 Have key assumptions reviewed by multiple staff, not just a single
individual.

Sengitivity analysis may be warranted for conditions where the validity
of key assumptionsishighly uncertain. Sensitivity analysis shows how
the outcome will change depending on changes in those assumptions.

Ensure that staff have proper training in the use of travel demand
models and simulation models, where used. Changes in model
parameters can sometimes have unexpected effects that may not be
readily apparent. The basic structure of the models must be understood
to avoid problems.

Maintaingood records of assumptions used for each scenario analyzed.
Variations may need to be tested later, or assumptions may be
guestioned. Good records will support the credibility of the process.
The specifications for an alternative or strategy tested should be
included in the computer-generated output, whether it be spreadshest,
simulation, or travel demand modd!.

Expose the underlying assumptions so that decisions can be based on
full knowledge.
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Approachesto
Evaluation of
SpecificI TS
Strategiesin a
Corridor/Subarea
Context

Fr eeway
management
systems - ramp
Metering Without
HOV Bypass L anes
on Ramp

Ensure that the study area incorporates the full effects of the strategy
being analyzed. Upstream and downstream congestion that may be
influenced by a strategy should be included as part of the study area.

Note any potential secondary effects that may not have been included
in the analysis (e.g. diversions that were not accounted for, etc.).

Make the results understandable to the intended audience. In many
cases, the audience will be non-technical.

Approaches to the transportation evaluation of individual ITS strategies are
discussed below. Not all ITS strategies are provided with a methodol ogy.
However, the analyst will either be able to adapt the material here to the
evaluation of other strategies or will be able to devise a similar methodol ogy
based on theprinciplesdescribed here. (Author'snote: many of theapproaches
are newly devised for the ITS Planning Handbook. The procedures will be
tested in the next project phase, and likely refined. Observations on these
procedures should be directed to the FHWA contact manager listed in Chapter
1 of the Handbook.)

The discussion on simulation is based on three freeway models (FREFLO,

FREQ, and FRESIM) and two surface street network (TRANSYT-7F and
NETSIM). Theserepresent themost available and used simulation modelsfor
most applicationsin theU.S. However, they are not the only smulation models
available. The simulation approaches describe how to use the appropriate
modelsin the analysisof the ITS strategies. Traffic volumes, VMT, and VHT
are a standard output of both travel demand models and simulation models.

Additional calculations are required to produce VMT and VHT estimates for
sketch planning approaches.

Ramp metering is designed to smooth traffic flow, provide priority to higher

occupancy vehicles (in some cases), and influence path selection. It improves
the speed on a limited access facility by controlling the processing rate of the
access points. The increased delays at the access points (ramps) are generaly
compensated by higher speeds on the facility. If thetrip is short, the benefits
will not compensatefor the delays, and thetrip islikely to choose an alternative
path.

Sketch Planning Approach: The following presents an analysis based on

documented existing conditions. An analysisof futureconditionswould require

additional estimation of speed in the future base (unmetered) condition. The
analysisisconducted by individual ramp and segments between ramps. Tohelp

organize the data, a spreadsheet should be set up with columns for section

length, volume, and speed for the freeway and arterial both with and without

metering. Additional columns should be set up for ramp volume and ramp

delay with and without metering. Thiswill result in six columnsfor the freeway
data, six columnsfor the arterial data, and four columnsfor theramp data. The
first column will define the sectionsbeing analyzed. Vehicle milesand vehicle
hours can be calculated for each section in additional columns.
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10.

11.

Estimatecurrent freeway speeds for each hour for each freeway section
in the peak period by direction, based on non-incident conditions.

Estimate the metering rate as a percentage of theon-ramp volume for
each hour, depending on how strong the metering plan needsto be to
maintainfreeway flow. Typically, the metering rate will be no lessthan
80 percent of pre-metering volume. Use 300 vph per lane minimum
metering rate and 900 vph per lane maximum.

Estimate peak hour ramp delay per vehicle at:
15 sec. + 5 min. x (demand vol./metering val. - 1)
Minimum assumed to be 15 sec., maximum five minutes.

Assume diversion to paralld arterialsis 50% of the difference between
the demand volume and the metering rate. This assumption could be
varied by the user. Assume these diverted vehicles travel for two
interchanges on the arterial before taking another route. This is
consistent with the logic that primarily short trips will be diverted.

For each ramp, calculate vehicle hours of delay under metering as delay
per vehicle (step 3) timesthe new ramp volumewith diversion (step 4).
Assume no ramp delay for non-metering condition.

Estimatefreeway speeds with ramp metering at a minimum of 40 miles
per hour. Thiswould apply to al non-diverted traffic.

Estimate the change in speed on the nearest parallel arterials by
calculating the difference in speed (based on v/c ratio for the metered
and unmetered conditions) from the BPR formulapresented later in this
appendix. The free-flow speed (T , = free flow speed) should be set

according to the characteristics of the specific arterial. A rule-of-thumb
maximum capacity for an urban signalized arterial is 900 vph per lane.

Calculate vehicle miles and vehicle hours for freeway and arterial,
includingramp delay. Thisshould bedonein aspreadshest, calculating
section-by-section volumes and speeds on both the freeway, arterial,

and ramps. It ishepful to plot the non-metering and metering volumes
and speeds on a simple sketch to keep al the information in order.

Estimate accident reductions based on evaluation data in Chapter 2.
Accident frequency on arterials may need to be increased based on

volumeincrease. Assume same arterial accident rate is applied to the
higher arterial volume.

Estimate percentage of days that major incidents will disrupt metering
effectiveness. Assume no benefit on thesedays. A typical valuewould
range between 10 and 30 percent.

If estimating benefits on a regional basis, add individual corridor
benefits together.
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Travel Demand M odel: Ramp metering can beapproximated in theassignment
model in one of two basic ways (or in a combination of both). It isimportant
to note that none of the following procedures have been fully tested for these

applications. A validation process, or at aminimum, atesting of scenariosfor
reasonableness, is needed for any individual application. At best, this will

provide an order-of-magnitude estimate.

1. At on-ramps: restricting the capacity of the ramps to the maximum
metering rate. Thiswould not necessarily limit the assigned volumeto
themetering rate, but it would put downward pressure on the assigned
ramp volumes. On the mainline: increasing capacity on the limited
access facility in the sections metered. Evidence indicates that ramp
meteringcoul d increase maximum mainlinethroughput (represented by
capacity) at critical sections by three percent.

2. Modifying the speed-flow rel ationships on theramps and limited access
facilitiesto control the del ays associated with near-capacity conditions.
The objective is to significantly increase the delays on the ramps and
dlightly reduce the delays on the limited access facility. Speed-flow
adjustments can be implemented in several ways. The most logical
approach is to modify the speed-flow relationship on the facilities of
interest based on traffic engineering principles. If atraditional BPR
formulaisused, this can be achieved by modifying the exponent value
or adjusting the delay factor. Exhibit E-3 shows an example of
changing the exponent from 4 to 7. This type of adjustment would
improve the delay estimated on the metered ramps. The flow
enhancements on the mainline could be implemented by reducing the
delay factor from 0.15 to 0.12. This has the effect of stretching the
curve to theright. Alternatively, other functional forms can be used.
For example, Exhibit E-4shows an exponential formulathat s mulates
theimpacts of ramp metering on mainline speeds more accurately than
the traditional BPR formula.

If the available software does not permit the user to specify speed-flow
relationshipsfor specific links or facility types, asimilar result can be achieved
by changing peak hour percentages, free flow speeds, or link capacities. Link
capacitiesare discussed above. The best way toimplement the delay effectson
therampsisto reduce the free flow speed. This hasthe effect of giving some
delay to all vehicles on the ramp regardless of the level of congestion. VMT,
VHT, and traffic volumes are a product of the modeling analysis.

Simulation Approach Using Selected M odels:

FREFLO: Themode hasno metering capability. Fixed-timemetering can
be approximated using ramp capacities equivalent to the
metering rate. Ramp capacities may be varied by time period
(also called time dlice). No driver response is built into the
model. Diversion would have to be calculated using a sketch
planning approach. Linkagescan bebuilt to arterial smulation
models for more advanced applications, but diversion
adjustments will need to be made manually.
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(mph

30

28

10

FREQ:

In non-optimized mode, fixed metering rates can be
established, with options for on-ramp motorists to divert to the
arterial based on a user-specified set of decision criteria
Arterial smulation is relatively crude. Also has capability for
ramp metering optimization based on a set of user-specified
criteria. Considers metering only as aggregate demand
reduction on freeway mainline. Does not consder effect of
metering on merging operation. In optimized mode, uses linear
programming to generate a corridor optimum. User can set
maximum and minimum rates as well as decision criteria for
drivers to divert from on-ramps to the arterial. Other
congtraints that can be entered include maximum v/c ratio at
bottlenecks, maximum queue lengths at each ramp, and
designation of ramps which are not to be controlled. By setting
maximum and minimum metering rates for various ramps in
various time dices both at the same value, the user can enter
their own ramp metering plan.
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Exhibit E-3. Example effect of Adjusting Exponent in BPR Formula
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Exhibit E-4. Exponential Formula for Improved Simulation of Ramp Metering Condition
FRESIM: Several metering types can be sdected, including fixed time.
Considers both effect of limiting demand and on-ramp merging
operations. As an optimization option, generates a local
optimum based on mainline demand/capacity relationships or
gap acceptance logic.
All of the above moddls will generate VMT and VHT satigtics. For FREQ and
FREFLO, the mainline capacity can be adjusted upward by a user-selected value
to account for increase in throughput. Experience hasshown that an increasein
throughput of approximately three percent is possible through ramp metering.
Steps 9 through 11 from the sketch planning approach may be applied to take
individual corridor daily estimates to annual, regional estimates, if desired.
Freeway Sketch Planning Approach:
M anagement . Perform in same manner as without HOV bypass, but estimate vehicle

Systems. Ramp
Metering with HOV
Bypass

occupancy distribution on each ramp, mainline and arterial. Calculate
HOV volumes on ramp. Estimate savings in person hours of travd in
addition to vehicle hours of travel (should be greater savings due to no
dday for HOVS). Assume ramp metering for non-HOVs is more
restrictive, keeping total on-ramp vehicle delay the same as for ramp
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Incident
management and
traffic surveillance

metering without HOV bypass. Additional columnswill be needed in
the spreadsheet to handle HOV ramp volumes.

Travel Demand M odeling Appr oach:

If HOV bypass|anes are provided on the metered ramps, the mode choice and
assignment models can be affected. The travel time advantage for HOV trips
will have a dlight impact on the number of HOV trips estimated by the mode
choice model. Most mode choice models are not very sensitive to this change.
The impact on the assignment of HOV trips can be significant. A possible
procedureis as follows:

C Add a parallel ramp with HOV restrictions and increased capacity.
Assign non-HOV and HOV trips to the highway network. Skim the
HOV and non-HOV paths based on |oaded speeds for use in the mode
choicemodel. Rerun the assignment.

Simulation Approach:
FREFLO: Not treated.

FREQ: Incorporates amodal shift algorithm that generates additional
HOV's in response to the delay saved by HOV's at the on-
ramps. Algorithm calibrated for specific locations in
California. Modal shift responsiveness may need to be
modified depending on the nature of the urban area and
orientation of the freeway. However, the effect of violation
rates can beinfluenced by altering the percentages of HOV and
non-HOV vehicles at the entry ramp.

FRESIM: No HQOV priority capability.

Incident management programs generally provide benefits in two ways:
reducing delay directly through a reduction in incident duration, or reducing
delay indirectly through the provision of information, which allows delay
savings by individual driversthrough alternate routing.

The time of incident duration is reduced by reducing the time for incident

detection, verification, response, and clearance. Exhibit E-5 representsthetype
of assessment that needs to be conducted to estimate the effect of incident

management strategies on incident duration. These data are from an incident
management study conducted on the George Washington Bridge/Cross-Bronx
Expressway in New York. Notethat multiple I TS technologies are represented,
both individually and in combination.

It isimportant to note that a variety of conditions on the highway system could
change the distribution of time associated with detection, response, and
clearance. For example, a lack of shoulders would ordinarily extend the
response time(i.e., theamount of timerequired for emergency vehiclestoarrive
at the scene). To the extent possible, agencies should compiletheir own dataon
incident duration so that they will have areasonable base from which to initiate
an analysis.
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Exhibit E-5. Sample Estimates of Incident Duration (Minutes)
for Incident M anagement Strategies
(Source: Case study on the Cross Bronx Expressway, New York)

Strategy Detection Verification Response | Clearance Total
For Accidents

Current 8 6 10 20 44
Loops only 4 6 10 20 40
CCTV only 6 2 8 20 36
Loops & CCTV 4 2 8 20 34
Additional wreckers 6 4 6 15 31
Accident invest. sites 8 6 10 12 34
Access points 8 6 8 18 40
Lane contral 8 6 6 20 40
Total program 4 2 6 10 22
For Other Incidents

Current 10 6 10 15 41
Celular call-in 5 6 10 15 36
Loops only 4 6 10 15 35
CCTV only 6 2 8 15 31
Loops & CCTV 4 2 8 15 29
Additional wreckers 8 6 6 10 30
Accident invest. sites 10 6 10 10 33
Lane contral 10 6 6 15 37
Total program 4 2 5 8 19

Sketch planning appr oach:

1.

Estimatethe number of incidents by severity and duration within the
study area for three time periods. A.M., off-peak, and P.M. peak
periods. Severity means the number of lanes blocked.

Construct a set of incident duration curves by estimating the vehicle
hours of travel incurred under existing conditions from each
combination of severity (number of lanes blocked), direction, and time
period. An example of an incident duration curveis shown in Exhibit
E-6. The exhibit was based on incident duration in 15-minute
increments (incidents of 15, 30, 45 minutes, etc.) These delay estimates
could be provided in a sketch planning analysis using the QUEUES
program available from FHWA (a spreadsheet-based analysis tool that
can estimate delay for incidents and construction activities). The
anaysiswill requiretraffic volume, number of lanes (or capacity), and
number of lanes blocked (or capacity reduction). Exhibit E-7 shows
typical reductions in throughput for each combination of number of
lanes and lane blockage. Keep in mind that these delay estimates may
be dightly high, as they assume no traffic diversion. Thisisthe most
time-consuming part of the process. To reduce the amount of effort,

PageE-11



the analyst may need to work with simplifying assumptions, such as
using a single-lane incident at one or two representative locations
during both a peak and an off-peak period.

3. Estimatethe reduction in incident duration achievable through various
incident management strategies, asillustrated in Exhibit E-5.

4.  Estimate the delay savings for the new set of incident durations
(compared to the unimproved condition) from the curves generated in
step 2. The delay saving is the difference between the delay for the
current and new durations attributed to the incident management
strategies.

5. Sum the delay savings achieved for each set of strategiesand
representative sample of incidents. Thiswill represent the savingsin
VHT. ChangesinVMT are not assumed. The analyst would need to
estimatediversions across given lengths of variousfacilitiesto estimate
VMT. Itislikely that diversion would increase VMT and that reduced
incident duration would reduce the amount of diversion, resultingin a
lower VMT for the incident management option than without incident
management.

Travel Demand M odeling Appr oach:

The delay attributed to a specific incident scenario (sSmilar to the sketch
planning approach) would be implemented in the assignment model by
modifying the time-based capacity of the roadway at the incident location.
Since most model s define capacity as an hourly value, the modeler will need to
calculate the weighted average capacity of the roadway over the smulated
period, and usethisvaluein the modeling process. For example, if apeak hour
model is used and the incident closes two lanes of a four-lane facility for 30
minutes, the resulting capacity is three fourths of the original value. The
incident management strategies will modify the duration of incidents and
thereby modify the capacity of the roadway. The following specific steps can

be employed:

1. Construct an incident duration curve (or curves), asin the sketch
planning approach, for defined sets of conditions using the capacity-
reduction technique described above. The only differenceis that the
travel demand model will be used to estimate delays rather than the
QUEUESprogram. Keep in mind that the travel demand model will
assume diversion in the assignment program, which may or may not
occur.

2. Follow steps 3 through 5 under the sketch planning procedure.

Simulation Model Approaches:

Simulation approacheswill follow the samebasi c stepsasin the sketch planning

approach above, including construction of the incident duration curve. The

primary differenceis that the simulation models will be used to estimate delay
rather than the QUEUES spreadsheet program. The simulation model s (except
for FRESIM) can be used to estimate incident delay by modifying their capacity
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to correspond to the effect of the incident (see Exhibit E-7 for capacity-reducing
values) for the prescribed time periods. Temporary capacity modificationsin
the simulation models can be treated as follows:

FREFLO:

FREQ:

FRESIM:

Specify thetime dices during which theincident isto be active
and code in the reduced capacity for those time dices.

Specify the reduced capacity in the "reduced capacities' option
for all time dices affected by the incident (e.g., a 45-min
incident would affect three 15-min time dlices).

Indicatethe beginning and ending timesfor theincident and the
lane or lanes blocked. In FRESIM, the beginning and ending

timesof theincident may be indicated to the minute and second

and do not need to coincide with time dices, a limitation that
existsin FREFLO and FREQ. FRESIM containsits own table
of capacity-reducing effects of incidents. FRESIM also allows

the simulation of an incident warning sign. This influences
driversto shift out of theincident lane earlier than they would

otherwise.

Exhibit E-6. Sample Incident Delay Curve Related to Incident Dur ation
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Reductionsin
Throughput asa
Result of Incidents

Variable M essage
Signs, Highway
Advisory Radio and
Other Forms of

Mot orist Information
(diversion strategies)

Total Incident on | Incident blocks Incident blocks Incident
number of Shoulder onelane two lanes blocksthree
lanes only lanes

Two lanes 25% 67% - -
Threelanes 20% 50% 80% -

Four lanes 20% 40% 70% 85%
Fivelanes 20% 35% 60% 75%

Estimating the impact oftraveler information is perhaps the most difficult ITS
strategy evaluation task for any of the analyss methods. Most traveler
information systems focus on providing warnings about incidents. In general,

one would expect most of the effect to be on path choice, resulting perhapsin
dlightly longer trips but shorter in time than compared with no information.
Typically, alimited proportion of motoristson an affected route actually change
their route (perhaps up to 30 percent in severe, non-closure instances). The
travel time savingsfor theseindividual s varieswidely by the nature and time of
the incident and alternate routes available. Typically, though, the origin-to-
destination trip time would not be reduced by more than 20 percent. These
general parameters could be used to assess whether the model is within a
reasonable range of the likely impact.

Sketch Planning Approaches:

It is assumed that motorist information will normally be in response to an
incident and that it will involve diversion from afreeway to another freeway or
from a freeway to an arterial. The approach will be to provide representative
scenarios. Therearetwo sketch planning approaches, onethat istrip-based, and
one that is based on the estimation of benefits for individual incidents.

Sketch planning approach (trip-based):

1. Within the region (or a smaller study corridor), estimate
average trip distance and trip time for peak and off-peak
periods. An estimate should be obtainable from regional
planning data from the MPO.

2. Define the "trip markets' as the number of trips occurring in
the region or corridor by time period (longer and
shorter periods)

3.  Estimate the incident-affected trip travel timefor atypical
incident situation. This data is typicaly unavailable, but a
sensitivity analysis could be conducted using five-minute, ten-
minute, and fifteen-minute increasesin trip time.

4, Estimatethe time savings potentially achievable through better
information.  This value will need to account for the
availability of alternate routes (limited alternate routes will
mean limited time savings) and the lack of congestion on
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alternate routes (off-peak travel should have greater potential
time savings for diversion). A value of 1 minute might be
considered for apeak period, peak direction with poor alternate
routing and up to 15 minutes for an off-peak or non-peak
direction with good alternate routing.

Estimate thepercentage of the trip market that will be able to
take advantage of the information. This should account for

locations to which the information is being delivered (e.g. if

only on the freeway, only the share of trips using the freeways

would benefit). Theabsorption capacity of alternaterouteswill

also limit the trip market that can be affected. Typically, off-
peak travel will have a higher percentage of the trip market
affected than during the peak. It isexpected that these numbers
will be no greater than 30 percent of freeway traffic in the off-

peak and 10 percent in the peak. Off-peak directions during
the peak periods could be between these two val ues.

Estimatedelay savings as the number of trips affected times the
amount of time saved per trip. Handle each trip market
separately. Thiswill produce estimated savingsin VHT. An
estimate of change in VMT could be made by estimating the
typical increasein trip length for diverted trips and multiplying
by the number of trips assumed to be affected.

Estimate the frequency with which the travel information will
be useful for each trip market, based on incident frequency and
severity (probably no more than two days per week for each

trip).

Multiply the time savings potential for eachtrip market by the
percentage of trip market affected and by the percentage of
daystripsarelikely to beaffected to generatetotal timesavings.

Sketch planning approach (based on individual freeway incident)

1.

Document traffic volumes and speedsfor thetime period being
analyzed.

Define the incident condition to be represented (location,
duration and severity).

Estimate non-incident VHT using average speeds and volumes
for thebase condition. Estimateadditional VHT under incident
conditions (no information) using the QUEUES spreadshest.

Estimatediversion of vehiclesthat would occur with additional
information. Experience has indicated that this amount can
range from several percent for "weak" messages to 30 percent
for strong messages.
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5.  Recalculatefreeway VHT in QUEUES spreadsheet assuming
diversion.

6. Calculate increasein arterial VHT using existing speeds and
changesin speed estimated from BPR equation or from other
preferred capacity/delay calculations. Additional trip length of
diverted vehicles must also be accounted for.

7. Sum al component VHTSsto provide comparison between the
with-information and without-information conditions. VMT
would need to be calculated by estimating a changein volume
over the segmentsaffected and summing thechangein VMT by
segment.

Travel Demand M odeling Appr oach:

Since travel models do not directly consider incidents, only indirect modeling
can be performed. Thismodeling could take theform of ageneral reduction of
non-work travel during the peak period based on more reliable information
about travel conditions (i.e. trips would not be made or would be deferred -
these would need to be accounted for elsewhere). Traveler information could
also affect thein-route path selection of travelers. Travel demand modelswere
not designed to evaluate any of these effects, and models would need to be
“fooled” into providing ballpark estimates. Substantial trial and error would be
required. Use of travel demand models for this activity is not recommended.

Simulation appr oach:

In asimulation-based approach, the diversion amount will typically need to be
reflected manually in the modd input volumes. Thediverted amount will need
to be reflected in either another freeway or arterial ssimulation model (as an
increased volume), in a network integrated with the primary freeway being
analyzed, or reflected in a sketch planning analysis.

FREFLO: Motorist responseto variable message signs, highway advisory
radio, and other information/diversion strategieswould need to
be reflected in manual volume adjustments to on-ramps and
off-ramps in the simulation model. Little basis exists for
estimating diversion percentages other than the general rules
described above, and separate estimateswoul d need to be made
for the effect on the arterial.

FREQ: Same as for FREFLO.

FRESIM: Same as for FREFLO for route diversion. FRESIM smulates
incident warning signs and lane diversion, as discussed above.

TRANSYT7F. Traffic volumeadjustmentswould need to be madeto theinput
volumes to reflect diversion from the freeway to the arterial.
The modd can be run with either the same timing plans or be
allowed to optimize, if that capability is presumed to exist in
real-time on the arterial.
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Computerized
Traffic Signal
System

Electronic Tall
Coallection and Other
Toll Processing Time
I mprovements

NETSIM: Traffic volume adjustments would need to be made, as with

TRANSYT-7F.
Sketch planning appr oach:
C Sufficient field evaluation data exist that could be assumed for
comparable conditions. See Chapter 2. No further sketch planning is
suggested.

Travel Demand Model: The primary modeling impact isin path selection.
The generalized benefits of improved speedswill have littleimpact on the other
components of the modeling process. These strategies can beimplemented in
the assignment model by:

C Modifying the speeds and capacities of the roadways included in the
signal system. If this adjustment is to be applied accurately, the
increases should be somewhat proportional to the percentage changein
speed expected for thelevel of improvement implemented (changesin
free flow speed are the preference). Increasesin capacity of 50 to 100
vehicles per hour per lane and in free flow speed of 2 or 3 mph are
typical for significant improvements.

C Modifying the speed-flow relationshipsto reflect higher speedsat near-
capacity conditions.

Evaluation of the benefits of signal system improvements indicate that
upgrading to computer-controlled signal systems can increase speedsfrom eight
percent (compared to a reasonably well managed pretimed interconnected
system) to 25 percent (compared to anon-interconnected system). Theresults
of the travel demand model should be calibrated to or gauged against these
general parameters.

Simulation appr oach:

C The benefits would need to be represented by signal timing changes
within TRANSYT-7F, NETSIM, or comparable network/arterial
simulation moddl. The ahility to accomplish this depends on the ability
of the analyst to replicate signal timing patterns and algorithms. Each
case needs to be handled individually, using the guidelines for model
operation provided for each model.

The analysis of ITS eectronic toll collection technologies deals with the
efficiency improvement of eectronictoll collection, not theimposition of tolls
itself. Conversion toelectronictechnol ogiesyiddssubstantial cost savingsover

manned toll booths, in addition to the delay-reduction potential. The analysis
procedures below deal with estimating delay reduction.

Sketch planning appr oach:
1.  Document traffic volumes through toll plaza by hour and the
distribution by type of toll payment (exact change lanes, other lanes,
and existing passes, if any).
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Document average service time per vehicle for each type of toll
payment, including electronic toll payment (may be dightly reduced
speed at tall plaza).

Estimatecapture rate for eectronic toll collection from each payment
type.

Estimateprocessing time saved for the diversion from each payment
type.

Multiply the processing time saved for each payment type by the
number of vehiclesfor the corresponding payment types. Sumthetotal
processing times and take the difference between the times with and
without e ectronictoll collection. Thisdifferencerepresentsthesavings
in VHT.

If existing queuing delays at the toll plaza arelong, an additional
assessment can be made of total vehicle delay saved brought about by
higher tall facility capacity. The QUEUES model can be used, inputting
aweighted average processing for thetotal toll facility (by direction) for
conditions with and without electronic toll collection. The volume
inputswill need to bedemand volume, not processed volume . Demand
volume is typically more peaked than processed volume.

Travel Demand M odeling Appr oach:

Travel demand modeling approachesassumethat atoll facility isincluded in the
modeling process. Electronictoll collection mainly affects the processing rate.
The strategy can be implemented in the assignment model by:

C

Modifying the capacity and free flow speed of thetoll plaza area(s). If
the toll plaza includes a mix of eectronic andmanual toll collection, a
weighted average processing rate and speed should be used.

If theuser wishesto simulatean exclusiveelectronictoll lane, aseparate
network would need to be established for the toll lane (similar to the

coding of an HOV lane). If it were assumed that an ample percentage
of drivershad AVI tags, the assignment of tripsto thetoll laneswould
be an outcome of the assignment mode! balancing theimpedance added

by thetoll versustheimpedance attributed to congestion. During non-

congested periods, few drivers would likely use the toll lanes.

If the user wished to smulate ashared HOV and e ectronic toll lane or
lanes, two separate networks would need to be established, onefor the
electronic toll lane and onefor the HOV lane. Because of the sharing,
aproportion of capacity would need to be allocated to each (e.g. one
third of the capacity to HOVs and two thirds to tolls, based on the
expected proportion of traffic for each).

Simulation appr oaches:
FREFLO: Toll plazas could be specified as a block of capacity on the

mainline based on the maximum toll processing ratefor al the
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Bus Pre-emption

FREQ:

booths. The effect of changes in toll operations (eg.,
increasingtoll processing ratethrough el ectronictoll collection)
could be estimated by changing the capacity in vehicles per
hour based on the type of weighted average calculation used
under the sketch planning approach.

Same as FREFLO.

FRESIM: FRESIM could ssimulate toll operations through its mainline

metering capability. However, there may be limitationsto this
capability, depending on toll plazaconfiguration. A weighted
average processing rate would need to be used, similar to the
sketch planning example.

The capahility for bus pre-emption of traffic signals has existed for many years.
However, it is not widely practiced due to practical problems associated with
operation. Under theright conditions, bus pre-emption can provide noticeable
time savings. The analytical approaches below assume that no crossing bus
routes are pre-empted.

Sketch planning appr oach:

1.

2.

I dentify the routes and signals to be pre-empted

Estimate average delay per vehicle (for peak hour, or for additional
hours, if desired) for the pre-empted approaches, through the Highway
Capacity Manual proceduresor other technique. A simplified approach
to estimating delay/vehiclewoul d beto takethedifference between free
flow speed and average operating speed, divide thisinto section length,
and divide the resulting value by the number of signals.

Assuming random bus arrivals (unless otherwise known), estimate the
proportion of buses undelayed is equal to the proportion of green time

on the approach. The delay per bus without pre-emption for the
remaining buses would be equal to the average delay per vehiclefor the

delayed vehicles. Thiswould be calculated as the average delay per
vehicle, divided by the proportion of vehicles delayed (assumed asthe

proportion of red time to total cycle time, if there is no signal
coordination; if thereis coordination, the proportion will belower, but

the operating speed should also be higher than the uncoordinated
condition).

Calculatethe amount of peak hour (or additional hours) bus delay that
can be saved through pre-emption. Assume 50 percent of the average
delay per delayed bus can be saved through pre-emption. Limitations
in how quickly signals can change and the presence of queued traffic
in front of the bus will not allow full eimination of signal delay.
Multiply the average delay per delayed bus by the number of delayed
buses expected during the peak hour (or additional hours). Assume50
percent reduced delay to one signal cycle worth of other traffic on the
bus approach for each pre-empting bus (not all buses need pre-
emption). Conduct the analysisfor both directions of travel.
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Calculate the delay increase on the side street approaches. Assume
increased delay of 50 percent timesthe average green time for the non-
preempted approachesfor cross street traffic timesthe number of signal
cycleslikely to be preempted.

Calculate person delays for each component of the signal cycle
assuming appropriatevehicle occupancies. Tabulatetotal person hours
of delay and vehicle hours of delay.

If it isdesired to estimate the potential effect of faster trandit travel times
on transit ridership, an elasticity value could be applied. The dasticity
of transit ridership with respect to transit trip time is typically in the
rangeof -0.4t0-0.5 (i.e. aone percent reduction in travel time produces
a.4to .5 percent increase intrangit ridership. Thisinformation could
be used to estimate a changein VMT.

Travel Demand M odeling Appr oach:

The effect of abus pre-emption system can be estimated using atravel demand
modeling system, but all except the last two steps of the sketch planning
approach need to be undertaken to derive an estimate of change in transit
speeds. The approach assumes the availability of a mode choice model. Once
an estimate of the changein transit speedsis provided, the following steps can

be undertaken:

C Increase transit speeds on transit network for those paths affected.

C Increase hourly capacity on pre-empted route proportional to theratio
of green time with pre-emption vs. without pre-emption. Decrease
hourly capacity on the side streets, also based on the ratio of pre-
empted vs. non-preempted green time.

C The mode choice model will account for any mode shifts. But any

shiftsin mode in the equipped corridor are likely to be very small.

Simulation appr oach:
NETSIM: Can simulate buses explicitly in the model, but no provision is

made for bus pre-emption. An approximation could be made
by reducing average bus dwell times (a model input for each

bus stop) in proportion to the amount of delay per bus

estimated to be saved through pre-emption as per sketch

planning guidelines above. An alternative approach is to
modify the signal timings to favor person trips (additional

green time would be assigned to approaches servicing pre-

empting buses). The changein green timewould beincreased
by 25 percent of the existing green time (average time assumed
saved by a passing bus) multiplied by the percentage of cycles

that encounter abus. Thus, 10 percent of the cycleswith buses

would mean a 2.5 percent increase in green time on that
approach.
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Electronic Fare
Collection for Bus
Transt

TRANSYT-7F: Take weighted average of additional green time provided to
pre-empted approach and assign it to the bus route approach
(same method as above). Calculate person delay savings by
multiplying (post-model) the vehicle delays by the appropriate
transit and auto vehicle occupancies.

Aside from the management and administrative benefits, eectronic fare
collection may provide time savings to the traveler through reduced bus dwell
times. The benefits can be estimated as follows:

Sketch planning appr oach:
1.  Estimate the number of fares being paid (by route or by system)
through passes, transfers, cash, or other method.

2. Estimate the transaction time for each

3.  Estimate the capture rate of electronic fare cards from each current
payment method

4, Estimatetime savingsfor a transaction for conversion of each payment
type to eectronic means.

5. Multiply estimated time savings for each combination of fare
conversion by the capture rate for each fare conversion type.

6. Estimatethe change in average dwell times brought about by the fare
conversion, based on the number of boardings per bus stop. Estimate
the impact on change in average bus speed and in person-hours saved
based on average bus occupancies.

7.  If estimating benefits for individual bus stops, estimate the number of
passengers by fare type and the proportion being converted to
electronic payment. Perform same operation as above.

8. If it isdesired to estimate the potential effect of faster trandit travel times
on trangit ridership, an elasticity value could be applied. The éasticity
of trangit ridership with respect to transit trip time is typically in the
rangeof -0.4to0-0.5 (i.e. aone percent reduction in travel time produces
a.4to .5 percent increase in trangit ridership. This information could
be used to estimate a changein VMT.

Travel Demand M odeling Appr oach:

Theeffect of an automated fare collection system can be estimated using atravel
demand modeling system, but the sketch planning approach needsto be applied
to generate the inputs to the mode choice model. Once an estimate of the
changein transit speeds is provided, those speed improvements can be coded
into the transit network. Shifts in mode will be evaluated within the mode
choice modeling step.

Simulation:
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BusAVL and
Passenger
Information System

Safety Evaluation

NETSIM: Average dwel | times can be modified in the model based on the
changein weighted average transaction time. Thiswill account
for benefits to bus operations as well as benefits to traffic
(which are not accounted for in the sketch planning
procedure).

TRANSYT-7F: No practical way to simulate.

Bus automatic vehicle location and passenger information systems will allow
passengers to time their trip to the bus stop more exactly and reduce the
inconveniences of waiting in inclement weather or uncertainty concerning bus
arrival time. Thereisno procedurefor travel demand modeling or simulation.

Sketch Planning Approach:
The sketch planning approach calculates the reduction in the amount of time

reduced in waiting for the bus.

C Estimate existing average wait time per passenger

C Estimate wait time with passenger information system to be three
minutes.

C Wait time savingsisthe difference between the two amounts. Multiply

this amount by the number of boarding passengers. Transferring
passengers should not be counted, as they have no control over wait
time.

There are no models or sketch planning procedures readily avail able to assess
theimpacts of most ITS strategies on accidents. Some estimates can be derived
based on documented evidence of accident reductions. These should be used,
where possible. There is the potential for estimating the effect of diversion
strategieson accidents by multiplying accident rates by volume. The shifting of
volume fromfacility tofacility would be accounted for in the cal cul ation of total
accidents. However, this does not account for the safety benefits of certain ITS
strategies, such as advance warning systems, that also are realized when
implementing traveler information systems.
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