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EXECUTIVE SUMMARY
Surface Transportation Research and Development Plan
Third Edition
Introduction

Section 6009(b) of the Intermodal Surface Transportation Efficiency Act of 1991 (ISTEA)
requires that the Department of Transportation (DOT) develop an integrated National surface
transportation research and development (R&D) plan that focuses on the research needed
over the next decade. The congressionally mandated objectives of the plan are: 1) develop a
range of technologies needed to produce convenient, safe, and affordable modes of surface
transportation to be available for public use beginning in the mid-1990’s; and 2) maintain a
long-term advanced R&D program in order to provide for the next generation of surface
transportation systems.

In January 1994, Secretary Federico Pefia presented the Department of Transportation’s
Strategic Plan, establishing the following mission for the Department:

The Department of Transportation will "Tie America Together" with a safe,
technologically advanced, and efficient transportation system that promotes
economic growth and international competitiveness now and in the future, and
contributes to a healthy and secure environment for us and our children.

The Department’s Strategic Plan, anticipating an era of "severe limitation on available
resources”, refocuses attention on DOT’s core responsibilities and establishes seven strategic
goals for implementation of the Department’s mission. These goals emphasize strategic
investment and prioritization of Departmental functions and projects, and stress the
development and utilization of advanced transportation technologies as a means to address the
challenges to and demands on the transportation system.

The third edition of the Surface Transportation Research and Development Plan presents the
Department’s strategic plan for maximizing the effectiveness of DOT R&D activities over the
next ten years toward attainment of these goals.

In the near term, which for the purposes of this plan covers fiscal years 1996-1998, the
Department’s R&D agenda is shaped through a cabinet-level process for coordination of
science, space, and technology policies throughout the Federal Government. In November
1993, President Clinton established the National Science and Technology Council (NSTC) as
a cabinet-level council providing the principal means for the Administration to coordinate the
Federal science, space, and technology enterprise. NSTC established nine interagency
coordinating committees in areas of significant Federal R&D investment. The Committee on



Transportation R&D has established overall R&D objectives in six key areas, providing a
structure for the Department’s near-term activities:

Aviation and Aeronautics

Physical Infrastructure for Transportation

Information Infrastructure for Transportation
Next-Generation Transportation Vehicles
Human-Centered Transportation

Transportation System Assessment Tools and Knowledge

This plan focuses on the surface transportation research underway or planned within the six
DOT operating administrations most directly responsible for surface transportation:

Federal Highway Administration (FHWA)

National Highway Traffic Safety Administration (NHTSA)
Federal Transit Administration (FTA)

Federal Railroad Administration (FRA)

Research and Special Programs Administration (RSPA)
Maritime Administration (MARAD).

Research under the purview of these organizations is covered by this document. In addition,
departmental research conducted by the Office of the Secretary of Transportation (OST), the
Federal Aviation Administration (FAA), and U.S. Coast Guard (USCG) is addressed when it
correlates specifically to research being conducted on surface transportation issues. The plan
also addresses planned activities of the Bureau of Transportation Statistics (BTS), which have
direct relationships to surface transportation R&D.

Organization of the Plan
In order to emphasize the strategic long-term direction for the Department’s research and
development, the third edition of the Surface Transportation Research and Development Plan

is structured as follows:

Section I introduces the plan, emphasizing its importance to the Department, summarizing the
authority under which it is prepared, and summarizing its objectives and scope.

Section II presents the Department’s strategic plan for surface transportation research and
development over the next ten years, and contains four chapters (summarized in below).

Section III presents details of the Department’s plans for its R&D programs over the next
three years, and contains eight chapters (summarized below).
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Section IV provides recommendations on options to consider to assure that Federal, State,
and local contracting procedures encourage the adoption of advanced technologies developed
through Federal R&D investment.

Summary of Plan Contents (Sections II-1V)
Section II, Chapter 1: Strategic Vision and Direction

As is discussed above, Secretary Pefia has articulated a central mission for the Department of
Transportation in the Department’s Strategic Plan, which was issued January 1994. The
Plan identifies resource scarcity as a key challenge facing the Department and the Nation,
and refocuses the Department’s efforts on its key responsibilities as the Federal steward of
the Nation’s transportation system. To implement the mission of the Department, the
Secretary has identified seven strategic goals:

Goal 1. "Tie America Together" through an effective intermodal transportation
system.

Goal 2. Invest strategically in transportation infrastructure, which will increase
productivity, stimulate the economy, and create jobs.

Goal 3. Create a new alliance between the Nation'’s transportation and technology
industries to make them both more efficient and internationally competitive.

Goal 4. Promote safe and secure transportation.
Goal 5. Actively enhance our environment through wise transportation decisions.

Goal 6. Put people first in our transportation system by making it relevant and
accessible to users.

Goal 7. Transform DOT by empowering employees in a new team effort to achieve
our goals.

The third edition of the Surface Transportation Research and Development Plan aligns the
Department’s long-term R&D priorities with these strategic goals. The major long-term
R&D thrusts identified in the Plan are built upon the foundation of the Department’s near-
term planned R&D programs. These programs have been shaped through internal DOT
mechanisms like the Research and Technology Coordinating Council and also through the
interagency National Science and Technology Council (NSTC).

In preparing this edition of the Plan, the Department has supplemented its ongoing outreach
activities on overall research program design with solicitation of input specifically on the
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R&D plan. The Research and Special Programs Administration (RSPA), which is
responsible for developing the Plan, consulted with, and invited comment from, University
Transportation Center (UTC) program contacts, and from a number of chairs of
Transportation Research Board (TRB) committees.

Section II, Chapter 2: Transportation in the Next Two Decades

The Nation’s surface transportation system will continue to evolve over the next two decades
within the context driven by several important trends and issues. For example: The global
economy is becoming increasingly competitive, placing increasing pressures on individuals
and businesses, which in turn increases the importance of maximizing transportation
efficiency while minimizing costs. The proportion of elderly persons in the U.S. population
is increasing, and it will continue to do so over the next two decades, making it important
that means of providing continued access and mobility for this group be identified. At the
same time, internal migration of the resident population continues to cause increasingly
dispersed travel patterns and even greater reliance on the automobile. Although increasing
reliance on telecommunications technology may lead to some travel substitution, it has been
argued that travel demand could actually be stimulated by such technology. At any rate,
congestion is likely to persist in most areas of the country as they experience growth, and
physical expansion of infrastructure will face serious obstacles. This increases the need to
deploy an intelligent transportation infrastructure as a means to maximize the efficiency and
safety of the existing system.

In reviewing these and other trends and issues, the Department has identified several key
challenges and opportunities for surface transportation:

® Widespread Congestion and Limits of Transportation Capacity

L] Pervasive Constraints Associated with Environmental and Societal Impacts,
and Physical, Financial, and Human Resources

L Change as an Inherent Part of Economic Life
L Broad and Powerful Technological Capabilities

L A High Degree of Interdependence and Diffusion of Power among Economic
and Social Institutions

It will be an increasingly challenging task to provide the transportation system capacity at
acceptable service levels required to meet the Nation’s needs in the future. The active
pursuit and deployment of new technologies and operating practices must be supported if real
progress is to be made. In order to fulfill its fundamental missions of investing in
infrastructure, ensuring public safety, and maintaining National security, the Department
intends to promote progress in a cooperative manner, to provide decision-making tools where
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they are not yet available, and to establish standards where they are needed to ensure
efficient implementation and consistency with accepted National goals and priorities.

Section 11, Chapter 3: Research and Development to Meet Transportation Challenges

Innovation in transportation calls for a balanced and integrated approach that links parallel
streams of research, development, test and demonstration, and implementation. This entire
process must be based on a clear understanding of specific transportation objectives and
institutional, regulatory and economic constraints. The translation of a tested and proven
advance into revenue service or operational improvements often necessitates a major
investment in providing users with sufficiently convincing evidence of its performance and
probably benefits and with the knowledge needed to apply the innovation effectively.

The Department sponsors a range of research and development activity to support fulfillment
of its core responsibilities, which are as follows:

L Establishing standards for safety and other key aspects of the transportation
system, facilitating deployment of safe and effective transportation equipment
and systems.

° Distributing funds to state agencies, transportation providers and other related
institutions to plan, construct, and operate the transportation system.

L Interacting with other Federal agencies to carry out broader Federal mandates
such as the Clean Air Act and National security policies.

L Providing law enforcement and traffic management systems for the Nation’s
airspace and waterways.

R&D is critical to the Department’s ability to meet the multiple, and sometimes conflicting
demands the Nation places on its transportation system, particularly in an era of scarce
resources. As the National steward of the transportation system, the Department has a
unique responsibility to work in partnerships with state agencies, transportation providers,
and other related institutions to ensure that the Nation fully capitalizes on technological,
operational, and institutional innovations.

Section II, Chapter 4: Strategic Long-Term Direction

Based on a consideration of the trends, issues, challenges, and opportunities discussed in
chapters 2 and 3, the Department has identified sixteen major long-term DOT R&D thrusts
essential for the fulfillment of the Department’s central mission and strategic goals, as they
are established in the Department’s Strategic Plan. The basic goals of each of these thrusts,
which fit within the indicated general groupings, are as follows:



Promotion of an integrated National transportation system that makes the most effective use

of all modes

Transportation System Assessment and Knowledge Base: Establish a
comprehensive, intermodal, and multimodal transportation system assessment
capability and knowledge base, including appropriate system-level performance
measures, analytical tools, models and simulations.

Intermodal Freight Transportation: Develop knowledge and understanding to
foster and stimulate effective application of improved technologies and
operational techniques at modal connections, and to resolve institutional
impediments to improvements at intermodal terminals.

Revitalization of the U.S. International Freight Transport Industry:
Accelerate the identification, assessment and deployment of improved

technologies and operations into global freight systems, especially their
maritime transport elements.

Wise and efficient investment in the Nation’s surface transportation system

Improved Materials, Designs and Methods for Renewal Engineering:
Stimulate and facilitate the effective use of innovative as well as improved

conventional construction designs, structures, materials and methods in the
rehabilitation, renewal and replacement of the Nation’s highway system, and
other components of the transportation system at large.

Advanced Technologies for Inspection, Monitoring and Maintenance of
Vehicles and Infrastructure: Stimulate and facilitate the effective use of

advanced and automated inspection, sensing and testing technologies for
monitoring and inspecting the Nation’s transportation system.

Rapid and effective application of technological advances to transportation functions

Application of Information Technologies to Transportation System Operations:
Stimulate and facilitate the application of advanced information, management
and control technologies and systems to operation of transportation systems,
especially their surface elements, and dissemination of trip-related information
to travelers and vehicle operators.

Advanced Technology for Intermodal Public Transit Systems: R&D directed
toward effective application of available technologies to transit vehicles and

physical infrastructure can be focused on the following goals: improvement of
the quality and effectiveness of transit vehicles and infrastructure;
improvement of transit service and operations; stimulation of technology
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development within the U.S. transit industry; expansion of domestic and
world-wide markets for transit-related equipment; enhancement of the urban
environment through improved mobility, reduction of traffic congestion and
reduced transit vehicle emissions.

Technical Foundation for High Speed Ground Transport Systems: Establish a
technological foundation, including safety standards, sufficient to enable

implementation of improved, higher-speed passenger ground transportation
service by public and private bodies.

Prudent measures to enhance transportation safety and security

Accident Avoidance: Reduce the occurrence of accidents in all modes of
surface transportation through the development of an enhanced understanding
of human performance and behavior, and through the application of human-

- centered technological aids and systems in design, construction and operation

of transportation system elements.

Accident Survivability: Reduce the occurrence of death and injury in accidents
in all modes of surface transportation through enhanced understanding of the
biomechanics of the human body and improved design and construction of
vehicles and infrastructure.

Safety Data and Analysis: Provide a strong statistical and analytical
foundation of knowledge concerning surface transportation accidents and
incidents in order to support safety advances by all elements of the
transportation community.

Security in Surface Transportation: Identify technological and operational
means of enhancing the security of public surface transportation systems and
facilities against crime and malicious attacks.

Harmonization of transportation policies and investments with environmental concerns

Environmental Impact Data, Models and Knowledge Base: Further develop
data, validated models and a comprehensive knowledge base to support

analysis of transportation-related environmental impacts and alternative
strategies by all levels of government and the private sector.

Environmental Engineering and Technologies: Identify, develop, demonstrate,
and foster the use of improved tools, technologies and methods to avoid and

mitigate adverse environmental impacts of transportation.
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Incorporation of the concerns and needs of the traveling public and the entire society into
transportation policies and investments

® Accessibility for Persons with Personal Mobility Limitations: Assess and

demonstrate technologies and concepts that enhance the accessibility of public
transportation to the physically disabled, the elderly, and those with temporary
disablements (e.g., broken limbs).

L Intermodal Transit System Innovation: Assess and demonstrate technologies
and concepts that enhance the availability of public transportation systems to
everyone.

Section III, Chapter 1: Relationship Between Future Plans and Current Activities

There are prominent relationships between the Department’s near-term R&D activities and
the long-term initiatives its has presented in Section II. In most cases, near-term activities
form the technical foundation upon which a major long-term thrust will stand. To make
these linkages more explicit, this chapter presents a formal map between the long-term
thrusts and the Department’s ongoing and/or planned near-term research activities.

Section IIlI, Chapter 2: Physical Infrastructure

Infrastructure and materials research are a priority of DOT’s Strategic Plan and this is
reflected in the structure of the Department’s R&D program. The Physical Infrastructure
Subcommittee of the NSTC Transportation Committee has identified a number of crossmodal
and generic R&D priorities, which include: nondestructive testing, high-performance
materials, automation and robotics for renewal engineering, emergency response
technologies, intermodal hazards reduction, and tools for maintenance and prioritization
management.

The Department’s near-term R&D priorities for surface transportation physical infrastructure
include technologies and procedures associated with: operational efficiency, durability,
performance, safety, environmental impacts, renewal and maintenance, real-time
nondestructive inspection and monitoring of infrastructure condition and performance;
improved design and construction concepts and practices, processes, structures, materials,
resource use, and disposal of construction process wastes, recycling and reuse of byproduct
and waste materials, as well as design and construction principles and technologies
specifically relevant to intermodal connection points.

Section III, Chapter 3: Information Infrastructure
Parallel advances in such fields as electronics, communications, and information processing

offer a unique opportunity to make profound improvements in the safety and economic
efficiency of the Nation’s surface transportation system. The Intelligent Transportation
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System (ITS) program seeks to apply these technologies in a manner that will enable the
public to use the Nation’s surface transportation infrastructure in a manner that will help
achieve multiple goals simultaneously, including: improved safety, increased efficiency of
transportation operations, reduced environmental and energy impacts of transportation
activities, enhanced economic productivity, and enhanced mobility for transportation users.

Emphasis in the area of surface transportation information infrastructure R&D is on a fully
integrated, network-wide approach to traffic control; finalization of performance
specifications for a wide range of collision warning and avoidance systems; successful
demonstration of the feasibility of an automated highway system; development of an ITS
Deployment User’s Guide; development of a National strategy for deploying hazardous
materials incident response capabilities; research into the performance of antilock braking
systems of light vehicles; assessment of advanced information systems designed to improve
vessel safety and efficiency; development of system standards for fixed traveler information
message signs; testing of next generation kiosk and smart card concepts; and evaluation of
advanced fleet management systems for transit.

The primary emphasis of the ITS program activities will expand to include deployment
facilitation, especially as individual systems and components leave the laboratory and prove
themselves in prototype and operational testing. This expectation is underscored by the
Secretary’s announcement in January 1996 of the Operation Timesaver initiative, through
which seventy-five of the Nation’s largest metropolitan areas are to be outfitted with key
elements of the Intelligent Transportation Infrastructure (ITI), providing a concrete milestone
on the pathway toward the Secretary’s broader goal of a nationwide deployment of the
technologies that comprise the ITI.

Section IIlI, Chapter 4. Next-Generation Vehicles and Fuels

The manufacture, sale, and maintenance of transportation vehicles is one of the largest single
segments of the U.S. economy, and aircraft exports help to improve the balance of trade for
the Nation. At the same time, the transportation function is increasingly being expected to
help meet important energy and environmental goals for our society. In response to these
concerns, the Federal Government and DOT are increasingly becoming engaged in programs
designed to apply state-of-the-art technological advances to transportation in order to meet
combined safety, economic, energy, and environmental goals simultaneously. It can be
anticipated that concern with the environmental and energy-related by-products of the
transportation process, as well as continued economic competitiveness with other industrial
and industrializing nations, will continue to exert significant influence on the search for
technological improvements to transportation vehicles in all the modes.

The Department’s R&D priorities for vehicles and fuels include the review of ITS
technologies to identify near-term applications for improving motor carrier safety and
productivity; evaluating the characteristics of reported crashes by different motor carrier
operations, vehicle types, crash locations, etc.; evaluating production vehicles and developing
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countermeasures for improved frontal crash protection; completing a final prototype of a
crash dummy with innovative lower extremities; development of braking stability
performance test procedures for trailers; development of advanced computer models to
evaluate the crashworthiness of conceptual next-generation vehicle designs; publication of
findings on improved rail roller bearing inspection; evaluation of safety of car tilt and brake
systems for 150 mph rail travel; demonstration of communications-based train control in
high-density freight and passenger corridors; completion of research on hull monitoring
systems; continued implementation of the President’s shipbuilding initiative; investigation of
ship structural problems and pursuit of new technology and techniques for structural design,
analysis, and fabrication; continued development of the Advanced Technology Transit Bus
(ATTB); and the development of full-size fuel cells for passenger buses.

Section III, Chapter 5: Human-Centered Transportation Systems

Acting as operators, crew members, or passengers, people are essential components of all
transportation systems. Their capabilities, decisions, and performance significantly affect the
transportation system’s overall safety and efficiency. Likewise, there is no doubt that
reducing or mitigating human errors could improve safety: the majority of transportation
accidents involve some form of human error. By contributing to safety and productivity,
R&D in the area of human-centered technology supports National goals for economic
growth, competitiveness, and job creation. Because human performance R&D often lacks
private support, Federal investment and leadership is required. The objective of Federal
efforts supporting the development of human-centered transportation systems is to ensure that
needed data and methods are available to U.S. industries that design and produce advanced
transportation technologies.

R&D priorities in the area of human-centered transportation include completion of an initial
assessment of fatigue and loss of alertness associated with specific types of commercial motor
vehicle (CMV) operations; determination of the crash risk for various blood-alcohol levels;
focusing of the state and Federal maritime academies on human factors issues and
accomplishing human factors research of direct utility to the marine industry; accommodating
industry test and evaluation of the safe and practical use by local ship pilots of portable ship
navigation technologies; and updating drug and alcohol implementation guidelines.

Section III, Chapter 6: Intermodal Systems Assessment, Design, Planning, Management,
and Operations

System assessment has many aspects. The most basic requirement is to understand the range
of elements that are a part of the transportation system and their relationships to each other.
This process will then make it possible to determine which performance measures are needed
to monitor the transportation system in operation, to evaluate the consequences of changes to
the system, and to compare modes and geographic areas. The selection of performance
measures in turn determines the specific types of data that need to be collected. This data is
sometimes available directly as a result of various transactions, but often must be acquired



from survey, monitoring or measurement activities. Finally, an effective repertoire of tools,
primarily models and simulations, is needed to add meaning to the raw numbers and enable
useful analyses of the transportation system and its consequences to be conducted. Near-term
emphasis in the area of system assessment includes policy and planning research,
development of driving simulation capability in the U.S., data collection and analysis, and
technology transfer. Such activities are also extensively supported by data collection and
dissemination by the Bureau of Transportation Statistics (BTS).

Near-term R&D priorities in this area include evaluation of the State Infrastructure Bank
pilot program; analysis of financing, energy, and environmental issues likely to arise in
reauthorization legislation; achievement of intermediate operating capability of TRANSIMS
(Transportation Analysis and Simulation System); beginning construction of a National
Advanced Driving Simulator (NADS); completion of a nationwide five-year cooperative fatal
accident reporting agreement; collection and coding of National Accident Sampling System
(NASS) data; identification of injury mechanisms and associated outcomes in motor vehicle
crashes; obtaining and disseminating state-level safety databases; analysis and publication of
results from the FY 1997 National Occupant Protection Use Survey; analysis of potential
sealift planning strategies for different mobilization scenarios; creation of an electronic file of
all special crash investigations; expansion of the transit-related curriculum on a variety of
subjects related to finance, planning, management, technology, etc.; provision of training and
technical assistance to rural transit operators in each state; conducting "Bridges to Work"
demonstrations helping disadvantaged unemployed inner-city residents to join and remain in
the workforce; development of technical assistance capabilities to enhance mobility for
disabled and low-income passengers in rural areas; estimation of transit’s condition,
performance, and short- and long-term investment needs; demonstration of best-practice in
innovative transit finance and turnkey construction; development of a comprehensive resource
document on transportation applications of advanced materials; comparison of resources
dedicated to each mode versus fatalities; and analysis of impacts of removing legal barriers to
truck and bus operations between Mexico and the U.S..

Section III, Chapter 7: DOT Investment in University Research, Education, and
Cooperative Initiatives

Since World War II, universities and collaborative research partnerships have been the
intellectual centerpiece of Federal policy for research, education, and innovation in all policy
areas. Federal research and development grants and contracts have been integral to new
discoveries, education of new researchers and the training of operators so to provide a steady
stream of ideas to improve the Nation’s security, health, and industry. DOT invests
strategically in and partners with state and local governments, transit properties, universities,
and research and training institutions to ensure that the transportation system maintains an
adequate knowledge base and a pool of transportation professionals to operate and manage a
safe, competitive, and sustainable transportation system. DOT relies particularly on
universities because of their unique resources, capacity and qualifications in the area of
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knowledge-building, education and technology transfer, and their ability to bridge all sectors
of the transportation enterprise.

The Department’s near-term priorities in this area include evaluating proposals and selecting
programs for the University Transportation Centers (UTC) program; funding promising
research efforts through the University Research Institutes (URI) program; through AASHTO
(the American Association of State Highway and Transportation Officials), solicit and
administer research on behalf of the various State departments of transportation under the
National Cooperative Highway Research Program (NCHRP); through the Transit Cooperative
Research Program (TCRP), continue support for special long-range projects and programs;
award Dwight David Eisenhower Transportation Fellowships to students and faculty at
institutions across the U.S.; completing state research on quality assurance in highway
design, construction, and maintenance; and seeking proposals for the Department FY 1997
Small Business Innovation Research (SBIR) program.

Section I1I, Chapter 8: DOT R&D Facilities and Administrative Support for R&D

In order to carry out its responsibilities for the management of DOT-funded R&D, and the
actual implementation of a number of key activities, the Department devotes a portion of its
funding and personnel to administration of these resources. In addition, the Department
operates a number of physical facilities that support DOT R&D activities, and these will
require some upgrading and refurbishment in the near term.

Section IV: Contracting Procedures

DOT experience confirms the premise that Government contracting practices can have a
substantial impact on the adoption of advanced technologies. To develop a better
understanding of these impacts, the Department is conducting a number of studies and
experimental programs addressing important aspects of Government contracting. Because of
the additional authorities granted to state and local agencies by ISTEA, the number of
grantees and subgrantees can be expected to increase during the coming years. This plan
provides an overview of current contracting practices, summaries of recent changes in
legislation and regulations, and brief descriptions of relevant studies and task force efforts
that are currently in progress or have been completed since the last edition of the plan.
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SECTION I: INTRODUCTION
Surface Transportation Research and Development Plan

Third Edition

Secretary Federico Pefia presented the Department of Transportation’s Strategic Plan in
January of 1994, articulating the following mission for the Department:

The Department of Transportation will "Tie America Together" with a safe,
technologically advanced, and efficient transportation system that promotes
economic growth and international competitiveness now and in the future, and
contributes to a healthy and secure environment for us and our children.

In doing so, the Secretary underscored the challenges facing the Department: "In an era of
severe limitation on available resources, and an era of National deficit reduction, there are
not enough transportation dollars to meet all of these needs. We are compelled by the public
trust to ensure that our National transportation infrastructure does not deteriorate; that our
investments improve the condition of our environment; and that our decisions drive forward
our National economy, and are a catalyst for improving the safety and quality of life for our
citizens. Strategic utilization of our resources is critical to carrying out this public trust."

The Department’s Strategic Plan also establishes seven strategic goals for implementation of
this mission. These goals emphasize strategic investment and prioritization of departmental
functions and projects. They also stress the development and utilization of advanced
transportation technologies as a means to address the challenges identified above while
pursuing the overall mission of the Department.

With respect to surface transportation, the challenge of resource scarcity is at least as great
for R&D efforts as it is for overall departmental activities. The fraction of overall surface
transportation sector expenditures devoted to R&D activities has historically been
significantly lower than for most domestic industries, even those that could be characterized
as low-technology. Moreover, legislative earmarking has played a significant role in
establishing Federal R&D priorities. It is therefore imperative that, while operating within
such constraints, the Department strategically prioritize its R&D activities in a way that
achieves the greatest long-term progress toward the Department’s mission, and that it
maximizes coordination of these activities both within and outside the Department in order to
make the most efficient use possible of Federal resources.

In this edition of the Surface Transportation Research and Development Plan, the Department
establishes sixteen key strategic 10-year thrusts that were arrived at through the Department’s
careful consideration of the most important long-term trends and issues affecting the
evolution of the U.S. transportation system, and the Department’s mission and goals. These



thrusts represent a set of cohesive priorities for R&D throughout the surface transportation
system, and reflect the Department’s current and future emphasis on integration and
coordination of governmental activities. Indeed, the Department’s near-term R&D activities,
which are presented in the plan for the next three years, are strongly coupled to the longer-
term thrusts and the underlying societal goals, and are prioritized in a coordinated fashion
within DOT.

Authority

This is the third in a series of congressionally required plans submitted by the Secretary of
Transportation to the Congress pursuant to Section 6009(b) of the Intermodal Surface
Transportation Efficiency Act of 1991 (ISTEA). The second edition of the plan was
submitted in March 1995.

Plan Objectives and Congressional Mandate

ISTEA requires that an integrated National surface transportation research and development
(R&D) plan be developed that focuses on surface transportation systems needed for the next
decade. The congressionally mandated objectives of the plan are: 1) to develop a range of
technologies needed to produce convenient, safe, and affordable modes of surface
transportation to be available for public use beginning in the mid-1990’s; and 2) to maintain
a long-term advanced research and development program in order to provide for the next
generation of surface transportation systems. In addition, ISTEA requires that the plan
include the following:

"(A) Details of the Department’s surface transportation research and
development programs, including appropriate funding levels and a schedule
with milestones, preliminary cost estimates, appropriate work scopes, personnel
requirements, and estimated costs and goals for the next three years for each
area of research and development.

(B) A ten-year projection of long-term programs in surface transportation
research and development and recommendations of the Research and
Development Coordinating Council of the Department of Transportation and
the plan of the National Council on Surface Transportation Research.

(C) Recommendations on changes needed to assure that Federal, State, and
local contracting procedures encourage the adoption of advanced technologies
developed as a consequence of the research programs in this Act [ISTEA]."



Scope

Surface transportation R&D, broadly defined, is conducted by a number of Federal
organizations (e.g., DOT, EPA, DOE), by State and local government agencies, by academic
institutions, and by the private sector. Within that context, this plan focuses on the surface
transportation research underway or planned within the six DOT administrations with direct
responsibility for surface transportation:

Federal Highway Administration (FHWA)

National Highway Traffic Safety Administration (NHTSA)
Federal Railroad Administration (FRA)

Maritime Administration (MARAD)

Federal Transit Administration (FTA)

Research and Special Programs Administration (RSPA).

Other departmental research, including that conducted by the Federal Aviation
Administration’s (FAA), the U.S. Coast Guard (USCG), and the Office of the Secretary of
Transportation (OST) is addressed when it correlates specifically to research being conducted
on surface transportation issues. In particular, FAA’s Aviation Human Factors Program,
discussed briefly in Section III, is specifically related to the human factors programs being
conducted in FRA, NHTSA, FHWA, FTA, MARAD, and USCG. Other FAA research and
technology programs are also related. The Aviation Security program remains a top priority,
and the Airport Pavements program continues efforts to improve airport pavement in order to
accommodate the next generation of very large aircraft. These efforts are detailed in the
FAA’s 1995 Plan for Research, Engineering, and Development published in December 1994.
The Surface Transportation Research and Development Plan also discusses activities of the
Bureau of Transportation Statistics (BTS), as these have a very direct role in supporting the
Department’s system assessment efforts.

The near-term section of this plan focuses on research underway or planned in FY 1996,
1997, and 1998. In response to the directive in ISTEA, the plan provides details of the
surface transportation R&D programs, including funding levels, milestones, and personnel
requirements. The plan’s long-term outlook offers insight into the course the Department’s
surface transportation research program will pursue into the 21st century. The plan’s final
chapter on contracting provides an overview of current contracting practices, summaries of
recent changes in legislation and regulations, and brief descriptions of relevant contracting
studies and task force efforts that are currently in progress or have been completed since the
last edition of this plan.

Consistent with the Secretary’s Strategic Plan, this edition of the R&D plan places greater
emphasis on a strategic vision for long-term R&D activities. As in the two previous
editions, the Department has relied extensively on its ongoing outreach activities in
establishing R&D priorities. For this edition of the plan, comments specific to the plan have
been obtained through a number of processes discussed in Section II. The Department has



supplemented its ongoing outreach efforts related to R&D prioritization through a 2-day
symposium on long-term challenges and opportunities for transportation, a request for
suggestions from University Transportation Center program contacts regarding the plan, and
informal discussions about the plan held at the January 1996 TRB annual meeting.

Plan Organization
This plan is divided into the following sections related to surface transportation R&D:

L Section II establishes a strategic vision and direction for surface transportation,
establishes a context for that vision by examining a number of key future trends and
issues, presents an overview of the Department’s process for establishing R&D
priorities, and presents the Department’s strategic plan for sixteen key long-term
R&D thrusts related to surface transportation. The plan emphasizes long-term
integration and coordination of departmental R&D efforts in implementing these core
thrusts.

® Section III outlines the Department’s near-term (FY 1996-1998) surface transportation
research program in five major areas, discusses related university and cooperative
research activities, and gives an overview of administrative and facility planning
associated with these programs. Relationships between the Department’s near-term
R&D programs and the long-term thrusts identified in Section II are explored in the
second chapter of Section III.

® Section 1V discusses contracting procedures affecting the Department and its grantees.

Changes From the Last Edition
Several changes have been made from the last edition. These include the following:

Organization of the Plan: The second edition of the plan organized the Department’s R&D
activities in 12 chapters, each of which presented both the near-term perspective for each
major research area and the long-term outlook. As noted above, this edition presents a long-
term vision for surface transportation and a strategic plan for long-term R&D activities in
one section, and an overview of near-term activities in a following section. The plan
presents sixteen major long-term R&D thrusts, which are strongly keyed to directions
established in the Department’s Strategic Plan. The third section describes the Department’s
near-term R&D programs, and consists of eight chapters that rely heavily on the framework
established by the Transportation Committee of the National Science and Technology Council
(NSTC).



Transit Research: FTA’s FY 1997 budget has been restructured. This edition of the plan
discusses FTA’s near-term R&D activities within the framework established by the NSTC
Committee on Transportation R&D, rather than grouping these activities in one transit-

specific chapter.



SECTION II

STRATEGIC PLAN FOR SURFACE TRANSPORTATION
RESEARCH AND DEVELOPMENT



CHAPTER 1

STRATEGIC VISION AND DIRECTION

Introduction

Many complex issues and forces will shape the transportation needs of the Nation, and the
constraints within which those needs must be satisfied, in coming decades. The DOT long-
term surface transportation research and development program has been structured to respond
effectively to needs within the broad mandates of national transportation and technology
policies, as they bear on the explicit mission responsibilities and functions of the Department,
as articulated in its Strategic Plan. In response, DOT has generated broad long-term R&D
thrusts, guided by the Administration’s technology policy and the vision of future
transportation developed by the National Science and Technology Transportation (NSTC) and
the Department’s Research and Technology Coordinating Council.

That R&D program addresses the current and future condition and performance of the
National transportation system, and the assessment of the principal societal demands and
forces that will act on that system in the foreseeable future. The plan develops specific long-
term programmatic thrusts through consideration of the level and nature of the Federal
interest and responsibility in relevant areas, and the likelihood that specific objectives can be
realized by exploiting new technologies or concepts.

This chapter focuses on the broad vision and goals for transportation established by the
Administration, the Secretary of Transportation and the NSTC.

The President’s Technology Policy

The Administration’s technology policy, Technology and Economic Growth: Producing Real
Results for Real People, which was signed November 8, 1995, states:

"...Government has an indispensable role to play in advancing new technology
development -- by ensuring a strong base of fundamental science, by providing
a business environment that encourages innovation and investment, and by
investing in research that is critical to the economy and the social needs of the
Nation, but that cannot attract adequate private support.”

The President continues to make technology policy a key element of his economic strategy.
In turn, transportation is a significant factor in both the technology policy and the
Administration’s economic strategy. The President’s technology policy states that "a
competitive growing economy requires a transportation system that can move people, goods,
and services quickly and efficiently. To meet this challenge, each transport sector must work



effectively both by itself and as part of a larger, connected whole. Technologies that
increase the speed, reliability and cost-effectiveness of the transportation sector will also
increase the economy’s competitiveness and ability to create jobs."

The National Science and Technology Council

In response to a key recommendation of the National Performance Review, President
Clinton, in November, 1993, established the National Science and Technology Council
(NSTC) as a cabinet-level council providing the principal means for the President to
coordinate the Federal science and technology enterprise. NSTC provides a cabinet-level
process to coordinate science, space, and technology policies throughout the Federal
Government. Interagency budget planning, essential in R&D due to the widespread need for
cooperative efforts in many projects, was identified as a major NSTC function. This role is
of particular importance in enhancing the efficiency of R&D activities in these times of fiscal
constraint.

Through the NSTC, the White House focuses on ensuring that the Government’s $75 billion
annual R&D budget fully reflects critical National priorities in both basic and applied
research. In order to prepare coordinated and balanced R&D strategies and budget guidance
for accomplishing these goals, NSTC established nine interagency coordinating committees in
areas of significant Federal R&D investment. One of these committees, established by the
Secretary and co-chaired by the Deputy Secretary of Transportation and the NASA Associate
Administrator for Aeronautics, addresses transportation R&D. An early task of that
committee was the development of a vision for transportation in the next century.

Vision and Strategic Goals

The vision and goals driving transportation R&D must account for the central role of
transportation in the Nation’s quality of life, economic vigor, and long-term environmental
sustainability, providing the personal mobility and movement of goods that are critical to the
functioning of our society. This underlines the great potential for benefits from successful
innovation in operations and technology, and the importance of transportation decisions at all
levels being based on sound and comprehensive knowledge and understanding.

Technological advances of recent decades have created the opportunity for significant
improvements, just at the time political, economic, and social forces are generating demands
for greater mobility at reduced environmental and resource costs. Effective exploitation of
these opportunities to meet the growing needs requires a clear vision of the future we wish to
create.

The vision developed by the NSTC Transportation R&D Committee is that of a sustainable

and seamless intermodal transportation system that effectively ties America together and links
it to the world: a system based on strategic investment in infrastructure and a dynamic and
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Sfruitful alliance between the transportation and technology industries, and which provides
efficient, safe and secure transportation fully satisfying the needs of individuals, businesses
and the National economy while enhancing our environment and supporting world leadership
in transportation technologies.'

The NSTC Transportation Committee identified the building blocks for achieving this vision
as being knowledge of the system and its operations, a sound physical infrastructure for
transportation, wise application of information technologies to infuse that physical
infrastructure with intelligence, and a broad array of technological alternatives on which to
draw in meeting specific transportation system needs. The path to realization of the vision
requires Government and industry working together to achieve four broad objectives:

° Consistently wise and effective strategic and tactical decisions and policies based on
comprehensive knowledge and assessment of system condition, performance and
operations, and of impacts and implications of alternative choices and courses of
action.

L The best possible performance of the Nation’s transportation physical infrastructure,
obtained through:

Improved means of renewal, rehabilitation, expansion, operation, maintenance
and management,

Creation of an information infrastructure that overlays the physical
infrastructure to revolutionize virtually all aspects of transportation operations
and logistics.

L Major improvement in the overall performance characteristics of vehicles of all types,
and expansion of the range of alternatives available for meeting transportation needs.

. Reestablishment and improvement of the position of the U.S. as a technological leader
and primary exporter of transportation-related equipment and services.

Ongoing performance of private-sector and Federal R&D activities are fundamental to
achievement of these goals. Some topics fall largely to the private sector; others may
involve objectives or industries that virtually preclude large private research investments.
Federal activity complements private sector R&D, and is neither intended to nor capable of
supplanting it. Rather, there are explicit Federal functions which cannot be addressed
effectively by the private sector. Necessary Federal R&D includes stimulating and
supporting development of information, scientific and engineering knowledge; applying new
and emerging technologies; creating innovative procedures, methods and practices; and

'NSTC Committee on Transportation R&D, Strategic Planning Document, March 1995, p.2.
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assuring rapid deployment of the most effective technological responses to our transportation
needs.

The Department of Transportation’s Strategic Plan

In January 1994, DOT Secretary Frederico Pefia presented the Department’s Strategic Plan,
which articulates DOT’s mission, identifies the major challenges facing America’s
transportation system, and establishes seven key goals for the Department as it faces those
challenges in fulfilling that mission:

Goal 1. "Tie America Together" through an effective intermodal transportation
system.

Goal 2. Invest strategically in transportation infrastructure, which will increase
productivity, stimulate the economy, and create jobs.

Goal 3. Create a new alliance between the Nation’s transportation and technology
industries to make them both more efficient and internationally competitive.

Goal 4. Promote safe and secure transportation.
Goal 5. Actively enhance our environment through wise transportation decisions.

Goal 6. Put people first in our transportation system by making it relevant and
accessible to users.

Goal 7. Transform DOT by empowering employees in a new team effort to achieve
our goals.

As is discussed in Chapters 3 and 4 of this section, the Department’s Strategic Plan provides
the overall framework and objectives for research and develop activities addressed in this
edition of the Surface Transportation Research and Development Plan.

Outreach to the Transportation Enterprise

The Department gathers input from a variety of constituents to help establish its R&D
priorities through a wide range of both ongoing and special activities. Collaboration within
the Department and with external customers is pursued to ensure that these priorities reflect
the Department’s mission and goals, and that they are pursued in the most efficient manner
possible by reinvigorating what works well, eliminating what is not necessary, and
reinventing that which could work better.
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A number of R&D advisory committees have been established which meet on a regular basis
to review R&D plans and priorities. Each of the operating administrations use such
processes to develop R&D programs and budget proposals, which are the starting point for
this integrated Departmental plan. However, the typically modal focus of these efforts calls
for additional broader outreach efforts.

In March of 1995, the Transportation Research Board (TRB) and the NSTC jointly sponsored
a two-day Forum on Future Directions in Transportation R&D, at which breakout sessions
were held with the explicit purposes of developing a framework for R&D priority-setting and
gaining the distinct perspectives of industry, State government, local government, the
research community, and other key stakeholders. Additional breakout sessions were held to
establish R&D priorities using the framework developed at the forum, taking into account the
perspectives observed. This forum provided key input for this edition of the Department’s
R&D plan. Interactions with users and providers of transportation services, and with leaders
in the academic and research communities, are vital to the development of concepts and goals
for transportation systems of the future. Without reality testing of this sort, it is not possible
to form policies or examine priorities for R&D programs within DOT. A basic
understanding of the forces that drive the supply and demand for transportation is also
important: demographic trends, economics, and technological progress.

On behalf of the Secretary, the Research and Special Program Administration’s (RSPA’s)
Volpe National Transportation Systems Center organizes and conducts a continuing outreach
with transportation providers, users, planners, consultants, manufacturers, state and local
governments, and universities in order to gather and share basic data for use in integrated
long-range transportation and transportation-related R&D planning and decision making.
These outreach activities serve a number of purposes and take a wide variety of forms.

In October 1995, the Volpe Center conducted a 2-day symposium on Challenges and
Opportunities for Global Transportation in the 21st Century, at which a number of long-term
trends for global transportation were discussed by a wide range of participants including, for
example, representatives of the World Bank, the automotive industry, the electric power
industry, academia, the freight industry, and the Congressional Budget Office (CBO).
Among the topics covered were the following: global demand for transport, the role of
information technology, transportation system investment in an era of limited public
spending, the role of transportation in environmental pollution and energy consumption, the
evolution of urban forms, the outlook for advanced vehicle technologies and alternative fuels,
opportunities for reducing transportation accidents and fatalities, and the enhancement of
transportation security. These discussions helped to establish the context presented in
Chapter 2 of this section, within which R&D priorities must be established.

In January 1996, Volpe Center staff held informal discussions related specifically to the
Department’s strategic plan for long-term R&D at the TRB 1996 Annual Meeting. The
Department relied on the comments and suggestions received there, and subsequently in
writing, in developing this edition of the plan. Early in the development process, RSPA also
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solicited input based on the second edition of the plan from University Transportation Center
(UTC) program contacts.
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CHAPTER 2

TRANSPORTATION IN THE NEXT TWO DECADES

The strategic goals presented in the Department’s Strategic Plan, and the long-term R&D
thrusts presented in this report are logical responses to a set of trends that are shaping
transportation and the global environment in which it is evolving. The Department
developed this strategic plan for its R&D activities by identifying opportunities to use
updated technologies and practices to satisfy the multiple demands on the transportation
system, within the context resulting from current and anticipated trends and issues affecting
transportation over the next 10-20 years.

Key Trends and Issues
Increasingly Competitive Global Economy

It is generally accepted that this Nation is part of an increasingly competitive global
economy. Laborers and professional workers in the U.S. face increasing competition from
their peers in both developed and developing nations. For example, hourly compensation
costs in 1994 for manufacturing production workers in the U.S. were three times as high as
in the newly industrialized Asian economies (Hong Kong, South Korea, Singapore, and
Taiwan), and nearly seven times as high as in Mexico.! Businesses are under increased
pressure to reduce costs in order to remain competitive with their peers. In recent years,
transportation outlays have decreased notably as a percentage of gross domestic product
(GDP) since the 1970s, driven in part by sizable reductions in inflation-adjusted fuel costs.

The Consumer Price Index (CPI) for transportation has

tracked closely with the total CPI for the past 25 Per-Capita GDP Increase

years. The total per-mile cost (in constant 1990 cents) 1985-1993

to operate an automobile, after reaching a low of 33

cents per mile in 1985, increased to nearly 43 cents France -3.4%

per mile by 1992--still nearly 2 cents/mile lower than U.S.A. 10.5%

in 1975. Increased competition in the global market So. Korea 82.4%

place will lead to further pressure by U.S. citizens and China 80.3%

businesses for low-cost transportation. Taiwan 69.2%
Indonesia 45.1%

At the same time, economic growth in selected regions

(e.g., Asia) is providing the base for the development
of newly emerging upper and middle classes which enjoy a larger percentage of disposable
income than previously experienced in most of the developing world.

'On the other hand, hourly compensation costs in 1994 for such workers were 15% and 25% higher in Europe
and Japan, respectively, than in the U.S.
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In the U.S., some important economic trends are those toward growth of the service sector,
an ever-increasing presence of women in the paid workforce, increased reliance on
temporary employment and contract workers, and increases in the number of people who run
businesses at home and people who telecommute to work. Some of these expectations are
emphasized by the following recent quantitative trends and projections:

® Service sector employment in the U.S. grew at an annual rate of 2.3% between 1979
and 1992, and is expected to continue growing at a 2.0% annual rate through 2005.
By comparison, nonagricultural goods production employment declined at an annual
rate of 1.0% during 1979-1992, and is expected to grow at an annual rate of only
0.2% through 2005.

° The male participation rate in the U.S. labor force decreased by about ten percent
between 1960 and 1994. During the same period, the female participation rate
increased by more than fifty percent, and the participation rate for married women
nearly doubled. Moreover, while participation rates have been dropping slightly since
1990 for both men and women in general, they have continually increased for married
women.

Changing Demographics, Increasing Demand

Between 1960 and 1994, the average size of households in the U.S. decreased significantly--
from 3.33 to 2.67 persons. Given the baseline travel required to maintain a household unit,
this helps to explain the much more rapid increase in travel than in population. Between
1960 and 1991, while the U.S. population increased by about 40%, highway travel nearly
tripled. There are several demographic trends for the future that warrant close attention, the
most important of which are as follows:

First, and most important, the elderly are the fastest growing age component of the U.S.
population, and mid-range Census projections indicate that the population growth rate
between 1995 and 2025 will be nearly ten times as great for Americans 55 and older as it
will be for those between 25 and 54 year of age. This is a continuation of trends observed
over the past 35 years. In 1960, for example, about 32 million Americans, or 18% of the
total population, was 55 years old or older. By 1991, that total had risen to nearly 53
million, or 21% of the total population, including more than 7 million who were 80 years old
or older. By the year 2020, between 70 and 80 million Americans, or nearly one-fourth of
the population, could be over 55 years old. Because of associated reductions in average
visual acuity and increases in average reaction time, for example, this could have profound
implications for the safety of the Nation’s transportation system, and R&D is needed to
characterize implications regarding operator performance, and to identify technological
opportunities and suitable means of providing continued access and mobility.

Second, although women continue to increase in prominence in the U.S. paid workforce,
salaried women, more often than their male peers, shoulder the bulk of the responsibility for
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day-to-day management of U.S. households. For example, NPTS data show that women in
urban households with children 6-15 years of age make 21% more trips per day than men in
the same households. NPTS data also show that 45% of all trips occur as a part of trip
chains, and that women are significantly more likely than men to form such chains (i.e., run
errands). Because trip chains may be more dependent on single-occupancy private vehicles
than trips directly to the workplace and back home, this has important implications for the
surface transportation system, especially in light of the increased presence of women in the
paid workforce.

Changing and Emerging Demand Patterns -- Passenger and Freight

The migration of the population within the U.S., combined with migration from abroad and
with the rapid suburbanization of homes and jobs, have been linked to:

® substantial population and employment growth in the west and south;
® concentrations of migrants from abroad in a limited number of states;
® major growth in suburb-to-suburb commutes;

® major growth in reverse (i.e., urban core to suburb) commutes; and
® increased distances between home and all trip destinations.

These patterns, which vary in specific manifestation

from one region to the next, have profound Average Characteristics of
implications. Employees who both work and live in Urban Commute Trips

low density places create scattered travel patterns--they
do not travel along highly concentrated corridors, and Year Length (mi) Time (min)
they have few viable alternatives to the private car 1983  8.28 17.81
when they travel. Employees who live in the core of 1990 10.14 18.88
metropolitan areas but work in the suburbs also create

nontraditional commutes and may have limited travel
options. Overall, these population and land-use trends accelerate the travel patterns linked to
the growth of the service-based economy. They lead to:

® longer work trips;

® longer nonwork trips;

® more scattered origins and destinations; and

® greater dependence on single-occupancy private vehicles.

Overall, it appears that there will be continued trends toward longer worktrip commutes,
dispersed and generally lower density workplaces, new and decentralized employment
locations, and different and variable employment schedules. These changes in travel
patterns, if they persist, may lead to longer peak periods, greater dispersion of demand and
destinations, temporal and geographic changes in congestion patterns, greater challenges for
fixed route/schedule transit and other alternatives to single-occupancy vehicular travel. This
is already reflected in home-to-work transportation trends from 1980-1990, which show a
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significant increase in solo driving (up from 64.4% in 1980 to 73.2% in 1990), significant
declines in carpooling (down from 19.7% to 13.4%) and walking (down from 5.6% to
3.9%), and smaller declines in public transit usage and other means (e.g., bicycling). On the
other hand, more people worked at home in 1990 (3.0%) than in 1980 (2.3%).

Low-cost global communication and transportation networks

have resulted in a global manufacturing marketing enterprise U.S. Freight Outlays
that, in turn, stimulates further progress in those networks. 1980: 7.9% G.D.P.
Very often the differential transportation costs are too small to 1993: 6.3% G.D.P.

offset an overseas production cost advantage. Similarly,
U.S.-made components and products now compete in markets
throughout the world. In an interdependent global economy there is a continuing growth in
worldwide merchandise imports and exports. For example, U.S. oceanborne trade is
expected to grow at an average annual rate of 4.5 percent between 1994 and 2005. Just-in-
time goods movement with the goal of minimum inventories is resulting in an increase in the
number of trips made by parts suppliers and the final assemblers’ deliveries to purchasers,
and is placing increasingly stringent cost and reliability requirements on the global
transportation enterprise. At the same time, a freight transport system that operates so leanly
raises some concern with respect to handling anomalous peak flows associated with, for
example, a major natural disaster or a large-scale military conflict.

Transportation/Telecommunication Interaction & Tradeoffs

The creation, distribution, and use of information has become ever more central to the life of
modern societies. More than half of the U.S. workforce is often described as consisting of
"information workers." In recent decades, more and more opportunities have been found for
"tele-substitution" or “virtual transportation”--the use of communication of information in
ways that substitute for the physical transportation of individuals and even some goods (e.g.,
newspapers). One of the current manifestations of that early perception is telecommuting,
which replaces daily trips to and from a customary workplace with the use of
telecommunications services to access organization information resources and communicate
with co-workers and others.

The degree to which telecommuting will be adopted, the specific forms it will take, and the
magnitude of the public benefits actually obtained will depend largely on attitudes of people
toward their work and workplace, the adaptability of corporate culture, the nature of the
work performed, the actual productivity benefits for employers and gains in quality of life
for workers, and the specifics of changes in their travel behavior. Not surprisingly, there is
a high level of uncertainty about the future course of telecommuting and its impacts on
transportation.

However, telecommuting is only one of many ways in which information flows are being

substituted for individual travel. The availability of information-based substitutes in
situations where transportation is burdened by congestion, inconvenience, or high cost could
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conceivably enable tele-travel to eliminate a significant amount of actual transportation
services, and subsequent environmental impacts. On the other hand, a variety of effects
associated with telecommunications advances could stimulate travel and transportation
demand. Examples include more decentralized residential patterns, increases in home
delivery services, ability to work and communicate while driving, and improvements in the
level of transportation services (e.g., small package delivery services) based on the
application of information technology. Further, in many cases the act of traveling has an
attraction in its own right, apart from the associated transportation function.

Increased Travel and Tourism

Despite incredible poverty in some places, there is growing prosperity throughout the world.
The growth in disposable income is fueling new demand for travel and tourism. Between
1985 and 1993, temporary visitation by foreigners increased by over 150% for pleasure, and
by about 65% for business. As world tourism becomes an increasing share of transportation
demand, resulting in the dramatic growth of international passenger travel and straining the
capacity of existing surface and air transportation facilities, many nations will be required to
expand their transportation infrastructure.

On the average day worldwide, an estimated 3.4 million passengers take off from 16,000
airports, on over 600 domestic and international airlines that serve thousands of destinations.
A doubling or tripling of international air travel will place major new demands on
international airports and air traffic control systems. Within the next 20 years, it is
anticipated that the United States air traffic control systems, airlines, and airports will have
to accommodate 1 billion passengers a year.

Given that most of these passengers will not be staying at airports, this will place new
demands on the surface transportation system, which will be faced with greater numbers of
visitors who may not speak English or be familiar with local driving regulations, but will
expect access, mobility, and service.

Continued Infrastructure Maintenance/Renewal Requirements

In direct expenditures alone, transportation-related activities account for an annual investment
of about $1 trillion for transportation goods and services, almost 20 percent of the U.S.
Gross Domestic Product. About 15 percent of these expenditures are for construction,
operation, and maintenance of transportation systems, and more than 80 percent of this is
devoted to maintaining our aging transportation infrastructure.

In many sectors of transportation in the U.S., usage of existing infrastructure is rising,

physical condition of facilities has deteriorated, vehicle speeds are reduced due to congestion,
and/or modern standards of facility efficiency are not being met.
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The Department currently estimates that the average annual investment required from 1994 to
2013 to maintain the current (1993) overall quality of the existing highway, bridge, and
transit infrastructure will be more than $60 billion ($1993). Improving these systems in an
economically efficient manner is estimated to require an average annual investment of nearly
$87 billion.

Investment in the waterborne transportation system is a blend of public and private money.
The industry is, for the most part, privately capitalized. It is anticipated that continued
investment, probably in excess of $100 billion over the next decade, will be required to
replace aging tonnage, expand and upgrade shipyard facilities, and to advance technology,
equipment and training programs.

Traditional funding mechanisms are being used in new ways and for new purposes, and
entirely new funding mechanisms are being simultaneously developed, with options such as
investment banks and regional pooling of Federal funds being contemplated. Experiments
have been recently conducted using increased private sector infrastructure capital funding and
greater reliance on user fees. However, private investors may be deterred somewhat by the
prospect of Government regulation of what are perceived by some observers as monopolistic
enterprises.

Among the important questions regarding financing are the following: Are the existing
combinations of mechanisms in the U.S. for raising infrastructure funds adequate to generate
appropriate spending levels? Would it be desirable, for example, to shift significant amounts
of such infrastructure from tax to toll financing, and/or from public agency to private
enterprise operation? Are there sectors of the U.S. transportation systems where innovative
designs and materials would be more cost-effective, in spite of higher front-end costs, than
financing new developments using traditional materials?

Deployment and Utilization of a Sophisticated Information Infrastructure

Increasingly, applications of information technology are being seen as a promising means to
increase the effective capacity of many elements of the Nation’s transportation system and
achieve higher levels of system performance. Modern sensing, communication and
information technologies can support optimization of the use of urban highways at rush hour,
dispatching of transit buses, management of truck fleets, control of aircraft, management of
harbor traffic, planning and dispatching of maintenance crews, and many other applications.
Electronic data interchange can bridge the gaps between modes to help make trips more
seamless. This can permit trucks to cross borders without stopping; eliminate toll booths on
highways; provide electronic fare collection in transit systems; smooth both intra- and
intermodal scheduling and transfer operations for highway, rail, and maritime freight; and
provide motorists with alternative routes to avoid congested points. Advanced technologies,
including space-based satellite navigation systems, can also enable the utilization of
sophisticated methods of pricing transportation services and access (such as to urban
highways). Partial or even full automation of vehicle control on a large scale, based on
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continuous exchange of information with the roadside infrastructure and with other vehicles,
is envisioned as a future possibility that could have dramatic potential for increasing highway
capacity.

However, realization of the full potential of these technologies and applications requires a
degree of system-level information technology performance, including reliability, availability,
convenience and response time, that will require coordinated efforts by many parties and
inherently raises numerous complex questions and issues.

Continued Importance of Surface Transportation to Environmental Quality, Energy
Expenditures

Worldwide, transportation has long been a major focus of concerns about fossil fuel
consumption, urban air quality, and the global climate. It is also a focus of similar concerns
about solid and hazardous waste disposal, and the loss of natural habitats and open civic
space. Cars, trucks, buses, and other vehicles contribute significantly to global petroleum
demand and carbon dioxide emissions, and are also major sources of carbon monoxide and of
volatile organic compounds and nitrogen oxides - precursors of tropospheric ozone and acid
rain. Motor vehicles’ share of oil consumption and emissions will undoubtedly increase as
the world’s population grows and becomes increasingly urbanized.

U.S. trends indicate continued progress toward reducing nonattainment of the carbon
monoxide and ozone National Ambient Air
Quality Standards (NAAQS). However, EPA
must periodically revisit the stringency of these L.
standards, and recent medical evidence U.S. Transport-Related Emissions
indicates that a more stringent ozone standard, (million tons)

erhaps as low as 0.060 ppm (the current
gtandsrd is 0.125 ppm), gguld be required NOx PM, CO,
depending on the degree with which public 1970 ~ 9.26 1.24
health is to be protected. Many states continue 1980 11.44 1.39 417
to have significant difficulty developing plans to 1990 10.66 1.76 477
achieve the current ozone NAAQS, and 1992 10.34 1.84 477
transportation-related emissions are a significant
part of the problem.

In addition, renewed concerns and recent scientific data have led to consideration of a more
stringent NAAQS for fine particulate matter. A focus on smaller particles implies a greater
role of Diesel engines (e.g., buses and trucks)--historically, sources such as fugitive dust
have been viewed as dominant due to referencing to a more inclusive (i.e., larger) particle
size.

Finally, current projections indicate that, without intervention, greenhouse gas emissions
from personal motor vehicles in the U.S. will increase by roughly 40-70% between 1990 and
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2025. Increased highway speeds associated with higher speed limits could lead to even
greater increases. Transportation (all modes) accounts for about one third of U.S. carbon
dioxide emissions, and the U.S. is responsible for about one fifth of global greenhouse gas
(GHG) emissions.

Although the magnitude of expected global warming and the extent of subsequent impacts
continue to be debated, world leaders, including then-president George Bush, committed in
writing in 1992 to the stabilization of greenhouse gas concentrations. In 1993, President
Clinton reaffirmed U.S. commitment with a detailed Climate Change Action Plan. However,
there are significant challenges to achieving rapid reductions of

transportation-related emissions, and U.S. new
vehicle fuel economy, after improving in the 1970s U.S. Average New Vehicle
and early 1980s, has stagnated. In addition, the Fuel Economy (mpg)
significant shift of the consumer new vehicle
market toward pickups and sport-utility vehicles Yecar Autos Small Pickups
has reduced the fuel efficiency of the Nation’s fleet 1976 17.2 23.9
as a whole. 1982 26.3 28.1

1988 28.5 26.1
As the world vehicle population has grown, so has 1992 27.7 25.0
oil consumption. For the most part, the world

fleet runs on oil. According to the U.S.

Department of Energy (DOE), consumption of oil has risen steadily since the mid-1980s, due
primarily to the rapid expansion of transportation in the developing countries. This trend
should continue as long as oil prices remain stable. Of course, there is concern among some
that oil prices may become less stable within the next couple of decades if there is a
resurgence of monopolistic supplier behavior, and that the short-term price elasticity of
demand in the U.S. is such that even a brief (e.g., 2-year) supply curtailment could lead to a
significant drain on the U.S. economy. This persistent concern regarding dependency of the
U.S. transportation sector on imported petroleum products is reflected in the ongoing
emphasis on the potential diversification of transportation fuels, and in the particular interest
in recoverable domestic fuels (e.g., natural gas).

On the other hand, significant transitions will have to occur if the long-term goals of
stabilizing the global climate, reducing regional and urban pollution, and reducing economic
sensitivity to energy costs are met through vehicles that employ revolutionary technologies
and/or renewable low-carbon fuels for which supporting industries (such as refueling,
maintenance, and repair) are not yet in place. Wherever there are established infrastructures,
questions regarding responsibility for sunk costs (i.e., money that has been already spent to
develop those supporting industries and infrastructures) will arise. Access to capital required
to go through transitions will be important, and workers in a number of industries will need
to be retrained. These are issues that will be particularly important in developed countries
such as the U.S., where the significant sunk costs tend to reside.
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Continued Concern with Personal and System Security

The safety and security of travelers is at once a major public concern and a principal
responsibility of National and state transportation agencies. The overall historical trends in
U.S. transportation fatality rates per unit of exposure show a decline of at least 50% in the
rate of accidental deaths between 1950 and 1990. These results are highly encouraging.
They have generally been achieved by the concerted and focused efforts of many parties,
including Government agencies, providers of equipment and services, private groups and
individuals. However, it is not clear to what degree it will be possible to continue the
improvements made in the recent past, and this gives rise to a number of important
questions. Will fatalities gradually begin to creep upward again, driven by rising VMT
(vehicle miles travelled) and, perhaps, newly-increased speed limits? Will new vehicle and
traffic management technologies, accompanied by better understanding of the driving task
and human capabilities, lead to motorists, cars and road systems that can maintain the decline
in accident and fatality rates?

The security of travelers can be threatened by terrorist or other malicious actions regardless
of means of transportation. Although attention has generally focused on aviation, recent
domestic and international incidents have heightened concern about security threats to
railways and transit systems. Despite the typically very low level of actual risk (per unit of
exposure), public perception and concern make improvement of transportation security a high
priority for governments. The need for joint international efforts is especially critical in this
sphere.

It is very challenging to truly provide a high level of security without seriously
compromising freedom of movement, convenience, privacy, and cost. Questions such as the
following arise: What will it cost to make transportation secure? Who should pay for
transportation security? Where can technology solve security problems? What kinds of non-
technical means (e.g., procedures and training) are needed? How can countermeasures be
more selectively applied? What kind of impact will increased security have on transportation

operations?

Deaths of 15-24 Year-Old Persons in
Emphasizing Risk-Based Regulatory Processes 1992 in the U.S.
In many regulatory arenas, there is a new 10,305 Motor Vehicle Accidents
emphasis on moving from approaches typified 8,019 Homicide, Lgl. Intervention
by universal performance standards to ones that 4,693 Suicide
rely on a characterization of relative risk. In 3,357 Other Accidents
some cases, this may not actually represent a 1,809 Cancer
major philosophical shift, but rather a perhaps 968 Heart Disease
significant extension of long-standing efforts to 578 HIV Infection
quantify and document the costs and benefits of 4,819 All Other Causes
regulations under consideration. In others,

there may be a more fundamental questioning
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of established practices--for example, the nationwide applicability of minimum standards for
environmental quality. In general, it is anticipated that such emphasis on risk-based
regulatory practice will provide the most risk-reduction benefits for the least overall cost.
However, there are a number of issues to be addressed in making such changes. First, the
information needed to make more explicit and thorough risk-based decisions may be
significant, and new efforts may be required to collect and interpret data. Second, in making
programs more flexible, it may be necessary to develop new performance measures,
verification techniques, training mechanisms, and enforcement protocols.

Fulfilling Congressional Mandates

Many key National goals and concerns have been embodied in major legislation adopted over
the past twenty-five years, and the accompanying regulatory and administrative activities (See
Table 1). Yet the existing inventory of information and tools for use in evaluating
transportation needs and developing the best responses to these needs is often inadequate to
provide the desired solid foundation for wise policies and efficient implementation.

‘ Table 1: Illustrative Legislative Mandates

National Environmental Policy Act (NEPA) -- 1969

Clean Air Act Amendments (CAAA) -- 1970, 1977, 1990
Hazardous Materials Transportation Act -- 1975

Clean Water Act -- 1977

Port and Tanker Safety Act -- 1978

Act to Prevent Pollution from Ships -- 1980

Surface Transportation Assistance Act -- 1982

Shipping Act -- 1984

Aviation Safety and Capacity Expansion Act -- 1990
Americans With Disabilities Act -- 1990

Oil Pollution Act -- 1990

Intermodal Surface Transportation Efficiency Act (ISTEA) -- 1991
Energy Policy Act -- 1992

The continuous challenge--to make the best and most cost-effective transportation investment
and operational decisions possible--can be met only when decision makers have available a
solid and robust capability for transportation system assessment. This capability in turn has
many components: a broad understanding of the economic, financial and institutional context
in which transportation takes place; a comprehensive base of data and information; viable
analytical tools, models and techniques; and meaningful measures of all important aspects of
system performance and the entire range of externalities associated with transportation
activities.
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Summary: Key Challenges for Surface Transportation

DOT has identified several key challenges and opportunities for surface transportation.
These define the environment in which future transportation systems will evolve, and
therefore provide the focus of the Department’s strategic planning for major long-term R&D
thrusts. Chapters 3 and 4 of this Section will identify the relationships between these
challenges, the Department’s strategic goals as established in its Strategic Plan, and its
strategic plan for R&D for the next ten years.

Widespread Congestion and Limits of Transportation Capacity

Transportation system capacity is another "resource" often in short supply. Demand for
transportation services are typically increasing faster than population, with congestion an
increasing reality in many modes. The time required for expansion of transportation physical
infrastructure is substantial--often 20 or more years elapse between initial serious discussion
of new or increased facilities and operational use, and in some cases the project may never
come to pass. When combined with the enormous costs which can be associated with
infrastructure expansion in a period of worldwide financial constraints, the result is often an
extended lag between awareness of a need and effective action in response. Since the time
for the response itself is inherently lengthy, this dynamic virtually guarantees that supply will
be many years behind demand. For any activity or locality experiencing significant growth,
infrastructure capacity as perceived by most users will thus be marginally adequate at best,
and often characterized by one or more serious bottlenecks.

Pervasive Constraints Associated with Environmental and Societal Impacts, and Physical,
Financial and Human Resources

Along with technical advances and rapidly growing scientific knowledge has come better
understanding of the cost paid for a polluted environment and awareness of the fragility of
our entire ecosystem. The growth of populations and economies has sharply intensified the
burden we place on that ecosystem, while simultaneously emphasizing the relatively new
realization that natural resources are not unlimited. The global spread of democratic political
structures and greater insistence on the recognition of perceived individual and community
rights increasingly challenges the degree to which land or other resources needed for the
claimed greater good for the many can be obtained at the expense of the few who occupy it
or depend upon it for their livelihood. These constraints also exacerbate debates over the
proper allocation of the costs, burdens and benefits of change, as well as over what changes
should be made.

Change as an Inherent Part of Economic Life
The combination of a global, highly competitive marketplace with continued application of

powerful advanced technology leads to constant change in the economic environment to a
degree not previously experienced on such a broad scale. Strategic business decisions must
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therefore be made in a climate of substantial uncertainty. At the same time, any failure to
develop long-term vision and commitments will leave nations and companies at the mercy of
such changes, unable to take advantage of new opportunities and prey to obsolescence.

Broad and Powerful Technological Capabilities

The factors discussed above derive in part from the incorporation into business and private
life of a steady stream of technology applications, many of which provide expanded func-
tionalities, create new products and services, require a wide range of resources, and make
possible alternative approaches to the organization and management of economic activity.
Typical of this process are the changes associated with combinations of computer and satellite
communications technology. For example, it is now technically possible to track the location
of and communicate almost instantaneously with a person or a vehicle virtually anywhere in
the world. Largely due to advances in transportation, components and raw materials can be
acquired in one continent for assembly in another continent of a product to be sold in a third,
with the choice of each dependent only on economic considerations.

A High Degree of Interdependence and Diffusion of Power among Economic and Social
Institutions

Numerous economic and technical factors have stimulated the development of an elaborate
global web of inter-relationships among businesses. At the same time, increased concern
over environmental and societal impacts, coupled with a need to ensure an appropriate
framework for National and international economic activity, have linked the private and
public sectors to a degree far removed from that of the much simpler world that existed not
too long ago. One consequence of these links is that organizations and institutions (and
individuals) are now continually affected and constrained by the actions or views of other
entities throughout the society. The requirement to prepare an environmental impact
statement for many activities previously undertaken without a moment’s thought is symbolic
of this changing social compact. The "post-industrial” society is one in which power has
been greatly diffused among many players, so that, with few exceptions, no one organization
can act in an unconstrained manner. Major initiatives can only be accomplished effectively
when they are recognized to be a cooperative venture, in which all parties with the will and
energy to make it happen, as well as those concerned about the direct and indirect
consequences, find ways to understand and deal with one another. Modern management
theories stress the development of cooperative and collaborative relationships to supplant
those that have been historically competitive.

Role of DOT in Meeting Transportation Challenges
It will be an increasingly challenging task to provide the transportation system capacity at

acceptable service levels required to meet the Nation’s needs--passenger and freight, personal
and business. This challenge is further complicated by financial constraints, and the
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necessity to control or eliminate adverse societal impacts. The task can be accomplished
only by working with all transportation stakeholders to exploit fully the potential of new
technologies and concepts. The Department of Transportation has both specific mandated
responsibilities and a broad general stewardship role that warrant its playing a leadership role
in stimulating, guiding and facilitating the realization of a National transportation system
fully responsive to the needs of the 21st century. The Department recognizes the pivotal role
in this process of the private sector, and must facilitate innovation initiated by these players,
and provide leadership for the public and private sectors in all modes of transportation.
DOT’s involvement in R&D, as discussed in the next chapter, is based on the need to
develop specialized equipment needed for DOT operations, to support policy formulation, to
provide objective information supporting the development of standards, and to conduct
research addressing National needs that may not otherwise be met in a timely and/or efficient
manner.

The Department actively pursues new technologies and new operating practices as means to
address the trends and issues discussed above. However, as options become available,
difficult choices must be made, and new technologies and practices must be deployed if real
progress is to be made. In the U.S., state and local governments have most of ultimate
responsibility for these implementation issues. In order to fulfill its fundamental missions of
investing in infrastructure, ensuring public safety, and maintaining National security, the
Department must continue to promote progress in a cooperative manner, to provide
decision-making tools where they are needed but not yet available, and to establish standards
where they are needed to ensure efficient implementation and consistency with accepted
National goals and priorities. In working to increase the visibility of its R&D program,
Secretary Pefia has emphasized mechanisms to ensure that these challenges are met.
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CHAPTER 3

RESEARCH AND DEVELOPMENT TO MEET TRANSPORTATION CHALLENGES

The Challenge

As set out in the DOT Strategic Plan, the Department’s mission is to "’Tie America
Together’ with a safe, technologically advanced, and efficient transportation system that
promotes economic growth and international competitiveness now and in the future, and
contributes to a healthy and secure environment for us and our children.” This responsibility
is all the more challenging in an era of severely limited resources and numerous constraints
associated with societal concerns and impacts. The broad means by which DOT will meet its
mission responsibilities are embodied in six of the overall goals of the DOT Strategic Plan.
In condensed form, these goals call for the following:

® Promotion of an integrated National transportation system that makes the most
effective use of all modes

L Wise and efficient transportation system investments

L Rapid and effective application of technological advances to transportation
functions

® Wise and efficient measures to enhance transportation safety and security

o Harmonization of transportation policies, investments and operations with

environmental concerns

® Incorporation of the concerns and needs of the traveling public and the entire
society into transportation policies and investments

Research and development, broadly defined, is a necessary element in the success of each of
these undertakings, and particularly the third. A broad foundation of data, knowledge and
understanding concerning both transportation and the technologies on which it is based, is
required for wise decisions in all the areas noted above. Beyond that, the stimulation and
fostering of innovative technologies and methods in transportation is particularly important in
the current dynamic environment. In many areas current needs are being met only
marginally or worse, and the means by which rising demand can be met in the future will
clearly have to include major improvements over current ways. Similarly, there is a clear
need to find new more effective and less burdensome means of carrying out Federal
regulatory responsibilities. Finally, full U.S. participation in the global economy necessitates
continuing international harmonization of standards, practices and regulations as an aid to
National competitiveness.
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Moreover, DOT R&D represents only a portion of U.S. transportation research activities.
Equipment manufacturers are continually improving their products in response to market
forces, just as carriers constantly seek better technology, operations and practices in order to
provide better and more economical services. State and local government agencies with
transportation responsibilities also explore, within often-limited resources, how best to carry
out their missions. However, to a large degree, many of these parties face financial
constraints and exist within an industry structure that severely limits incentives for any R&D
but that which offers immediate and low-risk returns -- typically highly focused and short-
term in nature. A substantial portion of DOT research is conducted in partnership with these
elements of the transportation community, combining their understanding of the need and
constraints with a the typically longer-term Federal perspective and greater access to funding.

Fortunately, these challenges, and the associated necessity for continuing innovation, arise in
an era richly endowed with a wide range of steadily-advancing technologies and tools that,
effectively applied, have great promise for resolving current or anticipated problems.
Innovation is seldom a smooth process, and realization of significant change in transportation
systems--tightly linked to their environment and characterized by very long-lived
infrastructure and vehicles--is complicated and difficult. In recent years, those people and
organizations trying to manage and implement beneficial advances have become increasingly
sensitive to the complexity of the process of innovation, and the role played in that process
by research and development. The relationship between innovation and research is critical in
shaping the nature of the R&D performed by DOT and the manner in which it is conducted.

The Innovation Process

Until recently, the commonly used model of innovation assumed a high degree of
independence and isolation between its discrete successive stages, and had clear beginning
and end points. This process has generally been seen as driven by perceived advantages of
technical advances (’technology push’), but the competitive nature of the modern world has
led to increasing emphasis on the pull of market forces as an alternative primary motivation.
Innovation was perceived as occurring through a simple linear and sequential process that
begins with basic research, passes through stages of applied research and development into
test and evaluation, and finally yields a product or process design and actual manufacture or
implementation.

Students and practitioners of innovation now recognize that this paradigm, originally shaped
by experience in developing specific new products and weapon systems, is overly simplistic
and should not guide R&D policy. A more realistic picture is now becoming accepted that
reflects the continuous nature of the innovation process, and the strong linkage that must
exist between and among the various successive stages. The process is iterative and ongoing,
yielding a stream of improved technologies, products, and services, with no specific
endpoint.
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As an illustration, two staples of U.S. transportation--the motor vehicle and the airplane--
have been evolving in this manner throughout the twentieth century, with the innovative
process still robust. Sometimes driven by technology push--the automatic transmission or the
jet engine--and now responsive primarily to large global markets and societal requirements
for safety, fuel efficiency and environmental friendliness, these technologies continue to show
steady and dramatic improvements in function and cost-effectiveness. R&D, prototype
design, test and evaluation, and implementation all continue to occur simultaneously, each
element affecting the future course of the others.

These examples not only show the role of R&D in bringing about innovation, but also
demonstrate the need to see research as an ongoing activity linked closely to development
and testing, evaluation, demonstration, and performance in the real world. Ultimately,
virtually all development is evolutionary in nature, and even the early stages of R&D must
be driven by some sense of need for a product and the societal requirements and values that
will determine its acceptance. The transistor -- the basis of much of the information age now
taking shape -- was developed not as a serendipitous outcome of undirected solid state
physics research, but rather from a specific program based on the recognition that the high
power consumption and heat generation of vacuum tubes might best be overcome through
examination of the properties of electronic conduction in semiconducting materials.
Similarly, the need to achieve extremely low automobile emissions or petroleum
independence drives focused basic research in areas such as combustion and energy storage.

Consequently, innovation in transportation calls for a balanced and integrated approach that
links parallel streams of research, development, test and demonstration, and implementation,
all based on a clear understanding of specific transportation objectives and institutional,
regulatory and economic constraints. The translation of a tested and proven advance into
revenue service often necessitates a major investment in providing users with sufficiently
convincing evidence and with the knowledge needed to apply the innovation effectively.

The R&D Role of the Department of Transportation

Basic DOT Responsibilities

As articulated in the Department’s Strategic Plan, basic responsibilities associated with
DOT’s mission fall into four broad categories:

® Operation of Federally-Provided Transportation-related Services -- providing traffic
management and other services for the Nation’s airspace and waterways.

° Public Investment in the Transportation System -- distributing funds to state agencies,
transportation planners and other institutions to plan, construct and operate the U.S.
transportation system, and, in partnership with states and localities, to shape its
development.
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® Setting Standards -- Setting standards for safety and other key aspects of the
transportation system and enforcing those regulations. This also includes participation
in the development of voluntary standards, and encouraging the development and
deployment of effective safety systems.

® Spokesman for Transportation in the Federal Government and the World -- interacting
with other Federal agencies to carry out broad mandates such as clean air and
National security policies, and working with other nations toward the international
harmonization required for trade competitiveness.

These four roles are explicit elements of a broader fifth mission: the responsibility to serve
as the Federal steward of the transportation system:

® Stewardship of the Transportation System -- The Department of Transportation is the
Federal steward of the Nation’s transportation system and speaks for transportation in
the Federal Government. It actively promotes the adequacy, health, efficiency, and
robustness of the Nation’s transportation system and the industries and infrastructure
on which it depends, and the ability of that system to serve the U.S. economy and
meet National needs, now and in the future.

R&D to Support DOT Missions and Responsibilities

As the National steward for the transportation system, the Department sponsors a range of
research and development activity to support specific missions and the broader
responsibilities indicated above. This R&D is critical to the Department’s ability to address
the multiple, and sometimes conflicting demands on the Nation’s transportation system,
particularly in an era of scarce resources.

Operational Services: This role is predominantly associated with operation of the Nation’s
air traffic control system and a spectrum of services provided by the U.S. Coast Guard,
including provision of maritime safety, marine search and rescue, and management of oil
spill prevention and cleanup. These are major and critical DOT responsibilities, and they
offer a range of opportunities for spinoff (to and from) the surface transportation system.

Public Investment: The Department is extensively involved in planning and shaping public
investment in the transportation infrastructure (vehicles, physical plant, control and
management information) through trust fund grants. For example, more than $70 billion is
spent annually by all levels of government on the Nation’s highways alone, about one-fifth
representing Federal funds. With this level of expenditure, very high payoff is obtained
from R&D that reduces the cost and extends the performance and lifetime of roadways and
other transportation infrastructure. Further, when the primary users of new technology or
methods are public sector organizations that draw on Federal funds, such as highway
departments or transit authorities, the process of information dissemination and education
concerning improved technologies and methods may need to extend well beyond the
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conventional definition of technology sharing. In addition, the magnitude and long-term
consequences of transportation investments necessitate that it be guided by comprehensive
knowledge and tools for assessing the costs, benefits and effectiveness of alternative courses
of action and levels of investment, and for assuring balanced investment.

Safety Standards: Many of the Department’s numerous and varied surface transportation
safety responsibilities involve development and promulgation of regulations, standards, and
specifications. Motor vehicle crashworthiness and other regulations, for example, have been
a major cause of the dramatic reduction in the U.S. highway death rate. Fulfillment of
regulatory responsibilities typically requires research to understand accident causes
sufficiently to identify and assess alternative approaches to their elimination or mitigation
while minimizing economic and other adverse impacts on affected parties. In addition,
rigorous cost-benefit analyses, long a part of DOT regulatory processes, are necessary to
assure that a regulation or standard is warranted, and that the proposed approach is the most
cost-effective alternative. R&D can also foster the development of tools and procedures to
reduce costs borne by the Government and for the affected parties in certification, inspection
and enforcement activities associated with regulations.

Associated with mandated regulatory functions, the Department uses many other means to
enhance safety and security in transportation, including public outreach and education,
aggressive enforcement, promotion of alternatives to the command-and-control regulatory
paradigm, and collaboration with safety organizations and cooperation with state and local
governments to promote new safety-related technology and practices. Research and
development activities are necessary to provide the necessary knowledge base for evaluation
of alternatives and implementation of all of these approaches.

Spokesman within the Federal Establishment and the World: Some of the most difficult and
contentious issues currently facing the U.S. and the world are inextricably linked to

transportation. Governmental decisions in these areas that affect the performance of the
transportation system can have substantial impact on the Nation’s economic health, and
global competitiveness, and on the quality of life of all Americans. Environmental concerns
such as urban air pollution, preservation of wetland ecological systems, and global warming
already pose major constraints in operation and expansion of transportation systems, may
ultimately require dramatic changes in the nature of those systems--particularly in propulsion
system and fuels--that will affect the entire transportation community and many aspects of
society external to transportation. The Department of Defense is heavily and increasingly
dependent on the civil transportation system for normal operations and in responding to
international missions. Transportation is often a key element in coping with natural disasters
and other emergency situations. Often the Department is explicitly involved in collaborating
with other agencies to carry out National policy.

The steady increase in the globalization of world trade, as reflected in treaties such as the

General Agreement on Tariffs and Trade (GATT) and the North American Free Trade
Agreement (NAFTA), carries with it both formal and implicit needs to assure international
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harmonization of transportation-related equipment, standards and practices. (This concern is
particularly evident in the area of information technology applications that involve electronic
linkages between vehicles and highway infrastructure.) The Department must also play an
active role in representing transportation interests in international agreements, such as global
environmental standards and radio frequency spectrum allocations.

Since the transportation system can be significantly affected by decisions made throughout
the Federal Government, it is particularly important that the Department be in a position to
articulate the impact on transportation providers and system users of the actions of other
agencies, and be sure that those organizations are aware of ways in which they may be
affected by events and trends in the transportation sector. Such policy considerations must
recognize the transportation system as a whole, from the standpoint of its users.

Ongoing research is an essential concomitant of this role. The Department can speak
effectively and authoritatively only on topics for which it is fully informed concerning the
relevant technical, economic, institutional and other considerations. Further, impacts of
external factors can be appreciated and assessed only on the basis of a rich and
comprehensive understanding of the components and workings of the National system and its
many elements.

Stewardship: The Secretary of Transportation and all elements of the Department have a
broad responsibility for the adequacy of the National transportation system for personal,
business and National security uses, to establish a clear vision and framework to guide its
future evolution, and to promote the health of the industries that comprise the transportation
community.

Surface transportation in the U.S. is largely in the hands of state and local governmental
bodies, the private sector, freight shippers and consignees, and individual travelers. It is
these parties that must ultimately implement and accept innovative technologies and methods.
However, for many aspects of transportation, those are often not the entities with the
resources and capabilities to conduct independently either the R&D or the extensive
evaluation process needed before major commitments to change can be made.

Circumstances vary across the modes and the transportation community as a whole, but in
general the most effective role for DOT has been found to lie in research that clarifies
problems, objectively identifies and evaluates alternative responses, assesses basic feasibility
of new technologies, and characterizes their potential performance. Development of new
products is typically best accomplished by private firms, in some cases drawing upon
cooperative efforts with DOT, particularly with regard to objective test and evaluation.

An important aspect of stewardship, strongly emphasized by the Secretary, is the active use
of Federal research and technology initiatives to stimulate innovation in transportation.
Although development of advanced transportation technology and improved operations is
largely the responsibility of the private sector, focused Federal investment in research,
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development, test, evaluation, and technology dissemination can have great impact for areas
in which market-driven R&D efforts are impeded by technological and other uncertainties as
well as institutional impediments.

Benefits of Transportation R&D

The principal benefits of Federal transportation R&D lie in five broad areas:

® Personal Mobility and Access
® National Economic Health
® Cost Efficiency of the Transportation System

® Public Safety and Security
® Environmental Sustainability

These are the primary parameters that measure the performance, in the broadest sense, of
the Nation’s transportation system.

Personal Mobility and Access. Effective, reliable, low-cost and convenient personal
transportation is central to the quality of life in the United States. Some important
components of mobility include uncongested urban and intercity travel, seamless and efficient
intermodal transfer, and an overall high level of access to employment, goods and services,
particularly for people living in rural areas and for elderly and disabled individuals.

National Economic Health. A high-performance freight and passenger transportation system,
operating in harmony with global markets, is critical to economic well-being both as an
enabler of business activity and in markets for transportation goods and services. The cost,
quality and availability of transportation services have a strong impact on the efficient
functioning of U.S. businesses and the accessibility of goods and services; growth of global
markets for transportation-related products; creation of new products, services and markets,
and of associated employment; improvements in transportation productivity; enhancement of
intermodal connectivity; and general job creation and economic growth.

Cost Efficiency of Transportation. Taxpayers and users, through Federal, state and local
governments, make very large annual expenditures to operate, maintain, renew and improve
the public portions of the Nation’s infrastructure--highways, ports, transit systems, airports
and rail and marine passenger systems. Very often, the funds available are not sufficient to
provide a transportation system of the quality that the Nation needs and desires. Reduction
of these costs through privatization and improved planning, operation, and technology, can
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yield a better-performing system and may reduce the burden imposed on some public funding
mechanisms.

Public Safety and Security. A high level of personal safety and physical security is essential
for domestic and international travelers and freight, crews and operating personnel, and the
general public, and for cargoes being carried. Concerns over safety and security limit
personal mobility, adversely affect carriers, and diminish the attractiveness of transit.

Environmental Sustainability. The importance of environmentally sustainable economic
development has been emphasized by President Clinton. Transportation is intimately
involved in shaping our physical environment (air quality, land use, noise) and in our use of
scarce and irreplaceable resources, such as land and petroleum.

Technical Areas of Opportunity

There are few technical disciplines which are not currently experiencing continuing
significant advances. As a technology “consumer,” the transportation sector can benefit
from many of the new capabilities, components and tools now becoming available. Four
stand out as particularly appropriate to transportation applications. All are closely related to
areas that have been identified by the White House Office of Science and Technology Policy
as National Critical Technologies in which the U.S. is considered strong, but which warrant
greater effort in their application to the production of goods and services.

Materials

New ’high-tech’ materials, as well as improved variants on conventional materials, offer
many opportunities for beneficial application to transportation infrastructure and vehicles.
Often these enable new and improved structural designs and manufacturing or construction
methods.

Information Technologies

Communications: The availability and use of electronic digital information exchange,
exemplified by the Internet and years of use in, for example, maritime transportation, is
increasing dramatically. This advance, which is at the heart of the National Information
Infrastructure initiative, is making it easier for both individuals and organizations to acquire
and disseminate data and software tools, and to establish new cooperative mechanisms.

Computer Systems Advances and GIS: The performance of computers continues to increase
at a high rate, while prices are dropping dramatically. Techniques for combining data from
a wide variety of sources, such as monitoring networks, historical data bases and maps, are
also becoming more advanced. For example, the data collected as part of traffic

management systems -- whether for maritime, aviation or surface transportation -- provide a
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new source of information on vehicle volume and movements which can be used in
performing other assessments and analyses of transportation operations.

Tagging and Locating Technologies: Based largely on satellite-based communications and
positioning networks such as the fully-functional (without user charges) Global Positioning
System (GPS), it is now possible to track vehicles and cargoes anywhere in the world with
impressive accuracy--accuracy that will improve dramatically as a precision signal is made
available to the public. In addition to facilitating effective fleet management, systems of this
type can yield large and highly detailed transportation data as well. "Smart card"
technologies and the use of bar codes and hand-held bar code readers also offer the ability to
track movements, such as passage through an electronic toll gate or across borders.

Advanced Sensor Technology: Particularly with respect to environmental impacts, new
sensing devices hold great promise. Technologies such as light reflection and absorption,
tunable infrared laser differential absorption spectroscopy, fourier transform infrared
spectroscopy, and differential optical absorption spectroscopy, are being widely tested and
used to monitor air quality on a localized real-time basis. Weather monitoring on a
"mesoscale" basis also is becoming practical. Satellite and airborne sensing technologies are
just reaching the point at which they might be used both for environmental observations as
well as for capturing data on such topics as aggregated vehicle flows.

The rapid development and interrelationship of computer, sensing, communication and
navigation technologies, including the "Information Highway" concept, is having a powerful
impact throughout the U.S. economy, and across the spectrum of transportation operations.
In many areas, these applications remain to be implemented or are only in their infancy.

Data and Modeling

Associated with the advance in information technologies is the capability to create very
sophisticated computer models, coupled to very large (in some cases real-time) data bases to
support a wide range of planning, analysis, design, evaluation, implementation and system
operation decisions.

Understanding of Human Performance

Many issues of transportation system safety, performance and acceptability relate to the
interaction of the system characteristics with human performance characteristics and
behavior. The accumulated knowledge in this area from various transportation and other
fields, as well as the increasing availability of research simulators and instrumentation
capabilities, makes this a discipline that offers a high potential for application to
transportation operations.
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Implementation as an Essential Element of R&D

It can be a very lengthy and expensive process to carry out convincing evaluation and
demonstration of innovative approaches and materials for transportation infrastructure,
vehicles and operations. Implementation or deployment can often be greatly delayed, or
even aborted, by uncertainties of users as to life-cycle cost, long-term performance, safety,
security or other attributes of an innovative technology. The facilitation of deployment of
technological advances, including creative applications of existing technologies to solve
problems and increase productivity is therefore critical to reaping the benefits of innovation.
Particularly where areas that involve major public investment, as in infrastructure
construction and maintenance or urban transit, activities to facilitate and encourage
technology deployment can be of as much importance as technology generation. As the
Federal steward of the Nation’s transportation system, the Department has a unique
responsibility to work in partnership with state agencies, transportation providers and other
transportation-related institutions to plan, construct, and operate the system. This includes
addressing challenges to implementation and deployment of improvements to the system that
are made possible through R&D efforts.
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CHAPTER 4

STRATEGIC LONG-TERM DIRECTION

The steady growth of both domestic and international transportation demand is anticipated to
continue indefinitely into the 21st century. Coupled with economic, physical, and
environmental constraints on expansion of system capacity, this will necessitate that the
Nation focus on maximizing the performance of the existing transportation system through
seamless linkages among modes, overlay of an information infrastructure on the physical
transportation infrastructure, and application of other technological and operational advances.

Exploitation of new technologies will be central to meeting these challenges. System
maintenance, renewal and operation must be carried out in as efficient and cost-effective a
manner as possible. The growth rate for travel will carry the implication of a significant rise
in the already-unacceptable number of transportation fatalities and injuries. Continuation of
past safety improvements are mandatory if this is to be avoided. Failure to address the local
and global environmental consequences of transportation-related activities would ultimately
have highly damaging impacts on system operation and performance, including the ability to
provide critically-needed capacity expansion and congestion relief.

Realization of the Department’s vision and strategic objectives requires a research and
development program that focuses on topics associated with these challenges and allocates
scarce resources according to the merit of priority areas. DOT has shaped its major long-
term R&D thrusts in response to the needs, issues and challenges that will face the
transportation community. Each thrust is centered primarily on a specific strategic goal;
most have several distinct elements, and will also contribute significantly to the realization of
multiple objectives.

To a large degree these thrusts are based on and will incorporate existing R&D activities.
The descriptive framework provided in this plan does not imply any particular new approach
or process for implementation. Rather, the manner in which each thrust area is pursued will
be established on the basis of existing related efforts and in harmony with them.

Typically these thrusts represent the R&D component of a broader overall Departmental
effort associated with each goal. In some areas, such as data analysis for policy support,
some activities described here may not conventionally be described as R&D or included in
the research portion of budget submissions. Sixteen thrusts, cutting across all surface
transportation modes, have been identified:

® Promotion of an integrated National transportation system that makes the most
effective use of all modes

Thrust #1: Transportation System Assessment and Knowledge Base
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Thrust #2: Intermodal Freight Transportation
Thrust #3: Revitalization of the U.S. International Freight Transport Industry
@ Wise and efficient investment in the Nation’s surface transportation system

Thrust #4: Improved Materials, Designs and Methods for Renewal
Engineering

Thrust #5: Advanced Technologies for Inspection, Monitoring and
Maintenance of Vehicles and Infrastructure

L Rapid and effective application of technological advances to transportation functions

Thrust #6: Application of Information Technologies to Transportation System
Operations

Thrust #7: Advanced Technology for Intermodal Public Transit Systems
Thrust #8: Technical Foundation for High Speed Ground Transport Systems
® Prudent measures to enhance transportation safety and security
Thrust #9: Accident Avoidance
Thrust #10: Accident Survivability
Thrust #11: Safety Data and Analysis
Thrust #12: Security in Surface Transportation
L Harmonization of transportation policies and investments with environmental concerns
Thrust #13: Environmental Impact Data, Models and Knowledge Base
Thrust #14: Environmental Engineering and Technologies

® Incorporation of the concerns and needs of the traveling public and the entire society
into transportation policies and investments

Thrust #15: Accessibility for Persons with Personal Mobility Limitations

Thrust #16: Intermodal Transit System Innovation
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Neither research nor transportation lend themselves to rigorous compartmentalization. These
thrusts have important overlaps and links to one another, as well as to other research
conducted within the Department, elsewhere in the Federal government, and throughout the
transportation community. However, each component has a primary focus that makes the
above categories a useful framework for describing the dominant long-term efforts that
comprise DOT’s surface transportation R&D.

The list above could have been substantially longer. Improvement is highly desirable in
many aspects of transportation, and interesting and attractive innovative technological and
operational concepts abound. However, it is clear that DOT research over the next ten years
must be conducted in a climate of severe fiscal restraint. Ongoing consideration of the
broader transportation R&D context will be essential, and will encompass important activities
throughout the Federal Government, academia, the States, and industry. The topics
identified here all pass rigid criteria of high potential impact in areas important to
transportation and the Nation, necessity for a substantial Federal role, and contribution to
central Departmental responsibilities and policies.

The distinctions between R&D and the numerous related activities necessary to bring
beneficial innovations to fruition are not sharply drawn in this document. In many cases,
demonstration and evaluation of new technologies and operational concepts are the most
critical elements in stimulating widespread adoption. Aggressive technology sharing and
dissemination efforts may be required to overcome uncertainties or unfamiliarity on the part
of the ultimate users. Many users, including state or local governments, are risk averse, and
need clear understanding of the technology under consideration and convincing evidence of
benefits and advantages.

The descriptions of long-term programmatic thrusts described here focus research and
development. However, each is merely one element of a broader DOT initiative that
typically includes major demonstration and technical assistance elements as a key means of
fostering adoption and implementation of innovative systems and operations. Often those
deployment activities are supported under R&D funding categories.

The R&D thrusts set forth above do not comprise the whole of DOT surface transportation
research. The Department’s basic mission responsibilities necessitate a substantial body of
additional ongoing research to support specific short-term functions and mandates. Many of
the near-term research and development activities described in Section III of this plan will
necessarily extend into a long-term timeframe, evolving as appropriate to future challenges
and priorities. Some of these ongoing efforts will be integrated into one of the major R&D
thrusts or are closely related, but others--typically more modest in scope and magnitude, or
of short-term duration--will be coordinated with other research but will be performed
independently. Dissemination and implementation of results will use both existing
Departmental mechanisms and new processes based on electronic (e.g., CD-ROM, Internet)
document distribution and exploitation of partnerships with the appropriate elements of the
transportation community.
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Indeed, several of the long-term activities described below are based upon work already
initiated, and in some cases specifically called for under ISTEA. These initiatives typically
have explicit long-term goals and at least initial strategies for meeting those goals. In
accordance with the President’s technology policy and the guidance of the National Science
and Technology Council, DOT is currently working closely with other Federal agencies and
the Nation’s transportation community to shape a coordinated and comprehensive long-range
research and development program responsive to the challenge of the 1990’s and beyond.

Some of the sixteen long-term thrusts described below, such as those addressing applications
of information technology, are inherently intermodal in nature or have applications cutting
across modes. Others are based on highly specific topics and Federal responsibilities, such
as development or revision of particular modal safety regulations. As such, they are relevant
to only a single mode of transportation. However, even in those cases, the initiatives will be
carried out in a manner that emphasizes use of cross-modal resources, technology transfer
with related topics concerning other modes, and exploitation of synergies associated with
particular program elements elsewhere in the Department or Federal establishment.

Programmatic Long-Term Thrusts

Goal 1: Promotion of an Integrated Intermodal National Transportation System
Goal 1 Overview

It is widely accepted that the Nation needs a seamless transportation system in which each
mode is used in the most effective manner and the connection between modes is rapid and
efficient. Achievement of this goal has three components: understanding of the
transportation system as a whole, and how the elements relate to one another; improvement
of the connectivity among modes; and the financial health of the participating agencies and
industries.

The NSTC Transportation Committee emphasized the importance of system-level knowledge
and perspective, and ongoing comprehensive transportation system assessment. This includes
data, analyses, and assessments of all of the various aspects of transportation and how they
interrelate in both the National and the international transportation systems.

The Intermodal Surface Transportation Efficiency Act of 1991 states that *The National
Intermodal Transportation System shall consist of all forms of transportation in a unified,
interconnected manner...” The Department’s Strategic Plan includes the specific objective
of a system ’...that integrates all modes and emphasizes connection, choices, and
coordination of transportation services...” To a very large degree, those people and
organizations responsible for the various elements of the transportation system naturally focus
their attention on the particular mode which they operate, maintain and renew. The value of
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intermodal connectivity is particularly visible in passenger transportation, although many
institutional and economic impediments limit progress in this area. However, for freight
movement, the challenge is quite different and less visible, but substantially greater in
impact.

In an economy that is increasingly service-oriented and based on ’just-in-time’ operations,
rapid and highly reliable shipment is a necessity. But goods shipments cannot, by
themselves, compensate for connectivity gaps in the way that human passengers can.
Seamless goods movement requires not only a suitable physical infrastructure, but also
efficient exchange of myriad elements of information--still often involving a flow of paper--at
every interface. In the context of ever-growing but financially burdened urban areas, it is
difficult for planning agencies to formulate and implement transportation investment policies
that achieve good balance and integration between passenger and freight movement, and
between transportation and other public needs. Further, the institutional complexity is much
greater, particularly--due the globalization of trade--with respect to shipments passing
through ports and across state and National borders.

The vigor of the National and global transportation systems depends on the condition of each
mode. Concerns about institutional economic health predominate in the area of maritime
transport. The U.S. maritime industry--shipyards and as well as ship operating companies
and ports--plays an important role in both the global and domestic economy, as well as being
critical to meeting National security requirements. U.S. shipyards were virtually out of the
business of building merchant ships by the late 1980’s, but, with various forms of Federal
support, are now aggressively competing for entry into domestic and international markets,
thereby contributing to job growth and regional economic health.

The efficiency and land and sea accessibility of U.S. ports are critical elements of the
transportation system, with strong impact on the health of the entire economy. ISTEA
explicitly notes the importance of port access in the metropolitan transportation planning
processes, but the severity of land-use issues, the many institutions involved, and frequently
greater interest of the public in passenger transportation often thwart attempts to facilitate
land goods movements in and out of ports. Revitalization of U.S. maritime transport is a
necessary building block to achieving the goal of an effective integrated system that links
America to the world, and technology advances may offer important opportunities to lower
regulatory, border crossing, and other barriers to maritime transport.

Thrust #1: Transportation System Assessment and Knowledge Base

Rationale and Focus: Transportation decisions, whether made in the public or private sector,
must address a steadily widening range of considerations: safety and environmental impacts;
economic effects for various segments of the population and the economy, National energy
and petroleum consumption, land use and living patterns, international agreements, and
global competitiveness and balance of payments. These decisions must be viewed from a
long-term perspective as well as addressing immediate concerns. Each year more and more
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stakeholders are involved, and the technical realities and uncertainties in each issue become
more complex. National goals, embodied in legislation such as ISTEA, ADA and the
CAAA, place heavy burdens on state and local agencies for planning and decision making in
technically complicated areas. Information and tools for use in assessing and meeting these
challenges often are difficult to obtain or simply do not exist.

Transportation data is the starting point for building the necessary knowledge base.

Programs and organizations throughout DOT have extensive and often detailed knowledge of
specific transportation functions, technologies, operational practices, and other
characteristics. However, it is much more productive to link these resources into an
integrated whole, creating a system assessment capability and knowledge base that all
programs, as well as users across the transportation community, can contribute to and draw
upon. The establishment under ISTEA of the Bureau of Transportation Statistics represents
the foundation and framework for this initiative.

The Department has also identified related long-term R&D thrusts, discussed later in this
chapter, in the areas of safety data and analysis; and environmental impact data, models, and
knowledge. Although these can be considered components of an overall system assessment
and knowledge base R&D thrust, they are identified with distinct and high-priority
challenges. Particular focus on these areas during long-term planning of surface
transportation R&D is therefore warranted.

System assessment consists of at least five key elements: performance measures, data,
analytical tools, technology assessments, and awareness of current and anticipated trends that
affect transportation. Research in these areas will facilitate a balanced long-term response to
many of the issues and challenges identified in this report (e.g., economic and demographic
shifts, increased and altered demand, environmental and energy constraints).

Performance Measurement: Traditionally, supply and demand have been the most important
transportation system indicators. However, they are too narrow, imprecise, or even
misleading to be fully satisfactory by themselves as the basis of important investment and
operational decisions. Explicit performance and impact indicators are also necessary in
order to provide important information on how efficiently and effectively the system is
functioning to meet user needs, as well as to describe the effect that these activities are
having on other aspects of life such as energy usage, land use patterns and the environment.
Much of the transportation-related legislation of the past twenty-five years has expanded the
importance of assessing system impacts and, where necessary, mitigating the negative effects.

Performance measurement is becoming increasingly important to decision-making in
characterizing the full social costs and benefits of transportation. Performance measurement
topics warranting special attention include determining the costs to the economy of traffic
congestion, the health effects of vehicle emissions, motor vehicle crashes and accidents, and
vehicle energy consumption. It is important to establish the proportion of other impacts that
can be specifically attributed to transportation, as opposed to other contributors.
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Data Collection: While more and better data is needed, a crucial first question is: why is
the data being collected? What data is needed? In what format would it be the most useful?
Answering these questions will allow collection efforts to be prioritized, coordinated, and
focused more effectively. With consistently defined data, collection will be more efficient
and the data will more likely be comparable. By establishing commonly accepted data
collection goals at the start, users can also specify the degree of precision and geographic
scale desired.

Once the need is identified, data can often be acquired in the course of business or agency
operations, or as an overlay on those operations. For example, broad measures of
transportation such as passenger-miles, ton-miles and accident and injury/fatality rates can be
estimated with reasonable accuracy. However, even in these cases many critical parameters
and characteristics remain incomplete. Information such as a traveler’s total trip distance,
the purpose and total duration of the trip, and intermediate stops are not captured without
special survey-type efforts. Similar difficulties confound attempts to understand specific
freight movements, particularly when multiple modes and/or providers are involved.

In addition, the categories of information needed can go well beyond the traditional definition
of ’transportation’ activities. For example, the dramatic reduction of communications costs
and the explosion of related services and products can have a major impact on some
categories of travel, including home-to-work commuting and even travel for shopping.
Similarly, changing demographic and economic characteristics of the Nation and the world
have a profound impact on long-term decisions for vehicle and infrastructure planning and
investment. Increasing concern over transportation’s relationship to quality of life, equity
issues, and environmental and energy impacts all create demand for new data.

Thus, today’s needs require new and more intelligent data collection efforts. Creativity,
continual movement forward, and exploitation of new technologies are all assisting. There is
a continual need to improve our ability to synthesize and integrate the various data elements
into a more comprehensive view of transportation activities and the full range of their
consequences.

Tools - Models and Simulation: Data and information are only one aspect of system
assessment. Without analytical models and simulations of how the transportation system
works, it is not possible to determine the likely consequences of any change, such as a
specific infrastructure investment or a new regulation. This is not only important from the
"off-line" standpoint of prospective planning--it plays a key role within the context of
iterative "on-line" system optimization and validation.

Improvements and needs in this area are many. Models and simulations with a strong
scientific and engineering content are needed to assess the environmental and energy impacts
of alternative investment and operational decisions. This is equally true of economic and
financial models covering transportation investments and operations, models integrating land
use and transportation, and models of institutional arrangements.
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For example, a new generation of "activity-based" planning models are supplementing "trip-
based" ones, for they look at the reasons for travel and not just the fact that it occurred.
These are being developed to help manage future transportation demand, understand
transportation’s effects on the spatial distribution of the economy, link transportation models
with air quality models, and determine whether human needs are being met. As with data,
the models created must be appropriate to their audience and usage--in their complexity,
assumptions, and scope. For instance, increased accuracy is not always favored when the
trade-off is decreased applicability.

Technology Assessments: While the basic technologies on which transportation systems are
founded tend to change slowly and in an evolutionary manner, scientific and engineering
advances are now so pervasive that long-term planning and major transportation decisions
must be based as much on choices expected to be available in the future as on the current
situation. In some cases, enabling technologies such as computers and satellite navigation
and communication, transportation operations can be nearly revolutionized in a relatively
short period. The Department can fulfill its responsibilities only by continually monitoring
global progress in technologies affecting transportation, particularly where other nations are
in the lead, and disseminating that information to the transportation community. For some
topics, this process may require a substantive ongoing research program having the primary
purpose of maintaining a public reservoir of knowledge and expertise in a field that is of
substantial potential importance, regardless of its immediate priority to the Nation.

Trends and Projections: The inherently very long lifetime of transportation vehicles and
infrastructure--sometimes measured in centuries--necessitates an especially forward-looking
perspective in transportation planning and investment. The knowledge base needed thus
includes not only facts concerning the current condition and performance of the transportation
system, but continuing examination of the likely consequences of current trends and
sophisticated projections of realistic future scenarios that bear on the future supply and
demand of transportation services and systems. As an example, the technology driven trend
toward tele-substitution could have dramatic long-term effects, replacing some types of travel
while stimulating others.

Basic Goal: Establish a comprehensive transportation system assessment capability and
knowledge base, including appropriate system-level performance measures, analytical tools,
models and simulations.

Principal Participants: All parts of the Department must be actively involved in this
program, which will include extensive outreach to government agencies, trade associations,
transportation planning organizations, academia, and other organizations. As a newly created
steward for transportation data, BTS will be an important focal point for activity in this area.

Benefits: The basic benefit of the system assessment capability established in this program
will be a substantial improvement in the foundation for policy formulation and long-term
planning, investment, and operation. The benefits will be particularly great for all levels of
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government, but will also be substantial for the private sector and the research community.
Establishment of a sound basis for decisions and policy should greatly increase the likelihood
of achieving timely resolution of major contentious issues in transportation. This will
facilitate a balanced long-term response to many of the issues and challenges identified in this
report (e.g., economic and demographic shifts, increased and altered demand, environmental
and energy constraints).

Thrust #2: Intermodal Freight Transportation

Rationale and Focus: Driven by parallel trends of global trade and freight containerization,
an increasing fraction of higher-value freight is moving intermodally--by ship across the
ocean, by truck, rail and barge inland. The seamless movement of goods from origin to
destination, rapidly and reliably, is now widely recognized as a necessity for economic
efficiency and global competitiveness. A similar capability is required to support military
deployments, largely dependent on the civil transportation system, anywhere in the world on
very short notice.

One of the most critical elements in achieving this objective is rapid and efficient transfer
between ship and train or truck at ports. But the process is complex. Many container ships
can carry several thousand containers, and time is of the essence in the loading and
unloading process. This is a natural application of highly sophisticated information
technology for tracking containers throughout their journey, and particularly in and around
ports and when crossing borders. In addition to increasing basic operational efficiency, the
electronic processing of shipping documents’ (information coded into a chip attached to the
container) opens a broad vista of improvements.

The nodes linking modes of transportation typically are characterized by the overlapping of
many interests and jurisdictions: shipper, carriers, port authorities, city and state
governments, Federal customs offices, etc. Institutional and informational connectivity is
often a much greater problem than physical connectivity between modes. There are no
stakeholders likely to perceive sufficient direct benefits, and having sufficient funds, to
conduct the R&D necessary fully to understand the underlying processes and means by which
improvements can be accomplished. However, the large societal benefits potentially
available--including the impact on National economic health--necessitate a strong Federal
leadership role in shaping research of this nature, particularly given the continuing trend
toward a high degree of interdependence and diffusion of power among economic and social
institutions.

Basic Goal: Develop knowledge and understanding to foster and stimulate effective

application of improved technologies and methods to modal connections, and to resolve
institutional impediments to improvements at intermodal terminals.
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Principal Participants: R&D in intermodal freight transportation will involve close
partnerships with port operators, shipping lines, rail and trucking companies, state and local
authorities.

Benefits: Further improvements in the flexibility, efficiency, reliability, and cost of freight
transportation to, from, and within the United States.

Thrust #3: Revitalization of the U.S. International Freight Transport Industry

Rationale and Focus: International freight transport is critical to this country’s participation
in the global marketplace. Access to foreign markets is heavily dependent on surface
transportation, in particular maritime transport--a key goal identified in the Department’s
Strategic Plan is the implementation of a maritime revitalization strategy. Total oceanborne
foreign trade in 1994 had a value of $566 billion, up 13% from the previous year. This
trade has been expanding at approximately 7% annually since 1985, and is estimated to
increase in coming years at almost a 10% rate. Almost 80% is containerized, facilitating
efficient transfer to rail, highway or barge inland transport. Commercial sealift is the
primary means of deployment of military assets abroad. Sufficient surge capacity, including
readiness for conversion from civil to defense functions of ports and a portion of the
commercial fleet, is therefore essential to National security. It is thus important to the
Nation that there be a U.S. merchant fleet capable of competing internationally on a cost and
service basis. An efficient and effective port system is also essential to U.S. participation in
the international transportation system.

In spite of the importance to this country of the maritime portion of the transportation
system, US-flag vessels carry only 4% of this trade, and U.S. shipbuilding had declined
nearly to zero when a new initiative breathed some life back into that industry. The U.S.
has 342 ports, but almost 90% of the total trade was handled by the largest fifty. Access to
ports by rail and highway is a serious issue in many cities, with freight considerations often
under-represented in the transportation planning process. Financial limitations also play a
major role, particularly in expensive undertakings such as raising highway bridges to permit
operation of higher-clearance double-stack container trains. From the water side,
environmental constraints and related issues focused on disposal of dredged material have
posed serious problems for many deep-water ports and can limit access by deep-draft ships.

Between 1982 and 1993, the number of U.S. shipyard jobs declined by approximately one
third--a loss of about 60,000 jobs. Further severe decline is possible. Technological
advances in ship designs and shipbuilding productivity will be a critical element in restoring
the health of this critical sector of the U.S. economy. Similarly, advanced technologies and
operating systems are needed to enhance shipping productivity, efficiency in ship and
terminal operations, and service quality. Strong Federal participation and leadership,
including focused R&D to stimulate and foster industry innovation, is a necessary element of
revitalizing the U.S. maritime industry. :
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Basic Goal: Accelerate the identification, assessment and deployment of improved
technologies and operations into maritime transport.

Principal Participants: This R&D will be based on leveraging a small Federal investment
through close partnerships with port operators, shipping lines, shipyards and other
stakeholders.

Benefits: Revitalization of the productivity, efficiency and overall competitiveness of U.S.
maritime carriers, shipyards and ports. Provision of surge capacity essential to National
security.

Goal 2: Wise and Efficient Transportation System Investment
Goal 2 Overview

The DOT Report to Congress 1995 Status of the Nation’s Surface Transportation System.:
Conditions and Performance develops estimates of the Nation’s current investment needs for
highways, bridges, and transit systems. It indicates that an annual investment of
approximately $57 billion would be required from all sources just to maintain current
conditions, with $80 billion required to provide a higher level of service by correcting
existing deficiencies. Actual investments in 1993 by all levels of government totaled only
$40 billion. The need to ’do more with less’ is nowhere more apparent than in maintaining
the Nation’s physical infrastructure for surface transportation.

Central to the surface transportation infrastructure is the almost 4 million miles of paved
roads and highways and 575,000 bridges that carry 90% of passenger-miles traveled and
nearly one-third of the tons-miles for domestic freight. The annual maintenance cost of this
infrastructure, borne largely by states and municipalities, is about $80 billion, and its health
and performance is essential to the economic well-being and vitality of the Nation. It must
be incrementally restored, renewed, preserved and strengthened. Many elements also require
capacity expansion if the growing transportation needs of our Nation are to be served.

More than 80% of total travel occurs on the 22% of the system--850,000 miles--that is
eligible for funding through the federal-aid highway program. This program is financed by
the Federal Highway Trust Fund, with annual receipts of approximately $17 billion, largely
from fuel, heavy vehicle and tire taxes. The first federally financed highway, was completed
in 1840, and stewardship of the highway system has been an explicit Federal responsibility
since establishment of the predecessor to the Bureau of Public Roads (now the DOT’s
Federal Highway Administration) in 1893. In November, 1995, the National Highway
System Designation Act designated 161,000 miles of highway as being of importance to the
economic, defense and mobility interests of the entire Nation.
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Public transit, critical to the health and viability of many large cities and to the mobility of
their residents, shows similar underinvestment, with $12 billion needed annually to improve
conditions and performance, and less than $6 billion available. More than 60% of Federal
capital investment in public transit is related to system physical infrastructure. Utilization of
new technologies and development of new methods, including tunneling and more-efficient
cut-and-cover construction, could have substantial impact on the investment required for
system renewal and expansion.

The 1995 Strategic Implementation Plan developed by the National Science and Technology
Council’s Interagency Coordinating Committee for Transportation R&D defined renewal of
the physical infrastructure of our Nation’s transportation systems as a high priority area for
Federal research and development. Reduction of the backlog of needed rehabilitation and
renewal of existing transportation infrastructure poses a challenge that will continue well into
the next century. Meeting the critical need to improve the performance of transportation
infrastructure, in terms of capacity, life-cycle cost, safety, reliability, and environmental
impacts, will result in improved transportation service, mobility, and access for all.

Ongoing research and technical advances of the last few decades now offer the potential to
improve significantly the efficiency with which transportation infrastructure in general and
roadways in particular are designed, constructed and maintained, thereby yielding important
economic and performance benefits. In addition, R&D during the next 10 years will include
continuation of a long-term program to evaluate performance of different types of paving
surfaces under a wide variety of conditions. Specific elements of the infrastructure
investment and renewal thrust, directed toward port, rail, transit and other applications, as
well as highways, include improved materials, designs and methods for renewal engineering
and use of advanced technologies for inspection, monitoring and maintenance of physical
infrastructure and vehicles.

Thrust #4: Improved Materials, Designs and Methods for Renewal Engineering

Rationale and Focus: The Department’s Strategic Plan establishes as a goal the support for
“the use of advanced materials in manufacturing and constructing transportation equipment
and facilities. As is discussed in Chapter 2, there are currently substantial transportation
infrastructure maintenance and renewal requirements in the U.S., presenting a challenge yet
also an opportunity to utilize improved technologies and practices. However, the methods,
tools and materials used in transportation infrastructure construction and maintenance change
very slowly. It is limited in part by the desire of system owners and managers to avoid the
risk of unknown consequences years or decades later, and by the importance in most decision
processes of minimizing initial cost. Another constraint is that the supply industries involved
may anticipate limited markets and low profits for innovative products, and often exhibit
little motivation toward performance of advanced R&D.
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However, in other sectors of the economy, various forces have provided a strong incentive
for innovation in sophisticated new materials, structural design concepts, and innovative tools
and techniques. The challenge in coming years will be to build on this inventory of advances
to develop specific transportation-related applications, demonstrate their effectiveness and
long-term viability, and reduce their costs to a competitive level. Portions of the Nation’s
highway system are nearing their design life. Much of the transit system infrastructure has
already exceeded its nominal life, thereby imposing high maintenance costs and periodic
service disruptions. These factors warrant aggressive examination of the most efficient and
practical means to renew transportation infrastructure of all types.

There is also a continuing need for R&D in the context of conventional technologies.
Materials used, construction practices, climate and traffic can all vary dramatically, and
surface lifetime is normally measured in decades. Establishing the most cost-effective
approaches to construction and maintenance of this infrastructure is a complex problem.
Intensifying the challenge is the need to find means of infrastructure renewal that minimize
motorist delays, congestion and other adverse impacts associated with construction activities
on operating systems, such as urban interstate highways.

In response to the need for better information on this topic, the 1987 reauthorization of the
Surface Transportation Act established the Strategic Highway Research Program, including
as a major element a Long Term Pavement Performance Program (LTPP). The purpose of
LTPP was to collect uniform, comparable data on pavement condition, climate, traffic, and
load conditions from many road locations over a twenty-year period.

The LTPP is the largest pavement performance research project ever undertaken. It now
involves periodic data collection and condition monitoring of approximately 2,500 inservice
pavement test sections, located throughout the U.S. and Canada, over a 20-year period. As
the data collection and data base development progress, the scope and depth of the data
analyses will be expanded to establish the relationships among pavement performance and
design, materials, construction, maintenance, traffic, environment, and geographic location.

The very large annual public investment in highway and transit infrastructure, and the many
obstacles to private sector or state performance of long-term applied research in this area,
require that there be a substantial Federal R&D investment to maximize the cost-effectiveness
with which trust fund resources are expended, and to assure the best possible health of the
Nation’s surface transportation system.

Basic Goal: Stimulate and facilitate the effective use of innovative as well as conventional
construction designs, structures, materials and methods in the rehabilitation, renewal and
replacement of the Nation’s highway system, and other components of the system at large.

Principal Participants: This program will be a implemented though partnerships involving
Federal agencies, states, the private sector, and universities.
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Benefits: Acceleration of the use of improved knowledge, new materials, designs and
processes will improve safety and reduce life-cycle costs of highway infrastructure,
permitting a more effective response to the current backlog of infrastructure maintenance and
renewal requirements and an improved road system for users.

Thrust #5: Advanced Technologies for Inspection, Monitoring and Maintenance

Rationale and Focus: Transportation infrastructure inspection and maintenance is a rich field
for application of the broad and powerful capabilities of non-destructive inspection and
testing devices. These findings are valuable both during and after the construction process,
and for incorporation into maintenance procedures. New sensing techniques and computer-
based analysis tools offer the potential of major improvements in the efficiency and
effectiveness of inspection processes. "Expert systems" and other artificial intelligence
concepts are increasingly being applied to these types of activity. These and other innovative
approaches offer benefits in terms of safety, infrastructure lifetime, and optimized
maintenance practices.

One concept is that of "smart structures" in which roads, trackage, highway and railroad
bridges and tunnels, ships, shipyards, ports and other facilities have a network of embedded
sensors. These sensors can continually provide detailed information as to the structure’s
condition throughout its lifetime, under normal as well as abnormal circumstances. Large
potential benefits are also anticipated from automated highway maintenance systems, based
on digital imaging and sensing, sophisticated data analysis, and advanced robotics.

Technologies that support reduced maintenance costs and extended facility service lifetimes
offer large annual savings in public expenditures for highway and transit infrastructure.
Impediments to private sector or state performance of long-term applied research in this area
are such that a substantial Federal R&D investment is needed to realize the potential benefits,
thereby assuring the best possible health of the Nation’s surface transportation system.

Basic Goal: Stimulate and facilitate the effective use of advanced and automated inspection,
sensing and testing technologies for monitoring and inspecting the Nation’s highway and rail
transportation system.

Principal Participants: The Department will work closely in partnerships with the technology
community, highway departments, transit authorities and railroads in advancing inspection
system technologies.

Benefits Fewer service interruptions, more efficient maintenance and renewal of
transportation infrastructure, and reduced likelihood of catastrophic failure.
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Goal 3: Rapid and Effective Application of Advanced Technologies to Transportation
Goal 3 Overview

A highly visible characteristic of the contemporary world is the continuing incorporation into
government, business and private life of a steady stream of new technologies, many of which
provide expanded functionalities, create new products and services, and make possible
alternative ways of organizing and managing economic activity. Just as for other societal
activities, transportation is benefiting greatly from this phenomenon. But the pace at which
this evolution can occur is inherently limited. Transportation system concepts that are both
new and practical are rare, and even incremental improvements can require many years of
refinement and deployment before the results are felt.

Long-range transportation R&D inherently requires a distant time horizon. Infrastructure
construction can easily require 20 years or more from initial planning to initial operational
status. The transportation infrastructure investment timetable contrasts markedly with many
private sector investment schedules, which can in some cases be measured in months.
Transportation systems and elements -- roads, railroads, harbors, ships, aircraft, transit cars
-- generally have a very long service life, best measured at least in decades. The time and
effort required to bring about transportation innovation is a daunting obstacle for the private
sector, which normally has a very near-term decision and investment horizon. This
consideration often warrants public R&D investment to explore new concepts, bring them to
the point that they can be evaluated, and demonstrate their advantages convincingly.

One clear reality of the late 20th century is the power of technology and the advances that
can be achieved when it is applied properly to the right problems. The personal vehicles,
transit cars and aircraft being manufactured 30 or 40 years hence, and their supporting
infrastructure, can be expected to offer a dramatic advance in performance and cost, based
on refinement and innovation affecting almost every component. But the magnitude and pace
of improvements in the next century will depend on the investment of energy, imagination
and public and private resources made in the 1990’s.

Most of the long-term R&D thrusts discussed in this chapter involve some degree of creation
or advancement of technological advances, focused on relatively specific desired outcomes.
Those described below represent research in which the new technologies have the potential to
induce particularly substantial innovation, and for which the Federal role lies largely in
encouraging and facilitating public sector applications of private sector technical advances.
Three topics are included here: transportation applications of information technologies
(focused on fostering an intelligent transportation infrastructure), advanced propulsion and
other technologies for public transit, and technologies to facilitate deployment of high-speed
rail systems.
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Thrust #6: Application of Information Technologies to Transportation System Operations

Rationale and Focus: The rapid development and interrelationship of computer, sensing,
communication and navigation technologies, including the Intelligent Transportation Systems
(ITS) concept, is having a powerful impact across the spectrum of transportation operations.
Originally nurtured by space- and defense-related R&D, and now driven largely by global
business and consumer markets, this revolution is proceeding rapidly in the private sector.
Public sector applications, particularly in transportation, are for the most part only in their
infancy, but are seen as having great near- and long-term promise. One important and
highly visible area singled out in ISTEA and currently being actively addressed is
applications to traffic management on urban roads, where congestion often exacts a high
societal cost in terms of time, accidents, air pollution and quality of life for all those affected
by it. Another important application is railroad positive train control. More generally, the
efficiency of transportation system operations, whether on land, sea or in the air, is also
critical to the productivity and overall health of the entire economy. In many cases
resolution of these problems by construction of physical infrastructure is either not financially
feasible, or not a practical possibility.

A large part of the answer to this dilemma is to overlay an information infrastructure on the
physical transportation infrastructure--to infuse the system with intelligence. The result will
be a system in which information technologies and ready access to many types of information
are integrated into virtually all elements and functions to enable greater efficiency and
improved performance. The basic paradigm reflected here is to use intelligent systems to
obtain greatly improved performance from the basic infrastructure that exists. In addition,
the availability of spatial positioning data from the Global Positioning System (GPS) provides
a major new resource which can be incorporated into this process.

Private sector applications of information technology, particularly in portions of the freight
sector, have been well ahead of public sector deployment. This illustrates the importance of
parallel efforts by the technology and transportation communities, including all levels of
government, the private sector, academia, and individual shippers, carriers and travelers.
Still, much can still be done within the freight sector to ensure full utilization of information
technologies.

In response to the opportunity offered by information technologies, Secretary Pefia
announced in January, 1996, the National goal of building "an Intelligent Transportation
Infrastructure (ITI) across the US, to save time and lives and improve the quality of life for
Americans." DOT’s Operation Timesaver initiative (discussed in Chapter 3 of Section III),
involving deployment of key ITS elements in 75 major metropolitan areas, will be both an
illustration and an important component of ITI.

The ITI reflects a vision of a establishing a communications and information infrastructure

that will enable the realization of a 21st century transportation system, characterized by
major improvements in passenger and freight mobility, safety, and environmental
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compatibility, all at a cost far less than could be achieved in any other way. The larger
result will be substantial benefits to the traveling public, the National economy, and the
cost-effectiveness with which Federal transportation funds are invested.

As recognized in ISTEA, and embodied at present in the DOT ITS (Intelligent Transportation
Systems) program, there are many ways in which Federal R&D, conducted in close
partnership with state, localities and technology providers, can substantially accelerate the
speed and effectiveness with which this multi-faceted revolution proceeds. Federal research
is necessary to stimulate deployment by assessing the best ways to use these technologies and
objectively demonstrate and evaluate the benefits obtained. With the important exception of
work focused explicitly on vehicle crash avoidance, treated described subsequently under the
Safety strategic goal, the topics discussed below represent the four major federal R&D areas
central to fostering the realization of an intelligent National transportation system:

1. Traffic Control and Management and Traveler/Operator Information: The many
factors -- economic, environmental, physical, and other -- that constrain expansion of
transportation system capacity have motivated intense interest in the potential to obtain
better system performance through improved management of traffic, including
providing vehicle operators with better information on which to make trip decisions.
Public safety and the environment also benefit along with travelers and shippers. It
has been estimated that establishment of the ITI is ten times as cost-effective as
attempting to meet the urban needs with highway construction, with ten billion dollars
of ITI investment potentially achieving benefits that would require 100 billion dollars
to obtain through new roads and other facilities.

A particular focus of efforts in this area lies in applications addressing urban traffic
management and traveler information systems, particularly for highway vehicles and
transit fleets. Actual development of technology is appropriately occurring in the
private sector, but without a major Federal role in supporting, guiding and facilitating
deployment, including evaluation and demonstration of technical and operational
alternatives, implementation of potentially valuable innovations will not occur at the
rate necessary for a successful response to current urban transportation problems.
Rural areas can also benefit greatly from applications of intelligent transportation.
Examples include collision notification systems, traveler information, weather
monitoring and public transportation. Similarly, innovative approaches to railroad
signal and control systems and management of vessel traffic in port areas offer great
promise, although the specific technologies and operational concepts may differ
substantially from the highway case.

2. Automated Highway System: Use of vehicle-highway communications sufficient
to perform driving functions, and advances in collision-avoidance technologies
(discussed below as an element of long-term safety R&D) have given credence to the
concept of automated highways. ISTEA calls for a demonstration in 1997 of
prototype elements of an automated highway system -- a first step in the very
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long-term effort to realize automatic operation of vehicles at high speed and close
headways, thereby dramatically increasing capacity and safety. Functions to be
demonstrated include lateral and longitudinal control, lane changing, and various
malfunction-management capabilities. This goal will require overcoming many
technical and societal challenges, but appears technologically feasible. The
Department has entered into a cooperative public-private partnership with industry,
state government, and academia to further develop the concept.

3. Intermodal and Crossmodal Freight Transportation: Advanced information
technologies are also coming into use for fleet management. Real-time tracking of
vehicles and cargoes permits a much higher level of optimization than has previously
been possible, with continuous matching of resources to demand and adjustment to
changing circumstances. A similar application with impressive potential is the use of
electronic data transfer between commercial vehicles and roadside at state and
National borders, with large consequent benefits in terms of efficiency and service
levels. Tagging and tracking technologies can also play a critical role in controlling
the movement of containers in intermodal terminals. All of these applications involve
extensive and complex interactions among multiple public and private institutions.
Federal participation in structuring, facilitating and evaluating innovative concepts and
demonstrations can significantly advance the rate of implementation and the speed
with which substantial benefits accrue to the entire economy.

4. Positive Train Control: Advances in Positive Train Control can bring about both
improved safety and efficiency for freight and passenger (urban and intercity) railroad
operations. Positive Train Control utilizing digital data link communications and GPS
positioning systems can result in significant reductions in the probability of train
collisions and overspeed accidents. A strong Federal role in encouraging and
coordinating the development of standards for Positive Train Control will be
important to assure the full realization of potential safety benefits including more
reliable train detection at grade crossings) available from these expanded capabilities.

Effective and rapid exploitation of the opportunities to be found in transportation applications
of information technology will require a substantial and ongoing public-private research and
development effort associated with enabling technologies, system configuration and
architecture and standards. Creation of effective systems requires not only the basic
technology, largely a private-sector responsibility, but also development of a strong enabling
framework. Some of the critical topics that call for long-term Federal participation in their
resolution them are listed below.

Wired Communications Infrastructure: A powerful communications infrastructure,
based in large part on conventional wire and fiberoptic cables, is central to the
effective application of information technologies throughout transportation. Many
complex technical, economic and institutional questions arise as to how best to
provide publicly-owned or commercially-leased local capabilities. Traffic
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management and related functions will be a major force in shaping urban public data
communication requirements, often integrated with other public organizations
including schools, libraries, hospitals and government offices. Federal participation
can significantly assist in resolution of these issues.

Wireless Communications Infrastructure: Similarly, increased use of wireless
communication throughout the society and economy will require wise allocation and
efficient use of electromagnetic spectrum and sophisticated mobile data
communications technologies. Resolution of these issues will require a solid technical
foundation and cooperative efforts by all parties.

Evolution and Enhancements in Positioning Systems: Many important transportation
applications use the highly-accurate DoD Global Positioning System (GPS) for
position-finding and navigation. Augmentation to improve precision for civil use is
now being pursued. Many technical as well as financial and institutional issues must
be resolved to assure that this system evolves and is managed in a manner that fully
refleccs the growing needs of its dominant user, civil transportation, and effectively
supports functions of surface modes.

Digital Spatial Database: GPS position information is of limited value unless it can
be related to digital maps based on a common reference coordinate system, with that
map accurately representing facilities such as roads, waterways, airport runways, etc.
A high degree of commonality and precision is required, including standards for data
interchange and identification of transportation-related elements.

Weather Information Requirements and Integration: Weather information, sometimes
on a very localized and short-term scale, is of great importance to the operation of
transportation systems, and will play a key role in the value of some information
technology applications. Appropriately-detailed forecasts can occur only if the
requirements are well-defined, made known to the National Weather Service and
others, and if means are developed for information interchange and dissemination.

Data Exchange Standards and Protocols: The basic protocols for electronic data
interchange are being addressed by appropriate trade and technical organizations, with
the federal government playing an important role in facilitating the process.

However, the pace of technical change associated with this subject will necessitate
ongoing efforts to assure continuing hardware, software and data compatibility and
interoperability.

Assessment of Congestion, Safety, Economic, Energy and Environmental Benefits:

The rate at which innovative traffic management technologies are applied will depend
in part on the confidence that implementors--often state or local governments--have in
the public benefits offered, and in their ability to estimate those benefits in a
particular context. Confirmation of the high cost-effectiveness of ITI applications
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compared to construction of physical infrastructure will be of great importance in
furthering these systems. Assessments of this nature can be complex, and typically
require a significant R&D and evaluation component in initial deployment efforts.

Evolution of System Design Principals, Configurations and Software: The
just-developed National ITS architecture provides an effective framework for
proceeding with system surface transportation implementations. However, the rapid
pace of evolution and use of information technologies throughout transportation will
call for ongoing refinement and extension of that foundation, and will force public
and private organizations to contend with continually changing alternatives in making
major transportation system investments. Development and realization of strategies
for dynamic traffic management, combining sophisticated sensor arrays and calling for
substantial computing capacity, will require continuing public and private R&D. The
degree to which computing capacity is best centralized or distributed among
subsystems will be highly specific to each implementation, but federal participation in
characterization of alternative generic configurations and development of design tools
will assist significantly in wise decisions. Similarly, development and evaluation of
dynamic traffic management and control software, with appropriate incorporation of
human participation, will be an ongoing challenge as implementation efforts grow in
complexity and come to play a dominant role in urban traffic operations.

System Reliability and Vulnerability: Increased complexity of ITS systems and greater
dependence on them will require a high level of reliability and robustness, including
"graceful degradation" in the face of subsystem failures or extreme circumstances.
Similarly, a transportation system permeated with information technologies could have
significant vulnerabilities to terrorist and other malicious attacks focused on
introduction of false information into the system or interference with computer and
communication system operation. Coordinated federal research in these areas,
drawing extensively on expertise from non-transportation applications, will benefit the
entire I'T community, and particularly the public sector.

Human Factors in System Design and Operation: As electronic information sources
become more and more a part of traffic management and vehicle operation, many
safety issues arise. How should the human role in operation of traffic control centers
be organized? How should information be displayed to controllers? How can
warnings and critical information best be provided to operators? At what point do
operators become overloaded and unable to accept or act upon the information? What
is the potential for misunderstanding or reliance on a defective system? It is
important that these issues be clarified prior to widespread deployment.

Basic Goal: Stimulate and facilitate the application of advanced information, management
and control technologies and systems to the operation of surface transportation systems and
dissemination of trip-related information to travelers and vehicle operators.
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Principal Participants: DOT will work closely, often through consortia and partnerships,
with local and state governments, trade and professional groups, and affected users in
exploring new technologies, developing standards, facilitating resolution of major issues, and
conducting enabling research.

Benefits: Accelerated introduction of advanced information technologies into the nation’s
transportation system with resultant substantial benefits to the economy and the traveling
public. These benefits will include reduced congestion and less time spent in urban travel,
ready availability of travel-related information, reduced air pollution, fewer accidents, and
elimiNation of delays for freight moving across state and National borders and other points
requiring exchange of information. Information technologies will also greatly reduce the
public cost of enhancing highway and other system capacity.

Thrust #7: Advanced Technology for Intermodal Public Transit Systems

Rationale and Focus: The U.S. transit industry has seen little change in the technologies
available to it during the last decade, and energy consumption remains the single largest rail
system operating cost after labor. Technological advances are required to reduce these costs,
to improve system safety and security, to improved the ability of transit vehicles to
accomodate disabled individuals, to improve environmental characteristics, and to reduce
overall life-cycle costs. However, technology development has been stagnant while weak
market conditions have resulted in financial difficulties for transit equipment suppliers and
the withdrawal of many firms from the market.

The limited financial capacity of the transit operating industry, its suppliers and the state and
local governments which support it precludes their undertaking unassisted major technology
development projects. After two decades of declining transit R&D, the transit industry needs
a major infusion of advanced technology. While capital investment is needed to stimulate the
market and provide for needed service, innovation is needed in parallel to maximize the
return on these investments.

Technology available in military, commercial and consumer markets has shown dramatic
advances (e.g., train control and communications, propulsion systems, Computer Aided
Design or CAD tools, composites), but the transit industry generally continues to procure
systems based on technologies developed twenty or more years ago. To provide higher-
quality and more economical service to the public, the transit industry must take advantage of
the availability of new materials, subsystems, communications and design concepts.

Examples include application of advanced materials to transit rolling stock and introduction
of propulsion systems offering improved environmental and energy characteristics.

Federal support is necessary if work of this type is to be fostered to the degree warranted by
potential benefits. In particular, support for the development of clean and quiet low-floor
buses and automated passenger train location and management technologies will be important
to the improvement of transit service in the U.S.
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Basic Goal: R&D directed toward effective application of available technologies to transit
vehicles and physical infrastructure can be focused on the following goals:

Improve the quality and effectiveness of transit vehicles and infrastructure;
Improve transit service and operations;

Stimulate technology development within the U.S. transit industry;
Expand domestic and world-wide markets for transit-related equipment;

Enhance the urban environment through improved mobility, reduced traffic
congestion and reduced transit vehicle emissions.

Principal Participants: Private industry’s role will be to design and develop needed
technology, and work jointly with the participating transit property to demonstrate and deploy
it. Close cooperation and coordination between transit properties and the manufacturers will
help ensure a ready market for the final technology product. The public transit agency’s role
will be to define needed systems and equipment, define performance specifications, and
provide for demonstration and deployment at the property. DOT will provide overall
guidance and oversight, and will work closely and coordinate all phases of the initiative with
the National laboratories, transit authorities, and private manufacturers.

Benefits: This initiative will yield the following benefits:

Advanced train control and communications systems will allow for greater
capacity and safety, better asset utilization, and improved customer service and
schedule reliability.

Clean propulsion systems for transit buses will result in significant
improvements in urban air quality, helping cities to meet air quality standards.

Development of advanced composite materials will result in lighter, more
efficient and accessible buses and railcars.

Use of computer-aided design technologies for buses and railcars will reduce
the design cost of new equipment and yield customer-responsive new designs.

Technology advances will stimulate the domestic transit manufacturing and
supplier industry, increasing production and enhancing prospects for export
sales.

Overall, the development of advanced technologies will result in major
improvements in the quality of transit service provided in the U.S. while
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increasing the competitiveness of the lfS. supplier industry in the world
market.

® Advances will, in many cases, be transferable to other transportation modes
(e.g., airport service equipment, Coast Guard vessels, heavy trucks, etc.)

Thrust #8: Technical Foundation for High Speed Ground Transport Systems

Rationale and Focus: The Department’s Strategic Plan establishes as a goal the promotion
of "high speed rail as a viable transportation option in select corridors." During the last
decade, active consideration of high speed ground systems has grown, driven partly by the
"technology push" of advanced passenger trains developed abroad. But "market pull" has
also played a role. Congestion and delays at major airports, as well as environmental and
energy/petroleum consumption issues have stimulated considerable interest in providing an
alternative to the airplane and the motor vehicle for intercity travel. The primary market for
rail service is generally perceived to consist of trips of 100 to several hundred miles in
length. Continued progress in this area will be important to the Nation’s ability to meed the
challenge of increased demand and tourism in such markets.

The financial feasibility of high speed ground transportation corridor operations has been
explored in depth by many states and regional consortia during the last decade. Although
financing has proven to be a key obstacle, many believe that high speed ground transporta-
tion ultimately will be a necessary part of the National transportation system in at least
several U.S. corridors. Current planning efforts in several states focus largely on
incremental speed improvements based on relatively low-cost enhancement of existing rail
infrastructure.

A wide variety of proven high speed passenger rail rolling stock is available as a result of
past development activities, largely conducted overseas. However, specific adaptations to the
needs of U.S. service will be required, necessitating explicit research activities. For
example, most high speed passenger train technology uses electric propulsion. Virtually the
only portion of the U.S. rail system currently electrified is along the Northeast Corridor.
While existing rights of way and track can form the basis of many other intercity corridors,
the cost of electrification is daunting, particularly when potential demand is modest or
uncertain. Further, this constraint makes it very difficult to initiate even trial service on an
experimental basis.

Many routes might well prove viable for higher-speed trains, in the range of 100 to 125
MPH or faster, but a non-electric, high-acceleration locomotive is required. Diesel-electric
and gas-turbine-based designs have been considered in the past, but a fully satisfactory
locomotive for this type of U.S. service has so far been unavailable. Development of state
and regional rail corridors can proceed only with availability of suitable rolling stock, but
hardware development is beyond the financial capabilities of those bodies, and industry
typically does not see a sufficiently large or assured market to undertake the needed R&D
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independently. Federal participation in development, test and demonstration is therefore
necessary to establish a technological context in which public and private bodies can proceed
to implement new rail services of the type needed.

Regardless of the rolling stock used, passenger rail systems operating at speeds above those
addressed by existing U.S. standards are now being planned by states and public-private
consortia for application in this country. This will necessitate research to establish Federal
standards relating to the safety of high speed rail systems.

Two other elements are also critical to the viability of U.S. high-speed intercity rail systems:
advanced train control, and means to eliminate the hazard of grade crossings on high-speed
lines. Signal and control technology is required that will maximize the capacity of a rail line
for mixed (commuter, freight, intercity passenger) service and assure safety at significantly
lower cost than conventional systems. Where highways cross rail lines, the cost of grade
separation is often very large, and local land use or other circumstances may not even permit
that solution. Innovative barrier systems or warning devices that provide nearly the same
level of safety would be an important step in advancing the introduction of high-speed rail
corridors. The Department must also monitor offshore progress in this area (e.g., higher
speed magnetic levitation systems) in order to anticipate potential new opportunities.

Basic Goal: Establish a technological foundation, including safety standards, sufficient to
enable implementation of improved, higher-speed passenger ground transportation service by
public and private bodies.

Principal Participants: The Department will work closely with equipment suppliers, Amtrak,
and state and regional bodies in defining the needed rolling stock characteristics and in
shaping and implementing a program of development, test and evaluation.

Benefits: Improved transportation service in high-density markets. Reduced demand
pressure on congested airports. Widening of options available to cope with trends toward
increased demand and tourism, and emerging demand patterns.

Goal 4: Prudent measures to Enhance Transportation Safety and Security
Goal 4 Overview

Maintenance and enhancement of the safety of the Nation’s transportation system is the most
central mission of the Department. Personal and system-level safety and security remain a
chief concern of U.S. citizens, and long-term R&D in this area is essential as the Nation
continues to emphasize risk-based regulatory processes. Every major element of DOT has
explicit safety responsibilities, and the Department is particularly sensitive to cross-modal
opportunities for increased safety and security. Most of the DOT effort specific to surface
transportation focuses on highway safety, which accounts for more than 90% of all
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transportation deaths and injuries. In addition, DOT also has a key role in assuring safety
and protection from malicious acts in rail, pipeline, air and waterway and maritime
transportation. Prevention and mitigation of land- and water-based freight-related accidents
is important not only from the standpoint of deaths and injuries, but also to prevent major
financial and environmental losses.

Consideration of potential safety benefits and impacts is naturally included in virtually all
Department R&D. However, some research is motivated totally by the potential to achieve
significant safety advances, or to minimize the cost and operational impacts of measures
necessary to reduce transportation-related risks to people and goods.

Many approaches can be enlisted in the service of safety: education, formulation and
enforcement of laws, vehicle and infrastructure regulations and design standards, and
technological innovation. Whatever the mechanism, research is typically a necessary element
in defining specific problems and opportunities, shaping and implementing strategies, and in
assessing benefits and costs of alternatives, including those that have already been
implemented. Emerging issues, such as global harmonization of vehicle standards and
adoption of cooperative risk management practices as a partial replacement for direct
regulation of vehicles, infrastructure and operations, raise new questions that can only be
answered with expanded knowledge.

Safety-oriented research has many elements. The areas of major emphasis in the
Department’s long-term program in R&D to improve surface transportation safety and
security can be described in terms of four broad topics:

L Accident Avoidance

L4 Accident Survivability

L Safety Data and Analysis

® Security in Public Transportation

Thrust #9: Accident Avoidance through Technological Advances and Improved
Understanding of Human Performance

Rationale and Focus: The first priority in safety is prevention -- stopping accidents before
they occur. The great majority of transportation accidents involve at least some degree of
operator error brought on by fatigue, inattention or incapacitation. Significant safety
challenges arise from the expected growth of the older segment of the population. These
users and operators may have diminished night vision, and some degradation of other
physical abilities needed for safe vehicle operation. Other issues relate to restrictions imposed
on commercial drivers and other operators. An appropriate response to these concerns can
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be resolved only on the foundation of solid understanding of human characteristics as the
relate to vehicle operation.

Technical advances, particularly in information technologies, now offer many possibilities in
terms of devices to warn operators of unsafe circumstances, and to suggest or even initiate
corrective actions. The Intelligent Transportation System program discussed previously
specifically includes elements intended to assure full exploitation of these opportunities.
Additionally, innovative means of inspecting and monitoring the condition of vehicle and
infrastructure components, periodically or while in operation, can make it possible to take
corrective action before an accident occurs.

A wide variety of R&D activities are thus associated with the topic of accident avoidance.
For conciseness, they are discussed here in two broad groups: human performance and
applications of advanced technology:

Human Performance: Research directed toward better understanding of operator
performance in transportation systems now offers great promise. As these results are
incorporated in vehicles, highways and overall system design and operation, and
accompanied by new technological aids to provide information and alerts to operators,
dramatic safety benefits will result. Greater knowledge of how and why operational
errors occur also facilitates working with service operators and equipment suppliers to
manage and reduce risk with minimal regulations, and to assure that introduction of
new vehicle technologies and operator aids, including wayside-vehicle traffic
advisories, do not carry with them unanticipated safety hazards. New simulator
capabilities, such as that now being completed for motor vehicle operator research,
will add substantially to understanding of operator behavior and decision-making, and
assist in evaluation of the human-machine interface.

The complex effects of fatigue and stress are often in question when accidents occur.
Understanding of these topics in the context of operations in each mode of surface
transportation, and how they relate to operational and management practices, is
necessary to guide the actions of private system operators and governmental
regulators.

Accident Avoidance Technologies: An important use of advanced information
technology applications in transportation is the deployment of devices to improve
operator awareness, warn operators of hazardous circumstances or imminent threats,
or initiate responses to hazards.

The Intelligent Transportation System (ITS) program, for example, includes a
substantial component that seeks to exploit these possibilities. The ability to exchange
information between vehicles and wayside, whether by on-board devices or variable
message signing, will be an inherent part of the traffic management and traveler
information systems discussed previously, and will be important from a safety
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perspective. However, there is an important additional category of opportunities that
relates to purely vehicle-located systems. Examples include means of providing night
vision aids, "smart cruise control” that maintains a safe distance from the vehicle
ahead, collision warnings or automated braking, devices to detect vehicles in a the
blind spots that can occur on each side of a car, and sensors to detect that operator
alertness has dropped to a hazardous level.

Beyond the obvious safety import of such technologies, these concepts can also
contribute to the reduction of congestion and its environmental consequences.
Programmatic thrusts in this area include evaluation and demonstration of the
effectiveness crash avoidance technology, assurance that no ITS in-vehicle systems
compromise safety, and facilitation of commercialization of safety applications. Other
topics discussed previously also have significant safety elements. For example,
improved train control systems, whether for transit, commuter or intercity operations,
are key to achieving high capacity and operating efficiency without compromising
safety.

While most familiar in the highway context, these technologies and concepts are being
applied to all modes of transportation, including air and rail operations, ’smart ships,’
and vessel tracking systems to prevent incidents. Opportunities for sharing
information and research developments in accident avoidance technologies between
modes are particularly fertile. Special situations like railroad-highway at-grade
crossings could benefit from a wide range of technological countermeasures. Many
technical, behavioral, economic and other issues arise in determining to what degree
such technologies may actually prove to be cost-effective safety devices, but the
promise is sufficient to warrant long-term efforts to assess these approaches and take
steps to implement their widespread use if found sufficiently beneficial.

Many accidents are associated with failure of specific components, such as railcar
wheels, track failures, or structural elements of bridges. Properly focused research
can provide high payoff in identifying failure modes and mechanisms, suggesting
design and construction improvements, providing better ways and devices for
detecting problems prior to final failure, and predicting potential risks associated with
new operational environments (e.g., greater speeds and vehicle weights, electrification
of rail lines).

Development and use of test facilities and simulators is commonly a necessity for the
specialized types of research needed for real understanding of the fundamental causes
of accidents and preliminary evaluation of countermeasures.

Basic Goal: Reduce the occurrence of accidents in all modes of surface transportation
through the application of human-centered technological aids and systems in design,
construction and operation of transportation system elements, and the development of
enhanced understanding of human performance and behavior.
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Principal Participants: The department will work with the technology community, vendors,
transportation companies and the automobile industry in assessing and exploiting new devices
and systems that assist operators in avoiding accidents. Human performance R&D will draw
on all appropriate Federal agencies, as well as academia and industry.

Benefits: A safer transportation system, with reduced deaths, injuries, suffering and property
loss, accompanied by a diminished transportation burden on the U.S. health care system.
Reduced transportation vehicle repair costs and, potentially, reduced insurance premiums
(e.g., automobile insurance).

Thrust #10: Accident Survivability - Crashworthiness and Biomechanics

Rationale and Focus: For the foreseeable future there will continue to be millions of
highway crashes every year, largely involving personal motor vehicles. Other surface
transportation accidents are much less frequent, but kill or injure many people in ways that
can be minimized. In addition, freight-related accidents (e.g., derailments, tanker vessel
groundings) are sporadic but sometimes cause major financial and/or environmental losses.
Improvement of vehicle crashworthiness and accident survivability therefore remains an
urgent priority. Advances in basic understanding and modeling of biomechanics and accident
dynamics will pay large safety dividends in all modes of passenger transportation, and will
permit performance of regulatory missions in a manner that minimizes the cost and burden
placed on all parties.

Although this area has benefited greatly from extensive research over the years, knowledge
of the biomechanical properties of the human body and the details of crash dynamics is still
far from complete. However, the opportunity now exists to make a major breakthrough in
this area. Recent advances in computer modeling and related disciplines, coupled with
improved instrumentation and experimental capabilities and medical imaging technologies can
now greatly increase our ability to understand and analyze the detailed mechanical
interactions that occur during a crash and design increasingly effective countermeasures.
Advances in this area, though primarily focused on highway vehicles and physical
infrastructure, are equally important in improving rail and transit safety. An additional
benefit of this type of research is establishment of a solid foundation for performance-based
cost-effective safety regulations and design standards and guidelines.

It can be the case that vehicle designs focused on crashworthiness may accentuate
aggressiveness in terms of the consequences for the vehicle it strikes. This could particularly
be the case for ultralight vehicles using ultrastiff structures. The complex but critical topic
of vehicle aggressivity and fleet compatibility will be an important component of future
crashworthiness research. Given the global nature of the automobile industry, this will
necessarily require a high level of international cooperation and give added impetus to the
importance of harmonizing vehicle safety standards.
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Basic Goal: Reduce the occurrence of death and injury in accidents in all modes of surface
transportation through enhanced understanding of the biomechanics of the human body and
improved design and construction of vehicles and infrastructure.

Principal Participants: This work will involve close partnerships with academia and the
affected industries.

Benefits: A safer transportation system, with reduced deaths, injuries, suffering,
accompanied by a diminished transportation burden on the U.S. health care system.

Thrust #11: Safety Data and Analysis

Rationale and Focus: Whatever the Federal role in a particular area of transportation safety,
ongoing collection and analysis of safety data for all modes is essential to identifying
emerging problems, assessing effectiveness of current activities, and providing information
and guidance to individuals and organizations as to how best to promote safe transportation.
Comprehensive and accurate accident data identifying causal and contributory relationships
including those of human factors origin is particularly important in assuring the cost-
effectiveness of regulatory actions.

Basic Goal: Provide a strong statistical and analytical foundation of knowledge concerning
surface transportation accidents and incidents in order to support safety advances by all
elements of the transportation community.

Principal Participants: Federal data collection and analysis draws extensively upon
cooperative efforts with states and localities, as well as partnerships within the transportation
and insurance industries.

Benefits: More effective shaping and implementation of transportation safety programs,
resulting in a safer transportation system. Improved ability to implement risk-based
regulatory processes.

Thrust #12: Security in Surface Transportation

Rationale and Focus: Recent events have made it clear that surface transportation systems,
in particular public transportation systems, are highly vulnerable to malicious attacks,
whether by vandals, deranged individuals or terrorists. The relatively low frequency of such
incidents over the last decade provides no assurance that serious threats will not materialize
with little or no warning. In addition to the potential for loss of many lives, public
perception of a threat can significantly reduce ridership even when the actual risk is
minuscule. Transit systems, buses, and passenger railroads which serve very large numbers
of travelers cannot be protected through highly localized access-control methods associated
with commercial aviation. However, given a clear understanding of the nature and reality of
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the problem, there are many countermeasures available to system operators to deter or
prevent incidents, mitigate their consequences, and reduce the anxiety of their riders.

Effective planning, management and implementation of emergency response procedures
similarly depend on a sound understanding of the nature of the possible threats and the
characteristics of various response strategies; focused R&D is a necessary step in creating
this understanding.

New technologies may hold promise for crime reduction and counter-terrorism in transit.
FTA is the formal sponsor of an interagency chemical weapon detection test in one or more
subway system(s). The National Security Council’s (NSC’s) Technical Support Working
Group is providing funding and program support. In addition, the DOT Office of
Intelligence and Security is collaborating on independent research that may lead to one or
more patent applications for new approaches to ensuring track integrity and avoiding
collisions.

Recent attacks on transit systems in the United States and overseas demonstrate the need to
have effective security technologies to ensure the safety of the riding public. There is a need
to identify and assess the vulnerabilities of U.S. urban transit systems to terrorism.
Following such an assessment, an effort should be made to identify technological and
procedural solutions that have the potential to make mass transit systems a less desirable
target.

Resources to conduct technological security projects have been limited given the legislatively
determined mandates of FTA’s R&D program. The main thrust of FTA’s efforts have been
to provide continuous promotion of transit safety and security through technical guidance to
the transit community. Transit systems collect and disseminate information on safety and
security concepts, identify and implement best practices, and follow system safety and
security guidelines. These actions aid in the design of their safety and security procedures
and provide a means by which to compare local actions that address this issue. The FTA
encourages transit authorities to develop and implement both a system safety and security
program plan which covers passengers, vehicles, and facilities. This will ultimately aid in
the reduction of incidents or accidents involving people or property.

Basic Goal: Identify technological and operational means of enhancing the security of public
surface transportation systems and facilities against crime and malicious attacks, improve
emergency management planning.

Principal Participants: DOT will work closely with public transit authorities and public and
private experts in security matters in addressing this challenging area.

Benefits: Improved personal and system-level safety and security, and more rapid and
incident-specific response to emergencies.

68



Goal 5: Harmonization of Transportation with Environmental Concerns
Goal 5 Overview

The construction, maintenance and use of transportation facilities and vehicles carry with
them a wide range of environmental impacts. The many and complex interactions between
transportation and environmental quality carry with them serious challenges and conflicts that
the Department has a clear role in addressing. Major transportation infrastructure
investments invariably raise many questions concerning a wide range of possible
environmental impacts.

Most large urban areas are struggling to achieve cleaner air, even while highway traffic
continues to increase. Concerns with environmental impacts of infrastructure construction in
some cases greatly delay or even preclude much-needed expansion of capacity and congestion
relief. Noise associated with transportation, particularly near airports and highways, is a
continuing topic of controversy. Port authorities cannot carry out needed dredging due to
concerns over disposal of the waste materials; port and air terminal ground access problems,
associated in part with concern over societal impacts, can constrain the efficiency and
performance of the entire system.

National and international environmental policies, regulations, legislation and executive
orders can impose constraints and requirements on transportation that may have serious
consequences for the movement of people and goods, but which are not readily perceived by
those outside the transportation community. Transportation-related decisions by state and
local governments often raise contentious issues made even more difficult to resolve by a
lack of credible and objective technical information.

Assessment of environmental impacts, and of proposed regulatory and other strictures, is a
process often hampered by inadequacy of the data available and the models for predicting
outcomes. In many transportation-related areas, DOT’s participation in the necessary
research is essential if the transportation perspective is to be fully appreciated and
represented in formulation of policy and laws, and if the transportation community is to be
made aware of future demands it will have to meet.

Better information and analytical tools can lead to more informed discussion of issues, but
will not necessarily lead to ’transportation-friendly’ decisions. It is also necessary to develop
technologies and strategies that prevent or mitigate adverse environmental impacts. Market
forces, often driven by regulations, can generate needed advances effectively in some areas,
such as the private motor vehicle. However, particularly in situations involving public sector
ownership or operation, Federal participation and leadership is necessary to stimulate and
foster improvements.

Two types of R&D are needed in this area: an expanded environmental knowledge base, and
advances in environmental engineering and technologies.
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Thrust #13: Environmental Impact Data, Models and Knowledge Base

Rationale and Focus: Assessment of environmental impacts, and of the cost-effectiveness of
countermeasures, is in most cases a very difficult process. For example, urban air pollution
depends in part on vehicle emission characteristics, emissions associated with other activities
and by natural phenomena, patterns of travel, weather and climate conditions, and very
complex atmospheric chemistry and physics. Moreover, it is often not possible to predict
accurately the travel behavior changes that may be associated with a particular change,
whether involving road construction, traffic control, or demand management. Even more
fundamental, the health consequences of particular types and levels of pollution remain a
subject of debate and research.

As a result, many uncertainties surround the environmental aspects of major transportation
investment and regulatory decisions. This can be a an especially serious problem for local
government planning bodies who often lack the sophisticated tools and technical staff to deal
with the complexity of the issues. Problems can also arise in the degree to which
environmental regulatory agencies appreciate the transportation impacts of their decisions.
Since the consequences for transportation system performance, public health and overall
quality of life can be severe, it is critical that DOT conduct a wide range of research
activities focused on clarifying all aspects of major transportation-related environmental
issues. This topic also has a large international component. International agreements to limit
emissions of carbon dioxide and other gases could have profound consequences for domestic
transportation. Rules agreed to by the International Maritime Organization (IMO) on, for
example, criteria air pollution emission rates, will affect all shipping to and from U.S. ports.

It is therefore necessary to develop the data and analytical models sufficient to provide a
comprehensive environmental knowledge base to support decisions, policy formulation, and
transportation investments in all modes.

Basic Goal: Further develop data, validated models, and a comprehensive knowledge base to
support analysis of transportation-related environmental impacts and alternative strategies by
all levels of government and the private sector.

Principal Participants: The Department will work closely with EPA and other responsible
Federal agencies as well as state and local environmental authorities, National Laboratories,

the private sector and academia in advancing knowledge in this area.

Benefits: Improved ability to respond strategically to environmental objectives, and to
prospectively characterize the implications of those objectives.
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Thrust #14: Environmental Engineering and Technologies

Rationale and Focus: Given the existing framework of environmental legislation and
regulation, and the simultaneous need for transportation system renewal and--in some cases--
expansion, satisfactory resolution of conflicts between transportation and the environment
often requires technical advances. For example, currently-available means for disposing of
dredging spoil are often not adequate, and major ports risk reduction of their capabilities if
sufficient depth cannot be maintained. Other problems relate to wastes and emissions
generated by ships in ports. Highway runoff, including de-icing materials, can threaten local
water supplies. Wetland rehabilitation may be a requirement for facility construction to
proceed. Effective means are needed for cleanup and remediation when spill incidents occur,
whether on land or water. In addition, means to improve prevention of waste generation, air
pollution, runoff, and spills will be important.

The complexity and subtlety of environmental impacts is such that the technologies and .
strategies needed can require many years for full evaluation. The Department has a central
role in this process not only with respect to the infrastructure-related examples presented
above, but also in the assessment of technologies developed to mitigate vehicle-related
environmental impacts. For example, the Department must be able to evaluate the potential
safety implications of technologies reducing vehicular fuel consumption, which range from
advanced structural composites to high-speed flywheels.

In its Strategic Plan, the Department has established a number of objectives in this area:
support for commercialization of the "Clean Car Initiative", support for the use of advanced
materials, introduction of low emission and alternative-fueled vehicles into the DOT fleet,
vigorous implementation of marine pollution agreements, and aggressive implementation of
the President’s Global Warming Initiative.

Many of the concerned parties are state and local government units, and a wide range of
suppliers and vendors may be involved. In addition, R&D in these areas may be difficult for
the private sector to tie directly to a reliable short-term financial return. It is therefore not a
need that can be left entirely to the private sector; a strong Federal role is required in some
areas to assure successful innovation in technologies to prevent, mitigate and remediate
environmental problems.

Basic Goal: Identify, develop and demonstrate and foster the use of improved tools,
technologies and methods to avoid and mitigate adverse environmental impacts of
transportation.

Principal Participants: In this area DOT will work closely with appropriate Federal and state

agencies (e.g., U.S. EPA, state-level transportation and environmental agencies) and affected
industries (e.g., transportation vehicle manufacturers), as well as with academic specialists.
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Benefits: More effective and efficient means of minimizing adverse environmental impacts
associated with transportation. Reduced air pollution, waste generation, runoff, and spills
from the transportation system. Improved methods for disposal and remediation of
transportation-related waste and pollution.

Goal 6: Incorporation of the Needs of the Traveling Public into Transportation
Goal 6 Overview

Mobility is a central part of daily life including access to work, education, recreational,
social, and religious activities and those outlets necessary to support basic needs. Mobility is
the linchpin to full living and participation in society. The automobile in particular, and the
infrastructure that supports it, provide a level of individual mobility that is unparalleled. To
a very large degree the personal motor vehicle is assumed in land use patterns and
commercial development plans.

However, the auto may not be available to all Americans, or may not be the most viable,
safest, nor most affordable transportation alternative. Many Americans, due to physical
disability, age, location, or economic capacity do not have use of an automobile, and can
thereby be denied access to key life activities. Public transit, where available, may have
barriers to its full use, making it less than an equitable alternative to the auto. These
constraints include physical barriers to access, reduced or no service to certain locations, or
lack of coordination with other service providers.

Research in support of this goal will be essential to meeting the challenges posed by changing
demographics, increased demand, and changing and emerging demand patterns. Such R&D
can be divided into two major long-term thrusts: accessibility for persons with disabilities,
which will result in physical and system-level improvements that are specifically designed to
improve the mobility of Americans with physical disabilities; and transit system innovation,
which will yield more generalized improvements to transit system accessibility and utility for
all Americans.

Thrust #15: Accessibility for Persons with Personal Mobility Limitations

Rationale and Focus: Billions of dollars are invested annually in the Nation’s transportation
system infrastructure. Access to this system for all Americans is a chief priority, and the
Americans with Disabilities Act (ADA) of 1990 requires equal access in public
accommodations and transportation. Policy equity and economic productivity goals demand
that Americans with disabilities be able to access the system to live full lives and to
meaningfully contribute to society. The long-term trend toward aging of the population
makes this an even more crucial issue.
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Over 45 million Americans have a disabling physical limitation or medical condition.

Persons with disabilities are often very dependent on public transit. In its Strategic Plan, the
Department has established the goal of ensuring "mobility in all transportation modes for
those Americans with disabilities." Technical advances in structures, planning, and facilities
construction promise to greatly improve access to transportation for the physically
disadvantaged. In addition to technical improvements, the development of planning
guidelines and regulations to assure the use of appropriate elevators, walkways, doors and
other facility components may greatly improve the mobility of disadvantaged persons by
enabling the use of public transit services.

Pursuant to the DOT regulation implementing the ADA (49 CFR Parts 27, 37, and 38),
every public transit operator must make their rail, bus, and demand responsive service
accessible. With capital funding assistance from FTA, transit operators have already
equipped 60% of the transit bus fleet with lifts or ramps.

As our population ages, the portion that has difficulty carrying out basic life activities will
likely increase. The implications for transportation services are becoming more clear as this
trend progresses. The HHS Administration on Aging provides funding for transportation
services under Title IIT of the Older Americans Act. Most senior citizen centers, nutrition
and medically-related programs, both in rural and urban settings use demand-response
transportation systems. In a demand-response system, the elderly must phone in a request to
receive a ride to service programs.

As programs not primarily engaged in transportation, the ADA rules that aging service
providers must ensure that their transit systems, and not necessarily the entire fleet of
vehicles, are accessible when viewed in their entirety. This translates into providing
comparable service to older persons with or without a disability. Eligibility is more of a
concern with the elderly use of paratransit services on fixed routes. Because public transit
systems are being required to operate paratransit services without additional funding, they
may restrict the number of paratransit users. This could affect the older transportation
population.

The program that has been developed by the Federal Transit Administration to assist the
agency with the Americans with Disabilities Act is entitled Project Action (Accessible
Community Transportation in Our Nation). The objective of the program is to assist in the
improvement of access to transit services that will enable many of our Nation’s more than 45
million people with disabilities to take better advantage of opportunities in employment,
education, housing, and recreation. The program is a National research and demonstration
activity designed to involve National and local organizations representing public transit
operators, the transit industry, and persons with disabilities in the development of cooperative
model programs promoting greater access to mass transportation.
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Basic Goal: Assess and demonstrate technologies and concepts that enhance the accessibility
of public transportation to disabled individuals. Better accommodation of changing
demographics and transit-related mandates.

Principal Participants: The Department will work with the special needs community,
technology community, transit properties, and state/regional transportation providers in
identifying and promoting new approaches to improved access for the physically
disadvantaged.

Benefits: Improved access to jobs, health care, education and other life activities to the
physically disadvantaged.

Thrust #16: Intermodal Transit System Innovation

Rationale and Focus: It is today technologically possible to deploy "smart paratransit”
systems that use ITS technologies (e.g., cellular communications, digitized maps, and
computer-optimized dispatching) to maximize the utility and convenience of demand-response
highway-based transit (e.g., passenger vans). Real-time ridesharing is one example of transit
system innovation encouraged through FTA’s Advanced Public Transit Systems (APTS)
program. Such systems provide improved mobility to Americans with physical disabilities
that limit their access to automobiles and/or current transit systems.

These systems may also offer the even broader promise of improving the utility,
convenience, and affordability of surface transportation systems for all Americans. Key
related goals established in the Department’s Strategic Plan include making transit and
passenger rail more viable options for the traveling public and ensuring that transportation
planning and investments for the movement of people and goods support economic
development, strengthen neighborhoods, and are friendly to America’s communities.

The physically disabled, the elderly, and urban and rural poor that have neither use of an
automobile nor ready access to public transportation may all be considered transportation-
disadvantaged. U.S. Census data indicate that the majority of the elderly live in areas not
readily serviced by public transit, e.g., the suburbs and rural regions of the Nation.
Likewise, those in rural areas, particularly the rural poor and Native American populations
are at a disadvantage when traveling to work or to health care. Data indicate that one-fifth
of rural trips that receive transportation assistance are to work, another 17 percent are to
access human services, and a further 14 percent are in connection with access to health care.

The Department continues to investigate, develop, and foster new technologies and service
delivery concepts that will improve the mobility of the transportation disadvantaged.
Programs are on-going in the development of new road, simulation and ITS-related
technologies to extend the capacity of older Americans to use their cars while ensuring a high
level of safety. Likewise, DOT, in concert with the Departments of Health and Human
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Services, Agriculture and other state, regional, and tribal governments are investigating
improved transportation service delivery concepts to enhance rural transportation options.

In addition to improving access for those Americans that may be considered transportation-
disadvantaged, innovation in this area may, in the long term, make transit systems a more
viable and convenient alternative for those that are otherwise able to own and operate an
automobile (e.g., middle- and upper-income suburban residents). This could help to relieve
congestion, reduce air pollution, and possibly improve the Nation’s economic competitiveness
by reducing total transportation expenses.

Basic Goal: Assess and demonstrate technologies and concepts that enhance the availability
of public transportation systems to everyone.

Principal Participants: The Department will coordinate and work with the technology
community, auto industry, organizations representing elder and rural Americans, and other
state, regional, and tribal governments that are involved in developing improved
transportation service delivery concepts.

Benefits: Improved mobility, access, and connectivity for the transportation-disadvantaged
and other Americans throughout the United States, thereby enhancing economic productivity
and reduced transportation costs. Better accommodation of changing demographics,
increased demand, and changing and emerging demand patterns.

Summary

Almost every thrust supports a multiplicity of DOT missions and contributes significant
benefits in several areas. Application of information technologies, for example, can
contribute in all five benefit areas. Indeed, the activity of accumulating knowledge of the
surface transportation system and an a ability to assess its condition from a range of
perspectives has benefits in all of these areas, and serves all of the Department’s fundamental
missions. Several of the other thrusts are more focused on one or two general missions of
the Department and benefits to the Nation. Cumulatively, the long-term R&D thrusts
described above address the entire set of basic DOT missions (with the exception of
operation of transportation-related facilities, as this mission does not arise for surface
transportation) described in Chapter 3 of this section, and provide benefits in each of the five
broad benefit areas also presented in Chapter 3. In an era of serious resource constraints,
they constitute a set of strategic R&D priorities that will be critical to the Nation’s ability to
continue providing efficient, safe, clean, convenient, and affordable surface transportation in
the future.
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SECTION III

NEAR-TERM PLAN FOR SURFACE TRANSPORTATION
RESEARCH AND DEVELOPMENT
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CHAPTER 1

RELATIONSHIP BETWEEN FUTURE PLANS AND CURRENT ACTIVITIES

In Section II of the plan, the Department has established sixteen major long-term thrusts for
surface transportation R&D, based on a review of the key trends and issues for the future,
and directed toward the goals established in DOT’s Strategic Plan. In Section III, planned
near-term R&D activities, shaped by the same considerations, are described in detail. As is
discussed in the first chapter of Section II, these activities are also responsive to NSTC
strategic guidance. As a result, the structure of the Department’s near-term plan reflects the
structure established by the NSTC. Planning funding and staffing levels, as summarized in
Appendix A, are also categorized according this structure. The NSTC Transportation
Committee has identified R&D priorities in the following broad elements of the
transportation enterprise:

° Physical Infrastructure for Transportation

® Information Infrastructure for Transportation

L Next-Generation Transportation Vehicles

® Human Performance in the Transportation System

L Transportation System Assessment Tools and Knowledge

These general categories are used in Section III as a structure for near-term R&D planning.
To this structure, the Department has added the following two elements which cut across the
above five categories, and enhance the Nation’s ability to achieve gains in these areas:

® DOT Investment in University Research, Education, and Cooperative
Activities; and

L DOT R&D Facilities and Administrative Support for R&D.

The chapters devoted to these areas provide notation indicating which of the five NSTC
categories cover specific programs included in these two areas.

There are prominent relationships between the Department’s near-term R&D activities and
the long-term thrusts its has presented in Section II. In most cases, near-term activities form
the technical foundation upon which a major long-term thrust will stand. On the other hand,
the Department has identified security in public transportation as a major future priority
which, although it may draw significantly on the Department’s related work in Aviation
security, will otherwise be a new R&D area for surface transportation. For each of the long-
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term R&D thrusts identified in Section II, the following table shows examples of related
near-term activities that help to form an underlying foundation.

Table 2. Relationship between Long-Term Thrusts and Near-Term Activities

Long-Term R&D Thrust

Key Related Near-Term R&D Programs

System Assessment and Knowledge Base

See Chapter 6: System Assessment, Design, Planning,
Management, and Gperations

Intermodal Freight Transportation

Assess Barriers (FHWA)
Intermodal Development (MARAD)
National Security (MARAD)

Revitalization of U.S. International
Freight Transport Industry

Industry Competitiveness (MARAD)
Shipyard Revitalization (MARAD)

Improved Materials, Designs and
Methods for Renewal Engineering

Pavement Research Program (FHWA)

Structures Research Program (FHWA)

Technical Assessment and Deployment (FHWA)

Strategic Highway Research Program (FHWA)

Applied Research and Technology Pgm. (FHWA)

Seismic Research Program (FHWA)

Fundamental Properties of Asphalts (FHWA)

Timber Bridge Research (FHWA)

Ship Structures Cmte. (MARAD/USCG/Navy/MSC/ABS)!

Advanced Technologies for Inspection,
Monitoring, and Maintenance

Structures Research Program (FHWA)

Equip., Oper., and Hazardous Mat’l. Res. (FRA)
New Rail Vehicles and Infrastructure (FTA)
Pipeline Safety Research (RSPA)

Ship Structures Committee (MARAD/USCG/Navy/MSC/ABS)

Application of Information Technologies
to Transportation System Operations

See Chapter 3: Information Infrastructure

Advancement of Intermodal Public
Transit Vehicle Technology

New Rail Vehicles and Infrastructure (FTA)
New Bus Vehicles and Infrastructure (FTA)
Advanced Bus Propulsion Systems (FTA)

Technical Foundation for High-Speed
Ground Transport Systems

Safety of High-Speed Ground Transportation (FRA)
Next-Generation High-Speed Rail (FRA)

'An interagency organization consisting of the five U.S. agencies plus the Canadian Defence Research
Establishment Atlantic, Transportation Canada, and the Canadian Coast Guard.
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Accident Avoidance

See. Ch. 5: Human-Centered Transportation Systems, also:
Crash Avoidance--Driver/Vehicle Performance (NHTSA)
Motor Carrier Research (FHWA)

Equip., Oper., and Hazardous Mat’l. Res. (FRA)

Track Safety Research (FRA)

Maritime Safety (MARAD)

Ship Structures Committee (MARAD/USCG/Navy/MSC/ABS)

Accident Survivability

Safety Systems (NHTSA)

Biomechanics (NHTSA)

Heavy Vehicles (NHTSA)

PNGV (NHTSA)

Equip., Oper., and Hazardous Mat. Res. (FRA)

Hazardous Materials R&D (RSPA)

Ship Structures Committee (MARAD/USCG/Navy/MSC/ABS)

Safety Data and Analysis

Highway Safety (FHWA)

Fatal Accident Reporting System (NHTSA)

National Accident Sampling System (NHTSA)

State Data Program (NHTSA)

Data Analysis Program (NHTSA)

Restraint Usage Data Program (NHTSA)

Special Crash Investigations (NHTSA)

Hazardous Materials Information Systems (RSPA)

Ship Structures Committee (MARAD/USCG/Navy/MSC/ABS)

Security in Surface Transportation

Safety and Security (FTA)
National Security (MARAD)

Environmental Impact Models and Data

Environmental Research (FHWA)
Highway Planning Research (FHWA)

Environmental Technologies

Pavement Research Program (FHWA)
PNGV (NHTSA)

Environmental Protection (MARAD)
Ship Structures Committee (MARAD/USCG/Navy/MSC/ABS) |l

Accessibility for Persons with Personal
Mobility Limitations

Transit Services and Management Innovation (FTA) ’I

Intermodal Transit System Innovation Rural and Specialized Transportation (FTA)
Metropolitan/Rural Policy Development (FTA)
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CHAPTER 2

PHYSICAL INFRASTRUCTURE

Most of us take America’s superb transportation physical infrastructure for granted--our
roads, railroad tracks, transit systems, airports, railroad terminals, bridges, tunnels, and
navigable waterways are unmatched in all the world. However, as stated in the Clinton
Administration’s technology policy, "Technology for America’s Economic Growth, A New
Direction to Build Economic Strength,"...one of the greatest challenges we face is to
rehabilitate and maintain the huge stock of infrastructure facilities already in place."

Infrastructure renewal is also a core element of Secretary Federico Peifia’s Strategic Plan for
the US DOT. US DOT is committed to achieving the goal of a coherent and interconnected
multimodal National Transportation System. As stated in the plan: "transportation
infrastructure strengthens America by bringing people and communities closer together,
spurring trade and commerce to meet the new demands of a global economy...Our challenge
now is to shift our attention from what we’ve built to how we can make it work better for
our country - through the adaptation and modernization of our existing infrastructure." In
response to the Administration’s identification of transportation infrastructure renewal as a
National priority area, the NSTC Subcommittee on Transportation Physical Infrastructure
endorsed the President’s four major transportation physical infrastructure strategic R&D
goals:

1. Develop technologies, advanced materials and methods to efficiently maintain
and renew the aging transportation infrastructure.

2. Improve existing infrastructure performance (Lifecycle cost, environmental
impact, service life, traffic capacity, safety).

3. Develop and expand technology base for innovative vehicles and systems and
Jor intermodal integration.

4. Enable efficient infrastructure emergency response and quick recovery after
disasters.

In addition, the NSTC Transportation Physical Infrastructure Subcommittee has identified a
number of crossmodal and generic R&D priority thrusts. These include:

1. Nondestructive Test, Inspection and Evaluation, diagnostic sensors,
technologies and modeling tools

2. High performance materials
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3. Automation and robotics for renewal engineering

4. Emergency response technologies (e.g., seismic damage repair)
5. Intermodal hazards reduction (e.g., highway/rail and transit crossings)
6. Tools for infrastructure maintenance and prioritization management

The current US transportation infrastructure includes 4 million miles of roads; 575,000
bridges, 180,000 miles of railroad track, 11,000 miles of urban rail, 1,264,000 miles of
natural gas pipelines, 26,000 miles of navigable waterways, and airports and seaports. The
United States’ 4 million miles of surfaced roads carry one-third of the ton-miles of domestic
freight and nearly 90% of passenger-miles travelled. High-performance airports are central
to long-distance public transportation. Public expenditures for construction and maintenance
of the highway system alone, derived largely from direct user fees as well as non-user-based
tax revenues, are approximately $80 billion per year, requiring a workforce of about 800,000
people.

Obtaining the best life-cycle performance from America’s surface transportation
infrastructure is thus of great importance not only to users, but also to government at all
levels. USDOT’s 1995 Status of the Nation’s Surface Transportation System: Conditions
and Performance Report to Congress is the latest in a series of biennial reports that track
changes in transportation physical and operating characteristics, finance, and usage patterns.
The report finds that personal and freight demands on our systems are at an all time high and
are expected to increase with population and economic growth, but at a slower rate than in
past decades.

Near Term Efforts

Emphasis in the area of surface transportation physical infrastructure research is on
technologies and procedures associated with: operational efficiency, durability, performance,
safety, environmental impacts, renewal and maintenance, real-time nondestructive inspection
and monitoring of infrastructure condition and performance; improved design and
construction concepts and practices, processes, structures, materials, resource use, and
disposal of construction process wastes, recycling and reuse of byproduct and waste
materials, as well as design and construction principles and technologies specifically relevant
to intermodal connection points. The surface transportation programs that have physical
infrastructure as their major focus are listed below and described in the paragraphs that
follow:
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Highway Safety (FHWA) FY! 1996 1997 1998
Funding 8,509 8,768 NA?
FTE 22.8 23.8 NA

FHWA continues to focus on improving the safety of the highways in the United States.
Great advances have been made in the last 20 years but more needs to be accomplished to
reduce the more than 40,000 fatalities, 3 million injuries, and $100 billion in economic loss
incurred annually due to highway crashes. The FHWA safety research program is directed
at improving both the design features of the roadway, and traffic control systems so drivers
of all ages can use the highway system in the safest and most productive manner. The
research program focuses on driver and pedestrian decision behavior and the highway
features such as traffic management, traffic control devices, highway design geometry,
signage, markings, and environmental conditions. Current research efforts include:

Advanced Traffic Control Methods and Devices - In the condition responsive traffic
control devices program, the evaluation of the automatic ramp truck warning system
for high speed trucks; automatic work zone traffic control for speed control; and
automatic adverse visibility (fog) warning systems will be completed. A relatively
inexpensive ($300) visibility sensor will be developed and tested to enable more
roadway environmental systems to be installed at problem locations. Guidelines for
the use of these systems will be developed and distributed to State and local
governments. The need to accommodate new headlighting systems will be researched
for overhead signing. Assessments will be conducted on the use of UV headlights
with fluorescent materials to improve delineation of roadways and pedestrian detection
during night and adverse weather conditions.

Highway Safety Information Management - The highway safety information
management program will develop high quality, easily accessible highway safety

information systems and provide the technology and analytical tools for the analysis of
highway safety problems. The FY 1997 program will provide for the continued
improvement and operation of the Highway Safety Information System. This effort
will include development of supplemental roadway and traffic volume files; full
incorporation of advanced technologies such as GIS; and significant improvement of
the user friendliness of the system. The program will also include an evaluation of
administrative, technological, and analytical improvements to the design and operation
of state accident and roadway data systems.

'Throughout Section III, funding levels for each fiscal year are expressed in thousands of dollars, and staffing

levels are shown as Full-Time-Equivalents (FTE).

2Not available at the time of publication.
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L Pedestrian and Bicyclists Safety - This effort is in support of the Department’s
National Bicycling and Walking initiative, which aims to double the number of
pedestrian and bicycle trips. The goal of the program is to safely accomodate
increased numbers of pedestrians and cyclists in the highway environment. This
program will develop improved planning techniques, new methods for identifying
problem locations, innovative engineering countermeasures, and training tools to
guide users in the implementation of improved pedestrian and bicycle facilities.

] Interactive Highway Safety Design Model - The objective of this program is to
develop an integrated design process that systematically considers safety in developing

and evaluating highway design alternatives. Vehicle Dynamics, Driver, Accident
Analysis, Traffic, and Policy modules are being developed to allow examination of
the entire roadway design including the roadway alignment, the roadway cross-
section, and the roadside. Full implementation will occur as these modules are
integrated into commercially-available computer aided design (CAD) packages.

° Roadside Safety Hardware - The objective of this research effort is to reduce the
severity of run-off-the-road crashes by developing cost-effective roadside safety
hardware and other roadside features that can effectively accomodate a diverse vehicle
fleet. The research is focused on the development of advanced computer simulation
techniques that will reduce the need to rely on crash tests alone and will allow
evaluation of safety hardware for a wide range of vehicle types and impact conditions.
To insure that the roadside hardware and the vehicles are treated as a "design
system", this research program is being closely coordinated with NHTSA.

® Human Factors Research for Highway Safety and Intelligent Transportation Systems -

The goal of this program is to increase highway safety by improving the compatibility
between drivers (including commercial vehicle operations), basic highway design
functions, traffic control devices, and smart technologies to enhance highway safety,
traffic control centers and traffic flow. The results of this research will be the
completion and publication of the numerous study findings and human factors
handbooks for highway designers and traffic systems engineers who make design and
operational decisions about highway geometric design, traffic control devices, traffic
operations, and driver information systems.

A major milestone for fiscal year 1997 will be the completion of an evaluation of automatic
enforcement equipment used to reduce the accident risk at signalized intersections.
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Pavement Research Program (FHWA) FY 1996 1997 1998

Funding 17,099° 23,200 NA

FTE 24 24 NA

The goal of the FHWA Pavements Research Program is to conduct activities that will
contribute to the development of cost-effective and better-performing pavements. This
program has consolidated and absorbed the Long Term Pavement Performance (LTPP)
program, previously funded separately. To improve the clarity of purpose and to
demonstrate that the LTPP program is an integral part of the total pavement research
program (especially the life-cycle cost perspective), FHWA has combined this work.

Although there are significant differences in the typical loading profiles (e.g., longitudinal
motion of multi-axle line-haul trucks compared to rapid vertical motion of much heavier
aircraft), FHWA works closely with FAA on the improvement of pavements. FAA is
currently seeking partners to share the cost of building a pavement test facility that would
enable testing of new pavements, and the identification of the best possible replacements at
airports where heavier new transport and cargo aircraft pose a particular problem for runway
deterioration.

Major FHWA pavement research efforts planned for fiscal year 1997 include:

® Complete accelerated rutting tests for Strategic Highway Research Program (SHRP)
asphalt research.

L Complete second year of loading and data collection at the test track for accelerated
testing of Performance Related Specifications (PRS) for hot-mix asphalt pavements.

L Begin validation of performance models for use in PRS for Portland Cement Concrete
(PCC) Paving.

° Complete development of protocols for State pavement management systems to
gather, store, analyze, and use pavement condition data.

L Finalize guidelines for the use of recycled concrete as aggregate in concrete mixes,
and the design of concrete pavements using these mixes.

L Develop prototype concrete mix designs and specifications which consider higher
strength and associated properties for improved rigid pavement performance.

*Includes funding for the Long-Term Pavement Performance Program ($8,308k in FY96).
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o Award contracts for construction of high performance concrete pavements.

@ Distribute the results of the staff effort to validate the SUPERPAVE (Superior
Performing Asphalt Pavements) materials design procedures.

° Design and deploy an embeddable, fiber-optic system for continuous measurement of
temperature and deflection of asphaltic pavement and portland cement concrete
pavement.

& Complete investigation of chemical morphological, and rheological properties of

crumb rubber and Crumb Rubber Modified (CRM) asphalit.

® Develop advanced materials characterization and classification using neutron scattering
methods.

L Evaluate the cost effectiveness of quality assurance programs.

® Continue the data collection activities for the 2200 LTPP inservice pavement test
sections.

@ Continue the analysis of the LTPP data base and the development of LTPP products.

Structures Research Program (FHWA) FY 1996 1997 1998
Funding 12,558 22,000 NA
FTE 15 15 NA

FHWA'’s Structures Research Program strives to obtain (1) measurable improvement in the
life cycle costs of US highway structures built after 2005 and (2) observable inspection and
maintenance cost savings or extensions of services life in all common types of existing
structures without degradation of highway safety or the environment. FY 1997 milestones
include:

° Develop, in cooperation with the National Laboratories and Industry, a revolutionary"
bridge deck inspection system based upon ground-penetrating radar and infra-red
thermography techniques to "find" or quantify deck deterioration.

® Develop and implement repair procedures and criteria for deteriorated concrete
substructures, using advanced composite materials to "fix" the problem.

L Publish final report on cathodic protection developments for PS/C bridge members.
e Complete fully operational National system of geotechnical experimentation test sites.
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Develop test procedures for durability of geosynthetic reinforcement elements.
Commence deployment, installation and demonstration of bridge monitoring systems.

Award a contract for test, evaluation and start-up of nondestructive inspection test
facility.

Develop new timber bridge deck/rail designs.

Complete durability testing and design criteria guides for structural adhesives.
Award contracts for construction of high performance concrete bridges.
Develop advanced computer simulation of concrete bridge beam.

Develop design data and design criteria for an advanced composite-reinforced
concrete bridge deck field installation.

Develop design criteria for incorporating polymer composite, structural elements into
existing reinforced concrete structures.

Develop seismic design concepts for micro pile foundation systems and evaluate
foundation lateral load design for earthquake and ship collision.

Conduct pilot course for early implementation of technologies for simulating sediment
transport and scour hazards to bridges.

Develop scour equations for supporting foundation materials exposed to effects of
scour and erosion.

Award contracts for construction of high-performance steel bridges.
Develop a new prototype fatigue crack detection system for steel bridges.

Evaluate nondestructive methods for determining chemical composition of steel.

Environmental Research (FHWA) FY 1996 1997 1998
Funding 5,317 5,593 NA
FTE 5.0 5.0 NA

FHWA'’s Environmental Research Program addresses issues of Air Quality, Wetland

Resources, Water Quality, Noise Impacts, Environmental Processes, Historic Preservation,
and Hazardous Materials. The goals of the environmental research program include: better
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capability to understand and predict the impacts of highway transportation systems on the
natural environment, cultural resources, and the local community; development of methods to
avoid and mitigate those impacts and enhance the environment; the integration of
environmental considerations into the system planning and project development processes in a
cost effective manner; and share innovations with FHWA partners in State and local
governments. Some specific initiatives include:

& Developing methods to rehabilitate wetlands, historic bridges, and historic and scenic
roads.
L Determining impacts to receiving waters from highway runoff and developing

guidance for assisting and managing highway storm water runoff.

° Assisting State and Metropolitan Planning Organizations (MPOs) with meeting Clean
Air Act requirements by providing improved analysis methodologies, and information
on the relationship of transportation programs and emissions on air quality levels.*

L Assisting EPA in their efforts to develop a new and more accurate mobile source
emissions model.’

° Examining the impacts on the transportation program, and the additional control
strategies that are necessary, resulting from new and tighter National ambient air
quality standards for ozone and fine particulate matter.

° Developing a new highway traffic noise model and software.

A major fiscal year 1997 milestone will include the publication of best management practices
for controlling storm water runoff from highways.

Right-of-Way Research Program (FHWA) FY 1996 1997 1998
Funding 408 322 NA
FTE 0.25 0.25 NA

FHWA'’s Right-of-Way Research Program enhances State and local government highway
agency capabilities in right-of-way program management, technical development and
information sharing. This research effort includes studies that identify and advance right-of-
way management methodology; right-of-way technical innovation; and harmonious land use
applications.

‘Discussed further in Chapter 6, under the description of FHWA'’s Transportation Planning Research.

SDiscussed further in Chapter 6, under the description of FHWA'’s Transportation Planning Research.
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FY 1997 milestones include:
® Disseminate published methods for improved right-of-way program management.

® Disseminate report on results of key legal and appraisal/acquisition issue analysis.

Technology Assessment and Deployment FY 1996 1997 1998
(FHWA)

Funding 12,499 14,846 NA

FTE 27 27 NA

The purpose of FHWA'’s Technical Assessment and Deployment program is to identify and
assess innovative research results, technology, and products and to promote the application of
those that are determined to be of potential benefit to the highway community. Key areas of
interest are pavements and structures, safety and traffic, technology assessment, and program
support. Ongoing activities and FY 1997 milestones include the following:

® Implement state-level programs on construction quality.

o Train bridge engineers in all States to apply the Load & Resistance Factor Design
bridge code.

® Implement a comprehensive procedure for designing highway bridges for extreme
events such as ship impacts, seismic events, and scour.

° Evaluate automated enforcement equipment to reduce accident risk at signalized
intersections.
® Demonstrate and promote leading-edge corridor management technology for freeway

and urban arterial traffic control.

® Showcase state-of-the-art equipment designed to improve accuracy, timeliness, and
quality of highway safety related data collected by enforcement personnel.

Local Technical Assistance Program (FHWA)® FY 1996 1997 1998
Funding 8,866 10,100 NA
FTE 2 2 NA

The FHWA’s Local Technical Assistance Program improves access to highway technology
for local communities. The LTAP, with its 56 LTAP technology transfer centers—one in

A portion of the funding for the LTAP is through Section 6004 of ISTEA.
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each state, one in Puerto Rico, and five to serve American Indian tribal governments (a sixth
is to be added in FY 1996)—serves as the primary channel through which innovative
transportation technology and training are delivered to both urban and rural communities.
Key FY 1997 products and milestones include:

® Identify new technology transfer techniques suitable for local governments.

° Determine and provide new products and specific services needed by the five centers
for American Indian tribal governments.

® Determine and provide special products needed by Alaska natives and by U.S.
territories.

° Operate LTAP technology transfer centers.

Technical Training (FHWA) FY 1996 1997 1998
National Highway Institute P— 4153 6.000 Nk
FTE 15 15 NA

The goals of the National Highway Institute are to increase the knowledge, skill,
productivity, and effectiveness of the transportation work force at all levels from top
professionals to entry level technicians; to foster the use of new technology developed
through research; to promote innovation which facilitates the economic vitality of the nation,
and to provide technical assistance and training to foreign countries while improving the US
competitive position in the global market place. The National Highway Institute offers
technical training programs addressed to Federal, State, and local government agencies;
industry; universities; and international transportation groups. Major activities for fiscal year
1997 include:

° Traffic management and intelligent transportation systems, at least 15 courses and 60
presentations to 1,800 participants.

° Highway safety, at least 10 courses and 100 presentations to 3,000 participants.

° Structures and hydraulics, at least 20 courses and 150 presentations to 4,500
participants.

L Pavements and materials, at least 10 courses and 50 presentations to 1,500
participants.

° Geotechnical and foundation engineering, at least 10 courses and 40 presentations to

1,200 participants.
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e Fellowships to students and faculty for purposes of attracting, enhancing, and
retaining the Nation’s brightest minds and top talent as part of the transportation
enterprise.

° Presentations of NHI courses to U.S. industry and international groups at no cost to
the Government.

] Using distance learning, satellites, teleconferencing, interactive computer programs,
and other modern instructional technology to deliver high quality training in the most
cost-effective manner.

Implementation of the Strategic Highway FY 1996 1997 1998
Pro FHW.
Kesearch Program { 4 Funding 20,000 20,000 NA
FTE 16 16 NA

The Strategic Highway Research Program (SHRP), authorized for six years under ISTEA,
includes implementation of the products from the Long-Term Pavement Performance
program. The benefits of the SHRP are being realized through its systematic
implementation. Products of the research program are being developed under the guidance
of technical working groups, which includes FHWA field organizations, industry
associations, the Transportation Research Board, and users. Their work includes the
following:

® Publish a Strategic Highway Research Program implementation plan for fielding more
than 130 program products and for technical training and technology transfer support.

] Prepare and conduct showcase packages of technology modules for demonstration and
delivery to the states via FHWA regional offices and through workshops for state
planners and industry.

® Form a Technology Delivery Team to address SUPERPAVE with representation from
the research and development, technology applications, and program offices within
FHWA.

Key products and milestones for FY 1997 include:

® Continue implementation of SHRP products for local governments.

] Complete development and field trial of improved prototype Performance Related
Specifications for concrete pavement.

® Initiate studies to evaluate the SUPERPAVE mixture tests and performance models
for rutting, fatigue cracking, and low temperature cracking.
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LTPP verification sections designed and constructed and field assistance provided for
SUPERPAVE technology.

Continue demonstrations of the latest test procedures and equipment using the
concrete mobile laboratory.

Design, construct, and evaluate projects using criteria established for high
performance concrete pavements.

Develop interim specifications for Performance Related Specifications for portland
cement concrete and hot-mix asphalt pavements and begin validation of performance
models established for use in PRS for concrete paving.

Complete interim development and assessment of the SHRP binder direction tension
test.

Ensure that all applicable SHRP products are now provisional AASHTO standards for
use by the States and industry.

Provide information on the products and the schedule for implementation activities
through FHWA’s SHRP Information Clearinghouse.

Continue to work internationally to promote cooperation in the use of SHRP
technology, including cooperative efforts with Canada, Latin and South America, the

European Community, and Japan.

Applied Research and Technology Program FY 1996 1997 1998
(FHWA) ) 3

Funding 41,000 41,000

FTE® = . "

ISTEA Section 6005(e) laid out the Applied Research and Technology (ART) Program with
the goal to accelerate the testing, evaluation, and implementation of technologies to improve
the durability, efficiency, environmental impact, productivity, and safety of highway, transit,
and intermodal transportation systems. The legislation had several requirements and special

provisions:

® It required the development of Guidelines for the selection of technologies to

be tested.

"FHWA will propose continuing a modified version of this program under the ISTEA reauthorization.

#The FTE to administer this program are located in various research and technology offices throughout FHWA.




® It broadly described the types of technologies to be tested.
® It designated specific technologies that were to be tested.

L It required the projects to be carried out on the "Federal-aid systems" with the
Federal share not exceeding 80 percent.

® It provided for technical assistance to the States and for an annual report to
Congress.

° It provided funding of $35.0 million for fiscal year 1992 and $41.0 million for
each of the fiscal years 1993-1997 for the overall program and provided
funding of not less than $4.0 million per fiscal year for heated bridge
technologies, not less than $2.5 million per fiscal year for thin bonded
overlays, and not less than $2.0 million per fiscal year for all weather
markings.

To implement the provisions of the legislation, FHWA, through the Research and
Technology Executive Board, developed a program composed of three elements: Priority
Technologies, Test and Evaluation Through the Highway Innovative Technology Evaluation
Center (HITEC), and Applied Research. The programs are jointly administered by the
Associate Administrators for Safety and System Applications and Research and Development
with funds assigned to a variety of headquarters offices carrying out the program.

Priority Technologies involve the implementation and evaluation of technologies specified in
the legislation and other priority technologies that have been identified by FHWA and
proposed for partnerships through general solicitation. Test and Evaluation Through HITEC
involves full-scale testing of new technologies of projects originating in both the public and
private sector coming through HITEC. The use of HITEC was incorporated into the
Guidelines that FHWA developed. Applied Research projects support the development of
R&D products, the implementation of new technologies and support for International
activities and the Advanced Research Program. Key products and milestones for FY 1997
include:

o Field initiate Priority Technology Projects employing a variety of partnership and cost
sharing techniques which will accelerate the test, evaluation, and implementation of
new and underutilized technologies that will benefit the intermodal transportation
system by improving the durability, efficiency, environmental impact, productivity,
and safety.
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Seismic Research Program (FHWA)

This FHWA research program for the seismic protection of bridges studies the seismic

FY || 1996 1997 1998
Funding " 2,000 2,000 NA
FTE " 2 2 NA

vulnerability of highways, and bridges on the Federal-aid system and works to develop and

implement cost-effective methods of retrofitting such systems to improve their seismic
performance. Major efforts in FY 1997 include:

] Complete evaluation of approaches for portraying the National hazard exposure to the

highway system.

@ Complete development of design time history ground motion.
2 Complete seismic retrofit of shear-critical bridge columns with final report.
] Complete development of training course for seismic retrofitting for bridges.

] Complete study of "Effect of Spatial Variation of Ground Motion on Highway

Structures."
° Complete Liquefaction Remediation Techniques for Bridge Foundations.
Fundamental Properties of Asphalt (FHWA) FY 1996 1997 1998
Rt
Funding 3,000 0 NA
FTE 2.4 2.4° NA

Pursuant to Section 6016 of ISTEA, FHWA is managing a 5-year, $15 million research
contract with the Western Research Institute in Laramie, WY. The primary objective of this
contract, "Fundamental Properties of Asphalts and Modified Asphalts," is to support the
implementation of the asphalt portion of the Strategic Highway Research Program (SHRP,
1987-1993) through both fundamental and applied research by building upon, extending, and
validating SHRP results. Ultimately, the goal is to improve the asphalt concrete highway

system of the United States.

FTE to conduct FY 1997 activities are located within various FHWA offices.
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Major anticipated milestones for FY 1997 include:

Improvement of the SHRP performance-based binder specifications. This includes
improving the speed and precision of the asphalt oxidation step (environmental
conditioning) necessary for conducting the specification tests, developing concepts and
procedures for including moisture susceptibility (stripping) into the specifications, and
enabling the specifications to handle modified asphalts.

A clear understanding into the physical bases of asphalt pavement distress mode, i.e.,
primarily cracking and rutting. Some of the models and theories of pavement failure
developed under SHRP are incomplete. For instance, it has been demonstrated under
this program that fatigue-cracked pavements can "heal," i.e., regain their strength in
the absence of traffic ("rest" periods). Such improvements to our fundamental
understanding can lead to more accurate pavement specifications and tests.

Development of a "model" for asphalt. Such a model consists of a picture of asphalt
from the molecular level on up to include how its physical (rheological) properties
depend on its chemical structure. The practical utility of such a model is that it
provides the basis upon which to develop improved asphalts, either through the
manufacturing process or by the use of additives, to improve the performance of our
asphalt-based highways.

Development of new, improved, faster, and/or more precise research tools for
asphalts. Various types of chromatography, spectroscopy, nonaqueous potentiometric,
titration, rheometry, etc., have been and are being developed under this contract
including interpretations of their data heretofore unavailable to asphalt scientists. Of
particular interest is the development of magnetic resonance imaging (MRI), now a
modern tool of hospitals, for visually studying the intrusion and interaction of water
with asphalt and asphalt pavements, the interaction of crumb rubber with asphalts,
gl

Description of the science and systematics of the interaction of waste crumb rubber
(from ground-up discarded tires) with asphalt. Such information is vital for the
successful use of crumb rubber in asphalt. The manufacturer needs a rational basis
(not by trial and error) for choosing the most chemically compatible asphalt and
interacting it at the optimum time and temperature to maximize the performance of
asphalt-rubber pavements.
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Timber Bridge Research Program (FHWA) FY 1996 1997 1998

Funding 875 0 NA

FTE 1 1% NA

FHWA'’s Timber Bridge Research Program focuses on developing new timber bridge
systems, and/or improving present systems which permit the efficient use of primary
commercial wood species and previously under utilized species for transportation use. Key
FY 1997 products and milestones include:

L Standard plans for several timber bridge types.

L Computer design aids, and interactive designs.

° New NCHRP 350, Test Level 3 bridge rails.

® Refined design criteria to update AASHTO codes.

o Find alternative stressing systems for post-tensioning stressed deck bridges.
Track, Structures, and Train Control (FRA) FY 1996 1997 1998
Funding 7,082 8,967 NA
FTE 5 3 NA

FRA’s Track, Structures and Train Control program addresses those elements of railroad
fixed facilities which account for over a third of the annual number of train accidents. The
goal of the program is to reduce train accidents due to track and signal defects, which are
almost always the leading cause of train accidents. The damage associated with those
accidents totals on the order of $50 million annually. The program will work to develop
technology to discover such track defects before failure; develop methodologies for
predicting service life of track and signal components and how they behave under dynamic
conditions; develop protocols to improve efficiency in inspection, preventive maintenance,
repair, and renewal actions; and develop technology to enable safe train operation in a heavy
tonnage environment. Research will increase emphasis on the testing, analysis, and

YWETE to conduct FY 1997 activities are located within various FHWA offices.
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evaluation of safety-critical track, grade crossing, signal system components, inspection
devices, and vehicle response to track irregularities. Research efforts include:

] Develop comprehensive mathematical model of vehicle/track interactions.
] Perform wheel/rail force evaluations using instrumented wheelsets.
L] Utilize FRA’s track testing equipment to perform sophisticated tests of track strength

by measuring loaded gauge and harmonic cross-level change.

® Develop computer models and conduct full-scale tests to determine dynamic force
levels of locomotives and heavy-load cars and to assess the ability of track structures
to support them.

° Provide operation and test support for heavy axle load tests.

] Improve reliability of train detection methods for rail traffic control and activating
grade-crossing devices.

L Quantify and test resistance of concrete-tie track to lateral buckling from heat and
load stress.

® Develop technology and protocols to ensure safety during advent of new advances
such as 125-ton cars, multiplatform intermodal vehicles, computerized control of train
routing and separation, and improved rail flaw detection equipment.

® Develop improved technology for assessing rail and track condition.

A key milestone for fiscal year 1997 will be the quantification and testing of resistance of
concrete-tie track to lateral buckling from heat and load stress.

Intermodal Development (MARAD) FY 1996 1997 1998
Funding NA 300 NA
FTE NA NA NA

The goals of the Maritime Administration’s Intermodal Development program are to assess

and deploy innovative technology and management practices for all components of the

transportation system infrastructure to improve system capability, efficiency, productivity,
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safety, environmental sensitivity, and military utility. There are five research programs
under Intermodal Development:

1. Intermodal Transportation Research Program -- This program works to improve the
efficiency of all aspects of the flow of cargo and data from origin to destination in U.S.
domestic and international trade through the introduction of advanced technologies and
operating systems designed to enhance productivity, reduce costs, and increase service
quality. MARAD assists U.S. ocean carriers, inland waterway operators, stevedores,
terminal operators, ports, and others involved in intermodal transportation through National
multi-modal studies and joint MARAD/industry cost-shared research and development.
MARAD provides for coordination of intermodal studies with the Department’s Office of
Intermodalism and other modal administrations, as well as other Federal, state, and local
agencies.

2. Cargo Handling Cooperative Research Program -- This cost-shared program is carried out
under a cooperative agreement between MARAD and industry members to improve the cargo

handling productivity of American carriers. The research activities are jointly selected by
the participants.

3. Commercial-Military Transportation Research Program -- This program focuses on the
identification and development of marine intermodal transportation technology which can be
used to meet military and commercial requirements.

4. Port Development Planning Research Program -- The Maritime Administration’s Port
Development Research Program goal is to determine port requirements for U.S. ports in
order to improve transportation system capability, efficiency, productivity, and safety. The
program also ensures that ports are able to operate with efficiency and minimal disruption
during times of National emergency.

® Complete the study and workshop on the impact of future fleet and trading
pattern changes on port infrastructure requirements.

® Completion of the National Freight Transportation and Logistics Model, which
will provide planners with the ability to identify potential infrastructure

constraints and allow for the testing of options to address the constraints.

® Initiate development of a port productivity program designed to assist U.S.
ports in enhancing their marine terminal productivity and facility utilization.

] Develop analytical methodology for assessing the security vulnerabilities of
marine terminals.

° Examine the special problems and future role of small and modern-sized U.S.
ports.
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° Examine the issues associated with competition between U.S. ports and
regional economic efficiency and cooperation in planning.

5. Small Business Innovation Research Program -- The SBIR program is carried out under
agreements between MARAD and small business firms to integrate intermodal technology
deployment. The research activities are selected through a coordinated process within the
Department, and are discussed in more detail in Chapter 7.

Key FY 1997 products and milestones include:

. Start next phase of the Marine-Rail Intermodal System project, which will focus on
testing the commercial and military applicability of an inland rail dual-use sorting
facility.

° Initiate the identification and review of Electronic Data Interchange configurations for

establishment of international standards for intermodal container carriers.

° Initiate development of ISO standards for 45-foot containers through the Cargo
Handling Cooperative Program.

o Work through the IMO Facilitation of International Maritime Traffic Committee to
assist in the review and establishment of protocols and standards for information
channeling, communications, and equipment for intermodal carriers.

L Work with the Marine Board to evaluate the implementation of advanced maritime
information systems in U.S. ports to investigate individual port needs as well as
possible barriers to development of these systems.-- This program works to improve
the efficiency of all aspects of the flow of cargo and data from origin to destination in
U.S. domestic and international trade through the introduction of advanced
technologies and operating systems designed to enhance productivity, reduce costs,
and increase service quality. MARAD assists U.S. ocean carriers, inland waterway
operators, stevedores, terminal operators, ports, and others involved in intermodal
transportation through National multi-modal studies and joint MARAD/industry cost-
shared research and development. MARAD provides coordination of intermodal
studies with the Department’s Office of Intermodalism and other modal
administrations, as well as other Federal, State and local agencies.

Environmental Protection (MARAD) FY 1996 1997 1998
Funding NA 75 NA
FTE NA NA NA

MARAD provides a National level leadership role in coordination with the maritime industry
in meeting the obligations of National and international environmental laws and regulations in
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a manner that protects the environment and the public health and welfare, while fostering the
economic well-being of the U.S. shipping, shipbuilding, and port interests. R&D activities
enable MARAD to work together with federal agencies and the private sector to define
effective solutions for controlling environmental hazards from marine vessels, and for
managing dredged materials. Near-term environmental protection priorities include:

L Initiation of a cooperative research project with the USCG, EPA and NOAA to
implement the Marine Board’s recommendations in its assessment of ship ballasting
strategies and technologies for controlling introductions of nonindiginous marine
organisms into U.S. waters.

L Initiation of a cooperative research project with the ACE, EPA, NOAA, and FWS to
implement the recommendations of the Marine Board’s assessment of the state of
practice of remediating and managing contaminated marine sediments and the related
recommendations of the Interagency Task Force on the Dredging Process.

A key milestone in fiscal year 1997 will be the assessment and evaluation, in cooperation
with the USCG, of various marine engine air pollution reduction strategies, criteria, and
technologies based on emission, safety, engineering, and economic perspectives.

New Rail Vehicles & Infrastructure (FTA) FY 1996 1997 1998
Funding 3,000 500 NA
FTE NA NA NA

The FTA’s New Rail Vehicles & Infrastructure program has multiple goals, including:
increase and improve rail transit efficiency, safety, and effectiveness through research and
adoption of new technology. It also provides assistance to domestic rail transit manufacturers
and technical service industries to enhance US competitive position in global markets; to
encourage the use of advanced communications and information infrastructure; and to
encourage advanced monitoring and inspection systems for improved state of the physical
infrastructure.

The key FY 1997 milestones in this program are:

@ Completion of the Advanced Automatic Train Control Project at San Francisco’s Bay
Area Rapid Transit (BART) system. The advanced train control system will provide
the precise location of rapid transit trains, allowing them to operate with reduced
separation distance. It is anticipated that this system will offer unprecedented safety,
reliability, and ease of retrofit to existing transit systems at half the cost of
conventional technologies.

° Development of Standards for Rail Transit Subsystems, continuing efforts initiated
under the Transit Cooperative Research Program in FY 1995.
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] Demonstration of Non-Destructive Testing (NDT) techniques for inspection of aging
rail transit infrastructure.
° Demonstration of directional warning systems at grade crossings to warn of second
train in crossing.
L Continued development of circuit breaker for high voltage AC rail systems.
Pipeline Safety Research (RSPA) FY 1996 1997 1998
Funding 2,142 2,144 NA
FTE NA NA NA

RSPA’s Pipeline Safety Research program provides technical competence to assess pipeline
integrity, determine ways to rehabilitate or rebuild pipelines, and set long-term performance
goals for improvements. Major FY 1997 products and milestones include:

Evaluating mapping and expert systems, helping regulation and compliance.
Developing project plan for rehabilitation project.

Issuing interim report on improving internal inspection devices’ sensitivity for stress
corrosion cracking and mechanical damage and on constraints on applying the
devices.

Developing third generation of risk assessment model.

Issuing final report on nondestructive evaluation technology to detect dents and flaws
earlier.

Issuing final report on how design criteria are related to leak before rupture
principles.
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CHAPTER 3

INFORMATION INFRASTRUCTURE

Introduction

The importance of timely, accurate and complete information to effective transportation
planning and operations has become undeniable in recent years. New communications and
information systems technologies are developing rapidly, and there are unprecedented
opportunities for making substantial improvements to transportation through their effective
implementation.

In order to capitalize on the potential advantages of these new technologies, the Department
of Transportation has established as a strategic goal to "Create a new alliance between the
Nation’s transportation and technology industries to make them both more efficient and
internationally competitive. " [Strategic Goal #3 in the Department’s Strategic Plan]. This
goal envisions a future intermodal transportation network in which each mode uses
information systems and technologies to operate more effectively, both by themselves and as
an integral part of the larger, seamless transportation system for moving people and goods
safely and efficiently throughout the United States and to and from foreign destinations.

This vision for the future of transportation has striking similarities with depictions of the
evolution of the National information infrastructure, or the NII. In fact, the direct parallel
between effective transportation and effective communications services has been pointed out
by noting the NII can "have the same effect on U.S. economic and social development as
public investment in the railroads had in the 19th century." [Federal Interagency Information
Infrastructure Task Force, The National Information Infrastructure Agenda for Action",
September 1993]. There has already been discussion of the advantages of defining a
"Transportation Information Infrastructure’ or *TII’, to encompass those components of the
NII whose primary purpose is to expedite the flow of passengers and freight on the National
transportation system. If this concept were adopted, then the Federal government and the
Department of Transportation would have significant and important new responsibilities.

However, a coordinated and comprehensive Federal approach to managing this intersection
of transportation and communications has yet to be formulated. This would be a complex
endeavor that would need to address a number of topics, such as:

o the need to support large numbers of both mobile and fixed users and
platforms;
° the need to transmit significant amounts of data in real-time or near real-time;
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L the need for seamless inter-connectivity among communications modes (wired,
wireless, hybrid) and regions, both nationally and internationally, including
managing the allocation and use of communications spectrum;

® the need for high reliability and survivability for safety-critical and National
security-related applications; and

® the need to ensure compatibility among the regulations, legislation and
administrative procedures of numerous public authorities at the local, regional,
state, National and international levels.

Even given these daunting parameters, it is in fact possible to integrate state-of-the-art
communications and information systems technologies into transportation. In many ways, the
Intelligent Transportation System (ITS) program, previously known as Intelligent Vehicle
Highway Systems (IVHS), is a model for the advantages that can accrue when the latest
information and communications technologies are applied to transportation.

Intelligent Transportation Systems (ITS)

The ITS program arose in the late 1980s out of an awareness that parallel advances in such
fields as electronics, communications, control, and information processing technologies
offered a unique opportunity to make profound improvements in the Nation’s surface
transportation system. The ITS program seeks to apply these technologies in a manner that
will enable the public to use the Nation’s surface transportation infrastructure and energy
resources to help achieve multiple goals simultaneously, including: improved safety,
increased efficiency of transportation operations, reduced environmental and energy impacts
of transportation activities, enhanced economic productivity, and enhanced mobility for
transportation users.

The Federal Government is only one, although a major, participant in the National ITS
program. Other players include private electronics, communications, and transportation
technology companies; professional societies and organizations; consumer and industry
groups; academia; and State and local governments. In addition, the Intelligent
Transportation Society of America, or ITS America, is utilized as a Federal Advisory
Committee to advise the DOT on the ITS program.

The primary role of the Federal Government, and of DOT in particular, in this program is to
assure the development and deployment of a truly compatible, nationwide ITS system. This
is accomplished through a number of coordinated activities. DOT encourages and
coordinates the development of uniform technologies, standards, and associated knowledge
bases. Because of its statutory mandate, the Department also provides a National emphasis
and perspective on the safety aspects of ITS. It funds high-risk research that has the
potential for a significant public benefit, but is not sufficiently attractive for the private sector
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to pursue. It also plays a major role in ITS operational tests, technology assessment, and
program planning.

Within DOT, the Joint ITS Program Office, or JPO, reports to five modal administrators
(with a reporting link to the DOT Deputy Secretary), and is housed in the FHWA. The JPO
coordinates the Department’s overall ITS activities within FHWA itself, NHTSA, FTA,
RSPA, and OST. Other Federal organizations with significant roles in the ITS program
include the Departments of Commerce, Justice and Energy; the Federal Communications
Commission, the Environmental Protection Agency, and the National Laboratories.

In coordination with ITS America and other interested parties, the Department has organized
its ITS activities into 29 User Services which, in turn, are aggregated into seven User Service
bundles. Each of these bundles represents a coherent aspect of the overall ITS program.
This programmatic organization can be seen in Table 3.

The Department’s ITS program has already achieved a number of significant
accomplishments. In cooperation with ITS America, it has defined a comprehensive vision
for ITS and developed a strategic plan for achieving it. It has established a long-term
research program that focuses on key technologies in the areas of advanced vehicle control
and safety systems, advanced traffic control, and automated highway systems. It has
validated a number of technological ITS concepts in a series of operational tests and
evaluations. It has initiated the development of a consensus system architecture and a series
of technical standards for ITS components. It has supported the development of plans for the
deployment of key ITS travel management and commercial vehicle elements by state and
local agencies. Finally, it has identified a set of core ITS elements that can provide the basis
for a successful National implementation of ITS.

Intelligent Transportation Infrastructure (ITI) and Operation TimeSaver

The early results of field testing, initial systems deployments and system architecture analysis
all reinforce the advantages of having a set of ’core infrastructure’ elements in place within a
region. Once installed, these elements would generate for public awareness the real safety,
security and congestion benefits of ITS technologies. They would also serve as the
foundation for the deployment of more advanced ITS features as they became available.
However, the continued uncoordinated deployment of these key infrastructure features was
making it difficult both to implement well-integrated ITS systems at the local level, and to
validate these benefits in a consistent and effective manner.
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Table 3. ITS User Service Bundles and User Services

Travel and Transportation
Management

Bundle | User Services I

®En-Route Driver Information
® Route Guidance

®Traveler Services Information
® Traffic Control

®Emissions Testing/ Mitigation
®Incident Management

Travel Demand Management

®Pre Trip Travel Information
®Ride Matching/Reservation
®Demand Management and Operations

Public Transportation Operations

®Public Transportation Management
®En-Route Transit Information

® Personalized Public Transit
®Public Travel Security

Electronic Payment

®Electronic Payment Services

Commercial Vehicle Operations

e Commercial Vehicle Electronic Clearance
® Automated Roadside Safety Inspection
®On-board Safety Monitoring

® Commercial Vehicle Administrative
Processes

® Hazardous Material Incident Response

® Commercial Fleet Management

Emergency Management

®Emergency Notification and Personal
Security
®Emergency Vehicle Management

Advanced Vehicle Control and Safety
Systems

® [ ongitudinal Collision Avoidance
®ateral Collision Avoidance

®Intersection Collision Avoidance

®Vision Enhancement for Crash Avoidance
®Safety Readiness

®Precrash Restraint Deployment

® Automated Highway Systems
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As a result of this observation, the Department defined a core set of nine first-level ITS
components that should ideally be deployed by a region as an integrated system. Together,
these nine components comprise the Intelligent Transportation Infrastructure, or ITI, as listed
in Table 4. Together, these nine elements provide key traffic detection and monitoring,
communications and control systems needed for the effective implementation of ITS.

Many of the components of this infrastructure are already being deployed across the Nation,
but not as an integrated unit. However, there are numerous advantages to a region in
implementing this core infrastructure in a coordinated manner. Installation of these systems
can be accomplished more rapidly and cheaply if it is done as an integrated project. Once
these systems are installed, operations and management of a region’s roadways and transit
resources can be readily optimized. This in turn will enable the safety, congestion relief,

and security benefits of ITS technologies to appear sooner and in greater measures. The core
infrastructure also serves as a solid foundation for the later deployment of additional ITS user
services, which can be added as they evolve.

On January 10, 1996, at the 75th annual meeting of the Transportation Research Board
(TRB) in Washington, D.C., Secretary Pefia announced the establishment of the National
goal of building the ITI across the Nation. As part of this initiative, also known as
Operation TimeSaver, the Department will encourage local officials -- such as mayors,
county executives and governors -- to invest in these intelligent transportation features. The
Secretary established the goal of installing a complete ITI in seventy-five of the Nation’s
largest metropolitan areas within the next 10 years. Parallel commitments were made to
pursue the installation of ITI components in 450 smaller communities, rural areas, and along
the Interstate highways.

It is estimated that effective implementation of these 75 ITI locations could reduce the travel
time of Americans by at least 15 per cent. As a result of these time savings, the Nation
could avoid up to $150 billion of spending on additional road capacity over the next decade
for an investment cost of only about $10 billion in ITI over the same period. Additional
elements of Operation TimeSaver include: contracts with professional and industrial
Standards Development Organizations to facilitate the dissemination of ITS standards;
selection of up to three model sites for full deployment of ITI elem<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>