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NATIONAL COOPERATIVE HIGHWAY RESEARCH
PROGRAM

Systematic, well-designed research provides the most effective
approach to the solution of many problems facing highway
administrators and engineers. Often, highway problems are of local
interest and can best be swudied by highway departments
individually or in cooperation with their state universities and
others. However, the accelerating growth of highway transportation
develops increasingly complex problems of wide interest o
highway authorities. These problems are best studied through a
¢oordinated program of cooperative research.

In recognition of these needs, the highway administzators of the
American Association of State Highway and Transportation
Officials initiated in 1962 an objective national highway research
program employing modern scientific techniques. This program is
supporied on a continuing basis by funds from participating
member states of the Association and it receives the full cooperation
and support of the Federal Highway Adminisiration, United States
Department of Transportation.

The Transportation Research Board of the National Research
Council was requested by the Association to administer the research
program because of the Board’s recognized objectivity and
understanding of modem research praciices. The Board is uniguely
suited for this purpose as it maintains an extensive committee
structure from which authorities on any highway transportation
subject may be drawn; it possesses avenues of communications and
cooperation with federal, state and local governmental agencies,
universities, and industry; its relationship to the National Research
Council is an insurance of objectivity; it maintains a full-time
research correlation staff of specialists in highway transportation
matters to bring the findings of research directly to those who are in
a position to use them.

The program is developed on the basis of research needs
identified by chief administrators of the highway and transportation
departmenis and by comymitiees of AASHTO. Each year, specific
areas of research needs 10 be included in the program are proposed
to the Naticnal Research Council and the Board by the American
Association of State Highway and Trensportation Officials,
Research projects to fuifili these needs are defined by the Board, and
qualified research agencies are selected from those that have
submitied proposals. Administration and surveillance of research
contracts are the responsibilities of the National Research Coungeil
and the Tramsportation Research Board.

The needs for highway research are many, and the National
Cooperative Highway Research Program can make significant
contributions to the solution of highway transportation problems of
mutual concern to many responsible groups. The program,
however, 1s intended to complement rather than to substitate for or
duplicate other highway research programs.

Note: The Fransporiation Research Board, the National Hesaarch Council, the
Federal Highway Adiministration, the Ametican Association of State Highway
and Transportation Officials, and the individual states participating in the
MNational Cooperative Highway Research Program do not endorse products or
manufacturers. Trade or manufacturers’ names appear herein solely because
they are considered essential to the object of this report,
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A GUIDEBOOK FOR PERFORMANCE-BASED

PREFACE

TRANSPORTATION PLANNING

Research Project 8-32(2)A is one of five related projects undertaken by NCHRP to
improve the practice of multimedal transportation planning through research and dis-
semination of findings. The other four projects in the 8-32 series dealt specifically with
best practices, land use/transportation interaction, public-private partnerships, and data
issues in multimodal planning. Project 8-32(2)A focused on how to use performance
measurement and monitoring in the multimodal transportation planning process.

This two-phase research project began in April, 1994, and produced several interim
products, including a Phase I final report (dated August 1996), and NCHRP Research
Results Digest 226, summarizing the Phase I results and proposed Phase II work plan
(published in July 1998). The second phase of work resulted in an Interim Report (dated
February 1998), a preliminary draft Final Report {(dated February 1999}, and a prelim-
inary draft of this performance-based planning manual (also dated February 1999).

This guidebock establishes the rationale for performance-based planning and pro-
vides practical guidance for a wide range of potential applications. The Performance
Measures Library {(Appendix B to this manual) is a comprehensive, structured Inven-
tory of performance measures identified through literature reviews, case studies of
applications, and field visits with client agencies and organizations. The separately
bound Final Report offers more complete documentation of the study process and case
study findings—it is available as NCHRP Web Docunent 26.

The research for Project 8-32(2)A was conducted in two phases. The first phase
involved a detailed search of literature from the public and private sector, from within
the transportation industry and without. This search was undertaken with several objec-
tives in mind: to ascertain the degree to which the concepts of performance-based plan-
ning were taking hold in the public transportation planning process, 1o identify use of
the concepts in private transportation sectors, and to identify any transferable concepts
or lessons from non-transportation fields, such as health care and education. This liter-
ature review was followed by performance of 10 detailed case studies of various trans-
portation planning and project implementation efforts, ranging from long-range multi-
modal plan development to public-private project implementation partnerships. A third
area of investigation was data collection and analysis issues, where current practices
were assessed relative to the data needs of performance-based planning. The results of
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Phase I were documented in several interim technical reports that described a frame-
work for integrating performance-based planning inte ongoing multimodal transporta-
tion planning activities. A final Phase I report was produced in August of 1996 and
summarized in NCHRP Research Results Digest 226 (1).

The second phase of research focused on refining the framework and identifying spe-
cific methods and practices that would be useful to a broad range of agencies and orga-
nizations undertaking performance-based planning. Eleven in-depth case studies were
conducted to identify such practices and evaluate the effectiveness of performance-
based planning at the state and regional level, as well as among transportation operators,
Some care was taken to ensure that these case studies represented a spectrum of appli-
cations {e.g., urban and rural, highway- and transit-dominant, freight- and passenger-
oriented, public and private sector). The results of these investigations, documented in
the Final Report, were used to develop much of the material offered in this guidebook.
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This report contains the results of research into the development of a framework
for performance-based transportation planning. It is intended to provide transportation
organizations, planning practitioners, and iransportation decision makers with practi-
cal tools and guidance for considering system performance in the multimodal trans-
portation planning and decision-making process. It is also expected to support trans-
portation investment decisions tailored to the specific conditions and performance
needs of major transportation systems. Presented as a guidebook, it brings together
lessons learned from different regions of the country and establishes a rationale for
performance-based transportation planning and provides gnidance for a wide range of
applications having different scopes and levels of complexity. This gnidebock provides
a structured approach to monitoring, evaluating, and considering transportation system
performance in various components of the planning process. It also includes a “Per-
formance Measures Library” {Appendix B) that catalogs measures currently being
applied throughout the country. This guidebook should be especially valuable to plan-
ning practitioners in state departments of transportation (DOTSs)}, metropolitan planning
organizations (MPOs), and local transportation agencies, as well as other practitioners
concerned with planning, programming, and implementing multimodal transportation
projects. It should also be a usefnl educational resource on the concepts, tools, and pro-
cedures currently employed for establishing system performance as a basis for trans-
portation planning and decision making.

Federal transportation policy, as embodied in the Intermedal Surface Transporta-
tion Efficiency Act of 1991 (ISTEA) and the Transportation Equity Act for the 21st
Century {TEA-21), places a high priority on transportation decision making that is
based on transportation system performance and reflects the specific needs of the area
and public served. This new emphasis represents a shift from predetermined modal
decisions toward a broader consideration of tailored multimodal solutions within the
context of transportation performance expectations and investment commitmenis. As
such, this emphasis is intended to result in transportation plans, programs, and deci-
sions driven by the needs of the specific area, rather than by the modal restrictions on
funding sources or support programs.

Practitioners and decision makers need help in employing performance expecta-
tions and objectives in developing plans and making investment decisions. Specifically,
research was required in order to design planning approaches and procedures that use
performance as a foundation for planning decisicns and to identify relevant perfor-
mance measures and supporting data to achieve that end. There are many planning
environments and transportation conditions to which performance-based planning can
be applied. These environments and situations differ in terms of adopted policy, avail-
able resources, character of the built eavironment, and size and complexity of the met-



ropelitan area or state. Approaches for employing performance objectives must be flex-
ible encugh to serve these different conditions and applications.

Under Project 8-32(2)A, “Multimodal Transportation: Development of a
Performance-Based Planning Process,” Cambridge Systematics, Inc., of Oakland, Cal-
ifornia, developed guidance for use by planning practitioners and other decision mak-
ers to design, manage, and carry out multimodal transportation planning that reflects
performance objectives. Although this guidebook addresses many of the fundamental
activities included in effective performance-based planning studies, the emphasis is not
solely on the process. Rather, the emphasis is on how to organize and employ system-
atic, effective performance measures to support planning analyses and decisions. The
principles and procedures are intended as guidance to practitioners, to be applied in a
way that is tailored to the decisions being made. Although this guidebook focuses on
the planning-level decisions, it emphasizes the importance of integrating planning and
project development so that decision making is, in effect, seamless and objective. In
addition, this guidebeook includes a comprehensive catalog of performance measures in
use in the United States teday. This catalog is provided in Appendix B.

The project alse resulted in a research project final report. Multimodal Trans-
poriation: Development of a Performance-Based Planning Process presents, in detail,
the results of the entire project, including more detailed documentation of the case stud-
ies that serve as the foundation for the project results. This report can be found on the
NCHRP home page (wwwd nas.edu/trb/crp.nsf) as NCHRP Web Document 26.



CHAPTER 1
OVERVIEW

This purpose of this guidebook is to help organizations
improve the development, implementation, and management
of their transportation plans and programs. By adding an ele-
ment of performance measurement and monitoring to exist-
ing transportation planning processes, agencies can obtain
better information about the performance of their existing
programs and services. Performance-based planning pro-
vides a process and tools to identify and assess alternative
programs, projects, and services with respect to overall trans-
portation plan goals and objectives.

MOTIVATING FACTORS

NCHRP Research Project 8-32(2)A, Multimodal Trans-
portation—Development of a Performance-Based Planning
Process, is intended to support a new era of transportation
planning efforts at the federal, state, and regional levels. The
impetus for these planning efforts is a group of factors that
have increased awareness of a more broad range of goals and
objectives for transportation, and that have helped identify
the diverse set of customers that the system must serve. These
factors include

» The Intermodal Surface Transportation Efficiency Act
of 1981 (ISTEA.) legislation with its emphasis on mul-
timodal solutions and its long-range planning, finan-
cial planming, management system, and flexible fund-
ing provisions;

+ Heightened concern about the most effective use of
scarce resources in an era where traditional transporta-
tion funding sources are not generating sufficient rev-
enue to meet perceived needs;

+ Increased awareness and concern about the role of trans-
portation in supporting economic competitiveness as
changes in the national and global economies place new
demands on the transportation system, especially for
freight and goods movement, and intemational trade
agreements open new markets;

= Environmental laws and regulations, particularly the
Clean Air Act (CAA) and Energy Efficiency Act;

+ Social and equity concerns reflected in legisiation such
as the Americans with Disabilities Act of 1990 (ADA)
and further supported through the Transportation Equity
Act for the 21st Century {TEA-21);

+ Growth management, congestion management, and
transportation/land use laws and regulations; and

+ Various new technologies offering a wider range of
transportation solutions, including Intelligent Trans-
portation Systems (ITS), alternative fuel vehicles, and
high-speed rail.

While performance measurement and monitoring is an
important component of a successful multimodal planning
process, it alone is not sufficient. Performance-based planning
must be integrated with a comprehensive planning process that
includes public outreach and participation, strategic vision-
ing, competent analysis, and periodic incorporation of results
into the process.

Despite the funding boost from TEA-21, many states and
regions may still face major financial needs. While the con-
dition of the infrastructure is considerably better than before
passage of ISTEA in 1991, spending for maintenance and
rehabilitation continues to be the dominant funding priority
for states and regions. Given that vehicle travel is increasing
at a faster rate than population or employment in many
regions, the emphasis on maintenance means that we may not
be increasing transportation system capacity as rapidly as
demand is growing. As a result, congestion levels on surface
arterials and highways will continue to rise, and transit sys-
tems may not be expanded to serve the growing populations.
These trends have implications for air quality standards
attainment, land use, and customer satisfaction or quality of
life. Given that freight movement by truck continues {o
increase on most urban roads, both congestion and infra-
structure deterioration rates will grow also. The effect of con-
gestion on the reliability and cost of goods movement will
also be more apparent. Safety problems are likely to grow
with increased levels of congestion.

INTENDED USERS

Amid this backdrop, state and local transportation plan-
ning and operating agencies are likely to be further pushed—
either by governing bodies, the public, special interest groups,
or by their own desire for excellence-—to continue to search
for better methods and information to help manage opera-
tions, to improve accountability for resources spent, and to
anticipate or mitigate the effect of external forces.



Candidates for this type of process include any agency or
organization that makes planning and programming deci-
sions that cut across different transportation modes and nser
markets. Such agencies often draw on different sources of
funding (with different levels of certainty and flexibility) and
must address different policy directives, regulatory require-
ments, or political priorities. Examples of agencies and orga-
nizations that might find this process useful include

*+ State departments of transportation (DOTs);

+ Metropolitan planning organizations (MPQs);

+ County and municipal governments, their transportation
departments or planning commissions;

» Transit agencies;

» Congestion/transportation management agencies; and

» Special transportation commissions or policy boards.

Certain characteristics and conditions may make some of
these organizations more likely to benefit from an investment
in performance-based planning, Such characteristics and
conditions include

* Rapid growth areas,

* Highly urbanized and congested areas,

+ Areas with demonstrated support for muitimodal trans-
poriation solutions and investments,

+ Areas with serious financial constraints or major infra-
structure upkeep needs or both,

* Areas that are in cenflict over growth or investment poli-

- cies or choices, and

* Areas that are having difficulty meeting air quality

attainment geals.

POTENTIAL BENEFITS

The benefits to be gained from performance-based plan-
ning could be substantial. One of these is the ability to better
direct resources to those programs and projects that provide
the best return on investment, as measured by progress
toward the goals of the local transportation plan or other rel-
evant policy plans and docnments. Though the passage of
ISTEA in 1991 was a compelling impetus for this research,
meore recent events, trends, and cenditions in the trans-
portation sector are also conducive to the adoption of
performance-based planning methods and objectives. The
passage of TEA-21 in 1998 opened up substantial new finan-
cial resources to the transportation sector. In contrast with
ISTEA, however, a much larger percentage of these
resources will go out to states and regions to spend with
greater latitude. Although significant new funds are likely to
be available for agencies to program, in many cases, these
agencies cannot add the internal staff resources or capabili-
ties at a pace that ensures that the planning and programming
processes can keep up with this funding,

Although the overall goals of performance-based planning
are to improve decision making and to increase the link
between planning goals and investment decisions, agencies
can expect to derive several incremental benefits such as

* Improved correlation between agency goals and those
desired by the users and general public;

*» Improved internal understanding and management of

programs and services;

Improved internal strategic planning and analysis;

* Improved accountability and reporting on performance
and results to external or higher level entities;

* More informed decision making by governing boards or
bodies; and

* Periodic refinement of programs or services. (Such refine-
ment will be guided by better understanding of the effects
of alternative courses of action and the tradecffs among
those alternatives.)

TYPES OF GUIDANCE OFFERED

Ore of the findings of this research is that different orga-
nizations have different needs and, thus, will need to tailor
and adapt any guidance to their needs and capabilities. By
providing flexible, widely applicable guidance, this guide-
book will assist agencies to undertake one or more actions to
implement a performance-based approach to transportation
planning. This guidebook will provide agencies with guid-
ance and assistance as they

* Identify their needs and priorities, articulate key issues,
and translate all of these into specific goals and quan-
tifiable objectives:

*» Decide on a framework for the planning process that

more directly links these priorities and the actual deci-

sion making;

Determine (by evaluating different performance mea-

sures with respect to goals and the availability of sup-

porting data) how best to measure the performance of
the programs, systems, and services that the agencies
supply;

* Develop data collection and management systems to
generate performance data and to support application
and use of such data;

» Identify, develop, and apply analytical methods to gener-
ate useable, credible performance information and bring
that information to bear on transportation decisions.

There has been a special effort to investigate the use of

. performance measures in non-transportation fields and in

non-governmental sectors to identify concepts and lessons
that are of value in the public transportation field. We have
conducted a thorough review of public agency transportation
planning efforts as documented in management system
plans, regional transportation plans, and statewide plans. We



have searched for examples of application of performance-
based planning and management in the private-sector freight
transportation industry. Qutside of the transportation arena,
we have looked into private-sector applications, such as the
power generation industry and the services industry, as well
as public-sector applications, including social services, edu-
cation, and more. A series of case studies was conducted to
observe application of elements of performance-based plan-
ning in practice. Finally, several workshops were held with
regional and natioral andiences to hear about their needs and
expertences and to test the various concepts that emerged
from the research.

ORGANIZATION OF THE GUIDEBOOK

This guidebook establishes the rationale for performance-
based planming and provides practical guidance for a wide
range of potential applications. Chapter 2 introduces basic
principles of performance-based planning, including an
overall framework for structuring transportation planning
elements into a performance-based process. Chapter 2 also
discusses crosscutting issues that were identified as common

5

features of successful performance-based applications.
Chapter 3 presents an eight-step process for undertaking
performance-based planning at a variety of application lev-
els; it includes a series of agency examples and key points
that illustrate the principles introduced in the eight steps.
Chapter 4 identifies potential sources and approaches in the
area of data resources and analytical tools for various multi-
modal and intermodal applications.

There are three appendixes to this gnidebook. Appendix A
(Summary of Case Studies} provides a brief overview of 11
case studies of performance-based planning applications.
These case studies, which were conducted between April
1997 and February 1998, included state DOTs, MPOs, ser-
vice providers, and a private-sector firm specializing in
goods transportation. Appendix B (Performance Measures
Library) provides a comprehensive and structured inventory
of performance measures identified through literature
reviews, case studies, and field visits with client agencies and
organizations. Appendix C (ITS Data for Performance-
Buased Planning) provides additional information about ITS
data sources, features of the data, and potential applications
to performance-based planning.




CHAPTER 2
BASIC PRINCIPLES

INTRODUCTION

Although performance measurements may be applied in
numerous contexts, generally, motivations for applying mea-
surements may be divided into those in which the motivation
for using performance measurements is internal t¢ an agency
and those in which the motivation is external, In the first cat-
egory, performance measures are used primarily for decision
meking within an agency or organization. Ranking capital
investment alternatives, evaluating programs, and allocating
resources within an agency are the types of internal decision
making for which performance measures may be used. Typ-
ical activities include long-range strategic planning, near-
term project programming, and even alternative evaluation at
the comridor or facility level.

Externally motivated applications of performance mea-
sures generally involve evaluation of a program or agency by
someone outside the organization. Such external evaluations
are often peer comparisons that measure the efficiency of one
agency or program to others of its kind. These efforts attempt
to improve performance by identifying comparable-agency
“benchrmarks,” which an agency is then asked to meet or
exceed. Performance-based budgeting is often an external
application that attempts to set budgets for agencies based on
desired program outcomes. In addition to these planning
activities, performance measurement is used to evaluate
agency performance and efficiency, to allocate budgets, and
for other organizational matters,

This guidebook focuses primarily on how to apply perfor-
mance measurement 1o internal decision making regarding
transpertation plan development and implementation, How-
ever, some of the lessons learned from the external “audit” or
“benchmarking” context apply here and have been included
where appropriate.

A FRAMEWORK FOR PERFORMANCE-BASED
PLANNING

A general framework for applying principles of perfor-
mance measurement and evaluation to the planning process
is depicted in Figure 1. Planning includes identifving goals
ang quantifiable objectives; defining measures that relate to
those goals and objectives; identifying the analytical meth-

ods and data required to generate the performance measures;
and applying the measures in a process of alternatives eval-
uation, decision support, and ongoing monitoring.

The U.S. Government Performance and Results Act of
1993 provides a good example of the basic principles and ele-
ments that should be part of any performance-based planning
application. The Act requires each federal agency to develop
strategic plans that include the following components:

« A comprehensive mission statement for the agency;

* General goals and objectives, including cutcome-related
goals and objectives;

* More specific performance objectives expressed in an
objective, quantifiable, and measurable form;

+ Identification of performance measures or indicators to
be used in measuring or assessing the relevant outputs,
service levels, and outcomes of each program activity;

* A description of how performance measures relate to the
goals and objectives;

* A reporting method for comparing actual program
results with the established goals:

+ Identification of those factors beyond the agency’s con-
trol that could affect the agency’s performance; and

+ A description of the resources required to achieve the
performance goals.

The provisions set out in the Act show that the federal gov-
ernment is using performance measures to inform, rather than
to dictate, budget making. Performance-based planning
methods are being implemented in 2 measured and flexible
fashion and may be modified or done away with if the pilot
studies do not produce good results. If goals are not met, agen-
cies must explain why, including situations where goals turn
out to be infeasible. This approach is appropriate, given that
performance-baged planning metheds have not been tested in
most public agencies, and is advisable in implementation of
performance-based planning in public transportation.

OBSERVATIONS ABOUT
PERFORMANCE-BASED PLANNING

Research of written materials, discussions with practition-
ers, and numerous case studies of performance-based planning
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Figure 1. Elements of a performance-based planning process.

applications {including those summarized in Appendix A)
have resulted in many useful observations. The following are
of particular note:

« Remember that performance-based planning is an
incremental process. Application of performance-
based planning methods over a significant period will
be required to alter the existing processes by which
transportation investments are planned and decisions .
are made, Translating analyses into policies and deci-
sion making has been methodical, rather than radical,
and the actual effect of perfermance measurement on
the decision-making process has been limited to date. .
Progress has been made, nonetheless, and practitioners
have found that more clearly articulating transportation
goals and objectives has been beneficial.

+ Be aware that different terminology or nomenclature
abounds. A working definition of the terms that make up
a performance-based planning framework is belpful. Sug-
gesting commeon definitions of terms such as “policies,” .
“goals,” “objectives,” “standards,” “strategies,” and “rec-
ommendations,” would be useful in broadening under-
standing and speeding adoption and implementation
of the concepts. Many agencies want to avoid undue
requirements for conformity; so, it is not surprising that
some have resisted consistent terminology.

+ Start with a structured, simplified system. In order to .
develop an approach and methodology that will help an
agency manage a potentially overwhelming number of
issues and specific performance measures, it 1s useful to
define broadly acceptable goal categories and selection
criteria to help select and organize performance mea-

Foaluated with... Lead io...

g S New or modified
Analytical - e - transportation planning
Methads elements to provide
performance-based
planning process

sures in a way that improves their clarity and meaning
of the performance measure. This structured system and
its various definitions and conventions then needs to be
communicated to a bread audience to facilitate refine-
ment and implementation of the concepts. The goal cat-
egories, selection criteria, and dimensions of perfor-
mance measures suggested in this guidebook should be
helpful to agencies,

Ensure that the approach fits the situation. A pack-
age of performance measures should be sensitive to the
probable range of system improvements or programs
that are to be evaluated.

Focus on primary strategic objectives. Only those per-
formance measures that provide useful information for
the planning, implementation, and/or management of
key agency functions and activities should be used.
Because collecting and reporting data can be expensive,
it may be impractical to provide performance data for
every agency activity.

Ensure that those who will be accountable participate.
Managers should help develop and select performance
meastres. Managers should not be held accountable for
program performance if they are not invelved with setting
and monitoring performance goals and objectives. The
selected measures should be limited to as small a num-
ber as will meet the information needs of those inveolved.
Be clear about causality. Agencies that want to irnple-
ment performance-based planning processes need to iso-
late and account for external factors that affect cutcome
(results} on the agencies’ systems. The array of perfor-
mance measures needs to be selected so as to minimize
the likelihood that those external factors not measured by



the methedology are, in fact, responsible for the noted
changes in performance. Good examples of this proklem
can be drawn from the environmental goal category,
Many factors external to the transportation system affect
cutcome as evaluated by measures such as “number of
non-attainment days.” Measures that are more specific
to the transportation system, such as “mobile source
emissions” (e.g., tons by pollutant category and time
period) should also be used to help better gauge the sys-
temn’s conteibution to outcome. Similar cautions apply to
goal categories such as safety and economic develop-
ment, where much of the total cutcome is determined by
factors other than transpertation system investments.
This does not imply that such measures should not be
used. In fact, it can be very instructive for an agency to
measure effects that the agency does not fully control,
such as accidents or pollution. Such measures may be
useful for better understanding just how responsive the
system performance is to decisions within the agency’s
control and may also help to identify other causal factors
that need to be addressed through partnership with other
agencies or organizations.

GOALS

Setting clear, concise, and achievable goals and objectives
is part of the critical foundation of any successful planning
effort. There has been significant movement toward better
integration of performance criteria and project evaluation,
ISTEA regulations have stipulated that there be consistency
among all elements of the transportation plan, as well as
between the plan and the projects selected for implementa-
tion. This explicit link has prompted many agencies to give
more careful thought to the issues raised in their transporta-
tion plan goals and objectives and to define objective mea-
sures or criteria by which progress toward these goals and
objectives can be tracked.

It is now typical to see multimodal performance criteria
used in project evaluations to assess effect on overall goals,
The commeoen practice, however, has too often been te de-
emphasize or abandon these goals and objectives once an
agency starts prograrmming and implementation of specific
transportation projects. There are several possible reasons for
this, but certainly among these reasons is a lack of a clear link
between goals and performance measures. Often an agency
simply does not have the data or analytical resources to reli-
ably measure progress toward a goal or objective. The cho-
sen performance measures reflect these data or analytical
consfraints and, as a result, decisions about investment in
programs or projects do not clearly relate to the underlying
planning goals and objectives.

Making goals operational will help improve tracking
between plans and implementation decisions, A goal that can
be unambiguously compared with an existing situation is oper-

ational. For example, “reform criminals™ is 2 non-operational
goal; “double the rate of inmate participation in prison pro-
grams” is operational and can be more clearly linked to spe-
cific measures and more effectively tracked with those mea-
sures. Plan goals need to be tested to ensure that they can be
made operational and linked to specific measures of progress.

PERFORMANCE MEASURES

Defining objective performance measures that relate clearly
to agency or program goals and objectives is ceniral to the
process, How an agency measures system or facility perfor-
mance will affect the types of projects selected to enhance
performance and attain goals. For example, as many state
hghway departments evolved into multimodal transporta-
tion agencies in the ISTEA era, there has been much concern
about the use of roadway level of service (LOS) as a primary
measure of system performance or mobility. Projects that
enhance LOS might be given priority by virtue of this defi-
nition of system performance. In the view of some, this cre-
ates an inherent bias toward highway capacity enhancement
and modernization projects.

Many agencies have attempted to avoid this problem by
defining several measures to evaluate system performance in
any cne goal category. The ISTEA management systems
effort contributed to a trend toward broader and more numer-
ous measures of system performance. For example, an
agency may elect to define performance in the “mobility”
category through measures of travel time, transit load factors,
delay, person-hours of travel, and a congestion index, in
addition to roadway LOS. Other agencies are following this
frend, but are, of necessity, intreducing a “tiered” approach
in which more “innovative” measures will be phased in as
data collection and analysis capabilities catch up with the
demands of the performance measares.

It is alsc important to measure the outcome of system
investrments and project decisions, in addition to the output
of an agency. Research into other sectors, particularly those
with a strong customer-service orientation, revealed numer-
ous examples of this. Output is, generally, a measure of the
level of activity of an agency, department, or program (e.g.,
the number of cracks sealed or number of lane miles plowed),
These are usefnl measures in tracking overall activity and
efficiency, at least in the sense of measuring how much activ-
ity a particular budget level generates. Quicome measures,
on the other hand, provide a better indication of the effec-
tiveness of a given level of budget or activity. For example,
“average length of hospital stay” is an output measure for the
health care industry; “readmission rate” or “mortality” rate is
a measure of outcome and effectiveness of the service. A
transportation analogy might be “number of ice-related acci-
dents” rather than “tons of salt applied.” The former mea-
sures the outcome or effect of an effort or investment; the lat-
ter measures only the cutput of the crew.



DIMENSIONS OF TRANSPORTATION
PERFORMANCE MEASURES

Performance measures may be identified that describe
dimensions or market segments. These many dimensions
make performance-based planning more challenging in the
transportation arena than it might be in a more narrowly
focused industry. For example, performance measures may
be related to broad goeal categories such as mobility, safety,
or economic development.

Indeed, part of the diffieulty in identifying a finite set of
performance measures for use in the public transportation
sector Is the overly wide range of roles or “public goods™ that
are expected from the transportation system. The main strate-
gic business area (i.e., movement of people and goods) must
share the stage with other roles {e.g., redressing economic
inequities imposed by society, managing environmental
effects, or providing for the economic health of a region).
While many private businesses have always had to external-
ize certain costs and effects, now the publicly provided trans-
portation systern increasingly must account for and address
such externalities and even the undesirable side effects of
non-transportation activities. All of this makes selecting a
manageable set of measures that address an acceptably broad
set of issues more complicated.

Performance measures may also be classified according to
whether they are multimodal or mode-specific, by whether the
measures apply to freight or passenger transportation or both,
by the system level to which they apply (e.g., systemwide,
corridor, or facility), or by the planning jurisdiction to which
they are most relevant. Finally, they may be classified by per-
spective, that is, whether the measure describes performance
in the eyes of the user, the general public, or that of the plan-
ning agency or system owner/operator.

It is useful to consider these dimensions in selecting and
implementing a set of performance measures to suit any par-
ticular ptanning process. Not only may it help reduce ana-
lytical effort by eliminating some irrelevant performance
measures, but it will alse ensure that adequate breadth is
instilled in the planning process so that all relevant issues are
addressed. The Performance Measures Library (Appendix B
to this guidebook) uses several of these dimensions to help
catalog numerous performance measures suggested and/for
used by various public and private transportation agencies.

SELECTION CRITERIA FOR PERFORMANCE
MEASURES

Several previous studies consulted in this research
identified criteria for selecting performance measures. These
selection criteria help an agency to consider their particular
needs and capabilities and the intended use of the measures,
Chapter 3 of this guideboek includes a list of frequently cited
criteria for selecting performance measures and a discussion
of each. This list can serve as a starting point to help planners
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select performance measures and balance the sometimes-
conflicting needs and limitations of decision makers and ana-
lysts. The most appropriate selection criteria may vary from
one agency to the next, depending on need, resources, and
capabilities. Each agency should learn to apply these selec-
tion criteria in a framework that suits the agency’s particular
need and sitnation {2).

PERFORMANCE INDEXES

Performance indexes are measures that combine and dis-
till varicns measures, potentially covering multipte dimen-
sions or geal areas, into a single measure. Performance mea-
sures are of interest to planners and decision makers because
such indexes can be used to reduce the complexity and vol-
ume of performance-related data that mnst be regularly mon-
itored or factored into a specific decision. An analogy is the
Consumer Price Index, which is a single number reflecting
the cost of a broad “market baskef” of goods and services
regutarly purchased by the typical consumer.

The interest in defining a common performance index
seems particularly strong for goal categories such as “mobil-
ity” and “accessibility.” For example, definitions of mobility
vary widely. Agencies have debated how broadly to cast the
net to encompass the various factors that make up mobility
for the traveler. Lacking a single most important descriptor
of mobility, a composite index seems attractive.

The performance index concept is still under discussion
and development at several different levels. The attempt to
address various factors on a common scale is the first step
toward developing a more effective way to evaluate and rec-
oncile difficnlt trade-off decisions.

CUSTOMER ORIENTATION, PERCEPTION,
AND SATISFACTION

Many agencies, public and private, transportation or other,
recognize the need to improve customer service and develop
user-oriented systems of planning and management. State
and metrepolitan fransportation agencies, in particular, have
embraced more of a customer service orientation in the
ISTEA era. Many statewide and regional transportation plans
strive to involve “transportation system customers” in the
planning process and make concerted efforts to assess cus-
tomer satisfaction and perception of system performance.
Innovative programs have been developed that emphasize
customer survey data during the planning and evaluation
processes.

This customer orientation is a key aspect of the success of
private-sector service industries and organizations. Perfor-
mance measures are used to address mismatches between what
the organization measures and what its customers see as
important. In the service sector, the performance measurement
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process must start by defining precisely the services that the
organization promises to provide, including the quality or
level or service {e.g., timeliness or product reliability} to be
delivered. The process must provide information to man-
agers about how well such services are being provided.

A key difference between performance measurement in: the
service sector and performance measurement in transporta-
tion is that the overriding motive in the private sector is profit.
In transportation planning, on the other hand, the process is
seldom guided by a profit motive alone, but must consider
numercus other motives such as equity and external effects.
These differences aside, there are some parallels between
the service and trangportation sectors, from which emerge
these considerations for development of a performance-
based methodology:

» Performance measures should reflect the satisfaction of
the transportation service user, in addition to the con-
cems of the system owner or operator.

* Measuring performance before, during, and after the
delivery of a transportation service can profoundly
affect the organization's ability to diagnose problems
and develop solutions.

» An understanding of the relationship between internal
performance measures (e.g., crew sizes and overtime
hours worked) and external performance measures {e.g.,
vehicle hours of delay due to incidents and transit rider-

ship) is another key to improving the outcome of a given
level of effort.

(iven the significant invelvement of human resources
(people} in the fransportation service delivery process,
performance measures must accommodate variations in
individual skills, productivity, and quality.

There are good opportunities for collecting feedback
from system users in “real time,” because the trans-
portation service is often “consumed” at the same time
it is “produced” {i.e., the transit rider consumes a transit
trip while the transit vehicle is producing the trip).
Although “soft” measures, such as customer perceptions
of safety, may be more difficult to interpret than “hard”
measures, such as number of highway accidents, trans-
portation agencies should not neglect soft measures,
The performance measurement process should balance
long- and short-term system needs and should recognize
the pericdic need to balance short-term results and long-
term benefits.

The performance measurement process must start with
defining the services that the organization promises to
provide. In planning, this means defining carefully the
goals and objectives in statements that can be made
operational. Through monitoring performance measures
that are clearly linked to the service objectives, the
process should inform transportation decision makers
gbout how well those services are being provided.




CHAPTER 3
DEVELOPMENT PROCESS

No two performance-based planning processes will be
exactly alike. Agencies across the country have different
organizational needs to satisfy, different resources to draw
on, and unique local and regional issues to consider. There-
fore, although your process and products will probably draw
on the successes and failures of other agencies, your process
should be unigue to your agency. Your process will not be
perfect, especially during early stages of development and
testing. As you meove on, you will discover much about your
organization and about performance-based plamning. The
process is incremental and evolutionary; however, with suf-
ficient review, feedback, and adjustment, you will develop a
highly effective process.

STEP 1: GETTING STARTED

You should begin by assembling the organizational
resources necessary to initiate and then manage the develop-
ment process through to its conclusion. Staff and management
changes during the development process will severely affect
the quality and timeliness of the project. There is a tendency
to underestimate the levels of staff resources and management
commitment required to implement this kind of process.
Executive management must show considerable sapport for
the concept at the outset; otherwise, the resources may run out
before the work is done and any products are in place.

Although the following formula for developing a project
team is generic, it is still good to follow. At the very least,
your project team needs a project manager, who will orches-
trate and manage daily activities. This can easily be a full-
time job when an agency is starting the process from the
ground up. Those with experience suggest that the best can-
didate for this is the highest-level non-appointed {i.e., civil
service) staff member that the agency can afford to devote to
the project. A senior executive should be identified whose
most important function is te communicate project progress
and value to other senior managers and directors. At least one
project planner should be available to assist the project
manager, particularly when it is time to address technical
details such as the Jocation of data and generation of baseline
performance measures. Depending on the complexity and
desired pace for the project, additional staff and/or outside
consultants may be necessary. (Participation of other internal
and external stakeholders is discussed in Step 3.)
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Once the project team is in place, it is useful to come to
agresment on why you are embarking on the project and what
you plan to get out of it. Some agencies have even written
“mission statements” documenting where they are headed
and why. This will pay off significantly when the project runs
into doubt or opposition. An initial outline of the intended
products (e.g., clear goal and objective statements, a short list
of near-term performance measures, baseline data for those
measures, a future data collection plan, and proposed report-
ing mechanisms) should be developed. Although these doc-
uments will be revised during development, it is impertant to
have a basic plan and clear goals.

Finally, you shonld develop a budget and schedule for the
various steps in the development process, based on the staff
resources that will be allocated, the need for cutside contract
employees or consultants, and so forth,

STEP 1 OUTPUT:

» Project feam

+ List of desired outcomes of the process and “nrission
statement”

* Budget and schedule

STEP 2: SELECT APPLICATION

The next step is te establish clarity and consensus about
which of your agency’s activities and processes you will be
applving performance-based planning to. Setting and mea-
suring performance objectives may be used for a myriad of
different planning and management activities. Indeed, many
of the most instructive lessons in the performance manage-
ment field have been learned from experiences in other
industries such as electric utilities, air shipping, and theme
parks. Within a transportation planning agency, there is still
a range of potential applications, and experience suggests
that it is important to be as clear and focused as possible at
this early stage about the intended applications. This focused
planning will reduce the complexity of each step of the
process, such as identification of goals and measures, and
will help establish a framework for implementation within
the agency. Common applications at the state DOT and MPO
levels include
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* Regional and statewide transportation plans;

» Transportation improvement programs (TIPs) used in
project selection and programming; and

» Corridor stadies, major investment studies (MIS), or
other efforts that focus analysis and evaluation on more
specific, targeted areas where significant problerms or
opportunities exist.

Other applications include

* Transit system route planning and operations (transit
agencies);

+ Strategic and business planning; and

= Transportation system performance audits.

Some agencies have been more focused in their intended
application (e.g., application of performance measurement to
help specifically with development of a regional plan update).
Others have had a broader focus, bringing certain aspects of
long- and short-range planning and programming efforts
together under one performance-based framework. Either
approach is acceptable—the approach chosen should reflect
the agency’s needs and aspirations. It is important, nonethe-
less, to be as clear as possible about this from the starf.
Examples of how different agencies have selected an appli-
cation are provided in Examples 1, 2, and 3, which follow.

Example 1: East-West Gateway Coordinating Council
(EWGCC) (St. Louis, MO}

EWGCC is the designated MPO for the St. Louis, Missouri,
region of 2.4 miltion people. The Council has been exploring
the use of performance-based planning throughout its planning
activities for more than 4 years, The foundaticn of this effort is
the long-range transportation plan, Transportation Redefined:
A Plan for the Region’s Future, adopted in 1994. A recent sup-
plemental effort further stratified the performance-based plan-
ning approach according to three essential planning activities:
the long-range plan, the transportation improvement program,
and specific corridor analyses. Measures were selected that
were appropriate to each of the applications, but that could all
be related to broad transportation goals and objectives commeoen
to each application and iacluded in the fong-range plan.

Example 2: Miaml Valley Regional Transit Authority
(MVRTA} (Dayton, OH}

MWVRTA is the transit operator for the Dayton, Ohio, metropol-
itan area. One of MVRTA’s major efforts in the last decade has
been fo integrate itseif into the power and decision-making
structures in Dayton. MVRTA went about this integration by
adopting principles of performance-based planning, and, more
specifically, through intensive outreach to the commnunity.
Threugh this process, the Authority solidified its standing and
financial position in the area and changed its route system and
cperating structure to better reflect the needs (and demands} of
a broad base of users and financial partners.

Example 3: Florida Department of Transportation {FDOT)

FDOT integrates performance-based planning in both the long-
range and short-range components of the Florida Transporta-
tion Plan (FTP) and throughout the planning and project devel-
opment process. In addition to statewide and corridor ptanning,
FDOT uses performance-based plamning for its intermodal
managemert system and for budgeting.

STEF 2 OUTPUT:

+ Selected application(s)

STEP 3: DEVELOP A WORKING GROUP

The next key step is to develop a werking group of stake-
holders to invelve in the process. While the organization’s
internal project team will form the core of this group, the
active participation of others who will be affected by and/or
responsible for implementing the resulting performance-
based planning system is critical. Often, the support of one
or more outside agencies or organizations is critical to suc-
cess, even if they are not playing a direct role in implemen-
tation. This is particularly true for agencies dealing with
multimedal planning solutions that involve different agen-
cies and funding partners. '

Who to involve depends on your own political and operat-
ing environments. The most effective processes include a
broad, yet manageable, group of individuals who will actively
participate in all essential activities. There is a tradeoff
between breadth of representation and consistency of partici-
pation. Although it is important that your working group try
to include and represent a broad section of potentially affected
internal and external stakeholders, it is perhaps even more
important that the same agencies and individuals are invelved
over the course of the process design and roll-out. A reason-
able strategy Is to start with a relatively small group that has
a consistent perspective about the purpose of the under-
taking. Participation may then be broadened once there has
been fundamental agreement on directions and approach and
the discussion turns to more specific content and methodol-
ogy questions.

In our research, we have found that organizations have
included representatives from the following types of agen-
cies and groups. You shouid consider these participants when
you develop your own working group.

*» The state DOT;

* The MPO;

* Regional federal agency representatives (e.g., FTA,
FHWA):

+ Local county(ies);



= Local city(ies);

» Transit agency(ies);

» Business group(s) or representatives of specific relevant
industries (e.g., retail trade and manufacturers);

+ Shipping and trucking industry members or representa-
tives{s);

« Community group{s);

» Special interest groups; and

+ Technical consultants and/or process facilitators.

Within an agency such as a large DOT, the selection of
participants alse depends on the motivation for performance-
based planning and the expected applications. Generally
speaking, the planning groups will be represented and often
are leading the charge. Other participants come from pro-
gramming (e.g., the STIP manager) finance, information sys-
tems, and similar “administrative” units. Depending on the
application, groups such as maintenance and design proba-
bly will be involved. The objective is to involve the smallest
number of units or individuals necessary to adequately rep-
resent the breadth of concerns likely fo be subjected o the
performance measurement process.

External participants from the above list should be chosen
based on the likelihood that resulting performance-based
planning process will be improved as a result. The more that
a performance-based process focuses on broad, multimodal
transportation issues, the more likely that participation from
outside agencies and groups will be useful. These represen-
tatives will raise issues that might be de-emphasized by inter-
nal staff and wiil tend to have a different perspective on what
is important to the system user.

As with preparation of a statewide or regional long-range
plan, it may be useful to establish distinct working groups to
focus on more specific issue areas, such as mobility and eco-
nomic development. This approach allows broader participa-
tion and input, without creating an unduly large steering com-
mittee. The tradeoff is the staff or consultant time required to
organize, chair, and manage muitiple committees.

Examples 4, 5, 6, and 7 illustrate how different agencies
have approached development of 2 working group.

Example 4: MVRTA (Dayton, OH}

I the early 1990s, new leadership at MVRTA considered com-
munity credibility to the most crucial issue facing the organi-
zation. They immediately convened the RTA in 2000 Com-
mittee {(RTAS2) to provide an external review of what the
community expected from its transit agency. The Committee
was charged with determining the social, economic, and envi-
ronmental role, as well as level of service, that the community
will require from a transit system in the Year 2000. This com-
mittee’s work formed the basis of the performance-based plan-
ning approach used by the apency today.
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Example 5: Colorado DOT {(CDOT)

In developing its performance-based Investment Strategy, the
Colorado Department of Transportation (CDOT) made a spe-
cial effort to involve persons outside the agency in the devel-
opment of performance goals and measures. These external
stakeholders were particularly evident in the discussion and
debate of mobility issues, one of five key areas that CDOT tar-
seted for strategic evaluation and investment. “Mobility™ as &
program oOr investment area is unusual in that there are no
widely accepted definitions as to what constitutes mobility,
how it should be measured, what necessarily constitutes suc-
cess, and so forth. Unlike safety or system maintenance, for
example, where most DOTSs have a history of collecting and
analyzing performance data, mobility is a relatively recent con-
cern and data are limited both in vartety and history. At CDOT,
the external stakeholders provided a progressive and challeng-
ing definition of mobility, Mobility itself was defined as com-
prising several desirable atiributes (e.g., movement, access,
and reliability) embracing the traveler’s or system user’s point
of view rather than the DOT’s alone. Measures were defined
that extended beyond the state highway system to include per-
formance on regional transit and other modes that work
together to provide multimodal mobility in the state.

Example 6: Met Council {Twin Cities, MN).

Met Council, the Minneapolis/St, Paul’s MPO, with the state
DOT and regional transit agency, worked to respond te the
Minnesota State Legislature’s request for a transportation sys-
tem audit. A consulting team was selected to work closely with
and report to 2 Management Team composed of representa-
tives of the Met Council, Mo/DOT, and Metro Transit. The
process consisted of initial joint sessions during which key
issues and data resources were related to the study team, fol-
lowed by development of a framework for conducting the eval-
uation, specification of measures, and conduct of the analysis.
The early involvement of high-level staff at these three agen-
cies helped to provide the credibility needed to address the
Legislature’s request,

Example 7: Amtrak

In December of 1993, Amtrak chartered the Customer Atti-
tudes Shall be Heard (CASH) Team to prepare and recommend
a plan for collecting and cormunicating customer data to
Amtrak management. The Team consisted of individuals from
throughout Amirak’s management and worked closely with
three customer survey vendors. All of Amirak’s business units
and all levels of management were included in this process,
which became the foundation of an ongoing, performance-
based service planning and evaluation process.
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STEP 3 OUTPUT:

» Working Group, possibly including special-purpose
advisory committees or panels

STEP 4: DEVELOP GOALS AND OBJECTIVES

The development of goals and objectives is one of the
moere time-consuming steps in the process. Although most
agencies have already developed goals and objectives for
their various planning activities, performance-based plan-
ning usually requires agencies to take a closer look at their
goals and objectives and refine or clarify them for use in a
more quantitative, methodical process.

Goals and objectives relate to system performance in that
they reflect different perceptions of what the transportation
system should be achieving. These goals and objectives are
often developed through extensive public outreach efforts
and thus incorporate a broad community perspective on what
elements of system performance are important. Understand-
ing different goals and objectives is critical to identifying the
different types of performance measures that might be incor-
porated into the planning process. Most agencies will find
that they need to become more disciplined in defining goals
and objectives in order to make them more operational and
less ambiguous.

The composition of goals and objectives, as well as the ter-
minology {e.g., “policies,” “goals,” “objectives,” “strategies,”
and “recommendations’™} used to describe them vary widely
across the country. Typically, however, the planning docu-
ments contain broad goals related to one or more policy
areas, followed by more specific goals or objectives. The fol-
lowing excerpts from recent statewide transportation plans
illustrate this point:

»ou

+ Manage, maintain, and expand system capacity.

- Expand system capacity to relieve congestion and to
facilitate interregional travel and commerce.

— Make cost-effective transportation investment deci-
sions through the use of transportation management
information systems (3).

+ Goal #4: Transportation Safety and Convenience,

— Policy Statement B—Reduce injuries and property
damage at Ohio’s rail-highway grade crossings.

— Initiative: Upgrade Ohio’s 3,700 existing passively
protected rail-highway grade crossings” (4)

Definitions

You can see that some of these goals can be unambiguously
evahiated and compared more readily than others, The fol-
lowing definitions should facilitate generation of operational
goal and objective statements and should promote under-

standing of the important nuances between performance-
based planning and more traditional planning processes:

= A goalis a general statement of a desired state or ideal
function of a transportation system. For example
— “Promote economic development.” (5}
— “Improve the safety of the state highway system”
— “Protect the public’s investment in transportation.” (6)
* An objective is a concrete step toward achieving a
goal, stated in measurable terms. For example
— “Reduce the number of commercial vehicles that
exceed legal weight limits on the State Highway
System.” {6}
— “Reduce the number of alcohol-related traffic fatali-
ties.”
— “Reduce the number of at-grade railroad crossings.” (7)
» Objectives may have specific performance standards,
which set out in clear, numerical terms a desired or
required degree of achievement. For example
— “Provide transit service in all urban areasfcorridors
with more than nnn population.”
— “Travel times in urban areasfcorridors should not
deteriorate below 1994 Jevels.” {8)

Performance Standards

Not ell agencies that have embarked on performance-
based planning have identified performance standards. In
some cases, agencies may believe they do not have enough
expernience dealing with the measure in question to establish
a reasonable, non-arbitrary target or standard. This is espe-
cially understandable when an agency enters new territory--—
for example, tackling measures of accessibility or equity for
the first time, where there does not exist a base of historical
data and trends to draw on. In these cases, it may be neces-
sary and sufficient to simply attempt to improve the current
situation or hold the line, as indicated by the example objec-
tives above.

On the other hand, some practitioners believe that a per-
formance standard should be established for every objective
and measure. For example, if the objective is to reduce the
number of passively protected rail crossings, and the measure
is the number or percent of remaining sach crossings, then a
performance standard might require that a number or per-
centage of such crossings are eliminated per year or by a cer-
tain date. Without an unambiguous standard, there may be
insufficient incentive or mandate for an agency to take action.

In either case, as an agency accumulates experience with
its performance on a particular measure, it may become
clearer where to “set the bar” in terms of desired future per-
formance. Thus, agencies can retroactively instate perfor-
mance standards or update them to reflect current realities and
pricrities. Some of the published data rescurces identified in
Chapter 4 may be used to establish initial or interim standards
or to validate an agency’s choice of a particular standard.



Categories of Goals and Objectives

The breadth and depth of issues identified by transporta-
tion planning agencies produce challenges for decision-
makers. Even if adequate information is provided for each
issue identified, trade-off decisions become increasingly com-
plex as the volume of information increases. It is useful, there-
fore, to group the issues into broader categories, for which
appropriate goal and objective statements can then be for-
mulated. This will in turn keep manageable the number of
performance measures adopted and will ensure that the mea-
sures and geals can be traced to an identified issue raised dur-
ing plan development.

Based on an extensive review of planning documents and
research into public agency planning processes, the follow-
ing categories of goals and objectives have been identified
and found to provide a solid, bread basis for a performance-
based planning process:

+ Accessibility,

+ Mobhility,

+ Economic development,

* Quality of life,

+ Environmental and resource conservation,
» Safety,

» Operational efficiency, and

+ Systemn condition and performance.

Example Goal and Ohjective Statements
by Category

There are many styles in goal and objective statements.
One MPO’s goal may be another state’s objective; some
states refer to a performance standard as an objective, This
can present a stumbling block for developing a performance-

goals and objectives, and includes multiple checks and feed-
back loops to monitor progress toward meeting those goals
and objectives. To gange the breadth of agency approaches
and to seek to reconcile contrasting styles, we built on the
definitions presented above. We inventoried examples of
goal and objective statements currently used in practice and
present them in Table 1. In some instances, we moved a
stated “goal” into the “objective” category, or vice versa, so
that the statements are consistent with our proposed defini-
tions. The exarnples help to further illustrate the incremen-
tally more specific and quantifiable nature of objectives rel-
ative to goals.

STEFP 4 OUTPUT:

* Goals and Objectives, by category
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STEP 5: DEVELOP PERFORMANCE
MEASURES

Though many equate performance-based planning with
the development of performance measures, you probably see
by now that the development of performance measures is one
step, albeit a critical one, in a breader performance-based
planning process.

How you measure system or facility performance will affect
significantly the types of projects that you eventually imple-
ment to enhance performance. For example, in ifs infancy, the
California Congestion Management Program (CMP) used
roadway level of service (1.OS) as the only mandated measure
of system performance; projects that enhance roadway LOS
would be given priority by virtue of this definitfon of system
performance. (CMPs are prepared by local California govern-
ments acting at the county level through a “Congestion Man-
agement Agency.” California’s CMP process is separate from
the federal CMS process.)

Most agencies strive to avoid this problem by defining sev-
eral measures, rather than trying to define system performance
through one measure. ISTEA is partly responsible for a rapidly
expanding awareness of the value of moving te use of more
numerous and broader measures of system performance. For
instance, the California Statewide Transpertation Plan pro-
poses a number of performance measures aligned with several
categories or “desired outcomes™: mobility and accessibility,
reliability, cost-effectiveness, sustainability, environmental
quality, customer satisfaction, economic well-being, safety
and security, and equity (9). Other agencies have taken this
same approach, but are implementing a phased approach in
which more “innovative” measures will be integrated as data
coliection programs are modified to better meet the demand of
the performance measures and analytical methods.

Dimensions of Transportation
Performance Measures

A better understanding of the many dimensions of perfor-
mance measures is useful in the development process. These
many dimensions make the exercise of performance-based
planning a challenge. Performance measures may be classi-
fied by whether they are multimodal or mode-specific, by
whether the measures are applicable to freight or passenger
rransportation, by the system level to which they apply (e.g.,
systemwide, corridor, or facility), by the planning jurisdic-
tion to which they are most relevant, and by their perspec-
tive. The perspective of a performance measure may be that
of the nser or that of the agency or operator. In some cases,
the perspective has included that of a funding partner who is
neither necessarily user or operator,

Tt is instructive, therefore, to consider these dimensions in
developing, selecting, and implementing a set of performance
measures in 2 planning process. Not only may it help reduce
analytical effort by eliminating some irrelevant performance
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TABLE 1 Example goals and objective statements by category

Category Goal Objective
ACCESSIBILITY To ensuze reasonable accessibility to all | Improve or upgrade and maintain access
areas of the city for all citzens. (The o cetemonial sites as needed in
Calgary, Alberta, Canada coopetation with the Culrural Commirtee,
Transportation Plan) {Hocpa Valiey Indian Reservasion
Transportaton Plan, 1996-2001)
MOBILITY Work with the general public, public Make public aansportation avel time
agencies, and private-sector competitve with autos. {Otegon IMS)
organizatons to ensure basic mobility
for all Michigan citizens by, at a
mipirmum, providing safe, efficient, and
econornical access to employment,
educational opportunites, and essental
services. (Michigan Long-Range Plan}
ECONOMIC Address andcipared demand from Improve access to passenger and freight
DEVELOPMENT increase in international wade. facilities w0 serve international matkers.
{Monrana TMS) (New Jersey’s “Transportarion Chaice
20207
QUALITY OF LIFE Ensuze that transportation invesanents | Pravide the opportunity for safe,
are cost-effective, protect the enjoyable, and lovr environmental impact
environment, promote encrgy efficiency | water recreation on sivers and streams in
and enhance the quality of life, the Missovia area, including canoeing,
(Southern California Assodation of kayaldng, ipner tubing, rafting, and fishing,
Govemments (SCAG) Drafs 1998 (Massoulz Non-Motorized Transportation
Regional Transportation Plan (RTP)) Plan, 1994}
ENVIRONMENTAL Drevelop projects that are Inprove air quality in Texas through
AND RESOURCE environmentally acceptable. (Alaska transporiation measures. (Texas
CONSERVATION Intermodal Transportation Plan) Transportation Plan)
SAFETY Ensure high standards of safety in the Reduce the rate of motor vehicle crashes,
transportation systern. {Mississippi taralities, and injuries, and bicycle and
Statewide Transportation Plam) pedestrian faglities and njuries on
highrarays, (2020 Florida Transportagon
Plany)
OPERATIONAL Develop strategies that improve the Unlize economies of scale by providing
EFFICIENCY transfer of people and goads berween for joint use of ports by several tenants.
modes, private facilities, and publicly {(West Virginia Statewide Transportation
owrned systerns by reduding delays and | Plan)
minimizing inconvenience, thus
providing 2 more “scamless”
mansporaton system. (Tucson,
Arizona UMS)
SYSTEM Preserve the highway infrastructure Improve construction technigues and
CONDITION AND cost-effectively to protect the public matenals 1o minimize constructon delays
PERFORMANCE investment. (Washington Statewide and improve service life of wansportation

Multmodal Transportadon Plan)

improvements. (“Access Ohio,” Ohio’s
Sutcwide Plan)




measures, but it will also ensure that adequate breadth is
instilled in the planning process so that all relevant issues are
addressed.

Below are several common dimensions of performance
measures and examples of the potential choices within each
dimension:

» Sector—freight and passenger;

» Mode—highway (aute, truck, transit}, pipeline, rail, water,
intermodal, bicycle, walk, and other non-motorized
modes {electronic “modes” were also proposed by some};

» Perspective—user versus supplier and performance ver-
sus condition;

= Concern—economic development, environment, safety,
efficiency, system preservation, mobility, equity, and
stable funding;

+ Type of Application—policy, regulatory, programmatic,
and implementation;

« Spatial Concern—metropolitan (urban versus suburban},
rural, intereity/interurban, interstate, and international;

+ Level of Responsibility—federal, state, regional, and
local;

« Use of Information—management decision making,
diagnostic tool, tracking and monitoring, resource allo-
cation, signaling systems between users and suppliers,
and information systems;

+ Time Frame-present/short-term, futureflong-term, point
in time versus trend; and

+ Level of Refinement-data item versus performance
measure, primary versus secondary indicator, surregate
versus desired primary indicator, eriginal versus pre-
existing/secondary choice, and primary versus compos-
ite measure,

The categories in the dimensions listed above are flexible.
For example, the highway mode could be broken down even
further inte truck, bus, and auto. Most planning agencies cat-
egorize selected or proposed performance measures accord-
ing to some but not all of the dimensions listed above. For
example, the Michigan Transportation Plan classifies pro-
posed performance measures by system level (links versus
systemwide trends) and by mode (highway, transit, person),
The dimensions shown above are designed to permit any
number of classification systems.

Selection Criteria for Performance Measures

Several state, local, and regional transportation plans have
taid out criteria for selecting performance measures. These
selection criteria are instructive as to agencies’ concerns and
the intended use of the performance measures. Agencies that
use selection criteria usually are particularly concerned with
the actual “operationalizing” of the performance measures
and with the many different dimensions of performance mea-
sures listed in the previous section.
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The following list presents common criteria for selecting
performance measures and a discussion of each. It is adapted
from several different sources, including the Southern Cali-
fornia Association of Governments’ (SCAG’s} Regional
Mobility Element, the Santa Clara County (CA) Subregional
Deficiency Plan, and FHWA’'s Analytical Procedures to
Support a Congestion Management System. Such a list can
help planners select performance measures and balance the
different needs and preferences of decision makers and
analysts.

» Measurability-Is it possible to generate the perfor-
mance measure with the tools and resources we have
available? How much would it cost to adequately quan-
tify this measure? What level of accuracy is needed for
the measure to be useful? How reliable are the sources
of data for this measure? Are needed data available?

= Forecastability-Can one realistically compare future
alternative projects or strategies using this measure? Is
it difficult to define this measure using existing fore-
casting tools?

» Measurability-Is it feasible to collect the necessary
data through field measurements, either to moenitor on-
going system performance or to calibrate forecasting
madels?

» Multimodality—-Does this measure encompass several
relevant travel modes?

+ Clarity—Is this measure understandable to policymakers,
transportation professionals, and the public?

= Usefulness—Is this measure useful? Is it a direct measure
of the issue of concern? Is it primarily an indicator of
condition, that is, a “triggering” device that will cause
further study or action to occur, or is it capable of diag-
nosing transportation deficiencies and their causes?

= Temporal Issues=Is the measure comparable across
time? That is, is it capable of expressing the temporal
extent of congestion or other conditions? Is it capable
of discriminating between peak-period, off-peak, and
daily conditions? Also, does the measure fit well with
the time frame of analysis and action? Long-range plan
measures may be very different than measures intended
to gauge the more immediate effect of near-term pro-
gram decisions.

+ Geographic Scale—Is the measure applicable to all areas
of the state, region, and/or loczl area? Can it discrimi-
nate between freeways and other surface facilities? Is it
useful at a regional, subarea, or corridor tevel?

» Multiple Indications of Goals—How many of the proj-
ect goals does the measure help to address? Is the mea-
sure related to thresholds that indicate how well the sys-
tem is performing? Is it a measure of supply or demand
or both?

» Control-Is the characteristic being measured something
that can be controlled or corrected by the agency doing
the measuring?
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+ Relevance-Is the measure relevant to planning/budgeting
processes? Dees the reporting of these measures happen
often enough to give decision makers the information
they need as often as they need it?

» Ability to diagnose problems-Is there a logical link
between this measure and what actions/phenomena affect
it? Is the measure too aggregated—to a level where a
“black box” syndrome can occur?

Of course, selection criteria will vary from one agency to
the next, depending on need, resources, and capabilities. One
common difference is the degree to which agencies are will-
ing or able to support new data collection procedures in order
to implement new performance measures. We heard in the
workshops and in our case studies that the cost and institu-
tional obstacles to new data collection were an issue for most
zgencies and a “deal killer” for some.

Therefore, some agencies will be most comfortable and
successful with measures that are readily quantifiable with
existing data. In most cases, this will mean making do with a
rather limited array of measures. Other agencies have already
demeonstrated a willingness to pursue useful measures of per-
formance that required new data collection efforts or that will
be supported by “surrogate” data until new data collections
programs can be put in place. Each agency should learn to
apply these selection criteria in a framework that suits the
particular need and situation and that reflects realistic expec-
tations about the availability of data and analytical support.

Composite Performance Index

The concept of a compoesite performance index has been
suggested as an efficlent means to compare multimodal
alternatives or to otherwise allow comparison across one or
more of the dimensions described earlier. A few agencies
are actively pursuing variations of this concept, Among them,
SCAG uses index values to assess mobility, the environment,
finance, economic development, livable community, safety,
and quality of service. SCAG’s mobility index, for instance,
is a composite value of vehicle-miles of travel (VMT}, oper-
ating speeds, free-flow speeds, average vehicle occupancy,
and population. Example 8 illustrates how one agency has
explored using an index. '

By establishing a uniform unit of measurement and rely-
ing on available data to make the measure operational, the
primary advantage of an index approach to measuring per-
formance is that it breaks the deadlock on mobility and
moves the process forward. The range of nses that could be
served by the measures include

+ Reporting on performance to the legislature, transporta-
tion commissions, other special interest groups, and the
general public;

Example 8: Florida’s Transporiation/Connectivity Index

The state of Florida has been actively exploring the potentiai for
a Transportation/Connectivity Index. The idea of using an index
approach for measuring mobility has emerged as a possible
way of breaking an impasse on the Department’s afftemnpts to
hegin accounting for mobility.

The strategy behind an index approach to measuring mobility is
to try to steer around the many impediments associated with try-
ing to agree on “just the right measure,” and return to the objec-
tive of trying to measure and be in touch with mobility. In that
vein, the index is more of a collection and packaging of mobil-
ity attributes, rather than one or a small set of precise individual
measures that will raise arguments about realism and compara-
bility. The index would be a roll-up of several mobility attri-
butes into a composite measure, probably with dimensionless
units, much like the Consumer Price Index (CPI).

With the CPI, the goal is fo have the index represent the level
of prices as reflected in goods and services that are relevant to
consumers. As the index changes, the consumer has an indica-
tor of how prices are changing. Comparing the changes in the
CPI with comresponding trends ir salaries and wages tells the
censumer whether “buying power” is being increased or
decreased. The value and accuracy of the CPI depends on what
is included in the “market basket” of representative goods and
services and on how those items are proportioned {the weight
they are given} in the index. The user of the CP1 is neither con-
cerned with how specific commodities in the index are per-
forming, nor with the absolute value of the index, but in its
changes from period to periad.

The proposed transportation/connectivity index would have
similar characteristics. It would include important attributes of
mobility that would reflect the degree to which the ransporta-
tion system is serving the needs of the population and busi-
nesses to petform activities efficiently and effectively. It
would, in effect, be a market basket of mobility-related com-
maodities that would represent those attributes important to con-
stituents. These items would be weighted info a total value that
would constitute the value of the index. Like the CPI, the index
number would be dimensionless, with a base value equated to,
say, 1.0 or 100. Thereafter, changes in the value of the elements
in the mobility market basket would result in a new total, which
could be compared against the base value of 1.0 or 100 to
assess the relative change in mobility conditions.

» Allowing agencies to better establish measurable per-
formance standards;

+ Tracking changes in performance over time in relation
to both policies and actions of the agency, as well as
external actions and trends;

+ Calculating benefits and costs; and

« Evaluating the effectiveness of alternative policies and
transportation facility investments, services, or programs.

Having an index measure represent performance through
a single number that has no dimensional units (e.g., dollars



or travel time) has both advantages and disadvantages. The
advantage is that, for certain audiences {e.g., non-technical},
it would be much easier to understand and grasp than a large
collection of individual measures whose meaning requires
trained insight and careful thought and analysis. Also, because
it is more of a “bottom line” result, it may be less likely to
provoke large numbers of questions on individual measures’
values or trends and how or why they contribute.

The disadvantage of an index is the converse of its advan-
tage. Because it is an aggregate number, it does not provide
immediate insight into what aspects of performance are
changing or why. Since the individual components and rel-
ative weights are not identified in general reporting or in an
index, it can be difficult to determine quickly the sensitivity
of an index to changes in its component measures.

This characteristic of partial obscurity/ambiguity may,
however, lead to some other important advantages. First,
because the rules for including a given mode or market in the
index may not be overly limited by an official formula, 1t
increases the opportunity for all modes and markets to be
included. Tt is believed that there is much more to be gained,
strategically, by bringing all participants to the table through
the index, than eliminating those for which the measures or
data are not as well developed. By virtue of having these
other perspectives represented, the index conveys the mes-
sage that each service is important and elevates the discus-
sion on how best to measure and report performance. This 1s
important dialog to have between modes and sectors because
it enhances awareness, broadens perspective, and may lead
to new and more comprehensive solutions.

The index concept is still under discussion at different
agencies. Although the composite concept may not soon
evolve into wide practice, the ongoing debate is positive. The
attempt to address a wide variety of issues on a comumon
scale is the first step toward developing a more effective way
to evaluate and reconcile difficult trade-off decisions.

Customer Perspective

One of the fastest growing trends in performance-based
planning is the increasing focus on customer service and the
development of a user-oriented transportation system. lowa’s
Transportation Plan, for example, is characterized as a report
to Jowa’s “transportation customers.” In Missourt, “The Long-
Range Transportation Plan will ensure that the Missouri
Highway and Transportation Department proactively involves
its customers from both the public and private sectors in the
transportation decision making process (10).”

One of the most extensive uses of customer satisfaction
measures to date has been undertaken by the Minnesota
Department of Transportation where CUS{OIer surveys provide
a significant portion of the data needed to generate performance
measures. This is discussed further in Example .
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Example 9: Mn/DOT’s Family of Measures

The Minnesotza Department of Transportation (Mw/DOT)
began its current Strategic Management Process in 1992 to
involve citizens in clarifying transportation issues and needs.
As a result of that process, Mn/DOT produced their Family of
Measures, an organizational performance measurement frame-
work, in 1995. This document presents the following vision for
Mn/DOT: “to pioneer, from the customer's {emphasis added)
viewpoint, a seamless transportation system that offers more
choice, flexibility, and ways of moving people and goods (I 1).”

The Family of Measures also presents some of the valuable
core concepts of Mo/DOT's performance measurement phi-
losophy. One concept notes that “a well known principle of
measurement states that what is measured gets most of the
attention. The right measures, then, provide strong reinforce-
ment of the key results that Mn/DOT wants to achieve.” A sec-
ond provides some criteria for good performance measures.
According to Mo/DOT, the best measures are

+ Directed at what the customers think is most important,

» Aligned to support organizational priorities and strategies,

« Part of a family that is not toc large or too smail,

+ Not always easy to implement, taking some work,

+ Developed by the people closest to the work, and

+ Providing frequent feedback to those doing the work leading
to improvement.

With the Family of Measures, Mn/DOT has demonstrated an
innovative, strategic approach to measure, track, and evalnate
whether customer needs and public goals are being met with
the most efficient use of resources. Customer satisfaction will
be measured, at least in part, through market research surveys
that will determine customer perceptions of system perfor-
mance (e.g., condition, safety, and commute time), public val-
ues and issues {e.g., satisfaction with air quality and promises
kept on project completion), and organizational performance
{e.g., employee satisfaction with diversity efforts and manage-
ment perception of progress}.

Output and Outcome Measures

Another well-established trend in performance-based
planning is the increased use of cutcome-based performance
measures, in addition to the traditional use of eutput-based
performance measures.

Output measures reflect the quantity of resources used, the
scale or scope of activities performed by an organization, and
the efficiency in converting those resources into some type of
product. Output measures are most often used as indicators of
organizational activity or performance, but stop short of iden-
tifying results as viewed by intended beneficiaries. Output
measures provide necessary information for the proper
management of resources and, therefore, are critical in any
performance-based approach. In addition, since they are
ordinarily driven by data that are more readily accessible and
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easily measured, such measures are valuable and timely
management tools,

Outcome measures, on the other hand, reflect an agency’s
success in meeting stated goals and objectives and focus on
the beneficiaries of the agency’s service. Customer satisfac-
tion measures are growing in popularity as outcome-based
planning approaches become more widespread. For exam-
ple, “the number of transit users who rate service as ‘excel-
lent’” may be a key outcome measure; “bus down time due
to equipment malfunctions” would be a related output mea-
sure. Quicome measures are likely to be more meaningful
to the general public and representatives from other non-
transportation public agencies, since they avoid the techni-
cal jargon and detail that are common and necessary in out-
put measures.

Traditionally, outcome measures have received less atten-
tion in planning processes, since they are ordinarily more dif-
ficult to measure and more difficult to Link directly to the
actions of the organization. Most agencies that have attempted
to develop outcome-based measures would agree on an
approach that uses both output and outcome measures in plan-
ning processes, linking them to build cause-and-effect rela-
tionships, and testing that model over time to challenge theo-
rized causal relationships. When output measures are linked to
outcome measures (e.g., volume-to-capacity [V/C] ratio linked
to average travel time), their value increases dramatically.

A sample comparison of potential output and outcome
measures in several areas of concern within transportation
can be found in Table 2. The first thing one may notice in
the table is the subtle difference between the two cate-
gories. For instance, both outputs and outcomes appear to
have a numeric component to them and seem to be issues
that are frequently addressed. A closer look, however, reveals
that the output measures tend to be oriented toward man-
agement concerns such as resource usage {e.g., salt or
funds} and operational conditions {e.g., delay or LOS). The
outcome measures are oriented toward the results of some
action such as changes in condition, customer service (e.g.,

complaints, quality, or illnesses), or relative status {e.g.,
percentages).

Using safety as an example, a traveler’s main concern is
having a roadway free of ice and snow thereby minimizing
the likelihoed of getting in an accident. The maintenance
engineer for the DOT will also be interested in knowing if the
roads are passable; likely bigger concerns for the engineer,
however, are how much salt was used and how much remains
for the next snowstorm.

As this safety example illustrates, selection and menitor-
ing of an output measure (e.g., salt) can directly affect
achievement of an outcome (e.g., aceident potential or open
roads). Hence, both types of measures are important in trans-
portation, but each are best suited for particular applications;
outputs appear best oriented to day-to-day service delivery
and management needs, while outcomes may be best for sys-
tem planning, communicating results with the public, and
winning support for large agency initiatives.

Outcome measures have been historically under-represented
in the typical state DOT and MPQO measurement and evalua-
tion process. Extra effort should be made to develop a better
sense of stakeholder needs and how those needs may be
translated into outcome measures and objective statements
that are outcome-oriented. Examples 10 and 11 illustrate
approaches to output and outcome measures.

A Hierarchy of Measures

Planning is made increasingly more complex as additional
decision-making levels and interest groups are brought into
the process. These various groups have different information
needs. The technical details, timeliness, and overal]l amount
of information needed usually vary from group to group.
This complexity will affect the design of your performance-
based planning system.

Some agencies have addressed this issue by developing a
set of “core” performance measures that provide a unified set

TABLE 2 Sample cutpuf and outcome measures

Concern Area  Output Measnres Qutcome Measures
Safery Tons of salt applied Number of ice-related accidents or munber of
tours of road cosuee
Money spent on aleohol education  Pewcent of accidents that are alcohol related
programs
iMaintenance Miles resurfaced TLane-miles improved to defined surface quality
{ride quality)
Tons of asphair applied Number of pothole complaints
Maobikity V/C ratio Change in average travel time
Delay Petcent of jobs within X minutes of airport
Environment Number of Transporeaton Control — Number of air quality-related flinesses on
Measures (TCM) funded excedence days.
VMT Effluent quality after rainstorms




Example 10: State of Delaware

The Delaware DOT (DelDOT) has adopted a performance-
based approach that ties output and outcome performance mea-
sures to the goals, objectives, policies, and strategies set forth in
the statewide long-range plan. DelDOT bas identified three
main performance measures in its statewide long-range plan
that it is using to ensure that its prograrms and strategies are hav-
ing a positive effect in supporting these planning objectives:

Customer Satisfaction: The public’s perception of their mobil-
ity and changes in mobility, elicited through surveys.

Travel Time: The ability of the transportation system fc pro-
vide an adequate level of service in a multimodal context {i.e.,
accounting for different capabilitics and expectations with
regard to mode, trip purpose, and land use setting). Multiple
criteriafanalyses are used, including door-to-door travel time,
travel rates, total delay and delay rates for all modes obtained
through recurrent GPS data collection.

Sustainable Investments: The ability of existing systems or
planned improvements to sustain benefits into the future,
measured through an advanced form of benefit/cost analysis.
DelDOT s approach is to account for the effects of land use
and other variables on a sample of existing or planned trans-
portation investments,

Example 11: UPS’ “Balanced Scorecard”

The Balanced Scorecard adopted by the United Parcel Service
(UPS) is used widely in the private sector. It is an integrated
system of leading and lagging performance indicators tied (o
strategic objectives of the company. In this context, a lagging
indicator suggests how well a company has done in the past,
while a leading indicator suggests how well a company is
positioned for the future. Successfut applications of the bal-
anced scorecard tend to be based on an understanding of the
relationship among corporate objectives that are at the core of
the measurement systerm. Therefore, a performance measure-
ment system under the balanced scorecard approach not only
requires outcome and output measures, but also performance
drivers that indicate how strategic outcomes are to be achieved.
In other words, a causal linkage needs to be established from
the performance measures to the core goals and objectives.

The four elements of the balanced scorecard at UPS are finan-
cial, operations {also known as internal business process), cus-
tomer, and employee. Performance measures that focus on cus-
tomers, employee skills and internal business processes are
leading indicators of financial objectives (a lagging indicator
in and of itself). The balanced scorecard concept is used to
develop measures within each operating level and to align mea-
sures between levels. The concept underlies performance eval-
nation at every level in the corporation, with each level having
a specific name for its performance evaluation component.
UPS Districts use the Balanced Scorecard directly as the per-
formance evaluation component. Therefore, the texm Balanced
Scorecard refers to both the overall concept of performance
measurement at UPS and the specific evaluation component at
the District level.
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of measures that the various groups 2li use. Meanwhile, indi-
vidual groups develop supplemental measures for use in
understanding the needs within their own functional area.
The core measures may be all that is reported to certain deci-
sion makers or stakeholder groups, while the suppiemental
measures might be more actively used within the different
groups of an organization to diagnose and manage their par-
ticular system components.

A similar approach is to develop a tiered system of per-
formance measures. Using this approach, an agency uses a
common set of goals to develop performance measures at
two or more levels of specificity. The type and number of
measures, and the level of detail reported at any level, are tai-
lored to the group that will be using the information. As an
example, the Colorado DOT has developed preliminary mea-
sures for use at two levels: that of overall strategic depart-
mental evaluation and investment and that of the individual
program. A third tier of measures, aimed at actual service
delivery, is also possible. The number of measures increases
as one moves from the investment level to the program and
service delivery levels, and the level of detail provided also
increases from top to bottom. Yet the measures at any one
level are aligned vertically according to common goals, for
example, accident reduction, or system preservation. The
Florida DOT system of measures is similar in its hierarchy of
tiered groups of measures. This approach improves the link-
age between actions at the “street level” and trends reported
at the top, while helping to prevent information overload
among decision or policy makers who must be accountable
for a broad array of programs and services. Exampie 12 illus-
trates one approach to a hierarchy of measures.

Example 12: “Core” System Performance Measures
at Capitol District Transportation Commission {CDTC)
{MPO in Albany, NY)

CDTC began the New Visions process in 1993 on the beels of
iis 1952 Transportation fmprovement Program (TTP) update,
Based on initial public input, CDTC formed nine task forces to
investigate particular subelements of the overali plan. CDTC
identified a set of initial issues and then asked the individual
task forces to help develop and agree to a set of core perfor-
mance measures that would guide the work of all task forces.
These measures became the foundation for all future work. The
core measures are a mixture of monetary, non-monetary, and
descriptive qualities.

The task forces then developed supplemental performasce
measures. These measures allowed each task force to consider
measures and criteria that are more common in their specific
arcas and may be more helpful in making trade-offs. However,
the task forces were required to relate their final recommended
action in terms of the core performance measures.

Requiring the task forces to contribute and agree to a limited
set of core performance measures assured that key stakehold-
ers were “on the same page” for technical analysis and under-
lying policy assumptions.
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Incorporating Freight

Freight movement has become a growing focus of state and
local transportation planning in the 1990s, as planners increas-
ingly have understood the size, complexity, and economic sig-
nificance of goods movement. Freight movement can and
should be part of a performance-based planning process.

Although many performance measures account for both
passenger and freight movement, freight planning typically
has more complex performance assessment needs than
passenger-related transportation planning. At the system
level, freight in a truck is indistinguishable from people in a
car, and trucks can be translated into passenger car equiva-
lents for general analytical purposes. However, effective
performance-based planning must consider the major differ-
ences between goods movement and person movement (see
Table 3). The typical freight trip (via truck) is significantly dif-
ferent from a passenger vehicle trip in a number of key areas.

In view of the differences presented in Table 3, appropri-
ate incorporation of freight into the performance-based plan-
ning process usually requires performance information that is
distinct from that used in passenger-related planning activi-
ties. The Performance Measures Library, presented in Appen-
dix B of this guidebook, specifies performance measures that
are applicable for use in freight planning. Example 13 illus-
trates an approach to incorporating freight.

Performance Measures by Category

The Performance Measures Library (Appendix B) contains
a list of performance measures associated with the categories

Example 13: The Eastern Washington Intermodal
Transpottation Study (EWITS)

EWITS focuses on individual commodities that use the system.
EWITS examines the mobility of grain and apples, for instance.
In doing so, it first documents the mobility needs of the com-
modity, from the fields to the grain elevators, from the grain
elevators to the barges, from the barges to the milking plants,
and so forth.

EWITS created highly disaggregate information that was
used to drive its performance-based planning systemn. The
study examined the timing of the harvest of different crops
and the nature and timing of the trucking to temporary hold-
ing areas. The EWITS data are also used in suppott of the
analysis of facilities, based on an understanding of the char-
acteristics {e.g., weight and seasonality) of the commodities
using those facilities. The study was able, for example, to
trace the loadings of the paper industry trucks on specific
routes and to predict when unusual maintenance needs would
oceur. Uncovering and understanding more detail about the
commodities being moved is an important component of
freight planning and is one that distinguishes it from passen-
ger travel planning,

listed previously. The list of measures was developed from
a number of federal, state, and local planning documents.
Although most agencies have developed their processes
without the benefit of such a library, you will likely find this
source helpful in generating a list of performance measures
to consider.

TABLE3 Differences between freight and person movement

Performance-Based Planning
Measure Goods {Truck) Person (Car) Implication
Distance Approximately Approximately Requires analysis of muldple
16 miles for local 10 miles for local | congestion chokepoints and safety
wavel, 400 miles eravel hazards; requires multi-jurisdictional
for intercity travel cooperation and daa exchange
Time Vartes with Vatics with Requires compiete performance
sensitivity commodity purpose {work, data on industry logistics patterns
social, etc) by commodicy
Linkagcs Frequent with rail, | Infrequent; mass Requires knowledge of mips and
water, air mansit for local, overall logistcs patterns
air for long-
distance
Temporal Peak in morning; Peak in late May require supplemental
distribution | concentrated on afterncon; more | performance measures to reflect
of trips weekdays even throughout |} freight movement peaks
day




STEP 5 OUTPUT:

+ A Structured Group or Groups of Performance
Measures

STEP 6: IDENTIFY DATA NEEDS

The performance measures selected as part of the planning
process will generate needs for data collection or synthesis
capabilities that an agency may not currently have. It is
important to spend some time during the performance mea-
sures identification process to consider data needs and costs.

In theory, it is preferable to let the goals determine the per-
formance measures and data needs. This helps ensure that the
foundation of the plan—that is, the policies, goals, and objec-
tives—determine what information is reported to planners and
policy makers to help them make decisions on projects and
other investments. This is in contrast to a situation in which
the available data collection and synthesis tools—traffic
count programs, travel model forecasts, and so forth—dictate
what information is made available to the participants. This
inevitably lessens the degree to which anyone can really
gauge whether a particular scenario or strategy is better or
woarse at meeting the plan goals.

In reality, of course, few agencies are in a position to sig-
nificantly expand or modify data collection and synthesis
practices and programs because of constraints on human and
financial resources. Most agencies have expressed some
degree of concern over the ability to generate more innova-
tive outcome measures, such as those attempting {0 measure
system reliability, accessibility, and economic effect. This is
true whether the data are to be collected from primary
sources or generated using computer models or other fore-
casting tools. Further, performance measures must be updated
on a periodic basis, thus implying some amount of continu-
ous or periodic data collection and synthesis.

Operations-oriented measures may continue to rely to
some extent on traditional data collection programs and tech-
niques, such as traffic counts, travel time studies, and travel
demand forecasts. Many output measures are effectively
populated with data on agency activities, such as mainte-
nance logs and emergency service responses. More broadly
defined cutcome measures, however, are likely to require
additional types or quantities of data. Reliability measures,
for example, need frequently sampled data on travel time or
speed. Accessibility measures require spatially allocated
travel and socioeconomic information.

Some agencies have dealt with this problem by incremen-
tally adopting more challenging measures as they become
able to impiement the necessary data collection, synthesis,
and analysis tools. One strategy is to begin by identifying the
“ideal” measures that relate to a particular goal, then work-
ing backward to an “interim” or “surrogate” measure that can
be developed using more readily available data. The intent 1s
to migrate to the ideal measure over time, according to the
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availability of resources, the success with the surrogate mea-
sures, and the relative priorities of the agency. Example 14
iliustrates how one agency used this approach.

Intelligent transportation systems (FTS) technology is likely
to play an important role i future data collection and manip-
ulation strategies. Programs such as advanced traffic monitor-
ing systems are already in place in some locations and capable
of generating useful data; the constraint thus far has been in
reducing large volumes of data to useful samples for planning
applications. Chapter 4 provides additional information on
data needs and ITS sources to support performance-based
planning.

STEP 7: IDENTIFY ANALYTICAL TOOLS

The analytical methods required to operationalize each
type of performance measure will reflect the underlying goals
being addressed and the type of data available for input. For
example, goals and objectives aimed at improving the flow of
vehicles, people, or goods require system- or corridor-level
operations measures. Thus, the analytical methods relevant to
this type of strategy might include traffic flow simulation
models, capacity and delay modeling packages, and network
models. Goals and objectives that focus on the relationship
between transportation system performance and other societal
issues would require tocls that relate, for example, mobility
and accessibility to user costs and benefits, emissions, and
safety effects.

Geographic information systems (GIS) have been used by
a number of agencies to analyze changes in accessibility
resulting from alternative investment scenarios. These tools
are especially well suited to measuring populations or areas
affected by changes in system operating characteristics or
performance. Portland METRO, for example, has utilized its
integrated travel demand modeling and GIS to develop mea-
sures of transit and auto accessibility. This has been mea-

Example 14: Short-Term and Future Performance
Measures

The Colorado DOT (CDOT) is one of several agencies that
have established short-term measures for immediate imple-
mentation based on readily available data. These short-term
measures are linked to future measuses in the same general
goal category that will be implemented on 2 time frame that
depends on the success of the program, management support,
and future data availability. As an example, a short-term mea-
sure of systemn reliability might be the number or percent of
VMT that occur under congested conditions. A more direct
measure of reliability would be the actual variaticn in average
trip time for selected origin-destination (O-D) pairs by mode
and/or facility type, but this kind of measure will probably not
be feasible until automated data collection technelogies are
deployed.
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sured in various ways, including the average number of jobs
accessible to each household via auto or transit within an
acceptable trip duration during the peak commute period.
Variations on the measure address access to retail services,
non-motorized access, and other attributes of accessibility of
interest to METRO. Although such systems demand signifi-
cant resources to set up, they are powerful analytical tools
that may be used for a wide variety of purposes.

Another analytical methodology of particular interest is
that used by the Southern California Association of Govern-
ments (SCAG). SCAG has evaluated the distribution of ben-
efits and costs of regional transportation investments on dif-
ferent population groups, using census data and on-board
transit survey data to generate disaggregate model results (12).
Population characteristics of particular interest include house-
held income and ethnic group—SCAG is interested in using
these data to evaluate equity aspects of transportation invest-
ment. As an example, SCAG has calculated transit and high-
way accessibility under different plan scenarios, by income
and ethnic group, which helps to show the degree to which
these different groups would benefit from different plan
investments. A companion measure indicates the estimated
payments made by these same groups, through sales, gas, and
personal income tax. This approach provides some measure
of the distribution of costs and benefits of alternative trans-
portation investrent scenarios to different groups of society.

Chapter 4 provides information on analytical tool needs to
support performance-based planning.

STEP 8: REPORT RESULTS

Measuring performance is of no value unless results are
reported to the appropriate audiences in a way that makes the
information readily understandable. Some of the problems
faced by planning professionals attempting to implement
a performance-based planning system are rooted in the
absence of clear, concise, and compelling ways to present
performance information to decision makers.

One of the most important concepts is to provide infor-
mation jn a quantity and format suitable for the intended
user. In many agencies, for example, this will reguire dif-
ferent reporting methods for commissioners and executive
management than for division and program managers. The
general public and system users are additional audiences for
performance-related data; each has different needs.

Asg a general rule, the amount of information provided and
level of detail of each type of information should increase

moving down the chain of cornmand from executive decision-
makers to hands-on managers. At the highest level, perfor-
mance reperts should summarize the overall trends and con-
ditions of the system elements being measured. Transportation
commission members, for example, should not require the
detailed explanation or understanding of specific department
operations. Program results can be presented in highly aggre-
gate format to help present the overall picture of progress
toward plan goals. Such reports could be relatively infrequent,
coinciding with decision cycles on program allocations.

At successive levels further inte the organization, addi-
tional detail is desirable. Reports need to be more disaggre-
gate, and thus the number of reported measures will increase.
Reporting frequency can be increased to the level that is con-
sistent with the use of the information. In the case of trans-
portation plan implementation and menitoring, for example,
annual reports are common. Transportation service providers,
such as trucking companies and rail operators, may calculate
and report results much more frequently, since they are deal-
ing with operations data and decisions as much as long-range
planning issues.

Most of the agencies studied in this research have devel-
oped some form of reporting that is unique to their organiza-
tional and management structures. “Executive Report Cards”
have been developed that summarize a few key indicators for
high-level decision makers, for example. Often these sum-
mary reports contain results of customer perception or satis-
faction measurements, since it is the higher level decision
makers {often appointed or elected) who must most directly
answer to the customer.

More detailed and diagnostic reports are made available to
managers of “business lines” or programs within an organi-
zation. This is the case with operators such as Amtrak and
United Parcel Service. The Albany New York CDTC pro-
vides summary reports of supplemental performance mea-
sures to each of several task forces assigned responsibility for
specific areas such as transit or arterial managemeni. The
Individual measures on these reports will vary according to
that task force’s area of responsibility, but each of the mea-
sures is related to one of the “core” measurement areas {e. g,
congestion, safety, or economic costs). In this way, different
information is provided to the appropriate audience, but that
information is part of an overall structure based on common
interests and goal categories. The individual case studies
documented in the NCHRP 8-32(2)A Final Report provide
examples of this and other reporting mechanisms.




CHAPTER 4
DATA AND ANALYSIS TOOLBOX

As important as having the right people for the task of
performance-based planning, practitioners must have the
proper data and tools to drive the process into the future. While
Chapter 3 touched on where and how these pieces fit into the
development process, the following describes these resources
in more detail and provides references for more detailed
follow-up by the reader.

MULTIMODAL TRANSPORTATION
PLANNING DATA

NCHRP Project 8-32(5), Multimodal Transportation Plan-
ning Data, ran in parallel to the NCHRP project that pro-
duced this guidebook (8-32(2)A}. The 8-32(5) project pro-
duced a wealth of information on data needs and sources for
multimodal performance-based planning. Summaries of these
findings are included in this section.

Surveys

Surveys provide an opportunity to collect a broad range of
data about system conditior and system performance and
about the traveler’s perception about the system, mode, or
even individual trip. Although the term “survey” can be
applied to just about any kind of data collection effort {e.g.,
a survey of pavement condition or high-accident locations),
the term is used here to denote research that seeks response
to specific guestions from various individuals or groups, usu-
ally established through a statistical sampling method. The
results from surveys are often used to develop and refine
travel forecasting models, which, in turn, can be very useful
analytical tools in a performance-based planning application.
In addition to this use, survey data can help establish base-
line conditions for various potential perforrmance measures
{e.g., “percent of travelers using modes x, v, and z for work-
related travel.”} With the assistance of statistical methods or
other analytical tools, survey data can be used to forecast val-
ues of these same measures and to evaluate future perfor-
mance under multiple scenarios. Surveys can also be used to
focus on the customers’ perceptions of conditions or satis-
faction with the transportation services they consume.

Within the traditional travel demand forecasting frame-
work, the major impetus for conducting surveys has been to
supply the data needs for four basic models: (1) trip genera-
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tion, {2) trip distribution, (3} moede split, and (4) and assign-
ment of trips to a network (usually one containing highway
links and transit rontes). The passage of the 1990 Clean Air
Act Amendments (CAAA) and ISTEA initiated the process
of enhancing these models to accommodate the new regula-
tory requirements. This precipitated the re-evaluation of the
surveys that support these models. The most useful types of
travel surveys include (73}

+ Household travel surveys,

* Workplace surveys,

« Stated-preference surveys,

+ Longitudinal and panel surveys,

+ Transit on-beard sorveys,

« Commercial vehicle {truck) surveys,

+ External station surveys for commercial and/or passen-
ger vehicles, and

+ Parking surveys.

Household Travel Surveys. The characteristics and uses
of household surveys are numerous. Household surveys pro-
vide data on the characteristics of families and individuals,
as well as thelr travel movements, mode choice, and time of
travel. Both telephone collection and mail-out/mail-back sur-
veys can be used. Because of the extent of information that
can be gathered from a household survey, many of the infor-
mation needs prompted by the 1990 CAAA and ISTEA will
resnit in an enhancement and/or alteration of the traditional
household survey.

The evolution to multimedal planning has created specific
information needs that can be addressed by new or revised
survey processes. For instance, ISTEA requires analysis of
all modes, so the collection of travel data by all modes
including non-motorized modes is necessary. It is difficult
and/for expensive to obtain the desired level of representation
of alternative mode usage from a typical random sample sur-
vey, because of the predominance of auto use. Rather than
collect a very large random sample, surveyors target or
“enrich” the sample to find enough transit users, pedestrians,
bicyclists, and se forth to permit accurate estimation of the
characteristics of these alternate modes.

The collection of information on specific vehicle-type trips
{e.g., auto, van, or pick-up) by trip type is needed for air qual-
ity planning, as is information on the physical characteristics
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of vehicles such as make, model, fuel type, and odometer read-
ing. Likewise, to meet the leve!l of detail regarding emissions
and dispersion of pollutants, air guality models need to be sup-

plied with travel estimates by facility, by vehicle type, by hour-

of the day, and by vehicle operating mode (e.g., cold start).

Furthermore, household travel surveys have typically
focused on trips made by household members. Modelers
have advocated changing the focus of househeld surveys
from surveys of trips to surveys of activities of household
members. The two principal reasons for the shift to activity-
based modeling are as follows:

» A “trip” is an abstract term describing movement from
one point to another. It is not always well understood by
the population being surveved and can lead to unre-
ported trips. People recall their daily activities much bet-
ter than the individual trips.

« Activity-based surveys allow for more information fo be
gathered on the reasons for trip making. In order to prop-
erly understand and model that effects of the changing
transportation supply and socioeconomic pressures on
travel, we need to understand the activities that are per-
formed during a day.

Workplace Surveys. Workplace surveys have been used
to gather detailed information, including the attraction pur-
poses {e.g., visitor, custormer, or employee) of trips at the
Jocation attracting those trips. The surveys provide disaggre-
gate data that can be used to estimate trip attraction rates.
Their primary use has been to support the calibration of trip
attraction models. Information such as parking cost and walk
distance can also be used in other models such as the mode
choice model. Workplace surveys have also been a compo-
nent of Travel Demand Management (TDM}) to collect infor-
mation about employees’ individual and aggregate commute
behavior. Examples include the South Coast {(Southem Cal-
ifornia) Air Quality Management District “Regulation XV”
surveys and the State of Oregon Department of Environmen-
tal Quality “ECO” rule surveys. Although workplace surveys
can provide detailed data useful for various purposes, they are
expensive and difficult to conduct accurately.

Stated-Preference Surveys. In a stated-preference sur-
vey, each respondent is asked to make a travel decision for a
hypothetical scenario that describes the available travel alter-
natives and their characteristics. They represent an attempted
increase in the volume and variety of data that traditionally
have been taken from household and other surveys (revealed
preference data). State-preference surveys allow respondents
to respond to multiple scenarios, resulting in more useable
data for estimating travel behavior and characteristics, They
have traditionally been used in long-distance travel demand
modeling or for predicting the response to introduction of
new modes in a specified market.

Data collected through stated-preference surveys, how-
ever, do not reflect actual travel behavior. Rather, peopie

respond in a manner that characterizes how they would pre-
fer to behave, In addition, respondents are provided with
more information than is available to a typical traveler.
Therefore, models operating off of these data frequently
underestimate the level of uncertainty present under actual
decision-making conditions.

Longitudinal and Panel Surveys. Longitudinal and panel
surveys are characterized by a sample of households that
are surveyed over time (2- to 3-year intervals) to determine
changes in travel behavior of the same individual households
under different socioeconomic and transportation supply con-
difions. Aspects of travel behavior that are not reatized under
typical snapshot household surveys, but are potential outputs
of a panel study, include understanding the process of infor-
mation acquisition, experience and learning, and behavioral
turngrver.

Transit On-Board (TOB) Surveys. Traditionally used by
transit operators to gain an understanding of ridership pro-
files, TOB surveys have also been used by travel demand
modelers to develop trip tables for travel model validation
and to enhance survey data for development of mode choice
models. TOB surveys are typically self-administered and
short enough to complete during the transit ride. Resulis of
on-board surveys have been combined with the results of
household travel surveys to develop “choice-based” calibra-
tion data files for mode choice model estimation. Applica-
tions in performance-based planning include assessment of
customer perception of transit-ride quality or overall service
{e.g., smoothness, reliability, and security}.

Commercial Vehicle Surveys. Traditionally, commercial
vehicle surveys were used to collect information on truck
trips made in a region. Because of the confidentially associ-
ated with some commercial trucking information, the diffi-
culty in determining the population to be surveyed, and the
incomplete data provided by truck registrations (because of
out-state trips}, few comprehensive truck surveys have been
conducted in recent years.

Recent changes and developments associated with the
design and execution of commercial vehicle surveys are as
follows:

+ Similar to the movement of the household survey toward
activity-based modeling, work has been conducted that
focuses on the actual movement of commodities, rather
than truck trips.

+ Studies have recently been conducted using hand-held
computers, called Personal Digital Assistants (PDDAs), as
truck survey instruments rather than the standard paper-
and-pencil survey (i4). The Street Smart Company
(Duluth, GA} was contracted by the Federal Highway
Administration to conduct origin-destination and com-
meodity surveys using the PDA technology. Several
advantages were identified over the course of three case



studies: (1) improved accuracy of data because of the ease
with which data could be input and quickly reviewed;
{2) reduced collection time primarily resulting from the
elimination of re-entering data before processing; and
{3) reduced cost of data collection by removing data
entry and transfer, as well as eliminating erasers, pen-
cils, clipboards, and the printing of new forms.

+ (Geographic positioning system {GPS) units are now fre-
quently attached to commercial vehicles (e.g., taxis,
rental cars, trucks, and trailers} to help with fleet opera-
tions, The data collected through this technique could be
valuable for planning applications, but, to date, there are
no known widespread applications.

Some types of surveys that may not be applicabie to all
transportation planning agencies include visitor surveys and
parking surveys (15). Visitor surveys are sometimes utilized
in areas where visitors contribute significantly to the total
amount of travel. Many large metropolitan areas and even
relatively small areas may host thousands of visitors on a
daily basis due to attractions such as businesses, convention
centers, sporting complexes, and amusement parks.

Vigitor surveys are typically designed to obtain information
about the characteristics of the non-residents who are staying
in the area (e.g., hotels, motels, and bed-and-breakfasts), as
well as the number and type of trips being taken. The data col-
lection can be used in several ways. Trip generation estimates,
such as trips generated per occupied hotel room, can be esti-
mated. The data can also be used to estimate the visitor demand
for possible new travel modes or services (e.g., added bus
service or people movers). In addition, estimates of increased
trip generation by visitors because of new development or the
addition of 2 major visitor attraction can also be made.

The two primary methods of conducting visitor surveys
involve distributing self-completion surveys and in-person
interviews, typically in the hotel lobby. Recent advances in
hand-held computers have allowed some interviewers to
conduct computer-assisted personal interviews (CAPT). The
advantages of CAPI surveys are

+ The hand-held computers can be programmed to accept
only valid entries, which would reduce field data entry
eITorS.

» The storage capacity allows previous entries to he
checked to avoid inconsistencies with other entries.

« The computer automatically guides the interviewer
through the questions so nene are missed or asked out
of order.

+ The interviewer can use visual information on the com-
puter screen to better communicate with respondents.

Disadvantages of the CAPI system include

» The computer program for the survey requires a signifi-
cant amount of time and effort to ensure precision
because program corrections are usually not feasible
once the interviewers have gone into the field.
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*» Interviewers must be skilled in using the CAPI systern.
+ The lack of hardcopy records places greater reliance on
the information entered into electronic file storage.

External Stafion Surveys. External station surveys are
used to provide information about trips traveling into, out of,
and through a region. Survey techniques include roadside
interviews, postcard handout/mailback surveys, and license
plate recording/survey mailing. The recording of license
plants, matching numbers with vehicle registration, and
mailing a survey form has uncovered a host of privacy issues
that any agency would need to address prior to embarking on
such a survey.

Recent changes and developments associated with the
design and execution of external surveys are as follows:

» The methods and technology of readside collection have
been enthanced through micrecomputer-based data entry
procedures. Through the use of database software and
real-time data enftry, automatic geocoding of survey
responses can be achieved.

+ Surveys conducted in large transportation centers (e.g.,
bus statiens, airports, and railroad stations) can provide
information similar to that found in an external station
survey, but from an individual, rather than vehicle,
standpoint. Information on passenger movements, vol-
ume, mode choice, and customer perception of the frip
and the transportation service can be cbtained via these
surveys. Computer-aided survey administration and data
entry have improved the quality and lowered the cost of
data that can be obtained through these surveys.

« Experimentation at these large transportation centers
with computer-administered surveys completed by self-
selected participants has revealed some of the advan-
tages and disadvantages of such an approach (76). The
surveys are initiated via touch-screen computers placed
in a common area kiosk. One advantage of the computer-
administered survey is that, if properly designed, it can
minimize the frequency of respondent errors, For exam-
ple, only certain questions should be answered by par-
ticular respondents, depending on their purpose at the
location. In the paper-and-pencil survey, the respondent
often has to skip one or more questions, whereas in the
computer-administered survey, the proper questions are
automatically displayed. Additionally, the use of touch
screen technology enables maps to be displayed and
allows respondents to choose specific locations from the
maps for their responses to O-D questions. This signifi-
cantly advances the use and precision of geocoding (dis-
cussed below) as part of the survey process. Finally,
computer-administered surveys can be continuous and
provide real-time data and larger data sets than the
paper-and-pencil surveys. This allows data to be col-
lected during periods when supervised surveys may be
costly or difficult to administer and avoids the problems
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associated with one-time surveys {e.p., abnormal
weather conditions or construction periods).

+ Computer-administered surveys do not eliminate the
need for facilitator-supervised surveys. Studies have
shown that there is a statistical difference between the
type of responses received from computer-administered
surveys and supervised surveys. To provide control
data, as well as survey those who do not typically
respond te a touch-screen system, traditional surveys
would be needed in some quantity.

* A hybrid survey technique for determining trip charac-
teristics, which was tested at a shopping center in 1993,
was able to increase the questionnaire response rate
from 11 percent to nearly 30 percent {I7}. The survey
utilized technigues from both readside interviews and
postcard handout/mailback. Survey postcards were dis-
tributed on parked cars throughout the shopping center.
As the drivers exited the center, members of the survey
team collected the surveys. Additionally, monetary
incentive was provided by promising respondents a
$1.00 payment for returning a completed survey.

Parking Surveys, Parking surveys have evolved from
being used exclusively to project parking supply, demand,
utilization, and turnover to using the data to provide trip gen-
eration figures associated with a particular parking area. Pric-
ing information collected during a parking survey can also
assist with understanding and predicting price elasticity of
parking costs and the effects on travel behavior,

Three methods of collecting parking survey data include

= Interviewing drivers as they enter or exit a parking
facility,

= Placing mail-back questionnaires on the windshields of
parked cars, and

* Matching parked car license plates with addresses from
DMV files and mailing out surveys.

Mail-back surveys tend to be less costly, but the response
rate is generally much lower than the interview method. In
addition, the accuracy of the cost and duration of the parking
stay are more accurate with the interview method. As with any
survey involving mail-back cards or questionnaires, care mnst
be taken to minimize and correct for sample response bias.

Travel Survey Methods Resources

The following references may assist transportation plan-
ners in evaluating various survey methods for application to
performance-based planning:

+ Papacostas, C. 8. et al. “Computer-Administered Surveys at
Honolulu International Airport,” Transportation Research
Record 1412: Innovations in Travel Survey Methods,

Transportation Research Board, National Research
Council, Washington, DC (1993).

= U.S. Department of Transportation et al., “Travel Survey
Manual and Appendices,” prepared by Cambridge Sys-
tematics, Inc., and Barton Aschman Associates for the
Travel Model Improvement Program Track D, FHWA-
PL-96-029 and -030 (1996).

+ U.S. Department of Transportation et al., “Scan of Recent
Travel Surveys,” DOT Report DOT-T-97-08 {Tune 1996},

* Lau, Samuel. Truck Travel Surveys: A Review of the Lit-
erature and State-of-the-Art. Metropolitan Transporta-
tion Commission, Oakland, CA (January 1995).

Traffic Monitoring

Aside from surveys, another way tc support the generation
of performance measures is via traditional traffic monitoring
programs. This section describes some of the current meth-
ods associated with collection of travel monitoring data, such
as speed, travel time, vehicle occupancy, vehicle weight, and
vehicle classification and counts.

Traffic count data needs encompass coverage counts,
long-term pavement performance {(LTPP} counts, project-
refated counts, special count requests, and data obsolescence
counts. Three basic types of traffic counting equipment used
in collecting the traffic data include traffic volume, vehicle
classifiers, and weigh-in-motion (18).

Traditional Traffic Volume Counters. As with all three
types of equipment, traffic volume counters may be either
portable or permanent in design. They utilize a single-axle
sensor and may include time period or cumulative counts
recorded on punch tape, printed paper, or electronically. The
permanent traffic counters use a single inductive loop that
recognizes passing vehicles and records the data on vehicle
lengths and speed for a given period. Data can be retrieved
through periodic collection of paper tape, downloading the
data to computer, or, in the newer systems, telecommunica-
tions technology.

Vehicle Classification Recorders. The portable recorders
use two-axle sensors, such as road tubes, tape switches,
tape-down piezo-electric film, or plezo-electric cable to sort
vehicles into 13 FHW A-established categories. The perma-
nent designs utilize two in-pavement inductive loops, two
piezo-electric axle sensors, or combinations of two loops and
one-axle sensor, or two-axle sensors and one loop. Data
recorded can include date and time, axles packing, number of
axles per vehicle, and speeds.

Weigh-In-Motion {(WIM). Both portable and permanent
WIM equipment can collect data on date and time, vehicle
lengths, speed, and axie weights and spacing. The portable
WIM uses a combination of two loops and a capacitance
weigh pad to collect data. Units are available that require no



personmel on site. The permanent model uses a combination
of one or two inductive loops and one or more axle weight
sensors for data collection. As with volume counters, the data
can be retrieved through manual collection or telecommuni-
cations, depending on the sophistication of the equipment.

(A more detailed discussion of ITS-generated traffic
and travel data appears later in this Chapter, as well as in
Appendix C.)

Customer Satisfaction and Perception Data

Surveys of customer perception, satisfaction, or other
attributes represent a particular subset of multimodal trans-
portation planning data. Chapter 3 presented several consid-
erations about the use of perception and satisfaction data in
the development of performance measures. In practice, many
of the various survey methodologies discussed immediately
above (e.g., household travel surveys, stated-preference sur-
veys, tongitudinal panel surveys, and transit on-board sur-
veys) may be used to collect information about the cus-
tomers’ level of satisfaction with the transportation system,
their perception and prioritization of important issues, and so
forth. A few pointers are useful to note if you want to inte-
grate customer information into the performance-based plan-
ning process.

+ Define the term “customer.” In workshops and meet-
ings around the country, transportation planners have
debated just who their customers are and which subset
of that large group should be surveyed. To some, cus-
tomers are the users of the system, which could include
commercial users {e.g., shippers and trucking compa-
nies) as well as the private motorist, transit rider, and so
forth. To others, the term is more broadly defined to
include those who may not be regular users but who are
asked to help pay for the system operation, maintenance,
and expansion, throngh sales tax, property tax, or other
nen-user taxes. Finally, many agencies that are measur-
ing the performance of their own organizations will
define customers to inclade external parties, such as
vendors and contractors, as well as internal parties, such
as employees. So, be clear about how your organization
wants to define “custormer” before setting out to measure
their perceptions and attifudes.

*» Be prepared to act on the information you receive.
More than one practitioner has cautioned that agencies
should only seek the opinions of customers if they are
prepared to respond to those opinions and try to address
the issues or needs raised by the customers. Otherwise,
you may erode credibility with your customers and reduce
the usefulness of future surveys. There are different
opinions on this matter, however. At some agencies, it
may be valuable to understand the customers’ percep-
tions of the relative importance of different issues. This
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information can be used, for example, to help an agency
conduct trade-off analyses and prioritize spending
among competing programs. While transportation agen-
cies should not {and presumably rarely do) establish pri-
orities based solely on customer needs or desires, it is
useful to consider these opinions, along with other infor-
mation, in the evaluation and decision process. Cus-
tomer information may be useful to “calibrate” the
process. In some instances, an agency may need to
determine “how much is enough” when providing dif-
ferent levels of service quality, Examples include pave-
ment smoothness, roadside majntenance, and transit
vehicle upkeep. Knowing what is an acceptable level of
performance or condition to the majority of users may
be helpful in setting budgets for these activities.

« Custonter surveys can be used to collect a range of
information, including perception of systemn perfor-
mance, issues that are important to the public, and val-
ues that they hold that might influence transportation
plans and investments. These surveys could be used also
to test the public’s perception of the outcome of trans-
portation system inputs; for example, has an agency’s
efforts to make urban bus transit more user-friendly
been effective, from the riders’ point of view?

» Transportation agencies can survey internal and
external customers to get a sense of organizational per-
formance. How well, for example, does the contract-
ingfpurchasing division serve the needs of engineering
and design units? How well does the accounting depart-
ment serve external vendors and contractors? The effec-
tiveness of these units can be measured, in part, through
periodic survey of their respective customer groups.

Above all, customer surveys should be designed and con-
ducted only after the agency understands its goals, objec-
tives, and relevant performance measures, Survey methods
and instruments (i.e., the survey documents or questions
tiremselves and the means by which they are administered)
need to be carefully designed and worded to elicit precisely
the information sought and to avoid intreducing bias into the
response. In most cases, agencies are well advised to retain
the services of a consultant with survey research expertise to
help design the survey. Opinion- or survey-research firms are
equipped to administer surveys, whether through ielephone,
direct interviews, mail-out, and so forth. These same firms,
however, may not be as well qualified to design a survey
instrument focused on something as specialized as trans-
portation customer opinion and perception. It may then be
cost-effective 1o also seek assistance from outside consul-
tants with expertise in transportation survey design and
analysis and with “domain” knowledge (i.e., expertise in
transportation planning). In short, survey design and admin-
istration have become two distinct sub-speciaities, and many
firms are optimized to provide one or the other.
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Highway Performance Monitoring System
{HPMS)

FHWA maintains a national database of highway condi-
tions in each of the states in the form of a computerized data-
base known as the Highway Performance Monitering Sys-
tem (HPMS). This database uses traffic counts and physical
inventories of individual highway segments in each of the
states fo monitor the conditions on the nation’s highway sys-
tem. Although this is only a sample and not a complete
inventory of conditions at the national level, the database is
extensive with more than 300,000 recerds nationwide. Some
states have augmented the sample to include a much larger
percentage of highway segments in the state, making the
HPMS a more valuable tool for statewide planning purposes.

Each state DOT delivers HPMS information to the FHWA
by June 15th of each year. The June submittal covers data for
the previous calendar year. Thus, the June 1998 submmittal
consisted of data as of December 31, 1997, This submittal
includes the state’s certified mileage for the year, This is the
DOT’s official tally of public mileage and a special letter
indicating mileage on Native American Reservations. All
mileage is included in some record in the database. The DOT
queries all jurisdictions each year to obtain the latest break-
downs of their mileage. The sum is referred to as the state’s
universe. Because it is impractical to collect all data items on
the entire universe, the HPMS contains samples. The DOT
picks the samples for various functional classes of the uni-
verse fo give a representation of those classes nationally.

In most cases, the interstates and freeways are completely
sampled. Samples on other classes usually have expansion
factors. These factors represent the ratio of universe mileage
to sample mileage for 2 category of roads. When the data
from samples are expanded, the data provide the DOT the
chance to create summaries of data about various road sys-
temns. Important data on the samples include traffic, pave-
ment, and inventory data. The data from HPMS are used by
Congress and locally to assess the state of the road system.
HPMS data are used in the federal zid allocation process.

FHWA gives each state and territory eight spreadsheet
templates to complete with the year’s summary data. The fol-
lowing is the list of templates:

1. System Length and Daily Travel. There are statewide
totals for population, net land area, length, and travel.
The travel is expressed in daily vehicle-kilometers of
travel (dvikt). The state is then broken into three sub-
areas. These are rural, small urban, and urbanized. These
areas are delimited by FHWA's transportation urban
boundaries. Urbanized areas have populations of 50,000
or more. Small urban is the 5,000 to 50,000 population
range. Rural is everything else. Each of these three sub-
areas has totals for population; land area; and then length
and dvkt by functional classification,

2. System Length and Daily Vehicle Travel (Urban-
ized). Each urbanized area is detailed on tempiate 2.
For instance, Oregon has five urbanized areas. They
are Portland-Metro, Salem-Keizer, Eugene-Springfield,
Medford-Central Point, and Rainier. The state supplies
a population and land area total for each of these areas.
They also supply length, travel, and occupancy for each
functional classification in each area. The aceupancy
data are derived from the state’s accident records.

3. System Length and Daily Vehicle Travel National
Ambient Air Quality Standards (NAAQS). The third
template is like the second, except that it is for areas not
meeting certain standards of the NAAQS,

4. Minor Collector and Local Functional System
Length. The state estimates length within the local and
minor collector classes split among surface types and
volume groups.

5. Fatal and Injury Motor Vehicle Accidents. For each
functional classification, the state tallies length, travel,
fatal and injury accidents, fatally injured and injured
persons, and fatally injured and injured pedestrians,

6. Travel Activity by Vehicle Type (Basic Data}, The
state estimates percentages of vehicles in each of
FHWA’s 13 vehicle classes for each functional classi-
fication. These estimates are derived from approxi-
mately 300 vehicle class counts performed on a 3-year
schedule.

7. Travel Activity by Vehicle Type (Supplemental
Data). This template is used to indicate which days of
the week, months of the year, and hours of the day are
used for template 6 data. Any other comments on com-
bining classes or special considerations are also reported
here. For instance, Oregon DOT uses only weekday
counts, mostly March through October. They use
24-hour manual counts or 48-hour machine counts.

8. U.S. Territory Imformation. Only U.S. territories
must submit this supplemental information.

The HPMS Analytical Process

Te make the HPMS database more useful, FHWA devel-
oped the Analytical Process. FHWA, states, MPOs, and local
government agencies use the HPMS to assess the physical
condition, safety, service, and efficiency of operation of their
respective highway systems. In addition to assessing the
characteristics of the existing highway systems, the HPMS
Analytical Process also is being used to predict the effect that
proposed highway programs and policies are likely to have,

The capabilities of the HPMS Analytical Process may be
summarized as

» Assess base year conditions and performance,
* Forecast highway system needs,
+ Simulate highway system conditions,



« Analyze investment strategies, and
+ Estimate user costs.

The HPMS Analytical Process utilizes an analytical method
that identifies and prioritizes needed highway improvements
according to specified criteria decision rules. It also estimates
resulting highway system conditions that can be expected
under various levels of funding for identified improvements.
This is an important feature of the model because sufficient
funds typically are not available to correct all highway sys-
tem deficiencies. This feature enables an understanding of
what kind of performance can be expected when funding is
constrained and tradeoffs must be made between different
investment pregrams (¢.g., preservation and maintenance
versus modernization, that is, new capacity). Examples 15
and 16 illustrate the approach some agencies have used for
the HPMS analytical process.

ITS as a Data Resource

Much of the data generated by Inteliigent Transportation
Systems (ITS) can be of great value to performance-based
planning. However, unless ITS operators have made spectal
provisions, data from system surveillance equipment are typ-
ically not stored for future use. Because the amount of data
is s0 enormous, it is doubtful that simply saving the raw data
would be of use to other stakeholders; some level of aggre-
gation or sampling is required tc make the data more mean-
ingful to stakeholders. Further, the National ITS Architecture
currently has no specification for a data archival process.

Data needs of many stakeholder groups have been identi-
fied in several past studies. In particular, the ITS As A Data
Resource Workshop held in January, 1998, substantiated
stakeholder needs and began the process of matching ITS-

I Evamnie 15: Narth Caralina DOT

The North Carolina Department of Transportation (NCDOT)
utilized the HPMS Analytical Process to conduct an analysis
of highway needs along with an assessment of the future per-
formance and condition effects resulting from alternative poli-
cies and funding scenarios. This was accomplished by usiag
the Analytical Process’s capabilities to simulate conditions and
performance at seven funding levels (i.e., 100, 80, 70, 60, 40,
10, and O percent). For each funding level, HPMS outputs
regarding safety, service, condition, and composite indices
were plotted. Investment/performance analyses were con-
ducted for each functional classification to facilitate evalua-
tions of the future impacts of different funding strategies and
improvement programs.

North Carolina also employed the Bridge Needs and Invest-
ment Process to conduct a similar investment/performance
analysis for bridges.
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Example 16: Oregon Highway Pilan

The Cregon DOT included estimates of user costs and benefits
in developing its 20-year investment plan for the state highway
system. There are very significant costs experienced by every
user of the system, beyond the agency costs for system con-
struction, operation, and maintenance. For example, roads in
poor condition put extra wear and tear on private and commer-
cial vehicles, meaning that the public spends more money on
vehicle maintenance and replacement. Travel speed decreases
as aresult of both poorer roadway condition and increased con-
gestion, resulting in increased costs to private and commercial
travelers. These kinds of costs are called “user costs,” since
they are paid “out of pocket” by highway users.

The Oregon DOT used the Highway Ecoromic Requirements
System (HERS) to estimate user cost and user benefits from
alternative levels of funding for the highway system. HERS is
a compaunion to the HPMS Analytical Process in that it is
designed to estimate highway system needs. It has the added
ability to base decisions on benefit/cost analysis of the recom-
mended improvements. The HERS model demonstrated that
user benefits in the 20th year of the highway plan would be 20
to 30 times greater than the additional public money spent on
modernization, preservation, and safety improvements. These
marginal benefits in comparison to marginal costs are much
higher than could be achieved with any other private or public
mvestment of the incremental funds.

generated data with those needs. In addition, an FHWA
Office of Highway Information Management report, ITS as g
Data Resource: Preliminary Requirements for a User Service
(April 1998), summarized various data collection methodolo-
gies and uses for planning purposes. This section draws heav-
ily on this past work.

Table 4 summarizes some of the typical applications of
performance-based planning and contrasts the collection and
use of currently available data with that which may be col-
lected with ITS.

Uses and Benefits of Archived Data
Generated By ITS

For the most part, data generated by ITS are similar to data
collected by traditional means (e.g., traffic counts) but ITS-
related data are collected continuously and at a very detailed
level, Accordingly, a wide range of planning and other stake-
holder functions can be supported with data from ITS. For
example, roadway surveillance data can be used in many
stakeholder applications, including development and calibra-
tion of travel demand forecasting and simulation models,
congestion monitoring, transit ronte and schedule planmning,
intermodal facilities planning, and air quality medeling. In
addition to identifying specific applications, several general



32

TABLE 4 Opportunities for ITS-generated data

Collection and Use of:
Method or
Application Fuaction Current Data ITS-Gencrated Data
Congestion Congestion  Travel times coliected by Roadway surveillance data (e.g., foop
Management Mornitoring "floating cars"; usually only a detectors} provide continuous volume
Systems few runs (small samples) on counts and speeds. Variability can be
selected routes. Speeds and directly assessed. Probe vehicles
travel times synthesized with provide same travel times as "floating
analytic methods (e.g., HCM, cars" but greatly increase sample size
simulation) using limited and areawide coverage. The effect of
traffic data (short counts). incidents is embedded in surveillance
Effect of incidents missed data and Incident Management Systems
completely with synthetic provide details on incident conditions.
methods and minimally
covered by floating cars.
Long-Range Trave] Short-duration traffic counts Roadway surveillance data provide
Plan Dermand used for model validation. continuous volume counts, truck percents,
Development  Forecasting O patterns from infrequent  and speeds. Probe vehicles can be used to
Models travel surveys used to estimate O-I patterns without the need
calibrate trip distribution, for a survey. The emerging TDE models
Link speeds based on speed (e.g., TRANSIMS) will Tequire dctagk:d data
A ., on network characteristics (e.g., signal
limits or funcrional class. timing) that can be collected automatically
Link capacities usvally based iz ITS. Other TDF formulations that
on functional class. Non- account for variability in travel conditions
recurring congestion is not can be calibrated against the continuous
considered. volume and speed data.
Corridor Traffic Short-duration traffic counts Most input data can be collected
Analysis Sirpulation and tirning movements used as  automatically and models can be directly
Models model inputs. Other input data  calibrated to actual conditions.

to run the models collected
through special efforts (e.g.,
signal tiring). Very little
performance data available for
model calibration (e.g.,
incidents, speeds, and delay).

observations on the uses and benefits of ITS-generated data
can be made:

* The continuous nature of most data generated by ITS
removes sampling bias from estimates and allows the
study of variability.

* The variability of ITS data provides the opportunity to

analyze non-recurring congestion issues, causes, and

solutions.

The detailed data needed to meet emerging requirements

and for input to new modeling procedures can be pro-

vided by ITS.

* Use of data generated by ITS for muitiple purposes is a
way to stimulate the support of other stakeholders for
ITS initiatives.

* Promoting the use of archived data for multiple pur-

poses complements the initiative for integrating ITS in
general.

* Because the data are already being collected for ITS con-
trol, other uses provide a value-added component to ITS.

 ITS is a rich data source for multiple uses, but not a
panacea; traditional sources of data will continue to be
important,

* As the focus of transportation policy shifts from large-
scale, long-range capital improvements toward better
management of existing facilities, ITS-generated data
can support the creation and use of the system per-
formance measures that are required to meet this
new paradigm,

This final point has significant ramifications for perfor-
mance-based planning. System performance measures pro-
vide objective feedback to transportation professionals on
the effectiveness of programs and improvements and also
provide a common basis for comparing different jurisdic-
tions. This kind of feedback is extremely important as the
focus shifts to short-term management strategies. However,
data with higher resolution and accuracy than have been tra-
ditionally collected are required to support the use of system
performance measures.



Help on the Way

Because of the wide range of support among stakeholders
represented at the ITS As a Data Resource Workshop, it has
been determined that there is a need for a new User Service
to be included in the National ITS Axchitecture: the Archived
Data User Service.

Successful implementation will require resolution of many
difficult institutional and technical issues. These include

+ Development, operation, and maintenance costs;

+ System access and ownership;

» Data quality, data management, and data communica-
tions standards;

= Liability, privacy concerns, and confidentiality of pri-
vately collected data;

= Coordination with other data collection efforts;

= Retrofitting versus new development of systems;

+» Data flows not defined by the National ITS Architecture;

» Conformance with metric conversion standards; and

+ Training and outreach.

As these barriers are overcome, there are significant oppot-
tunities in ITS to generate data to support performance-based
planning. Appendix C provides a further summary of ITS
data sources and their planning uses.

Freight Data

As mentioned in Chapter 3, accommodating freight issues
in performance-based planming typically involves more com-
plex data needs than passenger-related transportation plan-
ning. In view of these differences, freight planning for the
functions described earhier recquires data distinct from those
used in passenger-related planning activities (see Table 53).

Current Freight Data Collection Methods

Current methods for collecting these freight data include
the following:

» Manual Traffic and Vehicle Surveillance. This cate-
gory includes techniques (e.g., traffic volume and classi-
fication counts, spot speed observations, aenal photogra-
phy, videography, license plate matching, and floating
car studies} and national databases such as the Highway
Performance Monitoring System (HPMS). These data
collection methods are designed to cover all fraffic, but
provide some data on ttucks. The data collected through
these methods often are sporadic, with limited informa-
tion on the temporal and spatial distribution of traffic.

+ Manual Goods Movement Surveillance. This cate-
gory includes compilation and analysis of weight mea-
surements, shipment records, fuel consumption reports,
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travel logs, vehicle registration data, and vehicle inspec-
tion reports. It also includes review of truck- and freight-
specific databases, such as the Census of Transportation,
the Vehicle Inventory and Use Survey, and the Com-
modity Flow Survey. These data collection metheds are
complex and involve sampling of truck performance and
freight shipment information. Often, the private sector
wants to keep data related to a particular company’s fleet
operations confidential for competitive purposes.

« User Surveys. This category includes travel surveys,
roadside interviews and origin-destination surveys, travel
diaries, focus groups, and customer surveys. User surveys
often are expensive to develop and implement and can be
subject to bias.

Table 6 highlights the data currently provided by secondary
truck-related data sources in the following categories: vehicles/
passengers, shipment characteristics, commoedity, origin/
destination, and facilities.

Despite these and other statistical programs, the current
level of knowledge about freight movement is inadeqguate in
many respects. Agencies publish reams of data on the number
of intermodal containers landed at ports and the volume and
weight of trucks moving over our highways, but it is very dif-
ficult to integrate this information in order to determine how
these freight systemns are linked so as to provide freight ship-
ments for different types of commoeodities. In addition, data on
most regional and local activity—the levels of interest for state
and metropolitan freight planning activities—generally are not
available. The U.S. DOT, Bureau of Transportation Statistics
{BTS}) has concluded that the state of knowledge about for-
hire trucking activity is acceptable for most facets of national
activity, needs improvement at the international and state
levels, and is “virtually nonexistent” at the local level (1),

Some of the specific deficiencies by planning function
include the following:

» Congestion Management. State DOTs and MPOs gen-
erally have adequate data-road maps, iraffic counts,
accident records, traffic engineering studies, and so
forth—to identify congestion bottienecks and analyze
their causes. What usually is missing for freight plan-
ning purposes is information about the number of trucks
and types of commedities delayed by traffic congestion.

+ Intermodal Access. State DOTs and MPOs generally
have simple inventories of the major intermodal facili-
ties in their jurisdictions, but often lack time-series data
on the truck movements into and out of these facilities.
They also may lack information on specific access prob-
lems (e.g., intersections and exit ramps that are too small
for today’s larger trucks), low bridges that force trucks
to make long detours, and noise and safety problems
when trucks must trave} through local neighborhoods.

» Truck Route Designation and Maintenance. State
DOTs and MPOs typically have limited data on truck
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TABLE 3 Public-sector freight data needs for performance-based planning

Functon

Data Needs

Support for Performance-

Based Flanning

Congeston
management

Track-hours of travel

Average speed or travel rate
(hours per mile) for truck

Added truck-hours or truck-hours
per mile due to congestion

Truck transport cost (total, or per
truck-mile, ton-mile, or dollar
value of freight carried)

Added cost due to congestion
Transpott time reliabilicy

Types of trucks and commodities
caught in congestion

Energy consumption for trucks:
total or per vuck-mile or ton-mile

Ermisstons rates for trucks: total
or per truck-mile or ton-mile

* Understand impact of

congestion on goods movernent

»  TInderstand contribudon of
trucks to urban congesdon and
air quality problems

Intermodal access

Volumes of vucks enterng or
exiting an Intermodal facility

Variabiity in demand for, and
supply of access to, intermodal
facilities

Congestion-related delays on
access roads to the facility

Queuing counts related to the
capacity of the facility

Accident rates on access roads to
the facility

Travel time contours around the
facility (e.g., driving distance
within 30 minutes)

Number of people living or
working within x miles of the
facility

* Identify land-side access
imptovement needs

Tmck route
designation and
maintenance

Truck traffic volumes
Origin-destnation patteras

Trock size and weight data

* Identify high-volume truck
routes and corridors

*  Assess pavement damage and
replacement needs

Safety mitigation

Accident rates
Rail-grade crossings
Low-clearance bridges
Steep grades

+ Identify safety hazards and
develop mitigation serategies

Economic
development

Truck volomes
Commedity movements
Origin-destnation parterns

Shipping costs

& Assess economic benefits and
costs of freight transportation
investment projects

volumes and patterns. With the exception of a few spe- freight trip as a whole—its origin, modes of travel, routes,
cialized port agencies, state DOTs and MPOs have even transfer points, destination, and reliability.

less knowledge of industry supply chains and distribu- + Safety Mitigation. State DOTs and MPOs typically have
tion networks. Data are limited with respect to com- inventories of rail-grade crossings and low-clearance
modity flows, particularly for interstate or international bridges and may have collected data on intersections
traffic. Consequently, planners have litile sense of the with high frequencies of truck-related crashes. They
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TABLE ¢ Major secondary data sources for truck information

Vehicles/

Source Drivers

Shipment

Origin/

Comumodity | Destinatdon | Facilities

Commodity Flow Survey v
(US.BEY)

v v

Highway Performance
Monitoring System (1.5, v
BOT)

LTL Commaodity and v
Market Survey (ATA)

Natonwide Track Activity
and Commodity Survey v v
{Census Bureau)

North American Truck vy
Survey {AAR)

v v

Truck Inventory and Use v
Survey (Census Bureau)

v

often lack data on the types of trucks that are invelved
in accidents or the cost to industry from accident impacts
and countermeasures.

Economic Development. Planners have high-level data
on the employment or revenue of the trucking ndustry,
but little information is available about (1) the value of
freight flowing into or out of most metropolitan areas,
{2) shipment costs, and (3) the time-sensitivity of deliv-
eries. Without these data, it is difficult to gauge the
impact of congestion on business logistics practices and
overall regional economic growth.

Future Opportunities for Freight Data

The information collected and stored by ITS systems

offers an opportunity to address some of the deficiencies in
freight-related data. Three types of ITS deployment offer
potential sources of freight data:

» Metropolitan Traffic Management Systems. Under
the auspices of the Intelligent Transportation Initiative,
major metropolitan areas are planning and deploying
freeway management systems, incident management
programs, electronic toll collection systems, and related
services. The enabling technologies for these services
include loop detectors, automatic vehicle classification
{AVC) and automatic vehicle identification (AVT) equip-
ment, closed-circuit television cameras {CCTV), and
other equipment that more closely can monitor the num-
ber, type, and identity of trucks and other vehicles pass-
ing through the highway system. Nevertheless, metro-
politan ITS traffic management systems are otiented
primarily toward passenger cars and, therefore, may not
address the unigue routing restrictions and service
demands faced by freight carriers.

Commercial Vehicle Operations (CVO). The national
ITS/CVO program is heavily focused on streamlining
state regulatory processes, such as vehicle registration
requirements or roadside safety inspections. Through

the Commercial Vehicle Information Systems and Net-
works (CVISN) initiative, FHWA is supporting the
development of a national CVO information systems
architecture and electronic communication standards, as
well as the model deployment of systems for safety
information exchange, electronic credentialing, and
electronic screening. The public-sector ITS program has
not paid much attention to freight movement o date.
Nevertheless, roadside CVO systems—such as AVI and
weigh-in-motion (WIM} devices—can provide a rich
source of freight planning data.

+ Fleet Management Technologies. In the freight sector,
carriers such as trucking companies and railroads have
been the early leaders in ITS deployment. These organi-
zations have invested in new technology to reduce the
cost and improve the reliability of long-distance freight
transportation; ensure the safety of drivers, vehicles, and
cargo; and streamline internal business management
practices. The number of motor carriers using fleet
management systems and other ITS technologies has
increased rapidly, with a nearly 50-fold increase between
1987 and 1592 (20). In 1987, the TIUS statistics show
that less than 0.01 percent of the nation’s medium and
heavy trucks were equipped with trip recorders, elec-
tronic engine controls, automatic vehicle identification
transponders, or automatic vehicle location systems. In
1992, TIUS statistics show that just under 4.0 percent
of trucks were equipped with more than one of these
technolegies. Fleet and vehicle management systems
include onboard computers, routing and dispatching
software, mobile communications, and automatic vehi-
cle location {AVL) systems (see Table 7). The data col-
lected by these systems are proprietary and, in most
cases, highly sensitive, but in aggregated form may
enhance public-sector planning efforts.

The data collected by these ITS technelogies can support

each of the major functions of state and metropolitan freight
planning {see Table 8}.



TABLE 7 Fleet and vehicle management systems

System

Applications

Major Users

Electronic Trip Recorders/
Onboard Computers

Auvromatically monitors and
records information on the
performance of the vehicle or
the driver

Lasge or private fleets; carmers
with national or regional
operations

Seatic Rouding and Dispatching
Software

Compuses the most direct
route between an origin and a
destination, enabling carriers
to maximize fleet efficiency

Carriers operating on fixed
routes with the same
customers

Dynamic Routing and
Dispatching Software

Uses real-time congestion and
shipment volume information
to determine the most efficient
rouie for a vehicle

Carriers opetating large
nutnbets of vehicles over
variable routes; national flects

Comunications Systems

Provides driver-to-dover
communication and a link
between the carder’s terminal,
dispatch office, and vehicles

Large fleets, especially those
with time-sensitive cargo and
variable routes

Cargo Monitoring

Provides real-time tracking of
assets and monitoring of cargo
conditions

Carriers transporting high-
value, perishable, or hazardous
material shipments, especially
containerized carpo

Auvtomatic Vehicle Location

Enables real-time idengfication
of a vehicle’s location relative
to a map; assists with package
tracking and real-time routing

Truckioad carriers opetating
over long distances

Other Published Data Sources

In addition to the published secondary sources of freight-
related data noted in Table 6, the following sources are of
potential use in establishing and calibrating measures for a
performance-based planning application.

Characteristics of Urban Travel Demand
(“CUTD")

The 1988 CUTD Manual is being updated, with a final
preduct expected in 1999. This manual is a compendium of
information on urban travel demand characteristics and rela-
tionships of relevance to planning, forecasting, and evalua-
tion of transportation system improvements, policies, and
programs, The updated manual will include data such as

* Demographic data {e.g., population density, vehicle
ownership, and employment);

* Transportation system characteristics (e.g., lane miles
and transit system route miles);

= Trip characteristics {e.g., mode, length, vehicle occn-
pancy, total VMT, purpose, and temporal distribution);

* Trip-making and trip generation characteristics {e.g.,
person trips per household, per vehicle, per persen, and
by various social and demographic strata); and

*» Truck trip characteristics {e.g., length, purpose, and tem-
poral distribution).

While this data source is a compendium of samples and
average values from various sources, it is a potentially power-
ful and convenient “one-stop™ location for a great variety of
dats that can be used to establish default performance stan-
dards and check the reasonableness of local estimates and
forecasts.

American Travel Survey

The American Travel Survey was conducted by the
U.5.DOT BTS in 1995 and provides information on the long-
distance travel characteristics of persens living in the United
Sates. The ATS focuses on state-to-state travel as well as
travel to and from MPOs. Summaries of travel characteris-
tics for states and metropolitan areas include data such as trip
mode, purpose, distance, duration, and size of party. The BTS
is & good source of aggregate information on trip making and
is readily accessible through the World Wide Web at bts.gov.

ANALYTICAL TOOLS

This section, although closely related to the preceding sec-
tion on data, focuses more specifically on analytical methods
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TABLE 8 Freight planning applications of ITS technologies

Technology

ITS Use

Freight Planning
Opportunities

Traffic surveillance
technologies (loop
detectors, infrared sensors,
acoustc sensors, radar,

CCTV)

Collect informatdon about
the status of the traffic
strearn {counts, speeds,
incidenis)

Provide real-dme dara on
truck travel times and
speeds at specific points

Provide detail on types of
trucks and commodities

Auntomatic Vehicle
Classificarion (AVC)

Vehicle counts and
classifications

Inventory the type and
volume of trucks using
pasticular roadways

Dedicated Short-Range
Communication (DSRC)/
Automatc Vehicle
Identfication (AVD)/
Automatic Equipment
Idendfication (AET)

Elecrronic toll collecdon

Electronic roadside
screening

International border
clearance

Container idenpficatdon

Traffrc mmanagement

Estimate travel dmes 2nd
speeds on certain corfidors
or around particular sites

Estimate travel time
reliabiiicy
Estimate truck and

container flows at
intermodal facilities

Suggest broad O-I2 patterns

Smart Cards

Gate access at terrminals
Driver licensing
Electronic toll collection

Electronic fuel purchasing

Provide informeation on
wavel imes and speeds,
route selecton, and O-D
patterns

Weigh-in-motion (WIh}

Truck weighing

Determine the weight of

* Electronic roadside

trucks using pariicolar

X roadways
screening
+  Assess potentiel pavement
damage
;reh-ide Navigarion * Locate vehicles and cargo *  Assess mavel times and
Stems - iabilicy
y e Estimate time of arrival delivery eeliabilicy

disparching

¢ Optmize routing and

» Estimate the iopact of
congestion on business
logistics practces

and tools that may be useful in generating and analyzing per-
formance data. Included are travel forecasting models, geo-
graphic information systems, benefit-cost models, trade-off
analysis methodologies, survey research methods, and so on.

Urban Travel Demand Forecasting Models

Many metropolitan and local transportation agencies now
maintain forecasting models for use in preparation of local
and regional plans, air quality conformity analyses, and so
forth. These models are useful to the performance-based
planning process because they allow estimates of data that
would otherwise be difficult to measure in the field. This is true
not only for forecasts, which of course cannot be confirmed
through field observations, but also of current period data such
as VMT, person-miles of travel, and average vehicle speed by

highway functional class. Such aggregate measures are dif-
ficult and expensive to collect in the field with any regular-
ity. If calibrated with occasional survey data, however, travel
models can provide reasonably accurate estimates of these
kinds of data, which are useful in a planning application.
Entire programs of research and development have been
devoted to improvement of the travel forecasting process and
do not need to be described here. The U.8, DOT-sponsored
Travel Mcdel Improvement Program has generated a num-
ber of useful resource documents that are recommended to
agencies wishing to use their model systems for more, or
more accurate, planning data. Perhaps the most generally
useful of these is the report on “Short-Term Travel Model
Emprovements,” DOT-T-95-05, October 1594 (/3). This
report summarizes the methods and procedures that MPOs
are recommended to implement over a 3- to 10-year time
frame to improve urban travel demand modeling systems.
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Areas of expected improvement include collection of travel
survey data, modeling of non-motorized data, integration of
land use components or allocation models, dynamic assign-
ment techniques, improved air quality analysis, and more.
One of the benefits of tiis analysis and review is the identifi-
cation of improved methods for estimating speed and vehicle
emissions from traditional travel demand models and “post
processors.”

Statewide Travel Models

Unlike the metropolitan planning situation, where travel
demand forecasting models are relatively commonplace,
many states are rather limited in their ability to generate esti-
mates of existing or future flows on inter-city commidors or
statewide networks, As a result, many state DOTs would find
it challenging to generate certain systemwide performance
measures and forecasts of those measures, such as average
trip length on the system or VMT,

A recent conference sponsored by TRB (21) focused
specifically on the current status and challenges of statewide
travel modeling. Several states are starting or upgrading inter-
city modeling capabilities—in some cases moving from trend-
line or sketch planning techniques to network-based models
with distribution, mode choice, and assignment capabilities.
In a number of cases, the desire to know more about com-
mercial vehicle freight traffic has been a significant factor in
the decision to invest further in these analytical models.
Because of the number of states developing truck or com-
modity flow components to their statewide models, the abil-
ity to forecast truck travel should improve substantially in the
near term,

FHWA has published 2 guidebook on statewide travel
demand forecasting. While this guidebook will likely be
enhanced and updated in coming years, it remains a good ref-
erence that describes different types of long-distance travel
demand forecasting procedures.

Data sources noted for their potential use in developing
statewide travel models may also have value in development
of performance measures at the state level. These include
national databases such as the National Passenger Trans-
portation Survey (NPTS) and the American Travel Survey.

Quick-Response Freight Manual

The U.S. DOT’s Travel Model Improvement Program has
resulted in a2 number of relevant analytical methodologies
and data sources. One of these is the Quick Response Freight
Manual (22}, This manual provides several kinds of useful
information, including

* Information on factors affecting freight demand and
movemant,

* Avajlable data and freight-related forecasts compiled by
others and guidance in how to apply these data,

* Simple techniques and transferable parameters that can
be used to develop cornmercial vehicle trip tables, and

* Techniques for site planning that can be used {o antici-
pate local commercial vehicle traffic caused by new
facilities.

In particular, the manual identifies alternative analytical
methodologies and data collection techniques that can be used
to improve the accuracy of the freight analysis and planning
processes.

Travel Survey Manual

The U.S. DOT, in conjunction with several other federal
agencies, developed a manual describing current practices
and improved techniques to implement the surveys often
required for travel model system development. This Travel
Survey Manual (23) provides detailed procedures for design-
ing, implementing, and processing the following types of
fravel surveys. While the emphasis of this research is on
obtaining the type of survey data necessary for travel demand
model development, many of the survey techniques are applic-
able to performance-based planning approaches requiring
either direct information about personal and commercial
travel characteristics, or development of improved analytical
models. The manual covers

* Housechold travel and activity surveys,

* Vehicle intercept and external station surveys,
» Transit onboard surveys,

+ Commercial vehicle surveys,

» Workplace and establishment surveys,

* Special generator surveys, and

* Parking surveys.

Benefit/Cost Models

The U.S. DOT has funded development of analytical mod-
els designed to assess the relative benefits and costs of alter-
native transportation projects or investment scenarios. Two
that have progressed to the point of being available “off the
shelf” to interested users include STEAM and IDAS. STEAM,
the Surface Transportation Efficiency Analysis Model, is
designed to allow comparison of alternative mode capital
projects (e.g., amixed-flow freeway lane, HOV lane, and rai}
extension). STEAM uses compenents of standard four-step
travel demand models as input and generates various outputs
(including user benefits expressed as travel-time savings,
externalities such as vehicle emissions, energy costs, benefit/
Cost ratios, and more).

IDAS, the Intelligent Transportation System Deployment
Analysis System, is a sketch-planning analysis tool that esti-
mates the impacts, benefits, and costs resulting from the



deployment of ITS components. Like STEAM, it is a post
processor to travel demand models and is aimed at MPOs and
state DOTs. IDAS incorporates analytical routines such as
cost/benefit analysis, sensitivity analysis, risk analysis, and
ranking of alternatives. IDAS evaluates a range of benefits
for each identified alternative, including

Travel time and throughput (for persons and vehicles),
Environmental (emissions and energy consumption);
Safety (change in the number and severity of accidents);
and

» Travel-time reliability.

L]

Using IDAS, one can compare, for example, the relative
costs and benefits of a new HOV lane with a new transit line,
with and without I'TS features such as ramp metering, inci-
dent management, and electronic toll collection. Costs esti-
mated include public- and private-sector capital costs and
public- and private-sector operating and maintenance costs.
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These two analytical tools will soon be available at nomi-
nal cost from FHWA. STEAM is available with limited user
support. IDAS was scheduled for release in the fall of 1999;
details of the user support program are in development.

Incident-Related Effects and Incident
Management Strategies

FHWA has undertaken development of a sketch-planning
method for estimating the impacts on nonrecurring conges-
tion (incidents) and the effectiveness of strategies to mitigate
that congestion. The method provides estimates of change in
vehicle hours of travel {VHT) and VMT, as well as queue
length, and is intended to be applied for sections of freeways
from 2 to 20 miles or more in length {24). The beneficial
effects of incident management strategies, such as antormated
incident detection, service patrols, computer-aided dispatch,
and shoulder widening, can be estimated.
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APPENDIX A
SUMMARY OF CASE STUDIES

Fellowing is a summary of the numerous case studies con-
ducted for this research project. More complete documenta-
tion of the case studies is contained in the project Final
Report.

SUMMARY OF CASE STUDIES

The case studies conducted for Phase II of this research
project reflected public and private experiences with perfor-
mance-based planning. The cases were chosen because of
specific characteristics that allowed the project team to gen-
eralize from this experience to other contexts. These case
studies included state departments of transportation, metro-
politan planning organizations, service providers, and a pni-
vate firm specializing in goods transportation. In each case,
field visits provided an in-depth review of the institutional
and technical foundations for performance-based planning.
The results of these case studies provide important insights
into the challenges and opportunities associated with such
planning. These case studies were conducted during the
pertod April 1997 through February 1998. Most of these
agencies have continued to develop and refine their systems
since that time, and these case study summearies do not reflect
the changes and improvements that may have been made.

Capital District Transportation Commigsion
(Albany, New York}

The Capital District Transportation Commission (CDTC)
was one of the earliest metropolitan planning organizations
to use performance measures in a comprehensive way. As
part of an update to the long-range regional transportation
plan, the CDTC adopted a set of “core performance mea-
sures” that reflected a total cost-accounting perspective on
transportation system impacts. This cost accounting, as
reflected in the performance measures, includes both mone-
tized and non-pecuniary costs.

Nine task forces were established to provide focus in key
planning areas, with each task force developing supplemen-
tal performance measures that linked directly to the core per-
formance measure and could be used for tradeoff analysis of
specific plan optiens. This process was successful in linking
broad system performance measures to criteria for evaluat-
ing cost-effective strategies in individual applications.

Two of the task forces regarded the performance-based
approach as particularly well suited to the types of options
they considered, but case study participants did not find that
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the approach had much influence on the overall pian struc-
ture. The minimal impact on ultimate decisions is likely to be
true for any transportation investmnent decision process
where tradeoffs must be made. In addition, a backlog of
TIP projects meant that new projects that surfaced from the
performance-based planning approach would have to com-
pete with projects that had already received political
approval. The specific lessons leamned from the Albany case
study were

« Adoption of performance-based planning for a planning
process will be evolutionary, that is, there will be a
period before the new approach begins to have an
impact.

» Developing a set of core performance measures to which
everyone agreed assured consistency as planning pro-
ceeded toward recommended policy and strategies.

« Performance-based planning is perhaps more participa-
tory than traditional models, implying that efforts to
“open” the process to a broad range of participants and
making it understandable to these participants are
needed.

« Long-term commitments for data collection and analy-
sis are necessary for performance-based planning to
work.

East-West Gateway Coordinating Council
{St. Louis, Missouri)

The East-West Gateway Coordinating Council has been
exploring the use of performance measures in planning since
the early 1990s. The long-range transportation plan identified
outcome-based performance measures that related to the
social, economic, and environmental vitality of the region.
These measures were used in three planning initiatives, with
varying levels of success.

The first initiative was a major investmzent study (MIS) in
which performance measures were used to compare and rank
modal investments. Measures were identified as part of the
evaluation process, but the selected measures did not seem
related to project-specific impacts nor the availability of data,
A second effort in the MIS to incorporate performance mea-
sures resulted in 50 measures being identified. Due to the
large number of measures, lack of data to support them, and
an unclear causal linkage, the exercise was considered unsuc-
cessful.

The second initiative was to use performance measures in
project prioritization for the TIP. Projects were ranked by
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their relation to regional goals (and hence performance mea-
sures) and their cost-effectiveness. However, the selected
performance measures were not viewed as adequate for mea-
suring progress toward overall goals.

The third and most successful initiative involved incorpo-
rating performance measures into a regional freight planning
study and subsequent “report card.” A list of 28 performance
measures related to regional freight objectives was identified
through a process in which industry participants played an
active role. The recommended measures were chosen based
on ease of data collection and relationship to regional signif-
icance, thus reflecting a strong level of implementation fea-
sibility. The specific lessons learned from the St. Louis case
study were

* Focusing on a few good performance measures provides
more targeted information to decision-makers.

» Any set of performance measures that results in an over-
whelming data collection requirement will be quickly
abandoned.

* As in the Albany example, the freight “report card”
illustrates the need for incorporating stakeholders and
system users into measure definition and having ade-
quate in-house technical capacity to use performance
measures,

Metro (Portland, Oregorn)

Metro, the MPO for Portland, Oregoen, has a higher degree
of legislative and statutory strength behind its planning activ-
ities relative to many other MPOs. Oregon’s “Transportation
Planning Rule” requires the quantification of goals and
objectives as part of the process. The Regional Transporta-
tion Plan (RTP) is framed by the more comprehensive “2040
Growth Concept,” which calls for emphasis on access to the
central city, regional centers, intermodal facilities, and indus-
trial areas,

Metro has a relatively larger amount of rescurces dedi-
cated to transportation analysis and is known for innovations
in development and application of analytical models. In par-
ticular, Metro has developed measures of accessibility that
are fairly advanced and based upon a set of spatially refer-
enced tools. The advantages of this approach include pro-
viding measures of access to opportunities that are relatively
mode-neutral. Specific lessons from the Portland case study
Include

» Planners should anticipate that implementation of
performance-based approaches will increase the time
required to evaluate and reach decisions, not decrease it.

* Public values cannot be accurately gauged without thor-
ough public involvement, but this involvement will not
be successful without meaningful feedback.

* Metro has gone further than most agencies in devising
and implementing quantitative measures of mobility and
accessibility that are computationally complex but are
still relatively intuitive to the user. It may be challeng-
ing for many regions to develop the analytic capabilities
needed to address the equity aspects of mobility and
accessibility.

Metropolitan Council {(Minneapolis/St, Paul,
Minnesota)

The Minnesota State Legislature required the Metropoli-
tan Council to perform an audit of the region’s transportation
system in order to provide public accountability for the
resources that were being allocated to the system. A review
of recently completed policy statements and plans provided
an overview of the regional goals and objectives guiding
transportation investment. The evaluation framework for the
andit focused on three levels, starting first with transportation
system performance, then leading to economic growth and
competitiveness, and finally to quality of life. For audit pur-
poses, performance measurement was related to data, includ-
ing benchmarks, peer comparison, and performance stan-
dards. Results of transportation system customer satisfaction
surveys from households and businesses were included in
this assessment.

The Twin Citles case study reflects a growing use of
performance-based planning—providing accountability for
public rescurces expended. The concept of an audit targets
the relationship between these expenditures and system per-
formance. Of great interest in the Twin Cities was the broad-
ening of the outcome measures to include economic
growth/competitiveness and quality of life, thus providing a
direct link to stated regional goals and objectives. The spe-
cific lessons learned from the Twin Cities case include

* Performance measurement over time is meaningful
when related to changes that oceur and that reflect some
datum of reference such as the change from the last mea-
surement cycle, peer comparison, use of performance
standards, or benchmarks.

» Customer orientation is an important element of mea-
suring system performance. Not only does this relate to
the original definition of appropriate measures, but also
to the actual determination of system performance rela-
tive to customer expectations.

Florida Department of Transportation

The Florida Transportation Plan explicitly uses perfor-
mance measures to establish and revise goals and objectives,
with indicators of progress used to measure progress toward
these long-range objectives. The Short-Range Component of
the Plan is the basis for an annual performance report on the
level of achievement of the 15 short-range objectives.



The Florida DOT was one of the first DOTs to develop a
comprehensive intermodal management system (IMS3). The
original concept of the IMS was for the focus to be sys-
temwide with emphasis on both transfer facilities and qual-
ity of access, As this effort evolved, the focus became solely
access characteristics to the state’s highway network. This
new focus further evolved into a process whereby points
were assigned to empirical observations that could be used to
establish priorities for specific improvements within each
district. After a 2-year test peried, an internal evaluation of
the IMS concluded that no district had used the information
for establishing priorities.

A key conclusion from Florida is that participanis very
carefully distinguish between performance measures and
indicators of conditions. Indicators provide information on
what is happening to key system characteristics, but they do
not necessarily relaie directly to a causal linkage with agency
action. Nonetheless, an ability to track key system character-
istics became a component of the agency’s commitment to
improve its actual performance. At another level, perfor-
mance measures were used as triggering devices to indicate
when further study was warranted and to integrate perfor-
mance considerations with existing planning processes.
Other observations that come from Florida include

+ Establishing causality between program investment and
performance measures is an important technical and
political issue,

» The process of monitoring system performance was
considered as important as the actual performance mea-
sures.

+ A concern was expressed about the danger of decision-
makers “chasing” the performance measures. This
means that once it is known how “success” will be mea-
sured, those actions that most quickly and easily achieve
this success will tend to be sclected, even though the
roof cause of the problem might suggest differemt
actions.

Oregon Department of Transportation

Along with Florida, Oregon was one of the earliest states
to devote considerable resources to the development of a
statewide intermodal management system (IMS). The early
phase of IMS development included inventorying intermodal
facilities, defining a set of general performance measures,
and identifying corresponding data requirements. Once the
sheer scale of such an IMS became known, the concept was
refined to focus on access guality into and out of major points
of transfer. This new focus reflected extensive input from
transportation system stakeholders who identified capacity,
accessibility, connectivity, time delay, and safety as critical
performance dimensions. Attentior was given to establishing
threshelds of acceptable performance and to using this infor-
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mation for prioritizing projects; this use for prioritization
continues to be debated.

Specific observations that come from the Oregon case
study include

= Performance measures were refined to reflect only those
elements of the transportation system under control of
the agency.

« Efforts to supplant (or at least perceptions of such
efforts) the political process associated with prioritiza-
tion were not well received,

» Extensive stakeholder involvement was considered
essential in successfully defining an IMS that would
have an important role in the transportation planning
process.

» There was great hesitation in refining performance mea-
sures to ever finer quantification. The measures were
viewed as input into planning, not as replacing the plan-
ning process itself.

Washington State Depariment
of Transportation

The Eastern Washington Intermodal Transportation Study
was undertaken to study the mobility needs of agricultural
stakeholders. An important feature of this study was the
focus on the “rip” of a commaodity from origin to destination
through a logistics-chain database, rather than on aggregate
flows across a transportation network. So, for example, the
study examined the timing of harvests, the demands for
transportation, and the resulting impacts on the network.
Although the perspective adopted in this study was very
much oriented toward transportation sysiem users, the per-
formance measures targeted those system components under
state DOT control. As in Florida and Oregon, Washington
State used the concept of indicators to represent phenomena
that are nof causally linked to agency action.

A similar effort has been occurring in Seattle. The Puget
Sound Regional Council {PSRC) has developed an analysis
process for freight planning that is commedity-based, rather
than the traditional reliance on land use characteristics. The
PSRC has developed a monitoring program consisting of 26
critical segments of the region’s road network, mainly mea-
suring conditions experienced by trucks. In the near term,
these measures are to be used to report trends, but are viewed
as the basis for 4 more systematic planning process aimed at
freight mevement in the region.

The specific observations that result from this case study
include

+ Performance-based planning efforts become quite
meaningful when the appropriate stakeholders are
included in the process.

» Both system-based and user-based performance mea-
sures should be included in performance-based plan-



A4

ning, with the level of disaggregation related directly to
the type of information desired and the types of deci-
sions that need to be made.

* A market group focus for performance measures draws
a strong linkage between economic productivity and the
performance of the transportation systemnt.

* This case also illustrates the concern with having per-
formance measures replace political decision making in
establishing prierities.

Verment Agency of Transportation

The Vermont Agency of Transportation (AOT) has set in
mation a program to monitor the performance of the pro-
grams aimed at improving the quality of transportation in the
state, The pregram is based on both the commitment of the
agency and legislative mandate to undertake a program of
monitoring and feedback in the planning process. Senior
managers at the agency reported satisfaction with the devel-
opment of & program to monitor the outputs of the agency’s
work, but are now wrestling with the transition to the use of
outcomes,

Managers believe that certain departments have made
major strides in reorienting their work to incorporate perfor-
mance-based evaluation. For example, high-level managers
believe that the pavement program has evolved from a list of
specific projects to a system that can be described, evaluated,
and understoed. The biggest challenge facing managers is to
develop a meaningful monitoring program in the mainte-
nance department that will include a new telephone log sys-
tem o capture customer requests, a mechanism to annually
survey district customers, and a numerical index to rate
maintenance conditions for road sections. These examples
show how the agency has augmented or modified their data
collection and manipulation systems to better suit the infor-
mation demands of the performance-based approach.

Amtrak

As part of its strategy to attract customers, Amtrak man-
agement instituted a Customer Satisfaction Tracking System
{CSTS) as input into operations and capital decisions. In
1994, Amtrak sponsored a survey of more than 10,000 cus-
tomers to determine the most important customer satjsfaction
factors. Customers on each Amtrak product line were then
surveyed on a regular basis, with a 3-month rolling average
used to track customer satisfaction trends. A composite Cus-
tomer Satisfaction Index (CSI} was developed and became
the major indicator of customer satisfaction as reported tc the
Board of Directors. Study participants suggested that some
managers were also using the CSTS database to make deci-
sions at their fevel,

Specific observations that come from the Amtrak case
study include

* Study participants suggested that management and
employee “buy-in” is needed with customer satisfaction
measures to motivate staff and influence operations;
including staff in measure and tool development was
suggested as one way to accomplish this.

* Customer-oriented product delivery requires a good
understanding of the desired service characteristics and
of the status of those characteristics in actual service
delivery. Surveys are a crucial element in gathering this
customer information.

Miami Valley Regional Transit Authority
{Dayton, Ohio}

In the early 1990s, the Miami Valley Regional Transit
Authority (MVRTA} was perceived as being isolated from
the community that it was trying to serve. To address this
credibility problem, MVRTA leaders established an inde-
pendent comumittee of civic, business, and constituency lead-
ers to develop a sirategic direction for the agency, This strate-
gic direction included a service standards process whereby
service performance could be monitored and new service
requests could be evaluated in terms that were understand-
able to the community. Four service standards were defined
by the Authority—passengers per platform hour, vehicle
load factors, on-time performance, and community-based
service needs. The last standard is a qualitative assessment of
how a service relates to fundamental community needs such
as access to key employment, commercial, or medical facil-
ities, A wide-ranging data collection effort supports the mon-
itoring of system performance. Organizational changes have
occurred that further implement the system performance ori-
entation of MVRTA. For example, the planning staff has
been given responsibility for scheduling and is expected to
field customer complaints twice per month. This provides a
direct link between customer perceptions on service provi-
sion and actual provision of service.

Specific observations that come from the MVRTA case
study include

+ The implementation of performance-based planning is
an evolationary process with important “developmen-
tal” phases along the way.

* Periodic system measurement provides feedback to cus-
tomers and stakeholders that benefits are accruing for
their investment and involvement with the planning
process.

* Credibility in the process also means having the
resources and willingness to address problems that sur-
face from the performance-based planning process.

United Parcel Service

United Parcel Service’s {(UPS's) measurement systems
have traditionally focused on preductivity, efficiency, and
finance. Early performance measures in support of these



goals included volume growth, revenue growth, time-in-
transit, and cost per package. In recent years, profit has become
a more explicit concemn with the realization that revenue and
volume growth does not necessarily equate to profit growth.
Within the last 5 to 15 vears, UPS managers have con-
cluded that an exclusive focus on efficiency and finances,
particularly volume growth, was creating long-term negative
implications, especially for fixed asset requirements. For
example, new service offerings brought about by competi-
tion could not be assessed (and serviced) in same way as tra-
ditional ground service. Many forces have come together to
compel UPS to take a broader approach to performance mea-
surement. UPS’s current approach is centered on the “Bal-
anced Scorecard” concept; this approach acts as an alignment
mechanism for data collection and analysis from the Board
of Directors through front-line managers. Other observations
on the use of performance-based planning at UPS include

= Participants stated that a performance measurement sys-
tem should be applied in beth top-bottom and bottorn-
up fashions. However, it should be established top-
down, with key corporate goals used as the driver and
alignment mechanism for all measures.
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» UPS has underestimated both the cost of maintaining
information technology and the additional costs that are
incurred just by virtue of having data available.

» Timeliness of information is more critical than quantity
of information. at all levels.

+ Undue concerns about the long-term stability of mea-
suremment systems and specific measures may paralyze
agencies and prevent them from responding to changing
internal and external forces.

+ Different kinds of measures may be needed to track per-
formance with respect to strategic objectives, as
opposed to measures, which are better diagnostics of the
problems and effective solations.

+ Feedback and evaluation, particularly in terms of cus-
tomer satisfaction, are needed to identify effective per-
formance drivers.

+ UPS is trying to measure, interpret, and predict finan-
cial performance in a broader context that incorporates
customer- and employee-oriented measures.

*» The availability of “anlimited” information creates new
problems of putting it all together or of “creating infor-
mation out of data.”







APPENDIX B
PERFORMANCE MEASURES LIBRARY

The following material is a comprehensive catalog of
many of the performance measures in use in the United
States today.
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B-45 9.0 MEASURES RELEVANT TO MULTIPLE
GOAL CATEGORIES
INTRODUCTION

The purpose of this Performance Measures Library is to
provide practitioners of performance-based planning with a
concise look-up guide cataloging many of the measures in
use around the United States today. The Library is a com-
panion to A Guidebook for Performance-Bused Transporta-
tion Planning. By using these resources in tandem, users wiil
find guidance on the process of performance-based planning
as well as an organized list of specific performance mea-
sures that are being used or have been considered for use at
state DOTs, MPOs, and other transportation organizations
around the country.

Performance measures from a wide variety of sources and
transportation organizations have been included. The intent
is that practitioners will benefit from having access to a num-
ber of variations and alternative measures. The following
section describes the organizing framework and how 1o use
the Performance Measures Library.

Organization of the Library

To facilitate the use of this library, we have organized per-
formance measures into eight major goal categories consis-
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tent with many agencies’ categorization of goals and mea-
sures. These are as follows:

Accessibility,

. Mobility,

Economic Development,

Quality of Life,

Environmental and Resource Conservation,
Safety,

Operational Efficiency, and

Systemn Condition and Performance.

R

The intent of this organizing structure is that users can easily
scan the table of contents and readily locate measures perti-
nent to their categories of interest. The remainder of this doc-
ument consists of 2 series of sections, one for each category
listed above.

Within each section, the performance measures are further
divided into subcategories fo make navigating the long lists
of measures easier. Rather than develop a universal organi-
zational scheme for all eight goal categories, we created sub-
categories that best fit each of the individual categories. Each
section has an “index tree” giving an overview of the sub-
categories. These index trees should give practitioners a
quick way of identifying the set of performance measures
best suited for their particular needs.

Within the tables, those measures that appear to be used
more frequently or are cited more ofter are éalicized. Some
of the performance measures in this library appear in more
than one of the eight goal categories. Section 9.0 contains an
alphabetical index of all the measures contained in this
library. In particular, the index notes those measures that
occur in multiple goal categories, providing the user with an
indication of which measures cut across various goals.

References

References are provided for each of the performance mea-
sures in this library, In the tables, the code shown to the right
of each measure refers to the references listed below:

1. Cambridge Systematics. “Multimodal Transportation Planning—
Development of a Performance-Based Planning Process, Phase I
Final Report.” National Cooperative Highway Research Program.
Transportation Research Board, MNational Research Courcil,
Washington, DC (August 1996).

2. The Citizen League Research Institute. Regional Benchmark-
ing: A Resource for Community Dialogue (June 1997).

3. Department of Geography, New Mexico State University. The
Use of Intermodal Performance Measures by State Depart-
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ments of Transportation. U.8. Department of Transportation
(June 1996).

4. Cambridge Systematics. Performance Measures Used by
State Agencies and MPOs, Unpublished list of performance
Imeasures.

3. State Transpertation Plan Review: NTS Framework/U.S. DOT
Restructuring Progress, Interim Submission (February 1996).

6. Michael D. Meyer. “Alternative Performance Measures for
Trapsportation Planning: Evolution Toward Multimodal Plan-
ning.” U.5. Department of Transportation, Report FTA-GA-26-
7000 {December 1995),

7. Cambridge Systematics. Performance Measures Overview for
Michigan Department of Transportation (May 1994).

8. Transportation Planning and Performance Measurement in
Washington State.

9. Cambridge Systematics. Suggesied Performance Measuves for
Texas Transportation Plan (August 1994).

10. Texas Department of Transportation. Texas Department of
Transportation Established Transportation System Performance
Measures.

11. Cambridge Systematics. “National Transportation System Per-
formance Measures, Final Report.” For Office of the Secretary,
U.5. Department of Transportation, Report DOT-T-97-04
{Aprii 1996}.

12. Florida Department of Transportation. Measures for Perfor-
mance-Based Program Budgeting as Stated in the General
Appropriations Act for FY 1997-1998 (October 1997).

13. National Cooperative Highway Research Program, *Performance
Measurement in State Departments of Transportation.” NCHRP
Synthesis of Highway Practice 238. Transportation Research
Board, National Research Council, Washington, DC (1997).

1.0 ACCESSIBILITY

Providing accessibility to jobs, recreation, shopping, inter-
modazl transfer points, and other land uses is one of the pri-
mary purposes of any transportation system. Measures of
accessibility should reflect the ability of people and goods to
access services, use different modes, and reach different des-
linations. Measures of accessibility also often capture the
density of transportation service or land uses within a given

area. Accessibility is frequently measured from the user’s
perspective,

A concept closely related to accessibility is connectivity,
Connectivity refers to the completeness of a given trans-
portation system or subsystem. A lack of connectivity often
impedes accessibility. For example, the lack of a pedestrian
overpass over a freeway may severely restrict the accessibil-
ity of a commercial district to pedestrians. Or, a bridge
weight restriction may limit the accessibility of a region for
industrial purposes. Thus, 2 number of measures associated
with accessibility actuaily measure connectivity,

The accessibility measures are first divided into a set
applicable to both passenger or freight movement, a second
set specifically addressing freight movement, and finally, a
third set specifically addressing passenger movement. Each of
these subcategories is then divided into finer subcategories.

Of the measures applicable to passenger or freight move-
ment, the most often cited accessibility measures monitor trip
time/distance and mode shares. Trip time is typically esti-
mated with travel models, but can alsc be determined with
field measurements. Trip distance information is typically
stored in GIS databases. Mode share is often established by
surveys done at specific geographic locations.

Two types of frequently cited freight-specific accessibility
measures assess the ability of the roadway to handle heavy
freight traffic and the capacity of specific intermodal facili-
ties, Weight, height, and turning radius data for roadways are
maintained by the DOT in most States, and by the highway
patrol in others. Information on specific intermodal facilities
can be gathered from the operators of these facilities.

Often cited passenger-specific accessibility measures include
those dealing with the ease of access to the transportation sys-
tem and the ease of connecting at transfer facilities. Some ease
of access measures can be caleulated using GIS and census
information, but often, these kinds of measures require detailed
surveys. Connecting times and distances at transfer facilities
<an be determined with field data or passenger surveys. See Fig-
ure 1 and Tables 1.1 through 1.21 for more information.



Travel time, distance See Table 1.1

Roadway condition, capacity See Table 1.2

Modal choices See Table 1.3
Passenger —
or freight Customet perception See Table 1.4
Rail specific See Table 1.5
Adr See Table 1.6

Business access to freight services See Table 1.7

/ Quality and quantity of freight services See Table 1.8
v eqs Roadwa See Table 1.9
Accessibility i 2
spectic Intermodal facilities See Table 1.10
Ports See Table 1.11
Population access to destinations See Table 1.12
Transportation challenged See Table 1.13
Connections, &ansfers See Table 1.14
Access to and amount of transit
Service characteristics
Passenger Transit
— Facility characteristics
specific
Parking, pickup/delivery
Automobile/Roadway See Table 1.19
Non-motorized See Table 1.20
Air See Table 1.21
Figure 1. Accessibility measures.

Accessibility

Passenger or Freight

Travel Time, Distance

Performance Measure Reference
Average travel time from facility to destination (by mode) 3.8
Average travel time from facility to major highway network 3
Average irip length 4,6, 11
Number of projects (area and population) accessible to designated 5
development centers

Accessibility index 4

See Table 1.15
See Table 1.16
See Table 1.17
See Table 1.18



TABLE 1.2  Accessibility
Passenger or Freight
Roadway Condition, Capacity

Performance Measure Reference
Total freeway lane-miles (or per capita or per measure of regional business Z2,11
volume or per square mile or fruck VMT}

Number of Trunk Systern lane miles planned vs. completed 8
Total freeway lane-miles in acceptable condition {or per capita or per 11
measure of regional business volume or per square mile or truck VMT)

Number of miles with intelligent transportation service 13
Number of new rest areas constructed vs. planned 8

TABLE 1.3 Accessibility
Passenger or Freight
Modal Choices

Performance Meastre Reference

Percent of users with option of more than one modal cheice 5
Cuerall mode split 3
Mode split by facility or voute 3
Percent of change in mode splits 3

TABLE 1.4 Accessibility
Passenger or Freight
Customer Perception

Performance Measure Reference

Perceived deficiencies
User identification of access issues

Percent of State residents aware of intermodal opportunities

TABLE 1.5  Accessibility
Passenger or Freight

Rail Specific
Performance Measure Reference
Miiles of track in operation (by FRA rating) 3, 4,811

Existence of railroad electrification 3




TABLE 1.6 Accessibility

Passenger or Freight

Ailr
Performance Measure Reference
Air wansportation capacity 2
Amount of scheduled service between major cities 8
Number of cities over one million population served directly by nonstop 13

commercial airline flights from airports in state

Airport improvement and cost scheduled at airports 3
Airports within a 30-minute drive of agricultural centers capable of 3
supporting twin-engine piston-powered aircraft

Percent of aviation community reached through aviation service programs 18
Percent of general aviation needs funded 3

TABLE 1.7 Accessibility
Freight Specific
Business Access 1o Freight Services

Performance Measure Reference
Percent of wholesale and retail sales in the significant economic centers 5
served by unrestricted {10-ton) market artery routes

Percent of manufacturing industries within 30 miles of interstate or four- 11
larie highway

TABLE 1.8 Accessibility
Freight Specific
Quality and Quantity of Freight Services

Performance Measure Reference
Number of shipping establishments per 1,000 businesses 2
Number of package express carriers 1
Capacity of package express carriers 11

Percent of goods moved with option of more than one modal choice

Availability of real-time cargo information 3




TABLE 1.9 Accessibility

Freight Specific

Roadway
Performance Measure Reference
Average circuity for truck trips of selected O-D pattern 11
Number of truck-days of highway closure on major freight routes 8

Number of overload permits rejected due to structural capacity deficiency

Number of structures with vertical (or horizontal) clearance less than ‘X' ft. 1,3,4,8
Bridge weight limiis 3,4 B
Percent of ttuck VMT or tonnage affected by weight restrictions {or 7

clearance) on bridges .
Percent of truck highway bridges sufficient in load capacity, vertfical and 57 :
horizontal clearance

Percentage of highway system with bridges that are structurally deficient 3

or functionally ohsolete

Sufticiency rating (percent bridges meeting federal sufficiency rating) 4,7

Geometrics of connector link 34

TABLE 1.18 Accessibility
Freight Specific
Intermodal Facilities

Performance Measure Reference .
Average distance to intermodal terminals from different community _ 4
shipping points

Number of intermodal facilities 3.4, 11
Capacity of intermodal terminals 11
Average iravel time between intermodal facility and rail 3
Amount of turning radius from major kighway fo intermodal facility 3
Number of T.E.LL s (10°x 217} {or railroad cars or containers) that can be stored 3,4
on the premises of the intermodal facility

Number of trucks that can be loaded with bulk material per hour of 3
loading time

Types of modes handied 3
Freight dock availability 3
Track capacity {size, acreage) 3
Dauble-stack capacity (or rating) 3,4, 11
Number of intermodal facilities that agency assists in development 3

TABLE 1.11  Accessibility

Freight Specific

Ports
Performance Measure Reference
Number of ports with railroad connections 13

Lifti capacity (annual volume) 3




TABLE 1.12  Accessibility
Passenger Specific
Popuiation Access to Destinations

Performance Measure

Reference

Percent of population within ‘X’ miles of employment

Percent of population that can reach specified services by transit, bicycle,

or walk

Percent of employers that cite difficulty in accessing desired labor supply

due to transportation

Employee-related percent of employers who have relocated for fransportation

reasons

1
11

1

11

TABLE 1.13  Accessibility
Passenger Specific
Transportation Challenged

Performance Measure

Reference

Percent of transit-dependent population served

Percent of region’s persons who have mobility impairments and who can
reach specific activities by public transportation or by walking /wheelchair

Percent of persons who are elderly or have disabilities and who have special

fransit service available
Percent of transit demand-response trip requests met
Existenice of access for persons with disabilities fo all areas

Percent of transit facilities accessible to persons with disabilities

4
i1

35

5,10

TABLE 1.14 Accessibility
Passenger Specific
Connections, Transfers

Performance Measure

Reference

Percent of transfers between modes to be under ‘X’ minutes and *N” feet

Transfer distance at passenger facility

Flow time in minutes as it compares to the number of connecting transfers

Connectivity deficiency

Number of intermodal facilities that agency assists in development

W o W W W




TABLE 1.1§ Accessibility
Passenger Specific
Transit
Access to and Amount of Transit

Performance Measure Reference

Percent of workforce that can reach worksite in transit within one hour, 11
and with no more than two transfers

Percent of population with access to {or within ‘X’ miles of) transit (or fixed-route  3,4,5,8, 11
transit) service

Percent of urban and rural areas with direct access to passenger rail and bus 3
SETVICS
Percent of rural poplﬂaﬁon with access t0 transit service 3.4

Number of transit systems in State
Number of counties in State with countywide transit systems

Access time to passenger facility

TABLE 116 Accessibility
Passenger Specific
Transit
Service Characteristics

Performance Measure Reference
Route-miles {or seat-miles or passenger-miles) of transit service (or per 11
capita or per employee or per licensed driver)

Frequency of transit service 1,34
Route spacing 4
Percent of total transit trip time spent out of vehicle 11

TABLE 1.17  Accessibility
Passenger Specific
Transit
Facility Characteristics

Performance Measure Reference

Transfer distance at passenger facility
Availability of intermodal ticketing and luggage transfer

Existence of information services and ticketing 3




TABLE 1.18  Accessibility
Passenger Specific
Transit
Parking, Pickup/Delivery

Performance Measure Reference

V/C of parking spaces during daily peak hours for bus, rail, park-and-ride, 3
or other passenger tertninaf lots

Percent of rail station parking lots with midday spaces available
Parking spaces per passenger
Parking spaces available loading /unloading by autos

[E4 I FL N VI 41

Number of pick-up and discharge areas for passengers

TABLE 1.19  Accessibility
Passenger Specific
Automobile/Readway

Performance Measure Reference

Percent of population within five miles or 10 minutes of state-aided public 5
roads

TABLE 1.20 Accessibility
Passenger Specific
Non-Motorized

Performance Measure Reference

Number of miles of non-motorized faciliies 3

Percent use of walking and bicycling for commute trips {or all trips)

TABLE 1.21  Accessibility
Passenger Specific
Air

Performance Measure Reference

Percent of jobs within 45 minutes of airports
Minimum layover Hmes at airports or passenger terminals
Access time to passenger facility

5
3
3
Transfer distance at passenger facility 3
Existence of information services and ticketing 3
Availability of intermodal ticketing and luggage transfer 3

3

V/C of parking spaces during daily peak hours for bus, rail, park-and-ride,
or other passenger terminal lots

La

Parking spaces per passenger
Parking spaces available loading/unloading by autos

Nurmber of pick-up and discharge areas for passengers 3
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2.0 MOBILITY

Providing mobility is another fundamental function of
transportation systems. Unlike accessibility, which reflects
the ability of people or goods to reach destinations, mobility
incorporates the relative ease or difficulty with which the trip
is made. For example, a location may be accessible by tran-
sit but, if service is infrequent, transit-dependent travelers
may still face restricted mobility. Likewise, congestion often
impedes the mobility of private vehicle users who nonethe-
less enjoy excellent accessibility.

Recause mobility is concerned with travel times, speeds,
system usage, and system capacities, many of the measures
of mobility are from the supplier’s perspective. Examples of
these include V/C ratios and levels of service (LOS) mea-
sures. There are a number of measures that better reflect the
user’s perspective, however. Among these are travel times,
delay, and measures of reliability.

The mobility measures are first divided into a set applica-
ble to both passenger or freight movement, a second set
specifically addressing freight movement, and finally, a third
set specifically addressing passenger movement. Each of
these subcategories is then divided into finer subcategories.

The most frequently cited mobility measures fall into six
areas: congestion-related {e.g., LOS, V/C ratio, and delay
time), trip time, amount of travel (e.g., VMT and VHT),
mode share, fransfer time, and transit performance. Conges-
tion-related, trip time, and amount of travel measures are typ-
ically estimated with 2 travel model, though frip time is
sometimes determined with data collected from the field.
Mode share is often established by surveys done at specific
geographic locations. Connecting times and distances at
transfer facilities can be determined with field data or user
surveys. Transit data, such as on-time performance and head-
ways, can be directly obtained from transit operators. See
Figure 2 and Tables 2.1 through 2.19 for further information.

Travel ime, speed See Table 2.1
Delay, congestion See Table 2.2
. Amount of travel See Table 2.3
Reliability, variability See Table 2.4
Passenger Modal splits See Table 2.5
or freight
Connections, iransfers See Table 2.6
Facility access See Table 2.7
Customer perception See Toble 2.8
Financial See Table 2.9
Roadway See Table 2.10
Mobility Freig.lfft / Intermodal facilities See Table 2.11
specific U\ Other See Table 2.12
Travel time, delay See Table 2.13
Amount of travel See Table 2.14
Multimodal
Modal comparisons See Table 2.15
Other See Table 2.16
Passenger Automobile/Roadway See Table 2.17
specific Transit See Table 2.18
Non-motorized modes See Table 2.19
Figure 2. Mobility measures.



TABLE 2.1 Mobility
Passenger or Freight
Travel Time, Speed

Performance Measure Reference
Origin-destination travel times (by mode} 3,4,573811
Total travel time (by mode) 3, 4,57
Average travel time from facility to destination (by mode) 3
Average speed 4

TABLE 2.2 Mobility
Passenger or Freight
Delay, Congestion

Performance Measure Reference
VMT by congestion level 57,8
Travel time under congested conditions 4,11
Percent of VT which occurs on facilities with V/C greater than X’ 1
Percent of VMT at LOS 'Y’ 4
Percent of highways not congested during peak hours . i3
Number and percent of lane-miles congested 4,5
Lost time due to congestion 1,34
Delay per VMT (by mode) 3, 4,57
Delay due to incidents 511
Percentage of time average speed is below threshold value 4
Queuing of vehicles {including rail} and its relationship to overall delays 3
LOS 1,456
Intersection LOS 1,456
V/C ratio 1,458
V/C by route 8
Reserve capacity 14
Interference of movement at grade crossings — delay time and speed 3

Delay time at primary commercial airports




TABLE 2.3 Mobility
Passenger or Freight

Amount of Travel
Performance Measure Reference
VHT per capita 4
VHT per employee 4
VMT per capita 3, 4,611
VMT per employee 3,4,6,11
Total VMT 11
VMT growth rate relative to population, employment 4
VMT within wrban areas 3
Average daily traffic 3
Average daily traffic per freeway lane 2

TABLE 2.4 Mobility
Passenger or Freight
Reliability, Variability

Performance Measure Reference

Percentage of on-time performance

Percentage of scheduled departures that do not leave within a specified

time limit

Travel fime contours 4
Minute variation in trip fime

Fluctuations in traffic volumes

TABLE 2.5 Mobility
Passenger or Freight
Modal Splits

Performance Measure Reference

Percent of change in mode splits
Overall mode split
Mode split by facility or route 3

TABLE 2.6 Mobility
Passenger or Freight
Connections, Transfers

Performance Measure Reference

Percent of fransfers between modes to be under ‘X’ minutes and ‘N’ feet 3
Transfer tinte between modes

Number of users of intermodal facilities 3
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TABLE 2.7 Mobhility
Passenger or Freight

Facility Access

Performance Measure Reference

Time to access intermodal facilities

Average travel time from facility to major highway nefwork
LOS on facility access roads

V/C on facility access roads

LOS at intersections serving facility . 34

Ly W W

TABLE 2.8 Mobility
Passenger or Freight
Customer Perception

Performance Measure Reference

Customer perception of tirme jt takes to travel to places people/goocds need 5
togo

Customer perception of time it takes to drive through highway 5
construction areas

Customer perception of ease of travel through highway construction areas 5

Perceived deficiencies

0O WA ahiliix
- Lrafiiacy

Passenger or Freight
Financial

Performance Measure Reference

Cost/benefit of existing facility vs. new construction

Number and dollar value of projects that improve travel time on key routes 5




TABLE 2.10 Mobility

Freight Specific

Roadway
Performance M Te Reference
Delay per ton-mile traveled (by mode) 34,857
Ton-miles fraveled by congestion level 57,8
Line-haul speed 3,4
Capacity restrictions 3
Miles of freight routes with adequate capacity 5
Percent of lane-miles which are truck priority (or excluded) 11
Tonnage moved on various transportation components (by mode} 3,4,512
Facility usage by mode {(V/C) 3
Freight carrier (or local shippers} appraisal of quality of highway service in 11
terms of travel time/speed, delay, circuity, scheduling convenience
Truck VMT by light duty, heavy duty, and through trips 11
Ton-miles of rail freigﬁt into/through metropolitan areas 11
Truck delivery and loading interference with street traffic 3,4

TABLE 2.11 Mobility

Freight Specific

Intermodal Facilities
Performance Measure Reference
Average transfer Hme/delays 3. 45
Drwell time at intermodal facilities 3
Truck turnaround time at intermodal terminals 3
Average processing time for shipments at intermodal terminals 11
Delay of trucks at facility per VMT 3

Delay of trucks at facility per ton-mile

Frequency of delays at intermodal facilities

Customs delays

Tons of commodity undergoing intermodal transfer 11

Average travel time between intermodal facility and rail 3

TABLE 2.12 Mobility

Freight Specific

Other
Performance Measure Reference
Average cost {or speed) for a sample of shipments 7,11
Traffic at border crossings 3

Number of dockage days at seaports 11




TABLE 2.13 Mobility
Passenger Specific
Multimodal
Travel Time, Delay
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Performance Measure

Reference

PMT by congestion level

Origin-destination travel fimes {by mode)
In-vehicle travel time

Average commuting time for urban population

Proportion of persons delayed

578
3,457,811
4,11
3,4
4

TABLE 2.14 Mobility
Passenger Specific
Multimodal
Amount of Travel

Performance Measure

Reference

PMT per capita

PMT per worker

PHT

Passenger-trips per household
Vehicle-trips per household

Number of non-work frips

3,4
3,4
3,4
4,6
4,6
4,6

TABLE 2.15 Mobility
Passenger Specific
Multimodal
Modal Comparisons

Performance Measure

Reference

Cost of an intermodal trip as a percent of cost of auto use
Origin-destination travel times (by mode)
Percent of trips with transit advantage

Thasmn—a L ond imm e oy PPN [P . DU i, PRp———. P E Y
1 CiLCkL Wl pﬂa;cus A3 LLavC !5 AT BIVT JIDLICD LILGWAT LF LLCCL B WILLITE
than 50V

Percent of workers who work at home because of transportation cost or
ievel of service

Percent of workers who work at home

3

3. 4,578 11
14
i3

11

11

TABLE 2.16 Mobility
Passenger Specific
Multimodal
Other

Performance Measuzre

Reference

Mobility index [person-miles {or ton-miles) of travel/vehicle-miles of
travel (PMT/VMT) times average speed}

Number of people provided service at travel information centers

1,4




TABLE 2.17 Mobility

Passenger Specific
Automobile/Roadway

Performance Measure

Reference

Percent of lane-miles of recreational routes operating below LOS D

Vehicle ownership, demand per licensed driver (or worker)

5
4,11

TABLE 2.18 Mobility

Passenger Specific
Transit

Performance Measure

Reference

On-time performance of transit

Frequency of transit service

Average watt time to board transit {or between modes)
Number of public transportation trips

Passengers per capita within urban service area

MNumnber of commuters using transit park-and-ride facilities
Number of demand-response trip requests

Percent of transit demand-response trip requests met

3,58
i34
3
31
3
13

TABLE 2.19 Mobility

Passenger Specific
Non-Motorized Modes

Performance M ire

Reference

Percent use of walking and bicycling for commute trips {or alt trips)
V/C for bicycle and pedestrian facilities
Bicycles per boarding

B




3.0 ECONOMIC DEVELOPMENT

Ecconomic development is frequently viewed as the underly-
ing reason for providing transportation infrastructure. While the
relationships between transportation investment and economic
growth and productivity are complex, transportation systems
are an unquestionable prerequisite for economic activity.

The economic development measures are divided into
those that measure the transportation system’s direct eco-
nomic impacts (e.g., congestion costs) and those that measure
the economic health and vitality that transportation supports
{e.g., number of businesses with geed transportation service).
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The most commonly cited economic development mea-
sures address jobs directly supported by transportation and
the cost of transportation-related disbenefits. Transportation
jobs can be determined by examining employment data from
the Bureau of Labor Statistics or the U. S. Census. Assessing
the cost of transportation-related disbenefits, such as acci-
dents and lost time, requires, first, determining the amount of
disbenefit {e.g., the number of hours lost in delay) and, sec-
ond, assigning a dollar value to one unit of dishenefit (e.g.,
the value of one hour in delay). For more information, see
Figure 3 and Tables 3.1 through 3.4,

Direct impacts of transportation See Table 3.1
Economic Pagsenger or freight See Table 3.2
Development
Transpertation's support of general economy Freight specific See Table 3.3
\ Passenger specific See Table 3.4

Figure 3. Economic development measures.

TABLE 3.1 Economic Development
Direct Impacts of Transportation

Performance Measure Reference
Direct jobs supported (or created} 1,34
Percent of state gross product 3
Econcmic costs of pollution 1,3
Economic costs of accidents 1,3, 458
Economic costs of fatalities L3
Economic costs of lost time 1,34
Eeonomic costs of congestion 4,5
Property damage accidents/vehicle miles traveled 5
TABLE 3.2 Economic Development

Transportation’s Support of Genera! Economy

Passenger or Freight
Performance M re Reference
Indirect jobs supported (or created) 1,3.4
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TABLE 3.3 Economic Development

Transportation’s Support of General Economy

Freight Specific
Performance Measure Reference
Economic indicator for goods movement
Percent of state residents aware of intermodal opportunities
Percent of wholesale and retail sales in the significant economic centers
served by unrestricted (10-ton) market artery routes
Price index for selected local delivery service i
Percent of manufacturers/shippers who have relocated for transportation 11
purposes
Traffic at border crossings 3
Number of shipping establishments per 1,000 businesses
Regional truck VMT per unit of regional economic activity /output 11
Tonnage moved on various transportation componenis (by mode) 3,4,512
Market share of internaticnal or regional trade by mode 3.8
Percent increase in intermodal facilities use 3
Tonnage originating and terminating 4
Business volume by commodity group i1

TABLE 34 Economic Development

Transportation’s Support of General Economy

Passenger Specific
Performance Measure Reference
Economic indicator for people movement 5
Percent of employers that cite difficulty in accessing desired labor supply i1
due to fransportation
Employee-related percent of employers who have relocated for transportation 11
reasons
Percent of region’s unemployed or poor who cite i'ra.nspoftation access as a 11
principal barrier to seeking employment
Number of cruise embarkations 12




4.0 QUALITY OF LIFE

Quality of life is closely related to the first four categories
of goals and objectives. Certainly, the enjoyment of accessi-
bility, mobility, and economic prosperity contributes to qual-
ity of life. Typically, however, quality of life is associated
with those attributes that are more difficult to measure in eco-
nomic terms. These attributes may include things such as
aesthetics, a sense of community, and people’s general sense
of satisfaction.
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The measures are categorized by the aspect of life quality
that they affect (e.g., safety, land use, and noise).

Three types of quality-of-life measures are frequently
cited: time lost due to delay, the level and rate of accidents,
and the amount of air pollution. Time lost is typically esti-
mated by using travel models. Accident data are usually con-
solidated by and can be obtained from state highway patrols.
Information on air pollution is typically collected by regional
air quality management districts. For more information, see
Figure 4 and Tables 4.1 through 4.8,

Workfrips completed per vehicle hour or commute travel

Accessibility, mobility related See Table 4.1
Land use related See Table 4.2
Safety related See Table 4.3
Air quality related See Table 4.4
Quality of Life
Noise related See Table 4.5
Other environmental related See Table 4.6
Project delivery related See Table 4.7
Employment practices related See Table 4.8
Figure 4. Quality of life measures.
TABLE 4.1 Quality of Life
Accessibility, Mobility Related

Performance Measure Reference

Percent of population that perceives that Hs environment has become more 11

‘livable’ over the past year with regard to ability to access desired

activities

Percent of region’s unemployed or poor that cite transportation access as a 11

principal barrier to seeking employment

Percent of region’s persons with mobility impairments who can reach 11

specific activities by public transportation or by walking/wheelchair

Customer perception of satisfaction with commute fime 5

Customer perception of quality of transit service i1

Lost time due fo congestion 1,34

Average number of hours spent traveling 11
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TABLE 4.2 Quality of Life

Land Use Related
Performance Measitre Reference
Sprawl: difference between change in urban household density and 2

suburban household density

TABLE 4.3 Quality of Life

Safety Related
Performance Measure Reference
Accidents (or injuries or fatalities)/VMT 1,345711
Accidents {or infuties or fatalities)/PMT 1,345,711
Customer perception of safety while in travel system 1,35
Percent of population which perceives that response time by police, fire, 11

rescue, or emergency services has become better or worse and whether
that is due to transportation factors

TABLE 4.4 Quality of Life

Air Quality Related
Performance Measure Reference
Tons of pollution (or vehicle emissions) generated 1,345,711
Nurnber of days that Pollution Standard Index is in unhealthful range 2,11
Nurber of urban areas (or population in areas) classified as nonattainiment status 345
Customer perception of satisfaction with air quality 5

TABLE 4.5 Quality of Life

Noise Related
Performance Measure Reference
Percent of population exposed to levels of highway noise above 60 dedibels 11
Number of residences exposed to noise in excess of established thresholds 5

Number of noise receptor sites above threshold

TABLE 4.6 Quality of Life

Other Environmentzal Related
Performance M re ' Reference
Customer perception of satisfaction with transportation decisions which 5

impact the environment
Customer perception of amount of salt used on trunk highways

Number of archeclogical and historical sites that are not satisfactorily 5
addressed in project development before construction begins




TABLE 4.7 Quality of Life
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Project Delivery Related
Performance Measure Reference
Customer perception of satisfacton with involvernent in pre-project planzing 5
Customer perception of satisfaction with completed projects
Customer perception of promises kept on project completion 5

TABLE 4.8 Quality of Life

Employment Practices Related
Performance Measure Reference
Compliance with affirmative action goals 5,10

5.0 ENVIRONMENTAL AND RESOURCE
CONSERVATION

The conservation of environmental resources is a desired
bypreduct of transportation systemns. Society wishes to fos-
ter mobility, accessibility, economic development, and qual-
ity of life through transportation but, at the same time,
wishes to minimize undue damage to the envirenment. Mea-
sures of environmental and resource conservation may be
given in terms of resonrces saved {e.g., gallons of fuel con-
served) or in terms of resources expended {e.g., tons of pol-
lutants emitted).

Alternative modes, fuels

The measures are categorized by the type of resource that
they affect (e.g., energy or air poliution).

The most commenly cited environmental and resource con-
servation measures track mode share, air pollution, and fuel
usage. Mode share is often established by surveys done at spe-
cific geographic locations. Information on air pollution is typ-
ically collected by regionat air quality management districts.
Fuel usage can be determined by multiplying the total amount
of travel estimated by a travel model with an estimate of the
average fuel usage per vehicle-mile, from the agency respon-
sible for administering the fuel tax in those States with a fuel
tax, or from data obtained directly from fuel retailers. For more
information, see Figure 5 and Tables 5.1 through 5.8.

See Table 5.1

See Table 5.2

-

/ Air pollution
Fuel usage Sez

able 5.3

Land use See Table 5.4

See Table 5.5
Salt usage See Table 5.6
Goverrunent actions See Table 5.7
Miscellaneous See Tabie 5.8

Environmental
and Resource o
Conservation Pipelines

Figure 5. Environmental and resource conservation measures.
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TABLE 5.1 Environmental and Resource Conservation
Alternative Modes, Fuels

Performance Measure Reference
Cvuerall mode split 3
Mode split by facility or route 3
Percent of change in mode splits 3
Public transportation passenger-mites /total vehicle-miles 2
Percent of vehicles using alternative fuels 4,10
Percent use of walking and bicycling for commute trips (or all &ips) 8
Number of miles of non-motorized facilities 3
TABLE 5.2 Environmental and Resource Conservation
Air Poiluticn
Performance Measure Reference
Tons of pollution (or vehicle emissions) generated 1,345 711
Highway emissions levels within non-attainment areas 10
Tons of greenhouse gases generated 1.3
Air quality rating 3
Number of days that Pollution Standard Index is in unheatthful range 2,11
MNumber of urban areas {or population in avens) classified as nonattainment stafus 3,4,5
Customer perception of satisfaction with air quality B
TABLE 5.3 Environmental and Resource Conservation
Fuel Usage
Performance Measure Reference
Fuel consumption per VMT 11
Fuel consumption per PMT 11
Fuel consumption per ton-mile traveled i1
Average miles per gallon {MPG} 11
Fuel usage 3,47
Average fuel consumption per trip for selected trips (or shipments) 11
TABLE 54 Environmental and Resource Conservation
Land Use
Performance Measure Reference
Sprawl: difference between change in urban household density and 2

suburban household density

Percent of region which is developed 2




TABLE 5.5 Envirenmentat and Resource Conservation

Pipelines
Performance Measure Reference
The degree to which pipeline spills and accidents are minimized 3
Number of pipeline spills 9
TABLE 5.6 Environmental and Resource Conservation
Salt Usage
Performance Measure Reference
Amount of salt used per VMT or per lane-mile
Customer perception of amount of salt used on trurk highways
TABLE 5.7 Environmental and Resource Conservation
Government Actions
Performance Measure Reference
Customer perception of satisfaction with transportation decisions which 5
impact the environment
Number of environmental problems to be taken care of with existing 14
comrnitments
Number of transportation control measures (TCMs} accomplished vs. planned 1
Environmentally friendly partnership projects per year 5
TABLE 5.8 Environmental and Resocurce Conservation
Miscellaneous
Performance Measure Reference
VMT/speed relationships 4
Constraints to utilization due to noise (hours of operation) 3
Constraints to utilization due to water (dredge fill permits) 3
Number of accidents invalving hazardous waste 3,5 11
Amount of recycled material used in road construction 5
Number and miles of designated scenic routes 5
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6.0 SAFETY

Safety is similar to environmental conservation in thatitisa
state that we wish to enjoy while attaining other goals. Society
wishes to remain safe while attaining mobility, productivity,
and so forth. The lack of safety has a definite impact on soci-
ety in the costs of accidents, injuries, and property damage.

The safety measures are first categorized by type of infra-
structure {e.g., safety on the roadway network, safety in park-
ing areas, and transit safety). Where appropriate, these cate-
gories are divided into finer subcategories.

Multimodal

Roadway

The most frequently cited type of safety measure deals
with the level and rate of accidents. Accident data are usu-
ally consolidated by and can be obtained from state high-
way patrols. Two other frequently cited types of safety
measures are incident response time and roadway condi-
tions. Response time data can also be obiained from state
highway patrols. For State-controlled and -operated roads,
roadway condition data are maintained by the DOT. For local
roads, this information is collected by each individual city
and municipality. For more information, see Figure 6 and
Tables 6.1 through 6.15.

Number and cost of incidents

Infrastructure condition related

Incident response

Customer perception

. Number of incidents

Roadway condition related

Motorist behavior retated

Parking, rest areas
Safety 4

Construction related

Incident response

Rail

Transit specific

Freight specific

Non-motorized specific

Air/Water

Figure 6. Safety measures.

See Table 6,10
Seg Table 6.11
See Table 6.12
See Table 6.13
See Table 6.14

See Table 6,15

See Table 6.1

See Table 6.2
See Table 6.3
See Table 6.4
See Table 6.5
See Table 6.6
See Table 6.7
See Table 6.8

See Table 6.8
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TABLE 6.1 Safety
Multimodal
Number and Cost of Incidents

Performance Measure Reference
Number of nccidents per VMT 3,4,5
Number of accidents per year 3, 4,511
Number of accidents per trip 3,4,5 11
Number of accidents per capita 3,11
Number of accidents per intermodal movenent 3,45
Number of accidenits per ton-mile iraveled 3,45
Hazard index (calculated based on accidents per VMT by severity) 4,7
Accident rate, deaths, injury, property loss by type of corridor 1,4
National rank for accident, injury, fatality rates 4
Average accident cost per trip 3
Fatality {or injury) rate of accidents 3
Alcohol-related fatal accidents/2ll fatal accidents 3
Accidents (or injuries or fatalities) per "X’ users of intermodal transfer 3
points
Dollar value of property loss per "X’ users of interrnodal transfer points 3
TABLE 6.2 Safety

Multimodal

Infrastructure Condition Related
Performance Measure Reference
Number of high-accident {or hazardous) locations 3,4
Accident risk index (‘Safety Index) 4
Mumber of safety-related improvements 5

TABLE 6.3 Safety
Multimodal
Incident Response
Performance Measure Reference
Response time fo incidents 1,51

Average duration of incidents 5
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TABLE 64 Safety
Multimodal
Customer Perception

Performance Measure Reference

Customer perception of safety while in travel sysiem 1,35 _
Number of safety-related complaints 4

Percent of population which perceives that response time by police, fire, 11

rescue, or emergency services has become better or worse and whether
that is due to transportation factors

TABLE 6.5 Safety

Roadway
Number of Incidents
Performance Measure Reference
Accidents (or injuries or fatalities)/VMT 1,3,4,5, 7,11
Accidents (or injuries or fatalities)/PMT 1,345,711
Number of statewide traffic accidents {or injuries or fatalities) 3
Property damage accidents/vehicle miles traveled ] -

TABLE 6.6 Safety
Roadway
Roadway Condition Related

Performance Measure Reference
Percent of vehicle crashes on highway system where roadway- 12
related conditions were lsted as a contributing factor

Number of highway miles driven at high-accident locations 13
Percentage of highway mainline pavement (or bridges) rated good or better  3,4,5.7,8,11,12
Roadway secions not meeting safety standards 4
Percent of highway miles built to target design and operational 13

standards to handle traffic at a steady 55 mph rate
Accidents related to bridge characteristics 7

Customer satisfaction with snow /ice removal 5




TABLE 6.7 Safety

Roadway
Motorist Behavior Related
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Performance Measure

Reference

Number of accidents in which speed or traffic viclation is a factor
Number {or percent) of highway miles driven above speed limnit

Number {or percent} of motorists driving under the influence of alcohol
or drugs

Percent of drivers complying with seat belt law

i1
13
13

TABLE 6.8 Safety

Roadway
Construction Related

Performance Measure

Reference

Construction fatalities/dollars of construction cost {or per 100 highway-
related crew)

Number of accidenis occurring in highway construction zones

7,10

13

TABLE 6.9

Safety
Roadway
Incident Response

Performance Measure

Reference

Average response time for emergency services

Percentage of emergency road calls that get through to state highway agency

1,511
10

TABLE 6.10 Safety

Parking, Rest Areas

Performance Measure

Reference

Accidents {or injuries or fatalities) per 1,000 vehicles at park-and-ride lot

Percentage of parking areas that are secured
Lighting and security staff at parking areas

Crime at rest areas and other facilities
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TABLE 6.11 Safety

Rail
Performance Meagure Reference
Number of {atalities and injuries occurring on the rail system 3
Exposure {AADT and daily frains) factor for rail crossings 4
Accidents at major intermodal crossings 1,3,4 11
Railroad/highway at-grade crossings 3,4
Grade crossing safety improvements (MI) 3

TABLE 6.12 Safety

Transit Specific
Performance Measure Reference
Transit accidents {or injuries or fatalities) /PMT 13
Transit accidents {or injuries or fatalities)/ VMT 13
Number of intercity bus and rail accidents 3
Crimes per 1,000 passengers 3
Ratio of number of transit incidents to investment in transit security 5

TABLE 6.13 Safety

Freight Specific
Performance Measure Reference
Number of commercial vehicles weighed (by fixed and portable scales) 12
Number of commercial vehicle safety inspections performed 12
Percent of commercial vehicles that pass safety inspections 12
Percent of commercial vehicles weighed that are overweight (by fixed 12
and portable scales)
Number of accidents involving hazardous waste 3,5 11
Percentage of state truck highway systemn rated good or better 5
Percent of traffic on regional highway which is heavy truck 11

TABLE 6.14 Safety
Nen-Motorized Specific

Performance Measure Reference
Bicycle accidents {or injuries or fatalities) per bicycle-mile of travel 1,812
Number of pedestrian accidents (or injuries or fatalities) 3,8
Use of safety equipment by bicyclists 3

Joint-use bicycle crossings 3
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TABLE 6.15 Safety

Air/Water
Performance Measure Reference
Accidents (or injuries or fatalities) caused by air fransportation 3
Percentage of airports that meet federal and state planning and design
standards
Number of landing areas inspected 5
Number of airports where weather information is collected for
dissemination to pilots
Number of weather products provided to pilots on computer weather 5
terminals
Total annual attendance at pilot safety seminars 3

Accidents (or injuries or fatalities) caused by waterborne transportation

Shipping accidents occurring on waterways
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7.0 OPERATIONAL EFFICIENCY

Operational efficiency refers to the efficiency with
which resources are used to produce a given level of trans-
portation output. There are families of measures that reflect,
for example, labor productivity or the operating efficiency
of transit systems. Again, while operational efficiency is
not, in and of itself, a fundamental purpose of transporta-
tion systems, it is certainly a desirable characteristic and an
area of great concern to many practitioners. Measures of
operational efficiency are typically the concern of trans-
portation system suppliers and are associated with system
efficiency.

The operational efficiency measures are first divided into
a set applicable to both passenger or freight movement, a
second set specifically addressing freight movement, and
finally, a third set specifically addressing passenger move-

ment. Where appropriate, these subcategories are further
divided into measures of how efficient systems are from a
financial peint of view, a time point of view, an operational
peint of view, and the customer’s point of view.

The five most frequently cited types of operational effi-
clency measures are trip time, congestion-related {e.g., V/IC
ratio and LOS), mode share, transfer time at connecting facil-
ities, and transit cost performance. Trip time and congestion-
related measures are typically estimated with a travel model,
though trip time 1s sometimes determined with data collected
from the field. Mode share is often established by surveys
dene at specific geographic locations. Connecting times at
transfer facilities can be determined with field data or user
surveys. Transit cost data, such as farebox recovery ratio and
cost per revenue-mile, can be obtained from FTA Section 15
reports or directly from transit operators. For more informa-
tion, see Figure 7 and Tables 7.1 through 7.22.

General See Table 7.1
Indrastructure construction, eng, admin See Table 7.2
Financial measures
Infrastructure Q&M See Table 7.3
Vehicle, fraveler operations See Table 7.4
Infrastructure construction, O&M See ¥able 7.5
Time, speed measures
C< Vehicle, raveler operations See Table 7.6
Infrastructure construction, O&M See Table 7.7
Passenger Operational measures
ot freight C< Vehicle, traveler operations See Table 7.8
Infrastructure construction, O&M See Table 7.8
Perception measures
( Vehicle, traveler operations See Table 7.10
Mode share measures See Table 7.11
Intermodal, fransfer measures See Table 7.12
Financial measures See Table 7.13
. Time, speed measures See Table 7.14
Operational
Efficiency Perception measures See Table 7.15
Operational measures See Table 7.16
Multimodal, modal comparisons  See Table 7.17
Roadway See Table 7.18
Passenger Financial measures Seg Table 7.19
specific Transit / Ridership measures See Table 7.20
Operational measures See Table 7.21

Other modes

See Table 7.22

Figure 7. Operational efficiency measures.
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TABLE 7.1 Operational Efficiency
Passenger or Freight
Financial Measures
General

Performance Measure Reference

Public cost for transportation system

Private cost for transportation system

Total public expenditures on modal systems (freight vs. passenger)

Dollar value of flexible federat funding programmed for non-highway projects

Percent of variances between actual versus predicted DOT revenues 13

W s MR WD

TABLE 7.2 Operational Efficiency
Passenger or Freight
Financial Measures
Infrastructure Construction, Eng, Admin

Performance Measure ' Reference

Cost/benefit of existing facility vs. new construction 3
Number and dollar value of projects that improve travel time on key routes 5
Dollar allotment and percent of trunk highway funds going to construction 5

3

Administrative, engineering and construction cost/person - {or ton) mile
{owner cost)

Average cost per lane-mile constructed 3

Cost per percentage point increase in lane miles rates fair or better on 13
pavement condition

Percentage of increase in final amount paid for completed construction over 12
original contract amount

Unpregrammed construction costs as a percentage of total construction costs 13
Percent cost of re-work 13
All engineering costs/construction funds 5
Dollar allotment and percent of funds going to non-engineering activites 5
Dollar allotment and percent of department funds consumed by overhead 5
Administrative costs as a percent of total program 12
Data center costs as a percentage of total program 12

Construction Productivity Index {Cost of contract lettings, utilities, real 13
estate acquisition, construction, change orders, and cost overruns

DIVIDED BY staff costs, consultant contracts, and design consfruction

change orders)

Proportion of infrastructure investment from private sources
Partnership benefits (o taxpayers and pariners)
Savings to taxpayers/public from partnerships

[ B ¥ BN ¥ ) I P4

Number and doliar value of projects jointly funded
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TABLE 7.3 Operational Efficiency

Passenger or Freight
Financial Measures
Infrastructure Q&M

Performance M: re

Reference

Infrastructure maintenance expense
Maintenance cost of connector link

Operational cost per toll fransaction

3
3
12

TABLE 7.4 Operational Efficiency

Passenger or Freight
Financial Measures
Vehicle, Traveler Operations

Performance Measure

Reference

Average cost per mile

Average cost per irip

Vehicle operating cost reductions
Additional costs per trip (user fees)
Reduced costs per trip {subsidies)
Use cost/person-mile (user cost)
Insurance costs

Value of fuel savings

W W W W W o W W

TABLE 7.5 Operational Efficiency

Passenger or Freight
Time, Speed Measures
Infrastructure Construction, Q&M

Performance Measure

Reference

Percentage of increase in number of days required for completed
construction contracts over original contract days

Units of work completed per hour worked

Average days to complete driver licensing or vehicle registration
frangactions

Percent of invoices pracessed within five days of receipt

12

13
i3

13




TABLE 7.6 Operational Efficiency
Passenger or Freight
Time, Speed Measures
Vehicle, Traveler Operations
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Performance Measure Reference
Origin-destination fravel Himes (by mode) 3,45, 7,811
Total travel time (by mode) 3.4,5 7
Average fravel time from facility to destination (by mode} 3
Average travel time from facility to major highway network 3
Average speed 4
Speed limits and difference between modes 3
How &ime in minutes as it compares to the number of connecting transfers 3
Delay due to incidents 5,11
Delay time at primary commercial airports 3
TABLE 7.7 Operational Efficiency

Passenger or Freight

Operational Measures

Infrastructure Construction, O&M
Performance Measure Reference
Percent of projects rated good to excellent in quality audits 13
Percent of projects with no premature maintenance problerns 13
Percent of projects requiring few or no significant change orders due fo plan 13
erTrors
Vehicle-miles traveled per highway department employees 13
Number of projects applying technology developed or available in last 'X’ 5
years
Transactions completed per motor vehicle division ernployee i3
Percent of error-free data in IMS database
Percentage of information and data exchanged between intrastate agencies 3
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TABLE 7.8 Operational Efficiency

Passenger or Freight
Operational Measures
Vehicle, Traveler Operaticns

Performance Measure Reference
MNusmber of projects {area and population} accessible to desipnated 5
development centers
VMT per mile of roadway 4
Average daily traffic per freeway lane 2
V/C ratio 1,4,58
V/C by route 8
Performance of state roads based ont HPMS ratings 3
Ton-miles per gallon of fuel
Average fuel consumption per trip for selected trips (or shipments) 11
Percent of lane miles with toll pricing 11
Percent of highway tolls pre-paid 5
Number of toll transactions 12
Number of people provided service at travel information centers 3
TABLE 7.9 Operational Efficiency
Passenger or Freight
Perception Measures
Infrastructure Construction, O&M
Performance Measure Reference
Management/employee satisfaction with progress toward targeted focus area
Management/employee satisfaction with diversity efforts
Management/employee satisfaction with corrununication of agency goals 5
TABLE 7.10 Operational Efficiency
Passenger or Freight
Perception Measures
Vehicle, Traveler Operations
Performance Measure Reference
Customer perception of satisfaction with completed projects 5
Customer perception of promises kept on project completion 5
Percent of customers satisfied with licensing and registration process 13
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TABLE 7.11 Qperational Efficiency
Passenger or Freight
Meode Share Measures

Performance Measure Reference

OCuverall mode split 3
Made split by facitity or route
Percent of change in mode splits 3

TABLE 7.12 Operational Efficiency
Passenger or Freight
Intermodal, Transfer Measures

Performance Measure Reference

Percent of transfers between modes to be under ‘X’ minutes and ‘N feet 3
Transfer time between modes 3
Number of users of intermodal facilities 3

3

Percent of intermodal connecting points and facilities accurately placed on
amap

TABLE 7.13 Operational Efficiency
Freight Specific
Financial Measures

Performance Measure Reference
Revenue per ton-mile by mode 3
Cost per ton-mile by maode 3,4
Cost per ton of freight shipped 5,7
Cost per fuel-mile as it compares to cost per air {or water or rail) mile 3
Shipping cost per shipment 4
Cast by commodity 3
Average transfer costs 3,5
Rail freight revenue versus operating expenses 13
Additional revenue earned by producers when shipping via rail 5
Ratio of oversize/overweight permit fees collected to dollar value of damage 3,4

cauged
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TABLE 7.14 Operational Efficiency
Freight Specific
Time, Speed Measures

Performance Measure Reference

Line-haut speed 3
Average travel time between intermodal facility and rail 3
Tons fransferred per hour 3
Average transfer time/delays 3,45
Average processing fime for shipments at intermodal terminals n
Delay of trucks at facility per VMT
Delay of trucks at facility per ton-mile
Hours of access lost

Flow time in minutes as it compares to the number of connecting transfers

@ W W W W

Customs and administrative processing time

TABLE 7.15 Operational Efficiency
Freight Specific
Perception Measures

Performance Measure Reference

Freight carrier (or local shippers) appraisal of quality of highway service in 11
terms of travel titne/speed, delay, circuity, scheduling convenience

TABLE 7.16 Operational Efficiency
Freight Specific
Operational Measures

Performance Measure Reference

Regional truck VMT per unit of regional economic activity /output 11
Number of restricted routes, additional mileage, increased costs
Productvity and utility by mode

Mode split {by ton-mile}

Facility usage by mode {V/C}

Proportion of freight traffic at facility on portion of network
Percentage of street traffic delivered off-peak

M W W W e W W

Number of cazloads shipped /received on rail project lines




TABLE 7.17 Operational Efficiency

Passenger Specific
Multimodal, Modal Comparisons
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Performance Measure

Reference

Cost of an intermodal trip as a percent of cost of auto use
Origin-destination travel times (by mode}
Demand service elasticities for auto vs. fransit

Demand service elasticities for work vs. nor-work

Percent of workers who work at home because of transportation cost or

level of service

Percent of work trips that are SOV

Percentage of all trips made by bicycling and walking
Average commuting time for urban population

Change in commute {ravel person-miles and vehicle-miles per
telecommuting occasion

Workirips completed per vehicle hour or commute travel

3
3,457,811
11
11
i1

3,4
3,5

TABLE 7.18 Operational Efficiency

Passenger Specific
Roadway

Performance Measure

Reference

Cost per vehicle for parking fees

Percent of workers who have paid parking at employment sites
Percent of workers who have free parking at emnployment sites
VMT/PMT

Average vehicle occupancy

Percent of vehicles using high-occupancy lanes

3

11

11

1
34,5611

13
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TABLE 7.19 (Operational Efficiency
Passenger Specific
Transit
Financial Measures

Performance Measure Reference
Fare recovery rate of urban fransit systems 345
Cost per PMT for urban transit systems 1,35
Cast per VMT for urban transit systems 1,35
Cost per revenue-mile for urban transit systems 1,35
Cost per passenger for urban transit systems 135
Cost per PMT in rural areas 3

Cost per VMT in rural areas 3
Cost per revenue-mile in rural areas 3
Cost per passenger in rural areas 3
Total fransit operating expendifures per fransit-mile 2

Grant dollars per transit trip 13

TABLE 7.20 Operational Efficiency

Passenger Specific

Transit

Ridership Measures
Performance Measure Reference
Transit vidership per capita 4,58
Transit ridership-to-capacity ratio 58
Transit riders per VMT 4,13
Transit riders per route-mile 4,13
Transit riders per revenue-mile 4,13
Transit riders per gallon of fuel 4,13
Ridership per VMT in rural areas 3
Number of public fransportation trips 3,11
Transit peak-load factor 4,5
Riders at maximum load point 4

PMT on intercity rail and bus service 3
Intercity rail and bus service ridership 3
4

Rural service passengers




TABLE 7.21 Operatienal Efficiency
Passenger or Freight
Transit
Operational Measures
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Performance Measure

Reference

Number of peak-period vehicles
Revenue vehicle hours per transit employee
Average wait time to board fransit {or between modes)

Ratio of number of transit incidents to investment in transit security

4
13

TABLE 7.22 Operational Efficiency
Passenger or Freight
Other Modes

Performance Measure

Reference

V/C for bicycle and pedestrian facilities
Average cost for vehicle on ferry system

Enplanements per aviation system employee

3
10
4
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8.0 SYSTEM PRESERVATION

System preservation refers to the physical condition of
transportation infrastructure and equipment. Like operational
efficiency, system condition is & characteristic of the trans-
portation system rather than a purpose. Nonetheless, the
preservation of transpeortation infrastructure is properly seen
as an important mandate by most practitioners. Those mea-
sures that specifically refer to physical conditions or dimen-
sions have been classified under the System Preservation cat-
egory, recognizing that system condition can have an impact
on the more fundamental goals for transportation systems.

System preservation measures are first divided by whether
they measure the condition of the system itself {e.g., roadways

with deficient ride quality) or whether they measure how effi-
ciently transportation programs are delivered {e.g., cost to main-
tain roadways). The system condition measures are further sub-
divided by mode, and the program delivery measures are further
divided into time-efficiency and cost-efficiency measures.

The most commeonly cited type of system preservation mea-
sure has to do with roadway/bridge condition and age. For
State-controlled and -operated roads, this information is main-
tained by the Department of Transportation. For local roads,
this information is collected by each individual city and mumic-
ipality. Other frequently cited system preservation measures
are transit vehicles” servicing requirements and age. This infor-
mation can be cbtained directly from transit operators. For
more information, see Figure 8 and Tables 8.1 through 8.11.

General See Table 8.1
Pavement details See Table 8.2
Roadway Bridge specific See Table 8.3
Freight specific See Table 8.4
Bicycle specific See Tabie 8.5
Rail See Table 8.6
System condition Transit vehicle See Table 8.7
Other modes See Table 8.3
System Mudtimodal See Table 8.9
Preservation
Time-related See Table 8.10
Program delivery
- Cost-related See Table 8.11
Figure 8. System preservation measures.
TABLE 8.1 System Preservation
Systern Condition
Roadway
General
Performance M re Reference
Percent of VMT on roads with deficient ride quality 4
Percent of roadway/bridge system below standard condition 1,511, 12
Age distribution 4,7 11
Retnaining service life 4
Capacity /Remaining useful life index 8
Highway performance based on HPMS 10
Distribution of miles in PSC intervals 8
Present serviceability rating 4
Alignment (number of curves/grades defined as excessive by HPMS) 4,9

Maintenance condition as measured against departmental standards 12
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TABLE 8.2 System Preservation

System Condition

Roadway

Pavement Details
Performance Measure Reference
Percent of lane-miles by pavement condition 7

Percentage of highway mainline pavement {or bridges) rated good or better 3,4,5 7, 811,12

Pavement quality index 5
Remaining life of pavement 3
MNew composite index incorporating roughness and distress 7
{pavement}

Roughness/ride index (IR} 4,7
Rut depth 4,7
Skid/ friction 4,7
Distress index 4,7
Joint condition 4,7
Distrass extent/severity by type (pavement} 7
Tons of asphalt placed by maintenance crews 12

TABLE 8.3 Systein Preservation

System Condition

Roadway

Bridge Specific
Performance Measure ' Reference
Percentage of highway mainline bridges rated good or better 3,45 7,811,12
Scour criticality (bridges) 7
Deck chleride content (bridges) 7
Paint distress (bridges) 7
Backlog of repairs by different priority categories 7. B
Steel bridges with section loss in a member (bridges} 7

Railings below standard {bridges)
Frequency distribution of bridge element condition {Pontis) 7
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TABLE 8.4 Systemn Preservation

System Condition
Roadway
Freight Specific

Performance Measure

Reference

Percentage of state fruck highway system rated good or better

Miles of roadway not useable by certain traffic because of design or
condition deficiencies

Percent of truck VMT or tonnage affected by weight restrictions {or
clearance) on bridges

Percent of road system carrying unrestricted loads year round

Pavemnent condition on links to intermodal facilities

5

TABLE 8.5 System Preservation

System Condition
Roadway
Bicycle Specific

Performance Measure

Reference

Miles of highway rated ‘good’ or *fair’ for bicycle travel

5

TABLE 8.6 System Preservation

System Condition
Rail

Performance Measure

Reference

Track condition

Miles of track not useable by certain traffic because of design or condition
deficiencies

Miles of track in pperation (by FRA rating)

Track-miles abandoned

Track-miles under threat of abandonment

Miles of rail line acquired and rehabilitated for rail service

TABLE 8.7 System Preservation

System Condition
Transit Vehicle

Performance Measure

Reference

Miles between road calls for transit vehicles
Age distribution

Remaining service life

Capacity /remaining useful life index

Present serviceability rating

57,11
4,7,11
4
8
4




TABLE 8.8 System Preservation
System Condition
Other Modes
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Performance Measure

Reference

Miles of highway rated ‘good’ or ‘fair” for bicycle travel
Miles to be dredged
Runway resurfacing frequency {(airports)

Number of state-owned navigational aids

5
g
8
5

TABLE 8.9 System Preservation
Systern Condition
Multimodal

Performance Measure

Reference

System condition

Custorner perception of condition of system

Hours {or days} out of service (for roads or bridges or transit equiptuent or airporis)

Customer perception of amount of work being done to improve system

Missed trips due to operation failures
Number of deficiencies corrected vs. numnber remaining
Backlog of repairs by different priority categories

Number of right-of-way parcels acquired

3
5
4,7,8

7,8

7,8
12

TABLE 8.10 System Preservation
Program Delivery
Time-Related

Performance Measure

Reference

Percent of contracts planned for letting that were actually let

Number of jane miles let to contract for capacity improvements

Number of lane miles let to contract for resurfacing
Number of bridges let to contract for repair {or replacement)
State (or federal) construction {or maintenance) grants issued

Number of projects certified ready for construction

Number of transit {or rail or aviation or intermodal} projects funded

(capital and operating)

Maintenance hours

12
12
12
12
5
12
12




TABLE 8.11 System Preservation

Program Delivery

Cost-Related
Performance Measure Reference
Net present value of future transit vehicle {or facility or bridge or 4.7
pavement), equipment and facility capital, operating and maintenance costs
Percent of budget allocated to system preservation activities 1
Current average maintenance costs 4,5
Expenditures to retire deficiencies 3
Agency and user cost of doing nothing or cost-benefit of MR&R (Pontis) 7
{bridges}

Maintenance cost of connector link
Expenditures for freight rail

Non-motorized expenditures
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8.0 MEASURES RELEVANT TO MULTIPLE Table 9.1 is an alphabetical index of all the measures that

GOAL CATEGORIES occur in this library. In particular, the entries in Table 9.1

show which specific tables in Sections 1.0 through 8.0 the

A number of the performance measures in this library are  various measures appear in. This index provides a conve-

relevant to more than one of the eight goal categories and, nient way of determining which measures occur in multiple
thus, appear in more than one of the previous eight sections.  goal categories,
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TFABLE 9.1 Index of Performance Measures

Measure

No. of Cecurrences in

Tables

Mobility

Economic

Development

Quality of Life

Environmmental &
Resource Conservation

Safety

COperational Efficiency

System Preservation

Access time to passenger facility

=
12 | Accessibility

Accessibility index

=R
==

Accident rate, deaths, injury, property loss by type of corridor

Accident risk index ("Safety Index’)

6.2

Accidents {or injuries or fatalities) caused by air ransportation

615

Accidents {or injuries or fatalities) caused by waterborne transportation

6.15

Accidents {or injuries or fatalities) per 1,000 vehicles at park-and-ride lot

610

Accidents {or injuries or fatalities} per 'X' users of intermodal ransfer points

61

Accidents {or injuries or fatalities}/PMT

4.3

6.5

Accidents {of injuries or fatalities}/ VMT

43

6.5

Accidents at major intermodal crossings

611

Accidents related fo bridge characteristics

6.6

Additional costs per trip (user fees)

7.4

Additional revenue earned by producers when shipping via rail

7.3

Administrative costs as a percent of total program

7.2

Administrative, engineering and construction cost/ person- (or ton)mile (owner cost)

||t et [t e | B RS [ [ [ | i b e | e

7.2

Age distribution

=

81,

Agency and user cost of doing nothing or cost-benefit of MR&R (Pontis) (bridges)

8.11

Air quality rating

5.2

Air transportation capacity

1.6

Aitport improvement and cost scheduled at airports

1.6

Airports within a 30-minute drive of agriculturai centers capable of supporting twin-
engine piston-powered aircraft

1.6

Alcohol-related fatal accidents/all fatal accidents

6.1

Alignment (number of curves/ grades defined as excessive by HPMS)

8.1

All engineering costs,/ construction funds

7.2

Amount of recycled material used in road construction

5.8

Amount of salt used per VMT or per lane-mile

5.6

Amount of scheduled service between major cities

16

Amount of turning radius from major highway to intermodal facility

1.10

Availability of intermodal Hicketing and luggage transfer

117,
1.21

Avaitability of real-time cargo information

1.8

Average accident cost per trip

6.1

Average circuity for truck trips of selected O-D pattern

19

Average commuting time for urban population

213

717

Average cost for speed) for a sample of shipments

212

Average cost for vehicle on ferry system

7.22

Average cost per lane-mile constructed

7.2

Average cost per mile

74

Average cost per trip

7.4

Average daily traffic

2.3

Average daily traffic per freeway lane

23

7.8

Average days to complete driver licensing or vehicle registration transactions

7.5

Average distanice to interrodal terminals from different community shipping points

E LA TR TR SR R PR N FE) WU ) (S PUDY) Y AP PN PUEY) U PI'Y IO U Pury Uy )

1.10

Average duration of incidents

6.3

Average fuel consumption per trip for selected trips {or shipments)

53

7.8

Average miles per gallon (MPG)

53

Average number of hours spent traveling

4.1

Average processing tirme for shipmenis at intermodal terminals

211

7.14

Average response time for emergency services

69

Average spead

21

76

Average transfer costs

et | B [ [ | e | f e

7.13




TABLE 9.1 {Continued)
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g .
g o5 € %
3 . & B2 g =
5 B E 3 2§ CO
o = s &8 B £ 2 E &
d& & % g 3 S8 F § 8
s2 Y © g% 2 & 5w & B
Measure ZE&8 < = 838 & & & O &
Average transfer time/ delays 2 211 7.14
Average travel time between intermodal facility and rail 3 11161211 7.14
Average travel ime from facility to destination (by mode) 3 11 21 76
Average travel fime from facility to major highway network 3 11} 27 76
Average trip length 1 1.1
Average vehicle occupancy i 7.18
Average wait time to board transit {or between modes) 2 213 7.21 .
Backiog of repairs by different priority categories 1 239'
Bicycle accidents {or injuries or fatalities) per bicycle-mile of travel 1 6.14
Bicycles per boarding ) 1 219
Bridge weight limits i 1.9
Business volume by commedity group i a3 o
Capacity of mtermodal terminals i 110
Capacity of package express carriers 1 18
Capacity restrictions 1 210
Capacity/ remaining useful life index 1 8817’
Change in commute trave} person-miles and vehicle-miles per telecommuting occasion 1 717
Compliance with affirmative action goals 1 . 4.8
Connectivity deficiency 1 1114
Constraints to utilization due to noise (hours of operation) 1 5.8
Constraints to utilization due to water (dredge fill permits) 1 5.8
Construction fatalities/ dollars of construction cost {or per 100 highway related crew) 1 6.8
Construction Productivity Index {Cost of contract lettings, utilities, real estate acquisition,
construction, change orders, and cost overruns DIVIDED BY staff costs, consuliant 1 72
contracts, and design construction change orders)
Cost by commodity 1 7.13
Cost of an intermodal trip as a percent of cost of auto use 2 2.15 7.17
Cost per passenger in rural areas 1 7.19
Cost per fuel-mile as it compares to cost per air {or water or rail) mile 1 713
Cost per passenger for urban transit systems 1 719
Cost per percentage point increase in lane mile rates fair or better on pavement condition 1 7.2
Coset ner PMT for urban fransit systems 1 719
Cost per PMT in rural areas i 718
Cost per revenue-mile for urban transit systems 1 719
Cost per revenue-ile in rural areas 1 719
Cost per ton of freight shipped 1 713
Cost per ton-mile by mode 1 7.13
Cost per vehicle for parking fees 1 7.18
Cost per VMT for urban transit systems 1 7.19
Cost per VMT in rural areas 1 7.19
Cost/ benefit of existing facility v. new construction 2 29 72
Crime at rest areas and other facilities i 6.10
Crimes per 1,000 passengers 1 6.12
Current average maintenance costs 1 811
Customer perception of amount of salt used on trunk highways 2 46 | 56
Customer perception of amount of work being done to improve system 1 ' 89
Customer perception of condificn of system 1 89
Customer perception of ease of travel through highway construction areas 1 28
Customer perception of promises kept on project completion 2 4.7 7.10
Customer perception of quality of transit service 1 41
Customer perception of safety while in travel system z 4.3 6.4
Customer perception of satisfaction with air quality 2 44 | 5.2
Customer perception of satisfaction with commute time 1 41

{continued on next page)
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TABLE 9.1 (Continued)

No. of Occurrences in
Tables

Accessibility

Mobility

Economic
Development

Quality of Life
Environmental &
Resource Conservation
Crperational Efficiency
Systemn Preservation

Safety

Measure

(¥
~
oy
&

Customer perception of satisfaction with completed projecis

Customer perception of satisfaction with involvement in pre-project planning

[
gl ol e
[- R D]

Customer perception of satisfaction with transportation decisions which impact the
environment

[+

=

Castomer perception of time it takes to drive through highway construction areas 28

Customer perception of time it takes to travel to places people/goods need to go 28

Customer satisfaction with snow/ice removal 6.6

Customs and administrative processing time 7.14

Customs delays 2711

Data center costs as a percentage of total progzam 72

Deck chloride content (bridges) 8.3

Delay due to incidents 2.2 7.6

Delay of trucks at facility per ton-mile 211 7.4

Delay of trucks at facility per VMT 211 7.14

Delay per ton-mile raveled (by mode) 210

Delay per VMT {by mode} 22

Delay time at primary commercial airports 22 7.6

Demand service elasticities for auto v, transit 717

Demand service elasticities for work v. non-work 717

Direct jobs supported {or created} 3.1

Distress extent/ severity by type (pavement) 8.2

Distress index 8.2

Distribution of miles in PSC intervals 8.1

Dollar allotment and percent of department funds consumed by overhead 7.2

Dollar aliotment and percent of funds going to non-engineering activities 7.2

Doflar allotment and percent of trunk highway funds going to construction 7.2

Dollar value of flexible federal funding programmed for non-highway projects 7.1

Dotlar value of property loss per “X’ users of intermodal txansfer points 6.1

Double-stack capacity {or rating)

Dwell time at intermodal facilities 211

Economic costs of accidents

3.1

Economic costs of congestion 33

Economic costs of fatalities 31

Econemic costs of lost Hime 3.1

Economic costs of pollution 3.1

Economic indicator for goods movement 33

Economic indicator for people movement 34

Employee-related percent of employers who have relocated for transportétion reasons 112 34

Enplanements per aviation system employee 722

Environmentally friendly parmership projects per year 5.7

Existence of access for persons with disabilities to all areas 113

1.17,
1.21
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Existence of information services and ticketing

Existence of railroad electrification 1.5

Expenditures for freight rail 8.11

Expenditures to retire deficiencies 8.11

Exposure {AADT and daily trains} factor for rail cro 6.11

o

Facility usage by mode (V/C} 210 7.16

Fare recovery rate of urban transit systems 719

Fatality (or injury) rate of accidents 6.1

7.8,

1.14 714

Flow time in minutes as it compares to the number of connecting transfers

Hluctuations in traffic volumes 24

Freight carrier (or local shippers) appraisal of quality of highway service in terms of
travel time/speed, delay, circuity, scheduling convenience

[T Y B R PO P ) U U iy P

230 7.15
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Measure

No. of Occurrences in

Tables

Mobility

Development

Economic

Quality of Life

Environmental &
Resource Conservation

Safety

Operational Efficiency

System Preservation

Freight dock availability

| Accessibility

=y

Frequency distribution of bridge element condition (Pontis)

o
[£5]

Frequency of delays at intermodal facilities

Frequency of transit service

1.16

2.18

Fuel consumption per PMT

53

Fuel consumption per ton-mile fraveled

5.3

Fuel consumption per VMT

5.3

Fuel usage

5.3

Geometrics of connector ink

19

Grade crossing safety improvernents (M)

6.11

Grant doliars per transit trip

7.9

Hazard index {calculated based on accidents per VMT by severity)

6.1

Highway emissions levels within non-attainment areas

5.2

Highway performance based on HPMS

8.1

Hours {or days) out of service {for roads or bridges or transit equipment or airports)

89

Hours of access lost

7.14

In-vehicle travel time

213

Indirect jobs supported {or created)

3.2

Infrastructure maintenance expense

7.3

Insurance costs

74

Intercity rail and bus service ridership

7.20

Interference of movement at grade crossings—delay time and speed

2.2

Intersection LOS

2.2

Joint condition

82

Joint-use bicycle crossings

6.14

Lift capacity {annual volume)

Lighting and security staff at parking areas

£.10

Line haul speed

218

7.4

LOs

22

LOS at intersections serving facility

27

LOS on facility access roads

27

Lost tirne due to congestion

22

4.1

Maintenance condition as measured against departmental standards

&1

Maintenance cost of cannector link

73

8.11

Maintenance houts

8.10

‘Alanamm—.n&f,\mnisunn e fm e ran | Ak nm e s le
Management/employse i COLURUT of agency goals

7.8

Management/employee satisfaction with diversity efforts

7.9

Management/employee satisfaction with progress toward targeted focus area

7.9

Market share of international or regional trade by mode

33

Miles between road calls for transit vehicles

8.7

Miles of freight routes with adequate capacity
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2.10

Miles of highway rated ‘good’ or "fair’ for bicycle travel

8.5,
8.8

Miles of rail line acquired and rehabilitated for rail service

8.6

Miles of roadway not useable by certain traffic because of design or condition deficiencies

84

Miles of track in operation (by FRA rating)

1.5

8.6

Miles of track not useable by certain traffic because of design or condition deficiencies

86

Miles to be dredged

8.8

Minimum layover times at airports or passenger terminals

1.21

Minute variation in trip time

24

Missed trips due to operation failures

89

Mobility index {person-miles (or ton-miles) of ravel/ vehicle-miles of travel (PMT/VMT)
times average speed)

216

Mode split (by ton-mile}

Lol R T e Al I I T % B I Ll

7.16

{continued on next page)
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TABLE 9.1 (Continued)

MMeasure

No. of Ocourrences in

Tables

Accessibility

Mobility

Econornic
Development

Quality of Life

Safety

Operational Efficiency

Systemn Preservation

i

Mode spiit by facility or route

=
[

et
in

| Environmental &
| Resource Conservation

=
=
=

National rank for accident, injury, fatality rates

Net present value of future transit vehicle {or facility or bridge or pavement), equipment
and facility capital, operating and mainfenance costs

811

New composite index incorporafing roughness and distzess (pavement}

82

Non-motorized expenditures

8.11

Number {or percent) of highway miles driven above speed limit

6.7

Number {or percent) of motorists driving under the influence of alcohol or drugs

6.7

Number and doliar value of projects jointly funded

7.2

Number and dollar value of projects that improve travel time on key routes

29

7.2

Number and miles of designated scenic routes

5.8

22

Number of accidents in which speed or traffic violation is a factor

Number of accidents involving hazardous waste

5.8

Number of accidents occurring in highway construction zones

Number of accidents per capita

Number of accidents per intermodal movement

Number of accidents per ton-mile traveled

Number of accidents per trip

Nurnber of accidents per VMT

Number of accidents per year

Nurnber of airports where weather information is coilected for dissemination fo pilots

Number of archeological and historical sites that are not satisfactorily addressed in project
development before construction begins

I I P PR PR B N A PR ST P B T PN P P B P PN

4.6

-‘Nlumber of bridges let to contract for repair {or replacement)

-1

816

Nurnber of carloads shipped/received on rail project lines

(=

7.16

Number of cities over 1 moillion population served directly by nonstop comumercial airline
flights from airports in state

16

Nurber of commercial vehicie safety inspections performed

613

Number of commercial vehicles weighed (by fixed and portable scales)

613

Number of cormaters using transit park-and-ride facilities

2,18

Number of counties in State with countywide transit systems

Number of cruise embarkations

3.4

Number of days that Poilution Standard Index is in unhealthful range

44

5.2

Number of deficiencies corrected vs. number remaining

8.9

Number of demand-response {rip requests

2.18

Number of dockage days at seaports

212

Number of environmental problems to be taken care of with existing commitments

Number of fatalities and injuries occurring on the rail system

57

Nurber of high accident {or hazardous} iocations

611

Number of highway miles driven at high accident locations

6.2

Nurnber of intercity bus and rail accidents

6.6

Number of intermodal facilities

612

Number of intermodal facilities that agency assists in development

110

Numiber of landing areas inspected

1.10,
1.14

Number of lane miles let to contract for capacity improvements

6.15

Number of lane miles let to contract for resurfacing

.10

MNumber of miles of non-motorized facilities

1.20

5.1

8.0

Number of miles with intelligent transportation service

1.2

Number of new rest areas constructed v. planned

1.2

Number of noise receptor sites above threshold

4.5

Number of non-work trips

214

Number of overload permits rejected due to structural capacity deficiency
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Measure

No. of Qecurrences in

Accessibility

Mobility

Economic
Development

Quality of Life

Environmental &
Resource Conservation

Safety

Operational Efficiency

System Preservation

Number of package express carriers

It
oa

Number of peak-period vehicles

721

l

Number of pedestrian accidents {or injuries or fatalities)

Number of peopie provided service at travel information centers

216

Number of pick-up and discharge areas for passengers

118,
1.21

Number of pipeline spills

55

Number of ports with railroad connections

1.11

Number of projects (area and population) accessible to designated development centers

11

78

Number of projects applying technology developed or available in last ‘X' years

77

Number of projects certified ready for conslruction

8.10

Nurmber of public transportation trips

218

7.20

Number of residences exposed to noise in excess of established thresholds

4.3

Number of restricted routes, additional mileage, increased costs

7.16

Number of right-of-way parcels acquired

8.9

Number of safetyrelated complaints

6.4

Number of safety-related improvements

6.2

Number of shipping establishments per 1,000 businesses

18

33

Number of state-owned navigational aids

8.8

Number of statewide traffic accidents {or injuries or fatalities}

6.5

Number of structures with vertical {or horizontal) clearance less than X ft.

1.9

Number of TELU's {10"x 21" {or raflroad cars or containers) that can be stored on the
premises of the intermodal facility

110 |

Number of toll transactions

78

Number of transit (or rail or aviation or intermodal} projects funded (capital and
operating)

Tk e e e | | e | e B ]|

8.10

Number of transit systems in state

115

Number of transportation control measures (TCMs} accomplished v. planned

5.7

Number of truck-days of highway closure on major freight routes

i3

Number of trucks that can be loaded with bulk material per hour of loading time

1.10

Number of Trunk System lane miles planned v. completed

1.2

Number of urban areas {or population in areas) classified as nonattainmment status

ORI E=Y =R Py iy pu

4.4

5.2

Mumber of ngers of intermodal facilities

(]

2
i

Number of weather products provided to pilots on computer weather terminals

6.15

COm-time performance of transit

2.18

Operational cost per toll ransaction

JEEY FEEY

73

Origin-destination travel fimes {by maode)

21,
213,
215

7.8,
717

Ovwerall mode split

1.3

2.5

5.1

7.11

Paint distress (bridges)

Parking spaces available loading /unloading by autos

1.18,
1.21

Parking spaces per passenger

1.18,

121 |

Partnership benefits (o taxpayers and partners)

7.2

Passenger-trips per household

2.4

Passengers per capita within urban service area

218

Pavement condifion on links to intermodal facilities

8.4

Pavement guality index

8.2

Perceived deficiencies

3] = Y Y Py I Ry

14 ¢

2.8

(continued on next page)
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TABLE 9.1 {(Continued)

Measure

No. of Occurrences in

Tables

Accessibility

Mobility

Economic
Development

Quality of Life

Environmental &
Resource Conservation

Safety

Operational Efficiency

System Preservation

Percent of aviation community reached through aviation service programs

oy
=8

Percent of budget allocated to system preservation activities

w0
[y
oy

Percent of change in mode splits

=
W

7.11

Percent of commercial vehicles that pass safety inspections

613

Percent of commercial vehicles weighed that are overweight (by fixed and portable scales)

R L

6.13

Percent of contracts planned for letting that were actually let

8.10

Percent of cost of re-work

7.2

Percent of customers satisfied with licensing and registration process

7.10

Percent of drivers complying with seat belf law

6.7

Percent of employers that cite difficulty in accessing desired {abor supply due to
transportation.

34

Percent of error-free data in IMS database

7.7

16

Percent of goods moved with option of more than one maodal choice

18

Percent of highway miles buiit to target design and operational standards to handle traffic
2t a steady 55 mph rate

6.6

Percent of highway tolis pre-paid

78

Percent of highways not congested during peak hours

22

Percent of increase in intermodal facilities use

NG T I

33

Percent of intermodal connecting points and facilities accurately placed on a map

712

Percent of invoices processed within five days of receipt

7.5

Percent of jobs within 45 minutes of airports

1.2

Percent of lane-miles of recreational routes operating below LOS D

217

Percent of lane-miles which are truck priority {or excluded}

210

Percent of lane-miles with toll pricing

7.8

Percent of lane-miles by pavement condition

3.2

Percent of manufacturers/shippers that have relocated for fransportation purposes

Ll L R A B

3.3

Percent of manufacturing industries within 30 miles of interstate or four-lane highway

—

1.7

Percent of passengers traveling under five miles made by means other than SOV

215

Percent of persons who are elderly or have disabilities and who have special transit
service available

113

Percent of population exposed to levels of highway noise above 60 decibels

4.5

Percent of population that can veach specified services by transit, bicycle, or walk

Percent of population that perceives that its environment has become more ‘livable’ over
the past year with regard to ability to access desired activities

4.1

Percent of population which perceives that response time by police, fire, rescue or
emergency services has become better or worse and whether that is due to ransportation
factors

4.3

6.4

Percent of population with access to {or within X" miles of} transit (or fixed route transit)
service

=

Percent of population within 5 miles or 10 minutes of state-aided public roads

1.1%

Percent of population within "X miles of employment

112

Percent of projects rated good to excellent in quality audiis

7.7

Percent of projects requiring few or no significant change orders due to plan errors

7.7

Percent of projects with no premature maintenance problems

7.7

Percent of rail station parking lots with midday spaces availabie

Percent of region which is developed

5.4

Percent of region’s residents who can reach specific activities by public
transportation or by waiking/wheelchair

(SR P S PN ) PR Py P

113

4.1

Percent of region’s unemployed or poor who cite transportation access as a principal
barrier to seeking employment

o]

34

4.1

Percent of road system carrying unvestricted loads year round

8.4

Percent of roadway/bridge system below standard condition

&l
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Measure

No. of Occurrences in

Tables

bility

Mobility

Econornic
Development

Quality of Life

Environmental &
Resource Conservation

Safety

Operational Efficiency

System Preservation

Percent of rural population with access to transit service

in | Accessil

=
(%))

Percent of state gross product

Percent of state residents aware of intermodal opportunities

el
| =

Percent of total transit &rip Hme spent out of vehicle

1.16

Percent of traffic on regional highway which is heavy truck

Percent of transfers between modes to be under "X’ minutes and ‘N’ feat

1.14

2.6

613

Percent of transit demand-response trip requests met

113

218

Percent of ransit-dependent population served

113

Percent of transit facilities accessible to persons with disabilities

113

Percent of truck highway bridges sufficient in load capacity, vertical and horizontal
clearance

e I G L R I L I

1.9

Percent of truck VMT or tonnage affected by weight restrictions {or clearance) on bridges

1.9

8.4

Percent of urban and rural areas with direct access to passenger rail and bus service

115

Percent of users with option of more than one medal choice

-1

1.3

Percent of vehicle crashes on highway system where roadway-related conditions were
listed as a contributing factor

6.6

Percent of vehicles using alternative fuels

5.1

Percent of vehicles using high-occupancy lanes

Percent of VMT at LOS "X

Percent of VMT on roads with deficient ride quality

8.1

Percent of VIMT which occurs on facilities with V/C greater than ‘X’

Percent of wholesale and retail sales in the significant economic centers served by
urrestricted (10-ton} market artery routes

[ I R L L ol ]

17

33

Percent of work trips that are S0V

717

Percent of workers who have free parking at employmnent sites

718

Percent of workers who have paid parking at employment sites

718

Percent of workers who work at home

215

Percent of workers who work at home because of transportation cost or level of service

[T Y Py pury N

215

717

Percent of workforce that can reach worksite in fransit within one hour and with no more
than two transfers

1.15

Percent trips with transit advantage

215

Percent use of walking and bicycling for commute trips (or all trips)

1.26

219

5.1

Percent variances between actual versus predicted DOT revenues

7.1

Porcentage increase in final amonnt paid for compieted construction over ariginal contract

amount

PR Y ) Y Y

72

Percentage increase in number of days required for compieted construction contracts over
original contract days

—t

7.5

Percentage of airports that meet federal and state planning and design standards

6.15

Percentage of all trips made by bicycling and walking

717

Percentage of emergency road calls that get through to state hiphway agency

6.9

Percentage of highway mainline bridges rated good or better

83

Percentage of highway mainline pavement {or bridges) rated good or better

6.6

82

Percentage of highway system with bridges that structurally deficient or functionally
obsolete

[EERR | ) PUY Py g

19

Percentage of information and data exchanged between intrastate agencies

77

Percentage of parking areas that are secured

6.10

Percentage of scheduled departures that do not leave within a specified time Limit

24

Percentage of state fruck highway system rated good or better

613

8.4

Percentage of sireet traffic delivered off-peak

7.16

Percentage of time average speed is below threshold value

22

Percentage or-time performance

2.4

Performance of state roads based on HPMS ratings

7.8

PHT

Fred [ e [ e f e f e [ e[ b f e [

2,14

{continued on next page)
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TABLE 9.1 {Continued)

Measure

PMT by congestionfevel

Nao. of Occurrences in

Tables

Accessibility

Mobility

Economic
Development

Quality of Life

Resource Conservation

Environmental &

Operaticnal Efficiency

Systern Preservation

M
=
LoA]

PMT on intercity rail and bus service

™
ia
&

PMT percapita

PMT per worker

Present serviceability rating

[P I Uy PRSP

81,
8.7

Price index for selected local delivery service

33 !

ost for transportation system

T

Productivity and uiility by mode

7.16

Property damage accidents/ vehicle miles raveled

3.1

6.5

Proportion of freight traffic at facility on portion of network

7.16

Proportien of infrastructure investment from private sources

7.2

Proportion of persons delayed

Public cost for ransportation system

71

Public ransportation passenger-miles/ total vehicle-miles

5.1

Queuing of vehicles (including rail) and its relationship to overall delays

22

Rail freight revenue versus operating expenses

713

Railings below standard (bridges)

83

Railroad /highway at-grade crossings

(611

Ratio of number of transit incidents to investment in wapsit security

P || | | | 1 | | B | b [ |

L 612

7.21

Ratio of oversize/overweight permit fees collected to doliar value of damage caused

Reduced costs per trip (subsidies)

7.13

74

Regional truck VMT per unit of regional economic activity /outpnt

33

7.16

Remaining life of pavement

Remaining service life

Reserve capacity

§

8.2

8.1,
8.7

2.2

Response time to incidents

Revenue per ton-mile by mode

6.3

713

Revenue vehicle hours per ransit employee
Riders at maxirnum load point

i

]

72

7.20

Ridership per VMT in rural areas

7.20

Roadway sections not meeting safety standards

JEIY U P N U Y e Y X ) Y e

6.6

Roughness/ride index (IRT)

8.2

Route spacing

1.16

Route-miles (or seat-miles or passenger miles) of transit service {or per capita or per

1.16

Runway resurfacing frequency {airports)

8.8

Rural service passengers

7.20

Rut depth

8.2

Savings to taxpayers/ public from partnerships

7.2

Scour criticality (bridges)

8.3

Shipping accidents occurring on waterways

6.15

Shipping cost per shipment

7.13

Skid/ friction

8.2

Speed limits and difference between modes

7.6

Sprawi: difference between change in urban household density and suburban household
density

42

54

8.10

Steel bridges with section loss in a member {bridges)

8.3

Sufficiency rating (perce}at bridges meeting federal sufficiency rating)

1.9

System condition

8.9

The degree to which pipeline spilis and accidents are minimized

3.5

Time to access intermodal facilifies

2.7

Ton-miles of rail freight into/ through metropolitan areas

210

Ton-miles traveled by congestion level

2.10

!
Y Y RS (Y (NP RS P (RS Y O AP U PR Y PR RS Y (R Y PR (P PO

Tor-miles per gallon of fuel

7.8

5
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Measure

Ma. of Cecurrences in

Accessibility

Maobility

Quality of Life
Environmental &
Resource Conservation

Safety

Operational Efficiency

System Preservation

Tonnage moved on va:fiouswt;émportation components (by mode}

I
=t
L=

Tonnage originating and terminating

w3 | o | Economic
W Development

1
!
i

Tons of asphait placed by maintenance crews

Rt
¥

Tons of commodity undergoing intermedal transfer

2.11

Tons of greenhouse gases generated

5.2

Tons of pollution {or vehicle emissions) generated

44 | 52

Tons transferred per hour

714

Total annual attendance at pilot safety seminars

[Py U Y [P U P PUFS PR

6.15

Total freeway lane-miles {or per capita or per measure of regional business volume or per
square mile or truck VMT)

b=t

12

Tota! freeway lane-miles in acceptable condition (or per capita or per measure of regional
business volume or per square mile or truck VMT)

1.2

Total public expenditures on modal systems (freight v. passenger)

7.1

Total transit cperab’.ng expenditures per transit-mile

!
§

719

21

7.6

Total VMT

23

Track capacity (siz_ﬁe__,’._gcreage]

1.10

Track condition

Track-miles abandoned

Track- rmles under threat of abandoranent

Traffic at border crossings

2121 33

:{‘Mransacnons completed per motor vehicle division employee

Y (PN ) EPY PP IS IS PO TR

77

Transfer distance at passenger facility

oy

1.14,
1.17,
121

Transfer thme between modes

26

Transit accidents (or i injuries or fatalities)/ PMT -

6.12

Transit accidents (or injuries or fataliies)/VIMT o

6.12

Transit peak-load factor

7.20

Transit riders per gallon of fuel

7.20

Transit riders per revenue-mile

7.20

Transit riders per route-mile

7.20

Transit riders per VMT

7.20

Transit ridership per capita

7.20

Transit ridership-to-capacity ratio

720

Travel-time contours

24

Travel ime under conge 4 conditions

22

Truck delivery and l@g&ing interference with street traffic

2101

Truck tumaround time at intermodal terminals

211

Truck VMT by light duty heavy duty, and through trips

210

Types of modes handled

110

Units of work completed per hour worked

7.5

Unprogrammed construction costs as a percentage of total construction costs

7.2

Use cost/ person-mile {user cost)

]

Use of safety equipment by bicyclists

User identification of access issues

1.4

V/Chby route

22

78

V/Cfor bicycle and pedestrianfaciliies =~~~ =

[T Uy PU P P e P P e N I I e e i e L T I T A A N ]

2.19

7.2

V/C of parking spaces during daily peak hours for bus, rail, park-and-ride, or other
passenger terminal lots

118,

1.21

V/C on facility access roads

27

v/C rauo

22

78!

Value of fuel savings

74

_\_a_'g'}jn:i_glé_operahng cost reductions

I

74

{continued on next page)
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TABLE 2.1 (Continued)

[~

=} & B il E
g . & T2 R
= 3 8§ 3 ES 5 g
S & g S8R B &g & &
58 8 2 85 £ 28 p % 8

Measure 22 ¢ £ 3838 &8 3 & &

Vehicle ownership, demand per licensed driver {or worker) 1 217

Vehicle-miles traveled per highway department employees 1 7.7

Vehicle-trips per household 1 214

YHT per capita 1 23

VHT per employee _ 1 23

¥MT by congestion level 1 22

VMT growth rate relative to population, employment 1 23

WMT per capita i 23

VYMT per employee » i 23

VYMT per mile of roadway 1

YMT within wban areas 1 23

VMT/PMT 1 :

VYMT/ speed relationships 1 5.8

Worktrips completed per vehicle hour or commute travel 2 4.1




APPENDIX C
ITS DATA FOR PERFORMANCE-BASED PLANNING

The following tables provide additional information about
ITS data sources, features of the data, and potential applica-
tions to performance-based planning.
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Features of the Data Source
Typical
Ref. ITS data Primary data collection Spatial Termporal Possible multiple uses
No. SOUrCe elements equipment coverage coverage Real-time uses of ITS-generated data
FREEWAY AND TOLL COLLECTION
* volume * loop Usually Sensors * ramp meter iming « Congestion
« gpped detectors spaced at report at 20-to |« incident detecbon monitoring
Freeway * pecupancy * video 1 mile or 60-second * congestion/queue » Link speeds for TDF
traffic Bow imaging less; by lane | intervals identification and air quality
1 survelllance * acouste models
data * radar/ » AADT, K-and D-
microwave factors
» Saturation flow rates
* Pre-planned TMC
operations
* vehicle * loop Usually 50- | Usually Pre-screening, for * Truck percents by
classification detectors 100 per hourly weight enforcement time of day for TOF
* vehicle weight « WIM state; by and air quality
equipraent lane models
* video * Truck flow patiemns
imaging * Pavement Joadings
* acoustic
Ramp meter * time of Field At traffic Usually fuli- Priority to transit, Network details for
2 and traffic preemption controllers control fime HOV, and EMS microscopic traffic
signal * location devices vehicles simuiation models
preemptions only {e.g., TRAF,
TRANSIMS)
Ramp meter * begin time Field At affic Usually full- Adapt traffic control * Network details for
3 and traffic * end tirne controliers control time response to actual microscopic traffic
signal cycle * Jocation devices traffic conditions simulation madels
lengihs * cycie length oniy (e.g., TRAF,
TRANSIMS)
¢ Pre-planned TMC
operations
Visual and ¢ time » CCTV Selected Usualiy full- » coordinate traffic « Congestion
4 video * location * aerial videos locations tirne contrel response manitoring
surveillance * queue length * image scongestion/queue + Car-following and
data * yehicle processing identification traffic flow theory
trajectories technology * incident verification
* vehicle
classification
» vehicle
occupancy
5 Vehicle * time Electronic toll Al Usually fuil- Automatic toll Traffic counts by time
counts from *» location collections instrumented| time collection of day
electronic toll | * vehicle counts equipment toll
collection lanes
6 TMC- + link congestion | TMC software Selected Hours of = incident detection = Congestion
generated indices roadway ™C * fraveler information monitoring
traffic flow * stops/delay segments cperation * preemptive control * Effectiveness of
metrics estirnates strategies prediction methads
{forecasted or
transformed
data)
Arxterial traffic | = volume * loop Usually Sensors * progression setiing + Congestion
7 flow * speed detectors midblock at | reportat 20-to | * congestion/ queue monitoring
surveillance * geoupancy * video selected 60-second identification * Link speeds for travel
data irnaging locations intervals forecasting models
= acoustic only (free flow only}
= radar/ {"system s AADT, K- and D-
microwave detectors”) factors
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Faztures of the Drata Source

Typical
Ref. ITS data Primary data collection Spatial Temporal Possible multipie uses
No. spurce elements equipment coverage caoverage Real-time uses of ITS-generated data
8 Traffic signal » begin time Field At traffic Usually fuli- Adapt traffic control Network details for
phasing and * end time coniroliers control time response to actual microscopic traffic
offsets ¢ location devices traffic conditions simulation models
* up/down- only {e.g., TRAF,
shream offsets TRANSIMS)
9 Parking * fime Field Selected Usualiy Real-time information | Parking utilizabion and
management + lot location controllers parking daytime or to travelers on parking | needs studies
* available spaces facilities special events | availability
10 Transit usage | « vehicle Electronic fare | Transit Usnaliy fuil- Used for electronic * Roule planning /
boardings (by payment routes time payment of fransit run-cutting
Hme and systems fares » Ridership reporting
location) {e.g., Section 15)
* station origin
and destination
{0/
* paratransit
/D
i1 Transit voute * Toufe number TMC software | Transit Usuaily full- Transit route revisions | Transif route and
deviations * time of routes time schedule planning
and advisory
advisories * route segments
taken
12 Rideshare * time of day CAD Usually Daytime, Dynamic rideshare = Travel demand
requests « /D areawide usvally peak matching estimation
pericds * Transit route and
service planning
* locationt + CAD Extent of Extent of incident response and * Incident response
*+ begin, * compater- Incident Incident clearance evaluations (program
notification, driven logs Manage- Management effectiveness)
13 Incident logs dispatch, arrive, ment Program » Congestion
clear, depart Program monitering {e.g., %
times EECUITIng VS,
* type nonrecurring)
* extent *» Safety reviews
{blockage) {change in incident
* Hazhiat rates}
* Police accident
rpt. reference
* cause
14 Train arrivals | = Jocation Field At instru- Usuaily full- * coordination with Grade crossing safety
at Highway * begin fime controllers mented time nearby Iraffic signals and operational studies
Rail *+ end time HRIs + notification to
Intersections travelers
i5 Emergency *+ fime CAD Usually Usually fuli- Coordination of * Emergency
vehicle * O/D areawide time Emergency managernent labor
dispatch * route Management response and patrol studies
records + notification, * Emergency
ArTiVE, 5CEne, management route
leave times planning
16 Emergency « vehicle type Automatic Usually Usualiy full- * tracking vehicle * Emergency
vehicle * fime Vehicle areawide fime progress management route
locations ¢ location Identification * green wave and planning
+ response type (AVE or GPS signal preempton * Emergency
equipment initiation management

response tme studies
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Features of the Data Source
Typical
Ref. ITS data Primary data collection Spatial Temporal Possible multiple uses
MNo. Source elements equipnent coverage coverage Real-time uses of ITS-generated data
17 Construction * location TMC software Varies Varies Traveler information Congestion monitoring
and work *» date by work by work
zone * fme zone Zone
identification * lanas/
shoulders
blocked
18 HazMat cargo | = type CVO systems At reader Usually full- » identifying Hazlat » Hazhiat flows
identifiers * contamer/ and sensor ame in specific incidents s HazMat incident
package locations * routes for specific studies
* route shiprnents
* tirme
12 Fleet * carrier CVOo N/A Usually May overlap with SAFETYNET functions
Activity * citations inspections surrunarized
Reports * accidents annually
* inspection
results
20 Cargo * Cargo type CVO systems Atreader Usuaily full- Clearance activities Freight movement
identification «O/D and sensor | tme patterns
locations
21 Border * counts by CVO systems At reader Usuaily full- Enforcernent Freight movement
crossings vehicle type and sensor | time patterns
* cargo type locations
* O/D
22 On-board + vehicle type CVO systems Atreader Usually fuli- Enforcemnent and Special safety studies
safety data * cumnulative and sensor | Hme inspection {e.g., driver fatigue,
mileage locations vehicle components)
+ driver log (hrs.
of service)
* subsystern
status (e.g.,
brakes)
23 Emissions * time Specialized At sensor Usuaily fuli- Identification of * Trends in emissions
Management | * location SeNSOLs locations time hotspots and * Special Air Quality
System * peliutant subsequent control studies
concenirations strategies
» wind
conditions
24 Weather * lpcation Environmental | Atsensor Usually fuli- Traveler information * Congestion
data * time SENSOTS locations time monitoring (capacity
* precipitation reductions}
* temperakire * Freeze/thaw cycles
« wind for pavement models
conditions
25 Location Special case; pertains to all location references in TS and planning Need conversion from
referencing lat/long to highway
data distance and loration
{e.g., milepost
references for queue
lengths)
26 Probe data * vehicle IT = probe readers [ GPSis Usually fuil- * coordinate traffic » Congestion
* segment and vehicle arcawide; timne contral response monitoring
location tags readers * congestion/ queue + Link speeds for travel
* fravel time = GPSon restricted identification forecasting models
vehicles to highway » incident detecion = Historic transit
locations * real-time transit schedule adherence
vehicle schedule * Traveler response to
adherence incidents or traveler
* electronic toll information
collection * O/D patterns
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Features of the Data Source

Typical
Ref. ITS data Primary data cuggcﬁon Spatial Temporal Possible multiple uses
Na. source elements equipment coverage coverage Real-time uses of ITS-generated data
27 VMS * VMS location TMC software VMS Hours of Traveler information Effects of VMS message
messages « time of msg locations TMC content on iraveler
* msg content operation response
28 Vehicle » location {route) * AVI or GPS AVI 1- t0 18- Collected as part of » Traffic simulaton
trajectories « time equipment restricted second surveillance function model calibration for
* speed * advanced to reader intervals local conditions
* acceleration video image locations; (driver type
* headway processing G5 is distributions)
areawide + Modal emission
model calibration
* Traffic flow research
29 TMC and = time/date TMC/Informa- | Usually Hours of Traveler information * O/Ds for travel
Information *O/D tion Service arcawide TMC demand forecasting
Service = route segments | Provider operation madel inputs
Provider + estimnated fravel | software * Interzonal ravel
generated timne times for travel
route demand forecasting
guidance mode) calibration
30 Parking and » time/date TMC software Facilities Hours of Demand management + Special studies of
roadway * rte. segment/ subject to TVC traveler response to
{congeston} lot 1Dy variable operation pricing
pricing, *+ new price pricing = Establishment of
changes pricing policies







