THE NATIONAL ACADEMIES PRESS

This PDF is available at http://nap.edu/23196 SHARE o @ u.

Guide to Effective Freeway Performance Measurement: Final
Report and Guidebook

’ NCHRP

‘ab-Oinky Diocumant 87

Guide to Effective Freeway
Performance Measurement:
Final Report and Guidebook

et

m— DETAILS
sl 0 pages | null | PAPERBACK
e ISBN 978-0-309-43650-2 | DOI 10.17226/23196
AUTHORS

FIND RELATED TITLES

Visit the National Academies Press at NAP.edu and login or register to get:

Access to free PDF downloads of thousands of scientific reports

10% off the price of print titles

Email or social media notifications of new titles related to your interests

Special offers and discounts

Distribution, posting, or copying of this PDF is strictly prohibited without written permission of the National Academies Press.
(Request Permission) Unless otherwise indicated, all materials in this PDF are copyrighted by the National Academy of Sciences.

Copyright © National Academy of Sciences. All rights reserved.


http://nap.edu/23196
http://www.nap.edu/related.php?record_id=23196
http://www.nap.edu/reprint_permission.html
http://nap.edu
http://api.addthis.com/oexchange/0.8/forward/facebook/offer?pco=tbxnj-1.0&url=http://www.nap.edu/23196&pubid=napdigops
http://www.nap.edu/share.php?type=twitter&record_id=23196&title=Guide+to+Effective+Freeway+Performance+Measurement%3A+Final+Report+and+Guidebook
http://api.addthis.com/oexchange/0.8/forward/linkedin/offer?pco=tbxnj-1.0&url=http://www.nap.edu/23196&pubid=napdigops
mailto:?subject=null&body=http://nap.edu/23196

Guide to Effective Freeway Performance Measurement: Final Report and Guidebook

' NCHRP

Web-Only Document 97:

Guide to Effective Freeway
Performance Measurement:
Final Report and Guidebook

Cambridge Systematics, Inc.
Washington, DC

Texas Transportation Institute
College Station, TX

University of Washington
Seattle, WA

Dowling Associates
Oakland, CA

Contractor’s Final Report and Guidebook for NCHRP Project 3-68
Submitted August 2006

National Cooperative Highway Research Program
TRANSPORTATION RESEARCH BOARD

OF THE NATIONAL ACADEMIES

Copyright National Academy of Sciences. All rights reserved.


Patrick
Note
Marked set by Patrick

http://www.nap.edu/23196

Guide to Effective Freeway Performance Measurement: Final Report and Guidebook

ACKNOWLEDGMENT

This work was sponsored by the American Association of State
Highway and Transportation Officials (AASHTO), in cooperation with
the Federal Highway Administration, and was conducted in the
National Cooperative Highway Research Program (NCHRP), which is
administered by the Transportation Research Board (TRB) of the
National Academies.

COPYRIGHT PERMISSION

Authors herein are responsible for the authenticity of their materials
and for obtaining written permissions from publishers or persons who
own the copyright to any previously published or copyrighted material
used herein.

Cooperative Research Programs (CRP) grants permission to
reproduce material in this publication for classroom and not-for-profit
purposes. Permission is given with the understanding that none of the
material will be used to imply TRB, AASHTO, FAA, FHWA,
FMCSA, FTA, Transit Development Corporation, or AOC
endorsement of a particular product, method, or practice. It is expected
that those reproducing the material in this document for educational
and not-for-profit uses will give appropriate acknowledgment of the
source of any reprinted or reproduced material. For other uses of the
material, request permission from CRP.

DISCLAIMER

The opinion and conclusions expressed or implied in the report are
those of the research agency. They are not necessarily those of the
TRB, the National Research Council, AASHTO, or the U.S.
Government.

This report has not been edited by TRB.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/23196

Guide to Effective Freeway Performance Measurement: Final Report and Guidebook

THE NATIONAL ACADEMIES

Advisers to the Nation on Science, Engineering, and Medicine

The National Academy of Sciences is a private, nonprofit, self-perpetuating society of distinguished scholars engaged in scientific
and engineering research, dedicated to the furtherance of science and technology and to their use for the general welfare. On the
authority of the charter granted to it by the Congress in 1863, the Academy has a mandate that requires it to advise the federal
government on scientific and technical matters. Dr. Ralph J. Cicerone is president of the National Academy of Sciences.

The National Academy of Engineering was established in 1964, under the charter of the National Academy of Sciences, as a parallel
organization of outstanding engineers. It is autonomous in its administration and in the selection of its members, sharing with the
National Academy of Sciences the responsibility for advising the federal government. The National Academy of Engineering also
sponsors engineering programs aimed at meeting national needs, encourages education and research, and recognizes the superior
achievements of engineers. Dr. William A. Wulf is president of the National Academy of Engineering.

The Institute of Medicine was established in 1970 by the National Academy of Sciences to secure the services of eminent members
of appropriate professions in the examination of policy matters pertaining to the health of the public. The Institute acts under the
responsibility given to the National Academy of Sciences by its congressional charter to be an adviser to the federal government
and, on its own initiative, to identify issues of medical care, research, and education. Dr. Harvey V. Fineberg is president of the
Institute of Medicine.

The National Research Council was organized by the National Academy of Sciences in 1916 to associate the broad community of
science and technology with the Academy’s purposes of furthering knowledge and advising the federal government. Functioning in
accordance with general policies determined by the Academy, the Council has become the principal operating agency of both the
National Academy of Sciences and the National Academy of Engineering in providing services to the government, the public, and
the scientific and engineering communities. The Council is administered jointly by both the Academies and the Institute of
Medicine. Dr. Ralph J. Cicerone and Dr. William A. Wulf are chair and vice chair, respectively, of the National Research Council.

The Transportation Research Board is a division of the National Research Council, which serves the National Academy of Sciences
and the National Academy of Engineering. The Board’s mission is to promote innovation and progress in transportation through
research. In an objective and interdisciplinary setting, the Board facilitates the sharing of information on transportation practice
and policy by researchers and practitioners; stimulates research and offers research management services that promote technical
excellence; provides expert advice on transportation policy and programs; and disseminates research results broadly and
encourages their implementation. The Board’s varied activities annually engage more than 5,000 engineers, scientists, and other
transportation researchers and practitioners from the public and private sectors and academia, all of whom contribute their
expertise in the public interest. The program is supported by state transportation departments, federal agencies including the
component administrations of the U.S. Department of Transportation, and other organizations and individuals interested in the
development of transportation. www.TRB.org

www.national-academies.org

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/23196

Guide to Effective Freeway Performance Measurement: Final Report and Guidebook

ACKNOWLEDGMENT OF SPONSORSHIP
This work was sponsored by the American Association of State Highway and
Transportation Officials, in cooperation with the Federal Highway Administration,
and was conducted in the National Cooperative Highway Research Program, which
is administered by the Transportation Research Board of the National Research
Council.

DISCLAIMER
This is an uncorrected draft as submitted by the research agency. The opinions and
conclusions expressed or implied in the report are those of the research agency.
They are not necessarily those of the Transportation Research Board, the National
Research Council, the Federal Highway Administration, the American Association
of State Highway and Transportation Officials, or the individual states participating
in the National Cooperative Highway Research Program.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/23196

Guide to Effective Freeway Performance Measurement: Final Report and Guidebook

Guide to Effective Freeway
Performance Measurement

RICHARD MARGIOTTA
Cambridge Systematics, Inc.
Washington, D.C.

TIMOTHY LOMAX
Texas Transportation Institute
College Station, TX

MARK HALLENBECK
Washington State Transportation Center
Seattle, WA

SHAWN TURNER
Texas Transportation Institute
College Station, TX

ALEX SKABARDONIS
Dowling Associates
Oakland, CA

CHRIS FERRELL
Dowling Associates
Oakland, CA

BILL EISELE
Texas Transportation Institute
College Station, TX

i

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/23196

Guide to Effective Freeway Performance Measurement: Final Report and Guidebook

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/23196

Guide to Effective Freeway Performance Measurement: Final Report and Guidebook

TABLE OF CONTENTS

LIST OF FIGURES ... tetiectssesssessssssssssssessssessassssssssssssssssssssassssassssssssssaness iv
LIST OF TABLES. .....seensetnsetissesssessssessssssssssssssessassssssssssssssssssssssessasssssssssssssssasssses v
ACKNOWLEDGEMENTS ... esetiseensetisscsssesssessssesssssssssssssssssssssssssssssssssssssssasssasess vi

STRACT ..
AAB ST IRACT e eeeeeeeteeeteeeeesesssssssssssssssssssssssssssesssssssessssssssssssasasasasasasssssasssssnsssssssssssssssssssas vii
SUIMMNAIRY et eesseeeetesesessassesessssssassssssssssasasassesssssasasassssesssssssassssesssssssasassssssssssasasassesssssnses 1

CHAPTER 1 Introduction and Research Approach .......cercnsseensiennns 7
Background
Scope of the Research
Background
Research Approach
Background
Relationship to Current Research Efforts
Background
Guidebook Development

CHAPTER 2 FINAINGS wvvereteeerresreeserisessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssassssssssssnns 17
Background
Benchmarking Interviews
Background
Basic Principles for Freeway Performance Measurement
Recommended Freeway Performance Measures

CHAPTER 3 Interpretation, Appraisal, and Applications ... 33
CHAPTER 4 Conclusions and Suggested Research ........eerceerennrcnnreennnns 36
Conclusions

Suggested Research
REFERENQCES ... oeeesrsetissseesssssissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssassesss 42
APPENDIX A Results of Benchmarking INtErVIEWS .........covvcemeremereenseesneresnenens A-1

1ii

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/23196

Guide to Effective Freeway Performance Measurement: Final Report and Guidebook

LIST OF FIGURES

Figure 1. The Same Performance Measures Should Be Carried Across
Applications Spanning the Entire Time Horizon..........ccccoovuuu......

iv

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/23196

Guide to Effective Freeway Performance Measurement: Final Report and Guidebook

LIST OF TABLES
Table 1. Initial Benchmarking Interview Locations.............cccocoocoeevoeevcerverereennn. 12
Table 2. Relationship of NCHRP 3-68 to Other Current Performance

MeasuremMeNt PrOJECES ..o 12
Table 3. Basic Principles for Freeway Performance Monitoring....................... 22
Table 4. Recommended Core Freeway Performance Measures.......................... 23
Table 5. Supplemental Freeway Performance Measures............cccccoovvovevenrrenn., 28
Table A.1  Supplemental Freeway Performance Measures................cccccccoevoeneunnc.. A-2
Table A.2  Reasons for Undertaking Performance Measurement........................ A-3
Table A.3  Congestion/Mobility Performance Measures Under

Consideration in Selected DOTS..........cooovmmreonnrreieneiienseesieniens A-7
Table A.4  Types of Performance Measures Used by Agencies...................... A-8
Table A5  Uses of Performance MeasUres...............coovvmvvomnrvvoerevressreesssieensseonn. A-14
Table A.6  Data Collection, Analysis, and Quality Procedures.......................... A-17

v

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/23196

Guide to Effective Freeway Performance Measurement: Final Report and Guidebook

ACKNOWLEDGMENTS

The authors would like to thank Kenny Voorhies, Chris Hedden, Patricia Hendren, and Jocelyn Hoffman of
Cambridge Systematics for their contributions in conducting the practitioner interviews, which were the main input
to conducting the research. The research was directed by Richard Margiotta (Principal Investigator) and Tim Lomax

(Co-Principal Investigator).

vi

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/23196

Guide to Effective Freeway Performance Measurement: Final Report and Guidebook

ABSTRACT

This report documents the research performed on the project. Detailed recommendations and guidance are
provided in the Guidebook, which is structured for providing transportation engineers and planners assistance in
developing and maintaining a comprehensive freeway performance monitoring program. In the research, multiple
aspects of freeway performance were considered, but congestion and mobility performance was emphasized because
of the lack of guidance and experience in this area. Other aspects included safety, operational efficiency, ride qual-
ity, environmental, and customer satisfaction. A review of current practice was conducted, including a review of the
private sector as well as 11 benchmarking interviews with state and local transportation agencies. Based on these
results, the Guidebook was structured to answer four primary questions about freeway performance: 1) what
measures should be used; 2) how can the measures be developed with data and models; 3) how should freeway
performance be communicated; and 4) how can freeway performance measures be used in decision-making. The
draft Guidebook was developed as a series of nearly 400 annotated slides which were reviewed in five additional
interviews with state and local agencies. The final Guidebook presents step-by-step procedures addressing the four
primary issues associated with freeway performance monitoring. Ongoing freeway performance monitoring of
recent trends is emphasized although the use of performance measures across project evaluations and analysis also is

covered.
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SUMMARY OF FINDINGS

BACKGROUND

The use of freeway performance measures has been growing in recent years, and ranges from site-specific
operations analysis, corridor-level alternative investments analysis and area-wide planning and public information
studies. In the past few years, the issue of performance monitoring has been elevated by transportation agencies to
be responsive to the demands of the public and state legislatures and the Transportation Equity Act for the 21%
Century’s (TEA-21). The Safe, Accountable, Flexible, Efficient Transportation Equity Act for the 21% Century — A
Legacy for Users (SAFETEA-LU), the most recent Federal transportation authorization legislation, continued this
emphasis on performance monitoring, particularly with regard to system operations and management. Simultane-
ously, the deployment of intelligent transportation systems (ITS) technologies has the potential to make a vast
amount of data available for analysis.

However, many challenges lie ahead before freeway performance measurement becomes “standard
practice” and is imbedded in the transportation decision-making process. These challenges include the following:

e The transportation profession is only beginning to define and measure congestion/mobility

performance in objective terms.

e More detailed measures than HCM-based levels of service are required to capture the effect of

operational strategies, which are often more subtle than capacity expansion projects.

o Based on what data are available, congestion is growing in areas of every size.

e Freeway performance must be viewed from several perspectives.

e The concept of “reliability” is growing in importance.

e While advances in freeway performance concepts have been made, data limitations hamper their

implementation.

e In the short term, some combination of surveillance data, planning data, and modeling must be used to

support freeway performance measurement.

e Communication of freeway performance monitoring results also is crucial.

o How freeway performance measures are to be used in the transportation decision-making process is

still evolving.

Copyright National Academy of Sciences. All rights reserved.
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BENCHMARKING INTERVIEWS

A major part of this research effort was to ascertain what the more progressive agencies are doing in the
area of freeway performance measures. A series of benchmarking interviews with state and local transportation
agencies was conducted, resulting in the following findings.

Motivations for Undertaking Freeway Performance Measurement

Four mativations exist for agencies to undertake freeway performance measurement:

1. Legislative Mandates. State legislatures may require transportation (as well as other state) agencies
to engage in a formal performance measurement and reporting process. Freeway performance measures are under-
taken initially primarily to feed a mandated reporting process, but managers learn that there is intrinsic value in
conducting freeway performance measurement for their own purposes (see reasons 3 and 4 below).

2. Agencywide Performance Measurement Initiatives. Even in the absence of legislative intervention,
DOTs and MPOs often initiate department-wide performance measurement programs for a variety of reasons.
Usually these are ostensibly linked to the notion of “customer focus” and improved public relations and involve-
ment. Like legislative mandates, these efforts result in Annual Performance Reports. Freeway performance is
usually couched in terms of congestion/mobility in these reports and is usually summarized at the State or major
metropolitan area level.

3. Formal Business Plan Linkage, Particularly for Operations. Several agencies have taken a formal
business plan approach to the actions. The undertaking of Business Plan can be dictated by DOT upper management
or self-initiated by a champion.

4. Quantification of Benefits for Freeway Programs, Particularly for Operations. Operations
personnel are discovering that when it comes to competing for internal resources and visibility, they are at a disad-
vantage compared to other functional areas. Infrastructure programs have a long history of documenting the effects
their program have users, as embodied in pavement, bridge, and maintenance management systems. “Not having
the numbers” makes it hard to argue in favor of programs when others do have the humbers.

In two of the interview cities freeway performance measurement has not yet been undertaken, though there
were signs that this may change (i.e., they may just be “late adopters™). None of the four motivations currently are

present in these cities and local managers are not convinced of the cost-effectiveness of implementing performance
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measurement. In this sense, they are no different from the other cities — without strategic, legislative, or top man-
agement mandates/initiatives, it is doubtful that the other areas would have undertaken performance measurement.
Types of Performance Measures Used by Agencies

Both outcome and output measures are used by agencies. In the literature of performance measurement, a
distinction is made between output and outcome types of measures:

e Output measures relate to the physical quantities of items; levels of effort expended, scale or scope
of activities; and the efficiency in converting resources into some kind of product. Output measures
are sometimes called “efficiency” measures.

e Outcome measures relate to how well the firm or agency is meeting its mission and stated goals.
In the private sector, outcome measures relate to the “bottom-line” — the financial viability of the
firm (e.g., profit and revenue). For transportation agencies, outcomes are more related to the nature
and extent of the services provided to transportation users.

The research team and the project panel thought that, although the output/outcome dichotomy is well-
established, it is confusing to new users. Therefore, an alternative naming convention was adopted:

e  “Quality of Service” is a more intuitive term for the outcome category of measures, and

e  “Activity-Based” is more apt for the output category of measures.

It is clear that agencies who have undertaken freeway performance measurement have accessed the literature on
performance measurement because they use the outcome/output terminology.

For outcome measures, derivatives of speed and delay are commonly used by both operating and planning
agencies. The Travel Time Index is a popular metric. Level of service as a metric is still in use in both planning and
operations agencies, though it is not as widespread as it might have been 10 years ago. Reliability metrics have not
yet found their way into widespread use. These metrics are usually formulated for short segments or at key loca-
tions. An exception is Seattle where a series of defined “freeway trips” have been defined — these can involve travel
over multiple freeway routes for extended lengths. Output measures are used primarily by operating agencies, and
then primarily for incident management activities and the operation of field equipment (e.g., sensors, cameras).

Many areas are beginning to define more sophisticated measures for measuring congestion/mobility per-
formance but have not yet implemented them. Overall, there appears to be a trend away from the general categories

of performance (LOS) and toward continuous measures that are based on delay and travel time. Further,
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consideration of travel time reliability is growing in acceptance, though its implementation is still problematic,
primarily due to data requirements.

Customer satisfaction measures, where collected, are not used specifically for freeway performance
measurement. Rather, they are instituted to gauge overall opinions about how well an agency is dealing with
congestion.

Use of Performance Measures

Development of performance reports appears to be the major use right now for outcome-related freeway
performance measures. The frequency of publication varies from weekly to annually, but annual reports are the
most common. The linking of performance measures (more specifically, changes in them over time or their level
relative to preset targets) and investment decisions is not well established. The best examples of actions taken based
on performance measures is the tracking of detailed output measures for incident management programs — there is
evidence that agencies act on these to modify activities such as service patrol routing and schedules. However, a
linkage between major freeway investments and outcome measures (e.g., freeway delay) was not found. This may
be due to the lack of experience with developing and applying the measures rather than with an unwillingness to use
them to support investment decisions. It is true, however, that having better information on the scope and causes of
congestion tends to lead towards more open thinking about what to fund to improve the situation. What it does not
solve is the fact that the state and MPO planning processes choose large investments that are based on long-range
needs rather than on short-term changes in performance measures (or the failure to meet current performance
targets).

State DOTs and MPOs have not yet directly collaborated in joint efforts in developing freeway perform-
ance measurement programs. There seems to be a split of responsibility along traditional lines: DOTSs tend to han-
dle construction and operations while MPOs handle planning activities. Some MPOs and DOTs use common
measures, but also develop measures unique to their applications.

Data Collection and Analysis

Metrics are developed through a variety of methods: operations agencies (whose focus is primarily free-
ways) rely heavily on archived roadway surveillance data; the development of formal data archive management
systems is on the rise. Planning agencies (whose purview includes all roadways in an area) use a mix of methods,

including travel demand forecasting and other models; sample-based travel time runs from floating cars; and
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overlapping aerial photography. Planning agencies are just now starting to tap ITS data archives as a source of data
for performance measures; this occurrence is not very widespread.

Universities within a state are commonly used to set up (at least initially) performance measurement pro-
grams and data archives. Sometimes these functions are passed on to the DOT, sometimes the universities retain
control.

Integration of the various data sources available (ITS roadway surveillance, events {incidents, weather,
work zones}, and sample-based data) is not well very well advanced. However, there is recognition that this must
occur, especially in areas that consider delay by congestion source (e.g., incidents) as an important measure.

Collection and use of incident data are becoming more common among freeway management systems.
However, every area defines data elements and collects data differently. Work zones are occasionally collected as
part of incident data. Collection of weather data is uncommon.

Data Quality

The quality of data from ITS roadway sensors is a major concern of agencies and has even caused trepida-
tion in using the data for freeway performance measurement. Data quality problems can be traced primarily to two
sources: 1) improper installation (including initial calibration and acceptance testing of equipment) and
2) inadequate detector maintenance due to funding shortfalls. This is a serious problem for freeway performance
measurement, especially since ITS roadway sensors provide continuous data at the small time and geographic
increments necessary to support sophisticated measures (reliability, congestion by source). The most extreme case
is Houston which basically relies on probe readers for travel time estimates — they do not rely on the roadway sen-
sors originally installed. As a result, since volumes are not available, not all the performance measures that are
possible can be constructed.

When formal archived data management systems are implemented, data quality control checks are insti-
tuted. However, these are post hoc in nature — they can test for inconsistencies based on valid ranges, checks against
theory, and checks against history, but subtle errors in accuracy still occur and are unknown. (The only way to

determine accuracy is to validate field measurements independently.)
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GUIDEBOOK DEVELOPMENT

The Guidebook was structured to deal with the technical and institutional issues identified in the bench-
marking interviews. The Guidebook addresses each stage in the freeway performance measurement process with
step-by-step procedures for transportations to follow. The scope of the Guidebook covers:

e Urban and rural freeways: a comprehensive approach to freeway performance measurement;

e A focus on throughput/congestion/mobility of freeways, because of the lack of experience in these

areas;

e Discussion of additional aspects of freeway performance:

o0 Freeway safety;

0 Operational efficiency;

o0 Ride quality — Affects quality of traffic flow (link to asset management information systems);
0 Environmental — Emissions and fuel use; and

0 Customer satisfaction.

A chapter of the Guidebook is devoted to each stage of the freeway performance measurement process:

Rationale for Freeway Performance Measurement: “Why are we doing this?”

Context for Freeway Performance Measurement: “How does it fit in?”

e Performance Measures (Metrics): “What measures should be used?”

e Supporting Data and Methods: “How are the measures developed?”

e Presentation and Communication: “How are the measures best presented?”

e Use of Freeway Performance Measures in Decision-Making: “How are the measures used to

support decisions?”

Copyright National Academy of Sciences. All rights reserved.
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CHAPTER 1
INTRODUCTION AND RESEARCH APPROACH

1.1 BACKGROUND

The use of freeway performance measures has been growing in recent years, and ranges from site-specific
operations analysis to corridor-level alternative investments analysis and to areawide planning and public informa-
tion studies. In the past few years, the issue of performance monitoring has been elevated by transportation agencies
to be responsive to the demands of the public and state legislatures and the Transportation Equity Act for the 21%
Century’s (TEA-21). The Safe, Accountable, Flexible, Efficient Transportation Equity Act for the 21% Century — A
Legacy for Users (SAFETEA-LU), the most recent Federal transportation authorization legislation, continued this
emphasis on performance monitoring, particularly with regard to system operations and management.
Simultaneously, the deployment of intelligent transportation systems (ITS) technologies has the potential to make a
vast amount of data available for analysis.

However, many challenges lie ahead before freeway performance measurement becomes “standard prac-
tice” and is imbedded in the transportation decision-making process. These challenges include the following below.

The transportation profession is only beginning to define and measure congestion/mobility perform-
ance in objective terms. For more than 35 years, the Highway Capacity Manual (HCM)® has served as the focal
point for defining quality of traffic flow. Prior to the 2000 edition of the Manual, performance was defined by broad
ranges of “levels of service” (LOS). Even with the publication of the 2000 edition, freeway performance is still
largely tied to the level of service concept. The 2000 edition of the Manual is beginning to address the “saturated
flow regime” (i.e., congestion) in a comprehensive fashion and to recognize that a single LOS category, (“F”) does
not capture the nature and extent of congestion. At the local level, measuring and reporting congestion have often
been done anecdotally without the advantage of the limited application of the HCM. Future versions of the HCM
will delve into this problem more deeply.

More detailed measures than HCM-based levels of service are required to capture the effect of operational
strategies, which are often more subtle than capacity expansion projects. Implementing operational strategies usu-
ally never eliminate congestion but rather improve it slightly. These effects are not captured with the broad LOS

ranges recommended by the HCM.

7
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Based on what data are available, congestion is growing in areas of every size. The Texas
Transportation Institute’s (TTI) 2004 Annual Urban Mobility Report? shows more severe congestion that lasts for a
longer period of time, and affects more of the transportation network in 1999 than in 1982 in all urban population
categories. The average annual delay per person climbed from 11 hours in 1982 to 36 hours in 1999. And delay
over the same period quintupled in areas with less than one million people. The time to complete a trip during the
congested period also continues to get longer. Further, congestion is consuming a greater part of the day in many
metropolitan areas. The concept of a “peak hour” (rush hour) has been rendered irrelevant by travel patterns that
have led to “peak periods” — multiple successive hours characterized by congestion.

Freeway performance must be viewed from several perspectives. A debate within the profession has
arisen over the proper perspective for measuring performance. With regard to mobility performance, some have
suggested that the view of the user (traveler) is the most appropriate, while others argue that the view from the
facility is the correct perspective. We have found this to be a specious argument: both perspectives are needed.
The user perspective is important, because that is how transportation customers experience the system; this relates to
characteristics of users’ trips. The facility perspective is important, because transportation professionals mainly
manage facilities; trips also are managed by such strategies as traveler information and demand management, but to
a lesser degree than facilities. Further, the two perspectives are closely related in computation, data requirements,
and the measures that can be applied. With regard to freeway performance, “trips” can be defined over extended
segments. Finally, homeland security issues are becoming increasingly important for transportation professionals.
Freeway performance measures can be useful in both planning (identifying evacuation routes) and operations (real-
time management of evacuations.)

The concept of “reliability” is growing in importance. There is growing recognition in the profession
that not only does congestion occur on “typical” or “average” days, but it is the variability that occurs day to day
that is important. Therefore, freeway performance must include the notion of reliability to be useful to both
operators and planners.

While advances in freeway performance concepts have been made, data limitations hamper their
implementation. As performance concepts become more sophisticated, the data requirements of supporting them
become more onerous. In particular, reliability requires that data be collected nearly continuously. Even without

considering reliability, more detailed data resolution is required to monitor changes due to operational strategies;
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and traditional monitoring data, which are scattered and sampled, may be adequate for determining major capacity
expansions, but lack the resolution to capture the effects of more modest operational improvements. As our own
work has demonstrated, freeway surveillance data generated from ITS technologies can be used effectively for these
purposes. But these data bring with them a variety of new issues, among them:

e In the short term, some combination of surveillance data, planning data, and modeling must be used to
support freeway performance measurement. Since surveillance coverage is not complete and data
problems will cause gaps in existing coverage, other means must be used to fill in the freeway per-
formance picture. However, the system performance data derived from surveillance data may be sig-
nificantly different from other estimates or modeling efforts. Combining freeway surveillance data
with other data sources should be conducted only where the differences in each type of data are well
understood, and where the need for a combination of data is unavoidable.

e Communication of freeway performance monitoring results also is crucial. This involves not only
selecting measures that are easily understood by a broad audience, but also conveying the results in
formats that can be easily interpreted. Communication to both technical and lay audiences is a major
part of our current efforts in this area, and we will build on this experience.

e How freeway performance measures are to be used in the transportation decision-making proc-
ess is still evolving. Most of the work to date on freeway performance monitoring has been in
defining the concepts, measures, and data to support them. However, it is clear that the profession
must move beyond the simple reporting of freeway performance trends — performance measures must

be used to develop better investment decisions.

1.2 SCOPE OF THE RESEARCH

113

The objective of the research is to produce a practical Guidebook that provides guidance: “... on the effec-
tive use of freeway performance measures in operating the system and in meeting the information needs of a large
spectrum of potential local, regional, and national users.” The Guidebook presents a comprehensive approach to
measuring the performance of urban and rural freeways. Freeways are defined as access-controlled highways char-

acterized by uninterrupted traffic flow. The aspects of freeway performance covered by this Guidebook are as

follows.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/23196

Guide to Effective Freeway Performance Measurement: Final Report and Guidebook

The focus of the work is on congestion/mobility performance of freeways. This can be further defined as
“quality of traffic flow or traffic conditions as experienced by users of the freeway.” This category includes meas-
ures related to typical congestion levels, travel time reliability, and throughput. It also includes supporting measures
on the nature of roadway “events” that impede traffic flow: incidents, weather, and work zones. Most of the
research conducted in preparing the Guidebook shows how these measures are developed from data and other ana-
lytic methods. Mobility is defined differently for urban versus rural freeways, as discussed later in this Guidebook.
The rationale for focusing on congestion/mobility performance is that, of the major performance categories, it has
the least amount of history with practitioners and is the least well formed. New concepts such as travel time
reliability and the deployment of transportation operations strategies in recent years underscore the emerging nature
of this area.

Despite the focus on congestion/mobility, other aspects of freeway performance also are covered, but not at
the same level of detail. These areas (with the exception of customer satisfaction) have a much longer history of
performance measurement in the profession. So, rather than “reinvent the wheel,” the Guidebook uses references for
much of its material. As a result, data and methods for other aspects of freeway performance are not covered in
detail. Rather, the measures for each category are identified and methods for integrating them into a comprehensive
freeway performance measurement program are presented, including their use in applications and decision-making.
In some cases, these other performance aspects have or are developing their own performance measures, usually
applied on an areawide basis. These additional aspects of freeway performance are:

o Freeway Safety — Especially safety aspects that are under the direct control of transportation agencies.

Safety performance measures are now being considered as part of the recent emphasis on
comprehensive highway safety plans.

e Operational Efficiency — Measures that relate to the activities and equipment used in freeway

management.

e Ride Quality — Especially as it relates to the quality of traffic flow. Asset management information

systems have long history of ride quality performance measures.

e Environmental — Emissions and fuel use are the areas covered in this Guidebook, although many other

additional environmental aspects could be covered.

10
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Customer Satisfaction — As transportation agencies adopt a stronger focus on their customers (i.e.,
users of the system), customer perceptions of performance are becoming important feedback on the

effectiveness of transportation programs.

1.3 RESEARCH APPROACH

The research undertaken for this project was in several parts.

The research team compiled a list of potential performance measures and their uses by reviewing the
literature and compiling their own experiences with Federal, state, and local agencies.

Benchmarking interviews were conducted to ascertain the state of the practice. Agencies from 10
areas were interviewed (Table 1). Six of the interviews included multiple agencies, usually state
operations personnel, state, and local planners. Four interviews were conducted with operations
personnel only.

An interim report and detailed annotated outline were produced based on the above activities. It
included establishing basic principles for freeway performance measures that were used to guide the
rest of the project.

The annotated outline was used to construct approximately 400 annotated slides which form the basis
for the Guidebook. The slides were distributed to agencies from five areas and these areas were
interviewed by the research team to validate the approach and information:

0 Oregon DOT/Portland Metro;

0 Arizona DOT/Maricopa Association of Governments;

0 Minnesota DOT/Twin Cities Metropolitan Council;

0 Georgia DOT/Atlanta Regional Commission; and

0 New York State DOT/Capital District Transportation Committee.

e Based on the validation interviews, the annotated outline was revised and the draft Guidebook was

prepared. This preparation included developing analysis procedures using data from ITS sources.

11
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Table 1. Initial Benchmarking Interview Locations

Metro Area

Agencies Interviewed

Multiple Agency Interviews
1. Minneapolis-St. Paul, Minnesota

2. Seattle, Washington

3. Hampton Roads, Virginia

4. Milwaukee, Wisconsin

5. Phoenix, Arizona

6. Los Angeles, California

Metro District Operations, Mn/DOT

Center for Transportation Studies, University of Minnesota
Metro Council

WSDOT HQ Traffic Office

WSDOT NW Region

WSDOT HQ Strategic Planning and Programming
Puget Sound Regional Council

Hampton Roads STC, VDOT

Hampton Roads Planning District Commission
WisDOT District 2 Operations

WisDOT Central Office

University of Wisconsin-Madison

WisDOT District 2 Planning

ADOT/Intermodal Transportation Division
ADOT/Transportation Planning Division
Maricopa Association of Governments

Caltrans, Freeway Operations, District 7

Southern California Association of Governments
Caltrans, Planning

Operations Interviews Only
7. Portland, Oregon

8. Houston, Texas

9. San Antonio, Texas

10. Washington, D.C.

11. Atlanta, Georgia

See Note®

Houston TRANSTAR

See Note?

CHART (Maryland)

VDOT Northern Virginia District
GDOQOT, Office of Traffic Operations

! No formal interviews were conducted as part of NCHRP 3-68. Rather, the team relied on other work conducted by TTI on
performance measures. As part of this effort ODOT assembled a Technical Advisory Committee (TAC) made up of
individuals from ODOT sections of traffic management, transportation planning and analysis, transportation data,
operations, and internal audit/performance measures. The TAC also included individuals from the metropolitan planning
organization (MPQ) in Portland (Metro) and the Eugene/Springfield area (Lane Council of Governments), academia, and the

local Federal Highway Administration (FHWA) office.

Initial conversations with TransGuide indicated that they are not currently using performance measures nor are they planning
on developing them in the near future. TransGuide does have an extensive sensor system (485 lane-miles) and a formal

incident management program from which detailed performance measures could be developed, however.

12
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1.4 RELATIONSHIP TO CURRENT RESEARCH EFFORTS

There currently is much activity in the area of performance measurement, particularly for conges-
tion/mobility performance. Table 2 summarizes these efforts and indicates their relationship/value to the current
project. Many of these projects have been drawn on in later sections to provide examples of freeway performance
measurement. Note that only projects that are active have been included; these are the ones that may influence — and
be influenced by — the current project. In addition, the Strategic Highway Research Program Il (SHRP 1) also may
include projects related to freeway performance measurement.

Of the projects listed in Table 2, NCHRP Project 7-15 is the closest in nature to the research in this report.
HRP 3-68 has coordinated with the Project 7-15 team to ensure synergy and avoid duplication. The thrust of
Project 7-15 is the use of travel time, delay, and reliability measures in a wide variety of applications undertaken by
planners. Note that it is meant to cover all highway types, not just freeways. Much detail on development of per-
formance measures is given there, and in some ways the Project 7-15 report can be viewed as a companion
document to this one.

Specifically, NCHRP 7-15 is geared to estimating travel time, delay, and reliability for the following
planning applications:

o Application #1. Evaluate Trends In Travel Time, Delay, And Reliability. The objective of this
application is to identify and track overall trends in travel time, delay, and reliability for the purposes
of preparing a report to the public on agency performance.

o Application #2. ldentify Existing Deficiencies. The objective of this application is to identify and
diagnose existing deficiencies in travel time, delay, and reliability for the purposes of determining
appropriate agency actions.

e Application #3. Evaluation of Effectiveness of Improvements. The objective of this application is
to determine if the implemented improvement actually resulting in the desired travel time, delay and

reliability savings for the purposes of the cost-effectiveness of agency of specific actions.
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o Application #4. Prediction of Future Conditions. The objective of this application is to identify and
diagnose future deficiencies in travel time, delay, and reliability for the purposes of determining
appropriate agency actions.

e Application #5. Alternatives Analysis. The objective of this application is to develop a set of actions
to improve facility or system performance.

Of these applications, Application #1 has the most overlap with this report; the Guidebook is focused on
developing ongoing performance monitoring programs. The Guidebook provides exhaustive detail on this
application. The other applications are discussed in the Guidebook, but NCHRP 7-15 covers these in detail. On the
other hand, the congestion/mobility performance measures (including reliability) identified in the Guidebook are the

basis for the NCHRP 7-15 effort.

1.5 GUIDEBOOK Development

The Guidebook was structured to deal with the technical and institutional issues identified in the bench-
marking interviews. The Guidebook addresses each stage in the freeway performance measurement process with
step-by-step procedures for transportations to follow. In developing this Guidebook, a set of primary questions was
developed surrounding freeway performance measurement. Answering these questions from the practitioner’s point
of view is the thrust of the Guidebook and serves as the basis for its structure:

e Rationale for Freeway Performance Measurement: “Why are we doing this?” Why is freeway
performance important and why should its measurement be undertaken? What applications and uses
can use freeway performance measures? What is the current state of the practice in freeway
performance measurement? (Section 3.0)

e Context for Freeway Performance Measurement: “How does it fit in?” How does one establish
and maintain a freeway performance measurement program? How does it mesh with other local,
regional, state, and national activities in planning, operations, maintenance, and design? How should it
evolve over time? (Section 4.0)

e Performance Measures (Metrics): “What measures should be used?” What aspects of freeway

performance should be measured? What principles should be followed in establishing freeway
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performance measurement programs? What specific and quantifiable measures (metrics) should be
used for each of these aspects? (Sections 5.0 and 6.0)

e Supporting Data and Methods: “How are the measures developed?” What data are required to
support the development of freeway performance measures? What data collection mechanisms are
available now or should be instituted? (Section 7.0) How should the data be processed and combined
with analytic methods to create freeway performance measures? (Section 8.0)

e Presentation and Communication: “How are the measures best presented?”” What are the options
for presenting freeway performance measures to other professionals, decision-makers, and the public?
How should freeway performance be explained and what is the significance of trends? (Section 9.0)

o Use of Freeway Performance Measures in Decision-Making: “How are the measures used to
support decisions?” What should stakeholders’ involvement be in using freeway performance meas-
ures? What are some examples of how freeway performance measures can be used in the decision-

making process for setting policies and guiding investments? (Section 10.0)
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Table 2.  Relationship of NCHRP 3-68 to Other Current Performance Measurement Projects

Project Description

Relationship to NCHRP 3-68

NCHRP 7-15, Cost-Effective Measures and  Developing analytic methods to compute travel time reliability
Planning Procedures for Travel Time, measures, including when continuously collected data is not
Delay, and Reliability® available. Delay by source of congestion also being considered.

FHWA, Urban Congestion Report (UCR)®  Monthly reports on areawide freeway congestion developed from
web-based speed maps and data.

FHWA, Mobility Monitoring Program® Annual reports (soon to be monthly) on corridor and areawide
freeway congestion developed from archived and QC-passed
surveillance data.

TTI, Urban Mobility Study* Freeway and arterial areawide congestion trends for top 78 metro
areas.

FHWA, Work Zone Performance Measures  Highly detailed performance measures and supporting data collection
for monitoring work zone performance at the national and state

levels.
NCHRP 3-81, Strategies for Integrated Project is to develop a manual of recommended strategies for
Operation of Freeway and Arterial integrating the operation of a freeway and arterial corridor, including
Corridors® their benefits and methods of implementing them.
NCHRP 8-36/Task 47, Effective Studying: 1) how transportation organizations structure the

Organization of Performance Measurement  performance measurement function; 2) how they organize and deliver
performance information; 3) how performance measures are used to
guide decisions at levels from top management down to operations;
and 4) how measures are used in asset management.

NCHRP 3-85, Guidance for the Use of This project will enhance the guidance in the Highway Capacity
Simulation and Other Models in Highway ~ Manual for selection and use of simulation and other models.
Capacity Analyses

Reliability measures will be compatible; analytic methods will be of
value in computing freeway performance, especially for planning
applications.

Provides example of how to track trends at the metropolitan area
level and develop performance measures from available data.

Similar to UCR for tracking trends, although corridors are the basic
unit of analysis (more valuable to locals); special studies include
“Lessons Learned” and analysis method to decompose congestion by
source.

Long-standing history of congestion trends, widely accepted;
pioneered new measures of congestion and develops them from
planning-level data.

Includes both outcome and output measures for 13 categories of work
zone performance.

Performance measures used to evaluate effectiveness of various
strategies and serve as a basis for implementing them.

Addressing the key issue of how performance measures are used in

decision-making.

Measures of effectiveness from model outputs are essentially
performance measures (see Sections 4.4 and 5.0).

*http://www4.trb.org/trb/crp.nsfle7bcd526f5af4a2c8525672f006245fa/62bad24780b7ac4h85256d0b005e07fh?OpenDocument.

®trb.org/ConferencessNATMEC/35-Wunderlich.pdf.
“http://mobility.tamu.edu/mmp/.

%http:/mobility.tamu.edu/ums/.

*http://wwwa4.trb.org/trb/crp.nsfle7bcd5265af4a2c85256 72f006245fa/e1818912ch5a8ade85256efd005b6770?0OpenDocument.
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CHAPTER 2

FINDINGS

2.1 BENCHMARKING INTERVIEWS

A major part of this research effort was to ascertain what the more progressive agencies are doing in the
area of freeway performance measures. From these interviews it was then possible to borrow selected best practices
and weave them into the Guidebook. It also was possible to get an understanding of what will and won’t be
palatable to agencies in terms of the Guidebook procedures. Details of the interviews appear in the Appendix and
are summarized below.

Motivations for Undertaking Freeway Performance Measurement

Four mativations exist for agencies to undertake freeway performance measurement:

1. Legislative Mandates. State legislatures may require transportation (as well as other state) agencies to
engage in a formal performance measurement and reporting process. Freeway performance measures are
undertaken initially primarily to feed the mandated reporting process, managers learn that there is intrinsic
value in conducting freeway performance measurement for their own purposes (see reasons 3 and 4 below).

2. Agencywide Performance Measurement Initiatives. Even in the absence of legislative intervention,
DOTs and MPOs often initiate department-wide performance measurement programs for a variety of rea-
sons. Usually these are ostensibly linked to the notion of “customer focus” and improved public relations
and involvement. Like legislative mandates, these efforts result in Annual Performance Reports. Freeway
performance is usually couched in terms of congestion/mobility in these reports and are usually
summarized at the State or major metropolitan area level.

3. Formal Business Plan Linkage, Particularly for Operations. Several agencies have taken a formal busi-
ness plan approach to the actions. Most of these are found in the private sector scan of performance
measurement, i.e., the Vision-Goals-Objectives-Performance Measures-Targets-Actions sequence. The
undertaking of Business Plan can be dictated by DOT upper management or self-initiated by a champion.

4. Quantification of Benefits for Freeway Programs, Particularly for Operations. Operations personnel
are discovering that when it comes to competing for internal resources and visibility, they are at a disad-

vantage compared to other functional areas. Infrastructure programs have a long history of documenting
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the effects their program have users, as embodied in pavement, bridge, and maintenance management sys-

tems. “Not having the numbers” makes it hard to argue in favor of programs when others do have the

numbers. Maryland State Highway Administration (SHA) and Wisconsin DOT are two examples of this.

In two of the interview cities — San Antonio and Houston — freeway performance measurement has not yet
been undertaken, though there are signs that this may change (i.e., they may just be “late adopters™). None of the
four motivations currently are present in these cities and local managers are not convinced of the cost-effectiveness
of implementing performance measurement. In this sense, they are no different from the other cities — without stra-
tegic, legislative, or top management mandates/initiatives, it is doubtful that the other areas would have undertaken
performance measurement.

In applying performance measurement concepts, it appears that public agencies mirror those in the private
sector. Implementation of the concepts are the difficult part for public agencies. Once the institutional hurdle of
establishing a performance measurement program is passed, many technical difficulties still lie ahead, as discussed
below.

Types of Performance Measures Used by Agencies

Both outcome and output measures are used by agencies. It is clear that agencies who have undertaken
freeway performance measurement have accessed the literature on performance measurement because they use the
outcome/output terminology.

For outcome measures, derivatives of speed and delay are commonly used by both operating and planning
agencies. The Travel Time Index is a popular metric. Level of service as a metric is still in use in both planning and
operations agencies, though it is not as widespread as it might have been 10 years ago. Reliability metrics have not
yet found their way into widespread use. (Seattle and Minneapolis are exceptions.) These metrics are usually
formulated for short segments or at key locations. An exception is Seattle where a series of defined “freeway trips”

have been defined — these can involve travel over multiple freeway routes for extended lengths.
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Some of the more interesting metrics used by agencies include:

e The number of very slow trips (half of free flow speed) that occurs each year by time of day and major

trip (Seattle);

e Percentage of reduction in incident congestion delay; and

e  Percent of freeway lane-miles below congested volumes (based on volume per lane).

Output measures are used primarily by operating agencies, and then primarily for incident management
activities and the operation of field equipment (e.g., sensors, cameras).

Many areas are beginning to define more sophisticated measures for measuring congestion/mobility per-
formance but have not yet implemented them. Overall, there appears to be a trend away from the general categories
of performance (LOS) and toward continuous measures that are based on delay and travel time. Further, considera-
tion of travel time reliability is growing in acceptance, though its implementation is still problematic, primarily due
to data requirements.

Customer satisfaction measures, where collected, are not used specifically for freeway performance
measurement. Rather, they are instituted to gauge overall opinions about how well an agency is dealing with
congestion.

Use of Performance Measures

Development of performance reports appears to be the major use right now for outcome-related freeway
performance measures. The frequency of publication varies from weekly to annually, but annual reports are the
most common. The existence of dashboards was not found in any of the areas, though the Minnesota Department of
Transportation (Mn/DOT) is in the development phase.

The linking of performance measures (more specifically, changes in them over time or their level relative to
preset targets) and investment decisions is not well established. The best examples of actions taken based on
performance measures is the tracking of detailed output measures for incident management programs — there is evi-
dence that agencies act on these to modify activities such as service patrol routing and schedules. However, a
linkage between major freeway investments and outcome measures (e.g., freeway delay) was not found.
Washington State seems to be farthest along on this matter, but even there the correlation is not direct. This may be
due to the lack of experience with developing and applying the measures rather than with an unwillingness to use

them to support investment decisions. It is true, however, that having better information on the scope and causes of
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congestion tends to lead towards more open thinking about what to fund to improve the situation (at least in the case
of Washington State). What it does not solve is the fact that the State and MPO planning processes choose large
investments that are based on long-range needs rather than on short-term changes in performance measures (or the
failure to meet current performance targets).

State DOTs and MPOs have not yet directly collaborate in joint efforts in developing freeway performance
measurement programs. There seems to be a split of responsibility along traditional lines: DOTSs tend to handle
construction and operations while MPOs handle planning activities. Some MPOs and DOTs use common measures,
but also develop measures unique to their applications.

Data Collection and Analysis

Metrics are developed through a variety of methods: operations agencies (whose focus is primarily free-
ways) rely heavily on archived roadway surveillance data; the development of formal data archive management
systems is on the rise. Planning agencies (whose purview includes all roadways in an area) use a mix of methods,
including travel demand forecasting and other models; sample-based travel time runs from floating cars; and over-
lapping aerial photography. Planning agencies are just now starting to tap ITS data archives as a source of data for
performance measures; this occurrence is not very widespread.

Universities within a state are commonly used to at least initially set up performance measurement pro-
grams and data archives. Sometimes these functions are passed on to the DOT, sometimes the universities retain
control.

Integration of the various data sources available (ITS roadway surveillance, events {incidents, weather,
work zones}, and sample-based data) is not well very well advanced. However, there is recognition that this must
occur, especially in areas that consider delay by congestion source (e.g., incidents) as an important measure.

Collection and use of incident data is becoming more common among freeway management systems.
However, every area defines data elements and collects data differently. Work zones are occasionally collected as
part of incident data. Collection of weather data is uncommon.

Data Quality

The quality of data from ITS roadway sensors is a major concern of agencies and has even caused

trepidation in using the data for freeway performance measurement (e.g., Atlanta). Data quality problems can be

traced primarily to two sources: 1) improper installation (including initial calibration and acceptance testing of
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equipment) and 2) inadequate detector maintenance due to funding shortfalls. This is a serious problem for freeway
performance measurement, especially since ITS roadway sensors provide continuous data at the small time and geo-
graphic increments necessary to support sophisticated measures (reliability, congestion by source). The most
extreme case is Houston which basically relies on probe readers for travel time estimates — they do not rely on the
roadway sensors originally installed. As a result, since volumes are not available, not all the performance measures
that are possible can be constructed.

Several agencies have done formal studies of data quality. One strategy to deal with data quality (identified
by the Georgia Department of Transportation; GDOT) is to concentrate calibration and maintenance on “key”
detectors, with the idea that these can be used to detect major problems (e.g., at known bottlenecks). The key
detectors can then be used to adjust measurements from the remaining detectors. However, it is unclear how the
adjustments will be done and how well this procedures will work to improve data quality. Father, developing per-
formance measurements from a few isolated detector locations also is highly problematic — since most of the
detailed performance measures are based on converting detector measurements to travel times in a corridor, the
efficacy of this approach is in doubt.

When formal archived data management systems are implemented, data quality control checks are insti-
tuted. However, these are post hoc in nature — they can test for inconsistencies based on valid ranges, checks against
theory, and checks against history, but subtle errors in accuracy still occur and are unknown. (The only way to

determine accuracy is to independently validate field measurements.)
2.2 Basic Principles for Freeway Performance Measurement

In order to develop the suite of freeway performance measures, the research team developed a set of basic
principles for guidance. Table 3 summarizes the principles. Consistent with the scope of the project, the focus is on

measuring the performance of freeways in terms of congestion/mobility and the activities related to improving

traffic flow. Detailed discussion of each principle appears in the Guidebook.
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Table 3.  Basic Principles for Freeway Performance Monitoring

Principle 1~ Mobility performance measures must be based on the measurement or estimation of travel
time.

Principle2 ~ Measure where you can — model everything else

Principle 3~ Multiple metrics should be used to report freeway performance, especially for mobility.

Principle 4  Traditional HCM-based performance measures for mobility (V/C? ratio and level of service)
should not be ignored but should serve as supplementary, not primary measures of
performance in most cases.

Principle 5  Both vehicle- and person-based performance measures of throughput are useful and should be
developed, depending on the application.

Principle 6  Both quality of service (outcome) and activity-based (output) performance measures are
required for freeway performance monitoring.

Principle 7 Activity-based measures should be chosen so that improvements in them can be linked to
improvements in quality of service measures.

Principle 8  Customer satisfaction measures should be included with quality of service measures for
monitoring freeway performance.

Principle 9  The measurement of travel time reliability is a key aspect of freeway performance
measurement and reliability measures should be developed and applied.

Principle 10 Three dimensions of freeway mobility/congestion should be tracked with mobility
performance measures: source of congestion, temporal aspects, and spatial detail.

Principle 11 Communication of freeway performance measurement should be done with graphics that
resonate with a variety of technical and nontechnical audiences.

Principle 12  Continuity should be maintained in performance measures across applications and time
horizons; the same perform