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The National Academies of
SCIENCES. ENGINEERING. MEDICINE

The National Academ)' of Sciences was established in 1863 by an Act of Congress,
signed by Presiden! Lineoln, as a prívate, nongovernmental institution to advise ¡he
nation 00 issues related to science and technology. Members are elected by their peces
foc oUlslandíng contributions lo rescarch. Dr. Ralph J. Cicerone is president.

The National Academ}" of Engineering: was eslablished in 1964 undee the chartee of
the National Academy of Sciences 10bring the practiccs of enginecring to advising
lhe nation. Mcmhcrs are electcd by their peces roc extraordinary contributions to
engineering. Dr. C. D. Mote, lc.. is prcsident.

The National Acaderny of Medicine (formerly lhe institute of Medicine) was
established in 1970 under the charter of the National Academy of Scicnces 10 advise
the nation on medical and heahh issues. Members are elected by Iheir peers for
distinguished contributions lo medicine and health. Dr. Victor J. Dzau is president.

The three Academies work together as the National Academies of Sciences, Engineering,
and Medicine lo provide independent, objective analysis and advice to the nalion and
conduct other activities to solve complex problems and infoon public policy decisions.
The Academies also encourage education and research, recognize outstanding
contributions to knowledge, and incre<lsepublic underslanding in maUers of science,
engineering, and medicine.

Learn more about the National Academies of Sciences. Engineering, and Medicine at
www.national.academies.arg.

The Transportaríon Research "oard is one of seven major programs of the National
Academies of Sciences. Engineering, and Medicine. The mission of the Transportation
Research Board is to increase the benefits Ihat transportalion contributes lo society by
providing leadership in transportation innovation and progress through research and
informalion exchange. conducled within a seuing that is objective. inlerdisciplinary. and
multimodal. The Board's varied commiuees. lask forces. and ranels annually engage about
7.000 engineers. scientists. and other transponation researchers and practilioners from Ihe
public and privale sectors and academia, aHof whom contribule Iheir expertise in the public
interest. The program is supported by slale Iransportation departments, federal agencies
including Ihe componenl adminislrations of the U.S. Department of Transponalion, and
other organizations and individuals interested in the development of transportation.

Leam more about the Transportation Research Board at www.TRB.org.

http://www.national.academies.arg.
http://www.TRB.org.
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FOREWORD

For more than 60 years, the Highway Capacity Manual (HCM) has presented
tools for quickly evaluating and comparing the opcrational effects of altemative
design scenarios, allowing analysts to screen a variety of approaches and select a
reasonable number before considering more costly measures. The HCM has
evolved significantly, with each edition addressing the contemporary needs of
transportation professionals and society.

This new edition of the HCM adds a subtitle: A Cuide for Multimodal Mobility
Analysis. This underscores the HCM's forus on evaluating the operational
performance of several modes, induding pedestrians and bicydes, and their
interactions. It is called the 6th Edition, with no year attached, and each chapter
indicates a version number, to allow for updates.

This edition provides the following pertinent tools:

• Analysis methodologies for evaluating travel time reliability. These new
tools consider the distribution of travel times over a long period (for
example, an entire year), instead of evaluating a single analysis period, as
was done in previous editions of the HCM.

• Tools for analyzing the operational effects of active traffic and demand
management. 5trategies indude managed lane facilities and freeway
management poJicies.

• Enhanced methods for analyzing pedestrian, bicycle, and transit
facilities, as well as their interactions with motor vehides.

• New tools for the analysis of altemative interchanges and intersections,
such as diverging diamond interchanges and restricted crossing U-turo
intersections.

• Cuidance on the use of simulation and other lools in conjunction with
HCM analyses. The HCM disrusses specific cases that may require
altemative tools and simulation and explains how these can assist in
providing performance measures not available fram HCM methods or in
analyzing highway designs not addressed within the HCM's performance
measurement framework.

Although this editian of thc HCM registers many firsts (which are identified
in Chapter 1), it continues to build on the significant contributions of many
dedicated experts in the field.!

The first HCM was published in 1950as a joint ventore of the Highway
Research Board's Committee on Highway Capacity and the Bureau of Public
Roads. O. K. Normano, committee chair, and William Walker, cornmittee
secretary, led that eUart. The manual was the first intemational document on the
broad subject of capacily and provided definitions of key terms, a compilation of
maximum observed flows, and the initial fundamentals of capacity.

1Thanks are extended to Adolf D. May for this short history of the Highway Capacity MQlwa/, which
was first provided in his Foreword to the 1994l>dition.
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The second edition was published in 1965 by the Highway Rcsearch Board
and authored by the Committee on Highway Capacity. O. K. Normann led much
of this effort until his untimely death in 1964. Carl C. Saal continued the work as
the new committee chair with Arthur A. Carter, Jr., as secretary. The Bureau of
Public Roads was again a significant contributor to the project. The 1965 manual
was a significant extension of the 1950 edition and introduced the concept of
level of service.

The third edition of the manual was published in 1985 by the Transportation
Rcsearch Board (fRB) and authored by the Committee on Highway Capacity and
Quality of Service, chaired by Carlton C. Robinson, with Charles W. Dale as
sccretary. Credit is also due to Robert C. Blumenthal and James H. KelL who
served as committee chairs between the publicabon of the 1965 and 1985
cditions. The 1985 edition extended capacity analysis to additional facility types,
incorporated driver perceptions into level of service, and was the first to havc the
analysis procedures implemented in computer software.

An update to the third edition of the manual was published in 1994 with
Adolf D. Mayas chair of the committee and Wayne K. Kittelson as sccretary. The
1994 edition of the manual is noted for new procedures for the analysis of
freeway rarnp junctions, all-way and two-way STOP.controlled intersections, and
two-Iane rural highways.

The fourth edition of the manual was published in 2000 with John D. Zegeer
as chair of the cornrnittee and Richard G. Dowling as secretary. That manual was
the first to test novel electronic formats for the manual using hyperlinked text
and narrated self-guided tutoríals for sorne of the example problems.

The fifth edition was published in 2010 with Richard G. Dowling as chair
and Lily Elefteriadou as secretary. It was the first edition to ¡nelude a multimodal
analysis framework and the first to discuss the proper application of simulation
along with the HCM methods. In addition, it was the first to involve a range of
volunteers from outside the Comrnittee on Highway Capacity and Quality of
Service (HCQS), ineluding represcntatives from other TRB committees, as well as
transportation professionals affiliated with the Institute of Transportation
Engineers (ITE).

The methods ineluded in this sixth edition were evaluated by approximately
200 reviewers, who provided a total of 3,331 comments 00 the draft materíals.
The HCQS Committee members thank aH volunteers who contributed to the
development of this editioo. We are also grateful for the support we have
received from the members and staff of ITE. Oue joint surnmer meetings with
local ITE sections throughout the production of the manual were paeticularly
informative and productive.

Throughout this effort, the advice and support of Richard Cunard, TRB's
Engineer of Traffic and Operations, was extremely valuable in helping the
committee anticipate, addrcss, and overcome the obstac1es that aríse whenever a
major new document is published.

The sixth edition of the HCM would never have become a reality without
the financial and administrative support of the Federal Highway Administration,
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the second Strategic Highway Research Program, and the National Cooperative
Highway Research Program (NCHRP). This edition was funded through
NCHRP Project 03-115, and was monitored by a panel chaired by Robert Bryson,
with Ray Derr as Senior Program Officer. The committee thanks the NCHRP 03-
115 panel, its staff, and its contractor, KiUelson & Associates, loe., for delivering a
high-quality manual that addresses the current needs of the transportation
engineering and planning community.

The committee invites those interested in improving the profession's
understanding of capacity and quality of service analysis to contact us via the
links at https://sites.google.com/site/ahb40hcqs/home and to become involved.

For the Standing Committee on Highway Capacity and Quality of Service
(AHB40),

Lily Elefteriadou
Committee Chair
March 1, 2016
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1. INTRODUCTION

OVERVIEW
The Higllway Ca¡mcity Manual, Sixth Editioll: A Cuide for Multímodal Mobilíty

Allalysis (HCM) continues the manual's evolution from its original objective-
praviding methods for quantifying highway capacity. In its current form, it
serves as a fundamental reference on concepts, performance measures, and
analysis techniques for evaluating the multimodal operation of streets, highways,
frceways, and off-street pathways. The Sixth Edition incorporates the latest
research on highway capacity, quality of service, and travel time reliability and
improves the HCM's charter outlines. The objective is to help practitioners
applying HCM methods understand their basic concepts, computational steps,
and outputs. These changes are designed to keep the manual in step with its
users' needs and present times.

The 1950HCM (1) was the first document to quantify the concept of capacity
for transportation facilities and focused almost entirely on that subject. This focus
was in response to the rapid expansion of the U.s. roadway system after World
War 11and the need to determine lane requirements for the Interstate highway
system and the roads that provided access to it. The manual was designed to be
"a practical guide by which the engineer, having determined the essential facts,
can design a new highway or revamp an old one with assurance that the
resulting capacity will be as calculated."

The focus on design continued in the 1965HCM (2), but the level-of-service
(LOS) concept was also intraduced with this edition, along with a chaptcr on bus
transito The HCM permitted the "determination of the capacity, service volume,
or level of service which will be provided by either a new highway design, or an
existing highway under specified conditions."

The 1985HCM (3) was another significant step in the evoJulion of the HCM.
lt refined the concept of LOSand incorporated the results of several major
research projects performed since the publication of the 1965HCM. The target
audience was bruadened through the addition of chapters on pedestrians and
bicycles and an expansion of the transit chapter.

A substantial increase in the volume and breadth of material occurred with
the publication of thc HCM2000 (4).The intent of the manual was "to provide a
systematic and consistent basis for assessing thc capaaty and level of service for
clements of the surface transportation system and also for systems that involve a
series or a combination uf individual facilities."

The HCM 2010 (5) added much new material from research projects
completed after the publication of the HCM2000 and was reorganized to make its
contents more accessiblc and understandable. That edition also promoted the
consideration of all roadway users and the use of a broader range of performance
measures in the assessment of transportation facility performance.

This Sixth Edition of the HCM incorpora tes research to update older HCM
content and research on a number of topies new to the HCM, inc1uding trave1

Chapter 1jHCM User's Guíde
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VOLUME 1; CONCEPTS
1. HCM User's Guide
2. Applications
3. Modal Characteristics
4. Traffle Operations aOO
Capadty Concepts

5. Quality and level-of-5erviee
Coneepts

6. HCM and Alternative
Analysis Tools

7. Interpreting HCM and
Alternative Tool Results

B. HCM Primer
9. Glossary and Symbols

New topi<:saddressed by this
Sixth Edltion indude trave!
time reliabllity and tne
operation al managed /anes,
work mnes, and aftemative
intersedions.
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time reliability and managed (e.g., high-occupancy vehide) lane, work zone, and
altemative intersection (e.g., displaced left tum) operations.

As the preceding discussion indicates, the HCM has evolved over the years
to keep pace with the needs of its users and society, as the focus of surface
transportation planning and apcrations in the United States has moved from
designing and constructing the Interstate highway system to managing a
complex transportation systcm that serves a variety of users and travel modes.
Transportation agencies daily face the challenges of constrained fiscal resources
and rights-of-way. They increasingly focus on designing and operating roadway
facilities in the context of the surrounding land uses and the modal priorities
assigned to a given facility.

Although the HCM's content has evolved, its name has stayed the same since
1950 and no longer eonveys the HCM's full range of applications. Therefore, the
Sixth Edition adds the subtitle "A Cuide for Multimodal Mobility Analysis" to
highlight to praetitioners and decision makers the multimodal performance
measurement tools and guidance provided by the HCM.

Providing mobility for people and goods is transportation's most essential
function. It consists of four dimensions:

Mobility consists of tour
dimensions:

Quantity of travel,
Quality of uavel,

• Accessibifity, and
• Capadty.

!he subtitle NA Guide tor
MlJltimodal MobIlity Analysis~
captures fhe HCM's abllity lo
quantify roadway performance
across mlJltiple dimensiOnS and
travel modes.

Introductioo
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• Qwwtity of fravel, the magnitude of use of a transportation fadlity or
service;

• Qllalify of trave!, users' perceptions of travel on a transportation fadlity or
service with respect to their expectations;

• Accessibilify, the ease with which travelers can engage in desired activities;
and

• Capacify, the ability of a transportation facility or service to meet the
quantity of travel demanded of it.

The HCM historically has been the leading reference document for analyzing
the mobility dimensions of quality of travel and capacity. Quantity of travel is a
key input to the HCM's methods for analyzing motorized vehicle quality of
travel and capacity utilization. Thus, "A Cuide for Multimodal Mobility
Analysis" captures the HCM's ability to quantify roadway performance across
multiple dimensions and travel modes.

Finally, many previous editions of the HCM have had ayear attaehed to
them. As both the HCM's breadth and the quantity of HCM.related research
have increased over time, waiting for years for a critical mass of research to
accumulate befare produetion of a new HCM edition has bccame impractical.
This editian is simply titled the "Sixth Edition," with a version number provided
for each chapter, starting with Version 6.0 for the initial publication. This
approach will allow individual chapters to be updated more quickly as new
research is completed, while continuing to allow practitioners to link their
analysis to a particular version of an HCM methodology.

The remainder of this chapter provides a starting point for using the Highway
Capacity Manllal, Sixth Edition: A Cuide for MultimodaI Mobility Analysis and for
Icaming about thc changes made in this edition.

Chapter ljHCM User's Guide
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CHAPTER ORGANIZATION

Readers new to the HCM can use this chapter as a road map to a1lof the
resources available within the printed manual and online. Experienced HCM
users are cncouraged to read at least Section 5, which summarizes the significant
changes in the HCM that have occurred relative to the HCM 2010.

SecHon2 presents the purpose, objectives, intended use, and target users of
theHCM.

Section 3 describes the contents of the four printed and online volumes that
make up the HCM, summarizes the additional user resources available through
the online Volume 4, and discusses the relationship of commercial software that
implements HCM methods to the HCM itself.

Section 4 provides guidance on applying the HCM for intemational users.

Section 5 lists the significant changes made in the Sixth Edition and identifies
the research basis for thesc changes.

Section 6 describes companion documents to the HCM that address topics
outside the HCM's scope and that may need to be applied during an analysis.
These documents are updated on different schedulcs from the HCM and serve as
fundamental resourres for topies within their respective scopes.

RELATED HCM CONTENT

The remainder of Volume 1 presents basie capaat)', quality-of-service, and
analysis concepts that readers should be familiar with before the)' apply the
HCM. Chapter 8, HCM Primer, provides an executive summary of the HCM,
including its terminology, methods, and performance measures. It is written for a
nontechnical audience (e.g., decision makers who may be presented with the
results of HCM analyses for the purpose of establishing policy or public interest
findings).

O1apter l/HCM User's Guide
Version 6.0
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2. HCM PURPOSE ANO SCOPE

PURPOSE ANO OBJECTIVES
Quafity of service describes
how well a transportation
fadJity or service operates from
tlle traveler's perspedive.

Leve! of service is the A-F
stratificatfon of QuaJity of
>eMre.

HCM Purpose and 5cope
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The purpose of the HCM is to provide methodologies and associated
application procedures for evaluating the multimodal performance of highway
and street facilities in terms of operational measures and one or more quality-of-
service indicators.

The objectives of the HCM are to

1. Define performance measures and describe survey methods for key traffic
characteristics,

2. Provide methodologies for estimating and predicting performance
measures, and

3. Explain methodologies at a level of detail that allows readers to
understand the factors affccting multimodal operation.

The HCM presents the best available techniques at the time of publishing for
determining capacity and LOS. Howevcr, it docs not establish a legal standard
for highway design or construction.

INTENOEO USE

The HCM is intended to be used primarily for the analysis areas listed
below, to the extent that thcy are supported by the individual analysis
methodologies.

• Levels of mralysis: opcrations, design, preliminary engineering, and
planning.

• Travel modes: motorized vehicles, pedestrian, and bicycle, plus transit
when it is part of a multimodal urban strect facility.

• Spatial caverage: points, segments, and facilities.

• Temporal coverage: undersaturated and oversaturated eonditions.

TARGET USERS

The HCM is prepared for use by (a) engineers who work in the Held of traffie
operations or highway geometric design and (b) transportation planners who
work in the ficld of transportation system management. To use the manual
effectively and to apply its methodologies, sorne technical background is
desirable-typically university-Ievel training or technical work in a public
agency or consulting firmo

The HCM is also useful to management personnel, cducators, air quality
specialists, noise specialists, eleeted officials, regionalland use planners, and
intercst groups representing spedal users.

Chapter 1jHCM User's Guide
Version 6.0
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3. STRUCTURE

OVERVIEW

The HCM consists of four volumes:

1. Concepts,

2. Uninterrupted Flow,

3. Interrupted Flow, and

4. Applications Cuide.

Volumes 1-3 are available in the print version of the HCM; Volume 4 is only
available online. The sections below describe the contents of each volume.

VOLUME 1: CONCEPTS

Volume 1covers the basic information that an analyst should be familiar
with before performing capadty or quality-of-service analyses:

• Chapter 1, HCM User's Cuide, describes the purpose, scope, structure,
aod research basis of the HCM.

• Chapter 2, Applications, describes the types of analysis and operating
conditions to which the HCM can be applied, defines roadway system
elements, and introduces the travel modes addressed by the HCM.

• Chapter 3, Modal Charaeteristics, discusses demand variations by mode,
factors that contribute to a traveler's expcrience during a trip, the types of
transportation facilities used by different modes, and the interaetions that
occur between modes.

• Chapter 4, Traffic Operations and Capadty Concepts, describes how basic
traffie operations relationships, such as speed, flow, density, capadty, and
travel time reliability, apply to the travel modes eovered by the HCM.

• Chapter 5, Quality and Level-of-$crvice Coneepts, presents the concepts
of qua lity of service and LOSand summarizes the service measures used
in the HCM to describe the qua lity of service expcrienced by modal
travelers.

• Chapter 6, HCM and Alternative Analysis Tools, describes the types of
analysis tools used by the HCM and presents the range of alternative tools
that might be used to supplement HCM procedures.

• Chapter 7, Interpreling HCM and Aiternative Tool Results, provides
guidance on the level of precision to use during an analysis and during
presentation of analysis results, as weHas guidance on comparing IICM
analysis results with results from alternative tools.

• Chapter 8, HCM Primer, serves as an executive summary of the HCM for
decision makers.

• Chapter 9, Glossary and Symbols, defines the technical terms used in the
HCM and presents the symbols used to represent different variables in
HCM methods.

O1apter ljHCM User's Guide
Version 6.0

VOLUME 1: CONCEPTS
1. HCM User's Guide
2. Applications
3. Modal Characteristics
4. Traffic Operations and
capacity Conc:epts

5. Quality aOO Level-of-Service
COnceptS

6. HCM and AlternatJve
Analysis Tools

7. Interpreting HCM and
Alternative Tool Result:s

8. HCM Primer
9. Glossary and Symbols

Chapter 8, HCM Pniner, serves
as an executive summalY of
the HCM for decision makers.
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VOLUME 2: UNINTERRUPTEOFLOW
10. Freeway Faálities Core

Methodology
11. Freeway Reliabílíty Analysis
12. Basic Freeway and Multílane

Hfghway Segments
13. Freeway Weavíng 5egments
14. Freeway Merge and Oiverge

5egments
15. Two-lane Híghways

Uninterrupted-tlow system
elements, such as treeways,
have no fixed CiJIJSe5of defay
or intemJption external to the
traffic stream.

Olapter 11 was added as pan
of the Sixth Edition and
presents methods for
evaluating trave! time reliability
and the effeds of A ro'"
stTategies on hreways.

Because ba5ic hreway
segments and multiiane
highways oper-ate Simifarly in
many ways, they have been
combined into a Single chapter
as part of the Sixth EditiOn.

Ch.3pter 15, Two-Lane
Highways, provides a method
for evaluating bicyde LOS on
muftilane and two-Jane
highways.

Structure
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VOLUME 2: UNINTERRUPTED FLOW

Volume 2 contains the methodological chapters relating to uninterrupted*
f10w system elements. These elements indude freeways, managed ¡anes,
multilane highways, two-Iane highways, and their components. Their key shared
characteristic is that they have no fixed causes of delay or interruption external to
the traffic stream.

All of the material oecessary for performing an analysis of one of these
system elements appears in thesc chapters: a description of the methodology
thorough enough to allow an analyst to understand the steps involved (although
not necessarily replicate them by hand), the scope and limitations of the
methodology, suggested default values, LOS thresholds, and guidance on special
cases and the use of altemative tools.

The following chapters are induded in Volume 2:

• Chapter 10, Freeway Facilities Core Methodology, prcsents basic conccpts
related to freeways and their component elements, including managed
lanes, and the methodology for evaluating the operation of an extended
section of freeway. 80th undersaturated (i.e., below capacity) and
oversaturated (i.e., aboye capacity) conditions can be evaluated.

• Chapter 11, Freeway Reliability Analysis, describes how the Chapter 10
core methodology can be applied to evaluate thc impacts of demand
variation, severe weather, incidents, work zones, special events, and
active traffic and demand management (ATDM) strategies 00 freeway
operations and travel time reliability.

• Chapter 12, Basic Freeway and Multilane Highway Segments, presents
methodologies for analyzing the operations of freeway and multilane
highway segments outside the influence of merging, diverging, and
weaving maneuvers and (in the case of multilane highways) of signalized
intersections.

• Chapter 13, Freeway Weaving Segments, presents a methodology for
evaluating freeway, managed lane, collector-distributor road, and
muItilane highway segments where traffic entering from an on-ramp
interacts with traffic desiring to exit at a nearby downstream off*ramp.

• Chapter 14, Freeway Mergc and Diverge Segments, presents
methodologies for evaluating roadway segments downstream of on*
ramps and upstrcam of off-ramps, where weaving does not occur.

• Chapter 15, Two-Lane Highways, describes methods for analyzing the
operations of various classes of two-lanc highways.

O1apter l/HCM User's Guide
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VOLUME 3: INTERRUPTED FLOW

Volume 3 contains the methodological chapters relating to interruptcd-f1ow
system elements. These consist of urban streets and the intersections along them,
as well as off-strcct pcdcstrian and bicyelc facilities. These system elements
provide traffic control devices, such as traffic signals and STOPsigns, that
periodically interrupt the traffic stream.

Similar to Volume 2, all of the material necessary for pcrforming an analysis
of an interrupted-f1ow system element appears in these chapters: a description of
the methodology thorough enough to allow an analyst to understand the steps
involved (although not neeessarily replicate them by hand), the scopc and
limitations of the methodology, suggested default values, LOS thresholds, and
guidance on spedal cases and thc use of altemative tools. In addition, where
supported by research, analysis methods for the pedestrian and bicycle modes
are incorporated into these chapters. Public transit material specific to
multimodal analyses also appears in selected Volume 3 chapters; readers are
referred to the Transi{ Capacity and Quality o/Sen'ice Manllal (TCQSM) (6) for
transit-spccific analysis procedures.

The following chapters are included in Volumc 3;

• Chapter 16,Drban Street Facilities, presents methods for evaluating the
operation oí motorized vehic1es,bieyclists, pedestrians, and transit
vehicles (and their passengers) along an extended section of an urban
street.

• Chapter 17,Drban Street Reliability and ATDM, describes how Chapter
16's fadlity methodology can be applied to evaluate the impacts of
demand variation, severe weather, incidents, work zones, special events,
and ATDM strategies on urban street operations and travel time
reliability.

• Chapter 18,Urban Street Segments, presents methods for evaluating the
opcrations of the various travel modes along an urban strect segment
bounded by signalized intersections or other forms of traffic control that
may rcquire the street's traffie to stop.

• Chapters 19 through 22 provide mcthnds for evaluating motorized
vehicle operations at signalized intcrsections, two-way STOP-controlled
(TIVSC)interscctions, all-way STOP-controlled(AWSC) intersections, and
roundabouts, respectively. Sorne of these intersection-specific charters
also provide analysis guidance for the pedestrian or bicycle modes.

• Chapter 23, Ramp Terminals and Alternative Interscctinns, describes
methods for analyzing closely spaced intersections, including interchange
ramp tcrminals and alternative intersection fonns (e.g., displaced left-turn
interscctions) comprising multiple junctions.

• Charter 24,Off-Street Pedestrian and BicycleFacilities, provides methods
for evaluating the operation of off-strcet walkways, stairways, shared-use
paths, and exclusive bicycle paths from the perspedives of the pcdestrian
or bicycle modes, as appropriate.

Chapter l/HCM Use(s Guide
Version 6.0

VOLUME 3: INTERRUPTED FLOW
16. Uroan Street Facilities
17. Uroan Street Reliability and

ATOM
18. Uroan Street Segments
19. Signalized intersections
20. TWSC Intersections
21. AWSC intersections
22. Roundabouts
23. Ramp Terminals aOOAlternative

lntersections
24. Off-Street Pedestrian and

Bicycle Fadlities

lnterrupted-flow system
elements, sudl as uman
streets, have traffiC control
devices such as traffie signals
and STOPsigns that periodically
interrupt the traffic stream.

Analy5J5methods for the
pedestriiJn, bi<:yde, and transit
modes are provided in
Chapters 16and 18 and
sefected other VoIume 3
chapters.

Chapter 17was added to the
5ixth Edition and presents
methods for eva/uating travel
time re!iabi/ity and (he effeds
of A TOMstrateqies on urban
>U<ffl.

!he alternative intersection
and interchange material in
Chapter 23 15new in Me 5ixth
Edition.
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VOWME 4: APPUCATIONS GUIDE
5upplemental Chapters
25. Freeway Facilities
26. Freeway and Highway

Segmen15
27. Freeway Weaving
28. Freeway Merges and

Diverges
29. Urtan Street Fadlities
]0. Urtan Street Segments
]1. Signalized Intersections
]2. STOP-Controlled

Intersections
]]. Roundabouts
]4. Interchange Ramp

Terminals
]5. Pedestrians and Bicydes
]6. Concepts
]7. ATDM

Interpretations and Errata
Technieal Refereoce Ubrary
Applications Guides
HCM Applieations Guide
Planning and Preliminary

Engineering Applieations
Guide to the HCM

Discusslon Forum

Acress VoIume 4 at
han.trb.org.

HCM chapters describe, at a
miminum, the prrxess used by
a g/ven methodology. For
simp!er methodologies, the
chapters futly desaire the
computiJtional steps involved.

Supplementaf chapters in
VoIume 4 provide cafa¡latiOn
detalls for the more
computatiOniJlfy complex
~<
CCmputatiOnal engines
document al! the cafa¡fation
steps for the most complex
methods, such as those
involving iteraffve cafculatiOns.
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VOLUME 4: APPLlCATlONS GUIDE

Volume 4 is an online-only volume aeeessible at hem.trb.org. It serves as a
resource to the HCM cornmunity by providing thc following:

• Supplemenlal chaplas containing example problems demonstrating the use
of HCM methods, along with details of the more computationally
complcx HCM methodologies;

• lllterpretatiolls of HCM methods provided by the Transportation Research
Board (TRB)Committee on Highway Capacity and Quality of Service;

• Errata;

• A tecJlIIical rejerellce library providing aeeess to much of the original
researeh forming the basis of HCM methods;

• Applicaliolls guides demonstrating the proeess of applying HCM methods
to the variety of operations (7,8) and planning and preliminary
engineering projects (9) that HCM users may work on; and

• A disClIssioll forllm that aIlows HCM users to pose questions and rcceive
answers from other HCM users.

Emergillg topies chapters may be added to Volume 4 in the future, as research
develops new HCM material that the TRBCommittee on Highway Capaeity and
Quality of Service ehooses to adopt immediately, befare the next HCM edition.
This approach reduces the time between the completion of research and the
adoption of research results and their consideration as official HCM methods.
For example, three emerging tapies ehapters on travel time reliability and
managed lanes were adopted after the original publieation of the HCM 2010j that
material has now been incorporated into Volume 2 and 3 chapters as part of the
Sixth Edition.

Volume 4 is open to aUbut requircs a free, one.time registration for access to
its content. As part of the registration process, users can choose to be notified by
e.rnail (typicaUy once or twice ayear) when new material is added to Volume 4.

COMPUTATlONAL ENGINES

HistoricaUy, aUHCM methodologies have been fulIy documented within the
manual through text, figures, and worksheets (the Freeway Facilities chapter in
the HCM2000 represented the first departure frorn this pattem). However, in
response to practitioner needs and identified HCM limitations, methodologies
have continued to grow in complexity, and sorne have reached the point where
they can no longer be feasibly documented in such a manner (for example,
methodologies that require rnultiple iterations to reach a solution). In these cases,
eomputational engines become an important means by which details of sorne of
the more complex ealculations ean be deseribed fuUy. For the most complex
rnethodologies, the respective Volume 2 or 3 chapter, the related Volume 4
supplemental chapter, and the computational engine together provide the most
efficient and effeetive way of fully documenting the methodology.

O1apter 1/HCM User's Guide
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The TRBCommittec on Highway Capacity and Quality of Service O1aintains
computational cngines for O1ostHCM methodologies for evaluating
methodologies as they are developcd, devcloping new example proble015,
identifying necded i01provemcnts, and judging the impact of proposed changes.
These engines are "research-grade" software tools for developing and
documenting HCM mcthodologies and do not havc or need the sophisticated
interfaces and input data manipulation teclmiques that would make them
suitable foc use in an engincering or planning officc.

Unless specifically noted otherwise in a particular HCM chapter,
computational engines are not publicly distributed but are made available on
request to researchers, practitioners, software developers, students, and others
who are interested in understanding the inner workings of a particular HCM
methodology. Engines that are publicly distributed are provided in the Tcchnical
Reference Library section of online Volume 4. AIl computational engines are
provided as is; neither TRBnor its Committee on Highway Capacity and Quality
of Service provides support for them.

COMMERCIAL SOFTWARE

To assist users in implementing the methodologies in the manual,
commercial software is available (and has becn sincc thc publication of thc 1985
HCM) to perform the numerical calculations for the more computationally
intensive methods. A variety oí commercial software products are available that
implement HCM techniques and provide sophisticatcd user interfaces and data
manipulation tool5. TRBdoes not revie".•.or endorse commcrcial products.

Chapter lfHCM User's Guide
VersiOn6.0
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4. INTERNATIONAL USE

APPLlCATIONS
Capacity and quality-of-service analyses have generated interest on an

intemational scale. The HCM has been translated into scverallanguages, and
research conducted in numerous countries outside of North America has
contributed to the development of HCM methodologies. However, HCM users
are cautioned that most of the research base, the default values, and the typical
applications are from North America, particularly from the United States.
Although there is considerable value in the general methods presented, their use
outside of North America requires an emphasis on calibration of the equations
and procedures to local conditions and on recognition of major differences in the
composition of traffic; in driver, pedestrian, and bicyc1c characteristics; and in
typical geometrics and control measures.

METRIC CONVERSION GUIOE

The HCM2000 (4) ""as produced as two editions, one using U.5. customary
units and the other using metric units. At that time, U.5. states ""ere moving
toward compliance with federal requirements to use metric units in the design of
roadways. As a result, the HCM2000 was published in "U.S. customary" and
"metric" versions. Because the federal metrication requirements were later
dropped and most sta tes retumed to U.S. customary units, subsequent HCM
editions have only used U.5. customary units. To assist intemational users,
Exhibit 1-1 provides approximate conversion factúes from U.S. customary to
metric units.

Exhibit 1-1 Symbol When You Know Multiply By To Find Symbol
MetrieConversionTable Length

in. im:nes 25.4 mil1imeters mm• foe< 0.305 meters m
yd yards 0.914 meters m
mi miles 1.61 kilometers km

kea
in.2 square ¡nches 645.2 square míllimeters mm'
ft' square feet 0.093 square metel'S m'
vd' square yards 0.836 square meters m'

" OC,,"~ 0.405 hectares h,
mil square miles 2.59 square kilometers km'

VoIume
fl o, fluidounees 29.57 milliliters mL
g,' gallons 3.785 liters L
ft' cubic feet 0.028 cubic meters m'
ydl cubicyards 0.765 cubic meters m'

Ma>so, ounees 28.35 grams g
lb pounds 0.454 kilograms kg
T short tons (2,000 lb) 0.907 megagrams (or metric tons) Mg(or t)

Temperature (exact conversion)
°F Fahrenheit (F 32){1.8 celsius oC

Force and Pressure or Stress
Ibf pound force 4.45 newtons N
Ibf/in.2 pound force per square inch 6.89 kilopascals kP,
Source:AdaptedfromFederalHighwayAdministration(J(1¡.

International Use Olapter l/HCMUser's Guide
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5. WHAT'S NEW IN THE HCM SIXTH EDITION

OVERVIEW

Research Oasis tor the HCM Sixth Edition
This section describes the new rescarch incorporated into the HCM as part of

the development of the Sixth Edition. Exhibit 1-2lists the major research projects
that contributed to this edition. The impacts of these and other projects on
individual HCM chapters are describcd later in this section.

Reorganization from the HCM 2010
The Sixth Edition retains the HCM 2010's basic structure, with three printed

volumes and one online-only volume. However, sorne notieeable changes have
occurred as a result of the need to incorporate research on topics new to the
HCM (e.g., travel time reliability, managed lanes) while keeping the size oi the
printed HCM similar to both the HCM2000 and the HCM 2010.The following are
the most significant changes:

• Example problems have been moved from the Volume 2 and 3 chaplers
into thc corrcsponding Volume 4 supplemental chapler.

• Two chapters related to travel time reliability (Chapter 11, Freeway
Reliability Analysis, and Chapter 17,Drban Strect Reliability and ATDM)
have been added. Furthermore, the Volume 2 chapters on basic fre('way
scgments and multilane highways have been combined into a single
chapter. As a result, the chapler numbers for most Volume 2 and 3
chapters have been incremented by one relative to the HCM 2010.

• The Volume 2 and 3 chapters providc a more consistent set of sections.
The)' generall)' contain an introduction and sections on concepts,
motorized vehide methodology, extensions to thc methodolog)', modal
methodologies (if applicable), and applications. Man)' Applications
sections indude a new Example Results subsection that illustrates thc
scnsitivity of results to various methodologieal inputs and depicts typical
ranges of rcsults.

• Additional information on input data needs, data sources, default values,
and interpretatiun uf results has bL'C"nadded to Volume 2 and 3 chapters
to assist practitioners in applying HCM methods, partieularly when
software is uscd.

• Material from the three emerging topies chapters on travel time reliability
and managed lanes (36-38) that were adopted after the publication of the
HCM 2010has been incorporated into the applicable freeway and urban
streets chapters; therefore, these chapters no longer existo

• Volume 4 chapter numbers remain the same, except that Concepts:
Supplemental is now Chapter 36; AmM: Supplemental is now Chapter
37; and a new Chapter 35 has becn added to supplement Chapter 24,Off-
Street Pedestrian and Bieyde Facilities.

Chapter I{HCM User's Guide
Version 6.0
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Exhibit 1.2
MaprR~a~hPro~
Contributing to the HCM Sixttl
Editioo

Project

NCFRP41

NCHRP 03-96

NOiRP 03-107

NOiRP 03-100

NOiRP 03-115

NCHRP07-22

SHRP 2 Loa

Federal Highway
Administration
(FHWA-HOp.13-
042)

Federal Highway
Administration
(TOPR 34)

Federal Highway
Administration
(saxton Lab
TOPR2)

Project Title

Incorporating Truck
Analysis into the Highway
Capacity Manual

Analysis of Managed
Lanes en Freeway
Fadlities
Work Zone capacity
Methods for the Highway
Capacity Manual
Evaluating the
Performance of Corridors
with Roundabouts

Production of a Mapr
Update to the 2010
Highway Capacity Manual

Planning and Preliminary
Engineering AppliCations
Guide to the Highway
Capadty Manual

Incorporatlon of Travel
TIme Reliability into the
Highway Capacity Manual

Guide for Highway
capacity Analysls and
Operations Analysis of
Active Transportation and
Demand Management
Strategies
Accelerating Roundabout
Implementation in the
United States

HCM Chapters; Guidance
for Altemative
Intersections;
Interchanges

Project Objective(s)
Develop improved capadty and LOS techniques for
better evaluation of the effects of trucks on other
modes of transportation and vice versa, for
interrupted- and uninterrupted-f\ow fadlities.
Develop methods for the performance assessment
and capadty analysis of managed lanes en
freeways.
Develop improved material on the capacity of work
lones on freeways, urban streets, and two-lane
highways suitable for incorporation into the HCM.
Collect travel time field data for roundabouts in
series and develop models for travel time prediction
in an urban street contexto
Update the HCM 2010 to support the performance
measure requirements of the Moving Ahead for
Progress in the 21st (entury Act, travel time
reliability analysis, and ATDM strategy evaluation,
while maintaíning its support of the more traditional
sYsl:em planning, design, and operations activities.
Develop guidance, illustrated with case studies, on
appropriate use of the HCM for a bread spectrum of
planning and preliminary engineering applications,
induding scenario planning, coordinated use with
other models, and use in evaluating oversaturated
conditions in a planning contexto
Determine how elata and information on the impactS
of differing causes of nonrecurrent congestion
(incidents, weather, work lones, spedal events,
etc.) in the context of freeway and urban street
capacity can be incorporated into the performance
measure estimation methods contained in toe HCM.

Develop HCM-related methodologies and mea sures
of effectiveness for evaluating the impacts of ATOM
strategies on highway and street sYsl:em demand,
capacity, and performance.

Callect new roundabout field data, compare fit of
new data to HCM 2010 model, and determine best
course of action to improve fit.

Callect field data and develop methodologies for
HCM operatÍOflal analysis for diverging diarnond
interdJanges, restricted crosslng U-tum
intersections, median U-tum interseetions, and
displaced left-tum intersections.

A new Plamlillg a"d Prelimíllury Ellgineerillg Applicatiolls Guide lo fhe HCM (9)
has been added lo Volume 4. It provides guidance on effectively applying the
HCM to a broad range of planning and preliminary engineering applications, on
considering differcnt projecl stages and scales, and on the role of the HCM in
system performance monitoring. The guide ineludes a series of case study
examples.

What's New in the HCM Sixth Edition
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METHODOLOGICAL CHANGES BY SYSTEM ELEMENT

Freeway Facilities
The core methodology for estimating freeway performance measures for a

single analysis period is contained in Chaptcr 10. TI,c following changes and
additions have beco made to the methodology:

• The methodology has becn revised to present individual sleps more
dearly and to distinguish steps performed by the user from those
typically automated in software.

• A method has been added for evaluating freeway work zones.

• Material on evaluating managed lanes on frecway facilities, previously
appearing in former Chapter 38, has been integratcd into the chapter.

• New research has becn incorporated on truck eHccts on freeway
operations.

• A discussion has bL'Cnadded on estimating the eHects of ATDM strategics
on freeway operations on a single typical day (as opposed to ayear-long
analysis in a reliability context, which is covered in Chapter 11, Freeway
Reliability Analysis).

• The guidance on freeway facility segmentation has been improved, aod
HCM segments aod freeway analysis sections used in modem freeway
data sources have been distinguished.

Chapter 25, Freeway Facilities:Supplemental, describes a new procedure for
calibrating the methodology to existing conditions through the use of capacity
aod speed adjustmcnt factors (CAFs and SAFs). It provides a ncw mixed-f1o\\'
methodology for estimating truck performance on compositc grades aod a
simplified planning method for freeway facilities. It also contains example
problems illustrating the ne\\' Chapter 10aod 11methodologics.

Freeway Reliability Analysis
Chapter 11 incorporates and updates the freeway travel time rcliability

material from former Chapters 36 and 37. 11integra tes the previous separate
reliability and ATDM methods aod provides a new process for calibrating the
method to existing conditions. Thc dcscription of the computational steps has
bccn revised to present individual steps more c1carlyand to distinguish steps
performed by the user from those typically automatcd in software, to be
consistent with changes in Chapter 10.

The scenario generation process for freeway reliabUity analysis has been
revised to reduce the number of scenarios needed for a reliability analysis and to
improve the way in which weather and incident effects are accounted for in the
scenarios. (Thc ne\\' scenario generation approach is discusscd in detail in
Chapter 25, Freeway Facilities: Supplemental.) Finally, a planning-Ievel
reliability methodology is presented.

O1apter l/HCM User's Guide
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Basic Freeway and Multilane Highway Segments
The chapters on basic freeway segments and multilane highways have been

merged into a single Chapter 12, sincc the methods for these system elements are
similar. The methodology has changed as follows:

• The speed-flow eguation has been modified to provide one unified
eguatioo across all basic and multilane highway scgments.

• New research has becn incorporated on truck effects 00 freeway
operatioos, which has resulted io revised truck passenger car eguivaleot
tables and service volume tables.

• The method foc evaluating basic managed lane segments has been
integrated into the chapter.

• The method increases the emphasis on calibration through CAFs and
SAFs.

• The driver population factor has becn removed; the effects of nonfamiliar
drivers on flow are handled instead through CAFs and SAFs.

• The density at capacity of multilane highway segments has been reviscd
to a constant 45 passenger cars per mile per lane, consistent with basic
freeway segmeots.

• The LOS E-F range for multilane highway segments has been revised to
reflect the revised density at capacity.

• New speed-flow curves and capacities are provided for multilane
highways for 65- and 70-mi/h free-flow speeds.

Chapter 26, Freeway and Highway Segments: Supplemental, provides a oew
method for measuring capacity in the field, a new method for evaluating truck
performance on extended grades, and example problems related to the new
methods.

Freeway Weaving Segments
Chapter 13 incorpora tes the methods for evaluating managed lane weaving

segments, managed lane access segments, and cross-weave effects. The chapter
increases the emphasis 00 calibration through the applicatioo of CAFs and SAFs.
Chapter 27, Freeway Weaviog: Supplemental, provides example problems that
illustrate the new methods.

Freeway Merge and Diverge Segments
The method for evaluating managed lane merge and diverge segments has

been integrated into Chapter 14. The chapter provides new fonnalized guidance
for aggregating merge and diverge segment densities for segments with three or
more lanes and increases the emphasis 00 calibratioo through the application of
CAFs and SAFs. Similar to the other freeway chapters, discussion of managed
lane merge and diverge segments has been added. Chapter 28, Freeway Merges
and Diverges: Supplemental, provides example problems that illustrate the new
rnethods.

¡
What's New in the HCM Sixth Edition
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Two-Lane Highways
No significant changes have been made to the Chapter 15 methodology, but

additional guidance has been provided on applying the method and interpreting
its results. In addition, some steps in the methodology that previously were
always skipped (i.e., they were not needed in calcuIating LOSfor a particular
two-lane highway class) have been made optional, to clarify that they can be
applied if the user is interested in determining the performance measure
calculated in that methodological step.

Urban Street Facilities
The foIlowing changes have been made in Chapter 16:

• The service measure average travel speed of through vehicles as a
percentage of base free-flow speed has becn changcd to the average traveI
spced of through vehicles. No change in LOS results is intended by this
revision, but the new units and the use oí rounded values willlikeIy
result in a few segments near a LOS threshold having a LOS one letler
higher or lower.

• The threshold for LOSA has been changed from 85% of base free-flow
speed to average through-vehicle travel speed values cquivalent to 80% of
the base free-flow speed.

• A procedure has been added for evaluating facilities that include
segments experiencing sustained spillback.

• Pedestrian and bicycle LOS scores are now weighted by travel time
instead of segment length.

Urban Street Reliability and ATDM
Chapter 17 is a new chapter in Volume 3. lt incorporates content from

Chapter 35 (Active Traffic Management) in the HCM 2010 and Chapters 36
(Travel Time Reliability) and Chapter 37 (Travel Time Reliability: Supplemental)
that were adoptcd after the pubJication of thc HCM 2010.Ncw conceptual
information about ATDM and techniques to cvaluatc ATDM strategies have
bl...>enadded to the prior contento

Urban Street Segments
The following changes have been made in Chapter 18:

• The service measure average travel speed of through vehicles as a
percentage of base free-flow speed has been changed to the average travel
speed of through vehicles. No change in LOS results is intended by this
revision, but the new units and the use of rounded values wiIllikely
result in a few segments near a LOS threshold having a LOS one letter
higher or lower.

• The threshold for LOSA has been changed from 85%of base free-flo\\!
speed to average through-vehicle traveI speed values equivalent tn 80°1., of
the base free-flow speed.

Chapter l/HCM User's Guide
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• A procedure has been added for evaluating segments with midsegment
lane blockage.

• The procedure for predicting segment queue spillback time has been
revised to improve its accuraey.

• A new adjustment factor for parking activity has been added to the base
free-flow speed calculation.

• The procedure can now evaluate segments that have roundabouts as
boundary intersections.

• The procedure for computing volume balance for flows into and out of a
segment was rcvised to ensure that right-turn-on-red vehicles are
considered.

• Pedestrian and bieycle LOS scores are now based on a weighted link and
intersection score. The weight for the Jink is link travel time and the
weight for the intersection is deJay at the intersection.

• The unsignalized conflicts factor term for the bicycle mode has been
revised to consider 20 conflict points per mile as the base (no-effect)
condition, rather than O conflict points per mile.

• The dcfauIt bus acceleration rate was changed to 3.3 ft/s2 from 4.0 ft/s2•

Chapter 30, Urban Street Segments: Supplemental, provides a new
procedure for estimating travel time on an urban street segment bounded by one
or more roundabouts. In addition, the chapter's urban street segment planning
applicanon has added a ¡po tenn to calcutate the progression adjustment factor.
This factor was included in the HCM2000 but deleted for the HCM 2010. It has
been brought back to minimize the differences in the predicted LOSwhen the
HCM2000 method and the Sixth Edition's planning application are compared.

Signalized Intersections
The following changes have been made in Chapters 19 and 31:

• Delay for unsignalized movements is now considered in the calculation of
approach delay and intersection deJay. The analyst will have to provide
these delays as input vatues.

• A combined satura non flow adjustment factor for heavy vehicles and
grade is incorporated in the method. It replaces the previous individual
factors for heavy vchicles and grade.

• New satura non flow adjustment factors are provided for work zone
presence at the intersection, midsegment lane blockage, and a
downstream segment with sustained spillback.

• A new planning application is provided, which simplifies the input data
requirements and calculations.

STop-Controlled Intersections
The application of the peak hour factor has been clarified in Chapter 20,

Two-Way STOP-ControlledIntersections, and in Chapter 21, All-Way STOP-
Controlled Intersections.

What's New in the HCM Sixth Edition
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Roundabouts
Thc roundabout capacity models in Chapter 22 have been updated on the

basis oí new Federal Highway Administranon (FHWA) research, a ealibration
procedure has been provided, and the application of the peak hour factor has
bt."C'nc1arificd.

Ramp Terminals and Alternative lntersections
Chapter 23 has been expanded to address a wider variety oí distributed

intersections-groups of two or more interseetions that, by virtuc of c10se
spacing and displaced or distributed traffie movernents, are operationally
interdependent and are thus best analyzed as a single unit. Distributcd
intersections include interehange ramp terminals as well as a variety of
altemative intersection and interehange forms where one or more traffie
movements are rerouted to ncarby secondary junctions. Interehange and
intersection forrns that are now addressed by the ehapter's methodologies
inelude diverging diamond intcrchanges, restricted erossing U-tum intersections,
median U-tum intersections, and displaced left-tum intersections.

To aeeommodate the ncw materia!, thc chapter has bl.'t'nrcorganized into
thrt.'t'parts:

A. Distributed Intersection Concepts,

B. lnterehange Ramp Terminal Evaluation, and

C. Altemative Interehange Evaluation.

To allow differcnt interseetion forms to be compared on an equal basis, a
new performance measure, experienced travel time, has been defincd. It
incorporates the sum of control delays experienced by a given movemcnt
through a distributed intersection plus any extra distance travel time experieneed
by rerouted mavements. LOS in this ehapter is now dcfincd on the basis of
experieneed travel time.

Chapter 34, Interehange Ramp Terminals: Supplemental, provides ncw
example probJcms dcmonstrating thc applieation of the methodoJogy.

Off-Street Pedestrian and Bicycle Facilities
No signifieant ehanges have been made in the Chapter 24methodoJogy, but

additional guidanee has been added on applying the method and interpreting its
results. Sorne variable names and equations have becn modificd to improve thcir
understandabiJity without affecting the computational results.

Local terminology ror these
aftemaove intersedJon types
may be different--see Chapter
23 ror detafls.
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6. COMPANION DOCUMENTS

Throughout its 60-year history, the HCM has been one of the fundamental
reference works used by transportation engineers and planners. However, it is
but one of a number of documents that playa role in the planning, design, and
operation of transportation facilities and services. The HCM provides tools for
evaluation of the performance of highway and street facilities in terms of
operational and quality-of-service mea sures. This section describes companion
documents to the HCM that cover important topies beyond the HCM's scope.

HIGHWAY sAFETY MANUAL

The Highway 5afety Manual (HSM) (11) provides analytical tools and
techniques for quantifying the safety effects of decisions related to planning,
design, operations, and maintenance. The information in the HSM is provided to
assist agencies as they integrate safety into their decision-making processes. It is
a nationally used resource document intended to help transportation
professionals conduct safety analyses in a technically sound and consistent
manner, thereby improving decisions made on the basis of safety performance.

A POLICY ON GEOMETRIC OEsIGN OF HIGHWAYs ANO STREETS

The American Association of State Highway and Transportation Officials' A
Policy on Geometric Design of Highways a"d Streets ("Green Book") (12) provides
design guidelines for roadways ranging from local streets to freeways, in both
urban and rurallocations. 10e guidelines "are intended to provide operational
efficieney, comfort, safety, and convenience for the motorist" and to emphasize
the need to consider other modal users of roadway facilities.

MANUAL ON UNIFORM TRAFFIC CONTROL OEVICEs

FHWA's Manual on Ulliform Traffic Control Devices (MUTCD) (13) is the
national standard for traffic control devices for any street, highway, or bieycle
trail open to public travel. Of particular interest to HCM users are the sections of
the MUTCD pertaining to warrants for all-way STOPcontrol and traffic signal
control, signing and markings to designate lanes at intersections, and associated
considerations of adequate roadway capacity and less restrictive intersection
treatments.

TRANsIT CAPACITY ANO QUALITY OF SER VICE MANUAL

The TCQSM (6) is the transit counterpart to the HCM. 10e manual contains
background, statisties, and graphics on the vacious types of public
transportation, and it provides a framework for measuring transit availability,
comfort, and convenience from the passenger point of view. 10e manual contains
quantitative techniques for calculating the capacity of bus, raH, and ferry transit
services and transit stops, stations, and terminals.

Companion Documents
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TRAFFTC ANAL YSTS TOOLBOX

At the time oí writing, FHWA had produeed 14 volumes oí the Traffic
Analysis Toolbox (14), in addition to documents providing guidanee on the
sclcetion and deployment oí a range oí traffie analysis tools, including the HCM.
Four volumes of the Toolbox provide general guidanee on the use oí traffie
analysis tools:

• Vo/ume 1:Traffic Analysis TooIs Primer (15) presents a high-Ievel overview
of the different types oí traffie analysis tools and their role in
transportation analyses.

• Volume ll.oDecision Support Methodology Jor Selectillg Traffic AlIalysis Tools
(16) identifies key eriteria and eircumstanees to consider in seleeting the
most appropriate type of traffie analysis tool for the analysis at hand.

• Volume lll: Gllidelines for Applying Traffic Microsimulation Modeling Software
(17) provides a reeommended process for using traffie mierosimulation
software in traffie analyses.

• Vo/ume VI: Definition, Interpretation, and Calculatioll ofTraffic Analysis Tools
MeaSllres of Effectiveness (18) provides information and guidanee on which
measures oí effectiveness should be produecd for a given applieation,
how they should be interpreted, and how they are defined and ealculated
in traffie analysis tools.

Other volumes oí the Toolbox deal with the use of altemative tools for specifie
application scenarios. They are refercnccd when appropriate in specifie HCM
chapters.

Chapter 1/HCM User's Guide
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A usefuf reference on trafflC
operations modeling is FHWA S
Traffie Analysis TooIOO)(.

The Traffie Analysis TooIOOx is
avaifable at
http://ops.fñwa.dot.govjtraffic
analysistoolsj.
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Sorne of these references G3n
be tound in the Technial
Reference Library in Vofume 4.
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1. INTRODUCTION

OVERVIEW

Applications of the Highway Capacity Manllal (HCM) range from the highly
detailed to the highly generalized. The HCM can be applied to raadway system
elements varying fram individual points to an entire transportation system, to a
number of travel modes that can be considered separately or in combination, and
to several types of roadway and facility operating conditions. This chapter
introduces the wide range of potential HCM applications. It also introduces the
travcl modes and roadway operating conditions to which the HCM can be applied.

The HCM can be applied at the operational, dcsign, prcliminary ellgilleering, and
t,lanllillg analysis levels. The rcquired input data typically remain the same at
each analysis level, but the degree to which analysis inputs use default values
instead of actual measured or forecast values differs. In addition, operational
analyscs and planning and preliminary engineering analyses frequently evaluate
the level of service (LOS) that wiII resuIt from a given set of inputs, whereas
design analyses typically determine which facility characteristics will be needed
to achieve a desircd LOS.

The travel modes covered by the HCM inelude motorized vehicIes (consisting
of automobilcs, light and hcavy trucks, rccreational \'Chicles (RVs),buses, and
motorcyeles], pedestrians, and bicycks. Sorne chapters also provide methods
spedfic to truás (e.g., single-unit trucks, tractor.trailers) and pub/ie fransit
vehieles operating on urban streets. The HCM's motorized vehiele methods
assess the overall operation and quality of sen'ice of a traffic stream composed of
a mix of vehicle types, while the truck aod transit mcthods spccifically address
the operation (and, for transit, quality of service) of those modes.

AHof these modes operale on a variety of roadway system c1ements,
including t,oillls (e.g., intersections); segments (e.g., lengths of roadways hctwcen
intcrscctions);facilities (aggregations of points and segments); corridors (parallel
freeway and arterial facilities); and, at the largest geographic scales, areas and
sysfems.

HCM methodologies are provided both for lminlcrrupted-jlow facilities,
which have no fixed causes oí delay Of interruption external to the traffic stream,
and for illterrupted-jlow facilities, on which traffic control dcvices such as traffic
signals and STOPsigns periodically interrupt the traffic strcam. HCM analyscs are
applicable to lmdersaturated conditions (where demand is ¡ess than a roadway
system element's capadty) and, in certain situations, to oversaturated conditions
(where demand exceeds capacity),

Final!y, mcasures generated by HCM methodologies can be uscd for more
than just stand-alone traffic analyses. This chapter describes potential
applications of HCM methodologies to noise, air quality, economic, and
multimodal planning analyses.

Chapter 2fApplications
VersÍOfl 6.0

VOWME 1: CONCEPTS
1. HCM User's Guide
2. Applications
3. Modal Characteristics
4. Traffic Operations and
Capacity Concepts

S. Quality aOO Level-of.Service
Concepts

6. HCM and Atternati ..••e
Analysis Toos

7. Interpreting HCM and
Altemati ..••e Tool Resutts

8. HCM Primer
9. Glossary and Symbols

HCM analysis levels.

Travef modes and roadway
system elements addressed by
!heHCM.

From smalfest to largest,
roadway system elements
indude points, segments,
fadllties, corridors, areas, and
systems.

Individual methodological
chapters descnbe !he extent ro
which the HCM can be used far
oversaturated anafyses.
Chapter 6 desmbes altemative
anaJysis tooIs (hat may be
applied in situations in which
!he HCM Cimnot be used.
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CHAPTER ORGANIZATION

Section 2 of this chapter describes the levels of analysis at which the HCM
can be applied and introduces discussion of the analyst's need to balance the
analysis objectives with the data requirements and computational complexity
associated with different analysis levels and tools.

Section 3 defines the roadway system elements used by the HCM, introduces
the service measures defining LOS for each system elernent, and provides
guidance on applying HCM methods to a cornbined analysis of multiple facilities
(e.g., corridors, areas, and systems).

Section 4 defines the travel modes for which the HCM provides analysis
methods. Se<:tion5 defines the types of operating conditions that can be observed
on roadways. Section 6 discusses potential applications of HCM methods to
support other kinds of analyses, such as air quality or noise analyses. Finally,
Section 7 provides a Iist of references cited in this chapter.

RELATED HCM CONTENT

Other HCM content related to this chapter indudes the following:

• Chapter 3, Modal Characteristics, which describes travel demand patterns
associated with different modes, the types of transportation facilities used
by these modes, and the interactions that occur between rnodes;

• Chapter 4, Traffic Operations and Capacity Concepts, which presents
f10w and capacity concepts by mode, along with operational performance
measures that can be used to describe modal operations;

• Chapter 5, Quality and Level-of-Service Concepts, which presents
rneasures that can be used to describe the service quality experienced by
users of different modes;

• Chapter 6, HCM and Altemative Analysis Tools, which provides detailed
guidance on matching potential analysis tools to analysis needs; and

• The Planning and Pre1iminary Engineering Applications Cuide to the HCM,
found in online Volume 4, which provides detailed guidance on applying
HCM methods to the planning and preliminary engineering Ievels of
analysis.

Introduction
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2. LEVELS OF ANAL YSIS

OVERVIEW

Any gíven roadway opcratíans analysís can be performed at different levels
of detail, depending on the purpose of the analysís and the amount of
information available. Typically, as an analysis becomes more detailed, its data
requirements increase, the analysis area shrinks, the time requirements increase,
and the degree of precision in the eslimated performance improves (1).

The HCM defines three primary levels of analysis. From the most to the least
detailed, these are as follows:

• Operational analysis typically facuses on current or near-term conditions. It
involves detailed inputs to HCM procedures, with no or minimal use of
default values.

• Desigl1 allalysis typical1yuses HCM procedures to identify the
characteristics of a transportation facility that will allow it to operate at a
desired LOS,with sorne use of default values.

• Plallllillg and prelimillary engilleering analyses typically focus on initial
problem identificanon, long-range analyses, and performance monitoring
applications, where many facilities or alternatives must be evaluated
quíckly or when specific input values to procedures are not known. The
extensive use of default values is required.

The typical usage of each of these analysis levels is described in the following
subsections.

OPERATIONAL ANALYSIS

Operational analyses are applications of the HCM generally oriented toward
current or near-term conditions. They aim at providing information for decisions
on whether there is a need for ímprovements to an existing point, segment, or
facility. Occasionally, an analysis ís made to determine whether a more extensive
planníng study is nceded. Sometímes the focus is on a network, or part of one,
that is approaching ovecsatucation or an undesirable LOS:When, in the near
term, is the facility likely to fail (or fail to mcct a desired LOS threshold)? To
answer this question, an estímate of the service flow cate allowable under a
specified LOS is rcquired.

HCM analyses also help practitioners make decisions about opecating
conditions. Typical alternatives often involve the analysis of appropriate lane
configurations, alternative traffic control devices, signal timing and phasing,
spacing and localion of bus stops, frequency of bus service, and addition of a
managed (e.g., high-occupancy vehíele) lane oc a bicyele lane. The analysis
produces operational measures for a comparison of the alternatives.

Because of the short-term focus of operational analyses, detailed inputs can
be provided to the models. Many of the inputs may be based on field
measurements of traffic, physical features, and control parameters. General1y, the
use of default values at this level of analysis is inappropriate.

Chapter 2/ApplicatiOllS
VetWn6.0

In order of most to least
detailed, the three primary
IeveIs of analysis used in the
HCM are operationaf, design,
and pfanning and prefiminary
engineen'ng.

The concept of LOS is
descn'bed in Chapter 5, Quafity
and Level-of-Service Concepts.

Levels of Analysis
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OESIGN ANALYSIS

Design analyses primarily apply the HCM to establish the detailed physical
featu res that will allow a ncw or modificd fadlity to operate at a desired LOS.
Design projeets are usually targeted for mid. to long-term implementation. Not
aH thc physical fcatures that a designer must determine are reflected in the HCM
models. Typically, analysts using the HCM seek to determine such elements as
the basic number of Janes required and the need for auxiliary or tuming Janes.
However, an analyst can also use the HCM to establish values for elements such
as lane width, steepness of grade, length of added lanes, size of pedestrian
queuing areas, widths of sidewalks and walkways, and presence of bus turnouts.

The data required for design analyses are fairly detailed and are based
substantially on proposed design attributes. However, the intermediah.'- to long-
term focus of the work will require use of sorne default values. This
simplification is justified in part by the limits on the accuracy and precision of
the traffic predictions with which the analyst is working.

PLANNING ANO PRELIMINARY ENGINEERING ANALYSES

Generalized service voIume
tables provide (he maximum
hourly or daily traffic vofume
tllat adlieves a particular LOS,
given a defined se! of
assumptions about a ~dways
charaeteristics.

leve/s of Analysis
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Planning analyses are applications of the HCM generally directed toward
broad issues such as initial problem identification (e.g., screening a large number
of locations for potential operations deficiendes), long.range analyses, and
regional and statewide performance monitoring. An analyst often must estima te
when the operation of the current and committed systems will fall helow a
desired LOS. Preliminary engineering analyses are often conducted to support
planning decisions related to roadway design concept and scope and when
alternatives analyses are performed. These studies can also assess proposed
systemic policies, such as lane use control for heavy vehicles, systemwide
freeway ramp metering and other intelligent transportation system applications,
and the use of demand management techniques (e.g., congestion pricing) (2).

Planning and preliminary enginecring analyses typically involve situations
in which not all of the data needed for the analysis are available. Therefore, both
types of analyses frequently rely on default values for many analysis inputs.
Planning analyses may default nearJy all inputs-for example, through the use of
generalized service volume tables. Preliminary engincering analyses will
typicaHy faHbetween planning and design analyses in the use of default values.

MATCHING THE ANALYSIS TOOL TO THE ANALYSIS LEVEL

Each methodological chapter in Volumcs 2 and 3 has one core computational
methodology. The degree to which defaulted or assumed values are used as
inputs determines whether the HCM method is being applied at an operational,
design, preliminary engineering, or planning level. However, the basic
computational steps are the samc regardless of the analysis leve!.

Some planning analyses (e.g., a long-range planning study where many
input values, such as forecast volumes, are uncertain) may not require the level
oí precision provided by a core HCM methodology. Other kinds of planning
analyses (e.g., sketch planning) may need to evaluate a large number of
aHernatives quickly. In either case, the analysis objective is to make a rough

O1apter 2/ Applications
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determination of whether a roadway fadlity will perform adequately rather than
to estimate a particular performance characteristic, such as spccd or delay,
precise!y. For these situations, the HCM and its companion Plmmillg ami
Preliminary Engillccring Applicafiolls Cuide lo lile HCM (1) provide tools (e.g.,
service volume tables, quick estimation methods) that require [ess input data and
fewer calculations, and they produce corrcspondingly ¡ess precise results.

Sorne operational analyses may require more detail (e.g., minute-by-minute
roadway operations, evaluation of individual vehicle performance) than HCM
methods are designed to produce. In othcr cases, a limitation of an HCM method
may make its use inappropriatc for a given analysis. In thesc situations, an
analyst will need to apply an alternative analysis tool to complete the analysis.

Chapter 6, HCM and Aiternative Analysis Tools, describes the range of
HCM-based and alternative analysis tools available for analyzing roadway
operations and quality of service and provides guidance on selecting an
appropriatc tool to meet a particular analysis need.

Chapter 2jApplications
Version 6.0
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3. ROADWAY SYSTEM ELEMENTS

TYPES OF ROAOWAY SYSTEM ELEMENTS

Of the six types o, roadway
system elements, the HCM
focuses on points, ~tnefJts,
and facilities.

The HCM defines six main types of roadway system elements. From smallest
tú largest, the elements are points, segments, facilities, corridors, areas, and
systems. The focus of the HCM is on the first three: points, segments, and
facilities. Exhibit 2.1 ilIustrates the spanal relationships of these elements, and
the following sections provide details about each system element type.

Urban Street , = Urban Street-- "'-AII-Way
SToP<or(roI~

'""""""

Exhibit 2.1
IIIustrative RoadwaySystem
Elements

Note tIlat a two-way STOP-
controlled inter5edion does not
norma/Iy divide the
uncvntrolled urban street Into
two~ments.

-~Wea,;ng--~!~~~BasH:se:~yJ.~y f ~ P.1:;:;~y;::--
~ii G =.i G 4)

•r "'":::1 (J --"-¡
Signalired SfOP.Control~ Roond;lllout
Intersedion Inter.iedion

-~Facility

"'"o
"""'Facility
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(a) Points, Segments, Facilities, and Corrldors

!"" .,-, •. _ .••.••. _ .•. _._ .•.•.•.•.•.•.•.•.•.•.•.•. _ .•. _ .•.•. _ .•. _, •• ,- .,-,. _._._,_ .•. _ .• _ .•.•.•.•.•.•.•.•.•.•.•. _ .•.•.•

,
•.•..•.•....•. Conidot .)

,_._._._ .•. _ .•.•.•. _ .•.•.•.•.•.•.•.•.•.•.•.•.•. _ .•.•. _ .•. _ .•.•.•.•. _ .•. _ .•• ,_ .• ,_ .•. _, •• ,_ .• -,- •. _._ .•. _.- Sl'Stem •.• '

(b) Corrldors, Areas, and Systems

Points
Points are places along a facility where (a) eonflicting traffie streams eross,

merge, or diverge; (b) a single traffie stream is regulated by a traffic control
device; ar (e) there is a significant ehange in the segment capacity (e.g., lane drop,
lane additian, narrow bridge, significant upgrade, start or end of a ramp
influence area).

Chapter 2/Applications
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Sorne points, such as interchange rarnp terrninals, may actually have a
significant physicallength associated with them, as suggested by Exhibit 2-1(a).
For urban street facility analysis, points are treated as having zero length-all of
the delay occurs at the point. For freeway facility analysis, points are used to
define the endpoints of segments, but they have no associated performance
measures or capacity, since these items are calculated at the segment leve!.

Segments

A segment is the length of roadway between two points. Traffic volumes and
physical characteristics generally remain the same over the length of a segment,
although small variations may occur (e.g., changes in traffic volumes on a
segment resuIting from a low-volume dri\'Cway). Scgments may or may not be
directiona1. The HCM defines basic freeway and muItilane highway segments,
frecway weaving segments, freeway merge and diverge segments, two-Iane
highway segments, and urban street segments.

Facilities

Facilities are lengths of roadways, bicycle paths, and pedestrian walkways
composed of a connected series of points and segmcnts. Facilities may or may
not be directional and are defined by two endpoints. The HCM defines freeway
facilities, two-Iane highway facilities, urban strect facilities, and pedestrian and
bicyele facilities.

Corridors

Corridors are generally a set of parallel transportation facilities designed to
move people between two locations. For example, a corridor may consist of a
freeway facility and one or more parallel urban street facilities. There may also
be rai! or bus transit service on the freeway, the urban streets, or both, and
transit service could be provided within a separate, parallel right-of-way.
Pedestrian or bicyele facilities may also be present within the corridor as
designated portions of roadways and as exclusive, parallel facilities.

Areas
Arcas consist of an interconnectcd set of transportation facilities serving

movements within a specified geographic space as well as movements to and
from adjoining areas. The primary factor distinguishing areas from corridors is
that the facilities within an area need not be parallel to each other. Area
boundaries can be set by significant transportation facilities, political boundaries,
or topographic features such as ridge1ines or major bodies of water.

Systems
Systems are composed oí all the transportation facilities and modes within a

particular region. A large metropolitan arca typically has muItiple corridors
passing through it, which divide the system into a numbcr of smaller areas. Each
arca contains a number of facilities, which, in tum, are composed of a series of
points and segments. Systems can also be divided into modal subsystems (e.g.,
the roadway subsystem, the transit subsystem) and into subsystems composed of

Chapter 2jApplications
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Freeway points are used onfy
to define the endpoints of
segments-performance
measures and ca¡)iJCityare not
define(! for them.

Urban street points llave a
physical fengttl but are treated
as having zero lengttl for
faolity analysis purposes.

!he types of fad/Jties
addressed by lhe HCM are
descnbed in Chapter 3, Modal
Characteristia.

Roadway System Elements
Page 2-7



Highway Capacity Manual: A Guide tor Multimodal Mobility Analysis

specific roadway elements (e.g., the freeway subsystem, the urban street
subsystem).

ANALYSIS OF INDIVIDUAL SYSTEM ELEMENTS

Chapter S- Quality and LeveI-
of-5ervice Concepts, desaibes
each system element's service
measure(s).

The HCM provides tools to help analysts estimate performance measures for
individual elements of a multimodal transportation system, as well as guidance
on eombining those elements to evaluate larger portions of the system. Exhibit 2.
2 tabulates the various system elements far which the HCM provides analysis
methodologies in Volumes 2 and 3, the serviee measure(s) used to determine
LOS for each mode operating on each system element, and the HCM
performance measure that can be used to aggrcgate results to a system level.
Sorne combinations of system elements and travel modes unite several
performance measures into a single traveler perception model that is used to
generatc a LOS score; the components of each model are listed in Exhibit 2-3.

Exhibit 2-2
HCM Service Measures by
System Element and Mode Svstem Element

Freeway facility
Basic freeway segment
Multilane highway
Freeway weaving
segment
Freeway merge and
diverge segments

HCM
Chapter

10
12
12

13

14

Seryice Measure(s) by Mode
Automobile Pedestrian Bicvcle

Density
Density
Density LOS SCOfe~

Density

Density

Transit

Systems
Analysis
Measure
Speed
Speed
Speed

Speed

Speed

Speed

Speed

Speed
Speed
Delay
Delay
Delay
Delay
Travel
time

LOS score#

LOS SCOfe#

LOS score~ LOS SCOfe~
LOS SCOfe~ LOS score~
LOS score#

Space,
eventsb

LOS score#
LOS score"
LOS score#
Delay

Percent time-
spent-following,

,peed
Speed
Speed
Delay
Delay
Delay
Delay

Experienced
travel time2J

16
18
19
20
21
22

24

15Two-Iane highway

Urban street fadlity
Urban street segment
Signalized intersec:tion
Two-way stop
AII-way stop
Roundabout
Ramp tennlnal,
altemative intersection
Off--street pedestrian-
bieycle fadlity
Notes: • See Exhibit2-3 for the lOS score components.

b EvenlSare situiltiOnswhere pedestrians meet bicydists.

ASSESSMENT OF MULTIPLE FACILmES

The analysis of a transportation system starts with estimates of deJay at the
point and segment ¡evels. Point delays arise from the effects of traffie control
devices such as traffie signals and STOPsigns. Segment delays combine the point
delay incurred at the end of the segment with other delays incurred within the
segment. Examples of the latter indude delays causcd by midblock turning
activity into driveways, parking aetivity, and midbloek pedestrian crossings.
The HCM estimates segment speed instead of segment delay; however, segment
speed can be converted into segment delay by using Equation 2-1.

Roadway System Elements
Page 2-8

Chapter lfAppHcations
VeISiOn 6.0



Highway Capacity Manual: A Guide far Multimadol Mability Anolysis

HCM Exhibit 2-3

System Element Chapter Mode Model Components Components of Traveler-

Multilane aOO Pavement quality, perceived separabon from motor Perception Models Used in the

t'No-lane highways 12,15 Bicyde
vehides, motor vehide volume and speed HCM

Automobile Welghted average of segment automobile LOS scores !he iJutomobile traveler
Pedestr"an Urban street segment and slgnalized intersectiOn pedestrian perception model for urban

Urban street fadlity 16 I lOS scores, midblock crossing diffiOJlty street segments ami facilities is

Bicycle
Urban street segment and slgnalized intersectiOn blcycle not used to determine LOS,
lOS scores, driveway confliets but It is induded to faalitate

Transit we;ghted average of segment transit lOS scores mu!timodal analyses.
Automobile Stops per mlle, left-tum lane presence

Urban street segment 18
Pedestrian :nes:~~d:;:i~~~i~;;~kv;~~~ :I~~i~oose=ion

Perceived separatiOn from motor vehicles, pavement
Bicyde quality, motor vehide volume aOOspeed
Transit 5ervice fregueJl9j perceived speed, pedestrian lOS

Pedestrian Street Cfossing delay, pedestrian eX¡:xlSureto turnlng
Signalized intersection 19 vehicle conflicts, cr~ng distance

Bicycle Perceived separatian from motor vehides, crossing distance
Off-street pedestrian- 24 Bicycle Average meetings/minute, active paSSingS/minute, path
bicyde fadllty width, centerline presence, delayed passings

where

D,
AVOi

di

Li

Si

(L. L.)D- = AVO. X d . ....!._-'
, "S Si Oi

person-hours of delay on segment i,

average vchicle occupam.)' on segment i (passengers/vehicle),

vehicle dcmand on segment i (vehicles),

length of segment ¡(mi),

average vehicle spl..'Cdon segment i (mi/h), and

frcc-flow spced of segment i (mi/h).

Equation 2-1

Scgmcnt delays are added together to obtain facility estimates, and the sum
of the facility estimates yields subsystem estima tes. Mean delays for each
subsystem are then computed by dividing the total person-hours of delay by the
total number of trips on the subsystem. Subsystem estimates of deJay can be
combined into total system estimates, but typically the results for each subsystem
are reported separately.

SYSTEM PERFORMANCE MEASUREMENT

System performance must be measured in more than une dimensiono When a
single intersection is aoalyzed, computation of unly the peak-period delay may
suffice; however, when a system is analyzed, the geographic extent, the duratiun
of dclay, and any shifts in demand among facilities and modes must also be
considered (3).

System performance can be measured in the following six dimcnsions:

• QUQlItity o/ service-the numher oí person miles and person-huurs
provided by the system,

• l/ltensity o/ co/lgestioll-the amount of congestion experienced by users of
the system,

Chapter 2/Applications
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Typically, only the segments
that constiwte the coflector
ami arterial system are used to
estimate system defay.

An increase in congestion on
one system efement mar result
in iJ shlft of demand to other
system elements. Therefore,
estimating system deJay iSan
iteralive proces5. HCM
techniques can be used to
estimate the deJay resulting
from a given demand, but not
the demand resulting from a
given delay.

DimenSiOnsof system
performance.
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• Duration o/ congestion-the numbcr oi hours that congestion persists,

• Extent o/ congestion-the physicaI length oí the congested system,

• Variability-the day-to-day variation in congestion, and

• Accessibility-the percentage of the populace able to complete a selectcd
trip within a specified time.

Quantity of Service
Quantity oi service measures the utilization oi the transportation system in

terms oí the number oi peopIe using the system, the distance they travel (person
miles oi traveI, PMT), and the time they require to travel (person-hours of travel,
PHn. Dividing the PMT by the PHT gives the mean trip speed for the system.

Intensity of Congestion
The intensity oi congestion can be measured by using total person-hours of

delay and mean trip speed. Other metrics, such as mean delay per person trip,
can also be used. In pIanning and preliminary engineering applications, intensity
of congestion is sometimes measured in terms of the volume-to-capacity ratio or
the demand-to-capacity ratio.

A segment is coogested ir the
demard exceeds !he segment's
discharge capacity.

Roadway Sy5tem Elements
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Ouration of Congestion
The duration oí congestion is measurcd in terms oi the maximum amount oí

time that congestion occurs anywhere in the system. A scgment is congested ii
the demand exceeds the segment's discharge capacity. Transit subsystem
congestion can occur either when the passenger demand exceeds thc capacity oí
the transit vehides or when the need to move transit vehides exceeds the
vehicuIar capacity oi the transit facility.

Extent of Congestion
The extent of congestion may be cxpressed in terms oi the directionaI miles

oi facilities congested or-more meaningfully for the public-in terms of the
maximum percentage of system miles congested at any one time.

Variability
Variability oi congestion is expressed by measures of travel time reliability,

induding measures of travel time variability and measures of a given trip's
success or failure in meeting a target travel time. $ection 2 of Chapter 4, Traffic
Operations and Capacity Concepts, discusses travel time reliability in detail.

Accessibility
Accessibility examines the effectiveness of the system írom a perspective

other than intensity. Accessibility can be expressed in terms oi the percentage oi
trips (or persons) able to accomplish a certain goal-such as going from home to
work-within a targeted travel time. Accessibility can also be deiined in terms of
a traveler's ability to get to and use a particular modal subsystem, such as transit.
This definition is doser to the Americans with Disabilities Act's use oi the termo

Olapter 2/Applications
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4. TRAVEL MODES

This section introduces the four major travel modes addressed by the HCM:
automobile, pedestrian, bicycle, and transit. Chapter 3, Modal Characteristics,
provides details about each mode that are important for HCM analyses.

HOTORIZEO VEHICLE HODE
The motorizcd vehide mode ineludes all motor vehide traffic using a

roadway. Thus, automobilcs, trucks, RVs,motoreyeles, and public transit buses are
all considered members of the motorized vehiele mode for HCM anal)'sis
purposes. Because diffcrent motor vehiele types haY€'different operating
characteristics (to be discussed further in Chapter 3), the HCM uses the passenger
car as a common basis of comparison. For example, trucks take up more roadway
space than passcnger cars and accelerate more slowl)', particularl)' on upgrades.
Therefore, in some cases, the HCM converts trucks into passenger car equivalcnts
(e.g., an average truck uses the same roadway space as two passenger caes on a
freeway with a level gradc); in other cases, paramctcrs used by HCM methods are
adjusted to refled the spt..'Cificmix of vehicles in the traffic stream.

The HCM's LOS thrcsholds for the motorized vehidc mode are bascd on thc
perspcctivc of automobile drivers. Therefore, automobile LOSmcasures ma)' not
reflect the perspective of drivers of othcr types of motorized vchicles, especiall)'
trucks. Thc HCM defines a separa te tml/sU mode to present LOS mcasures for
public transit passengcrs.

Analytical methods and performance measures that specifically dcscribe
truck operations and quality of servire are a growing area of rcsearch aod
transportation ageocy interest. This edioon of the HCM occasionally uses a
scparate truck mode to prescnt truck-specific information; howcver, in most cases,
trucks are analyzed as part of the motorizcd vehicle mode.

PEDESTRIAN HODE
The pedestrian mode consists of travelers along a roadwa)' or pedestrian

facilit)' making a ¡oumey (or at ¡east part of their joumc)') on foot. Pedestrians
walk at different speeds, depending on their age, their ability, and environmcntal
charactcristics (e.g., grades aod elimate); HCM procedures gcneral1y account fOf
this variabilit)'. Sidewalks and pathwa)'s may be used by more than just foot-
based traffic-for example, inline skaters and persons in wheelchairs-but the
HCM's LOS thresholds reflect the perspective of pcrsons making a walkiog
joumey.

BICYCLE HODE
The bicycle mode consists of travelers on a roadway or pathway who are

lIsing a nonmotorized bicycle for their trip; bicycle LOSthresholds reflect their
perspective. Mopeds and motorized scooters are not considered bicycles for
HCM analysis purposcs.

Chapter 2/Applications
VersiOO6.0

The HCM's motorized vehicle mode
methods assess the operations and
quafity of serviee of a traffic stream
consfsting of a mix of vehfcle types.

Sorne HCM chaplers afso provide
infonnation speaTICto trucks and
pubfic transit, whfch are treiJted as
separare modes in those ceses.

LOSmeasures for the
motorized vehide mode
represent the perspedive of
automobffe dn'vers. separate
LOSmeasures for the transit
mode are used to represent
the perspective of transit
passengers.

T ravel Modes
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TRANSIT HODE
The rompanion TCQSM
provides capadty and speed
estimation procedwes for
transit vehides and additional
LOS mea5wes for transit
pa_.

Travel Modes
Page 2-12

Urban roadways are often shared with public transit buses and, occasionally,
with rail transit vehicles such as streetcars and Iight rail vehicles. The HCM's
urban street fadlity and segment chapters (Chapters 16 and 18) provide methods
for assessing the quality of service of transit service from the passenger point of
view. The companion Transit Capacity and Quality ofService Manual (TCQSM) (4)
provides methods for assessing the capacity, speed, and quality of service of a
variety of transit modes in both on. and off.street settings.

Chapter 2jApplications
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5. OPERATING CONDITIONS

The HCM provides methods far analyzing traffic flow under a variety of
conditions. These conditions are introduccd and defined in this section, since
they are used repeatedly throughout the HCM. They are described more fully in
Chapter 4, Traffie Operations and Capacity Coneepts.

UNINTERRUPTED FLOW

Uninterrupted-flow facilities have no fixed causes of delay or interruption
external to the traffie stream. Volume 2 of the HCM provides analysis
methodologies for uninterrupted-flow facilities.

Frccways and their components operate under the purest form of
uninterrupted flow. There are no fixcd interruptions to traffic flow, and access is
controlled and Iimited to ramp locations. Multilanc highways and two-Ianc
highways can also operate under uninterrupted flow in long segments between
points of fixed interruption. On multilane and two-lane highways, points of fixed
interruption (e.g., traffic signals) as well as uninterrupted-flow segments must
often be examined.

Thc traffic stream on uninterrupted.flow facilities is the result of individual
vehicles interacting with eaeh other and the faeility's geometric charaeteristies.
The pattero of flow is generally eontrolled only by the eharaeteristies of the land
uses that generate traffic using the facility, although freeway management and
operations strategies-such as ramp metering, freeway auxiliaf)' lanes, truck lane
restrietiofiS, variable speed limits, and incident detection and clearance-can
influenee traffie flow. Operations can also be affected by environmental
conditions, sueh as weather ar lighting; by pavement conditions; by wark zones;
and by the occurrence of traffic incidents (5, 6).

Unú¡terrupted fioU' describes the type of facility, not the quality of the traffic
flow at any givcn time. The terms ol'usatllratcd and IlIldersatllrated fiow, described
below, reflect the quality of traffie fiow. An oversaturated freeway is still an
uninterrupted-flow faeility beeause the causes of congestion are internal.

INTERRUPTED FLOW

Interrupted-£1ow facilities havc fixed causes of periodie delay or interruption
to the traffic stream, such as traffic signals, roundabouts, and STOPsigns. Urban
streets are the most eommon form of this kind of faeility. Exclusive pedestrian
and bicycle facilities are also treated as interrupted £1ow,sinee they may
oceasionally interseet other streets at locations where pcdestrians and bicyclists
do not automatically receive the right-of-way. Volume 3 of thc HCM provides
analysis methodologies for interrupted-£1ow facilities.

The traffie fiow patterns on an interrupted-fiow facility are the result not
ooly of vehic\e interaetions and the facility's geometrie characteristics but also of
the traffie control used at intersections and thc frequency of access points to the
faeility. Traffie signals, for example, allo\\' dcsignated movements to oerur only
during certain portions of the signal cycle (and, therefore, only during eertain

Chapter 2/Applications
VersiOn 6.0

Uninterropted-f!ow facilities
have no fixed causes of deJay
or interruption external ro {he
tratrlC stream.

IntelTupted-fiow faclf,ties have
fixed causes of peIiodic defay
or interrup(iQn ro {he tratrll:
stream, sudl as traffic Slgnals,
roundabouts, and srOP signs.
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portions of an hour). This control creates two significant outcomes. First, time
beeomes a factor aHecting flow and capacity beeause the facility is not available
for continuous use. Sccond, the traffie flow pattero is dictated by the type of
control used. For instance, traffie signals create platoons of vehides that travel
atong the facility as a group, with significant gaps between one platoon and the
next. In contrast, all-way STOP-controlled intersections and roundabouts
discharge vehides more randomly, creating smaIl (but not neeessarily usable)
gaps in traffic at downstream loeations (5, 7).

Free-flow speed i5 the average
speed of tralfic 0f1 a segment
as volume and density
approach~

Operating Cooditions
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UNDERSATURATED FLOW

Traffic flow during an analysis period (e.g., 15 min) is specified as
ulldersafurated when the following conditions are satisfied: (a) the arrival flow
rate is lower than the capacity of a point or segment, (b) no residual queue
remains from a prior breakdown of the facility, and (e) traffic flow is unaHected
by downstream conditions.

Uninterrupted-flow facilities operating in a state of undersaturated flow wiII
typicalIy have travel speeds within 10% to 20% of the faciJity's free-flow speed,
even at high flow rates, under base conditions (e.g., level grades, standard lane
widths, good weather, no inddents). Furthermore, no queues would be expected
to develop on the facility.

On interrupted-flow facilities, queues fonn as a natural consequence of the
interruptions to traffic flow created by traffic signals and STOPand YIELDsigns.
Therefore, trave1 speeds are typically 30% to 65% below the facility's free-flow
speed in undersaturated conditions. Individual cyde failures-where a vehide
has to wait throug.h more than one green phase to be served-may occur at
traffic signals under moderate- to high-volume conditions as a result of natural
variations in the cycIe-to-cyele arrival and service rate. Similarly, STOP-and
YIELD-controlled approaches may experience short periods of significant queue
buildup. However, as long as al! of the demand on an intersection approach is
served within a 15-min analysis period, induding any residual demand from the
prior period, the approach is considered to be undersaturated.

OVERSATURATED FLOW

Traffic flow during an analysis period is characterized as oversatllrated when
any of the following conditions is satisfied: (a) the arrival flow rate exceeds the
capacity of a point or segment, (b) a queue created from a prior breakdown of a
facility has not yet dissipated, or (e) traffic flow is affected by downstream
eonditions.

Do uninterrupted-f1ow facilities, oversaturated conditions result from a
bottIeneck on the fadlity. During periods of oversaturation, queues form and
extend backward from the bottleneck point. Traffic speeds and flows drop
significantly as a result of turbulence, and they can vary considerably, depending
00 the severity of the bouleneck. Freeway queues differ from queues at
undersaturated signalized intersections in that they are not static or "standing."
Do freeways, vehicles move slowly through a queue, with periods of stopping
and movement. Even after the demand at the back oí the queue drops, sorne time
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is required for the queue to dissipate becausc vchides discharge from the queue
at a slowcr rate than they do under free~flowconditions. Oversaturated
conditions persist within thc qucuc until thc qucue dissipates completely after a
period of time during which demand flows are less than the capacity of the
bottlcncck.

On interrupted-flow facilities, oversaturated conditions generate a queue
that grows backward from the intersection at arate faster than can be processed
by the intersection over the analysis periodo Oversaturated conditions persist
after demand drops below capadty until the residual queue (Le., the queue over
and aboye what would be creatcd by the interscction's traffic control) has
dissipnted. A queue generated by an oversaturated unsignalized intersection
dissipates more gradually than is typically possible at a signalized intersection.

lf an intersection approach or ramp meter cannot accommodate aHof its
demand, queues may back into upstream intersections and advcrsely affect their
performance. Similarly, if an interchange ramp terminal cannot accornmodate aH
of its demand, queues may back onto the freeway and adversely affect the
freeway's performance.

QUEUE DISCHARGE FLOW
A third type of fiow, queue discharge fiow, is particularly relevant for

uninterrupted-flow facilities. Queue discharge flow rcprcsents traffic flow that
has just passed through a bottleneck and, in the absence of another bottleneck
downstream, is accelerating back to the facility's free-flow speed. Queue
dischargc flow is charactcrized by rclatively slable flow as long as the effects of
another bottleneck downstream are not present.

On freeways, this flow type is typicaHy characterized by speeds ranging
from 35 mi/h up to the free-flow speed of the freeway segment. Lower speeds are
typically observcd just downstrcam of the bottlcneck. Depending on horizontal
and vertical alignments, queue discharge flow usuaUy accelerates back to the
facility's free-flow speed within 0.5 to 1 mi downstream of the bouleneck. The
queue discharge flow rate from the bottleneck is lower than the maximum flows
observed before breakdown; this eHect is discussed further in Section 2 of
Chapter 10, Fn..'cwayFacilities Core Methodology.
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6. HCM ANAL YSIS AS PART OF A BROADER PROCESS

Sinee its first edition in 1950, the HCM has provided transportation analysts
with tools for estimating traffie operational measures sueh as speed, density, and
delay. It also has provided insights and specifie tools for estimating the effeets of
traffic, roadway, and other conditions on the eapacity of facilities. Over time,
ealculated values from the HCM have inereasingly been used in other
transportation work. The use of estimated or ealculated values from HCM work
as the foundation for estimating user costs and benefits in lerms of economic
value and environmental ehanges (especial1y air and noise) is particularly
pronouneed in transportation priority programs and in the justifieation of
projeets. This section provides examples of how HCM outputs can be used as
inputs to other types of analyses.

NOISE ANALYSIS

At the time this chapter was written, federal regulations specifying noise
abatement eriteria stated that "in predicting noise levels and assessing noise
impaets, traffie eharaeteristics which will yield the worst hourly traffic noise
impaet on a regular basis for the design year shall be used" 123CFR 772.17(b»).
The "worst hour" is usually taken to mean the loudest hour, which does not
neeessarily coincide with the busiest hOUf,sinee vehicular noise levels are
direetly related to speed. Traffie eonditions in which large trueks are at their
daily peak and in which LOS E eonditions exist typieally represent the loudest
hour (8).

AIR QUALITY ANALYSIS

The 1990 CIean Ah Aet Amendments required state and local agencies to
develop aecurate emission inventories as an integral part of their air quality
management and transportation planning responsibilities. Vehicular emissions
are a signifieant eontributor to poor air qualitYj therefore, the U.S. Environmental
Proteetion Agency (EPA) has developed analysis proeedures and tools for
estimating emissions from mobile sources sueh as motorized vehicles. One input
into the emissions model is average vehicle speed, which can be entered at the
link (i.e., length between suecessive ramps) leve!, if desired. ErA's model is
sensitive to average vehicle speed (Le., a 20% ehange in average vehide speed
resulted in a greater than 20% change in the emissions estima te), which implies
that aecurate speed inputs are a requirement for aecurate emissions estima tes.
The HCM is a tool reeommended by EPA for generating speed estimates on
freeways and arterials and eolleetors (9-11).

ECONOMIC ANALYSIS

The eeonomic analysis of transportation improvements also depends to a
large extent on information generated from the HCM. Road user benefits are
direetly related to reduetions in travel time and delay, while eosts are determined
from eonstruetion of roadway improvements (e.g., addition of lanes, installation
of traffie signals) and inereases in travel time and delay. The following excerpt

HCM Analysis as Part of a Broader Process
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from the American Association of State Highway and Transportation Officials
Creen Book (12, p. 3-2) indieates the degree to which such analyses depend on
theHCM:

The [HCMIprovidesmany toolsand procedureslo assist in the calculationof
segmentspl'eds.Theseprocedurespl'rmítdetailedconsiderationof segmenl
features,includinglhe effectsof road geometryand weavingon the capacítyand
speed ofa highwaysegment.Spccdcanbe calculatedfor localstreets and roods,
highwaysand freewaysusing the [HCMJ.Themost accuraterenderingof the
effectsof additionallanes on speed, thercfore,is through the use of the [HCM]
calculationprocedures.

MUL TIMOOAL PLANNING ANALYSIS

An increasing number of jurisdictions are taking an integrated approach to
rnultimodal transportation planning. That is, rather than developíng plans for
the automobile, transit, and pedestrian and bicycle modes in isolation, these
jurisdictions evaluate trade-offs among the modes as part of their transportation
planning and decision making. The HCM 2010 is designed to support those
efforts. For example, Chapter 16, Urban Street Facilities, presents an integrated,
rnultimodal set of LOS measures for urban streets. The other interrupted-flow
chapters in Volume 3 also integrate pedestrian and bieycle rneasures, to the
extent that rcseareh is available to support those measures.

SYSTEM PERFORMANCE MEASUREMENT

State and federal governments use HCM procedures in reporting
transportation system performance. For example, the Federal Highway
Administration's Highway Performance Monitoring System uses IICM
procedures to estimate the eapacity of highway sections and to determine
volurne-to-service flow ratios (13). In addition, the federal surface transportation
funding aet, the Moving Ahead for Progress in the 21st Century Act, established
performance-based procedures for planning and project programming (14), and
performance measures that the HCM can estimate are anticipated to playa role
in these performance monitoring activities. Florida uses HCM procedures to
estima te speeds on the state highway system as part of its mobility performance
measures reporting.

SUMMARY

In summary, almost all economic analyses and all air and noise
environmental analyses rely directly on one or more rneasures estimated or
produced with HCM calculations. Exhibit 2-4lists the rnotorized vehick>-based
performance rneasures from this manual that are applicable to environmental or
economic analyses.
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Exhibit 2-4 Analysis Types
HCM Motorized Vehicle Motorized Vehicle Appropriate for Use
Performance Measures for ChaDter Perfonnance Measure Air Noise Economic
Enviroomental and Economic Density"
Analyses 10. Freeway Fadlities Core Vehlcle hours of delay . ,¡

Methodology Speed ,¡ ,¡ ,¡
Trove! time ,¡

12. Basic Freeway and Multilane Density"
Speed ,¡ ,¡ ,¡

Highway Segments v/e ratio ,¡ ,¡
DenSilY

13. Freeway Weaving 5egments weaving speed ,¡ ,¡ ,¡
Nonweavina' soeed ,¡ ,¡ ,¡

14. Freeway Merge and Dlverge Density"
5eoments S""'; ,¡ ,¡ ,¡

15. Two-lane Highways Percent tim;-~~t-foIlOWing~
S ' ,¡ ,¡ ,¡
Speed'

16. Urban 5treet Fadlities Stop rate ,¡ ,¡ ,¡
18. Urban Street Segments Runnlng time ,¡ ,¡

Intersection control delay ,¡ ,¡
19. 5i9naliled Intersections Control delay' ,¡ ,¡
20. TWSC Intersections
21. AWSC Intersections v/cratio ,¡ ,¡
22. Roundabouts
23. Ramp Terminals and Extra distance travel timlt ,¡ ,¡

A1temative intersections v/cratio ,¡ ,¡-, • O1aptersetVicemeasure.
TWSC= two-way STOP-COntrolled,AWSC= ail-.•••.ay STOP-COntrolled,v/e = voIumelo capacity.
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1. INTRODUCTION

OVERVIEW

Roadways serve users of many different modes: motorists, truck operators,
pedestrians, bicyclists, and transit passengers. The roadway right-of-way is
allocated among the modes through the provision of facilities that ideally serve
each mode's necds. However, in many urban situations, the right-of-way is
constrained by adjacent land development, which causes transportation
engineers and planners to consider trade-offs in allocation of the right-of-way.
Interactions among the modes that result from different right-of-way allocations
are important to consider in analyzing a roadway, and the Highway Capacity
Manual (HCM) provides tools for assessing these interactions. Local policies and
design standards relating to roadway functional classifications are other saurces
of guidance on the alloeation of right-of-way; safety and operational concems
should also be addresscd.

CHAPTER ORGANIZATION

Chapter 3 introduces sorne basic characteristics of the travel modes
addressed by the HCM. Thc following characteristics are considered in this
chapter for eaeh mode:

• Factors that contribute to a travelers experience during a trip,

• Observed seasonal and daily variations in travel dcmand,

• Types of transportation facilities used by a given mode, and

• The interactions that ocrur between modes.

Charters 4 and 5 continue the disrussion of multimodal performance.
Chapter 4 diseusses traffie operations and eapacity concepts and provides
operational performance mcasurcs for cach mode. Chapter 5 disrusses quality
and level-of-scrvice (LOS) concepts and introduces the service measures for each
mode that the HCM uses to assess transportatian facilities from a traveler paint
of view.
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2. MOTORIZED VEHICLE MODE

Tñe HCM uses !:he term
-automobile- for two-ax1e,
four-wheef vehides genera/Iy.
It uses the term "passenger
car" far a speciftC type of /ight
vehide (Federal Highway
Administration Vehide CJass 2).

use of passenger car
equivafents ro account tor
heavy vehide presence in t!Ie
traffic stream.

Motorized Vehide Mode
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OVERVIEW
For the purpose of evaluating roadway operations, HCM methods consider

aHmotorized vehicles-passenger cars, trucks, vans, buses, motorcycles,
recreational vehicles, and so on-to be part of the overall traffic stream, but they
take the unique characteristics of each vehicle type into account in the evaluation.
In most cases in a V.5. context, the majority of the traffic stream consists of
automobiles (Le., twa-ax!e, four-wheel vehicles); therefore, HCM mcthods
convert trucks, buses, aod other heavy vehicles into passenger car equivalents
when the operation of traffic streams on roadways is analyzed.

In contrast, in evaluating roadway quality of service, the HCM's motorized
vehicle methods primarily refled the perspective of automobile drivers and not
necessarily the perspectives of other motorized vehicle users. In sorne cases, the
perspectives of the passengers ar cargo within a vehicle may be of greatest
interest. In such cases, the HCM defines additional modes-specifically, transit
and truck-to address these perspectives. As discussed in Chapter 5, Quality and
Level-of-Service Concepts, quality of service for the transit mode reflects the
perspective of passeogers using transit vehicles. The HCM does not yet define
LOS for freight movement by truck, but some initial rescarch has been conducted
in this area (e.g., 1).

VEHICLE ANO HUMAN FACTORS
Three major elements affect driving: the vehicle, the roadway environment,

and the driver. This section identifies motor vehicle and driver characteristics
and how they are affected by the roadway's environment and physical
properties.

General Vehicle Characteristics
This section provides a summary of the operating characteristics of motor

vehicles that should be considered when a facility is analyzed. The majar
considerations are vehicle types and dimensions, ruming radii and off-tracking,
resistance to motion, power requirements, acceleration performance, and
deceleration performance.

Motorized vehicles include passcnger cars, trucks, vans, buses, recreational
vehicles, and motorcycles. AHof thesc vehicles have unique weight, length, size,
and operational eharacteristies. In particular, heavy vehicles-vehicles with more
than four tires touching the ground -aceelerate and deeelerate more slowly than
passenger cars and can have difficulty in maintaining speed 00 upgrades. Heavy
vehicles are larger than passenger cars, so they oecupy more roadway spaee and
ereate larger time headways between vehicles.

The HCM uses the concept of passenger car equivalellts to convert the roadway
spaee and time used by a given type of heavy vehicle into the equivalent number
of passenger cars that could have used it, given identical roadway, traffie, and
control conditions. This approaeh provides a eommon basis for evaluating
roadway operations. Although the HCM expresses eapacity in terms of the
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number of passenger cars per hOllr that can be served by a roadway system
element, the number of vehicles per hOllr that can be served will be less than the
number of passenger ears that can be served and will deerease as the percentage
of heavy vehieles in the traffic stream increases.

Light Vehicle Characteristics
The composition of the light vehiele fleet in the United States has varied over

time, with corresponding ehanges in typical vehiele dimensions and weights. As
shown in Exhibit 3-1, passenger cars' share of new light-duty vehiele sales
deereased from 75% in model year 1985 to a low of 48% in model year 2004 and
subsequently increased to 57% by model year 2012 (2). Thesc trends have bt.."en
influenced by a number of factors, ineluding fuel prices, increased popularity of
other Iight vehiele elasses (e.g., sport-utility vehieles), eeonomic conditions, and
short-term supply constraints (3).

Over the same time period, average passcnger ear acceleration rates have
steadily improved. They increased from an average of 6.6 £l/s2when accelerating
from O to 60 mi/h for model year 1985 cars to 8.5 £l/s2in 2000 and 9.4 ftJs2in 2013
(3). Maximum passenger car deceleration rates range between 10 and 25 ft/s2,
depending on road surfaee and tire conditions, with deceleration rates of 10 ft/s2
or less eonsidered reasonably comfortable Cor passenger car occupants (4). These
rates are considered in designing traffie signal timing, eomputing fuel economy
and travel time, and estimating how normal traffic flow resumes after a
breakdown.

ModelVur

Source: Oavis el al. {Z¡.
Note: StN = sport.utility vehicle.

Heavy Vehicle Characteristics
Section 3 describes the eharacteristics of different types uf trucks. Scction 6

describes the charaeteristics of transit vehieles that operate on publie roadways.

Chapter 3/Modal Characteristics
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Exhibit 3-1
U.S. ught Vehicle Sales
Trends, 1985-2012
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Conneeted and Autonomous Vehicles

Connected Vehicles
Connected vehicles are vehicles with the capability of identifying threats

and hazards on the roadway and communicating this information over wireless
networks to other vehicles as well as the traffic management center to give
drivers alerts and wamings. Connected vehicles use advanced wireless
communications, onhoard computer processing, advanced vehicle sensors, GPS
navigation, and smart infrastructure, among other tcchnologies. The connected
vehicle concept is still evolving and has not yet been put into widespread
practice in the United States. Current understanding of the concept suggests that
connected vehicles should improve the speed of detection and response to
congestion-causing incidents and reduce crashes, thcreby improving travel time
reliability (5).

Autonomous Vehic/es
Autonomous vehicles are self-driving vchicles. They are distinct from

connected vehicles in that autonomous vchicles cut the driver out of the routine
driving process-either through assisted automation, under which the driver can
choose to use automated control of specific features, or through full automation,
with no control by the driver under normal circumstances. The vehicles can
detect their environment and navigate their way through that environment. A
few sta tes have established laws and regulations for testing of autonomous
vehicles on public streets by manufacturers. Autonomous vehicles could reduce
reaction times and enable closer car following distances, which would facilitate
higher densities of traffic and potentially higher capacities. They may also
improve travel time reliability by reducing erashes (6).

Driver Characteristics (Human Factors)
Driving is a complex task involving a variety of skills. The most important

skills are taking in and processing information and making quick decisions on
the basis of this information. Driver tasks are grouped into three main categories:
contra!, guidance, and navigation. Control involves the driver's interaetion with
the vehicle in terms of speed and direction (aecelerating, braking, and steering).
Guidanee refers to maintaining a safe path and keeping the vehicle in the proper
lane. Navigation means planning and executing a trip.

The way in which drivers pereeive and process information is important.
About 90% of information is presented to drivers visually. The speed at whieh
drivers process information is significant in their successful usc of the
information. One parameter used to quantify the speed at which drivers process
information is perception-reaction time, which represents how quickly drivers
can respond to an emergeney situation. Another parameter-sight distance-is
directly associated with reaction time. There are three types of sight distanee:
stopping, passing, and decision. Sight distance helps determine appropriate
geometric fcatures of transportation facilities. Acceptance of gaps in traffie
streams is associated with driver perception and influences the capacity and
delay of movcments at unsignalized intersections.

Motorized Vehicle Mode
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Factors such as nighttime driving, fatigue, distracted driving (e.g., using a
mobile phone or in-vehicle technology), driving under the influence of alcohol
and drugs, the age and health of drivers, and police enforcement also contribute
to driver behavior on a transportation facility. AIl these factors can affect the
operational parameters of speed, deJay, and density. Howcver, unless otherwise
specified, HCM methods assume base conditions of daylight, dry pavement,
typieal drivers, and so forth as a starting point for analyses.

VARIATIONS IN DEMAND

The traffic volume eounted at a given location on a given day is not
neeessarily refIeetive of the amount oi traffie (a) that would be counted on
another day or (b) that would be counted if an upstream bottleneck was
removed. Traffie demand varíes scasonally, by day of the week (e.g., weekdays
versus weekends), and by hour of the day, as trip purposes and the number of
persons desiring to travel f1uctuate. Bottlenecks-Iocations where the eapacity
provided is insuffieient to meet the demand over a given period of time-
eonstrain the observed volume to the portion of the demand that can be served
by the bottleneek. Beeause traffie eounts only provide the portion of the demand
that was scrved, the actual demand can be difficult to identify.

The following sections discuss monthly, daily, and hourly variations in
traffie demando Analysts need to account for these types of variations to ensure
that the peak-hour demand volumes used in an HCM analysis reflect eonditions
on peak days of the )'eaL Failure to aecount for these variations can result in an
analysis that refleets peak eonditions on the days eounts were made, but not
peak eonditions over the course of the year. For example, a highway serving a
beaeh resort area may be virtually unused during much uf the )'ear but become
oversaturated during the peak summer periods.

A roadway's eapacit)' may be greater than its hourly demand, )'et traffie flow
ma)' still break down if the flow rate within a portian of the hour exceeds the
roadwa)"s eapacit)'. Tht:'effeets of a breakdown can extend far beyond the time
during which demand exceeded capacity and may take several hours to
dissipate. Subhourly variations in demand and their eHectson traffic flow are
diseussed in Chapter 4, Traffic Operations and Capacity Cuncepts.

The data shown in the exhibits in this seetion represent typical observations
that can be made. However, the patterns iIIustrated vary in response to local
travel habits and environments, and these examples should not be used as a
substitute for locally obtained data.

Seasonal and Monthly Variations
Seasonal fluctuations in traffie demand feflect the social and eeonomic

activity of the area served by the highway. Exhibit 3-2 shows monthl)' patteros
observed in Oregon and Washington. The highway depicted in Exhibit 3-2(a)
serves national forestland with both winter and summer recreational activit)'.
The highway depicted in Exhibit 3-2(b) is a rural route serving intercit)' traffie.
Two significant eharacteristics are apparent from this data set:
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Base conditiOnS are discussed
gentYalfy in Chapter 4 and
speciticalfy in chapters In
VoIumes 2 and 3.

Demand relates to !!le number
of vehldes that would like to
be served by a roadway
element, whlle voIume relates
to t!Ie number that are actually
>&Ved.

5easonal peaks in traffic
demand must also be
COllS!dered,particularly on
recreational facilities.

A hlghway that is barely able
to handle a peak-hour demand
may be subject to breakdown
if flow rates wlthin a port!on of
the peak hour exceed
Cilpacity-a topic of ChiJpter 4.

Data shown In these graphs
represent typiCi11observations
but should not Ix! used as a
substitute for local datJ.
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• The range of variation in traffie demand over the eourse of ayear is more
severe on rural routes primarily serving recreational traffie than on rural
routes primarily serving intercity traffic.

• Traffie patteros vary more severely by month on recreational routes.

I I ,----1- I
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fxhibit 3-2
Examples of Monttlly Traffie
VoIume Variations fa( a
Highway

Monthly vo/"me variations for
routes Wlth recrearional trafflC
show mllCh higher seasonal
peaking than for routes with
predominantly interdty trafflC.

me average daily tralfic
averaged over a flJl! year is
referred ro as the ann"al
average daily trafflC, or AAOT,
and is often "sed in forecasting
and planning.

Exhibit 3-3
Examples of Monttlly TraffIc
VoIume Variations tor ttle
same Interstate Highway
(Rural and Urban 5egments)

Nontl/ly vo/"me variations for
roral segments of lnterstate
highways stww much higher
seasonal peaking than ter
"roan segments of the same
highway. This may refiect both
recreational and agriaJltural
traffe impdCts.
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(a) Routes with Significant Recreational Traffic (b) Routes with Significant Interdty Traffic

Source: {a} Oregon OOT, 2007; (b) Washington 5tate OOT, 2007.
Notes: (a) H9hway 35 SOOJthot Parkdale, Oregon; (b) US-97 north ot Wenatcnee, Washington.

These and similar observations lead to the condusion that commuter- and
business-oriented travel occurs in fairly uniform patteros, while recreational
traffie creates the greatest variation in demand pattems.

The data for Exhibit 3-3 were colleeted on the same Interstate mute. One
segment is within 1 mi of the central business district oE a Iarge metropolitan
arca. The other segment is within 75 mi of the first but serves a combination oE
reereationa! and intercity travel. This exhibit i1Iustrates that month1y variations
in volume are more severe on rural mutes than on urban routes. The wide
variation in seasonal patteros for the two segments underscores the effeet of trip
purpose and may reflect capacity restrictions on the urban seetion.
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1 -Urban n-Rural I
Source: Oregon OOT, 2006.
N~: Urban, 1.84 east ot 1-5 in Portland; rural, 1-84 at Rowena.
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Exhibit 3-4 shows examples of monthly traffie volume variations 00 two
urban streets in the sarne large dty. Comparison of these variations with those of
Exhibit 3-2 and Exhibit 3-3 indicates that urban streets tend to show more month-
to-month variation than urban freeways, but less variation thao rural roadways.
Traffie on typieal urban arterials tends to drop during summer months when
sehool is not in session, but spedal event (e.g., summcr festival) traffie can result
jn higher-than-average traffie volumes during the summer.
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Exhibit 3-4
Examples of Monthly Traffic
Volume Variations on Urnan
5treets

-Urnan Arterial --Surnmer Event-InnuencedArterial

Source: City of Milwaukee, Wiseonsin,2014.
Note: Monthly ~aluesate weekly a~erage rounts for 1 week of each month.

Daily Variations
Demand variations by day of the week are also related to the type of

highway. Exhibit 3-5 shows that weekend volumes are lower than weekday
volumes for highways serving predominantly business traveL sueh as urban
freeways. In comparison, peak traffie typieally oerurs on weekends on majn rural
and reereational highways. Furthermore, the magnirnde of daily varjation is
highest for recreational access routes and lowest for urban cornmuter routes,
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Source: Washington State DOT,2007; Oregon DOT, 2007.
Notes: Suburban freeway, 1-182 in Richland,Washington; main rural mute, U5-12 50utheastof Paseo,

Washington; reaeaooroal accessroute, Highway 3S south of Par1<:dale,Oregon.
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Time of peak demand wllf val)'
according to highway type.

Exhibit 3-5
Examples of Daily Traffic
Variatioo by Type of Route

Daify vofume van'atiOnS
th!'0U9h !he week show higher
weekday voIumes and Iower
weekend voIumes for routes
primarify serving commuter
and interdty tTafflC,but !he
opposite for segments serving
recreationiJl traffic. Fridays are
typicalfy !he peak weekday.

Motofized Vehide Mode
Page 3-7



Highway Capacity Manual: A Guide for Multimodal Mobility Analysis

Sourre: Washirogton 5tate ooT, 20(17.
Note: Northbound Highway 16 r.orth of 1-5, Tacoma, Washington.

Hourly Variations
Typical hourly variation pattems for rural routes are shown in Exhibit 3-7,

where the pattems are related to highway type and day of the week. Unlike
urban routes, rural routes tend to have a single peak that occurs in the aftemoon.
A small morning peak is visible on weekdays that is much lower than the
afternoon peak. The proportion of daily traffie oeeurring in the peak hour is
mueh higher for recreational aecess routes than for intercity or local rural routes.
The weekend pattem for reereational routes is similar to the weekday pattem, as
travelers tend to go to their reereation destination in the moming and retum in
the later afternoon. Weekend moming travel is eonsiderably lower than weekday
morning trave! for the other types of rural routes.
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Exhibit 3.6 shows the variation in traffie by vehicle type for the right lane of
an urban freeway. A1though the values shown in Exhibit 3-5 and Exhibit 3.6 are
typical of pattems that may be observed, they should not be used as a substitute
for local studies and analyses.

X. 40,000
~ 39,000
~ ~ 38,000Ei 37,000

t1 ~::r",":i: 33,000
~ 32,000

31,000

"',""00

Daily voIume variations by
vehide type through the week
show higher weekday voIumes
and Iower weekeflÓ voIumes
for tJvdc trafflC, with much
sharper drops an the weekend
for heavy tnKk traffic then for
single-unit truds. car and
pickup traffic peaks en Fridays
and dedines on weekends en
thís uroan freeway.

Exhibit 3-6
Daily Variation In Traffie by
Vehiele Type for the Right
Lane of an Urban Freeway

Hotlr Beginning

Washirlgton State ooT, 2007; Oregon ooT,
2007.
(a) U5-39S south of Kennewick, Washington;
(b) Highway 35 south of Parkdale, Clfegon;
(e) US-97 r.ear Wap.1to, Washington.

I ~-_.s.-day--'s.mO!J
(b) Recreational Access Route

"

Sources:

Notes:
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Bidirectional traffic vatiaaon
dun"ng !he day by day of week
for roral routes.

Exhibit 3.7
Examples of Hour1y Traffle
Variations for Rural Routes
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The repeatability of hourly variations is of great importance. The stability of
peak-hour demand affects thc feasibility of using such values in design and
operational analyses of highways and other transportation facilities. Exhibit 3-8
shows data obtained for single directions of urban strcets in the Toronto, Canada,
region. The data were obtained from deteetors measuring traffie in one direction
only, as evideneed by the single peak period shown for either morning or
alternooo. The area betwcen the dotted Unes indicates the range within whieh
95%of the observations can be expeeted to fal!' Whcreas the variations by hour
of the day are typieal for urban areas, the relatively narrow and parallel
fluctuations among the days of the study indicate the repeatability of the basic
pattem.

1,000
800
600
400
200 __ ---.
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Exhibit 3-8
Repeatabílity of Hoorly Traffle
Variations for Urban 5treets

Slte 3
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O
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Time (h)

Source: McShane and Crowley (l).
Notes: Sites 2 and 4 are one block apart on the same street, in the same directi<lIl. A11sites are two moving lenes

in ene direction. Dotted fines indicate the rangE! in which 95% of the observed vOlumes fall.
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Peak Hour and Analysis Hour

Capadty and other traffie analyses typically focus on the peak-hour traffie
volume beeause it represents the most eritieal period for operations and has the
highest capacity requirernents. However, as shown in the previous scetions, the
peak-hour volume is not a eonstant value from day to day or from scason to
season. If the highest hourly volumes far a given loeation were listed in
descending arder, the data would vary greatiy, depending on the type of fadlity.

Rural and reereational routes often show a wide variation in peak-hour
volumes. Several extremely high volumes oecur on a few seleet weekends or in
other peak periods, and traffie during the rest of the year flows at much 10wer
volumes, even during the peak hour. Urban streets, on the other hand, show less
variation in peak-hour traffic. Most uscrs are daBy commuters or frequent users,
and oeeasional and spedal event traffie is minimal. Furthermore, many urban
routes are filled to eapacity during eaeh peak hour, and variation is therefore
severely constrained-an issue that will be revisited later in this seetion.

Exhibit 3-9 shows hourly volume relationships measured on four highway
types in Washington. The reereational highway shows the widest variation in
peak-hour traffie. Its values range £rom 25% of AADT in the highest hour of the
year to about 16.3% of AADT in the 200th-highest hour of the year. The main
rural freeway also varies widely, with 17.3% of the AADT in the highest hour,
deereasing to 10.8% in the 200th-highcst hour. The urban freeways show far less
variation. The range in pereent of AADT eovers a narrow band, from
approximately 9.7% (radial freeway) and 7.3% (drcumferential freeway) for the
highest hour to 8.9% and 6.9%, respeetively, for the 200th-highest hour. Exhibit 3-
9 is based on aH hours of the year, not just peak hours of each day, and shows
only the highest 200 hours oE the year.

Exhibit 3-9 30
RankedHourlyVoIumes

" 25•o:l:
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-Recreatiooal -Main Rural ---Urban Radial -Urban CircumferentialI
Source: Washington 5tate OOl, 2006.
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tman radial, 1-90 in 5eattle (MOl = 120,173); lXban dlWl1ferentia1,l-1OS in Bellevue (MOl = 141,550).
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The selection of an appropriate hour for planning. design, and operational
purposes is a compromise between providing adequate operations for every (or
almost every) hour of the year and providing economic efficiency. Customary
practice in the United Sta tes is to base rural highway design on the 30th-highest
hour of the year. There are few hours with higher volumes than this hour, while
there are many hours with volumes not much Im,ver. In urban areas, there is
usually Iittle difference bctween the 30th- and 200th-highest hours of the year,
because of the recurring moming and aftemoon commute pattems (8).

The selection of the analysis hour should consider the impact on the design
and operations of higher-volume hours that are not accommodated. The
recreational access route curve of Exhibit 3-9 shows that thc highest hours of the
year have one-third more volume than the lOOth-highest hour, whereas the
highest hours of an urban radial route were only about 6% higher than thc
volume in the lOOth-highest hour. Use of a design criterion set at the lOOth.
highest hour would create substantial congestion on a recreational acccss route
during the highest-volume hours but would have less effect on an urban facility.
Another consideration is the LOS objective. A route designed to operatc at LOS e
can absorb larger amounts of additional traffic than a route designed to operate
at LOS D or E during the hours of the year with highcr volumes than the design
hour. As a general guide, the most frequently occurring peak volumes may be
considered in the design of new or upgraded facilities. The LOS during higher-
volume periods should be tested to determine the acceptability of the resuIting
traffic conditions.

On roadways whcre oversaturation occurs during peak periods, analysts
should be particularly careful in selecting a design hour, since rneasured traffic
volumes may not reflect the changes in demand that ocmr once a bottleneck is
removed. Exhibit 3-10 shows hourly variations in traffic on an urban freeway
before and after the freeway was widened. In the before condition, the freeway's
observed volumes were constrained by a bottleneck between 6 and 10 a.m., as
indieated by the flat volume lineoAfter the freeway widening, a more typieal
a.m. peak occurred, since travel pattems more closely reflected when travelers
desired to travel rather than when the freeway could accommodate their travel.

5eIection o{ an analysls hour
usually impfies that a smafl
portion o{ the demand during a
year wlfl not be adequately..-.

Additionaf analysis periods mar
be waffanted to obtaln a more
robust picture DI operations.

Measured traffic voIume
pattems may not reffect actual
demand patterns,

R% Exhibit 3-10
Example of a Change in
Trave! Pattems Following
Removal of a capacity
Constraint'.-.--

u 1%S 6%

?' 5%

~ 4%
••e 3%

~ 2%
l

1%
0% .I -_- __ ~~-- -_~

o 1 2 ) ~ ~ 6 ] 6 91011121) H 1S I~ 17 ~ 19~ lL U II
Hour Beginnng

j -Jl¥le 2008 --.).ne 2004

SOurce: Colorado DOT.
Note: 1-25soutn of U5-6, Denver.
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As used in the HCM, the K-factor is the proportion oí AADT that oecues
duriog the peak ham. For many rural and urban highways, this factor falls
between 0.09 and 0.10. For highway sectiaos with high peak periods and
relatively low off-peak flows, the K.factor may exceed 0.10. Conversely, foc

highways that demonstrate consistent and heavy flows for many haues of the
day, the K-factor is likely to be lower than 0.09. In general,

• The K-factor decreases as the AAOT 00 a highway ¡ncreases;

• The K-factor decreases as development density ¡ncreases; and

• The highest K-factors occur 00 recreatianal facilities, followed by rural,
suburban, and urban facilities, in descending order.

The K-factor should be determined, if possible, from local data for similar
facilities with similar demand eharaeteristics.

Exhibit 3-11 demonstrates how K-factors decrease as AADT inereases, on the
basis of average data froro Washington Sta te.

Exhibit 3-11
Example K.Factors by AADT

Concept otD-factor or
direction<1l distnbution.

Motorized Vehícle Mode
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AADT K-Factor Urban Recreatlonal Dther Rural

0-2,500 0.151 O 6 12
2,500-5,000 0.136 1 6 8
5,000-10,000 0.118 2 2 14
10,000-20,000 0.116 1 2 15
20,OOO-SO,OOO 0.107 11 5 10
50,000-100,000 0.091 14 O 4
100,000-200,000 0.082 11 ° °

>200000 0.067 2 O O

Source: Washington 5tate DOT (9).
Note: K-factors are I'or the 30ttl-highest traffte volume hour of the year.

Spatial Distributions
Traffie volume varies in space as well as time. The two critical spatial

eharacteristics used in analyzing capacity are directional distribution and volume
distribution by lane. Volume may also vary longitudinally along vacious
segments of a facility. HCM methods incorporate this variation by breaking
facilities into new segments at points where demand changes significantly; the
operatian of each segment is analyzed separately.

O-Factor

The O-factor is the proportion of traffie moving in the peak direction of
travel on a given roadway during the peak hours. A radial route serving strong
direetional demands into a eity in the moming and out at night may display a 2:1
imbalance in directional f1ows. Recreational and rural routes may also be subject
to significant directional imbalances, which must be considered in analyscs.
Circumferential routes and routes connecting two major cities within a
metropolitan area may have balanced flows during peak hours. Exhibit 3-12
provides examples of diredional distributions from selected California freeways.

Chapter 3jModal Charaeteristics
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~F~,e~e~w~.~yªT~ype~===================D-~F~.~ct~o~,~======:IRural-interdty 0.59
Rural-fecreationaland lnterdty 0.64
Suburbancircumferential 0.52
Suburbanradial 0.60
Urbanradial 0.70
Intraurban 0.51

5oI.lrce: California Departmeflt of Transportatioo, 2007.
Notes: Rural-intercity, I.S at Wilk)ws; rural-recreational and intercity, )-80 west of Donner Summit; suburban

circumferential, 1-680 in Danville; suburban radial, 1-80 in Pinole; urban radial, Highway 94 at 1-5, San
Diego; intraurban, 1.880 in HiI'1Ward.

Directional distribution is an important factor in highway capacity analysis.
This is particulariy true foc two-lane rural highways. Capacity and LOSvary
substantially with directional distribution becausc of the interactive nature of
directional flows on such facilities-the flow in one direction of travel influences
flow in the other direction by affecting the number of passing oppoctunities.
Procedures foc two-lane highway analyses inelude explicit consideration of
directional distribution.

While the consideration of directional distribution is not mandated in the
analysis of rnuhilane facilities, the distribution has a dramatic eHect on both
design and LOS.As indicated in Exhibit 3-12, up to two-thirds of the peak-hour
traffic on urban radial routes has been observed as moving in one direction.
Unfortunately, this peak occurs in one direction in the morning and in the
opposite direction in the evening. Thus, both directions of the facility must have
adequate capacity for the peak directional flo\\'. This characteristic has led to the
use of reversible lanes on sorne urban streets and highways.

Directional distribution is not a sta tic characteristic. lt changes annually,
hourly, daily, and seasonally. Development in the vicinity of highway facilities
often changes the directional distribution.

The D-factor is used with the K-factor to estimate the peak-hour traffic
volume in the peak direction, as shown by Equation 3-1;

DDHV = AADT X K X D

where

Exhibit 3-12
ExampleOirectional
OistributionCharacteristics

Equation 3-1

DDHV"

AADT"

K

D

directional design-hour volume (vchlh),

annual average daily traffic (veh/day),

proportion of AADT occurring in the peak hour (decimal), and

proportion of peak-hour traffic in the peak direction (decimal).

Lane Distribution

When two or more lanes are available for traffic in a single direction, the lane
use distribution varies widely. The volume distribution by lane depends on
factors such as traffic regulations, traffic compositlon, speed and volume, the
number and location of access points, the origin-destination patteros of drivers,
the development environment, and local driver habits.

Becaus€'of these factors, thcrc are no typical lane distributions. Data indicate
that the peak lane on a six-Iane freeway, for example, may be the shoulder,
middle, or median lane, depcnding on local conditions.

Chapter3/ModalO1aracteristícs
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Exhibit 3-13 gives daily lane distribution data for various vehicle types on
thrce selected freeways. These data are illustrative and are not ¡ntended to
represent typical values.

Exhibit 3-13
LaneOistributionbyVehicle
T,pe

Hi hwa

LodgeFreeway,Detroit

1-95,Connecticut
Turnpike
I-4 OrlandoFlorida

VehicleT
Ughtb

Single-unittrucks
Combil'lations
A11 vehides
Ught"

A11 vehicles
A11 vehicles

Percent pistrlbution By lane"
lane 3 lane 2 lane 1
32.4 38.4 29.2
7.7 61.5 30.8
8.6 2.9 88.5
31.3 37.8 30.9
24.5 40.9 34.6
22.5 40.4 37.1
38.4 31.7 29.9

Sources: Huber and Tracy (JO); Florida DOT, 1993.
Notes: • Lane 1 = shoulder tane; tanes numbered from right lO left.

b Passenger cars, panel tnJtks, and pickup trud<s.

The trend indicated in Exhibit 3-13 is reasonably consistent throughout
North America. Heavier vehicles tend to use the right-hand 1anes, partially
because they operate at lower speeds than other vehicles and partially because
regulations may prohibit them irom using the leftmost 1anes.

Lane distribution must a1so be considered at interse<:tions and interchanges.
lt affects how efficiently the demand for a particular movement can be served, as
well as 1ane-by-lane queue lengths. Uneven lane distributions can be a result oi
upstream or downstream changes in the number of Janes available and the pre-
positioning of traffic for downstream turning movements.

MOTORIZED VEHICLE FACILITY TYPES
Exhibit 3-14 iIIustrates the kinds of motorized vehicle facilities addressed in

the HCM. They are divided into two main categories: uninterrupted-fiow facilities,
where traffic has no fixed causes of delay or interruption beyond the traffie
stream, and interrupted-fiow facilities, where traffie eontrols sueh as traffic signals
and STOPsigns introduce deJay into the traffie stream.

Exhibit 3-14
MotorizedVehicleFacility
Types

MotorizedVehicleMode
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(a) Freeway

(e)Two-LaneHighway

(b)MultilaneHighway

(d)UrbanStreet
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Uninterrupted Flow
Freeways are fully access-controlled, divided highways with a minimurn of

two lanes (and freguently more) in each direction. Certain lanes on freeways may
be reserved for designated types oí vehicles, such as high-occupancy vehicles or
trucks. Some freeway facilities charge tolls, and their toll-collcction facilities can
create interrupted-£low conditions, 5uch as on facilities whcre to11sare paid
manually at toll plazas located on the freeway mainline. Ramps provide access to,
from, and between freeways; sorne ramps have meters that control the £lowof
trame onto a freeway segment.

MII/ti/ane highways are higher.specd roadways with a minimum of two lanes
in eaeh direction. They have zero or partial control of access. Tramc signals or
roundabouts may create periodic interruptions to £lowalong an othcrwise
uninterrupted facility, but such interruptions are spaced at least 2 mi apart.

Two-Iane highways generally have a two-Iane cross section, although passing
and c1imbing lanes may be provided periodically. Within thc two-Iane seetions,
passing maneuvers must be made in the opposing lane. Traffie signals, 5TO['-
controlled intersections, or roundabouts may occasionally interrupt flmv, but at
intervals longer than 2 mi.

Interrupted Flow
Urban streets are streets with relatively high densities of driveway and cross.

street access, located within urban arcas. The tramc fIow of urban streets is
interrupted (i.e., traffic signals, all-way stops, or roundabouts) at intervals of 2 mi
or Icss. HCM proeedures are applicable to arterial and collector urban streets,
including those in downtown areas.

EFFECTS OF OTHER MODES
Each mode that uses a roadway interacts with the other modal users of that

roadway. This sectioo examines the operational effeets of other modes on
automobiles; the effects of automobiles 00 other modes are discusscd later in the
portions of the chapter addressing thosc modes. In addition to the specific
ioteractions discussed below, changes in the amount of roadway space allocated
to particular travel modes and changes in the volume of users of a given mode
will affed the operations and guaUty of service of all the modes using the
roadway, with different modes being affected in different ways.

Pedestrians
Pedestrians interad with automobiles on interrupted.flow elements of the

roadway system. At signalized intersections, the minimum green time provided
far an intersection approach is infIuenced by the need to provide adeguate time
far pedestrians using the parallel crosswalk to cross the roadway safely. In tum,
the grecn time allocated to a particular vehicular movement affects the capadty
of and the delay experieneed by that movement. At signalized and unsignalized
intcrscctions, tuming vehicles must yield to pedestrians in crosswalks, which
reduces the capacity of and increases the delay experienced by those turning
movements, compared with a situation in whieh pedestrians are not present. The
increased delays at intersections and midblock pedestrian crossings along urban

Chapter 3jModal Characteristics
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streets that result from higher pedestrian crossing volumes lower vehicular
speeds along the urban street.

Bicycles
At interscctions, motorized vehicle capacity and delay are affeded by bieycle

volumes, particularly where tuming vehicles conflict with through bicycle
movements. However, HCM methodologies only account for these effects at
signalized interscctions. Bicyclesmay also delay motorized vehicles on two-lane
roadways in cases whcre bicycles use the travellane, causing vehicles to wait for
a gafeopportunity to pass. This kind of delay is not accounted far in the HCM
twa-Ianc roadway methodalogy, which only addresses delays associated with
waiting to pass other motorized vehicles.

Trucks and Transit
Trucks and transit vehicles are longer than passenger cars and have different

performance charaderistics; thus, thcy are treated as heavy vehicles for aH typcs
of roadway elements. At intersections, buses or streetcars that stop in the
vehicular travellane to serve passengers delay other vehicles in the lane and
reduce the lane's capacity; however, this effect is only incorporated into the
signalized intersection methodology. Spedal transit phases or bus signal priority
measures at signalized intersections affect the allocation of green time to the
various traffic movements, with accampanying effects on vehicular capacity and
delay. To accommodate truck and bus tuming radii at intersections, stop bars
may need to be set back from the intersectian. This in tum affects the time
rcquired far vehicles on those approaches to pass through the intersection and
thus the traffic signal's change and clearance intervals, all of which affect
appraach and intersection capacity.

Motorized Vehide Mooe
Page 3-16
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3. TRUCK MODE

OVERVIEW

Trucks with a gross vehicle weight rating (GVWR) in excess of 10,000 lb
account for approximately 3% of vehicles in use on highways in the United Sta tes
and accumulate about 7% of all vehicle miles traveled. They are involved in 8%
of aH fatal crashes and 3% of all crashes (11).

This chapter describes the characteristics of trucks that set them apart from
other motorized vehicles. Much oí the material in this chapter was developed by
a National Cooperative Freight Research Program project (1).

TRUCK CHARACTERISTlCS

The HCM defines trucks as a subdass of heavy vehicles, with heavy vehicles
being defined as any vehicle with more than four tires touching the ground,
regardless of the number ofaxles. The other two subclasses of heavy vehieles
within the HCM analysis framework are buses and recreational vehicles,
primarily people-hauling vehides. Trucks are the subdass of HCM heavy vehicles
dedicated primarily to moving goods, equipment, or waste. Heavy vehides
mainIy involved in construction oc maintenance are also defined as trucks.

The Federal Highway Administration (FHWA) dassifies alllarger vehicles
by the number ofaxles. FHWA divides two-axle vehicles into motorcyeles,
passenger cars, buses, and single-unit trucks, with single-unit trucks being
further split into four-tire and six-tire (dual rear wheeI) vehicles (see Exhibit 3-
15). HCM trucks faH into FHWA Vehicle C1asses 5-13. HCM buses faH into
FHWA Class 4. HCM passenger cars fall into FHWA Classcs 1-3.

The lengths, acceleration characteristics, and deceleration (braking)
characteristics of trucks are different from those of passenger cars, which affects
the amount of road capacity used by trucks. Length affects the amount of road
space occupied by the truck in comparison with a passenger cae. Acceleration
and deceleration characteristics affect trucks' safe vehiele following distances on
leve!, uphilI, and downhill grades. They also affect trucks' maximum safe downhill
spced and maximum sustainable uphill speed (crawl speed) on extended
upgrades.

Exhibit 3-16 shows a selection of representative truck characteristics by
FHWA vehicle c1ass, derived from freeway weigh-in-motion data from Florida.
Exhibit 3-17 shows how truck types are distributed by vehicle dass for urban and
rural freeways and multilane highways in Florida. Variations in truck
pereentages among facility and arca types can be substantial. The percentages
can also vary by time of day (14), although that is not shown in the exhibit.

Exhibit 3-18 shows the distribution of trucks on Califomia freeways
aceording to their weight-to-power ratio. A truek's acceleration capabilities are
tied to this ratio, as indieated in Exhibit 3-19. General1y, the higher the wcight-to-
power ratio, the lower the maximum acceleration rate and the lower the erawl
speed.

Chapter 3/MocIa! O1aracteristics
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Exhibit 3-15
FHWA Vehicle OassificatiOn
5cheme

Class

1

2

3

4

5

6

lllustration

~"'O--'-"O~

Description
Motorcydes. A11twa- or three-wheeled motorized
vehicles.

Passenger Cars. A11sedans, ooupes, and station
wagons manufactured primarily for carrying
passengers and includíng passenger cars pulling
recreational or other Iíght trailers.

other Two-Axle, Four-TireSing/e-Unit
Vehic/es. AII two-axle, tour.tire vehicles, other than
passenger cars. Generally pickup trucks, sport-utility
vehides, and vans.

Buses. AII vehicles manufactured as traditional
passenger-earrying buses with two axles and six tires
or three or more axles. Exdudes modifjed buses no
longer capable of mass passenger transporto

Two-Ax/e, Six-Tire Single-Unit Trucks. AII
vehicles on a single frame with two axles and dual
rear wheels. Includes some trucks, camping and
recreational vehicles, and motor homes.

T1rree-Axle Single-Unit Trucks. AII vehicles en a
single frame with three axles. Includes some trucks,
camping and recreational vehicles, and motor
home;,

7
Four or More AJeleSingle-Unit Trucks. AII trueks
on a single frame with four or more axles.

Four or Fewer Ax/e Single-Trailer Trucks. A11
vehides with four or fewer axles consisting of two
units, ooe of which is a tractor or straight truck
power unit.

Ii"JI••

""1i!., •
lj¡;;, ";'.'
/jI:, ","-1
~C
~

lIJC ,.r;¡J
~C,.~I

.mr c.iojJ IJ.•..' ... ' .
r ""'!A 1iJ•• , ••• ' •

•.r "'"U I.•... ' .. '.

Five-Axle Sing/e-TrailerTrucks. All five-ax!e
vehicles consisting of two units, one of which is a
tractor or straight truek power unit.

Six or More Ax/e SingJe.Trailer Trucks. Al!
vehicles with six or more ax!es conslsting of two
units, one of which is a tractor Of straight truck
power unit.
Five or Fewer Axle Multitrailer Trucks. AII
vehicles with five or fewer axles coosisting of three
or more units, one of which is a tractor Of straight
truck power unit .

Six-Axle Mu/titrailer Trucks. AlI slx.axle vehides
consisting of three or more units, ooe of which is a
tractor Of straight trua power unit.

5even or More Axle Multitrailer Truclcs. AII
vehides with seven Of more axles consisting of three
or more units, ene of which is a tractor or straight
truck power unit. Indudes triple-traíler combinations.

Adaptedfrom FHWA(U) and Maryland5tate HighwayAdministration (13).
FHWAOasses1-3 are HCMpassengercars,Oass 4 is HCMbuses.and Classes5-13 are HCMtrud<s.

9

8

10

11

12

13

SOOrces;

Note:
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FHWA
Vehicle Class

5
6
7
8
9
10
11
12
13
.11

Average
Weight (lb)

14,500
30,100
65,600
37,300
53,500
62,600
54,700
56,300
87,900
44,100

Average
length
(ft)
29
30
28
59
69
73
75
78
95

Typical
Power
{hpl
300
300
485
485
485
485
485
485
485

Typical Weight-to-
Power Ratio
(Ib{hp)

48
100
135
77
110
129
113
116
181

Exhibit 3-16
Characteristics of Trucks by
FHWA Vehicle Oass (Florida)

Source: Weights aOO Iengttls derived from Washburn aOOOzkul (14) by uslng all-day weigh-in-motion dalil 10r 12
freeway sites in Florida for 2008--2011. Typical power from Washburn aOOOzkul (14).

Notes: Class '1 is buses. Class 5 indudes six-tire pidup trod<s aOO recreatior1al vehicles, along with six-tire. 1our'
axle single-unrt trueks.

--::-"!F~HÑWY:A~__ll-::-:__fF,~e~e~w~.~v~s;::--__-r-~M~U~'t~i1~.~n~e~H~i~9~h~w~.iiv~s!-
Vehicle Class Urban Rural Urban Rural

5 28.6% 17.0% 33.6% 25.8%
6 6.6% 2.6% 16.7% 4.8%
7 1.3% 0.2% 3.5% 0.5%
8 U.2% 8.0% 10.3% 10.3%
9 48.3% 66.8% 34.9% 55.7%
10 0.6% 0.6% 0.5% 0.5%
U 2.1% 2.9% 0.3% 1.3%
12 0.9% 1.8% 0.2% 0.7%
13 0.3% 0.2% 0.1% 0.4%

Exhibit 3.17
Percentage of T rucks by
FHWA Vehicle C1ass (Florida)

Source: Washbum aOOOzkul (14), based on all-day weigh.in.mobon data for 2'1 sites in Florióa for 2008-2011.
Notes: Class 5 indudes six-tire pickup trod<s aOO recreational ~endes, along with six-tire, four.axle single-unit

trucks. lhe percentage of Class 13 in the traffic stream will depeod in part on state laws permitting Ionger
vendes such as triple trailers. Percentages can differ significantly by time of day.

Exhibit 3-18
Weight-to-Power Ratio
Distribution Example
(california)

.-,l .......,._..r- t

12]

"L10

9 ,

~
: j

e• 6
~• 5 "••

4

t321
O J.

70 100 lE 1W 1~ no 2~ ~ ]W ~ ~
Weight-to~Power Ratio (Ib/hp)

Source: Harwood et al. (15).
Notes: Number of observations '" 1,195, 25th percentile ratio ~ 112, median ratio ~ 1'11, 75th percentile ratio '"

154, 85th percentile ratio ~ 183, 95th percentile ratio ~ 198.
Weight-to-power distributions are available for other sliltes in the same re¡xlrt.
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Exhibit 3-19
Average Truck Acceleration
Rate (ft/sl) to 40 mljh

Truck Mode
Page 3-20

:~w:e;~g:h~t.~to~.¡p~o~w~e~':R:"~;O~[=~:===~St~'~r1l~-~na~S~oeed~~(~m~;~{~h~)===~~==(Ib/hDl O 10 20 30
100 1.87 1.70 1,47 1.29
200 1.22 1.08 0.96 0.79
300 0.91 0.81 0.72 0.58
400 0.71 0.61 0.50 0.36

Source: Harwood et al. (15).

The GVWR is the sum of the empty vehicle weight, fue], and maximum safe
load the vehicle can carry as certified by the manufacturero For single-unit trucks
(Classes 5-7), the GVWR ranges from 54,000 to 68,OlXllb.For semitrailer
combination trucks (Classes 8-13), the GVWR can range from 80,000 to 148,000 lb
(11). The average weight of loaded and unloaded trucks is usually substantially
less than the GVWR.

Highway load limits imposed by highway operating agencies affect which
routes certain trucks can use. Operating agencies, at their discretion, also issue
permits for oversize and overweight loads that allow one-time use (or multiple
use) of a spedfied route for loads that exceed legallimits.

Trucks carrying certain hazardous materials and certain buses must come to
a complete stop in the travellane at each at-grade railroad crossing befare
procceding, regardless of whether a train is present.

Unless the highway operating agency imposes different speed Iimits for
trucks and passenger cars, trucks can usually move at the same spceds as
passenger cars in level terrain. On long upgrades (4% or greater for 0.5 mi or
more) or long downgrades (4% or greater downgrades extending for 0.5 mi or
more), trucks will operate at lower speeds than passengers cars. This causes
turbulence when the passenger cars attempt to pass the trucks and general
reductions in overall speeds, espedally when trucks pass each other on the grade.

EFFECTS OF OTHER MOOES

TItis section examines the operational effects of other modes on the truck
mode; the effects of the truck mode on other modes are discussed in the partions
of the chapter addressing those modes.

Automobiles
A focus group of Canadian truck drivers with excellent driving records (16)

found that truck drivers felt that automobile drivers were less consistent in their
driving behavior than were truck drivers, which affected truck drivers'
perceptions of safety. This study and a study oí American truck drivers (17) also
found that while truck drivers were concerned about travel times and
maneuverability, their most important concern was their need to move at a
steady speed, without much braking or changing of gears. As a result of these
issues, nighttime was considered "premium truck traffie time," since trucks
could travel without interference from automobiles during that time and thus
have more reliable travel times (16).
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Pedestrians
The pcdestrian-automobile interaetions described previously also affeet

truek operations. However, beeause oí trueks' poorer aeeeleration eapabilities,
stops created by the need to yield to pedestrians have a more severe impaet on
truek operations than on automobile operations. lo addition, trueks have longer
brakiog distanees, and therefore pedestrians' potentially unpredictable behavior
is a greater eooeem íor truek drivers (16).

Bicycles

The bieyde-automobile interaetions deseribed previously also affeet truek
operatioos.

Transit
Buses stopping in the travellane 00 urbao streets to serve passengers have a

greater effeet on trueks thao on automobiles beeause oí (a) the greater delay
eaused by trueks' poorer aeceleration eapabilities and, 00 multilane streets, (b)
the larger gap in traffie that is required for trueks to change lanes to pass the bus.
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4. PEDESTRIAN MODE

OVERVIEW

Approximately 10% of al! trips in the United States are accomplished by
walking (18). Moreover, many automobile trips and most transit trips inelude at
least one seetion where the traveler is a pedestrian. When a network of safe and
convenient pedestrian facilities is provided and potential destinations are located
within walking distance of the trip origin, walking can be the mode of choice for
a variety of shorter trips, ineluding going to school, running errands, and
recreational and exercise trips.

HUMAN FACTORS

Pedestrians are eonsiderably more exposed than are motorists, in both good
and bad ways. Pedestrians traveI mueh more slowly than other modal users and
can therefore pay more attention to their surroundings. The ability to take in
surroundings and get exercise while doing so can be part of the enjoyment of the
trip. At the same time, pedestrians interaet eloseJy with other modal users,
ineluding other pedestrians, with safety, eomfort, travel hindranee, and other
implieations. In addition, pedestrians are exposed to the elements. As a result, a
number of environmental and perceived safety factors signifjcantly influence
pedestrian quality of serviee. In locations with large numbers of pedestrians,
pedestrian flow quality is also a consideration.

Some pedestrian flow measures are similar to those used for vehicular flow,
such as the freedom to choose desired speeds and to bypass others. Others are
related specificalIy to pedestrian fiow, such as (a) the ability to cross a pedestrian
traffie stream, to walk in the reverse direetion of a majar pedestrian flow, and to
maneuver without conflicts or changes in walking speed and (b) the deJay
experienced by pedestrians at signalized and unsignalized intersections.

Environmental faetors contribute to the walking experience and, therefore, to
the quality of service perceived by pedestrians. These factors inelude the comfort,
convenienee, safety, and security of the walkway system. Comfort factors inelude
weather proteetion; proximity, volume, and speed of motor vehiele traffie;
pathway surface; and pedestrian amenities. Convenience factors inelude walking
distances, interscction delays, pathway directness, grades, sidewalk ramps,
wayfinding signage and maps, and other features making pedestrian travel easy
and uncomplicated.

Safety is provided by separating pedestrians from vehicular traffie both
horizontally, by using pedestrian zones and other vehicle.free areas, and
vertically, by using overpasses and underpa~<;es. Traffie control devices such as
pedestrian signals can provide time separation oi pedestrian and vehicular
traffic, which improves pedestrian safety. Security features inelude lighting, open
Iines of sight, and the degree and type of street aetivity.

Chapter 4, Traffic Operations and Capacity Concepts, discusses pedestrian
flow measures, such as speed, space, and delay, while Chapter 5, Quality and
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Level-of-Service Concepts, covers the environmental factors that influence
pedestrian quality oí service.

VARIATIONS IN OEMANO

Pedestrian demand differs from that of the other modes addressed in the
HCM in that the peak pedestrian demand often occurs at midday or during the
early afternoon. Depending on the location, secondary peaks or plateaus in
demand may abo occur during the weekday a.m. and p.m. peak hours. Exhibit
3-20 shows two-directional pedestrian volume data collected in May 2004on a
sidewalk in Lower Manhattan, for an average of 5 weekdays in a week, Saturday,
and Sunday. Although weekday demand was considerably higher than weekend
demand, a single peak can be seen deariy in all three counts. Work-related trips
made up the majority oí a.m. peak-period pedestrian trips, while non-work-
related and tourist trips made up the majority of the midday and early afternoon
pedestrian trips (19).

Exhibit 3-20
IIIustrative Temporal
Variations in Pedestrian
Demand
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PEDESTRIAN FACILITY TYPES

Exhibit 3.21 illustrates the types of pedestrian facilities addressed in the
HCM. The following sections define each type of facility.
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Exhibit 3-21
Pedestrian Facility Types

(a) Sidewalk (b) Walkway (c) Pedestrian Zone

(d) Queuing Area (e) Crosswalk (f) Underpass

(g) Overpass (h) Staírway (i) Shared Pedestrian-6icyele Path

Pedestrian Hade
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Sidewalks, Walkways, and Pedestrian Zones
These three facility types are separated from motor vehiele traffie and

typieally are not designed for bicyeles ar other users, other than persons in
wheelchairs. They aecommodate higher volumes of pedestrians and provide
better levels of serviee than do similarly sized shared-use paths, because
pedestrians do not share the facility with other modes traveling at higher speeds.

Sidewalks are loeated parallel and in proximity to roadways. Pedestrian
walkways are similar to sidewalks in eonstruction and may be used to conneet
sidewalks, but they are loeated well away from the influenee of automobile
traffie. Pedestrian zones are streets that are dedieated to pedestrian use on a full-
ar part-time basis.

Pedestrian walkways are also used to conneet portions of transit stations and
terminals. Pedestrian expeetations eonceming speed and density in a transit
context are different from those in a sidcwalk eontext; the Transif Capacity and
Quality o/ Seroice Manual (20) provides mare information on this topie.

Queuing Areas
Queuing areas are places where pedestrians stand temporarily while waiting

to be served, sueh as at the comer of a signalized intersection. In dense standing
erowds, there is little room to move, and circulation opportunities are limited as
the average space per pedestrian deereases.

Olapter 3/Madal Qlaracteristics
VetSiOn 6.0



Highway Capacity Manual: A Guide for Multimodal Mobility Analysis

Pedestr1an Cro55walks

Pedestrian crosswalks, whcther markcd or unmarked, provide connections
between pedestrian facilities across scctions of roadway used by motorized
vehicles, bicycles, and transit vehieles. Depending on thc type of control used for
the crosswalk, locallaws, and driver observance of those laws, pedcstrians will
experience varying levels of delay, safety, and comfort while using the
crosswalk.

Stairways
stairways are sometimes used to help provide pedestrian connectivity in

arcas with steep hills, employing the publie right-of-way that would otherwise
contain a roadway. They are oftcn also used in conjunction with a ramp or
elevator to provide shorter access routes to ovcrpasses, underpasses, or
walkways located at a different elevation. Evcn a small number of pedestrians
moving in the opposite direction of the primary flow can significantly decrease a
stairway's capacity to serve the primary flow.

Overpasses and Underpasses

Overpasses and underpasscs provide a grade-separated route foc
pedestrians to cross wide or high-spced roadways, railroad tracks, busways, and
topographic features. Access is typically provided by a ramp or, occasionally, an
elevator, which is often supplemented with stairs. Procedures exist for assessing
the quality of pedestrian flow on these facilities, but not the quality of the
pedestrian environment.

Shared Pedestrian-Bicycle Paths

sharcd pedestrian paths typieally are open to use by nonmotorized mudes
such as bicyeles, skatebuards, and inline skaters. Shared-use paths often are
constructed to serve areas without city streets and to provide recreational
opportunities for the public. They are common on university campuses, where
motor vehicle traffic and parking are often restricted. In the United States, there
are few paths exclusively for pedestrians; most off-street paths, thercfore, are for
shared use.

an shared facilities, bicyeles-because of their markedly higher speeds-can
negatively affect pcdestrian capacity and quality of service. However, it is
difficult to establish a bicyele--pedestrian equivalent because the relationship
between the two depends on the characteristics uf the cycling population, the
modes' respective flows and directional splits, and other factors.

EFFECTS OF OTHER MODES

Autornobiles and Trucks
At signalizcd intersections, the delay experienced by pedestrians is

influenced by the amount of green time allocated to serve vehicular volumes on
the street being crossed. The volume of motorized vehicles making turos across a
crosswalk at an intersection also affects a pedestrian's delay and perception of
the intersection's quality of service.
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At unsignalized intersections, increased major-street traffic volumes affect
pedestrian crossing delay by reducing the number of opportunities for
pedestrians to cross. The effeet of motorized vehicle volumes on pedestrian deJay
at unsignalized interseetions also depends on loeallaws specifying yielding
requirements to pedestrians in crosswalks and driver observation of those laws.

Automobile and heavy vehicle traffic volumes and the extent to which
pedestrians are separated from vehicular traffie influenee pedestrians'
perceptions of quality of service while walking along a roadway.

Large intersection comer tuming radii required to aeeornmodate tuming
heavy vehicles inerease pedestrian erossing distan ces, whieh increases pedestrian
exposure, as well as the length of the pedestrian clearanee interval for the
affected crosswalks. The latter factor influences the approaeh and intersection
capacity.

Bicycles
Bieycle interaction with pedestrians is greatest on pathways shared by the

two modes. Bicycles-bccause of their markedly higher speeds-ean negatively
affect pedestrian capacity and quality of service on such pathways.

Transit
The interaction of transit vehicles with pedestrians is similar to that of

automobiles. However, beeause transit vehicles are larger than automobiles, the
effect of a single transit'vehicle is proportionately greater than that of a single
automobile. The lack of pedestrian facilities in the vidnity of transit stops can be
a barrier to transit aecess, and transit quality of serviee is influenced by the
quality of the pedestrian environment along streets with transit service.
Allhough it is not addressed by the HCM proeedures, the pedestrian
environment aJong the streets used to get to and from the streets with transit
service also influences transit quality of service. Passengers waiting for buses at a
bus stop can reduce the effective width of a sidewalk, while passengers getting
off buses may create cross flows that interaet with the flow of pedestrians along a
sidewalk.

Pedestrian Mode
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5. BICYCLE MODE

OVERVIEW
Bicydes are used to make a variety of trips, induding trips for recreation and

exercise, commutes to work and school, and trips for errands and visiting
friends. Bicydes help extend the market area of transit service, since bicydists
can travel about five times as far as an average person can walk in the same
amount of time. Although bicyde trip making in North America is lower than in
other parts of the world, severallarge North American cities that have invested
in bicyde infrastructure and programs (e.g., Portland, Oregon; Minneapolis,
Minnesota; 5eattle, Washington; Washington, O.e.; and Vancouver, Canada)
have bicyde cornmute mode splits between 4% and 6% (2012 census and local
data). Sorne college towns have even higher commute mode splits, such as
Eugene, Oregon (8%);Boulder, Colorado (12%);and Oavis, California (19%),
according to 2012 census data.

HUMAN FACTORS

Many of the measures of vehicular effectiveness can also describe bicycling
conditions, whether on exdusive or shared facilities. As with motor vehides,
bicycle speeds remain relatively insensitive to f10wrates over a wide range of
flows. Oelays due to traffic control affect bicycle speeds along a facility, and the
additional effort required to accelerate from a stop is particularly noticeable to
bicyclists. Grades, bicycle gearing, and the bicyclist's fitness level also aHect
bicycle speed and the level of eHort required to maintain a particular speed.

Sorne vehicular measures are less applicable to the bicycle mode. For
example, bicycle density is difficult to assess, particularly with regard to facilities
shared with pedestrians and others. Because of the severe deterioration of service
quality at flow levels well below capacity (e.g., freedom to maneuver around
other bicyclists), the concept of capacity has liule utility in the design and
analysis of bicycle paths and other facilities. Capacity is rarely observed on
bicycle facilities. Values for capacity thercfore reflect sparse data, generally from
European studies or from simulation.

Other measures of bicycle quality of service have no vehicular connterpart.
For example, the concept of hindrance relates directly to bicyclists' comfort and
convenience (21).During travel on a bicycle facility, bicyclists meet other
pathway users in the opposite direction and overtake pathway users moving in
the sarne direction. Each meeting or passing event can cause discornfort, delay,
or both (hindrance) to the bicyclist.

As is the case with pedestrians, environmental factors contribute
significantly to the bicycling experience and, therefore, to quality of service.
These factors include the volume and speed of adjacent vehicles, the presenee of
heavy vehicles, the presenee oí on-street parking, the quality of the pavement,
and the frequency and quality oí street sweeping and snow-clearing activities.
Chapter 5, Quality and Level.of.Service Concepts, discusses environmental and
hindrance factors, while Chapter 4, Traffie Operations and Capacity Concepts,
presents bicycle flow measures.
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E/edric and eIedric i1SSlst
bicycles are gaining popufarity.
They help address concems
such as acceIerating from a
stop and dímbing up hilis that
affect huma".powered
bicyde>.

Hlndrance as a bicycJe-specific
performance measure.

BicydeMode
Page 3-27



Highway Capacify Manual: A Guide for Mulfimodal Mobilify Analysis

Tñe greater variabi/ity in
bicycle tlJan in automobile
demiJnd ÍS pcrtly (fue to
envíronmental effects and
pcrtly due to the genera/Iy
greater viJriiJbt7ity inheTent in
Iower trafflC voIumes.

VARIATIONS IN OEMANO

Bicyde travel demand varies by time of day, day of the week, and month of
the year. AH of these variations are related to trip-making demands in general
(e.g., bicyde commuting demand is highest during weekday a.m. and p.m. peak
periods, just as with motor vehides). However, bicyclists are more exposed than
motorists to the elements and other roadway users. Dutch research shows that
weather explains up to 80% of annual variation in bicyde travel, with higher
rainfall and lower temperatures resulting in lower rates of bicycling (22).

Exhibit 3-22 iIlustrates that bicycle demand is much more variable than is
demand for motorized vehicles. The exhibit compares observed hourly bicycle
volumes on a multiuse path in Minneapolis with observed hourly vehide volumes
on a parallel freeway a couple of miles away, for 1 week in October 2013. The
daily freeway volumes are similar, with the p.m. peak-hour volume varying onIy
5% from the lowest.volume to the highest.volume day. In contrast, the bicycle
volumes show 200% variability in the p.m. peak hour, a resuIt of 1 in. of rain on
Tuesday, 0.5 in. oí rain on Monday and Thursday, 0.1 in. on Friday, and 0.01 in.
on Wednesday. The greater variability in bicycle volumes means that longer
counting periods are needed to obtain accurate bicycle demand estimates (23).
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Exhibit 3-22
IIIustrative Comparison of
Motorized Vehicle and Bicycle
Demand Variability

Sourw: Ryuset al. (ll).
Note: (a) Freeway: 1-394, Mioneapolis. (b) Multiuse patn: MKltowoGreer1way,M~oeapo!is.

Variations in bicyde demand are related to weather and daylight. For
example, Exhibit 3-23 shows observations oí bicycle demand compared with
variations in daily high temperature along a bicycle path in Colorado.

Exhibit 3-23
Example Variations in Bieyde
Demand due to Temperature
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Sourw: Lewio (24).

Bicycle Mode
Page 3-28

O1aprer 3/Modal O1aracteristics
V~6.0



Highway Capacity Manual: A Guide fer Mu/timOdal MebiJjty Analysis

Environmental effects on bicyele demand are also apparent in Exhibit 3-
24(a), which shows that the coldest and darkest months of the year have the
lowest bicyele volumes. Rainfall effects can also be observed in September, when
three times the normal rainfall ocrurred, and in adober, when one-third the
normal rainfall occurred. Exhibit 3-24(b) shows daily variations observed on a
main bicyde commuter route. Considerable differences in volume between
weekdays can be observed, and weekend demands are noticeably lower. The
demand pattern observed on a recrcational route would Iikely show higher
weekend volumes relative tú weekday volumes. Exhibit 3-24(c)shows hourly
variations observed on the same bicyde commuter route and indicates that
commuter bicyele traffic experiences a.m. and p.m. peaks.

The greater variabifity in
bicyde voIumes meilns that
fonger counting periods are
needed to obté1inaccurate
bk:yde demand estif1liJtes.
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Exhibít 3-24
IIIustrative Temporal
Variations in Bicycie Demand

(a) Monthly Variatíons
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(b) Daíly Varíations on a Commuter Route

Source: Portland Bureau o/ Transportation, Hawthorne Bridge.
Notes: (a) Data ter 2013, westllound (into downtown).

(b) Data ter July 8-September 8, 2013, westtlound, exduding the weel<.o/ August 5-11, when a bicycle
evellt OOOJrred that made Sunday the highest-volurne day of the week.
(e) Data I'or 2008, irduding both travel directions.

BICYCLE FACILITY TYPES

Exhibit 3-25 illustrates the types of bicycle facilities addressed in the HCM.
The facilities are divided into two types, on-street and off-street, and indude
situations in which a facility is shared with users of another mode (e.g., a lane
shared by bicyclists and motor vehicle traffic or a pathway shared by bicyelists
and pcdcstrians).
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Exhlbit 3.25
Bicy<:leFacility Types

(a) Shared Lane

(d) Buffered Bícyele Lane

(b) Bieyde Lane

(e) Sídepath

(e) Paved Shoulder

(f) Exclusive Pathway

Bicyele Mode
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On-Street Bicycle Facilities
On.street bicyele facilities inelude roadways 00 which bicyeles share a travel

lane with motorized vehicular traffic; dedicated on-street bicycle lanes; paved
roadway shoulders available for use by bicyelists; and buffered bicyele lanes,
where a painted island separates bicycle and motorized vehicle traffie. Bicycle
£lowis typically one.way, but sorne hvo-way facilities have been developed. The
quality of bicycle £low,safety, and the bicyeling environment are aH
considerations for these types of facilities.

Off-Street Bicycle Facilities
Off-street bicyele facilities eonsist of pathways dedieated to the exclusive use

of bicyclists and pathways shared with pedestrians and other types of users.
These types oCfacilities may be located parallel and in proximity to roadways
(sidepaths), or they may be completely independent facilities, such as reereational
trails along former railroad rights-of-way and off-street pathways of the kind
found in city parks and on college eampuses. Bicycle flow along these types of
facilities is typically two-way and is often shared with users of other modes. The
number of meeting and passing events between cyclists and other path users
affects the quality of service for bicyclists using these facility types. The presence
and design of driveways and intersections may affeet the quality of service of
bicyclists on sidepaths but is not addressed by HCM procedures.

EFFECTS OF OTHER MODES

Automobiles
Traffie volumes and speeds, the presence of on.street parking (which

presents the polential for bicyclists to hit or be hit by car doors), and the degree
to which bicyelists are separated from traffie aHinfluence bicyclists' perceptions
of the quality of service received during use of an on.street bicycle facility.
Turning vehicles, particularly right-tuming vehicles that cross the path of
bicyclists, also affect quality of serviee.
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Pedestrians
The eHect oí pedestrians on bicydes is greatest on pathways shared by the

two modes. Pedestrians-because oí their markedly lower speeds and tendency
to travel in groups several abreast-can negatively affect bicyde quality of
service on such pathways. Bieydists must yield to crossing pedestrians, and the
signal timing at intersections reflects, in part, the time required for pedestrians to
cross the street.

Transit Vehicles and Trucks
Transit vehicles and trucks interact with bicydes in much the same way as

automobiles. However, beca use of the greater size of these vehides and the
potential for wind blast, the eHect of a single vehicle is proportionately greater
than that of a single automobile. Heavy vehide blind spots can also create safety
issues when these vehides make right turns across bicyde facilities.

Buses affect bicyclists when they pull over into a bicycle lane or paved
shoulder to serve a bus stop; however, this impact is oot accounted for in HCM
procedures. Although not addressed by HCM procedures, the availability of
good bicyde access extends the capture shed oí a transit stop or station, and
when bicydes can be transported by transit vehicles, transit service can greatly
extend the range of a bicyde trip.
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6. TRANSIT MODE

OVERVIEW
Transit plays two major roles in North America. First, it accommodates choice

riders-those who choose transit for their mode of travel even though they have
other means available. These riders choose transit to avoid congestion, save
money on fuel and parking, use their travel time productively for other activities,
and reduce the ¡mpad of automobile driving on the environment, among other
reasoos. Transit is essential for mobility in the central business districts of sorne
major cities.

The other major role of transit is to provide basic mobility for segments of
the population that are unable to drive for age, physical, mental, or financial
reasons. In 2009, about 31% of Americans and Canadians did not have a driver's
license (25, 26) and depended on others to transport them (e.g. , in automobiles,
in taxis, on transit) or walked or biked. These transit users have been termed
trQllsit-dcpclldcnt or captive riders.

HUMAN FACTORS

Unlike other modes, uansit is
prifT/ilrily focused on a service
rather than a faolity.

In evafuating priority measures
for uansit, the number of
peopIe affected is often more
relevant than the number of
vehides affected.
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Transit passengers frequently rely on other modes to gain access to transito
Typical transit users do not have transit service available at the door and must
walk, bicycle, or drive to a transit stop and walk or bicycle from the transit
discharge point to their destination. Consequently, transit use is greater where
population and job densities are higher and access options are good.

Unlike the other modes addressed in the HCM, transit is primarily focused
on a service rather than a facility. Roadways, bicycle lanes, and sidewalks, once
constructcd, are generally available at aH times to users. Transit service, in
contrast, is only available at designated times and places. Another important
difference is that aH transit users are passengers, rather than drivers, and not in
direct control of their trave1. Thus, the frequency and reliability of service are
important quality.of.service factors for transit users. Travel speed and comfort
while making a trip are also important to transit users.

Transit is about moving people rather than vehicles. Transit operations at
their most efficient level involve relatively few vehicles, each carrying a large
number of passengers. In contrast, roadway capacity analysis typically involves
relatively large numbers of vehicles, most carrying only a single occupant. In
evaluating priority measures for transit, the number of people affected is often
more relevant than the number of vehides.

VARIATlONS IN OEMANO
Similar to other modes, transit passenger demand has distinct peaking

patterns. Although these patterns typically coincide with peak commuting
periods and-in many cases-school schedules, the pattems can vary
substantially with the size and type of transit market being served. As an
illustration, Exhibit 3-26 shows peaking patterns associated with four transit
systems (20):
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• Wausau, Wisconsin (2011population 39,000),a relatively smal!
community where school travel dominates transit demand patterns;

• Fairfax City, Virginia (population 25,000),a suburb oí Washington, D.C.,
whose two-line bus system serves both commuter demands into the
center of the region and student demands from the region to the
university located in the city;

• Edmonton, Alberta, Canada (population 812,000),a sprawling city with
bus and light rail service, a major university, and significant downtown
employment; and

• New York City (population 8.2 million), a very dense city offering a
variety of transportation options.
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Exhibit 3.26
IIIustrative TIme-of-Day
Variations In Transit Demand
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Sources: Lu and Reddy (.l1), Ctty o/ Edmonton (.l$), Coflnetics Transport<ltion Group (29), Urbltran Assodates
and Abrams-Qlel'WQny & Associates (30, presente<! in !he TriJ/ISirC3pacity an<fQuafity ofSelVice
Manual {2IJ¡.

In al! cases, an a.m. and a p.m. peak can be ohserved, but the sharpness of
the peak differs from one location to the next. As regional population ¡ncreases
and the difference between peak.direction and off-peak-direction travel demand
lessens, the relative size of the peak decreases. This characteristic has
implications for the number of transit vehicles and drivers nceded to provide
scrvice-fewer vehicles and drivers are nceded solely to serve peak demand
when smaller peaks exist-which, in turn, affects transit operating costs (20).
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ON-STREET TRANSIT CHARACTERISTICS
The TCQSMcomprehensively
addresses transit modes. The HCM addresses only those fixed.route transit modes that operate on

roadways and interact with other roadway users. These modes are buses,
streetcars, and light rail, ilIustrated in Exhibit 3-27 and described briefly in the
following sections. The Transit Capacity a"d Quality ofSeroice Manllal (20)
comprehensively describes transit mode characteristics.

Exhibit 3.27
TransitModesAddressedin
the HCM

(a) Bus (b) Streetcar (e) Ught Rail

Exhibit 3.28
Transit BusAcceleration
Characteristics
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Bus
The bus mode is operated by rubber.tired vehicles that follow fixed routes

and schedules along roadways. Although the electric trolleybus (a bus receiving
its power from overhead electric wires) and bus rapid transit are c1assified as
separate modes by the Federal Transit Administration, for HCM purposes they
are treated as buses. The bus mode offers considerable operational flexibility.
Service can range from local buses stopping every two to three blocks along a
street, to limited-stop or bus rapid transit service stopping every Vi to 1 mi, to
express service that traveIs along a roadway without stopping. Exhibit 3-28
provides typical acceleration characteristics of transit buses.

:--:------l"iA~v~"~.;,~, IT;~m~'~t;o~R~';"¡¡h~s~p~';'d¡:¡;"j"JTA~V~,~,,~g~'~A~<~"~I,;,i.;¡tiO~";:¡;'O~S~P~';'d~lft~I~'JJ.
Bus Type 10 mi/h 20 mi/h SOmi/h 20 mi/h SOmi/h
40-ft standarddiesel 5.0 8.7 33.2 304 2.2
45-ft motor coachdiesel 4.0 7.4 27.1 4.0 2.7
60-ft articulateddiese! 4.()-4.7 9.1 42.3-43.6 3.2 1.7
Doubledeckdiese! 6.2 lOA 43.6 2.8 1.7
60-fI:articulatedh brld 3.8 8.6 35.2 304 2.1

Source: Hemily and King (Ji).

Streetcar and Light Rail
The streetcar and light rail modes are operated by vehicles that receive

power from overhead electric wires and run on tracks. streetcars tend to be
shorter and narrower, to be more Iikely to operate in mixed traffie, and to have
shorter stop spacings than light rai! trains.

ON-STREET TRANSIT FACILITY TYPES

Mixed Traffic
More than 99%oí the bus route miles in the United States are operated in

mixed traffic. In contrast, most rail route miles-other than portions oí streetcar
lines-operate in sorne form oí segregated right-of-way. In mixed traffie, transit
vehicles are subject to the same causes oí delay as are other motorized vehicles,
and they need to stop periodically to serve passengers. These stops can cause
transit vehicles to faHout oí any traffic signal progression that might be provided
along the street and to incur greater signal delay than other vehicles.

Chapter3/ModalCharacteristics
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Exclusive Lanes
Exclusive lanes are on.street lanes dedicated for use by transit vehicles on

either a full-time or a part-time basis. They are generally separated from other
lanes by just a stripe, and buses may be able to leave the exclusive lane to pass
buses or obstructions such as deJivery trucks. Right-turning traffic, bicycles,
carpools, and taxis are sometimes allowed in exclusive bus limes. Generally, no
other traffic, with the possible exception of transit buses, is allowed in exclusive
lanes provided for raH transit vehicles. Exclusive lanes allow transit vehicles to
bypass queues of vehicles in the general traffic lanes and reduce or eliminate
delays to transit vehicles caused by right-tuming traffie. Therefore, these lanes
can provide faster, more reHable transit operations.

On-Street Transitways
Buses and trains sometimes operate within a portion of the strect right-of-

way that is physically segregated from other traffic: in the median or adjacent to
one side of the street. No other traffic is allowed in the transitway. The amount of
grcen time allocated to transit vchicles may be different from the amount of time
allocated to the parallel through movements-for example, it might be reduced
to provide time to serve conflicting vehicular tuming movements.

EFFECTS OF OTHER MODES

Automobiles and Trucks
Higher motorized vehicle volumes result in greater delays for all traffic,

including buses. In locations where buses pull out of the travellane to serve bus
stops and yield-to-bus laws are not in place (or generally observed), buses
experience delay waiting for a gap to puB back into traffic after serving a stop.
Day-to-day variations in roadway congestion and trip-to-trip variations in
making or missing green phases at signalized intersections affect bus schedule
reliability. No HCM techniques exist to predict this impacto

Pedestrians
Transit users are typieally pedestrians immediate1y before and after their trip

aboard a transit vehicle, so the quality of the pcdestrian environment along
access routes to transit stops affects the quality of the transit trip. Pedestrians can
delay buses in the same way that they delay automobiles, as described earlier in
this chaptee.

Bicycles
In loeations where buses pull out of the travellane to serve bus stops,

bicycles may delay buses waiting for a gap to pull back into traffic, similar to
automobiles. Transit users may be bieyclists befare or aftcr thcir trip, so the
quality of the bicycling cnvironment along aceess routes to transit stops and the
ability of bicyclists to bring their bicycles with them on a transit vehicle influence
the quality of the transit trip.

Chapter 3/Modal Characteristics
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1. INTRODUCTION

OVERVIEW

The relationships between volume (fIow rate), speed, and density are among
the most fundamental in transportation engineering and can be used to describe
traffic operations on any roadway. Similar principies apply to the pedestrian and
transit modes, while bieyele speeds are primarily affccted by facility grade and
conditions, interactions with other modes, and bieyelist age and fitness level.

Capacity represents the maximum sustainablc hourly fIow rate at which
persons or vehieles reasonably can be expected to traverse a point or a unifonn
segment of a lane or roadway during a given time period under prevailing
roadway, environmental, traffic, and control conditions. Reasonable expectaney
is the basis for defining capacity. A given system elemenfs capacity is a fIow rate
that can be achieved repeatedly under the same prevailing conditions, as
opposed to being the maximum f10wrate that might ever be observed. Since the
prevailing conditions (e.g., weather, mix of heavy vehieles) will vary within the
day or fram one day to the next, a system elemenfs capacity at a given time will
also vary.

CHAPTER ORGANIZATION
Chapter 4 describes how basic traffic operations relationships apply to the

four travel modes covered by the Highway Capacify Manual (HCM).

Section 2 pravides basic traffic operations relanonships for the motorized
vehiele mode, introduces the concept of travel time reliability, and describes
additional parameters that can be used to describe aspects of traffic fIow on
interrupted- and uninterrupted-flow system elemenls. This section also provides
capacity concepts for the motorized vehicle mode and describes three
approaches for estimating traffic fIow parameters.

Section 3 presents speed, fIow, and density relationships for the pedestrian
mode and capacity concepts for pedestrian circulation and queuing areas.
Section 4 pravides bicycle flow parameters and capacity concepts and describes
the importance of stops and delay as measures ofbicycle traffic operanons.
Finally, Section 5 describes the bus operations, bus vehicle, roadway
infrastructure, traffic control, and passenger characteristics that influence bus
speeds. The scction also presents transit vehicle and person capaaty concepts.

RELATED HCM CONTENT
Several of the operational performance measures presented in Chapter 4

(speed, delay, and density, in particular) are used in Chapter 5 to describe the
quality of service provided by a roadway, or-in the case ol the volume-to-
capacity (demand-to-capacity) ratio-are used to define the threshold between
Levels of Service (LOS)E and F.

Details of traffic operations and capacity relationships speafic to a particular
system elemcnt (for example, speed-flow curves for freeways) are provided in
the "capacity concepts" subsections of the chapters in Volumcs 2 and 3.

Chapter 4[Traffic Operations aOO Cilpacity COncepts
Version 6.0

VOLUME 1: CONCEPTS
1. HCM User's Guide
2. Applications
3. Modal Characteristics
4. Traffie Operations and
Capadty Concepts

5. Quality aOO Level-of.Sefvice
Concepls

6. HCM and Alternative
Analysis Tools

7. lnterpreting HCM aOO
Altemative Too! Results

8. HOl Primer
9. Glossary and Symbols
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2. MOTORIZED VEHICLE MODE

A few basic parameters-volume, flow rate, SpL'Cd,and dcnsity-can be used
to describe traffic operations on any roadway. In the HCM, volume, flow rate,
and speed are parameters common to both uninterrupted- and interrupted-flow
facilities, but density applies primarily to uninterrupted flow. Sorne parameters
related to flow rate, sueh as spacing and headway, are also used for both types of
facilities. Other parameters, sueh as saturation flow and gap, are specific to
interrupted flow.

FIow rate is the equivafent
hourly voIume that woufd
occur ff a subhourly flow was
sustained for an entire hour.

Observed voIumes may ref1ect
capacity CVf1straints rather
than true demand. Demand is
usually the des/red input ro
H01 anatyses, although it is
no( a/ways easy ro determine.

Motorized Vehide Mode
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BASIC MOTORIZED VEHICLE FLOW PARAMETERS

Volume and Flow Rate
Volume and flow rate are two measures that quantify the number of vehides

passing a point on a Jane or roadway during a given time intervai. These terms
are defined as íollows:

• Volume-the total number of vehides passing over a given point or
section of a lane or roadway during a given time interval; any time
interval can be used, but volumes are typicaIly expressed in terms of
annuaI, daily, hourly, or subhourly periods.

• Flow rate-the equivalent hourly rate at which vehicJes pass over a given
point or section of a lane or roadway during a given time intervaI oí less
than] h, usually ]5 min. This chapter íocuses on flow rate and the
variations in flow that can occur over the eourse of an haur.

There is a distinction between volumc and flow rate. Volume is the number
oí vehicJes observed or predieted to pass a point during a time intervai. Flow rate
represents the number of vehic1espassing a point during a time interval less than
] h, but expressed as an equivalent hourly rate. A flow rate is the number of
vehic1esobserved in a subhourly period, divided by the time (in hours) of the
observation. For example, a volume oí]OOveh observed in a ]5-min period
implies a f10wrate of]OOveh divided by 0.25 h, or 400 veh/h.

Valume and flow rate are variables that help quantify demand, that is, the
number oí users (often expresscd as the number oí vehic1es)who desire to use a
given system eIement during a specific time period, typicalIy ] h or ]5 min.
Volume and flow rate also help quantify capacity, that is, the number of users
who can. use a given system element during a specific time peTiod.As discussed
in Chapter 3, Modal Characteristics, observed voIumes may reflect upstream
capacity constraints rather than the true demand that would exist without the
presence of a bottlcncck.

In many cases, demand volumes are the desired input to HCM analyses.
(The analysis of traffic conditions downstream of a bottleneck that is not planned
to be removed is an example of an exception.) When conditions are
ulldersaturated (Le.,demand is less than capacity) and no upstream bottlenccks
exist, demand volume at a location equivalent to the measured volume at that
location can be assumcd. Otherwise, ascertaining demand requires a count oí
undersaturated traffie upstream oí a bottleneck (i.e., a count of arrival volume

O1apter 4{Traffic Operations and capacity Concepts
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rather than departure volume) (1).When the queue from a bottleneck extends
past the previous intersection or interchange, how much of the traffic
approaching the end of the queue is actually destined for the bottlcneck location
may not be easy to determine. Furthermore, as illustrated in Chapter 3, demand
pattems may change after a bottleneck is removed. Nevertheless, where
bottlenecks exist, neglecting to use demand volumes as inputs to HCM
methodologies will produce results that underestimate the presence and extent
of congestiono In other words, using observed volurncs instead of dcmand
volumes willlikely lead to inaccorate HCM results.

IJsing field-measured voIumes
as inputs lo He'" methods
witllout accounting for demand
upstream of a bottfeneck WlIf
lead lo Inaccurate resufts, such
as demand-to-capadty ratios
tIIat can never exceed 1.

Subhourly Variations in Flow
Flow rates typically vary over the course of an hour. Exhibit 441 shows an

example of the substantial short-term fluctuation in flow rate that can oceur
within an hour. Data from the approaches to an all-way sror-controlled
intersection are used. In this data set, the S-min flow rate ranges from a low of
1,248veh/h to a high of 1,764veh/h, compared with a total peak hour entering
volume of 1,516veh. Designing the intersection to aceornmodate the peak hour
volume would eesult in oveesaturated conditions for a substantial portion of the
hour.

Even when hourfy voIumes are
Iess t/lan a system element's
capacity, Ihw rates within an
hour may exceed capadty,
creatli"/I} oversawrated
conditions.

Exhibit 4-1
Differences Between Short-
Term FIow Rates and Hourly
Demand VoIumes
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I cS-mln FIow Rates -Rolllng lS-min FIow Rates
Note: sw 72nd Avenue al Dartmouth Street, T1gard, Oregon, 2008.

HCM analyses typically considee the peak 15 min of flow during the analysis
houe. As iIlustrated in Exhibit 4-1, the use of a peak 15.min flow rate
accommooates nearly all the variations in flow during the hour and therefore
provides a good middle ground between designing for hourly volumes and
dcsigning for the most extreme S-mio flow rateo

Since inputs to HCM procedures are typically expressed in terms of hourly
demands, the HCM uses the peak hour factor (PHF) to convert ao hourly volume
into a peak 15-min flow rate. Although traditionally caBed a "peak hour" factor,
a PHF is applicable to any analysis houe, peak or off-peak. The PHF is the ratio of
total hourly volume to the peak flow rate within the hour:

hourly volume
PHF = ------------

peak flow rate (within the hour)

Peak hour factor (PHF)
defined.

Equation 4-1

Chapter 4/Traffic Operations and capacity Concepts
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Equation 4-2

If 15-min periods are used, the PHF may be eomputed by Equatjon 4-2:
V

PHF=--
4xV1S

where

PHF'

V.

V"

peak hour factor,

hourly volume (veh/h), and

volume during the peak 15 min of the analysis hour (veh/15 min).

Equation 4-3

Speed parameters.

Average travel speed is a type
of sp;Ke mean speed.

Motorized Vehide Mode
Page 4--4

When the PHF is known, it can eonvert a peak hour volume to a peak flow
rate, as in Equation 4-3:

V
v=--

PHF
where v is the flow rate for a peak 15-min period, expressed in vehicles per hour,
and the other variables are as defined previously.

Equation 4-3 does not need to be used to estimate peak f10w rates if traffic
counts are available; however, the ehoscn count interval must identify the
maximum 15-min flow periodo Then the rate can be computed directly as 4 times
the maximum l5-min rount and the PHF would take the value 1.00.

Lower PHF values signify greater variability of flow, while higher values
signify less f10w variation within the hour. When hourly counts are used, the
PHF can range from 1.00, indicating that the same demand oecurs during eaeh
15-min petiod of the hour, to a theoretical minimum of 0.25, indicating that the
entire hourly demand oecurs during the peak 15 min. PHFs in urban areas
generally range between 0.80 and 0.98. PHFs over 0.95 are often indicative of
high traffic volumes, sometimes with eapacity eonstraints on flow during the
peak hour. PHFs under 0.80 oecur in loeations with highly peaked demand, sueh
as sehools, factories with shift changes, and venues with scheduled events.

Speed
Although traffic volumes provide a method of quantifying capacity values,

speed (or its reciprocal, travel time rate) is an important measure of the quality of
the traffie service provided to the motorist. It helps define LOS for two-lane
highways and urban streets.

Spced is defined as arate of motion expressed as distanee per unit of time,
generalIy as miles per hour (mi/h). To eharaeterize the speed of a traffie stream, a
represcntative value must be used, because a broad distribution of individual
speeds is observable in the traffic stream. Several speed parameters can be
applied to a traffie stream. Among them are the following:

• Average travel speed. The length of a roadway segment divided by the
average travel time of vehicles traversing the segment, including aH
stopped delay times. It is a type of space mean speed because the average
travel time weights the average by the time each vehicle spends in a
defined roadway scgment or spaee.

Chapter 4{Traffic Operations and capadty Concepts
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• Time mean si'ced. The arithmetic average of speeds of vehieles observed
passing a point on a highway; also referred to as the average spot spced. The
individual spccds of vehieles passing a point are recorded and averaged
arithmetically. The time mean speed is always equal to or higher than the
space mean speed. The two are egual only when the speeds of all vehieles
in the traffic stream are equal.

• Free-jlow spccd. The average speed of vehieles on a given segment,
measured under low-volume conditions, when drivers are free to drive at
their desired spced and are not constrained by the presenee of other
vehieles or downstream traffie control devices (Le., traffic signals,
roundabouts, or STOPsigns).

• Average nWllillg speed. A traffie stream measure based on the observation
of travel times of vehicles traversing a section of highway of known
length. It is the length of the segment divided by the average running
time of vehieles that traverse the segment. Running time ineludes only
time during which vehieles are in motion.

For most of the HCM procedures using speed as a service measure, average
travel speed is the deHning parameter. On uninterrupted-flow facilities operating
with undersaturated fiow, the average travel speed is equal to the average
running speed.

80th time mean speed and spaee mean speed can be calculated from a
sample of individual vehiele speeds. For example, three vehieles are reeorded by
a spot sensor (e.g., loop detectors, radar) with speeds of 30, 40, and 50mi/h in the
middle of al-mi roadway segment. The travel times for the sarne vehieles over
the l-mi segment are measured as 2.0 min, 1.5min, and 1.2min, respectively (Le.,
by recording the times the vehieles enter and exit the segment). The time mean
speed is 40 mi/h, eakulated as (30+ 40 + 50mi/h)/3. The space mean speed is 38.3
mi/h, ealculated as (60min/h) " [3/(2.0+ 1.5+ 1.2min/mi)}.

Space mean speed is reeommended for HCM analyses. Speeds are best
measured by ubserving travel times over a known length of highway. For
uninterrupted-flow facilities operating in the range of stable fiow, thc Icngth may
be as short as several hundred feet fur ease of observation.

Density
Density is the number uf vehieles occupying a given length of a lane or

roadway at a particular instant. For the computations in this manuaL density is
averaged over time aod is usualIy expressed as vehicles per mile (veh/mi) or
passenger cars per milI.'(pe/mi).

Measuring density direetly in the Held is difficult: it requires a vantage paint
for photographing. videotaping. or observing significant lengths of highway.
However, density can be computed from the average travel speed and £law rate,
which are measured more easily. Equation 4-4 is used for undersaturated traffie
conditions.

Density (veh/mi) = now rate (vehjh)
average travel speed (mijh)

Chapter 4{Trafflc Operations and capadty Concepts
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A fieId.measured time mean
speed wllf iJ/ways be higher
thiJn the spcce mean speed,
unfess al! ve/lides in !he tTaffic
stream tTavef al !he same
speed, in which case the time
mean speed wifl equal !he
space mean speed.

Free-ffow speed reffects
drivers' desire(f speed,
unconstrained by other
vehicJes or [Taffie control.

Average rvnning speed on/y
considers time spent in motion.
lt is aiso a type of spcce mean--

Compuhng density.

Equation 4-4
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A highway segment with a flow rate of 1,000 veh/h and an average travel
speed of SO mi/h would have a density of (1,000 veh/h) / (SO mi/h) = 20 veh/mi.

Density is a eritical parameter for uninterrupted-flow facilities beeause it
eharaeterizes the quality of traffie operations. It describes the proximity of
vehicles to one another and refleets the freedom to maneuver within the traffie
stream.

Roadway oerupaney is frequently used as a surrogate for density in control
systems because it is easier to measure (most often through equipment sueh as
loop deteetors). Oerupaney in spaee is the proportion of roadway length eovered
by vehides, and ocrupaney in time identifies the proportion of time a roadway
eross seetion is oerupied by vehicles. However, unless the length of vehicles is
known precisely, the eonversion from occupaney to density involves sorne error.
A textbook (2) discusses derivation of oecupaney and its relationship to density.

Relationships among density,
speed and flow (ate, and
headway and spadng.

Equiltion 4-5

Equiltion 4-6

Equation 4-7

Motorized Vehicle Mode
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Headway and Spacing
Headway is the time bet'ween sueeessive vehicles as they pass a point on a

lane or roadway, measured from the same point on eaeh vehide. Spacing is the
distanee between suecessive vehicles in a traffie stream, measured from the same
point on eaeh vehicle (e.g., front bumper, front axle).

These eharaeteristies are microseopic, beeause they relate to individual pairs
of vehides within the traffie stream. Within any traffie stream, both the spacing
and the headway of individual vehicles are distributed over a range of values,
generally related to the speed of the traffie stream and prevailing eonditions. In
the aggregate, these mieroseopic parameters relate to the macroseopie flow
parameters of density and flow rateo

Spacing can be determined direetly by measuring the distanee between
eommon points on suecessive vehides at a particular instant. This generaIly
requires eostly aerial photographie techniques, so that spacing is usual1y derived
from other direet measurements. Headway, in contrast, can be measured with
stopwateh observations as vehides pass a point on the roadway.

The density of a traffie stream is directly related to the average spacing
between vehicles in the traffie stream:

Density (vehjmi) S.280ft/mi
average spacing (ft/veh)

The flow rate of a traffie stream is directIy related to the average headway of
vehicles in the traffic stream:

Flow rate (vehjh)= 3.600 s/h
average headway (s/veh)

Finally, the relationship between average spacing and average headway in a
traffie stream depends on speed. This reIationship can be derived from the
preeeding two equations and the speed-flow-density relationship (Equation 4-4):

A h d (/ h) average spacing (ftjveh)
verage ea way s ve = averagetravel speed (ftjs)

This relationship also holds for individual headways and spacings between
pairs of vehicles. The speed used is that of the seeond vehicle in a pair.

Chapter 4/Traffic Operatioos and capacity Concepts
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Relationships Among Basic Parameters
Eguation 4.4 cites the basic relatíonship among thc three parameters,

describíng an uninterrupted traffie stream. Although Equation 4-4 allows for a
given flow rate to occur in an infinite number of combinations of speed and
density, additional relatíonships restrict thc varíety of flow conditions that can
occur at a location.

Exhibit 4-2 shows a generalized, theoretical representation of these
relationships, which are the basis for the capacity analysis of uninterrupted-flow
facilities. The f1ow-density funetion is placed dírectly below the speed-density
relationship because of theír common horizontal scales, and the speed-flow
function is placcd next to the speed-dcnsity relationship because of their
eommon vertical scales. The speed ín all cases ís space meal1 speed.
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o.. o,

Density (veh/ml/ln)
o v.
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Exhibit 4-2
Genera!ized Relationships
Among Speed, Density, and
Flow Rate on Uninterrupted-
Flow Facilities
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The form of these functions depends on the prevailing traffie and roadway
conditions on the segment under shtdy and on the segment length. Although the
diagrams in Exhibit 4-2 show continuous curves, the full range of the fundions is
unlikely to appear at any particular location. Real-world data usually show
discontinuities, with parts of the curves not present (2). Exhibit 4-3 shows that
the real-world relationship betwcen speed and undersaturated How on freeways
consists of a sedion of constant speed, followed by a section of dedining speed
until capacity is reached, unlike the idealized parabola shown in the speed-flow
curve in Exhibit 4-2. Exhibít 4-3(a) shows a relatively complete curve, whíle
Exhibit 4-3(b) has discontinuitíes. In addition, Exhibit 4-3 shows that a regíon of
queue discharge Howexists between the two parts of the curves, where vehicles
transition from oversaturated flow baek to undersahtrated How aftcr cxíting a
bottleneck.

Chapter 4/Traffic Operations and Cdpacity Concepts
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Unders.3turated, oversaturated,
and queue disc!large t!ow
conditions were introduced in
Section 5of OIapter 2,
AppliúJtiOns.

Motorized Vehicle Mode
Page 4-7



Highway Capacify Manual: A Guide fer Mulfimedal Mebility Ana/ysis

~,:.~.~.';--lo.--:-o-~¥
,¡,; • "'.~'::_.:-~--.----;-' .

..
. ')~:\-•. ,.....-~

3,000

.~.'.~~

500 1,000 1.500 2,000 2,500
Flow Rate (veh/h/ln)

(b) I-BOS, San Diego, California

.,
: :t~,-r-~..;..:~;: : .

~so!-4O}:
"O

O2,500500 1,000 1,500 2,000
Flow R<>te(veh/hfln)

(a) 1-405, los Angeles, California

'"
"60
~'"!4O
}:
"O

O

Note thJt t!Ie reiJl-world
speed-fJow anves in
Exhibit 4-3 are not the
ideafized paraoola indicateó in
Exhibit 4-2. !he other
re!ationships in Exhibit 4-2
therefore also have somewhat
different shapes in t!Ie reiJl
world.

Exhibit 4-3
Example Freeway Speed-Flow

"''''

Soon::e: Derived from Califomla Department of Transportation data, 2008.

The curves of Exhibit 4-2 illustrate several signifieant details. A zero flow
rate oeeurs under two different eonditions. The first is when there are no vehicIes
on the segment-density is zero, and flow rate is zero. Speed is theoretical for
this eondition and would be seleeted by the first driver (presumably at a high
value). This free-jlow speed is represented by FFS in the graphs.

The second eondition occurs when density becomes so high that aH vehicIes
must stop-the speed and flow rate are zero because there is no movement and
vehicIes cannot pass a point on the roadway. The density at which aH movement
stops is caBed jam densify, denoted by Di in the diagrams.

Between these two extreme points, the dynamics of traffic flow produce a
maximizing effect. As flow increases from zero, density also ¡ncreases because
more vehicIes are on the roadway. When this happens, speed declines because of
the interaction of vehicles. The decline is negligible at low and medium densities
and flow rates and vehicles operate at the free-f1ow speed, as illustrated in
Exhibit 4-3. As density increases, the generalized curves suggest that spL'ed
decreases significantly before capadty is achieved. Capacity is reached when the
product of density and speed results in the maximum f10w rate. This condition is
shown as the speed at capadty S"'P (often called critica/ speed), density at capacity
D"",(sometimes referred to as critica/ density), and maximum flow v••.

The slope of any ray drawn from the origin of the speed-flow curve
represents the inverse of density, on the basis of Equation 44. Similarly, a ray in
the f1ow-density graph represents speed. As examples, Exhibit 4-2 shows the
average free-f1ow speed and speed at capacity, as well as optimum and jam
densities. The three diagrams are redundant-if any one relationship is known,
the other two are uniquely defined. The speed-density fundion is used mostly
for theoretical work; the other two are used in this manual to define LOS for
freeways and multilane highways.

Exhibit 4.2 shows that any flow rate other than capacity can occur under two
conditions, one low density and high speed and the other high dcnsity and low
speed. The high-density, low-speed side of the curves represents oversaturated
flow. Sudden changes can occur in the state oí traffic (Le., in speed, density, and
f10w rate). LOS A through E are defined on the low-density, high-speed side of
the curves, with the maximum-flow boundary of LOS E placed at capacity; in

Motorized Vehide Mode
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contrast, LOSF, which descrihcs oversaturated and queue discharge traffic, is
represented by the high-density, low-speed part of the curves.

TRAVELTIME RELIABILITY

Sources of Travel Time Variability
The travel time experienced by a traveler on a given roadway facility varies

from one trip to the next. The variation is a result of the following:

• Recurring variations ill demalld, by hour of day, day of week, and month of
year;

• Severe weatller (e.g., heavy rain, snow, poor visibility) that affects capacity
and drivers' choice of free-flow speed;

• lncidents (e.g., crashes, stalls, debris) that affect capacity and drivers'
choice of free-flow speed;

• Work zolles that reduce capacity and (for longer-duration work) may
influence demand; and

• SpeciaI evmts (e.g., major sporting events, large festivals or concerts) that
produce temporary, intense traffic demands, which may be managed in
part by changes in the facility's geometry or traffic control.

In contrast, the HeM's core freeway and urban street facility procedures
(Chapters 10and 16, respectively) describe the travel time of an average trip
along a facility dunng a user-dcfined analysis period, typically the peak 15min of
a peak hour, under specific conditions (e.g., good weather, no incidents). Since
this travel time is an average, conditions will be better at certain times of the day
or on certain days during the year, because of lower-than-average traffic
demands. There will also be days when travel will take much more time, because
of incidents, severe weather, unusually high demand levels, or a combina non.

Defining and Expressing Reliability
Travel time reliability quantifies the variation of travel time. It is defined by

using the entire range of travel times for a given trip for a selected time period
(for example, the weekday p.m. peak hour) and over a selected honzon (for
example, ayear). For the purpose of measuring reliability, a "trip" can occur on a
specific facility or on a subset of the transportation network, or the definition can
be broadened to inelude a traveler's initial origin and final destination.
Measurement of travel time reliability requires a history of travel times sufficient
to track travel time performance. Whcn travel time measurements are taken over
a long period (c.g., a year), a travel time distribution rcsults (3).

A travel time distribution may be characterized in one of two ways. Both
methods have useful applications and are valuable for understanding and
describing reliability. They are as follows:

1. Measurcs of the variabi/ity in travel times that occur on a facility or a trip
over the course of time, as expressed through metrics such as a 50th,
80th, or 95th perccntile travel time; and

O1apter 4/Traffic Operations aOOcapacity Concepts
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Travef time reliability is
inffuenced by demand
variations, wearher, inddents,
work zone5, and spedal
events, al! of which can be
modefed by HCM methods.

Reilability anaiysis accvunts for
nonrecurring traffic conditions
and events tllat norma/ly
cannot be accvunted for by the
rore HCM mefhods.
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!he travel time distribution can
be charaeterized in terms of
travel time variabiiJty or in
terms of !he success or fallure
of a given trip in meeting a
target travel time.

ReliaMty is quantitied from
the distribution of travel times
on a facility.

Planmflg time is thetotal travel
ome required for an on-time
amval 95% of!he ome, whffe
buffer time is the extra trave!
time beyond the average travel
time requfred for an on-time
am'val 95% of the time.

TirTJe"-Wsedmeasures are
useful for descTibing the
reliability of individual faalitieS
and trips but are difflCU/t lo
use for comparisons.
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2. Measures of the reliability of faeility travel times, such as the number of
trips that/ai! or succeed in aecordance with a predetermined
performance standard, as expressed through metries such as on-time
performance or percent failure based on a target minimum speed or
maximum travel time.

For convenience, the HCM uses the-single term reliability for both the
variability- and the reliability-based approaches to characterizing a facility's
travel time distribution.

Similar approaehes can be used to describe the variability in other HCM
facility performance measures, induding percentiles (e.g., 50th percentile speed)
and the probability of achieving a particular LOS. For freeway facilities,
distributions can be produeed for such measures as facility speed, travel time,
and average density. For urban strt..>ets,distributions can be produced for travel
time, travel speed, and spatial stop rate, among others.

Performance Measures Derived from the Travel Time Dístribution

Time-Based Reliabl1ity Measures
The travel time distribution can be used to derive a variety of performance

measures that describe different aspects of reliability. Exhibit 4-4 illustrates a
selection of time-based reliability performance measures that can be derived
from the travel time distribution:

• Plmmillg time, the trave! time a traveler would need to budget to ensure
an on.time arrival 95% of the time;

• Buffer time, the extra trave! time a traveler wou!d need to budget,
compared with the average travel time, to ensure an on-time arriva! 95%
of the time;

• Misery time, the average of the highest 5% of trave! times (approximating
a 97.5 percentile trave! time), representing a near-worst-case condition;

• 01l-time percentage, a measure of sueeess based on the pereentage of trips
that are made within a target trave! time;

• Percentage o/ trips exceeding a target maximum trave1 time, a measure of
faBure;

• Sfalldard dt'Viatioll, the statistica! measure of how much trave! times vary
from the average; and

• Semi-5fandard deviatioll, a statistical measure of travel time variance from
the free-flow speed.

In Exhibit 4-4, measures incorporating units of time appear as horizontal
Iines in the graph, while measures that are percentages of trips appear as areas
underneath the travel time distribution. The former are useful for describing the
reliability of individual facilities and trips, but they are difficu!t to compare
across facilities or trips beeause facility and trip lengths vary. Percentage
measures, on the other hand, can be compared across facilities and trips, as can
index-based measures that are derived £rom time-based mcasures. These types of
reliability measures are described nexl.

Chapter 4/Traffic Operations and capadty CollCepts
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Exhibit 4-4
Derivation of Time-Based
Reliability Performance
Measures from the Travel
Time Distribution

SOurce: Adapted from Zegeer et al. (3).

Index-Based Reliability Measures
To facilitate comparisons of different facilities or trips, travel time-based

reliability measures can be converted into length-independent indices by
dividing the base travel time measure by the free-flow travel time. Similarly,
success and failure measures can be developed by comparing an index value
with a target value. The following are examples:

• Travel time index (171),the average travel time on a facility divided by the
travel time at free-flow speed; it can also be stated as a pcrcentile travel
time, as discussed below;

• Plalllling time i/ldex (PTl), the 95th pcrcentile travel time divided by the
free-flow travel time;

• 80th perrel/file 7TL the 80th percentile travel time divided by the free-flow
travel time; research indica tes that this measure is more sensitive to
operational changes than the rTI (4),which makes it useful for
comparison and prioritization purposes;

• 50fh percelltile 17L the 50th pcrcentile travel time divided by the free-flow
travel time; its value will generally be slightly lower than the mean TrI
due to the influence of rare, very long travel times in the travel time
distribution;

• Misery inda, the misery time divided by the free-flow travel time, a useful
descriptor of near-worst-case conditions on rural facilities; and

• Reliability rating, the pcrcentage of vehicle miles traveled expcriencing a
ro less than 1.33 for freeways and 2.50 for urban streets; these thresholds
approximate the points beyond which travel times become much more
variable (unreliable).

Olapter 4(TrafflC Operations and capacity Concepts
Version 6.0

lndex-based measures of
relfability are fndependent of
facility or tlip fength aOOthus
are readlly compared across
facilities or trfps.

rhe dlfference in threshold
vafues fer freeways aOOurban
streets reflects differenees in
how free-flow speed is defined
for the5e facilities.
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Exhibit 4-5 illustrates a selection of index-based reliability measures. The
same travel time distribution is used as in Exhibit 4-4, but travel times are
converted to TIIs and the travel time distribution is plotted as a cumulative
fundion. The mean travel time in this distribution happened to be exactly twice
the free-flow travel time (Le., a mean TII of 2.00), but this result is coincidental.
In this graph, index measure values are horizontallines, while percentage
measure values (e.g., on-time percentage, reliability rating) are verticallines.

Exhibit 4-5
Derivatioo of Index-Based
Reliability Perlormance
Measures from the Travel
TIme Distributioo

o • 2 , 4

Travel Time Index (TTl)
,

l
!

I

•
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Other types of indices can be created by using a denominator other than free-
flow travel time. For example, a poliey index can be defined that is similar to the
TII but replaces free-flow speed with a target or "poliey" speed, such as a
desired minimum operating speed for the facility (typicalIy chosen as a speed
just aboye breakdown, thus providing maximum throughput).

The buffer index is the 95th percentile travel time divided by the average
travel time. However, it is not recommended for tracking reliability trends over
time because it is linked to two factors that can change: average and 95th
percentile travel times. 1£one factor changes more in relation to the other,
counterintuitive results can appear (3, 4).

AoornONAL UNINTERRUPTEO-FLOW PARAMETERS

Headway
The average headway in a lane is the reciprocal oE the flow rateo Thus, at a

flow of 2,400 veh/h/1n, the average headway is (3,600 slh) I (2,400 veh/h), or 1.5
s/veh. However, vehicles do not travel at constant headways. Vehicles tend to
travel in groups (platoons), with varying headways between successive vehicles.

An example of the distribution of headways observed on the Long Island
Expressway is shown in Exhibit 4-6. The headway distribution of Lane 3 is the
most nearly uniform, as evidenced by the range of values and the high frequency
of the modal value, which is the peak oE the distribution curve. The distribution

Chapter 4{Traffic Operations and capadty Concepts
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of Lane 2 is similar to that of Lane 3, with slightly greater scatter (range from 0.5
to 9.0 s). Lane 1 shows a mueh different pattem: it is more dispersed, with
hcadways ranging from 0.5 to 12.0 s, and the frequeney of the modal value is
only about one-third of that for the other lanes. This indicates that the flow rate
in the shoulder lane is usually lower than the flow rates in the adjaeent lanes
when the total flows on this segment are moderate to high.

Exhibit 4-6 shows rclatively few headways smaller than 1.0s. A vehicle
traveling at 60 mi/h (88 ft/s) would have a spacing of 88 ft with a LO-sheadway
and only 44 ft with a O.5-sheadway. This effectively reduces the space bctween
vehides (rear bumper to front bumper) to only 25 to 30 ft. This spacing (also
called gap) wouJd be extremely difficult to maintain.

Headwaylooudes !he vehide
length, whlle gap is the space
between vehicles.

LEGEND

----Lane 1 Right Lane
.................. lane 2
----Lane3

so

40
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O
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Exhibit 4-6
Time Headway Distribution fOf
long Island Expressway

Soun::e:BerryandGandhi(S).

Time Headway (s)

Drivers react to this intervehicle spacing, which they perceive direcUy, rather
than to headway. Headway indudes the length of the vehide, which bccame
smaller for passenger cars in the vehide mix of the 1980s. In the 1990sand 20oos,
because of the popularity of sport-utility vehicles, typieal vehicle lengths
increased. lf drivers maintain the same intervehicle spadng and car lengths
continue to increase, conceivably, decreases in capadty could result.

If traffie flow were truly random, small headways (Iess than 1.0 s) could
theoretically oceur. Several mathematical models have been developed that
recognize the absenee of small headways in most traffic streams (6).

Delay
DeJay is the additionaJ travcl time experienced by a driver beyond that

required to travel at a desired speed. The starting point for measuring delay for
HCM purposes is the travel time at free-flow speed. However, it is also possible
for reporting purposes to establish a maximurn desired travel time, minimum
travel speed, or minimum LOS from a transportation agency's point of view
(e.g., a travel time for a segment or facility based on the speed at capadty) and to
report a tJlresho/d de/ayas any additional travel time beyond the established
threshold value.

Chapter 4[Traffic Operations aOOcapadty Concepts
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There are several potential sources of deJay on uninterrupted-flow facilities:

• Traffic demalld, ¡ncreasing leveJs of whieh cause drivers to reduce their
speed from the free.flow speed beca use of inereased vehicle interaetions,
as was ilIustrated in Exhibit 4.2 and Exhibit 4.3;

• Illcidents, whieh can reduce the roadway capacity available to serve
demand or simply cause drivers to slow down to observe what is
happening (e.g., "rubbernecking");

• Enviranmental cOllditions, sueh as snow, heavy rain, or sun glare, that cause
drivers to reduce their speed from the free-flow speed; and

• Isolated control ¡eatures, such as manual tol1colleetion, inspection stations,
railroad grade erossings, or drawbridges on otherwise uninterrupted-flow
facilities.

ADDITIONAL INTERRUPTED-FLOW PARAMETERS
Basic concepts for intenvpted-
ffow facilities: intersection
control, satvration f10w rate,
Iost time, and Q(J{!IJing.

lmpad of traffic signal control
on maximum ffow rateo
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Interrupted f10w can be more eomplex to analyze than uninterrupted flow
beeause of the time dimension involved in allocating space to conflicting traffic
streams. On an interrupted-f1ow faciIity, flow usually is dominated by points of
fixed operation, such as traffie signals and STOPsigns. These controls have
different impacts on overall f1ow.

The operational state of traffie on an interrupted.f1ow facility is defined by
the following measures:

• Volume and flow rate (discussed earHer in the ehapter); and

• Control variables (signaL STOP,or YIELD control), which in turo influence

o Saturation flow and departure headways,

o Gaps available in the eonflicting traffie streams, and

o Control deJay.

Signalized Intersection Flow

Saturation F/ow

The most significant source of fixed interruptions on an interrupted-flow
facility is traffic signals. A traffie signal periodically halts flow for each
movement or set of movements. Movement on a given set of lanes is possible
only for a portion of the total time, because the signal prohibits movement
during some periods. Only the time during which the signal is effectively grecn
is availabJe for movement. Far example, if one set of lanes at a signalized
intersection receives a 30-s effeetive grecn time out of a 90-s total eycle, only
30/90 or one-third of total time is available far movement on the subject lanes.
Thus, flow on the lanes ean occur only for 20 mio of each hour. 1£the lanes can
aecommodate a maximum flow rate of 1,500 veh/h with the signal grecn for a fuIl
haur, they can actual1y aeeommodate a total rate of flow of only 500 veh/h, sinee
only one-third of each hour is available as green.

When the signal turos green, the dynamics of starting a stopped queue of
vehicles must be considered. Exhibit 4-7 shows a queue of vehicles stopped at a
signa!. When the signal turos green, the queue bcgins to move. The headway

Olapter 4/Trafflc Operations and capadty Concepts
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between vchicles can be observed as the vehicles cross the stop line of the
intersection. The first headway will be the elapsed time, in seconds, betwl.'Cnthe
initiatíon of the grecn and the front wheels oí the first vehicle erossing over the
stop line. The second headway will be the elapsed time between the front
bumpers (or wheels) of the first and second vehicles crossing over the stop lineo
Subsequent headways are measured similarly.

___ 1 L
,/' Stop line

w ...... rn [0 [0 ••
Vehicleheadways: 1.001 Ih h h h+~ h+t] h+t2 h+t¡

The driver of the first vehicle in the queue must observe the signal change to
grecn and reaet to the ehange by releasing the brake and aeceleratíng through the
interseetion. As a result, the first headway will be comparatively long. The
sccond vehicle in the queue follows a similar process, except that the reaction
and aeceleration period can oceur while the first vehicle is beginning to move.
The seeond vchicle will be moving faster than the first as it crosses the stop Jine,
beeause it has a greater distanee over which to accderate. Its headway will
generalIy be less than that of the first vehicle. The third and fourth vehicles
folJow a similar procedure, each achieving a sJightly lower headway than the
preceding vehicle. After four vehicles, the effe<:tof the start-up reaction and
aeceleration has typically dissipated. Suceessive vehicles then move past the stop
Jine at a more constant headway unul the last vehicle in the original queue has
passed the stop lineo

In Exhibit 4.7, this constant average headway, denoted as h, is achieved after
four vehicles. The acceleration headways for the first four vehiclcs are, on thc
average, greater than h and are expressed as h + t¡, where t, is the incremental
hcadway for the ith vehicle due to the start-up reaction and aeceleration. As i
increases from 1 to 4, t, decreases.

Exhibit 4-8 shows a conceptual plot of headways. The HCM reeommcnds
using the fifth vehicle following the beginning of a green as the starting point for
saturation flow mcasurements.

The valuc h reprcsents the saturatioll headway, estimated as the constant
average headway bctween vehicles after the fourth vehicle in the queue and
continuing until the last vehicle that was in the queue at the beginning of the
green has cleared the intersection.

The referenee point on the vehicle used to mcasure hcadways is typically the
front bumper. Front axles are sometimes the reference point in studies utilizing
tubc eounters to obtain the data.

Chapter 4fTrafflc Operations and capacity Cor'lCepts
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Exhibit 4-8
Concepl: of Saturation FIow
Rate and Lost TIme

saturation t10w rateo

Equation 4.8

Total start-up Iost time.

Equation 4.9

Gearance Iost time.
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/¡ = saturation hcadway (s)

5 • sarurabon flowrnte = 3,600Ih(veh{h/ln)

t, = start.up loo time for ith vehicle

11 = total start-up Iost time = rt,~
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h
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VBhidB Po6ition in QUBUB

Saturation flow rate is defined as the flow rate per lane at which vehieles can
pass through a signalized intersection. It is computcd by Equation 4-8:

3.600
s=--

h

whcre s is the saturation flow rate (veh/hlln) and h is the saturation headway (s).

The saturation flow rate is the number of vehieles per hour per lane that
could pass through a signalized intersection if a greco signal was displayed for
the full hour, the flow of vehieles never stopped, and there were no large
headways.

Lost Time

Each time a flow is stopped, it must start again, with the first four vehieles
experiendng the start-up reaction and acceleration headways shown in Exhibit 4-
7. In this exhibit, the first four vehicles in the queue encounter headways longer
than the saturation headway, h. The increments, ti' are called start-up lost times.
The total start-up 10st time for the vehicles is the sum of the increments, as
computed by using Equation 4-9.

n

11 =¿tí
i=l

whcre

11 •• total start-up lost time (s),

ti lost time for ith vehiele in queue (s), and

n = last vehiele in queue.

Eaeh stop of a stream of vehieles is another source of lost time. When one
stream of vehieles stops, safety requires sorne elearance time before a conflicting
srream of traffie is aIlowed to enter the intersection. The interval when no
vehieles use the intersection is caBed clearance 10st time, 12, In practice, signa!
cyeles provide for this elearanee through ehange intervals, which can inelude
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yellow or red-clearance indications, or both. Drivers use the intersection during
sorne portion oi these intervals.

The relationship between saturation flow rate and lost times is critica!. For
any given lane or movement, vehicles use the intersection at the saturation flow
rate ior a period equal to the available green time plus the change interval minus
the start-up and clearance lost times. Because lost time is experienced with each
s13rt and stop of a movement, the total amount of time lost over an hour is
related to the signal timing. For example, if a signal has a 60-s eycle length, it will
start and stop each movement 60 times per hour, and the totallost time per
movement will be 60(11+ 12),

Cye/e Lengths
Lost time affects capacity and detay. As indicated by the relationship oi cyele

length to 105ttime, the capacity of an intersection ¡ncreases as cycle length
¡ncreases. However, the capacit)' ¡ncrease can be offset somewhat by the
observation that the saturation headway, h, can be longer when green times are
long (e.g., greater than 50 s) (7). Capacity ¡ncreases due to longer eycles are also
often offset by the increase in delay that typically results from longer eyeles, as
disrussed below. Other intersection features, such as tuming lanes, can also
offset the reduced capacity that results from short eycles. Longer cycles increase
the number of vehicles in the queues and can cause the leiHum lane to overflow,
reducing capacity by blocking the through ¡anes.

As indicated in Exhibit 4-9, there is a strong relationship between del ay and
cycle length. For every intersection there ¡s a small range of cyele lengths that
will result in the lowcst average delay for motorists. Dela)', however, is a
complex variable affected by many variables besides eycle length.

Exhibit 4-9
Generalized Cyde Length aOO
Delay Relationship

>•••Q

Cycle Length

STOP- and YIElD-Controlled Intersection Flow

Two-Way STOP-Controlled Intersections
The driver on the minor street or the driver tuming lett from the major street

at a two-way STOP-controlled intersection faces a specific task: selecting a gap in
traffic through which to exerute the desired movement. The term gap refers to
the time intervai (time gap) and corresponding distance for a given speed (space
gap) betwcen the major-street vehicles entering an unsignalized intersection,
measured from back bumper to front bumper. The term gap acceptance describes
the completion of a vehicle's movement into a gap.
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The capacity oí a minor-strcct approach dcpends on two factors:

• The distribution oí available gaps in the major-street traffic stream, and

• The gap sizes required by drivers in other traffic streams to execute their
desired movements.

The distribution oí available gaps in the major-street traffic stream depends
on the total volume on the street, its directional distribution, the number oí lanes
on the major street, and the degree and type oí platooning in the traffic stream.
The gap sizes required by minor-movement drivers depend on the type of
maneuver (left, through, right), thc number oí lanes on the major street, the
speed oí major-street traffic, sight distances, the lcngth of time the minor-
movement vehicle has been waiting, and driver characteristics (eyesight, reaction
time, age, etc.).

For case of data coHection, headways (e.g., front bumper to front bumper)
are usually measured instead of gaps, since only half as much data are required
(Le., only íront bumper positions need to be recorded, rathcr than both front and
back bumper positions). The critical headway is the minimum time interval
between the front bumpers of two successive vehicles in the major traffic stream
that will allow the entry oí one minor-street vehicle. When more than one minor-
street vehicle uses one major-street gap, the time headway between the two
rninor-strcet vehicles is caBed follow-up headway. In general, the íollow-up
headway is shorter than the critical headway.

Roundabouts
The operation oí roundabouts is similar to that of two-way STOP-controlled

intersections. In roundabouts, however, entering drivers scan only one stream of
traffic-the circulating stream-íor an acceptable gap.

AII.Way SroP-Controlled lntersections
At an all-way SfOP-controlled intersection, aH drivers must come to a

complete stop. The decision to proceed is based in part on the rules of the road,
which suggest that the driver on the right has the right-of-way, but it is also a
function oí the traffic condition on the other approaches. The departure headway
íor the subject approach is defined as the time bctween the departure of one
vehide and that oí the next behind it. A departure headway is considered a
saturanon headway if the second vehicle stops behind the first at the stop lineo 1£
there is traffic on one approach only, vehic1es can depart as rapidly as the drivers
can saíely accelerate into and clear the intersection. 1£traffic is present on other
approaches, the saturation headway on the subject approach will increase,
depending on the degree oí conflict bctween vehicles.

Delay
As previously discussed in the section on uninterrupted-flow parameters,

delay is the additional travel time experienced by a driver beyond that required
to travel at a desired speed, and the starting point for measuring delay for HCM
purposes is the travel time at free-flow speed.
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Several types of delay are defined for interrupted-f1ow system elements, but
control de/ay-the dclay brought about by the presence of a traffic control
device-is the principal HCM service measure for evaluating LOS at signalized
and unsignalized intersections. Control delay ineludes delay when vehieles slow
in advance of an intersection, time spcnt stopped on an intersection approach,
time spent as vchieles move up in the queue, and time needed for vehides to
accelerate to their desired speed.

The following are other types of delay experienced on interrupted-flow
roadways:

• Traffic delay, extra lravel time resulting from the interaction of vehides,
causing drivers to reduce their speed below the free-flow speed;

• Geometric delay, extra travel time created by geometric features that cause
drivers to reduce their speed (e.g., delay experienced where an arterial
street makes a sharp tum, causing vehides to slow, or thc dclay caused by
the indirect route that through vehicles must take through a roundabout);

• Incident de/ay, the additional travel time experienced as a result of an
incident, compared with the no-inddent condition; and

• Delay due to environmental conditiolls, the additional travel time
experienced due to severe weather conditions.

Transportation agencies may also choose to report a threshold de/ay, defined
as the excess travel time that occurs beyond a defined speed or LOSestablished
by norm (e.g., control delay exceeding LOS B,traffic operating at speerls less
than 35 mi/h).

Number of Stops
Traffic control devices separate vehicles on conflicting paths by requiring

one vehicle to stop or yield to the other. The stop causes delay and has an
associated cost in terms of fuel consumption and wear on the vehide. For this
rcason, information about stops incurred is useful in evaluating performance and
calculating road user costs. This measure is typically expressed in terms of stop
rate, which represents the count of stops divided by the number of vehicles
served. Stop rate has units of stops per vehide.

Stops are generally expected by motorists arriving at an intersection as a
minor movement (e.g., a tum movement or a through movement on the minor
street). However, through drivers do not expect to stop when thcy travel along a
major street. Their expectation is that the signals will be coordinated to sorne
degree such that they can arrive at each signa! in succession while it is displaying
a green indication for the through movement. For this reason, stop rate is a
useful performance measure for evaluating coordinatcd signal systems.

Queuing
When demand excceds capacity for a period of time or whcn an arrival

headway is less than the service time (at the microscopic leve!) at a specific
!ocation, a queue forms (2).Queuing is both an important operational measure
and a design consideration for an interst'ction and its vicinity. Queues that are
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longer than the available storage length can create several types of operational
problems. A through-lane queue that extends past the entrance to a tum lane
blocks access to the tum lane and kceps it from being used effectively. Similarly,
a tum-lane queue overflow into a through lane interferes with the movement of
through vehicles. Queues that extend upstream from an intersection can block
access into and out of driveways and-in a worst case-can spill back into and
block upstream intersections, causing side strcets to begin to queue back.

Several queuing measures can be calculated, induding the average queue
length, the maximum back of queue, and the maximum probable queue (e.g., a
95th percentile queue).

To predict the characteristics of a queuing system mathematicalIy, the
following system characteristics and parameters must be specified (5):

• Arrival pattem characteristics, including the average rate of arrival and
the statistical distribution of time betwcen arrivals;

• Service facility characteristics, including service-time average rates and
the distribution and number of customers that can be served
simultaneously or the number of channels available; and

• Queue discipline characteristics, such as the means of selecting which
customer is next.

The arrival rate exceeds the service rate in oversaturated queues, while the
arrival rate is less than the service rate in undersaturated queues. The lcngth of
an undersaturated queue can vary but will reach a steady state as more vehicles
arrive. In contrast, the length oí an oversaturated qucue never reaches a steady
state; it increases as more vehidcs arrive until the arrivaI demand decreases.

An idealized undersaturated queue at a signalized intersection is shown in
Exhibit 4-10.The exhibit assumes queuing on one approach at an intersection
with two signal phases. In each cycle, the arrival demand (assumed to be
constant in this ideal example) is less than the capacity oí thc approach, no
vehides wait longer than one cyele, and there is no overflow from one cyde to
the next. Exhibit 4.10(a) specifies the arrival rate, v, in vehicles per hour; it is
constant for the study periodoThe service rate, s, has two states: zero when the
signal is effectively red and up to the saturation f10wrate when the signal is
effectively grecn. Note that the service rate is equal to the saturation f10wrate
only when there is a queue.

Exhibit 4.10
Idealized Queuing Diagram
fof a Two-Phase Signalized
Intersection
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Exhibit 4-10(b)diagrams cumulative vehicles over time. The horizontalline,
v, in Exhibit 4-10(a) hecomes the solid Une in Exhibit 4-10(b),with the slope of the
line equal to the arrival rate. Transferring the service rate from Exhibit 4-10(a) to
Exhibit 4.1O(b)ereates a different graph. During the red period, the serviee rate is
zero, so the serviee rate is shown as a horizontal dashed line in Exhibit 4-1O(b).
At the start of the green period, a queue is present, and the service rate is equal to
the saturation flow rate. This forms a series of triangles, with the cumulative
arrivalline as the top side of eaeh triangle and the eumulative serviee line
forming the other two sides, illustrating that a steady state has been reached.

Each triangle represents the queue buildup and dissipation during one eycle
le!1gthand can be analyzed to ealculate the duration of the queue. It starts at the
beginning of the red period and continues until the queue dissipates. Its value
vacies between the effeetive red time and the cycle length, and it is computed by
using Equation 4-10:

sr
vtQ = s( tQ - r) or tQ = --s-v

where

IQ time duration of queue (s),

v "" mean arrival rate (veh/h),

s "" mean service rate (veh/h), and

r "" effective red time (s).

The queue length (Le., the number of vehicles in the queue, as opposed to the
loeation of the baek of the queue) is represented by the vertical distanee through
the triangle. At the beginning of red, the queue Icngth is zero. It inereases to its
maximum valuc at the end of the red periodoThen the queue length deereases
until the arrivalline interseets the service Une and the queue length equals zero.

The queuing eharaeteristics can be modeled by varying the arrival rate, the
service rate, and the timing plan. In real-life situations, arrival rates and sen'iee
rates are eontinuously ehanging. These variations eomplieate the model, but the
basic relationships do not ehange.

CAPACITY CONCEPTS

Definition of Capacity
The capacity of a system element is the maximum sustainable hourly flow

rate at which persons or vehicles reasonably can be expected to traverse a point
or a uniform seetion of a lane or roadway during a given time period under
prevailing roadway, environmental, traffie, and control eonditions.

Vehicle capacily is the maximum number of vehicles that can pass a given
point during a speeified period under prevailing roadway, traffic, and control
conditions. This assumes that there is no influence from downstream traffic
operation, such as queues backing into the analysis point.

PerSOIl capacity is the maximum number of persons that can pass a given
point during a specified period under prevailing conditions. Person eapacity is
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Prevailing conditions afmost
iJ/wiJYSdiffer from the base
conditions.
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commonly used to evaluate public transit services, high-occupancy-vehicle lanes,
and pedestrian facilities.

Prevailing roadway, environmental, traffic, and control conditions define
capacity; these conditions should be reasonably uniform for any segment of a
facility that is analyzed. Any change in the prevailing conditions changes a
system element's capacity. Thus, an element's capacity can vary from one hour to
the next or from one day to the next, as the prevailing conditions (e.g., weather,
heavy vehide percentage. presence or absence of a queue) vary.

Reasonable expectancy is the basis for defining capacity. That is, the stated
capacity for a given system element is a flow rate that can be achieved repeatedly
for peak periods oi sufficient demando Stated capacity values can be achieved 00
system elements with similar characteristics throughout North America.
Capacity is not the absolute maximum flow rate observed on such a system
element. The absolute maximum flow rate can vary from day to day and from
location to location.

Persons per hour, passenger cars per hour, and vehicles per hour are
measures that can define capacity, depending on the type of system element and
the type of analysis. The concept of person flow is important in making strategic
decisions about transportation modes in heavily traveled corridors and in
defining the role of transit and high-occupaney-vehicle priority treatments.
Person capacity and person flow weight each type of vehicle in the traffic stream
by the number oi occupants carried.

Base Conditions
Many of the procedures in this manual provide a formula or simple tabular

or graphic presentations ior a set oi specified standard conditions, which must be
adjusted to account for prevailing conditions that do not match. These standard
conditions are termed base cOlldifiolls.

Base conditions assume good weather, good aod dry pavement conditions,
users who are familiar with the system element, and no impediments to traffic
flow. Other more specific base conditions are identified io each methodological
chapter in Volumes 2 and 3.

In most capacity analyses, prevailing conditions differ from the base
conditions (e.g., there are trucks in the traffic stream, lanes are narrow). As a
result, computations oi capacity, service flow rate, and LOSmust indude
adjustments. Prevailing conditions are general1y categorized as roadway, traffic,
control, operations, or environment.

Roadway Conditions
Roadway conditions include geometric and other elements. In some cases,

they influence the capacity of a system element; in others, they can affect a
performance measure such as spccd, but not the roadway's capacity or
maximum flow rateo
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Roadway factors include the following:

• Number of lanes,

• The type of system element and its land use environmcnt,

• Lane widths,

• Shoulder widths and lateral c1earances,

• Design speed,

• Horizontal and vertical alignments, and

• Availability of exclusive tum lanes at intersections.

The horizontal and vertical alignments of a highway depend on the design
speed and the topography of the land on which it is constructed.

In general, as the severity of the terrain increascs, capacity and service flow
rates are reduced. This is significant for two-Iane rural highways, whcre the
scverity of terrain can affect the operating capabilities of individual vehicles in
the traffic stream and restrict opportunities for passing slow-moving vehicles.

Traffie Conditions
Traffic conditions that influence capacities and service levels includc vehicle

type, lane or dircctional distribution, and the driver population.

Vehide Type

The entry of heavy vehicles-that is, vchicles other than passenger cars (a
category that includes small trucks and vans)-into the traffic stream affccts the
number of vehicles that can be servcd. Heavy vehicles are vehicles that have
more than four tires touching the pavement.

Trucks, buses, and recreational vehicles are the three groups of heavy
vehicles addresscd by the methods in this manual. As discussed in Chapter 3,
Modal Characteristics, heavy vehicles adversely affect traffic in two ways:

• They are larger than passenger cars, so they occupy more roadway space
and create larger time headways between vehicles.

• They havc poorer operating capabilities than passenger cars, particularly
with respect to acceleration, deccleration, and the ability to maintain
spt..'t2'don upgrades.

The second impact is more critica!. The inability of heavy vehicles to keep
pace with passenger cars in many situations creates large gaps in the traffic
strcam, which are difficult to fill by passing maneuvers. Queues may .lIso
develop behind a slow-moving heavy vehicle. The resulting inefficitmcies in the
use of roadway space cannot be completely overcome. This effect is particular]y
harmful on sustaincd, stecp upgrades, where the differcncc in opcrating
capabilities is most pronounced, and on two-Iane highways, wherc passing
requires use of the opposing travellane.

Heavy vchicles .lIso can affect downgrade operations, particularly when
downgrades are st&'p enough to require operation in a low gear. In these cases,
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heavy vehides must operate at slower speeds than do passengcr ears, again
forming gaps ahead and queues behind in the traffie stream.

Directional and Lane Distribution

Two traffie eharaeteristies in addition to the vehide type distribution affeet
eapacity, service flow rates, and LOS: direetional distribution and lane
distribution. Directional distribution has a dramatie impad on two-Iane rural
highway operation, where optimal eonditions are aehieved when the amount of
traffie is roughly equal in eaeh direetion. Capacity analyses for multilane
highways focus on a single direetion of flow. Nevertheless, eaeh direetion of the
highway is usualIy designed to aeeommodate the peak flow rate in the peak
direction. Typically, a.m. peak traffie oecurs in one direction and p.m. peak traffie
oecurs in the opposite direction.

Lane distribution is another factor on multilane facilities. Traffie volumcs are
typieally not distributed cvenly between lanes, beeause of drivers pre-positioning
themselves for downstream movements (e.g., left turos, exits), vehicle performance
characteristics (e.g., heavy vehicles tending to keep right), and local traffie laws
(e.g., left lane restrieted to passing. trueks prohibited from the left lane), among
other faetors. 10e uneven distribution resuIts in less efficienl operations than if
traffie was more evenly distributed.

Driver Population

lt is generally aeeepted that driver populations who do not use a roadway on
a regular basis display charaeteristies different from those of motorists who are
familiar with the roadway. HCM methods allow the user to make an adjustment
for driver population, for system elements where driver population has made a
differenee in the observed eapacity. 10is adjustment is based on user judgment,
and the HCM does not provide any quantitative means for determining it.

Control Conditions
For interrupted-flow facilities, the control of the time that specifie traffie

flows are allowed to move is critical to eapacity, service flow rates, and LOS. lOe
most critical type of control is the traffie signa!. lOe type of control in use, signal
phasing. alloeation of green time, cycle length, and the relationship with adjaeent
control measures a1laffect operations.

STOPand YIELDsigns also affed eapacity, but in a less deterministie way. A
traffie signal designates times when eaeh movement is permitted; however, a
STOPsign at a two-way STOP-eontrolled interseetion only designates the right-of-
way to the major street Motorists lraveling on the minor street must stop to find
gaps in the major traffie flow. Therefore, the eapacily of minor approaches
depends on traffie eonditions on the major street. An all-way STOPcontrol
rcquires drivers to stop and enter the intersection in rotation. Capacity and
operational charaeteristies can vaC)'widely, depending on the traffie demands on
the various approaehes.

Other types of eontrols and regulations can signifieantly affed eapacity,
service flow rates, and LOS. Restricted curb parking can increase the number of
lanes available on a street or highway. Tum restrictions can eliminate conflicts at
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intersections, increasing capacity. Lane use controls can allocate roadway space
to component movements and can create reversible lanes. One-way street
routings can eliminate conflicts between left tums and opposing traffie.

Technology and Operations
Technologkal strategies, common!y known as intelligent transportation

systems (ITS)strategies, aim to increase the safety and performance of roadway
facilities. For this discussion, ITSindudes any technology that allows drivers and
traffic control system operators to gather and use real-time information to
¡mprove vehiele navigation, roadway system control, or both. Research on 11'5
has grown significantly but cannot be considered comprehensive in terms of
evaluating ITS impacts on roadway capacity and quality of servke.

Arterial 11'5strategies that have been shown to improve vehicular
throughput or reduce vehicular deJay are adaptive signa! control and traffic
signal interconnection. A freeway ITS strategy, ramp metering, has improved
mainline throughput and speed, while incident management techniques have
reduced the time required to identify and elear incidents and thus minimized the
time during whkh capacity is reduced as well as the associated delay. Variable
freeway speed limits, combined with automated speed Iimit enforcement, also
show promise but require additional study (8).

Other 11'5strategies seek to shift demand to alternative routes or times, thus
making beUer use of system capacity and reducing delay on individual facilities.
Techniques inelude parking availability signs at the entrances to downtown
areas, value pricing, variable message signs, highway advisory radio, integrated
corridor managcmcnt, real-time travel time and incident information provided to
computers and mobile phones, and real-time in-vehide navigation systems (8).

Other strategics for cffcctively operating roadways are not inherently based
on technalogy, although they may be supported by technology. Examples
indude managed lanes and highway servke patrals.

Specific impacts of techno!ogy and operations stratcgics on roadway
capacity and performance are discussed in Chapler 37, ATDM: Supplemental,
wherc research is available to document those impacts.

Environmental Conditions
A facility's capacity can be temporarily reduced by environmenta!

conditions, such as heavy precipitation, adverse lighting canditions, or slippery
road surfaces. A number of studies addressing the capacity-reducing effects of
specific environmenlal conditions on freeways have been conducted. The results
of these studies are presented in Chapler 10, Freeway Facilities Care
Methodology. For inlerrupted-flow facilities, capacity reductions are reflected by
reductians in the saturation flow rate during periods when precipitatian is
falling and when roadways are we! ar covered by snow ar ice.

Chapter 4{Traffic Operations and Capacity Concepts
Version 6.0

lntelligent transportatlon
'Y'l~.

Motorized Vehicle Mode
Page 4-25



Highway Capacify Manual: A Guide tor Multimodal Mobility Analysis

ESTIMATION OF TRAFFIC FLOW PARAMETERS

Vehide trajedories are the
Iowest common denominator
for estimating trafflC ffow
piJrameters.

Field observations ty¡JicQ/fy
establiSh aitiQ! poinls along
individuar trajedories rather
than compfete trajectories.
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Analyzing a roadway's performance involves assigning estimated values to
traffic flow parameters as a function of either time or distance. There are three
common approaches to estimating traffic fIow parameters:

1. Deterministic models, such as those presented in the HCM;

2. Simulation models, which take a microscopic and stochastic approach to
the representation of traffic fIow; and

3. Field data observations, which attempt to measure the parameters
directly by data collection and analysis.

AHof these approaches can on1y produce estimates of the parameters of
interest. Each approach involves assumptions and approximations. The three
approaches are bound together by the common goal of representing field
conditions accurately.

On the surface, field observations appear likely to produce the most accurate
representation of traffic flow. However, quantitative observations of sorne traffic
phenomena are difficult to produce in a consistent manner that avoids subjective
interpretation. There are limits to the accuraey of human observation, and
instrumentation of traffic flow data collection is not practica! far routine fie!d
studies, except for very simple parameters such as flow rate. Field data
observations require a leve! of effart that often exceeds the available resources.
Modeling techniques have therefore been introduced as a practica!, but
approximate, method of estimating required pararneters. It is impartant that
modeling techniques be based on definitions and computations that are as
consistent as possib!e with fie1d observations and with each other.

Vehicle time-space trajectories are recognized in the literature as the "lowest
common denominator" for this purpose (9). Vehicle trajectories represent the
"ground truth" that all measurernent and ana1ysis te<:hniques attempt to
represent. Microscopic simulation models create trajectories explidtly through
algorithms that apply principIes of traffic flow theory to the propagation of
vehic1es along a highway segmento Macroscopic deterministic models do not
deal with trajectories at the same level of detail, but they attempt to produce an
approximation of the results that would be obtained from trajectory analyses.

With a few exceptions invo!ving a significant research effort, field
observations are not able to create complete trajectories. Instead, they attempt to
establish critical points along individual trajeetories. Because of its ability to
create complete trajectories, simu!ation rnodeling may be viewed as a surrogate
for field data collection through which the critical points on the trajectory may be
established. Definition of the critical points in a manner that promotes
compatibility between the analysis techniques is important.

Vehicle trajectories may be represented graphically or mathematically. The
graphical representation shows the position of each vehicle in time and space as
it traverses a length of the highway. Typical examples of vehicle trajectory plots
are shown in Exhibit 4-11.
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Exhibit 4-11
Typical Examples of Vehiele
Trajectory Plots

Exhibit 4-11(a) depicts a dassic queue accumuJation and release at a
signalized stop lineoExhibit 4-11(b) shows a typical freeway situanon in which
queuing and shock waves are caused entirely by vehide interactions and not by
traffic control devices.

Three characteristics of Exhibít 4-11 are not necessarily common to al! time-
space representations of vehide trajectories:

1. Time may be shown on either the vertical or the horizontal axis. Note that
Exhibit 4-11(a) shows time on the vertical axis, while Exhibit 4.11(b)
shows time on the horizontal axis.

2. The angular shape of the intcrrupted-flow trajectory curves in Exhibit 4-
11(a) does not represent the acceleration and deceleration in their tntC
forms. This shape displays an approximation of the trajectory that is
appropriate for sorne interpretations and inappropriate for others.

3. Both plots represent a single lane of operation in which each vehide
fo11owsits leader according to established rules. Multilane trajectory plots
differ from single-Iane plots in two ways. First, the first-in, first-out queue
discipline can be violated in multilane situations because of overtakíng. In
other words, a vehide entering a link later than its leader could leave the
link earlier. Graphically, this situation is represented by trajectory lines
crossing each other. Second, sorne vehicles might change lanes. Lane
changes cannot be represented in the Exhibit 4-11 plots because distance
is shown as a one-dimensional scalar quantity. Because of these
complexitíes, multilane trajectories are much harder to analyze.

While plots such as Exhibit 4-11 provide good visual insight into vehicle
operations, they do not support quantitative assessments. To develop
performance measures from vehide trajectories, the trajectories must be
represented mathematically rather than visually. A mathematical representation
requires development of a set of properties that are associated with each vehicle
at specific points in time and space. Because of the time-step formulation of most
simulation models, time rather than distance is the preferred reference point.

The key to producing performance measures that are comparable among
different estimation techniques is developing a set of definitions that enforce a
consistent interpretation of the vehide trajectories. The subject of trajectory-based
definitions is treated in more detail in Chapter 7, Interpreting HCM and
Alternative Tool Results, and in Chapter 36, Concepts: Supplemental.
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3. PEDESTRIAN MODE

PEDESTRIAN CHARACTERISTICS

Pedestrian Space Requirements
Pedestrian fadlity designers use bcxly depth and shoulder breadth for

minimum space standards, at least implicitly. A simplificó body ellipse oi 18 in.
by 24 in., endosing an area oi 2.35 ft2 and incorporating a heavily dothed 95th
percentile maJe and his buffer area to other pedestrians, has been used as the
basic space for a single pcdestrian,. on the basis of 1970s data (10). The bcxly ellipse
area represents the practicaJ minimum spacc for standing pedestrians. More
recent data, accounting for increases in the bcxly size of the U.S. population since
the 1970s, suggest that an extra 2 in. of bcxly depth is required to provide an
equivalent buffer area for a U.s. pedestrian in the 2010s. This larger body ellipse
of 20 in. by 24 in. endoses an area of 2.6 ftl (11) and is shown in Exhibit 4.12(a).

In contrast to a standing pedestrian, a walking pedestrian requires a certain
amount of forward space. This forward space is a criticaI dimension, since it
determines the speed of the trip and the number of pedestrians able to pass a
point in a given time periodo The forward space in Exhibit 4-12(b) is categorized
into a pacing zone and a sensory zone (10).

Exhibit4.12
Pedestrian Body Ellipse for
Standing Areas and
Pedestrian walking Space
Requirement

Shoulder Width (24 in.)

(a) Pedestrian Body ElIipse
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Sources: Adapted from Fruin (10) and TCRPReport 165: Transit C1pacity and Qualityof5ervice Manual 3rd
edition (11).

Walking Speed
Pedestrian walking speed is highly dependent on the characteristics of the

walking population. The proportion of elderly pedestrians (65 years oId or more)
and children in the population, as well as trip purpose, affects walking speed. A
national study (12) found the average walking speed of younger (age 13-60)
pedestrians crossing streets to be significantly different froro that of oJder
pedestrians (4.74 ft/s versus 4.25 ft/s, respectively). The 15th percentile speed, the
speed used in the Manual on Uniform Traffic Control Devices (13) for timing the
pedestrian dearance intervaI at traffic signals, was 3.03 ft/s for older pedestrians
and 3.77 ft/s for younger pedestrians. Exhibit 4-13 shows these relationshi pS.
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Exhibit 4-13
Observed Older and Younger
Pedesbian Walking Speed
Distribution at Unsignallzed
Intersections

Source: Adapted from TCRP Report 112/NCHRP Report 56:l(1Z).

Pedestrian Start-Up Time
At crosswalks located at signalized intersections, pedestrians may not step

off the curb immediately when the WAlK indication appears, in part beeause of
perception-reaction time and in part to make sure that no vchicles have moved
or are about to move into the erosswalk area. This hesitation is termed pedestrian
start-up time and is used in evaluating pedestrian erosswalks at traffie signals.

PEDESTRIAN FLDW PARAMETERS

Speed, Flow, and Density Relationships

Speed-Density Relationships

The fundamental relationship between speed, density, and volume for
dirfftional pedestrian flow on facilities with no cross f1ows,where pedestrians
are constrained to a fixed walkway width (because of walls or other barriers), is
analogous to that foc vehicular f1ow.As volume and density inecease, pedestrian
speed declines. As density increases and pedestrian space decreases, the degree
of mobility afforded to the individual pedestrian declines, as does the average
speed of the pedestrian stream.

Exhibit 4-14 shows the celationship between speed and density foc three
pedestrian classes.
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Relationships Between
Pedestrian Speed and Density
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Exhibit 4-15
Relationships Between
Pedestrian Flow and Space

Pedestrian Mode
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SOurce: Adapted from Pushkarevaod Zupao (14).

Flow-Density Relationships

The relationship among density, speed, and direetional flow for pedestrians
is similar to that for vehicular traffie streams and is expressed in Equation 4-11:

Vped = Sped X Dped

where

Vp<'d unit flow rate (p/min/ft),

Sptd pedestrian speed (£l/min), and

Dptd pedestrian density (p/ft2).

The f10w variable in Equation 4.11 is the unit width flow, defined as the
pedestrians per minute per unit width (e.g., foot) of walkway. An altemative,
more useful, expression uses the reciprocal of density, or space:

Sped
vped=M

where M: pedestrian space (ft2/p).

The basic relationship between f10wand space is illustrated in Exhibit 4-15:

o
e 5 ~ U ~ ~ M » • ~ ~

PedestrlanSpaoe(~l/p)
I--eomn..- ••..•••edionlIl- -eommull!rbO;jr~••••~ rrdtXli~

SOurce: Fn.Jio(JQ).
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The conditions at maximum fIow represent the capadty of the walkway facility.
Prom Exhibit 4.15, it is apparent that aH observations of maximurn unit fIow faH
within a narrow range ol density, with the average space per pedestrian varying
between 5 and 9 ft2/p. Even the outer range of the5e observations indieates that
maximum fIow oecurs at this density, although the actual fIow in this study is
considerably higher than in the others. As space is reduced to less than 5 fF/p,
the fIow rate declines precipitously. AHmovement effectively stops at the
minimum space allocation of 2 to 4 fF/p.

These relationships show that pedestrian traffic can be evaluated
quantitatively by using basie concepts similar to those of vehicular traffie
analysis. At fIows near eapacity, an average oí 5 to 9 fF/p is required lar eaeh
moving pedestrian. However, at this level of fIow, the limited area available
restricts pedestrian speed and freedom to maneuver.

Speed-Flow Relationships

Exhibit 4-16 iIlustrates the rclationship between pedestrian speed and fIow.
These curves, similar to vehicle flow curves, show that when there are few
pedestrians on a walkway (Le., low fIow levels), there is space available to choose
higher walking speeds. As fIow increases, speeds decline because of c10ser
interactions among pedestrians. When a eriticallevel al erowding occurs,
movement hceomes more difficult, and both fIow and speed decline.
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Sour<:e: Adapted from Pu:shkilrev arodZupan (14).

Speed-Space Relationships

Exhibit 4.17 also confirms the relationships of walking speed and available
space. The outer range of observations shown in Exhibit 4-17 indicates that at an
average space of less than 15 ft2/p, even the slowest pedestrians cannot aehieve
their desired walking speeds. Paster pédestrians, who walk at speeds of up to 350
ft/min, are not able to achieve that speed unless the average space is 40 fF/p ar
more.
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Exhibit 4~17
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Flow on Urban 5idewalks and Walkways
While the fundamental relationships described aboye hold for pedestrians on

constrained facilities with linear flow (e.g., bridges and underground
passageways), they are complicated on urban sidewalks and walkways by other
factors. In particular, cross flows, stationary pedestrians, and the poteotial for
spillover outside of the waIkway affcct pedestrian flows on these facilities.
Quantitative research describing the effects of these factors on pedestrian flow is
limited, but the effects are described qualitativcly here.

Cross flows of pedestrians enterlng or exiting adjacent businesses, getting on
or off buses at bus stops, or accessing street furniture are typical on most urban
pedestrian facilities. Where pedestrian volumes are high. these cross flows wiII
disrupt the speed-flow relationships described aboye, resulting in lower
pedestrian speeds at equivalent flow rates. In addition, stationary pedestrians
wiII be present on most urban pedestrian facilities as pedestrians stop within the
waIkway to talk, to look in store windows, or for other reasons. Stationary
pcdestrians reduce pedestrian flow by requiring pedestrians to maneuver
around them and decreasing the available width of the walkway.

Finally, in situations where pedestrians are not physical1y confined within
the walkway, pedestrians will often choose to waIk outside of the prescribed
walking area (e.g., walk in the furniture zone or street) when high densities are
reached. Thus, in practice, facilities will often break down, with pedestrians
spilling over into the street, before the maximum flow rate shown in Exhibit 4-15
is reached.

The result of the combination of factors described aboYe is that many
pedestrian facilities will reach effective failure at densities far less than the
facilit)"s capacity. Analysis of pedestrian facilities should take into consideration
local conditions, incIuding the presence of destinations along the facility that
contribute to cross.flows and stationary pedestrians, as well as opportunities for
pedestrians to spilI over onto adjacent facilities.
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Pedestrian Type and Trip Purpose

The analysis of pedestrian fIow is generally based on the mean, or average,
walking specds of groups of pedestrians. Within any group, or arnong groups,
therc can be considerable differences in fIow characteristics due to trip purpose,
adjacent land use, type of group, age, mobility, cognitive ability, and other
factors.

Pedestrians going to and from work and using the same facilities day after
day walk at higher spceds than do shoppers, as was shown in Exhibit 4-14.Older
or very young persons tend to walk more slowly than do other groups. Shoppers
not only tend to walk more slowly than do commuters but also can decrease the
effcctive walkway width by stopping to window-shop and by carrying shopping
bags. The analyst should adjust for pedestrian behavior that deviates from the
regular paUerns represented in the basic speed, volume, and density curves.

Influences of Pedestrians on Each Other

Photographic studies show that pedestrian movement on sidewalks is
affected by other pedestrians, even when space is more than 40 ftl/p. At 60 ft2/p,
pedestrians have becn observed walking in a checkerboard pattern rather than
directly behind or alongside each other. The same observations suggest the
necessity of up to 100 ft2/pbefore completely free movement occurs without
conflicts, and that at 130 ft2/p,individual pedestrians are no longer influenced by
others (15). Bunching or platooning does not disappear until spacc is about 500
ft2/por higher.

Another issue is the ability to maintain flow in the minar diredion on a
sidcwalk when it is opposed by a majar pedestrian flow. For pedestrian streams
of roughly equal fIow in each direction, there is HUlereduction in the capacity of
the walkway compared with one-way fIow, because the directional streams tend
to separate and occupy a proportional share of the walkway. However, if the
directional split is 90%versus 10%and space is 10 ft2/p,capacity reductions of
about 15%have been observed. The reduction results from the minor flow using
more than its proportionate share of the walkway.

Similar but more severe effects are seen with stairways. In contrast to their
behavior on a level surface, people tend to walk in ¡ines or lanes in traversing
stairs. A small reverse fIow occupies one pedestrian lane (30 in.) of the stairway's
width. For a stairway 60 in. (5 ft) wide, a small reverse fIow could consume half
its capacity (11).

A pedestrian's ability to cross a pedestrian stream is impaired at space values
¡ess than 35 ft2/p, as shown in Exhibit 4-18. Above that level, the probability of
stopping or breaking the normal walking gait is nearly zero. Below 15 ft2/p,
almost every crossing movement encounters a confIict. Similarly, the ability to
pass slower pedestrians is unimpaired aboye 35 ft2/p,but it becomes
progressively more difficult as space allocations drop to 18 ft2/p,the point at
which passing becomes virtually impossible (10, 16).
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Exhibit 4-21
Relationship Between Platoon
FIow and Average Aow
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CAPACITY CONCEPTS

Pedestrian Circulation Facilities
Pedestrian capacity on facilities designed for pedestrian circulation is typically

expressed in terms of slJace (square feet per pedestrian) or unit j10w (pedestrians
per minute per foot of walkway width). The relationship between space and f10w
was illustrated in Exhibit 4-15. Capacity occurs when the maximum f10wrate is
achieved. Typical values far pedestrian circulation facilities are as follows:

• Walkways with random f1ow,23 p/min/ft;

• Walkways with pIatoon flow (average over 5 min), 18 p/min/ft;

• Cross-flow areas, 17 p/min/ft (sum of both flows); and

• Stairways (up direction), 15 p/min/ft.

As shown in Exhibit 4-16, average pedestrian speeds at capacity are about
half the average speed obtained under less congested conditions. As a result,
pedestrian circulation facilities are typically not designcd for capacity but rather
for a less congested condition that achieves lower pedestrian throughput but that
provides pedestrians with greater opportunity to travel at their desired speed
with minimal conflicts with other pedestrians. Moreover, as described aboye
under "Flow on Urban Sidewalks and WaIkways," pedestrian facilities often
break down befare maximum f10wrates are achieved, as a result of pedestrian
spillover outside of the walkway into the furniture zone ar roadway.

Pedestrian Queuing Facilities
Pedestrian capacity on facilities designed for pedestrian queuing is expressed

in terms of space (square feet per pedestrian). In a queuing area, the pedestrian
stands temporarily wrule waiting to be scrved. In dense, standing crowds, there
is Hule room to move, but limited drculation is possible as the average space per
pedestrian increases. Queuing at or near capacity (2 to 3 ft2/p) typically occurs
onIy in the most crowded elevators or transit vehicles. Queuing on sidewalks,
waiting to cross at strcct comers, is more typically in the 3- to 6-ft2/p range,
wruch is still crowded but provides sorne intemal maneuverability.
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4. BICYCLE MODE

BICYCLE FLOW PARAMETERS

Although bicyelists are not as regimented as vehieles, they tend to operate in
distinct lanes of varying widths when space is available. The capacity of a bicyele
facility depends on the number of effective lanes used by bicyeles. Shared-Iane
facilities typicalIy have only one effedive lane, but scgrcgated facilities such as
bicycle lanes, shoulder bikeways, pathways, and cyele tracks may have more
than one effective lane, depending on their width. When possible, an analysis of
a facility should include a field evaluation of the number of effective lanes in use.
When this is not possible, or when future facilities are planned, a standard width
for an effective bicyele lane is 3.5 to 4 ft (17, 18).The American Association of
State Highway and Transportation Officials recommends that off-strcct bicyele
paths be 10 ft wide (17).

Rescarch demonstrates that three-lane bicyele facilities operate more
efficiently than two-Iane bicyele facilities, affording considerably better quality of
service to users (19). The improved efficiency is due primarily to increased
opportunities for passing and for mancuvering around other bicyelists and
pedestrians. This reinforces the value of determining the number of effective
lanes as the principal input for analyzing a bicyele facility.

A study that compared mean bicyele speeds with bicycle flow rates over 5-
min periods found at most a minar effect of flow rates on speed, for flow rates
ranging fram 50 to 1,500bicyelcs/h. When the analysis focused on platoons of
bicycles with headways less than 5 s, bicyele speeds trended slightly lower as
flow rates increased (20).

Most bicyelists travel on facilities that are shared with automobiles. In these
circumstances, bicyele flow is significantly affected by the characteristics of
surraunding automobile flow. Bicyelists often must wait behind queues of
automobiles. Even where bicyelists may pass such queues, they are oiten torced
to slow because the available space in which to pass is too constrained to allow
tree-flow speeds to occur.

Data collected for more than 400 adult bicyelists riding on uninterrupted
multiuse segments showed an average speed of 12.8mi/h (19).However, the
speed of an individual bicyelist varies considerably fram this average on the
basis of trail conditions, age, fitness level, and other factors. Exhibit 4-22 shows
how bicyelist speed varics with age, on the basis of Danish data. Data are for
typical bicyelists on flat terrain.

6 12 18 N ~ ~ G % ~ ~ ~ n n ~
alc:ycllst Age

Source: Danf<;hRoad O1rectorate (2I).
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Flow rates of bicyclists usually vary over the course of an hour. As described
aboye foc automobiles, HCM analyses typically consider the peak 15 mm of flow
during the analysis hour. Because inputs to HCM procedures are typically
expresscd in terms of hourly demands, the HCM uses the PHF, shown by
Equation 4-1, to convert an hourly volume into a peak 15-min f10w rateo Data for
bicycles on eight trails, recorded over three separate time periods for each trail,
showed PHFs ranging from 0.70 to 0.99, with an average of 0.85 (19).

CAPACITY CONCEPTS
Because service quality deteriorates at flow levels well below capacity, the

concept of capacity has little utility in the design and analysis of bicycle paths
and other facilities. Capacity is rarely observed on bicycle facilities. Values for
capacity, therefore, refled sparse data, generally from Europe and generally
extrapolated from flow rates over time periods substantially less than 1 h.

One study reported capacity values of 1,600 bicycles/h/1n for two-way
bicycle facilities and 3,200 bicycles/h/1n for one-way facilities. Both values were
for exclusive bicycle facilities operating under uninterrupted-flow conditions
(22). Other studies have reported values in the range of 1,500 to 5,000
bicycles/h/1n for one-way uninterrupted-flow facilities (19).

Danish guidelines suggest that bicycle capacity is normally only relevant at
signalized intersedions in cities and that a rule of thumb for the capacity of a
two-Iane cycle track is 2,000 bicycles/h under interrupted-flow conditions (Le.,
1,000 bicycles/hlln) (23). The HCM recommends a saturation flow rate of 2,000
bicycles/hlln for a one-direction bicycle lane under interrupted-flow conditions,
which is equivalent to a capacity of 1,000 bicycles/hlln when the bicycle lane
receives a green indication during 50% of the signal cycle.

DELAY
Delay is an important performance measure for bicyclists on interrupted-

flow system elements. This is true because delay increases travel time and
because the physical exertion required to accelerate a bicycle makes stopping or
slowing undesirable and tiring. lOe difficulty involved in stopping and starting a
bicycle often makes it appropriate to assess not only the control deJay ¡ncorred
by bicyclists but also the number of stops that bicyclists are required to make to
traverse a facility. For example, a facility with STOPsigns every several hundred
feet will require bicyclists to stop frequently and thus will provide lower capacity
and quality of service to users.

Bicyde Mode
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5. TRAN5IT MODE

BUS SPEED PARAMETERS

Bus spL'Cdson urban strcets are influenced by the sarne factors that influence
automobile speeds, particularly the delay caused by traffic signals and other
forms of intersection contro!. As heavy vehicles, buses accelerate and decelerate
more slowly than passenger cars. In addition, many bus-specific factors influence
speed; these involve operations, vehicIe, roadway, and passenger characteristics.
These factors are described below.

Bus Operations

Stop Spacing

Unlike other urban strcct users, most transit vehicles (except for express
buses) stop periodically so that passengers may board and alight. Each stop
introduces up to seven forms of delay (11):

• Vece/eration de/ay, as a bus slows down approaching a stop;

• Bus sto,' fni/I/re, which occurs when a bus arriving at a stop finds aH
loading areas occupied and must wait for space to become available;

• Boarding /ost time, time spent waiting for passengers to travel from their
waiting pnsition at the bus stop to the bus door;

• Passenger service time, time for passenger loading, unloading, and fare
payment, as weHas time spent opening and closing the doors;

• Traffic signal de/ay, time spent waiting for a grecn light after serving
passcngers at a stop on the ncar side of an intersection (Le.,a near-side
stop);

• Reentry de/ay, time spent waiting for a gap in traffic to leave the bus stop;
and

• Acce/eration de/ay, as a bus spccds up to its running speed on the street.

Increasing the stop spacing reduces the number of occurrences of these types
of delay, which results in a net increase in speeds. (Passenger scrvice times may
increase, though, as passenger activity is concentrated at fewer stops.) Reported
traveJ time savings due to stop consolidation have ranged from 4.4%to
approximately 19%(11).

The ability ta increase stop spacing depends on many factors, including the
quality of the pedestrian network in the area, the lacations of transit trip
generators and transfer points, and driveway and curb parking lacations (11).

Stop Location

Bus stop location affccts bus speeds by influencing thc amount of deJay
induced by ather roadway users-particularly right-rurning vehieles-on buses
trying to access a bus stop. AHother things being equa], far-side stops produce
less delay than near-side stops, with the deIay benefit increasing with increasing
intersection volume-to-capacity ratio and increasing traffic signa] cycle length.
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However, other factors, such as those listed aboYe for increasing stop spacing.
must also be weighed when relocanon of stops is considered (24).

Stopping Patterns
When a street is used by a high volume of buses, having aH buses stop at the

same set of stops can create bus congestion and slow down speeds. A skip-stop
stopping pattern, under which buses are divided into groups that share a certain
set of stops, can substantially improve overall bus speeds, as well as bus facility
capacity, with the trade-off of making it more difficult for nonregular passengers
to find their bus stop. Plafooning occurs when buses travel together, like cars of a
train, along a roadway. Platoons can be developed by traffic signals or can be
deliberately formed through careful scheduling and field supervision, although
the latter is rare in North America. Platooning minimizes bus passing activity
and thus results in higher overall speeds (11).
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Service Planning and SCheduling
Bus speeds along an urban street decline when 50% or more of the hourly

bus capacity is utilized, as illustrated in Exhibit 4-23. As the number of buses
using a bus lane increases, there is a greater probability that one bus wiII delay
other buses, either by using the remaining space at a bus stop or by requiring bus
passing and weaving maneuvers. At a volume-to-capacity (v/c) rano of 1.0, bus
speeds are approximately half of those achievable at v/c ranos under 0.5 (11).

Fare Payment
The time required for passengers to paya fare affects the passenger service

time at stops. The average time needed to board a low-floor bus with no or
prepaid (e.g., bus pass or free transfer) fare payment is 1.75 s/passenger. The
various types of fare payment methods (e.g., cash, tickets, tokens, magnetic-
stripe cards, smart cards) have service times associated with them that increase
the service time by up to 3.25 s/passenger, on average, aboye the base level (11).

Transit Mode
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Passenger Loads
On buses where demand execeds seating eapadty, causing some passengers

to stand, more passenger service time (typieally 0.5 s/passenger) is required at
stops, beeause standing passengers must push toward the baek of the bus to
allow other passengers to board and beeause alighting passengers take longer to
get to a door (11).

Vehicle Characteristics
Low-f1oorbuses are in common use and eliminate the need for passengers to

ascend and descend steps, whieh would otherwise typieally add 0.5 s to caeh
passenger's boarding or alighting time. Wide bus doors aIlow more passengers
to board and alight simultaneously (11).Different types of buses have different
aeeeleration characteristies, whieh influence the amount of aeeeleration delay
incurred when a bus stops.

Roadway Infrastructure
Roadway infrastructure treatments are physical treatments designed to give

transit vehides a travel time advantage over motorized vehide traffie or to avoid
delays caused by other roadway users. The following are common infrastrueture
treatments used on urban streets:

• Exclusive bus 1m/cs.Dne or more lanes reserved for the full. or parHime
use of buses. They restrict oc eliminate interactions with other roadway
users that slow down buses. With typical signal timing, bus lanes can
provide a 1.0- to 1.8-min/mi speed bcnefit (11).

• Qucue jUlllps. Short bus lane sections (often shared with a righHurn lane),
in combination with an advance green indication for the lane, that allow
buses to movc past queues of ears at signals. They primarily provide a
bus delay beneHt at high intersection volume-to-capadty ratios (24).

• Boardiflg islallds. A raised area within the roadway that allows buses to
stop to serve passengers from an inside lane, thus avoiding delays
associated with curb-Iane travel (e.g., parking, deliveries, right-turning
vehicles yielding to pedestrians) (24).

• Cllrb extellsiollS. An extension of the sidewalk to the edge of the travel or
bicycle lane (e.g., by removing on.street parking). Curb extensions
eliminate reentry delay by allowing buses to stop in their travellane. At
the range of curb volumes appropriate for curb extensions (under 500
vehlh), they can save buses up to 4 s of delay per stop on average (11).

Traffie Operations
Traffie operations treatments are ehanges in the roadway's traffie control that

are designed to give transit vehieles a lrave! time advantage over motorized
vehide traffie or to avoid deJays caused by other roadway users. The following
are common operations treatments used on urban streets:

• Trallsit sigllal priority (TSP). TSP modifies the traffie signal timing to
reduce bus delay while maintaining signal coordination and overall traffic
signal cyele length. Systems of interseetions equipped with TSP have

Chapter 4/Traffic Operations and capacity Concepts
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produced a wide range of resuits, from no change in corridor-level travel
times up to an approximate 20% reduction in travel times. In general, bus
travel time variability is reduced by TSP. The ability to obtain corridor-
level reductions in travel times depcnds in part on whether bus schedules
are changed to take advantage of TSP, as well as whether a bus is able to
pass through the next downstream signal or simply arrives earHer on red
(and thus obtains no net benefit) (24).

• Movement restriction exemptiolls. Buses are allowed to make movements at
locations where othcr vehicles are not allowed tooThis treatment allows
buses to travel more direct routes; the time saved depends on the length
of and the delay associated with the altemative route (11).

• General traffic movement resfrictions. Motorized vehicles may be prohibited
from making movements (e.g., left turns) during times of day when
vehicles stopped to make turns would unduly delay other roadway users,
including buses. There can also be associated safety and reliability
benefits (24).

• Parking restrictions. Parking restrictions can be used to free roadway space
for other uses, such as queue-jump lanes or part-time bus lanes, or to
eliminate the traffic delays caused by high parking turnover. The impacts
on adjacent land uses must be carcfully considered, and regular
enforcement is required to ensure that buses receive fuI! benefit (11).

Passenger Characteristics

Passenger Distribution
The distribution of OOarding passengers among bus stops affects the

passenger service time of each stop. If passenger boardings are concentrated at
one stop along a street, that street's bus capacity will be lowcr than if OOardings
were more evenly distributed. With a lower capacity, fewer scheduled buses in
an hour will bring aOOutbus interactions that affect bus speeds.

Stro//ers, Whee/chairs, and Bicye/es
Passenger service times are longer for passengers with strollers or using

wheelchairs, particularly with high-floor buses when a lift must be deployed. A
passenger using a bieycle rack mounted to the bus will also cause service time to
increase, except when other passengers are still being served after the bieycle has
been secured. In many cases, thcse events are sufficiently infrequent to be
indistinguishable from the normal variation in passenger demands and service
times at a bus stop.

CAPACITY CONCEPTS

Differences Between Transit and Highway capacity
Transit capacity is different from highway capacity: it deals with the

movement of OOthpeople and vehicles, it depends on the size of the transit
vehicles and how often they opera te, and it reflects the interaction of passenger
traffic and vehicle f1ow. Transit capacity depends on the operating policy of the
transit agency, which specifies service frequencies and allowable passenger

Transit MocIe
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loadings. Accordingly, the traditionaJ concepts applied to highway capacity must
be adapted and braadened.

Two key characteristics differentiate transit fram the automobile in terms of
availability and capacity. First, automobiles have widespread acccss to roadway
facilities, whereas transit service is available onIy in certain Jocations and during
certain times. Second, roadway capacity is available 24 h/day once it is
constructed, but transit passenger capacity is limited by the number of transit
vehicles operated at a given time.

The HCM distinguishes between vehicle and person capacity. VehicIe capacíty
reflects the number of buses that pass a given Jocation during a given time
period and is thus most closeJy analogous to automobilc capacity. Person capacíty
reflects the number of people that can be canied past a given Iocation during a
given time period under specified operating conditions, without unreasonable
deJay, hazard, or restriction, and with reasonabJe certainty.

Vehicle Capacity

Vehicle (bus) capacity is cammonly determined for three locations along an
urban street: individuaJloading arcas (berths) al bus stops, individual bus stops,
and an urban street facility, as iIIustrated in Exhibit 4.24. Each location directly
influences the next. The vehicle capacity of a bus stop is controlled by the vehicle
capacities of the Ioading arcas, aod the vehicle capacity of the urban street facility
is controlled by the vehicle capacity of the critical stop within the facility.

J
~ ---------------------------------------- ~ -------------------

l EJiii] liIiiiJ /
I~~
l l
'-.-----'

S

--~~I~~
l l
'-.-----'

S

Exhibit 4.24
Bus Loading Areas, Stops, and
Facilities

-------- --, -----------
l = loading area, S = bus stop, F = bus fadlity

Source: TCRP Report 165: Trilnsit C:1¡»city ilnd Quillity ot 5ervice Milnu.3l, 3rd edilioo (1I).

Loading Area capacity

The following are the main elements determining loading area capacity (11):

• DweIl time, the sum of passenger service time, boarding lost time, and the
time required to open and close the bus doors.

• DweIl time variability, the difference in dwell times among different buses
using the stop over the courS/!of an hour.

• Traffic signal timing, affecting the proportion of time available in an hour
for buses to enter (far-side) or exit (near-side) bus stops.

• Failure rafe, a design input reflecting the dcsired probability that ane bus
will arrive at a bus stop only to find allloading areas already occupied.
Capacity is improved with higher design failure rates, but speed and
reliability suffer when buses must wait in the street to enter a stop.

Chapter 4[Traffic Operations and capacity Concepts
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• Clearance time, the sum of the time required far a bus to start up and travel
its own length (freeiog space for the next bus) and reentry deJay.

Effedive Ioading areas.

Transít Mode
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Bus Stop capacity
Bus stops consist of one or more loading areas. When a bus stop consists of a

single loading area, its capacity is equivalent to the loading area capacity.
However, when a bus stop consists oi multiple loading areas, the number of
loading areas and the design oi the loading areas iofluence its capacity.

Most on-street bus stops are linear bus stops, where the first bus to arrive
occupies the first loading area, the sccond bus occupies the sccond loading arca,
and so on. Each additionallinear loading area at a bus stop is less efficicnt than
the one before it because buses stopped at one of the rear loading areas may
block acccss to available Ioading areas in front of them.

Efficiency drops significantly aboye three loading areas. Efficiency is also
affected by whether buses stop in or out of the travellane and by whether
platooning ocrurs (11).

Bus FacHity capacity
Bus facility capacity is canstrained by the bus stop with the lowest capacity

along the facility, or critical stop. This stop is usually the bus stop with the longest
dwell time. However, a near-side stop at an intersection with high right.turning
volumes (partirularly in combination with high conflicting crosswalk volumes)
or a stop before or after a signalized intersection approach with a short green
time could also be the critical stop (11).

Person Capacity

For HCM analysis purposes, person capacity is typically calculated only at
the facility leve!. It is detennined by three main factors (11):

1. Vehic/e capacity, which determines the maximum number of buses that
can be scheduled to use the bus facility over the course of an hour;

2. Agency policy, which sets loading standards for buses and determines
how frequently buses operate (which is usually less than the maximum
possible frequency); and

3. PassclIger demalld characteristics, reflectcd by a PHF.

O1apter 4(Traffic Operations and capadty Concepts
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1. INTRODUCTION

OVERVIEW
There are many ways to mcasure the performance of a transportation facility

or service-and many points of view that can be considered in deciding which
measurements to make. The agency operating a roadway, auto~obile drivers,
pedestrians, bicyclists, bus passengers, decision makers, and the community at
large aHhave their own perspectives on how a roadway or service should
perform and what constitutcs "good" performance. As a rcsuft, there is no ooe
right way to measure and interpret performance.

Quality o/ savia describes how well a transportation facility or service
operates from the traveler's perspective. Level o/ seroice (LOS) is a quantitative
stratífication of a performance measure or measures representing quality of
service. The LOSconcept facilitates thc presentation of rcsults through the use of
a familiar A (best) to F (worst) scale. LOS for a givcn mode on a given
transportation system c1ement is defined by one or more seroice measures. Service
measures are identified from the range of performance measures that the
Highway Capacity Mallllal (HCM) can estimate as the measures that (a) best
describe operations, (b) best reflect thc traveler perspective, and (e) are useful to
roadway operating agencies.

CHAPTER ORGANIZATlON
Three ovcrarching concepts-quality of service, LOS,and scrvice measures-

are the subjects of Chapter 5:

• Section 2 lists the variety of factors that affcct traveler perceptions of
scf\'ice quality and contrasts them with the topic areas that are covcred in
thc HCM.

• Section 3 introduces the LOSconcept, describes how to apply LOSas part
of an analysis, and emphasizes the need to consider additional
performance measurcs to obtain a full picture of operating conditions.

• Section 4 describes ho\\' service measures are selcctcd, explains how LOS
F is defined, and introduces the service measurcs used in the HCM for
each system element and mode.

Chapter 5/Quality and level-of-5ervice Concepts
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2. QUALITY OF SERVICE

Quality of service defined.

T71eHCM provfdes tooIs for
measuring t!Ie multimodal
operations aspects of quafity of

""""'.

LOS iSan im~nt too! used
by t!Ie HCM to stratJfy quality
ofservice.

Quality of 5ervice
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Quality of serviee describes how well a transportation fadlity or serviee
operates from a traveler's perspcctive. Quality of serviee can be assessed in a
number of ways. Among them are directly observing factors perceivable by and
important to travelers (e.g., speed or deJay), surveying travelers, tracking
complaints and complirnents about roadway conditions, forecasting traveler
satisfaction by using models derived from past traveler surveys, and observing
services not directly perceived by lravelers (e.g., average incident c1earance time)
that affect measures they can perceive (e.g., speed, arrival time at work).

Factors that influence traveler-perceived quality of service indude

• Travel time, speed, and delay;

• Number of stops incurred;

• Travel time reliability;

• Maneuverability (e.g., ease of lane changing, percent time-spent-following
other vehides);

• Comfort (e.g., bieyde and pedestrian interaction with and separation
from tramc, transit vehide crowding. pavement quality);

• Convenience (e.g., directness of route, frequeney of transit service);

• Safety (actual or perceived);

• User cost;

• Availability of facilities and services;

• Facility aesthetics; and

• Information availability (e.g., highway wayfinding signage, transit mute
and schedule information).

The HCM's scope, measuring the multimodal performance of highway and
street facilities, is narrower than the quality-of-serviee aspects listed aboye. As
discussed in Chapter 1, HCM User's Guide, companion documents to the HCM
address highway safety, roadway design, and wayfinding signage, among other
topics. The HCM focuses particularly on the travel time, speed, delay, reliability,
maneuverability, and comfort aspects of quality of serviee, although a limited
number of the HCM's performance measures address sorne oi the other aspects
listed above.

The HCM provides a variety of performance measures in Volumes 2 and 3 to
assess the quality of serviee of transportation system elements. These measures
can be directly observed in the field or estimated from related field-observed
factors. LOS is the stratification of one or more performance measures selected to
represent quality oi service and is the topie oi the next section.

Olapter S/Quality and Level-of-5ervice Concepts
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3. LEVEL OF SERVICE

OEFINmON

LOS is a quantitative stratification of a performance measure or measures
representing quality of service. The measures used to determine LOS for
transportation systcm e1ements are called seroice mensures. The HCM defines six
levels of service, ranging from A to F, for each service measure or combination of
service measures. LOSA represents the best operating conditions from the
traveler's perspcctivc and LOS F the worst. For cost, environmental impact, and
other reasons, roadways are typically designed not to provide LOSA conditions
during peak periods but instead to provide some lower LOS that balances
individual travelers' desires against society's desires and financial resources.
Nevertheless, during low-volume periods of the day, a system element may
operate at LOSA.

USAGE
LOS is used to translate complex numerical performance results into a

simple A-F syslem representa tive of travelers' perceptions of the quality of
service provided by a facility or service. Practitioners and decision makers alikc
must understand that the LOS letter result hides much of the complexity of
facility performance. This feature is intended to simplify decision making on
whether facility performance is generally acceptable and whcther a £Ulure
change in performance is likely to be perceived as significant by the general
publicoThe language of LOS provides a common set of dcfinitions that
transportation engineers and planners can use to describe operating conditions;
however, thc appropriate LOS for a given system element in the community is a
decision far local poliey makers. One rcason for the widespread adoption of the
LOS concept by transportation agencies is the concept's ability to communicate
roadway performance to nontechnical decision makers. However, LOS has other
strengths and weaknesses, dcscribed below, that both analysts and decision
makers need to be mindful of.

Understanding the Step Function Nature of LOS
LOS is a step function. An increase in average control deJay of 12 s at a traffic

signal, for example, may result in no change in LOS, a drop of one level, or even
a drop of two levels, depending on the starting value of delay, as illustrated in
Exhibit 5.1.

From a traveler perception standpoint, the condition shown in Exhibit 5-1 is
not nccessarily inconsistent. A change of LOS indicates that roadway
performance has transitioned from one range of traveler-perceivable conditions
to anothcr range, while no change in LOS indicates that conditions have
remained within the same performance range as before. Service measure values
indicate where conditions lie within a particular performance range. Because a
small change in a service measure (e.g., a 2-5 change in delay) can result in a
change from one LOS to another, the LOS letler result can imply a more
significant or perceptible change than actually occurred.

O1apter 5fQualily and level-of-5ervice Concepts
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LOS defined.

LOS is measured on an A-F
SCdIe.LOSA represents!he
bes( operating condltions from
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LOS is a useful and widely
adopted too! for
communfcQting fOiI(fway
performance lo laypersons and
decision makers. However, its
strengths and weaknesses
should be kept in mind.

A step function provldes a
constant resuft through a
range of input vaiues and tllen
changes abruptly lo provlde a
new constant resuft after a
threshold input value is
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Exhibit 5-1
Example of the Step Fundían
Nature of LOS

IdentiG3f changes in the service
measure value may resuft in no
change in LOS or a change of
one or more levels of servia',
depending on how cJose the
starting value is to a LOS"'_o
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Detining performance
stcndards on the basis of LOS
(O' any ñxed numerical value)
means tlJat SfTI<jIlchanges in
performance can sometimes
resuft in tile standard being
exceeded, when a fadlity is
already operating cJose to the
standard.

5ection 2 of Chapter 7,
[nterpreting HCM and
AltemalJve Too( Resu!t5,
discusses sources of
uncertafnty ami thefr impacts
on anafysis results in more
detail.

Models provide a best estimate
of service meiJSUrevalues, but
the "troe" value IJkely lies
withfn a ronfidence Interval
range above or beJow the
estimated value.
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This aspect of LOS can be a partirularly sensHive issue when transportation
agencies define their operational performance standards solely by using LOS.
The definition of any fixed standard, whether numerically or as a LOS letter,
always entails the possibility that a small change in performance may trigger the
nced for potentially costly improvements.

Variability of the lnputs to LOS
Although computer software that implements HCM methodologies can

sometimes report results to many decimal places, three major sources of
uncertainty influence service measure values and, thus, the LOS result:

1. The models used to estímate service measure values have confidence
intervals associated with their outputs.

2. The models may, in tum, rely on the output of other models that have
their own associated confidence intervals.

3. The accuracy of input variables, such as demand flow rate, is taken to be
absolute when, in fad, there is a substantial stochastic (Le., random)
variation around the measured values.

Thus, any reported service measure value, whether resulting from an HCM
methodology, an alternative too!, or field measurement, potentially has an
associated range within which the "true" value lies. The LOS concept helps to
downplay the implied accuracy of a numerical result by presenting a range of
service measure results as being reasonably equivalent from a traveler's point of
view. Nevertheless, the variability issues also mean that the "true" LOS value
may be dífferent from the one predicted by a methodology.ln addition, for any
given set of conditions, different travelcrs may perceive their LOS to be different
from one another, as well as different from the LOS estimated by an HCM
method. One way of thinking about reportcd service measure values and the
corresponding LOS result is that they are the statistical "best estimators" of
conditions and aggregate traveler perception.

Chapter 5JQuality and Level-of-5ervice Concepts
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Beyond LOS F

The HCM uses LOSF to define operations that have either brokcn down (i.c.,
demand exceeds capacity) or have rcached a point that most users would
consider unsatisfactory, as dcscribcd by a spccified service measure value (or
combination of service measure values). However, analysts may be interested in
knowing just hmv bad the LOSF condition is, partirularly for planning
applications where different altemativcs may be compared. Several measures are
available for describing individually, or in combination, the severity of a LOSF
condition:

• Dl.'mand-to-capacity ratios describe the extent to which demand excccds
capacity during the analysis period (e.g., by 1%, 15%).

• Dura/iOIl o/ LOS F describes how long thc condition pcrsists (e.g., 15 min,
1 h, 3 h).

• Spa/inl extellt mensures describe the areas affected by LOSF conditions.
They inelude measures such as the back of queue and the identification of
the specific intersection approaches ur systcm clements expericncing LOS
F conditions.

Separate LOS Reporting by Mode and System Element

LOS is reported separately for each mode for a given system elcment. Each
modc's travelcrs have different perspectives and could experience differcnt
conditions while travcling along a given roadway. Reporting LOSseparately by
mode .liso assists in assessing multimodal trade-offs when design options are
evaluated. In contrast, use of a blended LOS risks ovcrlooking quality of service
deficiencies that discourage the use of nonautomobile modes, partirularly if the
blcnded LOS is weighted by the number of modal travelers. Other measures,
sueh as person delay, can be used when .ln .lnalysis requires a combined
measure.

Tdentical valucs of some service measures (e.g., deTay)can produce different
LOS results, depending on the system c1ement to whieh the service measure is
applied. The Transportation Research Board (TRB)Committee on Highway
Capacity and Quality of $crvicc (HCQS Committee) believes that travelers'
expectation of performance varies at diffcrent system elements but recognizes
that further research is needed to understand fully the variation in traveler
perecptions of LOS aeross facility types.

LOS as Part of a Bigger Picture
Neither LOS nor aoy uther single performance measurc tclls the full story of

roadway performance. Depending on the partieulars of a given analysis, queue
lengths, demand-to-eap.lcity ratios, averagc travel speeds, indicators of safety,
quantities of persons .lnd vehicles servcd, and other performance mC.lsures may
be just as ur even more important to consider, whether or not they are
specifically called out in an agency standard. For this reason, the HCM provides
methods for estimating a variety of useful roadway operations performance
measures, not just methods for determining LOS.Ch.lpter 7, Interpreting HCM
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with on a scale of "very good" to "very poor," or something similar. The
qualitative ratings are later converted to numeric values for analysis purposes.

Sorne cha11enges to these types of studies inelude designing the instrument
(e.g., field experiment, focus group) to capture a11of the roadway, traffic, and
control factors that might affect travelers' perceptions of operating conditions;
exeluding factors that may not be relevant but could distract study subjects;
recruiting an adcquate sample of study participants from both quantity and
diversity perspectives; replicating desired conditions (for in.field experiments)
for repeated observations; and accounting for the distribution of LOS responses
that will resuit from each test scenario in the analysis methodology.

The advantage of this type of rescarch approach is that, with application of
an appropriate analysis methodology, multiple variables can be considered
simuitaneously, consistent with the high Iikelihood that travelers consider
multiple factors when they evaluate operating conditions. Including multiple
factors also gives agencies more options in seeking to achieve a desired LOS for a
given mode or in balancing the needs of various modes.

Variables found to be statistically significant in predicting travclers'
perceptions are incorporated into a mathematical function (hereinafter rcferred
to as a model). In the model. the coefficients (Le., weighting factors) associated
with each of the variables are deterrnined directly through a statistical analysis.
The output from such a model is a value often rcferred to as a LOS score. The
LOS score value generally represents the average seore that travelers would give
a facility or service. Furthermore, sorne of the HCM methodologies can direetly
estimate the threshold values between LOS letters, again, on the basis uf traveler
input. In determining the LOS letter, the LOS score value is compared with the
statistically estimated threshold values.

Any number of faetors can be included in this type of modeL but fur models
to be useful from a practical perspective, only variables representing operational
or design conditions are usually included. Operational conditions refer to
variables such as delay and speed, while design eonditions refer to variables
sueh as median type and sidewalk presence. Traveler characteristics (e.g., age,
gender, income) can affed LOS perceptions; however, these data are difficult to
coUed in a transportation engineering context. Thus, their utility in a LOS model
is limited.

T1PeHCM's bicyde, pedestrian,
and traAAt methods generally
apply LOS I11ei1SUres bi1sed
directly on trave!ef_.

5ervice Measures
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Several methodological approaches have been applied to relate traveler
perceptions directly to LOS, including regression-based methods (1-4), ordered
probit models (5, 6), and fuzzy cIustering (7). These studies have addressed
facilities sueh as urban and rural freeways, arterial streets, and signalized
intersections. LOS methods resulting from sorne of thesc studies have been
incIuded in the HCM 2010, while others have been studied by the HCQS
Committee to improve the understanding of techniques used in estimating
traveler-based LOS.

The HCM 2010 is the first HCM edition to incorpora te LOS methodologies
that are bascd directly on results from traveler perceptions of LOS. As research
into traveler perception of LOS eontinues to mature and results from regional
studies are validated national1y, the HCQS Committee expects to continue to

Olapter 5/Quality and level-of-$ervice Concepts
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inelude new LOS methodologies in future editions of the HCM. When research is
not available to support traveler-perccived LOS methodologies, HCQS
Committcc--selected sen'ice measurcs and thresholds continue to be used.

DETERMINATION OF LOS F

The threshold betwecn LOS E and LOS F is based on the judgment of the
HCQS Committee in sorne instances and is determined directly from research on
traveler perceptions of LOS in others. For example, in the case of basic freeway
segments, the service measure and LOS thresholds were determined by the
HCQS Committee; density was sclected as the servicc measure and the LOSE-F
density threshold value was sclccted as the density at which traffie flO\\'
transitions from undersaturated to oversaturated. In the case of bicycling on
urban streets, the service measures were determined from research on traveler
perception of LOS; the LOS E-F thrcshold was chosen as a valuc that represents
the transition to a total1y unacceptable condition (Le.,an average bicyelist will
not ride under these conditions).

Thresholds between LOS A and E may be bascd on ranges of values that
define particular operating conditions or may sirnply provide an even gradation
of values from LOS A to E. As mentioned previously, in sorne studies on traveler
perceptions of LOS, the methodological approach explicitly yields the model
variables (e.g., speed, median presence) as well as the specific LOS thresholds.
However, these thresholds are still a function of the total numbcr of LOS
calegories originally included in the sludy.

The volume-to-capacity (v/c) ratio, or more correctly, dernand-to-capacity
(d/c) ratio, is a special-casc service measure. It cannot casily be measured in the
ficld, nor is it a measure of traveler perceptions. Until capacity is reached (Le.,
when flow breaks down on uninterrupled.flow facilities and when queues build
on interrupted. or uninterrupted.flow facilities), these ralios are not perceivable
by travelers. Therefore, the HCM often uses a v/e (die) ralio of greater than 1.0
(i.e., capacity) as an addilional test foc defining when LOS F occurs but does not
use these ralios to define other LOS ranges.

SERVICE MEASURES FOR SPECIFIC SYSTEM ELEMENTS

Crosscutting Issues
Motorized Vehicle Mode

A facilily's capacity to serve the motorized vehicle mode reflects the effects
of a11molorized vehicles using the facility, ineluding trucks, recreational vehicles,
motorcycles, and intercity buses. In contrast, LOS for the motorized vehicle mode
reflects the perspeclive of automobile drivers, but not ncccssarily the
perspectives of other motorized vehiele users. Although automobiles are usually
lhe dominant motorized ,-ehicle type on roadways, analysts should use care in
inlerpreling LOS results in special cases, such as intermodal terminal access
routes, where trucks may dominate.

O1apter 5/Quality and Level-of-Service Concepts
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Pathways para/fe{ to freeways
and muftJlane highways are
analyzed by uSing the off.
street faalJty procedures.

Transit service measures are
provided onfy for tTanSit
service operating in mixed
trafflC or in exdusive limes on
urlJan streets. OJnsult the
TCQSMtor performance
measures tor other situations.

Oensity is me motorized
vehfde service measure for afl
freeway and multifane highway
system etements.
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Pedestrian and 8icycle Modes
Depending on local regulations, pedestrians and bieyc1ists may be allowed

on all types of uninterrupted-flow facilities, inc1uding sections of freeways.
However, researeh is on1y available to support LOS estimation methods for
bicyelists traveling on two.lane and multilane highways. Pathways that are
parallel to freeways and multilane highways use the service measures for off-
strl'et pedestrian and bicycle facilities. Of the various types of interrupted-flow
system elements, pcdestrian and bicyele service measures are provided for urban
street facilities, urban street segments, signalized interseetions, and off.street
pedestrian and bicyc1e facilities. Pedestrian LOS can .lIso be calculated for two.
way STOP-controlled intersections and roundabouts.

Transit Mode
Bus service on uninterrupted-flow facilities typically serves longer.distance

trips, with few (if any) stops. The Transit Capacity and Quality ofService Manual
(TCQSM) (8) provides performance measures that can be used to evaluate bus
service along uninterrupted-f1ow facilities as well as raH service operating within
an uninterrupted-f1ow facility's right-of-way.

The HCM provides transit service measures for urban street facilities and
segments to fadlitate multimodal comparisons of urban street LOS. The TCQSM
provides identical service measures for these system elements. The TCQSM
provides additional performance measures for evaluating transit operations.
Sorne of the HCM's performance measures, such as delay, may also be useful in
multimodal eomparisons-for example, in evaluating changes in person deJay at
an intersection as a result of a project being eonsidered.

Freeway and Multilane Highway Service Measures

Motorized Vehicle Mode
AHhough travel speed is a major coneem of drivers that relates to service

quality, frecdom to maneuver within the traffie stream and proximity to other
vehic1es are equally noticeable concerns. These qualities are related to the deusity
of the traffie stream. Unlike spccd, density increases as flow increases up to
eapacity, resulting in a service measure that is both perceivable by motorists and
sensitive to a broad range of flows. Density is used as the service measure for
freeway facilities, basic freeway segments, ramp junetions, weaving segments,
and multilane highways.

8icycle Mode
Bicyele LOS for multilane highways is based on a bicycle LOS score model.

The model uses variables determined from research relating to bieyelists' eomfort
and pereeivcd expo5ure while riding on multilanc highways, sueh as separation
from traffic, motorized traffic voJumes and speeds, heavy-vehicle percentage,
pavement quality, and (if present) on-highway parking.

Higher vehicle volumc5, a greater proportion of trucks and buses, and higher
vehiele spceds al1act to decrease a bieyclist's pereeived comfort and traffic
exposurc. Striped bicyele lanes or roadway shouldcrs add to the perceivcd scnse
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of traffic separation and improve the LOS.Pavement quality affects bicyelists'
ride comfort: the better the pavement quality, the better the LOS.

Two-Lane-Highway Service Measures

Motorized Vehicle Mode
Traffic operations on two-Iane, two-way highways differ from those on other

uninterrupted.flow facilities. Lane changing and passing are possible only in the
face of oncoming traffic. In any given direction, passing dernand increases as
flows increase. Passing capadty decreases as opposing flows increase. Thercfore,
on two-lane highways, unlike other types of uninterrupted-f1ow facilities, traffic
flow in one direction influences flow in the other direction. Motorists must adjust
their travel speeds as volume increases and the ability to pass declines.

Efficient mobility is the principal function of major two-Iane highways that
conoect majar traffic generators or that serve as primary links in state and
national highway networks. These routes tend to serve long-distance commercial
and recreationaI traveiers, and long sections may pass through rural areas
without traffic control interruptions. Consistent high-speed operations and
infrequent passing delays are desirable for these facilities.

Other paved two-Iane rural highways are intended to serve primarily an
accessibility function. Although high spt'ed is beneficial, it is not the principal
concero. DeIay-as indicated by thc formation of platoons-is more relevant as a
measure of service quality.

Two-Iane roads also serve scenic and recreational arcas where the vista and
environment are meant to be experienced and enjoyed without traffic
interruption or delay. A safe roadway is desired, but high-speed operation is
neither expected nor desired. For these reasons, three service measures are used
for two-Iane highways: percmt time-spenf-jollowillg, atwage fravd speed, and
percmt o/ free-flow spccd.

Percent time-spcnt-following refleets the frccdom to maneuver. It is the
average perecntage of travel time that vehicles must travel in platoons behind
slower vehieles beeausc of the inability to pass.

Average travel speed reflects mobility on a two-Iane highway: it is the length
of a highway segment divided by the average travel time of all vehic1es
traversing the segment in a given direetion during a designated interval.

Percent of free-flow specd refleets thc ability of vehicles to travel at or near
the posted speed limil.

LOScrHeria use one or two of these measures. On major two-Iane highways,
for which efficient mobilit)' is paramount, both percent timc-spent-following and
average travel speed define LOS.However, roadway alignments with reduced
dcsign speeds willlimit the LOS that can be aehieved. On highways for which
aecessibility is paramount and mobility less critica], LOS is defined only in terms
of percent time-spent-following. without consideratlon of average travel speed.
On two-Iane highways in developed rural areas, LOS IS defincd in terms of
pereent of free-flow spced.

Chapter 5/Qualíty and level-of-5ervíce Concepts
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Bicycle Mode
Bicyde LOS for two-!ane highways is determined by a bieyc1e LOS score

mode! in the same manner as described aboye for multilane highways.

Chapter J8presents an
aftemative performance
measure welf suiteci for
determining muftimodaf lOS
trade-offs and designing
complete streets.

Uroan street pedestrian lOS
combines the quafity of
wafking afong a street,
crossing al signalized
interseetions, ami crossing the
street between trafftC SigrliJls.
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Urban Street Facility and Segment 5ervice Measures

Motorized Vehiele Mode
The service measure for the motorized vehide mode on an urban street is

through-vehide travel speed. Motorists traveling along arterial streets expect to
be able to travel at or near the posted speed limit between intersections and to
have to stop only infrequently. As delay due to traffic control devices and to
other roadway users (e.g., vehides stopped in a travellane waiting to tum, buses
stopping to serve passengers, or pedestrian crossings) increases, the lower the
average speed and the lower the perceived LOS.

Researeh on automobile travelers' perceptions of LOS,as part of the National
Cooperative Highway Research Program (NCHRP) 03-70 projeet, revealed that a
combination of stops per mile and left-tum lane presence at signalizcd
interscdions had the highest statistiea! significanee. However, the HCQS
Committee elected to retain usage of a time-based service measure to analyze
motorized vehide LOSon urban streets for this edition of the HCM. The
aItemative NCHRP 03-70methodology is also presented in Chapter 18,Urban
Street Segments, since it is weH suited for applieations with a focus on
determining multimodal LOS trade-offs and designing complete streets.

Pedestrian Made
Pedestrian LOS for urban streets is based on a pedestriall LOS score model that

indudes variables determined from researeh on pedestrians' pereeptions of LOS.
These variables relate to pedestrians' experiences walking along strect links
between signalized intersections, crossing side streets at signalized intersections,
and crossing thc strcet between signalized intersections.

The link component relates I.x>thto the density of pedestrians along the street
and to pedestrian comfort and perceived exposure to traffic. The pcdestrian
density indicator is a function of pcdestrian volumes and sidewalk width, while
the nondensity indicator is a function of separation from traffic due to distance
and physical objects, sidewalk presence and width, and motorized traffic
volumes and speeds. The worse of the two indicators is used to determine
pcdestrian-perceived link LOS.The nondensity indicator more commonly
determines LOS,but density can control in locations used by high volumes oi
pedestrians.

The signalized intersection component relates to pedestrian delay and
pereeived exposure to or interaction with traffic. The exposure elements of the
indicator indude potentially eonflicting traffic volumcs, parallel traffic volumes,
parallel traffie speed, crossing width, and ehannelizing-island presencc.

The roadway~crossing component is a function of the lesser oi the deJay in
waiting for a gap to eross the street and the delay involved in diverting to the
nearest signalized interseetion. It also incorporates the link and signalized
interscction components, which relate to the quality of the pedestrian
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environment experieneed when pedestrians divert to a signa!, either beeause of
lower delay or a prohibition on erossings between signalized interscetions.

Overa!1, pedestrian LOS is improved by the provision of sidewalks, wider
sidewalks, a greater degree of scparation from traffie, and reduecd delays
erossing the street at both signalized and unsignalized loeations. Higher traffie
volumes, higher traffie speeds, and wider streets tend to reduce pedestrian LOS.

Bicycle Mode
BicyeleLOS for urban streets is based on a bieycle LOS seo,,: model that

ineludes variables determined trom researeh on bicyele riders' pereeptions of
LOS.These variables relate to bicyelists' experienees at signalized intersections
and their experienees on strt.'Ctlinks bctwcen signalizcd intcrscetions. The
interseetion eomponent relates to bicyc1isteomfort and pereeived exposure to
traffie and is a function of separation from traffic, eross-street width, and
motorized trattic volumes. The link eomponent similarly relates to eomfort and
pereeived exposure. It is a function of separation from traffie, motorized traffie
volumes, traffie spceds, heavy-vehic1e pcreentage, prescnec of parking,
pavement quality, and the frequeney of unsignalizcd interscetions and
driveways between traffie signals.

Higher vehicle volumes, a greater proportion of trueks and buses, higher
vehicle speeds, and presenee of parking al! deerease a bicyelist's pereeivcd
eomfort. Striped bicyele lanes or roadway shoulders add to the perceived sense
of traffie separation aod improve the LOS. Pavement quality attects bieyclists'
ride eomfort: the better the pavement quality, the better the LOS.

Transit Mode
Transit LOS for urban streets is bascd on a trallsir LOS score model that

indudes variables dctermined from rcscareh on transit riders' pereeptions of
LOS.The variables relate to passengers' experienecs walking to a transit stop on
the street, waiting for the transit vehiele, and riding on the transit \'Chide. The
walking-to-the-stop eomponent is based on the strl'Cfs pedcstrian LOS seore:
transit passengers are usually pedestrians befare and aftcr their transit trip-and
improvements to the pedestrian envÍTonment along streets with transit scrvice
contribute to a better LOS.The waiting component is a funetion of the transit
vehide frequeney (relating to wait time and trip-making eonvenicnee), sen'iee
reliability (unplanned passenger waiting time at the stop), and thc prcsenee of
shelters and benehes (which make waiting time more comfortable). Finally, the
riding-on-the-vehicle satisfaetion is a tunction of average travel speed (a
convenience factor) and passenger loads (a comfort factor).

O1aprer 5/Quality and Level-of-$ervice Concepts
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1. INTRODUCTION

OVERVIEW

The analysis tools provided by the Hig/¡way Capacity Manllal (HCM) are part
of a continuum oí tools providing different leveIs of data needs, sensitivity to
input factors, geographic and temporal scape, and detail of outputs. The HCM's
tools can be categorizcd into thrce broad arcas:

• Operations.level lools. These are thc primary methodologies presented in
the HCM's Volume 2 and 3 chapters. They are sensitive to a variety oí
input factors and have a correspondingly high level of data needs that
must be supplied by thc analyst on the basis of field or forecast data (or a
combination). HCM methods are determillisfic (Le.,each model ron
produces the same results, given the same inputs), macroscopic(Le.,
evaluate the traffic stream as a whole rather than individual vehiclcs), and
generally work with 15-min analysis periods as the smallest unit oí time.

• ApplicatiOll o/ dcfalllts to operaliolls-level too/s. In many cases, supplying a
field.measured or forecast value for every HCM model input may be
impractical or unnecessary. Dcfault values can be judidously substituted
for unknown input values when HCM operations methods are applied.
The use of local default values is preferred -and a method for developing
them is suggested in Appendix A of this chapter-but the HCM also
suggests default values when local values are not availabIe.

• Plallllitlg-level loo/s. These indude (a) the application of operations
mcthods with aHinputs defaulted that are allowed to be defaulted, (b)
sen'ice volume tables that provide maximum daily or hourly volumes for
a particular level of service (LOS)given a set of assumed conditions, and
(e) other tools that approximate an HCM operations method but require
fewer inputs and fewer calculation steps. These tools are typically applied
as screening tools; as means for obtaining quick, approximate answers¡
and as easy-to.use methods for providing inputs to other analysis tools.

Altcrnative foals are defined as aHanalysis procedures outside the HCM that
may be used to compute measures oí transportation system performance for
analysis and decision support. The HCM and alternative tools may be used
during different stages of a planning or projcct development process, depending
on the analysis nceds (e.g., available data, dcsired level of dctail) at a given time.

Alternative tool5 span the range from very simple (e.g., single cquations
estimating a single performance measure) to highly complex (e.g., travel demand
models covering an entire region's transportation system). Analysts might
consider alternative tools for a variety of rcasons, induding the following, among
others: conditions outsidc the range covered by an HCM methodology, analyses
requiring performance measures not produced by the HCM, and analyses in
which the quantity of data required to calculate a performance measure (e.g.,
areawide multimodal networks) makes HCM methods impractical.

Chapter 6{HCM and Altemative Analysis Tools
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One exception to tfJe
stiltement that HCM methods
are determiniStiC is the traYe!
time reflability method, which
uses a random number seed to
generate scenariOs. However,
given tfJe same seed, the
model wilf produce tfJe same
trave! time dlStribution.
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CHAPTER ORGANlZATlON
Section 2 describes the three main types of analysis tools provided by the

HCM: (a) generalized service volume tables, (b) application of HCM operations
methods with default values, and (e) application of HCM operations methods
with measured or forecast values. Typical applications for each of these types of
tools are described.

Section 3 introduces the range of altemative tools, describes traffic modeling
terminology and concepts, examines the conceptual differences between the
HCM's analytical modeling and simulation modeling. and presents situations in
which altemative tools might supplement HCM procedures. The section
provides modeling frameworks for applying alternative tools to different
transportation system elements and compares the principal performance
measures available from the HCM and from altemative tools. FinalIy, it provides
guidance on the selection of analytical tools for a given situation, along with
general guidance on using simulation-bascd traffic analysis tools for capacity
and performance analysis.

Two appendices to the chapter will be of particular interest to analysts
conducting planning and preliminary engineering analyses. Appendix A
provides guidance on developing local default values, and Appendix B describes
how to develop local geneealized service volume tables.

RELATED HCM CONTENT

Othee HCM content related to this chaptee is the f01l0wing:

• Chapter 7, Interpreting HCM and Altemative TooI Results, wheee Section
3 indudes guidance on defining. measuring. and comparing key outputs
of alternative tools when such outputs are intended to be used with or
compared with those of the HCM;

• Chaptee 36, Concepts: Supplemental, wheee Section 5 provides guidance
on using vehicle trajectory analysis as the "Iowest common denominator"
for comparing performance measures from diffeeent ana1ysis tools;

• The Scopc subsections within the Methodology sections of a1lVolume 2
and 3 chaptees, which provide specific guidance about when altemative
tools might be consideeed foe analyzing a particular system element;

• The Use of Altemative Tools subsections within the Applications sections
of aHVolume 2 and 3 chaptees, which provide specific guidance on
applying alternative tools to the analysis of a system element;

• Case Study 4, Altemate Route 7, in the HCM App/ications Cuide in Volume
4, which provides a high-Ievel example of applying a simulation tool to a
freeway facility analysis;

• Case 5tudy 6, 1.465 Corridor, Indianapolis, in the HCM Applíeations Gllide
in Volume 4, which demonstrates how a network simulation model can
be used to augment studies conducted with HCM methodologies; and

• The Plalllli"g and Pre/imillary ElIgilleerillg Applicafiolls Cuide fo the HCM in
Volume 4, which providcs guidance and case study examples of using the
HCM in a vaeiety of planning applications.

Introduction
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2. HCM-BASED TOOLS

The HCM provides three main types of tools for analyzing roadway
operations: (a) generalized service volume tables, (b) methods relying on the
extensive use of default values, and (e) operations-Ievel analysis where aHor
nearly aH inputs come from measured or forecast values. Different HCM tools
may be used at different points in the same analysis or at different times as a
project progresses from planning to preliminary engineering to designoHCM
tools may also be combined with non-HCM (alternative) tools in a similar
manner. This section describes the potential use of HCM-based tools; the next
section does the same for alternative tools.

GENERALIZED SERVICE VOlUME TABlES

A servicc volume table provides an analyst with an estimate of the maximum
number of vehicles that a system element can carry at a given LOS.The use of a
service volume table is most appropriate in ccrtain planning applications when
evaluation of every segment or node within a study arca is not feasible.
Examples are city, county, or statcwide planning studies in which the size of the
study area makes a capacity or LOSanalysis for every system element infeasible.
For these types of applications, thc focus of the effort is on highlighting potential
problem arcas (for example, locations where demand ma)' exceed capadt)' or
where a desired LOS threshold may be exceeded). For such applications, a
scrvice volume tablc can be a uscful sketch-planning tool, provided the analyst
understands the limitations of this method. Once potential problem arcas have
beco ideotified, other tools (HCM-based or alternative) can be used to perform
more detailed anal)'ses for locations of interest.

As described io more detail in Appendix B,generalized service volume
tablcs are developed by holding constant al! input values to a particular HCM
methodology-except demand volume. Demand volume is increased until the
service measure for the methodology reaches the threshold for a given LOS (e.g.,
the threshold between LOS Band C). That demand volume then bccomcs the
saviú' volllme for the given LOS (in the example aboye, for LOSB).The service
volume represents the maximum number of vehicles that the s)'stem element can
carry at the given LOS,given thc assumed inputs.

The characteristics of an)' given roadway willlikcly vary in some way from
the assumed input values used to dcvelop a service volume table. Therefore, the
rcsults from a service valume table should be treated as rough approximations.
Thesc tables should not be used as a substitute for ather tools in making a final
determination of the operational adequacy of a particular roadway. Application
of local service volume tables bascd on local default valucs, as described in
Appendices A and B,helps make the results less approximate than would
application of the HCM's tables, which are based on national default values.

For ease of use, generalized service volumc tables require a minimum of uscr
inputs-typically, key design parameters that have the greatest influence on a
facility's capacity and LOS, such as the number of lanes. With these inputs, a user
can read the service volume for a given LOSdirectly from the table and compare

Chapter 6/HCM and Alternative Analysis TooIs
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5ervice voIume lables provide
estimates of (he maximum
number of vehides a syslem
efemenl can carry al a
particlJlar LOS, given a set of
assumed conditions.

A service vofume represents
lhe maximum numbff of
vehides !hat !he system
efement can carry at a
spec;fied LOS, given assumed
inputs.

SelVice vofume results should
be applied wi!h care, since
actual rondltions wllllikely val)'
in sorne way from the
assumptions used ro develop
!he table.
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• An algorithm is, by dictionary definition (2), "a set of rules foc solving a
problem in a finite number of steps." This definition suits the HCM's
purposes.

• A model is, by dictionary definition (2), "a hypothetical description of a
complex entity oc process." Here is the root of the inconsistent usage. On
the basis of this definition the word can be, and has been, applied to many
different objects. A more focused definition is required. One definition in
common use is that a model is "a representation of a system that allows
for investigation of the properties of the system and, in sorne cases,
prediction of future outcomes"(3). For HCM purposes, model is used in
this sense but is more precisely defined as "a procedure that uses one or
more algorithms to produce a set of numerica1 outputs describing the
operation of a transportation segment or system, given a set of numerical
inputs." By this definition, each of the performance analysis procedures
spedfied in Volumes 2 and 3 constitutes a model. This term is generally
used with an adjective to denote its purpose (e.g., delay model).

• A compl/talional engine is the software implementabon of one or more
mode!s that produces specific outputs given a set of input data.

• A traffic analysis tool, often shortened in the HCM to tool, is a software
product that ineludes, at a minimum, a computational engine and a user
interface. The purpose of the user interface is to facilitate the entry of
input data and the interpretation of results.

• A model application, sometimes refecred to as a scellario, specifies the
physical configuration and operational conditions to which a traffic
analysis too1 is applied.

Inconsisteney in tenninology arises because each of these five objects has
becn characterized as a model in the literature, since each one satisfies the
dictionary definition. The distinction betwecn the five terms is made here in the
hope of promoting more consistent usage.

Additional Modeling Definitions
Another set of terminology that requires more precise dcfinitions deals with

the process by which the analyst ensures that the modeling results provide a
realistic representation of the situation being analyzed. The following terms are
defined in Volume III of the Traffic Atlalysis Toolbox (4):

• Verification: The process by which the software deve!oper and other
rescarchers check the accuraey of the software implementation of traffic
operations theory. The extent to which a given tool has becn verified is
listed as an important tool selection criterion in this chaptee.

• Calibration: The process by which the analyst selecls the mode! parameters
that result in the best reproduclion of field-measured local traffic
conditions by the rnodel.

• Validatiotl: The process by which the analyst checks the overall mode1.
prcdicted traffic performance for a street-road system against Held
measurements of traffic performance, such as traffic volumes, travel

Altemative TooIs
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times, average speeds, and average delays. Model validation is performed
on the basis of field data not used in the calibration process.

Traffie Analysis Tool and Model Categories
Volume 1of the Traffic Analysis ToolllOx identifies the following categories of

traffic analysis models (1):

• Sketch~¡¡lallnil1g too/s produce general order-of-magnitude estimates of
travel demand and transportation system performance under various
transportation system alternatives.

• Trav£'l demand mode/s forecast long.term travel demand on the basis of
current conditions and projections of socioeconomic charactcristics and
changes in transportation system designo

• HCM-based mtalytical determillis(ic lools predict capacity, density, speed,
delay, and queuing on a variety of transportation facilities.

• Traffic sigllal oplimizatioll too1sare primarily designed to develop optimal
signal phasing and timing plans for isolated signalized intersections,
arterial streets, ar signal networks.

• Macroscopic simulation mode1s are based on the deterministic relationships
of the £low,speed, and density of the traffie stream.

• Microscopic simulatioll models simulate the movemcnt of individual
vehicles on the basis of car.following and lane-changing theories.

• Mesoscopic mod£'ls combine the propcrties of microscopic and macroscopic
simulation models.

• Hybrid mode1s utilize microscopic and mesoseopic models simultaneously.
These tools are intended to be applied to very large networks containing
critical subnetworks connceted by several miles of essentially rural
facilities. Microscopic modeling is applied to the critical subnetworks,
while the connecting facilities are modeled at the mcsoscopic or
macroscopic leveL Regional cvacuation models are a typical example of
hybrid model application.

Stochastie and Deterministie Models
A dl.'lermi"istic model is not subject to randomness. Each model run will

produce the same outcome. lf these statements are not true and sorne attribute of
the model is not known with certainty, the model isMochaslir. Random variables
will be used to represent those attributes of the model not known with certainty.
Descriptions of ha\\! these random numbers are selcctcd to obtain sample values
of the parameter of interest (i.e., from its cumulative distribution fundion) can be
found in various texts (e.g., 5-8). Different random number sequenccs will
produce different model results; thereforc, the outcome from a simulation tool
based on a stochastic model cannot be predicted with certainty before analysis
begins. Stochastic models aid the user in incorporating variability and
uncertainty into the analysi5.

O1apter 6/HCM and Altemative Analysis Tools
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Different types of tooIs have
different objectives aM
provide different types of
output.

The HCM's methodologies are
deterministic-given the same
se! of input5, the methods will
produce the same result each
{¡me.

Most Simulation modeis aTe
stochastic-gfven identical
input5 but a dlfferent random
number seed, model runs wifl
produce different TesU/ts.
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In static tIow modets, users
provide a single set of f/ow
rates. The modeI may vary
headways, but the demand is
fixed aOOdoes not change
throughout the duration of (he
arlillysis.

Tirr¡e.varying models alfow
tlow rates lo change with time.
Users supply more than one
set of ffow rates so tIIat!he
demand can val)' Ove!"time.
Most modefs change tlows
ona' an hour, but sorne allow
more frequent changes.

Desoipt;ve modeIs show how
events unfold given a fogic !hat
describes how!he objeds
involved wH/behilve.

Normative mode/s tTy lo
identify a set of paramet~
!hat provide !he bes! system
performance.

If!he model has an objedive
and seeks to optimize (hat
objective, it is a normative
modeI. Converse/y, if it has an
objective but does not seek lo
optimiZe (hat abjedWe by
changing the design or
operatiQnal piJrameters (e.g.,
sigrlill timingJ Jt is a
descriptive ma:feJ.

OTA mode/s are a type of
descriptive modeI using an
objedive (minimize the tTavel
time or disuti/¡ty assodated
with a trip)!hat is gradua/Iy
improved Ove!"a sequence of
Iterations until the network
reaches a state of equiJibrium.
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Static Flow and Time-Varying Flow Models
The terms static flow and time-varyillgflow relate to the temporal

characteristies of the traffie flows in the simulation mode!. The terms differentiate
between a model that uses constant traffic flow rates from one time period to
another and a model that does not. This differentiation is not to be eonfused with
whether the model can represent intemally time-varying flows that occur
because of simulated events (e.g., inddents, signal cycling, ramp metering, high-
occupaney-vehicle lane c1osures).The differencc is in the type of input flows that
can be specified.

In the static flow case, traffie flows are provided just once, as a set of
constants. A tool may vary the individual headways stochastically, but the flow
rates are fixed. Put another way, the demand is fixed and does not change
throughout the duration of the analysis.

In the time-varying case, flow rates can change with time. More than one set
of flow rates must be specified so that the demand can vary over time. The
flexibility of specifying more than ane set of flow rates is particularly useful
when majar surges in traffic need to be examined, such as the ending of a special
event or peak periods when a pronounced variation in traffic flows exists.

Descriptive and Normative Models
The terms descripfive and llOrmafive refer to the objeetive of performing the

analysis with simulation models. If the objective of the model is to describe how
traffic will behave in a given situation, the model is most Iikely to be descriptive.
It will not try to identify a given set of parameters that provide the best system
performance but rather will show how evcnts will unfold given a logic that
describes how the objects involved will behave. For example, a simulation model
could predict how drivers will behave in response to traffic flow conditions. A
model attempting to shape that behavior through advance lane blockage signs
would not neeessarily be a descriptive mode!.

Normative models try to identify a set of parameters providing the best
system performance. An external influence (most often referred to as an objective
function) tries to force the system to behave in sorne optimal way. A good
example is a model that tries to optimize signal timings. Another illustration is a
freeway network model that requires drivers to alter their path choices to
optimize sorne measure of system performance. In both cases, the behavior of the
system is modified through an external influence, probably on an iterative basis,
to create a sequence of realizations in which the objective function value is
improved, as in minimizing total travel time or total system delay.

Traffic assignment models are a spedal case, because they use an objective
that is gradually improved over a sequence of iterations. In this case, the
objective is for each driver to minimize either the travel time for the trip or sorne
other quantitative measure of the general cost or disutility assodated with the
trip. Traffic assignment models are characterized as either stafic or dy"umic,
depending on whether the demand characteristics are constant or time-varying.
Most simulation tools have sorne form of dynamic traffic assignment (DTA).
Because of its computer resource demands, DTA is often implemented at the
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mesoscopic leve!. DTA models are oftcn combined with microsimulation models
to crea te h)'brid models.

The optimization proccss ma)' be characterized as either sysfem-optimal or
user-optimal. A user-optimal solution does not necessarily produce an optimal
result for the systcm as a whole and vice versa. With user-optimal models, the
objective being applied reflects a behavioral assumption, and therefore the modcl
is primarily descriptive. S)'stem-optimal modcls enforce sorne changes in driver
behavior and are thercfore normative. The formulation of the generalized cost
(disutilit)') function can be expanded to reflect actual driving behavior more
accurately-for example, b)' taking into account travel time reliability, toll prices,
number of stops, and the drivcr's familiarity with t)'pical traffic conditions.

The important point is that the analyst nt.."edsto know which type of model is
being used and how that type influences the model's predictions. For example,
assume that the analyst is dealing with a scenario in which the signal timing is
fixed and drivers can alter thcir path choices in response to those signal timings
(in a wa)' that rcplicates how the)' would actuall)' bchave). This is a descriptive
model and is a common application of a DTA model as mentioned aboye. Even
though the analyst can changc thc signal timings and see how thc drivers
respond (and how the system performance changes), the model is still describing
how the system would behave for a given set of conditions. On the other hand, if
the anal)'st alters the scenario so that it seeks a better set of signal timings, a
normative model has been created.

A descriptive model is implied if the analyst introduces a new dcmand-
supply paradigm, such as congestion pridng, based on a Held stud)'. A ncw
demand-side routine could be dcveloped to predict how drivers alter path
choices in response to congestion prices, and a supply-side routine could be
developed that seeks to set thosc prices in sorne responsive and responsible way
in an effort to produce a desirable flow pattern. Even though two competing
optimization schemes are at work, each describes haw a portian of the s)'stem is
behaving in response to inputs received. There is no explicit intent to optimize
the s)'stem performance in a spccific manncr.

CONCEPTUAL OIFFERENCES BE7WEEN ANAL YTICAL
ANO SIMULATION TOOLS

There are sorne conceptual differences between the HCM's analytical
modeling and simulation modeling. lt is useful to examine these diffcrcnces
before addressing alternative tool applications. Dne important difference is that
HCM procedures work with fixed demand, typically the output of assignmcnt
(planning ar dynamic). Most of the other differences may be dcscribcd in terms
of how analytical and simulation too1sdeal with various traffic flaw phenomena.
Examples of the significant differences are identificd in general terms in Exhibit
6.1.

Chapter6/HCMandAltemativeAnalysisTools
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Exhibit 6-1 Traffie Typical Mlcrosimulation
CompalisOn of Methods for Phenomenon Deterministic HCM Treatment Treatment
Addressing Traffic Phenomena Subtract right-tum'"Oll-red valume from Microscopic model of gap
by the HCM and Typical Right tum on red demand acceptance and foilow-up time
Microsimulation T00I5 Empírical model of capadty versus

Permitted left tums
opposing valume, with mínimum capadty Microscopic mooel of gap
determined by an assumption of two acceptance and follow-up time
sneakers per cyde

STop sign entry
Macroscopic model of gap acceptance and Microscopic model of gap
foIlow-up time acceptance aOOfollow-up time

Mieroscopic model of gap
Channelized right Subtract right-tuming valume from demand

aoceptance and follow-up
tums time; implicit effects of right-

tum queues
Microscopic mcx1elof gap

Ramp merging Empírical model of merge capacity versus acceptance and follow-up time
freeway voIume in the two outside lanes (sorne tools incorpcl(ate

cooperative merging fearures)

Merging during Not addressed
Microscopic model of gap

congested conditioos acceptance

lane-changing Macroscopic model base<!on demand MicroscopiC model of lane-
behavior volumes and geometrics changing behavior

Queue start-up on Rxed start-up Iost time subtracted from the 5tochastic lost time applied to
the first few vehides in the

'""'" displayed green time departing queue

Response to change Rxed extension of green time added to the Kinematic model of stopping
inteNal displayed green time probability

Deterministic model for computing green Embedded logic emulates
Actuated signal times as a function of demand and traffic-actuated control
operatioo operating parameters explicitly; tools vary in the

level of emulatiOO detail
Analytical formulation for uniform delay

Delay aocumulation based on the assumption of uniform These three effects are
arrivals over the cycle and uniform combined implicitly in the
departures over the effective green accumulation and discharge of

Progression quality Adjustment factor applied to the uniform individual vehicles over the
delay term analysis period

Random arrivals Analytical formulation for incremental delay
Incremental delay formulation assumes Individual vehides arePoisson arrivals (mean'" variance) at the introduced into entry linksGeneration of vehicles stop line; the varianc~ean ratio is
reduced for traffic-aetuated control as a randomly, en the basis of a

function of the unit extension spedfied distribution

Effect of A third analytical formulation, t:iJ, 15

oversaturation introduced to oover the additiOOal delay Oversaturated operation and
due to an initial queue residual queues are accoonted
Analytical formulatian computes the for implicitly in the

Residual queue at the residual queue when die>1.0; the residual accumulatioo and discharge of
end of analysis period queue from one perlad becomes the initial individual vehicles

queue for the next perlad

A1temative Tools O1apter 6jHCM and Altemative Analysis Tools
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APPROPRIATE USE OF ALTERNATIVE TOOLS

Use of a1ternative tools to supplement HCM capacity and quality-of-service
procedures should be considered when one or more of these conditions apply:

• The configuration of the facility or range of the analysis has elements that
are beyond the scope of the HCM procedures. Each Volume 2 and 3
chapter identifies the specific limitations of its own methodology.

• Viable alternatives being considered in the study require the application
of an alternative tool to make a more informed decision.

• The measures produced by alternative tools are compatible with
corresponding HCM measures and are arguably more credible than the
HCM measures.

• The measures are compatible with corresponding HCM measures and are
a by.product of another task, such as vehicle delays produced by
optimization of a network traffic control system.

• The measures are compatible with corresponding HCM measures and the
decision process requires additional performance measures, such as fuel
consumption and emissions, that are beyond the scope of the HCM.

• The system under study involves a group of different facilities or travel
modes with mutual interactions involving several HCM chapters.
Alternative tools are able to analyze these facilities as a single systeffi.

• Routing is an essential part of the problem being addressed.

• 111equantity of input or output data required presents an intractable
problem for the HCM procedures.

• The HCM procedures predict oversaturated conditions that last
throughout a substantial part of a peak period or queues that overflow
the available storage space, or both.

• Active traffic and demand management (ATDM)or other advanced
strategies are being evaluated.

In addition, when a specific HCM procedure has been developed by using
simulation results as a surrogate for held data collection, direct use of the
underlying simulation tool to deal with complex configurations that are not
covered in the HCM might be appropriate.

The following are considerations in the decision to use an alternative tool:

• Is use of thc tool acceptable to the agency responsible for approving
decisions that rcsult from it?

• Are the necessary resources, time, and expertise available to apply the tool?

• Does the application rely on a traceable and reproducible methodology?

• llave assumptions used to apply the tool been sufficiently documented?

• Are sufficient and appropriatc data available to capitalize on or levcrage
the strength of the tool?

• Is sufficient time available for calibrabon to promote a robust reliance on
the model output?

Chapter 6/HCM and Altemative Analysis 10015
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S/tuatiOns in whieh alternative
tooIs might supp/ement HCM
proa!dUfeS.

CompatibilJty of performance
measures wlth (he HCM
procer:iures iS essential for !he
use of alternative tooIs lO
supplement or replace the
HCM procedures.
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TooIs available for modeIing
freeways indude H01 planning
procedures, operatiQnal too/s,
and simulation toofs.

Altemative too/s find a much
stronger appfication ro freeway
faolibes than ro individual
freeway segments.

Exhibit 6-3
Freeway Modelíng Framework
for the HCM and Altemative
Tools

Toofs ava/fabfe for mcdeIing
urban streets indude the H01
quiCk.estifT/iltion method for
sigfliJl/zed intersedíOlls, HG1
operational met.hods, arterMl
and network signal-timing
too/s, and microsropic
simulation.
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The principal classes oí tools are

• HCM planning applications;

• Operational tools, including the HCM methodology describcd in Volume
2 and a variety oí other macroscopic analysis tools; and

• Simulation tools that utilize microscopic, mesoscopic, and hybrid models.

Most HCM freeway analysis limitations are apparent when a freeway is
analyzed as a facility consisting of rnultiple segments of different types (e.g.,
basic, rnerge, weaving) by using the procedures given in Chapter 10, Freeway
Facility Core Methodology. Altemative tools, espedally microsimulation tools,
find a much stronger application to freeway facilities than to individual segments.

HCM PlANNING APPlICATlON$

"""'"' • Rety hea'iily on default v.wes
Per«'nt ~e1lVYveI1icles • A ljood ~g point when detailed design ao<l O""''Y

Free-fIow spl!l!d o~ Inf'tlrTnatjJn is u""""iI~blt Al":.'rage tntvel spe.ed
Gefler~1 tem.in type • May be us.ell tD estimate lhe required l1umber Ú1Prll'

Weal'inll calfig\lfation of Iaonesto acllieve a g;.;en LOS lOS
Upstream/doI'mstream ramps • Unsuil/lble fOf detailed operIItional declsiol1s

: Numb@rofli'lnes

OPERATlONAL METHODS

"""'"'PerCE'nt~eavv vehides
• MOfe de!:.'Jiled al1d spedfK: Infonni'ltlOr'l /I!lout """"Fl"e@'-ftows~ed the rwdway should be o!\l'/lllable Al'ef!lge travel spe.ed

Roadwil)' tTOSS sectiofl • Adopted <1!i/1 stIIl1dard by many pI.lblic ,,-
Grades agenaes LOS

We~\IÍrlQ confIgUr'/ltior1
UDstream/downstre/lm ramps

SIMULATlON TOOLS

Demand A\leJage travel speed

Percel1t heavy vehides • Ead! ~hide •••.opagated ttlrough Itle 5'j'Stem as Aver;,ge traYe! time

Vehlde char1lcteristics a 5epWi'lte entity Ttlroughput

Offler characterislics • ()Jeoe blod<~e/overftow effects rewgnized """"Ro!ldway tTOSS section • cal1 acrount for,jl variety of driver behavior Queue il1teractions

Free.ftow CM'" de$ired speed 1lfIdvehide ~rftmn!lnce characteristics tletwetn segme.lts

Re3diorl time • Animi'lted ~ri'lpOics produc:ed for im~ed Faci'ty I1teroctioos

OIher modelil1g pMi'lm!!lers visualtzation (if'dvdirg di~on)
~~ro:a~ measures(to be adi"sted ;n ca/ibratior) I<M ••• pe)

Urban Streets
The modeling framework for urban streets, induding their intersections, is

presented in Exhibit 6-4. Each of the tool5 and procedures can be used in a stand-
alone fashion; the potential f10wof information bctwccn them indicates how they
might fit ioto an overall analysis structure. The principal c1~gsesof tools are

• HCM qllick.estimation method Jor signa/ized intersections, which is based
primarily on critical movement analysis and default values;

• HCM operafionai mefhods for IIrbulI streefs, including al! types of
intersections, which require more detailed traffie inputs and opcrating
parameters;

Chapter 6/HCM and Altemative Analysis Tools
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• Arterial mld network sig/wl-timing too/s, which produce recommended
signal-timing plans based 00 measures that are generally similar to those
produced by the HCM procedurcs; and

• Microscopic simulation too/s, as described previously in this chapter.

Signal-timing tools are mostly based on macroscopic analytical models oi
traffic fIow. Because they are thc only class of urban street analysis tool that
generates a signal-timing plan dcsign, they are frequently used as an alternative
tool for this purpose. The signal-timing plan may be fed into the HCM
opcrational analysis or used as input to a microsimulation tool.

Microsimulation tools are used in urban street analysis, mainly to deal with
complex intcrsection phenomena beyond the capabilities oi the HCM. These
to01sevaluate interactions between arterial segments, including the cHect of
various types of unsignalized interscctions. They are also applied in evaluating
networks and corridors with parallel facilities with the use of DTA routines.

SigrliJl-túning tooIs generate
signal-timing plans (hat can be
used as inputs lo HCM
operational methods or lo
microsimu!atiCJn tooIs.

MiO"OSJmulation tools are used
lo deal with complex
intersecticn interactions
beyond the capabilities of me
HCM.

HCM QUICK-ESTIMATION METHOD
• ~ed on ailíCllllTK1\lement ~Mtysis
• A good swting point for intersectioo aoalysis,-., • Generales an initial siC¡MIt1m1nc¡pillo VClIume-to-capacity Illtio

laroe confillll'atloo • Produces performance measures for ltle Intersectiofl status
MoIlxirno.mcyde lef\llI:h intersection !lSa whole (o:>ve<.",~ •••d)

• Generalty unsuitablefor detillled operabonal
decisions

Exhibit 6-4
Urban Street Modeling
Framework for the HCM and
Altemative Tools

Initial trning plan

HCM OPERATIONAL METHODS
VoIume-to-ca¡»:ity ¡litio

COm~ete description of • More d~i~ analysis wit!lllddltlol>~ Inputs COntrol delay
inret>eetJOfl c¡eometric5 • Produces performan~ measures by lone c¡roup Maximum queue Iength

llnd oper!ltlng • Adopted liS II standllrd by I'I'IM)' public lOS
parameters .,."''' Number 01 stops

AverlI!;e speed

• Implementable timing pkmSatur!ltlofl flol'l rateos .
ARTERIAL & NETWOR.I( TIMING TOOLS Optimal signal bm"g ¡MIl

COmplete deSO"ipbon 01
• Elld1 vehide propagated ltlrough lf1e system lIS Volume-to.a.P&dty ratio

Intero;ection geometJics II separate entity Control delay

and operatlng • Queue blocXllc¡eloverfuw eflects rKOgnized MaJdmum Queue Iength
pal"ametef's • Can <ICUlUntfor a vanety of driver behavior lOS

link dlilracteristk:s
llnd vehide perfom1Mte dllllllcterlstics Number of stops

(1"";11\I~d ", •.•d) • Anmated graphics p1"od~oed Iot improved Average speed
llÍSualiZ1ltíof1 Fue! consumpfun

Implementable tlming plan•
MICROSCOPIC SIMULATION TOOLS

COm~ete descnptJon of • E./IChYlehide propagated through the system as
Volume-to-cap¡ldty ratio

irIterwction geometric5 II separate entity; updateos at each time step

afld operatiflg • Ql¡eue bbckinc¡/OIIt'rfIow ~cts recognized Control delay"....,~~ • Each movement !reated indiYid~ally. as Maximum Queue Ieongth

link dlaracteristics
opposed ID lime gr(kJp agc¡regllbon lOS

(1en¡¡I!>.nd"l' •.• d)
• Animat:ed graphics produoed for mproved Number 01 stops
llÍSualtzoiltion Average speed

More cakbration of inpwt • Better represelltation 01 tile iJ'lteractiorts Fuel consumptiondata ls required to Detween 11Ines and 1ldi~nt intersectioflsl!nd M Qualily measuresproduce oedible resutts perfonTlélI1Ce01 oric¡in-<lestinatioo fIows

SOurce: Signalized Intersections: Inf"0rm<3aonalGuide(9¡.
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At the time of wliting, the HCM
was the only deterministic too!
in common use for two-fane
and multilane highways.

Corridor and areawkJe analysis
is probably the most important
application for altemative_.

Two-Lane and Multilane Highways
At this point, application oE alternative tools for the analysis of either type of

highway is minima!. The HCM is the only macroscopic deterministic tool in
common use, although sorne states such as Florida have developed their own
analysis tools that implement derivatives of HCM procedures (10). At the time of
writing, microsimulation models were in various stages of development. Sorne
two.lane highway simulation tools were beginning to emerge, but there was
insufficient experience to provide guidancc for their use as an ahemative to the
methodology provided here.

Corridor and Areawide Analysis
Corridor and areawide analysis is an important application for altemative

tools. The HCM procedures deaI mainly with points and segments and are
Iimited in their ability to rccognize the interaction between segments and
facilities. The overall modeling framework for corridor and areawide analysis is
presented in Exhibit 6-5, which shows the relationship oE the HCM to the broad
field of corridor and areawide analysis models.

Exhlbit 6-5
Corridor and Areawide
Analysis Modeling Framework
for the HCM and Altemative
Tool,

Trip Generatioo
Parameters

".. .,/ Network Partitioos

Calibration - Z~- 0-0 Parameters

He umes
2 ai'KI 3

Macroscopic

Modeling Detail

pie
tian

Microscopic

Altemative Tools
Page 6-16

Note: 0-0 " origin-destination.

An excellent reference for corridor and areawide simulation (11) is available
from a U.S. Department of Transportation research initiative 00 iotegrated
corridor modeling. It provides detailed guidance on conducting large-scale
simulation projects. This section presents an overview of corridor and areawide
simulation from the perspective of HCM users, but considerably more detailed
information is presented in the report (11), induding a more detailed analysis
framework.

Chapter 6/HCM and Altemative Analysis Tools
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The framework for corridor .lnd areawide analysis differs from the
framework presented for freeways and urban streets in thrcc ways:

1. The HCM procedures account for a much smaller part of the modeling
framework.

2. Different levels of simulation modeling are represented here. Simulation
of urban streets and freeways is typically performed only at thc
microscopic leve!'

3. The framework is two-dimensional, with the cuverage area as une
dimension and the mudeling detail as the other.

Thc model classes shown in Exhibit 6-5 depict the trade-off between these
characteristics. The trade-off betwcen coverage area and modcling dctail is
evident:

• Mícroscopíc símll/atioll provides more detail and more coverage than the
HCM procedures. The additional detail comes from the microscopic
nature of the model structure. The additional coverage comes from the
ability to accommodate multiple Iinks and nades.

• Mesoscopic simu/alioll provides more coverage with less modeling detail
than microscopic simulation. In addition to accommodating larger areas,
mesoscopic models are computationally faster than microscopic models
and are thus \vell suited to the iterative simulations required for DTA,
which can be time-consuming.

• Hybrid lIIodelillg uses network partitioning to treat more critical parts of
the system microscopically and less critical parts mesoscopically-or even
macroscopically.ln this way, the regional coverage may be expandcd
without losing essential detail. A typical application [or hybrid modeling
might be interurban evacuation analysis, which must accommodate a
large geographical area without loss of detail at critical intersections and
interchanges.

PERFORMANCE MEASURES FROM ALTERNATIVE TOOLS

Before the analyst can select the appropriate tool, the performance measures
that realistically reflect attributes of the problem under study must be identified.
For example, when oversaturated conditions are studied, use of a tool that
quantifies the efiects of queuing as well as stops and delay is necessary. If the
methodologies presented in Volumes 2 and 3 do oot provide a particular
performance measure of interest to the analyst (e.g., fuel consumption and
emissions), an alterna tive tool might be required. Exhibit 6-6 provides a
summary of important performance meaSUfCSfOfthe procedures discussed in
Volumes 2 and 3. The applicability of the HCM proccdures and altemative tools
is indicated for each chapter in this exhibit.

Chapter 6{HCM and Altemative Analysis Tools
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me selection of a modef dass
(mieroscopic, mesoscopiC, or
hybrid) refleds a tr~off
between coverage area and
mode/ing detaif.

me too! seIected for a given
analysis needs to provide
performance meiJ5ures that
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studied.
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When an altemative too! is
vsed ro analyze highway
Ci1padty and qwllty of serviCe,
its performance measures
shoufd ideafly be compatible
with!hose presaibed by !he
HCM. Chapter 7provides
general guidance on this topic,
while seleded chJpters in
Va/umes 2 aro 3 provide
speoflC guidance ter certiJin
system elements.

lf an altemative tool is used to analyze highway capacity and quality of
service, the performance measures gcnerated by thc tool should, to the extent
possiblc, be compatible with those prescribed by the HCM. Altemative tools
frequently apply the same termino10gy to performance measures as the HCM,
but divergent resulls are often obtained from diffcrcnt t001s because of
differences in definitions and computational methods. General guidance on
recondling performance measures is given in Chapter 7, Interpreting HCM and
Altemative Tool ResuIts. More specific guidance on dealing with performance
measures from alternative tools is given in several of the procedural chaplers in
Volumes 2 and 3.

Exhibit 6-6 Uninterrupted-Flow Cllapters (Volume 2)
Principal Perfocmance %nme-
Measures from the HCM and HCM Chapter Through- Reli- Spent- Envlron- Demilndl
A1temative Tools and Toplc Speed Delay p", ability Density Following Passlng mental Capacity

10. freeway Facilities H,A H,A H,A X H,A X X A X
11. FreewayReliability H,A X X H,A X X X X X
12. Basic Segments H,A A H,A X H,A X X A H
13.Weaving H,A A H,A X H,A X X A H
14. Merges/Diverges H,A A H,A X H,A X X A H
15. Two-Lane Highways H,A H H A A H H,A A H

Interrupted-Flow Chapters (Volume 3)
HCM Chapter Through- Reli- Queue Cycle Environ- Demandl
and Topic Delay Stops po' ability Length Fallure mental Speed Capaclty
16. Urnan St. facilities H,A H,A H,A X H,A A A H,A H
17. Urban St. Reliability X X X H,A X X X H,A X
18. Urnan Sl Segments H,A H,A H,A X H,A A A H,A H
19. Signals H,A A H,A X H,A A A X H
20. TWSC H,A A H,A X H,A X A A H
21. AWSC H,A A H,A X H,A X A A H
22. Roundabouts H,A A H,A X H,A X A A H
23. RampTerminals H,A A H,A X H,A A A X H
24. Pedestrian/8icyde X X X X X X X H W

SOurce: Adapte<!from Dow1ing(U).
Notes: • PedestJianmode only.

H = Performancemeasurescomputed by the HCMaJ'ldsome deterministic toots with similar
comput;ltional structures.

A = Pecformancerneasurescomputed by altemabve tooIs (mostIy simulation-basoed).
X •• Perlormancemeasuresdo no! apply to this chapter.
St. = Street, TWSC= Two-way SloP-Control,AWSC= AH.waySTQP-a'lntrOI.

7ñeTrafflC Analysis Toolbox is
avaifable at http://ops.fhwa.
dot.govjtTafflcanalysistoolsj.

Questions /o ask during !he
SCOfJIfIgof a traffic ana/ysls
project.
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TRAFFIC ANALYSIS TOOL SELECTION CRITERIA

The success of a traffic analysis project depends on the selection of the best
tool or tools for the purpose, followed by the proper application of the selected
lools. Both of these issues are addressed in detail in the Traffic Ana/ysis Too/box,
and the guidance provided in the Too/box [e.g., in Volume 11(13)] should be
studied thoroughly before a major traffie ana1ysis projcct is undertaken.

Determining Project Scope
A properly defined problem and project seope are prerequisites to the correet

selection of too1s or proeedures for the projeet. Answers lo the following
questions will assist in seoping the project:

1. What is the operational performance problem or goal of the study?

2. Does the network being studied inelude urban strccts, freeways, rural
highways, or any combination of them?

3. Are multiple routes available to drivers?

O1apter 6/HCM and Altemative Analysis TooIs
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4. What are the size and topology (isolated junctions, linear arterial, grid) of
the network?

5. What typcs of roadway usen; (cars, carpools, public transit vehicles,
trucks, bicycles, pedestrians) should be considered?

6. What traffic control methods (regulatory signs, pretimed signals, actuated
signals, rcal-time traffic-adaptive signa1s,and ramp-metcring signals)
should be considered?

7. Should oversaturated traffic conditions be considered?

8. Does the network involve specialized traffic control or intelligent
transportation system (ITS)features that are not covered by the HCM?

9. What is the duration of the analysis period?

10. Do the geometric conditions of the roadway facility change during the
analysis period?

11. Does the traffic demand f1uctuate significant1yduring the analysis
period?

12. Does the traffic control changc during the analysis period?

13. What output and level of detail are anticipated from the tool?

14. What information is available for model input, model calibration, and
validation?

15. Are multiple methods available for consideration in the analysis?

Assessing HCM Methodologies

Another essential step in the analysis tool selection process is to assess the
capability of the existing HCM methodologies and to determine whether they
can be applied (in whole or in part) to the issues that were raised in the project-
scoping step. In addressing these issues, two major questions should be
answered: What are the limitations oi the HCM methodologies? Can the
limitations be overcome? Limitations of the existing HCM method010gies for
each facility type are identified in the procedural chapters of Volumes 2 and 3 of
this manual. If an altemativc taol is determined to be needed oc advisab]e, thc
most appropriate too] must be sclected.

Selecting a Traffic Analysis Tool

Each ana1ytical or simulatian model, depending on the application, has its
own strengths and weaknesses. It is important to relate relevant model features
to the needs oi the analysis and determine whieh tool satisfies those needs to the
greatest extent. Both dcterministic and simulation-based tools eould be
candidates foc overeoming HCM limitations. In most cases, howevcr,
detcrministic tools will exhibit Jimitations similar to those of the HCM
proeedures, which are also deterministic. Detcrministic to01salso tend to work at
the same macroscopic level as the HCM. Aiternative deterministie tools fall
mainly into the follawing categories:

• Taols ioc signal-timing plan design and optimization,

• Proprietary deterministic models offering fcatures not faund in the HCM,

Chapter 6/HCM and A1temative Analysis Too!s
Version 6.0

Examp!es of lTS features not
covered by the He,., include
trafflC-responsive signa! tlming,
traffic-adaptive control,
dynamic ramp metering,
dynamic congestion prio'ng,
and strategie5 affecting !he
prevalence or duratiOn of
incident5 with!ess (han J(}-mlf¡
durations.

Use !he Limitations of the
fI1ethodologysectionsof
Vofume 2and 3 chapters to
assess the appropriateness of
the HCM methodo!ogy far a
given analysis.

Every traffic analysis tool,
depending on the app!ication,
has it5 own strengt/ls and
weaknesses.
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• Olher JTS devices. In addition to the ITSelements in the traffic control
category, tools may be able to model the effects of other rTSdevices, such
as in-vehide navigation systems, dynamic message signs, incident
management, smart work zones, or intervehicle communications.

• Real-lime process control features. Many tools offer the ability to
communicate direetly with other processes invoked in either hardware or
sofhVare. Examples indude intersection signal controllers and large-scale
network traffie management systems. Most highway eapacity analysis
projects will not require features of this type. However, when eomplex
nctworks with ITSelements are involved, the ability of a simulation tool
to communicate directly with the outside world might beeome a
significant factor in the sele<:tionof the proper too!.

Above aH,the analyst should review the user's guide for the selected tool to
get a more detailed description of its characteristics.

User interface conSiderations.

Altemative Tros
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User Interface
The uscr interface indudes all of the features of a tool that suppIy input data

from the user to the model and output data from the model to the user.
Simulation tools vary in the nature of their user interface. To sorne extent, the
suitability of the user interface is a matter of individual preference. However, a
highly developed user interface can offer a better level of productivity for larger
and more repetitive tasks. Selection criteria related to the user interface indude

• The amount of training nceded to master its operation,

• The extent to which it contributes to productive fiodel runs,

• The extent to which it is able to import and export data between other
processes and databases, and

• Special computational features that promote improved productivity.

The following are the principal elements associated with the user interface:

• Jnpuls. Most of the inputs required by thc model will be in the form of
data. In most cases, the input data wiII be entered manually. Most tools
offer sorne leve! of graphic user interface to facilitate data entry. Sorne
tools also offer features that import data dircctly from other sources.

• Outpufs. Two types of outputs are available from sirnulation tools:
graphics files and static performance measures. Graphics files provide
graphics outpul, induding animation, so that users can visualIy examine
the simulation mode! results. Static performance measures provide
output Eornumerical analysis. Both types of outputs may be presented
directly to the user or stored in files or databases for postprocessing by
other programs .

• MuUiple-rllll support. The stochastic nature of simulation models requires
multiplc runs to obtain rcpresentative valucs of the performance
measurcs. Chaptcr 7, Interpreting HCM and Aitemative Tool Results,
providcs guidance on thc number of runs rcquired under specific
conditions. The ability of a tool to support multiple runs is ao important
sclection criterion. Multiple-run support indudes processing functions

Olapter 6jHCM and Altemative Analysis Too/s
Version 6.0



Highway Capacity Manual: A Guide for Multjmodal Mobjlity Analys;s

that perform a spedfied number of runs automaticall)' and
postprocessing functions that accumulate the results frorn individual runs
to providc average values and confidence intervals.

Data A vaHabHity
The next criterion identifies data requirements and potential data sources so

that the disparity between data needs and data availabilit)' can be ascertained. In
general, microscopic rnodels n'quire more intensive and more detailed data than
do mesascopic and macroscopic models. Three different t)'pes of data are
required to make the application of the traffic simulation model successful: data
for model input, data far model calibration, and data for madcl validation.

Data for Model Input
The basic data items required to describe the network and the traffic

conditions to be studied can be categorized into four major groups:

1. Transportation Iletwork data. Simulation tools incorporate their network
representation into the user interface, and sorne differences occur among
tools. Most simulation models use a link-based scheme in which links
represent roadway segrnents that are connected in sorne manner.
Required link data inelude endpoint coordina tes, link length, number of
lanes per link, lane additions, lane drops, lane channelization at
intersections, tuming pockets, grade, and horizontal curvature. Connector
data describe the manner in which the links are conneeted, ineluding the
permissible traffic movements, type of control, and lane alignment.

2. Traffic control and ITS data. Detailed control data should be provided for
aHcontrol points, such as strect intersections or freeway on- and off-
ramps. Sign controls inelude YIElD signs, two.way STOPsigns, and all.way
STOPsigns. Signal controls inelude pretimcd signals, actuatcd signals, or
real-time traffic-adaptive signals. Ramp-metering control methods
inelude all of the mades described carlier. Timing data are required for aH
signal controls. Detector data such as type and laeation of the detector are
required for actuated and traffic-adaptive signals. Any spedal ITS
features involved in a projeet will create a need far additianal data
describing their parameters.

3. Traffic operafiofls data. To represent the real-world traffic environmcnt,
most simulation tools take link-spccific opcrations data as input, such as
parameters that determine roadwa)' eapadty, lane use, lane restriction,
desired free-flow spced, high-oecupaney-vehicle lanes, parking activities,
lane bloekages, and bus transit operations.

4. Traffic demand data. Different tools ma)' require traffie demand data in
different formats. The most commonly used demand data are traffie
demand at the network boundary or within the network, traffie turning
pcrccntages at intcrsections or freeway junctions, origin-destination
(O-O) trip tablcs, path-bascd trips between origins and destinations, and
traffic composition.

Chapter 6jHCM and Altemative Analysís Tools
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the data in sefectjng a tooI.

Altematíve Tools
Page 6.23



Highway Capacity Manual: A Guide for Multimodal Mobility Analysis".

CJlibration adjusts a modeI's
vehide, driver, aOO otiIer
characteri5tks so that the
model can realisticalfy
represent the traffic
environment being analyzed.
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Data far Mode/ Cc/ibration
Calibration was defined previously as the process by which the analyst

selects the model parameters that result in the best reproduction of fic1d-
measured local traffic operations conditions by the mode!. Vehicle and driver
characteristics, which may be site-specific and require calibration, are the key
parameters for microscopic traffic simulation models. Of course, the type of
simulation model that is being used for a particular application determines the
type of parameters that need to be calibrated. For example, in macroscopic traffic
simulation models, the behavior of the drivers and the performance of the
network are represented with more aggregate models, such as the speed-density
relationship and the link input and output capacities. In that case, the parameters
that need to be calibrated differ from those outlined aboye, but the process is
fundamentally the same. For example, a specific application may require
calibration of the parameters of the speed-density relationship of groups of Iinks
and the capacities of the network links.

These data take the form of scalar elements and statistical distributions that
are referenced by the model. In general, simulation models are developed and
calibrated on the basis of Iimited site-specific data. The development data may
not be transferable and therefore may not accurateiy represent the local situation.
In that case, the model results should be interpreted with caution, and the default
parameters that must be overridden for better reflection of local conditions
should be identified. Most simulation tools allow the analyst to override the
default driver behavior data and vehide data to improve the match with local
conditions, thereby allowing for model calibration. The calibration process
should be documented, traceable, and reproducible to promote a robust analysis.

1. Driver behavior data. Driver bchavior is not homogeneous, and thus
different drivers behave differently in the same traffic conditions. Most
microscopic models represent stochastic or random driver behavior (fram
passive to aggressive drivers) by taking statisticaI distributions of
behavior-related parameters such as desired free-flow speed, queue-
discharge headway, lane-changing and car-following behavior, and
driver response to advance information and warning signs.

2. Vehicle data. Vehicle data represent the characteristics and performance of
the types of vchic1es in the network. Different vehicle types (e.g., cars,
buses, single-unit trucks, semitrailers) have di{ferent characteristics and
performance attributes. They vary in terms of vehicle length, maximum
acceleration and deceleration, fuel consumption rate, and emissions rate.
All traffic simulation tools provide default vehide characteristics and
performance data. These data need to be overridden only when the local
vchicle data are known to be different fram the default data provided by
the tool or when the default values do not pravide reasonable results.

Data Sources
Data coHection is costly. Analysts should explore aH possibilities for

leveraging previously colleeted data, with the caveat that the data should
continue to be representative of current conditions. The analyst should identify
which data are currently available and which data need to be collected in the
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field. Most sta tic nctwork, traffic, and control data can be collected from local
agencies. 5uch data indude design drawings for geomctries, signal-timing plans,
actuated controller settings, traffic volume and pattems, traffic composition, and
transit schedules.

EaseofUse
Simulation models use assumptions and complex theories to represent the

real-world dynamic traffic environment. Therefore, an input-output graphical
display and debugging tools that are easily understood are important crHeria to
consider in selecting a too!. Although case of use is important in a simulation
tool, the fact that a particular tool is easy to use does not necessarily imply that it
is the correct choice. The following five criteria can be considered in assessing the
ease of use of a simulation tool:

• Pn>processor: input data handling (user-friendly preprocessor);

• Postprocessor: output file generation for subsequent analysis;

• Graphics displays: graphic output capabilities, both animatcd and static;

• Olllille help: quality of online help support; and

• Calibratioll alld validation: ability to provide guidelines and data sets for
calibration and validation.

Required Resources
The following issues with regard to resources should be addrcssed in

selecting a traffic analysis tool:

• Costs fo r111l fhe tool. Examples are costs for data collection and input
preparation, hardware and software acquisition, and morlel use and
maintenance.

• Staff expertise. Intelligent use of the tool is the key to success. The analyst
should understand the theory behind the model to eliminate improper
use and avoid unnecessary questions or problems during the rourse of
the project.

• Technical support. Quality and timely support are important in the
acquisition of a too\.

User Applications and Past Performance

Credibility and user acceptance of a tool are built on the tool's past
applications and expcriences. No tool is error-free at its first rclease, and al!
require continuous maintenance as weH as periodic cnhancements.

Verification and Validation

Assessment of how extensively a given model has been verified is important.
In many cases, but not aH, simulation modcls are also validated as part of the
fonnulation and development process. Certainly, validated models ace
nominally better to use than those that have not becn validated. Generally,
models that have been in use for some time are likely to have beeo assessed and
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validated by various researchers or practitioners who are using thcm. Evidence
of validatioo in professional journals and periodicals is useful.

APPLICATlON GUIDELINES FOR SIMULATlON TOOLS

7ñeTrafflC Analysis Toolbox is
available at http://ops.fhwa.
dot.govjtrafficiJnalysistoolsj.

Altemative Tool5
Page 6-26

This section presents general guidance for the use of simulation-based traffic
analysis tools for capacity and performance analysis. More detailed guidance for
the application of these tools to specific facilities is presented in the procedural
chapters oí Volumes 2 and 3. Additional information, including sample
applications, may be found in the Volume 4 supplemental chapters, the HCM
Applications Cuide, and the Traffie Analysis Toolbox, as mentioncd previously.

Altcr the project scopc has been determincd and the tool has been selected,
several steps are involved in applying the tool to produce useful results.

Assembling Data

Data assembly involves collecting the data required (but not already
available) for the selected too!. Data collection is costly. Analysts should
capitalize on previous modeling efforts and identify data available through local
agencies. When existing data are assembled, users should develop a
comprehensive plan for eollecting data that are missing.ln sorne cases, a pilot
data coHection effort may be nceded to ensure that the data collection plan is
workable before a full-scale effort is condudcd.

An important part of the data assembly process is a critical review of aH data
¡tems to cnsure the integrity of the input data setoOf special concero are the
continuity of traffic volumes from segmcnt to segment and the distribution of
turning movements at intersections and ramp junctions. Each data itcm should
be checked to ensure that its value lies within reasonable bounds.

Entering Data

Once aH required data are in hand, the next step is to create the input files in
.a format required by the seleeted tool. The following are the most commonly
used methods for ereating input files:

• In!portingfrom a traffic dalabase.Many analysts have large amounts of data
in a variety of formats for the general purpose of traffic analysis. Suro
databases can be used to create input files.

• COllvertingfron! tlle existing data %ther tools.Many traffic models use the
same or similar data for modeling purposes so that these data may be
shared. Sorne traffie simulabon tools are accompanied by utility programs
that allow the user to convert data into input files required by other tools.

• Entering lhe dala fron! seratch. Many traffic analysis tools have their own
spccific input data preproeessors, whieh aid the analyst with input data
entry and review. These advanced featu res of the input data preprocessor
eliminate curnbersome coding efforts. In addition, sorne input
preprocessors include onlioe help features.

O1apter 6/HCM alld Alternative Analy5i5 10015
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Calibrating and Validating Models
The model should be run with the data set describing the existing network

and traffic scenarios (Le., the baseline case), and the simulation results should
then be compared with the observed data collected in the field. The primary
objective of this activity is to adjust the parameters in the model so that
simulation results correspond to real.world situations.

Three critical issues must be addressed when an initial simulation model run
is conducted for the baseline case. First, the model should represent the initial
state of the traffic environment before any statistics are collected for analysis.
Second, the time should be long enough to cover the cntire analysis periodo
Third, if the model can handle time-varying input, the analyst should specify, to
the extent possible, the dynamic input conditions that describe the traffic
environment. For example, if 1h of traffic is to be simulatcd, the analyst should
always specify the variation in demand volumes over that hour at an appropriate
level of detail rather than specifying average, constant values of volume.

In addition, the analyst should know how to intcrpret the simulation model
results, draw inferences from them, and determine whether they constitute a
reasonable and valid represcntation of thc traffic environment. Given the
complex processes taking place in the real.world traffic environment, the uscr
must be alert to the possibilities that the model's featUTesmay be deficient in
adequately rcpresenting sorne important process; that the spedfied input data,
calibration, or both are inaccurate or inadequate; that the rcsults provided are of
insufficient detail to meet the project objectives; that the statistical analysis of the
results is f1awed (as discussed in the following section); or that the model has
bugs or that sorne of its algorithms are incorrcct, thereby necessitating revision. If
animation displays are provided by the mode\, this option should always be
exercised to identify any anomalies.

If the simulation model results do not reasonably match the observed data
collected in the field, the user should identify the cause-and-effect relationships
between the observed and simulated data and the calibration parameters and
perform calibration and validation of the model. Information on calibrating and
validating modcls may be found in the Traffic Allu/ysis Too/box.

Special Considerations for OTA
The term "traffic assignment" traditionally refers to the process of

computing path demands, or path input fiows, given a network and an O-O
demand matrix (trip table). In microscopic simulation models, this process is
implemented as a route.choice model that is executed independently for each
driver (vehiele) in the simulation. Routes and route fiows may also be implicitly
represented in a model by splitting rates, which are turning proportions at nodes
by destination. The use of explicit routes to move vehieles through the
simulation obviates the use of turning proportions at nodes. Route f1m\'scan
have a significant impact on model outputs such as LOS, since they playa key
role in determining the local traffic demand on any given section of road.

Regardless of the implementation, traffic assignment is relevant whenever
demand is defined in thc form of an O-O matrix (static or time-varying) and

Qlapter 6{HCM and A1temative Analysis Tools
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multiple routes are available for sorne O-O pairs. It is partirularly relevant when
congestion affects the travel times on some of these routes. OTA produces
time-varying path f10ws(or splitting rates) by using a dynamic traffie model that
is either mesoseopic or microseopic. OTA models normally permit the demand
matrix to be time-varying as we!1.The assignment mode! (routing dedsion) is
based on a spedfic objective, which is predominantly the minimization of travel
time, but it will also take other factors such as trave! cost (e.g., tolls or eongestion
pricing) and trave! distance into consideration.

A fundamental issue concerning the role of travel time in route choice is that
the actual trave! time from origin to destination cannot be known in advance: it
results from the collective route choices of all the drivers. Thus, the input to the
routing dedsion (travel time) depends on the dedsion itself (route choice),
forming a logical cycle. This type of problem can be solved with an iterative
algorithm that repeats the sirnulation several (or many) times over, imitating the
day-to-day learning process of drivers in the real world. At each iteration (or
"day") the assignment is adjusted until the route-choice dedsions are consistent
with the experienced travel times: this is referred to as the user-optimaI solution.
In practice, an approximation to the user.optimal route f10ws is often determined
by using a "one-pass" (noniterative) assignment in which drivers repeatedly
ft.'Cvaluatetheir routes during a single simulation runoThe choice of method
depends on network characteristics and modeling judgment.

The assignmcnt (routing) eomponent of a OTA model may be deterministic
or stochastic in nature, independent of whether the traffic model is deterministic
or stochastic. In general, both approaches can generate good results as long as
they produce route choices that are consistent with the routing objective, for
example, the minimization of generalized travel costoThe generalized cost is
deterrnined from the combination of a range of factors, such as travel time, travel
distance, and direct costs (e.g., tolls), by applying relative weights to each of
these factors, which typically differ by user c1ass.

DTA applieations are not trivial. Whereas single route applications are
typically implemented by one analyst, OTA applications to large-scale systems
are more likely to involve a team of analysts with a broader range of skills and
experience. Several references on DTA are available (e.g., 15, 16).

Analyzing Output
Proper output analysis is one of the most important aspects of any study

using a simulation mode!. A variety of techniques are used, partirularly for
stochastic models, to arrive at inferences that are supportable by the output.

When the model is ealibrated and validated, the user can eonduct a statistical
analysis of the sirnulation model results for the baseline case with calibrated
parameters. If thc seleeted simulation model is stochastic in nature, simulation
model results produccd by a single run of the model represent only point
estimates in the sample population. Typical goals of data analysis using output
from stochastie-rnodel expcriments are to present point estimates of the
performance measures and to form confidence intervals around these estirnates.
Point estimates and confidcncc intervals for the performance measures can be

A1temative Tools
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obtained from a set of replications of the system by using independent random
number streams. The analyst should refer to the Traffie Analysis Too/box for
details on the design and analysis of stochastic simulation models.

Analyzing Alternatives
When satisfactory simulation model results are obtained from the baseline

case, the user can prepare data sets for alternative cases by varying geometry,
controls, and traHic demando lf the model is calibrated and validated on the basis
of the abserved data, values of the calibrated parameters should also be used in
the alternatives analysis, assuming that driver behavior and vehide
characteristics in the baseline case are the same as those in the alternative cases.

Traffic simulation models produce a variety of performance measures for
alternatives analysis. As discussed previously, the user should identify what
madel performance measures and level of detail are anticipated. Thesc
performance measures, such as travel time, delay, speed, and throughput, should
be quantifiable for alternatives analysis. Sorne tools provide utility programs or
postprocessors, which aIlow uscrs to perform the analysis easily. If animation is
provided by the too\, the user can gain insight into how each alternati ve
performs and can conduct a side-by-side comparison graphically.

Chapter 6/HCM and Alternative Analysis Tools
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APPENDIX A: DEVELOPING LOCAL DEFAULT VALUES

Default vafues are generafly
used fer HCM applications tflat
do not requfre the accuracy
provided by a detafled
operational evaluatÍOfl.

Default values should not be
applled fer input variabfes tflat
can Signirlcantly influence the
anafysis resufts.

This reference can be found in
the Technical Referenre
Library in Volume 4.

A default value is a constant to be used in an equation as a substitute for a
field-measured (or estimated) value. Default values can be used for input
parameters or calibration factors. The value selected should represent a typical
value for the conditions being analyzed. Default values are generally used for
planning, preliminary engineering, or other applications of the HCM that do not
require the accuracy provided by a detailed operational evaluation (A-l). They
can be applied to any of the modes addressed by the HCM.

Local default values can be developed by conducting measurements of "raw
data" in the geographic afea where the values are to be applied. Default values
are usually developed for roadway or traffic characteristics to identify typical
conditioos of input variables for planning or preliminary engineering analysis.
Default values should not be applied foc input variables that can significantly
influence the analysis results. For interrupted.flow facilities, these sensitive input
variables inelude peak hour factor, traffic signal density, and percent heavy
vehieles. For uninterrupted-flow facilities, these sensitive input parameters
inelude free-flow speed and the number of travellanes. In developing
generalized service volume tables for daily service volumes, the K- and D-factors
selected must be consistent with measured local values.

When local default values are developed, the raw data should be collected
during the same time periods that will be used for analysis-typicalIy during
weekday peak periods. In sorne cases, the peak 15-min period is recommended
as the basis for computation of default values because this time period is most
commonly used for capacity and LOS analysis.

Input parameters that describe the facility type, area type, terrain type, and
geometric configuration (such as lane width, segment length, and interchange
spacing) are readily availabIe to the analyst. Default values for these parameters
should not be used.
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APPENDIX B: DEVELOPING LOCAL
SERVICE VOLUME TABLES

INTRODUCTION

As discussed in the body of this chapter, service valume tables can provide
an analyst with an estimate of the maximum number of vehides a system
element can carry at a given LOS.The use of a service volume table is mast
appropriate in certain planning applications in which evaluation of every
segment or node within a study area is not feasible. Once potential problem areas
have been identificd, other HCM tools can be used to perform more detailed
analyses for just those locations of interest.

To develop a service volume table, the analyst needs to develop a default
value for each input parameter used by the system element's HCM method. The
choice of default value can have a significant impact on the resulting service
volumes. For this reason, great care should be used to develop default values
that the analyst believes are most appropriate for local conditions. When results
are particularly sensitive to a particular parameter, a range of default values
should be considered for that parameter. The application of sensitivity analyscs
is discussed in Chapter 7, Interpreting HCM and Alternative Tool Results.

When the service volume tablc is applied, the unlikelihood of a match
behveen all of the input parameters for the various roadway segments being
evaluated and the default inputs needs to be recognized. Accordingly,
condusions drawn from the use oí service volume tables should be considered
and presented as rough approximations.

TABLE CONSTRUCTlON PROCESS

Service volume tables are generated by applying software to back-solvc for
the maximum voluroe associated with a particular LOS,given the analyst's
selected set of default values. The procedure is as follo\V5(8-1):

1. Determine all of the nonvolume default values to be used in deve10ping
the service volume table (e.g., number of lanes, peak hour factor,
percentage of heavy vehides, area type, K-and D-factors), in accordance
with the guidance in Appendix A.

2. Identify the threshold value associatcd with the system element's service
measure for LOS A by using the LOS cxhibit in the Volume 2 or Volume 3
chapter that covers that system element. For example, a density of 11
pc/milln is the maximum dcnsity for LOS A for a basic freeway segment.

3. Compute the service measure for a volume of 10 veh/h for an hourly
volume table, or 100 veh/h for a daily volume tablc. If the result exceeds
the LOS A threshold value, then LOSA is unachievable. Rcpeat Steps 2
and 3 for the ncxt LOS (e.g., LOS B)until an achicvable LOS is found, then
continue with Stcp 4.

4. Adjust the input valume until the highest volume that achicves thc LOS is
found. Test volumes should be a multiple of at least 10 for hourly volume
tables and at least 100 fOfdaily volurnc tables. If the table is being crcated

This appendix facuses ()f1 the
automobife mode. To the
!irn/red extent that moda!
demand is an input to
nonautomobife modes' LOS
procedures, this materia! could
also be appiied to
nonautomoblfe modes.

A speafic roadways
eharacteristics are unlikely to
match exactly the default
values used lo generate a
service voIume table.
Therefore, concIusions drawn
from such rabies should be
considered to be rough
approximations.
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by manually applying software, the analyst can observe how closely the
service measurc rcsult is converging toward the LOS thrcshold and can
select a test volume for the next iteration accordingly. If the table
generation function is being added to software, the automated method
describcd below can be used to converge on thc service volume.

5. ldentify the threshold value for the ncxt LOS and repeat Steps 4 and 5
until threshold volumes have been found or unachievability has been
determined for each LOS.

6. If a daily volume table is being created, divide the hourly threshold
volumes by the selected K- and D-factors and round down to a multiple
of at least 100.

7. If desired, change the value used for one of the input parameters (e.g.,
number of lanes) and repeat Steps 2 through 6 as many times as needed to
develop service volumes for aH desired combinations of input values.

The following is an automated method for finding threshold values:

1. Label thc first achievable test volume Vol 1.

2. Select a second iteration volume (Vol 2) by doubling Vol 1.

3. Compute the service measure value for Vol 2.

4. If the resultíng servicc measure value is lower than the LOS threshold,
replace Vol 1 with Vol 2 and select a new Vol 2 with double the current
Vol 2 value. Repeat Steps 3 and 4 until the service measure result is
greater than the desired LOS threshold.

5. Use the bisection method described in Steps 6 through 10 (8-1) or another
more efficient numerical method to converge 00 the service volume.

6. Compute the volume halfway between Vol 1 and Vol2 and label it Vol 3.

7. Compute the service measure value for Vol 3.

8. If the service measure result for Vol3 is greater than the desired LOS
threshold, replace Vol 2 with Vol 3.

9. If the LOS result for Vol 3 is lower than the desired LOS threshold,
replace Vol 1 with Vol 3.

10. ls the range between Vol 1 aod Vol 2 acceptable? If yes, stop and use the
average of Vol 1 and Vol 2. If not, repeat Steps 6 through 9.

11. lf an hourly volume table is being generated, round the result of Step 10
down to a multiple of at least 10. If a daily volume table is being
generated, divide the result of Step ]0 by the selected K- and D-factors
and round the result down to a multiple of at least ]00.
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1. INTRODUCTION

OVERVIEW

The ever-increasing variety of tools provided by the evolution of computer
software makes the conduct of transportation analyses that take into account a
wide variety of factors easy. However, the analyst still nt.'€'dsto have a fuH
understanding of the methodologics used by the selected analysis tools-
including the level of uncertainty in the tools' results-to make well-informed
recommendations based on the analysis results and to communicate those results
to others. As tools become more complex, the analyst's challenge increases.

Highway Capacily Mallual (HCM) methods-like any other analysis tool-
produce performance measure results that are estimates of the true value of a
measure. These results are subject to ul1cerlainly that derives from (a) uncertaint)'
in a model's inputs; (b) uncertainty in the performance measure estima te
produced by a model; and (e) imperfect model specification, in which a model
may oot fully account for aHthe factors that in£luenc€'its output. Unccrtainty in
model inputs, in tum, can rcsult from (a) the variabilíty of field.measured values,
(b) the uncertainty inherent in forecasts of future volumes, and (e) the use of
default values.

VOlUME 1: CONCEPTS
1. HCM User's Guide
2. AppHcations
3. Modal Characteristics
4. Traffie Operations and (apadty

Concepts
5. Quality and Level-of-5erviCe Concepts
6. HCM and Altemative Analysis Tools
7. Interpreting HCM and Altemative
Tool Results

8. HCM Primer
9, Glossary and Symbols

Uncertainty, variabiflty, accuracy, and
predsion are related concepts tilat
need ro be considered when model
results are interpreted and presented

Alternat/ve tooIs often provide
performance measures tilat have
names the same as or similar lo HCM
measures but that are defined
differentfy.

The aecuYacy of a modcl"s results is directly related to its uncertainty. Models
that incorporate more factors may appear to be more accurate, but if the inputs
relating to the added factors are highly uncertain, accuracy may actually be
decreased. Analysts should also carefully consider the precisioll used in
presenting model results to avoid implying more accuracy than is warranted.

Finall)', when both HCM-based and altemative too[s are used in an analysis,
or when a performance measure produced by an altemative tool is used to
determine level of service (LOS),it is important to ensure that the altemativc
tool's mcasurcs are defined in the same way as the HCM measures. Alternative
tools use different dcfinitions for similarly named measures, which may lead to
inaccurate conclusions if the differenL'esare not accounted for properly.

CHAPTER ORGANIZATION

Section 2 covers the concepts of uncertainty, variability, accuracy, and
precision. It discusses sources of uncertainty and methods for addressing
variability during an analysis and provides guidance on the leve! of precision to
use during an analysis and in prcscnting analysis results.

Section 3 describes the primar)' performance measures produced by HCM
methods, explores the use of vehicle trajectory analysis to define and estimate
consistent performance measures for basic automobile £lowparameters, contrasts
the HCM's deterministic (Le.,nonvarying) analysis results with the stochastic
(Le.,randornly varying) results from simulation tools, and provides guidance on
comparing HCM analysis results with results from altemative tools.

Accurate Precise

Olapter 7/Interpreting HCM and Altemative TooI Resutts
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RELATEO HCM CONTENT

Other HCM content related to this chapter is the following:

• Chapter 4, Traffic Operations and Capacity Concepts, in which Section 2
introduces basic automobile flow parameters, including speed, deJay,
density, number of stops, and travel time reliability, and introduces the
concept of vehicle trajectory analysis as the lowest common denominator
for estimating these basic parameters;

• Chapter 6, HCM and Alternative Analysis Tools, which describes the
range of tooIs available for analyzing transportation system performance;

• Chapter 36, Concepts: Supplemental, in which Section 2 provides
guidance on prcsenting analysis results to facilitate their interpretation by
others, Section 4 provides selected reliability data from V.S. roadways to
help analysts interpret travel time reliability anaIysis results, and Scction
5 provides detailed guidance on using vehicle trajectory analysis for
comparing performance measures from different analysis t001s;

• The Example Results subsections within the Applications sections of
Volume 2 and 3 chapters, which graph the sensitivity of service measure
results to variations in input parameter values;

• The Use of Altemative Tools subsections within the Applications sections
of all VoJume 2 and 3 chapters, which provide spccific guidance on
developing HCM-compatible performance measures from altemative
tools and highlight conceptual modeling differences that may preclude
direct comparisons of HCM and aitemative tool results;

• Case 5tudy 6, 1.465Corridor, Indianapolis, in the HCM Applicatiolls Cuide
in Volume 4, which demonstrates the interpretation of simulation tool
resuIts; and

• The Planning and Pre1iminary Engineering Applications Cuide fo the HCM in
Volume 4, which provides guidance on and case study examples of
appJying the HCM in conjunction with transportation planning modcls.

Introduction
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2. UNCERTAINTY ANO VARIABILITY

UNCERTAINTY ANO VARIABILITY CONCEPTS

The performance measure results produced by traffic models-both HCM
based and aiternative tools-are estimates of the "true" values that would be
observed in the field. Thcsc estimates are not exact, however-they are subjeet to
statistical uncertainty, and the true value of a given measure Heswithin sorne
range of the estimated value.

To illustrate the lack of exactncss, eonsider the variabilify in measured values,
such as traffie volume inputs. There are several types of variabiHty:

• Temporal variabílify, in whieh measured values, such as hourly traffie
volumes, vary fram day to day or month to month at a given location;

• Spafial I1ariabilify, in which measured values, sueh as the pereentage of
trucks in the traffic stream, vary from one loeation to another wHhin a
state or fram one state to another; and

• User pcreeption I1ariability, in which different uscrs cxperiencing identical
eonditions may perccivc thosc eondítions differently-for example, when
they are asked to rate their satisfaction with those eonditions.

Chapter 5, Quality and Level-of-ServiceConcepts, noted that model outputs
are subject to three main sources of IIl1certaí,tfy (1):

1. Uncertaínty in model inputs, such as variability in mcasured values,
measurement error, uncertainty inherent in future volume iorecasts, and
uncertainty arising from the use oi deiauit values;

2. The uncertainty oi the performance measure estimate praduced by a
model, which in turn may rely on the output oi another model that has its
own uncertainty; and

3. Imperfect model specification-a model may not iuIly account for aH the
iactors that influence the model output.

Although uncertainty cannot be eHminated, its effects can be reduccd to
sorne extent. For example, the LOSconcept helps to dampen the effects of
uncertainty by presenting a range oi service measure results as being reasonably
equivalcnt fram a traveler's point of view. The use oi a design hour, such as the
30th-highest hour oi the year, also reduces uncertainty, since the variability oi
the design hour motorized vehicle volume is much lower than the variability of
individual hourly volumes throughout the year (1).Measures oi travel time
reliability quantify the extent to which travel time varies on a iacility.

Measured values will have more certainty than deiault values, and multiple
obscrvations oi a model input wiII provide more certainty than a single
obscrvation. Periormance measures describing the distribution oi measured or
estimated values help portray the range oi variability oi the values. Finally,
sensitivity analyses-deseribed later in this section-and other statistical
techniques (2) can be used to test the impact oi changcs in model inputs on
modeloutputs.

O1apter7/!nterpretingHCM andA1ternativeToolResutts
Version 6.0

ModeI outputs-whet/ler from
ttle HCM or altemative toofs--
are esDmates of the "rrue"
values thiJt wouki be observed
in the riCkl. AetlJal vi/lues wlll
lie wittlin sorne range of the
estimated valve.

Sources of vanability In
correctfy measured values used
as model Inpuls. Meosurement
error iS yet allOtfIer form of
uncertalnty.

Sources of uncertalnty In
modeI outputs.

Uncertainty cannot be
efimlnated, but Its effects can
be reduced ttlrough a van'ety
of tedmiques.

UncertaintyandVariability
Page 7-3



Highway Capacity Manual: A Guide for Multimodal Mob;lity Analysis

TrafflC voIume van'abifity from
dar ro day aro unknowns
associated with future-year
tTaffic voIume forecasts are
among tñe primary sourr;es of
uncertainty.

Documentation of the
unceriainty inherent in HCM
modeIs can be found in the
modeIs' origifI<Jl research
reports, many ot which are
Jocated in the Technkal
Reference library in VoIume 4.

Uncertainty and Variability
Page 7-4

SOURCES OF UNCERTAINTY

Input Variables
HCM procedures and alternative tools typically require a variety of input

data. Depending on the situation, an analyst can provide these inputs in up to
three ways. In order of increasing uncertainty, they are (a) direct measurement,
(b) 10caIly generated default values, and (e) national default values suggested by
the HCM or built into an alternative tool. Default values may not reflect spatial
and temporal variability-national defaults to a greater extent than local
defaults-because the mix of uscrs and vehicles varies by facility and by time of
day and because drivers' behavior dcpcnds on their familiarity with a facility
and prevailing conditions. Direct measurements are subject only to temporal
variability, since the measurement location's site-specific differences will be
reflected in the observed values.

Day-to-day variability in traffic volume is a primary source of uncertainty in
traffic analyses (1, 3). Unknowns concerning development patterns and timing,
the timing of changes or additions to other parts of the transportation system,
and changes in use of particular travel modes cause longer-range forecasts to be
subject to higher degrecs of uncertainty than shortcr-range forecasts. Other input
variables whose uncertainty has becn studied in the litcrature are saturation f10w
rates, critical headways, follow-up time, and driver behavior (4, 5).

Model Accuracy and Precision

Model Development

Many HCM models are based on thcorctically derived relationships, which
include assumptions and contain parameters that must bc calibrated on the basis
of field data. Other HCM models are primarily statistical. The accuracy and
predsion of these models can be described in terms of standard deviations,
coeffidents of determination of linear regression (Rl), and other statistical
measurcs.

Only some of the older HCM models (i.e., those first appearing in the
HCM2000 or earlier editions) have well.documented measures of uncertainty.
On occasion, the Transportation Research Board's Committee on Highway
Capacity and Quality of Service has exercised its judgment in modifying models
to address ilIogical results (e.g., at boundary conditions) or to fin in gaps in small
databases. In such cases, the "true" uncertainty of the cntire model is virtually
impossible to quantify. In contrast, most models developed for the HCM 2010
have documented measures of uncertainty. This information is provided in thc
original research reports for the HCM methodologies, which can be found in the
Technical Reference Library in Volume 4.

Nested Algorithms

In many methodologies, the algorithm used to predict the final service
measure reHes on the output of another algorithm, which has its own
uncertainty. Thus, the uncertainty of the final algorithm is compounded by the
uncertainty in an input value derived from another algorithm.

Chapter 7/Interpreting HCM and A1temative Too! Results
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In Chapter 13, FrC'CwayWeaving Segments, for example, the prediction of
weaving and nonweaving speeds depends on the free-flow speed and the total
number of lane changes made by weaving and nonweaving vehides. Each of
these inputs is a prediction bascd on other algorithms, each having its own
unccrtainty. Other examples are the urban street facility and frccway facility
procedures, which are built on the results of underlying segment and (for urban
streets) point models, the outputs of which have their own associated
uncertainties.

Traveler Perception

Thc HCM 2010 introduced several travclcr perception-based models for
estimating LOS for the bicycle, pedestrian, and transit modes. In addition,
Chapter 18, Urban Street Segments, provides an alternative traveler perception
model for the automobile mode to help support multimodal analyses. Thcse
models produce estimates of the average LOS travelers would state for a
particular system element and mode. Howevcr, pcople perceive conditions
differently, which rcsults in a range of responses (often covering the fu11LOS A
to F range) for a given situation. As with other models, statistical measures can
be used to describe the variation in the responses as we11 as the most likely
response (6).

Additional Documentation

In addition to the uncertainty values given in the original research for HCM
methods, the uncertainty of a number of current HCM models has lx>enstudied
in the Iiterature. These studies indude unsignalized intersections (5, 7, 8), two-
lane highways (9), and other uninterrupted4flow facilities (10).

Model Specification
A final potential source of uncertainty is an incomplete model spedfication,

in which not all the factors that influcnce a model's result are reflected in the
model's parameters. (An inaccurate specification, in which the wrong parameters
are induded in the model, also falls into this category.)

However, a diminishing-returns principie applies to model complexity. Each
new variable added to a model bnngs with it uncertainty related both to the
model's parameters and to its input values. The additional complexity may not
be warranted if the model's final output becomes more uncertain than before,
even if the model appears to be more accurate because it takes additional factors
into account. Model complexity that leads to better dedsion making is justified;
complexity that does not is bcst avoided (11).

SENSmVITY ANALYSIS

Onc way to address the uncertainty inhcrent in a performance measurement
estimate is to conduct a sensitivity analysis, in which key model inputs are
individually vaned over a range of reasonable values and the change in model
outputs is observed. A gand understanding of the scnsitivity of model inputs is
important, and spedal care should be taken in selecting appropriate values for
particularly sensitive parameters. Analysts and dedsion makers also need to

O1apter 7/Interpreting HCM and A1temative Too! Results
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understand the sensitivHy of model outputs (numerical values or the LOS letter
grade) to changes in inputs, particularly volume forecasts, when fuey interpret
the results of an analysis.

Exhibit 7-1 ilIustrates a sensitivity analysis for selected inputs to the basic
freeway segment method. A typical application would be a planning study for a
future freeway, where oot al! the inputs are known exactly. The output being
tested is the service volume (in vehicles per hour, veh/h) for LOS O (Le., the
highest volume that results in LOS O, giveo the other model inputs), The
following inputs were held constant in all three examples:

• Base free-flow speed: 75 mi/h

• Lane width: ]2 ft

• Percent trucks: 5% (30%single-unit, 70% tractor-trailer)

• Speed and capadty adjustment factors (e.g., weather): 1.00

• Number of ¡anes per direction: 3

• Shoulder width: 6 ft

• Grade length: 1 mi

In each example, one of the following inputs was varied, while the other two
were held constant. The varied input differs in each example:

• Peak hour factor (PHF): 0.90, varied from 0.80 to 0.95 in Exhibit 7-1(a);

• Grade: 2%, varied from 1%t06% in Exhibit 7-1(b);and

• Total ramp density: 2 ramps/mi, varied from 1 to 4 ramps/mi in
Exhibit 7-1(c).

Exhibit ]-1
Example 5ensitivity Analysis
for 5elected Basic Freeway
Segment Model Inputs
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(a) 5ensitivity to PHF
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(b) 5ensitivity to Grade
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If varying a single input parameter within jts reasonable range results in a
0% lo 10%change in the scrvice measure estimate, the modcl can be considered
to have a low degree of sensitivily to that para meter. If a 10%to 20% change in
the service measure estima te results, the model can be considered moderately
sensitive to that parameter, and if a change greater than 20% results, the model
can be considered highly sensitive (12).

As shown in Exhibit 7-1(a) and Exhibit 7-1(b), LOS O sen'ice volumes for
basic freeway scgments are moderately sensitive to both PHF and grade across
the reasonable ranges of values for those inputs, with the highest service
volumes 11'Y" and 14%higher than the lowest service volumes, respectively.
ConsequentIy, particular care should be taken to select appropriate values for
thesc inputs.

Exhibit 7-1(c) shows that LOS O sen'ice volumes have a low sensitivity to
total ramp density, with just a 5% range in the output volumes. Therefore, a c10se
match between the assumed average ramp density value and the future
condition is Iess essentiaI.

Exhibit 7.2 shows an alternative way to visualize results sensitivity, based on
the pedestrian link LOSscore from Chapter 18,Urban Street Scgments. In this
example, the number of directionaI Ianes (1), curb lane width (12 ft), and PHF
(0.90)are held fixed, and there is assumed to be no bicycle Iane, parking lane, or
buffer between the sidewalk and the curb lane. The following inputs are varied
one at a time:

• Speed limit: 30 mi/h, varied from 20 to 45 mi/h;

• Curb lane traffic volume: 500 veh/h, varied from 50 to 1,000veh/h; and

• SidewaIk width: 6 ft, varied from O to 10 ft.

Exhibit 7-2
Example 5ensitivity Analysis of
Urban Street link Pedestrian
lOS 5core

Chang •• In Input Variabl ••

The pedestrian LOS score is relatively insensitive to speed limit, moderately
sensitive to sidewaIk width (except when a sidewalk is not present), and highly
sensitive to curb lane traffic volume. This kind of presentation works best when
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typical values Eor the input variables to be tested lie near the middle oE thcir
range rather than at or near one oE the extremes.

Exhibit 7.3 shows an example oE testing the sensitivity oE control delay, and
the corresponding LOS result, at an all-way STOp.controlled intersection, by
varying the demand volumes used in the analysis. In the exhibit, the base
volume entering the intersection on all approaches is varied within a .f15% range
in 5% increments. This kind oE sensitivity analysis is particularly useEul in
working with forecasts of volume that have a high degree oE uncertainty
associated with them .

Exhibit 7.3
Example 5ensitivity Analysis of
AI1-Way $TOP-COOtrolModel
Outputs Based on Varying
Volume Inputs
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Note: Values used in the calQJlatioo are four-legged Intef'5ection with one lane 011eadl approactl, PHF = 0.90, and
2% tleavy vetlides. Base volumes are 210 througtl vehicles, 351eft-tuming vehides, and 35 right-tuming
vehicles 011each approach.

As shown in Exhibit 7.3, under the base volume Eoreeast, the interseetion is
foreeast to operate at LOS C. lEEuture traffic volumes are lower than forecast or
as much as 5% higher than forecast, the intersection will still operate at LOS e or
better. If future traffic volumes are 10% higher than Eorecast, the intersection will
operate at LOS D; if traffie volumes are 15% higher than Eoreeast, the intersection
will operate at LOS E. If the jurisdiction's operations standard for the interseetion
is LOS E or bcttcr, aeceptable operation oE the interseetion could reasonably be
expected even if higher volumcs than forecast were to oecur. However, if the
standard was LOS D or beUer, a c10scr look at the reasonableness of the volume
forecasts might be needed to eonc1ude that thc interseetion would operate
acceptably.

ACCURACY ANO PRECISIDN

Overview
Aecuraey and precision are independent but complementary eoneepts.

Accllraey relates to aehieving a correct answer, while precision relates to the size oE
the estimation range of the parameter in question. As an example oE accuraey,
consider a method that is applied to estimate a performance measure. If the
performance measure is delay, an accurate method would provide an estimate
c10sely approximating the actual delay that occurs under field conditions. The

Chapter 7/Interpreting HCM and A1temative Tool Results
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precision of the estimate is thc range that would be acccptable from an analyst's
pcrspective in providing an accurate estima te. 5uch a range might be expressed
as the central value for the estimated dela)' plus or minus several seconds.

In general, the inputs used by HCM methodologies come from field data or
estimates of futore conditions. In either case, these inputs can be expected to be
accurate only to within 5%or 10'10 of the true valuc. Thus, the computations
performed with these inputs canno! be expected to be extremely accurate, and
the final results must be considered as estimates that are accurate and precise
only within the limits of the inputs used.

HCM usees should be aware of the Iimitations of the accueaey and precision
of the methodologies in thc manual. 5uch awareness will heip in interpreting the
results of an analysis and in using the results to make a decision about the design
or operation of a transportation facility.

Calculation Precision Versus Display Precision
The extensive use of personal computers has allowed performance measure

calculations to be carried to a large number of digits to the right of the decimal
poin!. The final result of calculations performed manually and carried to the
suggestcd number of significant figures may be slightly different from the result
of calculations performed on a computer.

Implied Precision of Results
The typical intcrpretation given to a valuc such as 2.0 is that the value is in a

precision range of two significant figures and that resuIts from calculations
should be rounded to this level of precision. The actual computational result
would have becn in the range of 1.95to 2.04 by standard rounding conventions.
Ckcasionally, particularly in the running text of the HCM, editorial f1exibility
allows a zero to be droppcd from the number uf digits. In most cases, huwever,
the number of thc digits to the right of the decimal point does imply that a factor
or numerical value has lx'en calculated to that level of precision.

AVERAGE VALUES

Unless otherwise noted or defined, nurnerical values are mean values for the
given para meter. Thus, a measure uf speed or delay is the mean value for the
population of vehicles (or pcrsons) being analyzed. 5imilarly, a lane width for
two or more lanes is the mean (average) width of the lanes. The word "average"
or "mean" is only occasionally carried along in the text or exhibits to reinforce
this otherwise implicit fact. LOS threshold values, adjustment factors used in
eomputations, and ealculated values of performance measures are assurned to
represent conditions that have a reasonable expectation of being observed
regularly in North America, as opposcd to the most extreme condition that rnight
be encountered.

Chapter 7/Interpreting HCM and A1temative Tool Results
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3. OEFINING ANO COMPUTING
UNIFORM PERFORMANCE MEASURES

The exact definition of performance measures poses an important qucstion,
particularly when performance measures produced by different tools are to be
compared. Definitions and computational methods are especially important
when the LOSmust be inferred from another performance measure obtained by
altemative methods and applied to the thresholds presented in the HCM's
procedural chapters. Often, a performance measure is given the same name in
various tools, but its definition and interpretation differ.

This section reviews the key performance measures produced by HCM
methodologies and introduces the concept of developing these measures from an
analysis of the individual vehicle trajectories produced by microsimulation tools.
The most important measures are discussed in terms of uniform definitions and
methods of computation that will promote comparability among different tools.
More detailed procedures for developing performance measures from individual
vehicle trajectories are prescnted in Chapter 36,Concepts: Supplemental.

PERFORMANCE MEASURES REPORTEO BY HCM METHOOOLOGIES

The key performance mcasures reported by the HCM methodologies in
Volumes 2 and 3 were summarized in Exhibit 6-6 in Chapter 6, HCM and
Altemative Analysis Tools. The applicability oí thesc procedures and altemative
tools was indicated for each system element. Exhibit 7-4 indudes aH of the
performance measures identificd in Chapter 6. The service measures that
determine LOS for each system elemcnt are also identified. In this scction, the
key performance measures are prescnted in terms of their definitions and
computational procedures. The potential for the development of uniform
performance mcasures from alternative tools is presented later in this section.

•
•

,

Exhibit 7.4
Key PerfOffTlance Measures
Reported by HCM
Methodologies

v/e Travel Control Other
Chapter OensitySpeedRatio" Time Oelay QueueMeasures
10. Freeway FadHties COre Methodology Ves Ves Ves Ves Ves 6
11. Freeway Reliability Analysis Ves Ves
12. Basic FreewayjMultilane 5egments Ves Ves Ves
13. Freeway Weaving 5egments Ves Ves Ves
14. Freeway MergejDiverge 5egments Ves Ves Ves
15. Two-lane Highways Ves Ves
16. Urban 5treet Fadlities Ves Ves
17. Urnan 5treet Reliability and ATOM Ves Ves
18. Urnan street: 5egments Yes Ves Ves Ves
19. 5ignalized Intersections Ves Yes Ves
20. TWSC lntersections Ves Ves Ves
21. AWsc. Intersections Ves Ves Ves
22. Roondabouts Ves Yes Ves
23. Ramp TerminalS/AIt. Interseetions Ves Ves Ves Ves
24. Off-Street PedestrianjBiC'(C!eFacilities 9

Notes: v/c'" volume{capadty; TWSC'" two-way sroF'-COOtroIled;AWSC'" all-way STQP-(X)fltrolled;alt. = altemative.
80ld text indicales a ct1apte(s servicemeasore(s}.
• A v/cratio greater lhan 1.00 is often used lOdefine lOS Fconditions. AII chapters that produce a v/c
ratio also produce an estimate of capacity.
bVehide miles, vehicle hours.
< Measoresrelated to travel time rehat>ility.
dWeaving speed, nooweaving speed.
• Percent tlme-spent-followlng.
'Stop rate, running time.
9Meeting and pllSsing events.

Defining and Computing UnifOffTl Performance Measures
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Speed.Related Measures
Speeds are reported in several chapters of this manual:

• Chapter 10, Freeway Facilities, uses the average speeds computed by the
other freeway chapters when all segments are undersaturated. When
demand exceeds capacity, the specds on the aHected segments are
modified to account for the eHects of slower-moving queues .

• Chapter 11, Freeway Reliability Allalysis, and Chapter 17, Urbal/ Street
Reliability alld ATDM, consider the eHects of traffic demand variability,
weather, incidents, \\'ork zones, and traffie management strategies on the
day-to-day variation in observed speeds and travel times on a roadway.

• Chapta 12, Basic Frccway alld MuItilalle Highway Segmellts, estimates the
average speed on the basis of the free-flow speed and demand volume by
using empirically derived relationships.

• Clwpter 13, Freeway Weavillg Segmellts, estimates the average speed as a
composite of the speeds of wcaving and nonweaving vehicles on the basis
of free-flow speed, demand volumes, and gcometric characteristics. lOe
method for estimating the actual speeds is bascd on the nature of the
weaving segment and the origin-destination matrix of traffic entering and
leaving the scgment. The speed estimation processes are substantially
more complex in weaving segments than in basic freeway segments.

• Chapta 14, Freeway Merge alld Diverge Segmmts, estimates the average
spced of vehicles across alllanes as \••.eH as the average spceds in the lanes
adjaccnt to the rampo The computations are based on empirical
relationships specifically derived for rncrge and diverge segments.

• Clwpter 15, Two-Lalle Highways, treats the average travel speed (A1'5) on
certain classes of highways as one determinant of LOS. The A1'5 is
determined as an empirical funcHon of free-£low speed, demand £low
rates, proportion of heavy \'Chicles, and grades.

• Clwptcr 16, Urball Sfrcct Facilities, uses through-vehicle travcl spfi:'E'dto
determine LOS.

• Clwpter 18, Urball Street Segmellfs, also uses through-vehicle spccd to
determine LOS. lOe average speed is computed by dividing the segment
length by the average travel time. The average travel time is determined
as the sum of

1. Time to traverse the link at the running speed, which is computed as a
function of the free-flo\\' speed, demand flo\\' rate, and geometric
factors;

2. Control deJay due to the traffic control device at the end of the
segment; and

3. Midblock delay due to access points.

111caverage speed applies only to arterial through vchicles and not to the
traffic stream as a whole.

Chapter7/InterpretingHCMandAltemativeToolResults
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Travel Time Reliability-Related Measures
ReJiabilitymeasures are defined and eomputed for frecway facilities and

urban street facilities. As deseribed previously in Seetion 2 of Charter 4, Traffie
Operations and Capacity Coneepts, a variety of travel time reliability measures
can be developed from a travel time distribution. The HCM computes this
distribution by repeatedly applying the freeway facility or urban streets method,
while varying the inputs to refleet fiuctuations in demand over the couese of a
longer period (e.g., ayear), along with fluctuations in roadway capacity and free-
flow speed due to severe weather, incidents, and work zones.

The measures produced by the freeway facilities and urban street facilities
methods can be eategorized as either (a) measures of travel time variability or (b)
the success or faBure of individual trips in mL'Ctinga target travel time or speed.
Examples of the former indude the travel time index, the planning time index,
the reliability rating, the standard deviation of travel times, and the misery
indexoExamples of the latter indude pereent of on-time trips (based on a target
maximum travcl time for a facility) and percent of trips with average travel
speeds less than a mínimum target value.

Queue-Related Measures
Queue measures are defined and computed for both interrupted- and

uninterruptcd-flow facilities. Queucs may be defined in terms of the number of
vehides eontained in the queue or the distance of the last vehide in the queue
from the end of the segment (Le.,back of queue or BOQ).

Becausc of the shock waves that form as vehicles depart the front of the
queue and new vehícles join the back of the queue, the location of the BOQwith
respect to a referencc point (e.g., an interscction stop bar) is typícally na! equal to
the number of queued vehides multiplied by an average length per vehicle. For
example, at a signalized interseetion, the maximum number of vehicles in queue
occurs at the end of red, but the BOQ continues to move backwards during the
subsequent green phase, as vehides continue to ¡oin the BOQwhile the queue is
dissipating from the front.

The probability of the BOQ reaching a specified point wherc it will cause
problems is of most interest to the analyst. For most purposes, the BOQ is
therefore a more useful measure than the number of vehicles in the queue.

Qucue measures are reported by the followíng procedures in this manual:

• Chapler 10,Freeway Facilities Care Mefhodolagy: Queuing on freeway
facilities is generaIly the result of oversaturation eaused by demand
exceeding eapacity. As such, ít is treated determínistically in Chapter 10
by an input-output model that traeks demand volumes and actual
volume served through the bottleneck. The propagation and dissipation
of freeway queues are estimated from a modified eell transmission mode!.
The speed at which queues grow and shrink is ealculated from a
macroscopic simulation of the queue accumulation process, which
depends, among other factors, on the bottleneek demand, the boulencek
capacity, and the jam density. Residual demand is processed in
subsequent time intervals as demand levels drop or the bottleneck
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capadty ¡ncreases. Generally, a drop in demand results in a queue that
clears from the back, while an increase in bottleneck capadty, typically
when incidents clear, results in a forward-clearing queue. The queue's
spatial extent is calculated from the numbcr of queued vehicles and the
storage space on the fadlity (Le., the length and number of lanes). The
queue's temporal duration is a function of demand patterns and
bouleneck capadty. The presence of a queue on a given segment also
affects the rate at which vehicles can flow into the next segment. The
volume arriving in downstream segments may therefore be Iess than the
demand volume. Downstream segments with demand volumes greater
than capadty may turo out to be hidden bottlenecks if a more severe
upstream bouleneck meters the volume served.

• Chapter 19,Sig"alized I"tersectio"s: The cyclical maximum BOQ is
computed on the basis of a queue accumulation and discharge model
with a correction applied to account far acceleration and deceleration.
Random arrivals and oversaturated conditions are accommodated by
correction terms in the mode!. The computationaI details are provided in
Chapter 31, Signalized Intersections: Supplemental. The measure reported
for signalized approaches is thc average BOQ. Percentile values are also
reported.

• Chapters 20 fo22, ullsigl/a/ized i"tersections: The 95th pcrcentile qucuc
length (Le.,number of queued vehicles) is computed by deterministic
equations as a function of demand volume, capadty, and analysis period
length.

• Chapter 23, Ramp Termillals and Altenwtíve Intersectio"s: This chapter uses
the BOQcalculatians for signalized intersections or roundabouts,
depending on the intersection formoThe queue storage ratio-the average
BOQdivided by the available storage length-helps determine LOSF.

Stop-Related Measures
Stop-rclated measures are oí interest to analysts because of their comfort,

convenience, cost, and safety implications. An estimate oí the numbcr of stops 00
a signalizcd approach is reported by the signalized intersection analysis
procedure described in Chapter 19,with details given in Chapter 31. Chapter 18,
Urban Street Segments, incorporates the stops at the signal into a "stops per
mile" rate for each segmentoOther chapters do not report thc number of stops.
Mast alternative tools based on both determioistic and simulation models
produce an estimate of the numbcr of stops for a variety of system elements by
using the tools' own definitions, and most tools allow user-specified values for
the paramcters that define when a vehicle is stopped.

The Chapter 19procedure defines a "partial" stop as olle in which a vehicle
slows as it approaches the BOQbut does not come to a fuIl stop. Some
alternative tools, both deterministic and simulation based, consider a partial stop
to be a later stop after the first full stop.
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!he definitkJn and computatiOn
of defay vary widefyamong
tools.

Delay-Related Measures
Because of muItiple definitions and thresholds, delay is one of the O1ost

difficuHmeasures to compare among traffic analysis tools. DeJay O1easuresare
reported by the same chapters in this manual that report queue measures:

• Chapter 10, Freewoy Facilifies Core Methodology, calcuJates delay on a
globally undersaturated freeway fadlity from the sum of aHindividual
segment deJays. The segment delays are calculated from the travel time
difference between the segment operating at free-flow specd and the
segment opcrating at the calculated space mean speed. For
undersaturated conditions, the seg01ent space mean speed is calculated
from the segment-specific methodologies in Chapters 12 to 14. For
oversaturatcd conditions, the segment speed is estimated from the
prevailing density on the segment. The travel time difference is multiplied
by the numher of vehicles in a segrnent during each time period to obtain
the total vchicle hours of delay per segment and per time periodo Thc total
vehide hours of deJay on the facility for each time period and for the
cntire analysis are obtained by summation.

• Chapter 19, Sigllalized Illtersections, calcula tes LOS from control delay.
Control delay is computed on the basis of an incremental queue analysis
technique by using a queue accumulation and discharge model. Random
arrivals and oversaturated conditions are accommodated by correction
terms in the model. A separate correction is applied to account for an
initial queuc left from a previous intervai. The details of the computation
are provided in Chapter 31, Signalized Intersections: Supplemental.

• Chapters 20 fo 22, rmsigllalized intersectiolls, caJculate LOS from control
delay. The control delay is computed by deterministic equations as a
function of demand volumc, capacity, and analysis period length. Thc
LOS thresholds for unsignalized intersections are different from those for
signaJized intersections.

• Chapter 23, Ramp Terminals and Alfemative lntersectio/Is, calculates LOS
from the average travel time experienced by an origin-destination
dcmand as it travels through the interchange.

Density~RelatedMeasures
Density is expressed in terms of vehides per mile per lane and is generally

recognizcd as an unambiguous indicator of congestionoDensity is used as the
determinant of LOSA through E for freeway and muItilane highway segments. It
is conccptually easy to define and cstimate, but the question is how to apply
density to the right section of roadway over the right perlad of time.

The procedures for diffcrent types of freeway segments follow a density
estimation process that is specific to each segment type:

• Chapter 10, Freeway Facilities Core Methodology, determines density for
undersaturated conditions by applying the procedures given in Chapters
12 to 14. When queuing occurs as a result of oversaturation caused by
excessive demand or by bottlenecks, the density is determined by the
queue tracking procedures described previously for freeway facilities.
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• CJwpter 12,Basic FrccU'ay alld Multilalle Híghway Segments, determines
speeds and demand fIow rates that are adjusted for a variety of geometric
and operational conditions. The scgment density is computed by dividing
the adjusted flow rate by the estimated speed. Empirical relationships are
used throughout the chapter for computations and adjustments.

• Clwpter 13,FrccU'ay Weavillg Segmellfs, also determines density by dividing
the adjusted demand fIow rate by the estimated speed. The speed
estimation process was described previously.

• Chapter 14,FreeU'ay Merge a"d Diverge Segments, bases the LOSassessment
on the density in the two lanes adjaeent to the ramp lanes. The density is
estimated directly by using empirically derived relationships that depend
on the ramp and freeway (Lanes 1 and 2) volumes and the length of the
aeceleration or deceleration lane. Several operational and geometric
factors affect the eomputations.

USE OF VEHICLE TRAJECTORY ANALYSIS IN COMPARING
PERFORMANCE MEASURES

This section explores the use of vehicle trajectory analysis to define and
estimate consistent performance measures. It first introduces thc mathematieal
properties of trajectories as an extension of the visual properties. It identifies thc
types of analyses that can be performed and provides examples that illustrate
how trajectory analysis can be applied. A later section identifies the performance
measures that can be computed from individual vehiele trajectories and explores
their compatibility with the performance measures estimated by the HCM's
computational procedures. Spcdfic trajectory analysis procedures by which
consistent performance measures can be estimated are presented in Section 5 of
Chapter 36,Concepts: Supplemental.

The concept of individual vehiele trajectory analysis was intraduced in
Chapter 4, Traffie Flow and Capacity Concepts. According to that chapter, a
growing school of thought suggests that a comparison of results betwecn traffic
analysis lools and methods is possible onIy through an analysis of vehicle
trajectories as the "Iowest common denominator." Trajcctory-based performance
measures can be made consistent with HCM definitions, with field measurement
techniqucs, and wHh each other. Examples of vehicle trajectory plots were shown
in Chapter 4 to iIlustrate the visual properties of vehicle trajectories.

Mathematieal Properties of Vehic1eTrajectory
While the trajectory plots presented in Chapter 4 provide a good visual

insight into operations, they do not support quantitative assessrnents. 1'0 develop
performance measures frorn vehiele trajectories, the trajectories must be
represented mathematically and not just visually. A mathematical representation
requires development of a set of properties that are associated with each vehicle
at specific points in time and space.

Exhibit 7-5 shows the trajectory of a single vehiele through a traffic signa!. At
each point in time, a number of properties may be determined. The trajectory for
the vchiele is quantified thraugh a list of the praperties of vehiele 11 at each point
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in time. One important parameter in the quantification oi trajectories is the time
increment between sampling points, represented in Exhibit 7-5 as M. Time
increments in typical simulation tools currently range from 0.1 to 1.0 s. Smaller
values are gaining acceptance within the simulation modeling community
because of their ability to represent traffic flow with greater fidelity.

Many properties can be assodated with a spedfic vehicle at a point in time.
Some properties are required for the accurate determination of performance
measures from trajectories. Others are used for different purposes such as safety
analysis. The important properties for estimating consistent performance
measures are indicated in Exhibit 7.5.

Time

"

Properties of Vehide n at TIme t
• VehicleID

.,""""• Position."""'"• Acreie<abon
• Spaceg&P
• Time he&dW&Y
• ltIne
• Unk or &nclysis zooe
• Dístllnce from link ends

Stop line

Exhibit 7-5
Mathematical Properties of
Vehicle Trajectories

Longitudinal and Spatial Analysis
Longitudinal and spatial analysis of vehicle trajectories must be

distinguished at the outset. Longitudinal analysis involves following the position
oi vehides as they traverse a segment. This type of analysis determines delay-
related measures of various types and stop-related measures. Driver comfort,
safety, and environmcntal measures may also be detennined by longitudinal
analysis, but these measures are beyond the scope oi the HCM.

Spatial analysis, on the other hand, involves considering aH the vehides on a
segment at a spedfic time step. The two principal spatial measures are density
and queue lengths. 80th types of analysis are examined here.

Limitations of Vehicle Trajectory-Based Analysis
The procedures described here and in Chapter 36 are intended to produce

performance mcasures from vehide trajectories that are based 00 the definitions
of traffic paramcters given in this manual to promote uniformity of reporting
among different simulation tools. The results should improve the acceptancc of
simulation tools for highway capadty and LOS analysis. However, the term
"HCM-compatible" does not suggest that the numcrical values of measurcs
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produced by a simulation tool will be identical to those from the HCM or to
those from other simulation tools. Several factors must be considered.

Traffie Modeling Differences

The trajectory information is produced by the simulation made!' Each
simulatian tool has its own madels of driver behavior. It is not practical or
desirable to prescribe simulation modeling details in this documento Developers
continually strive to improvc the realism of thcir products to gain a competitive
advantage in the market. The Next Generation Simulation Program (13)has had
sorne success in developing core algorithms to be shared by simulation
dcvelopers, but a universal simulation model is not a practical objective.

Approximations in Trajed:ory Analysis

Chapter 4 pointed out that all performance measures reported by
deterministic models, simulation models, and field observations represent an
approximate assessment of ficld conditions. The need for approximations in
trajectory analysis to promote uniform reporting is explored in more detail in
Chapter 36.One problem is that the procedures prescribed in this manual
introduce approximations that cannot be replicated in simulation because of
conceptual differences and model structure.

Differences That Are Unrelated to Trajectory Analysis

The use of vchicle trajectories addresses sorne, but not all, of the sources of
difference in the definition of performance measures. For cxample, the temporal
and spatial boundaries of an analysis tend to be defined differently by different
tools. Use of the performance measure definitions and guidelines presented in
this manual in conducting simulation analyses is important to HCM
compatibility.

Examples of Vehiele Trajectory Data
Simulation t001spropagate vehicles through a roadway segment by

periodically updating and keeping track of the trajectory properties that are
maintaincd intemally within the traffic flow mode!. Several exampJes of the
analysis of vehiele trajectories on both interrupted. and uninterrupted-flow
facilities are provided in Chapter 36. The examples demonstrate the complexities
that can arise in certain situations, especially when demand exceeds capacity.

Two examples included in Chapter 36 are presented here to illustrate how
vehiele trajectories can be obtained from simulation tools. The first is shown in
Exhibit 7-6, which presents the simplest possible case, involving an approach
with only one lane. The simulation parameters were constrained to remove aH
randomness in the arrival and departure characteristics. While this situation
might appear to be trivial, it is the basis of the signaJized intersection deJay
analysis procedurc summarized in Chapter 19 and described in more detail in
Chapter 31.

The trajectaries may be analyzed 10ngitudinalIy to produce estima tes of
delays and stops. They may also be analyzed spatially to produce instantaneous
queue length estima tes.
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A more complex situation is depicted in Exhibit 7-7,which illustrates the
vehicle trajectories assodated with queue backup from a downstream signal. The
randomness of arrivals and departures was restored to this case.

Exhibit 7-6 '.000
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Exhibit 7-7
Queue Backup from a
Downstream Signal
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The important difference in Exhibit 7-7 from the simple case presented in
Exhibit 7-6 is that backup into a specific segment from a downstream segment is
not covered by the signalized intersection analysis methods in Chapters 19 and
31. However, the performance measures may be estimatcd by trajectory analysis.
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REQUIREMENTS FOR COMPUTING PERFORMANCE MEASURES BY
VEHICLE TRAJECTORY ANALYSIS

Most performance measures reported by the procedures in this manual are
also reported by simulation tools. This section identifies the general requirements
for computing measures from simulation by using individual vehicle trajectories
to achieve comparability between traffic analysis tools. More detailed procedures
are presented in Chapter 36.

General Trajectory Analysis Guidelines
The fol!owing general guidclines apply to trajectory analysis procedures.

1. The trajectory analysis procedures are limited to the analysis of
trajeetoTiesprodueed by the traffic flow mudel of each simulation too!.
The nature of the procedures dues not suggest the need for developcrs to
ehange their driver behavior or traffie flow modeling logic.

2. If the proeedures for estimating a particular measure cannot be
satisfactorily dcfined to permit a valid comparison between the HCM and
other modeling approaehes, then such comparisons should not be made.

3. Al! performance measures that accrue uver time and space shall be
assigned to the links and time intervals in which they oceue. Subtle
complexities make it impraetical to do otherwise. For example, the root
cause of a specific delay might not be within the link or the immediate
downstream link. The delay might be secondary to a problem at some
distant location in the network and in a different time interva1.

4. The analyst must understand that the spatial and temporal boundaries of
the analysis domain must inelude a period that is free of congestiun on all
sides. This principie is also stated in Chapter 10 for analysis uf frecway
facilities and in Chapter 19 for multiperiod signalized intersection
analysis. To ensure that delays to vehieles that are denied entry to the
system dueing a given peTiod are properly recognized, creation of
fictitious Iinks outside of the physical network to hold such vehieles
might be neeessary. A more detailed discussion of spatial and temporal
boundaries is provided later in this section.

5. Proper initialization or "seeding" of the network before trajectory analysis
is performed is important. In setting and applying the warm-up periods,
simulation tools typical!y start with an cmpty network and introduce
vehieles until the vchicular content of the network stahilizes. Trajectory
analysis should not begin until stability has been achieved. If the
simulation pcriod begins with oversaturated conditions, stability may
never be achieved. See the discussion later in this section on temporal and
spatial boundaries.

Speed- and Travel Time-Related Measures
Speed and travel time are treated together beeause, at least for segment

values, they are closely related. The average specd of a vehicle traversing a
segment may be determined by dividing the segment length by the travel time.
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Macroscopic segment travel time estimation does not require a detailed
trajectory analysis. The travel time for an individual vehicle may be computed
for a given segment by subtracting the time when the vehicle entered the
segment from the time when it left the segment. The average travel time may be
computed as the mean of the individual travel times; however, this technique is
valid only for complete trips (Le.,those that have entered and left the segment).

The space mean speed for aHvehicles within the segment during the time
period may be estimated by dividing the total vehicle miles of travel by the total
vehicle hours of travel time. The total vehicle miles and vehicle hours may be
accumulated by including aHthe vehicles and time steps in the analysis domain.
See the discussion later in this section on spatial and temporal boundaries.

Queue-Related Measures
Because of their microscopic nature, simulation tools can produce useful

measures of queuing that are beyond the Iimits of those described in the HCM's
procedural chapters. However, these queue-related performance measures are
difficult to compare with those derived from the HCM. No comparisons should
be attempted without a detailed knowledge of a spedfic tool's queue definitions
and eomputations. With eonsistent definitions, more uniform queue measures
could be obtained from simulation tools.

Queued 5tate

What defines entry to and exit from a queue? $cveral definitions are applied
by different tools for this purpose. The definition given in Chapter 31 for
purposes of Held observations states the following:

A vehicle is considered as having joined the qucue when it approaches
within one car length of a stopped vehicle or the stop bar and is itself
about to stop. This definition is used beeause of the difficulty of keeping
track of the moment when a vehicle comes to a stop.

Chapter 31's definition of the exit from a queue, also intended for field study
applications, is more complex and offers sorne interesting challcnges for
implementation in both deterministie and simulation models. As a practical
approximation, a vehicle should be considered to have left the queue when it has
left the link in which it entered the queue. When a queue extends the fulllength
of a link, a vehicle should be considered to enter the queue at the time it enters
the link. Other eonditions, such as a Jane change to escape a queue, might also
signal the exit from a queue. These conditions are discussed in Section 5 oí
Chapter 36:Concepts: Supplemental.

Queue Length

Queue length estimation is generally required to determine whether a queue
has reached the point where it will interfere with other traffie movements. Queue
length computations are applied at a maeroscopic level by HCM proeedures.
Simulation models, on the other hand, can establish the instantaneous BOQat
each point in time. The question is how to process the instantaneous values in a
manner that will produce meaningful results.

Defining and Computing Uniform Performance Measures
Page 7-20

Olapter 7/Interpreting HCM and Altemative Tool Results
Version 6.0



Highway Capacity Manual: A Guide for Multimodal Mobility Analysis

Queue length analysis by simulation must be treated differently for different
conditions. There are three cases to consider:

1. U"dersatllrated IIolleyclical operatioll, typical of operation with isolated two-
way STOPcontrol: In this case, the queue accumulation and discharge
followa more or less random pattern. The Chapter 20 method estima tes
the 95th percentile queue Iength on the basis of a detcrministic average
queue length modified by a term that acmunts for random arrivals. This
process muld be approximated in trajectory analysis by establishing a
distribution of instantaneous queue lengths by time step. The 95th
percentile queue length could be determined from that distribution.

2. Ulldersatllrated cyclical operatioll, typical of opcration at a traffic signal: In
this case, a maximum BOQ is associated with each cyele. The maximum
BOQ in eaeh eycIe represents one observabon for statistical analysis
purposes. The use of a distribution of instantaneous values is not
appropriate here beeause the queue accumulation and discharge are
mueh more systematic than random. Ineluding instantaneous queue
lengths that occur when the queue is expected to be zero (Le.,at the end
of the green) would underestimate thc measure of intcrest, which is thc
peak gueue length. With a sufficient number of eycIes, a distribution of
peak queue lengths with a mean valuc and a standard dcviation could be
established. The probability of queue backup to any point eouId then be
estimated from this distribution.

3. Oversaturated operatioll, either eyelical or noneyelical: When demand
exceeds the capacity of an approach or system elemen!, the queue will
grow indefinitely. For purposes of simulabon, the measure of interest is
the residual BOQ at the end of the simulated intervaI and the effect of the
queue on upstream segments. These considerations are especially
important in muItiperiod anaIyses.

The undcrsaturated condition might inelude brief periods of queue buildup
and discharge as long as continuous buildup and residual queues do not nccur.

Stop-Related Measures
Most alternative tooIs based on both deterministie and simulation models

produce an estimate of the number of stops by their own definition, and most
allow user-specified values for the parameters that establish the beginning and
end of a stop. Stop-related measures are of interest to analysts because of their
eomfort, eonvenienee, cost, emissions, and safety implications.

Definition of the 5topped 5tate

The definition of when a vehide is stopped has the same two elements as the
definition of when it is queued-that is, when docs thc stop begin and when
does it end? Speed thresholds are often used to determine when a vehide is
stopped. The only nonarbitrary threshold for this purpose is zero. However,
practical considerations suggest that simulation modeling algorithms dealing
with stopping would be more stabJe if a near-zero spced were used instead.
Chapter 19 applies a speed of 5 mi/h in determining when a vehide has stopped.
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There are two different modeling purposes for releasing a vehicle from the
stopped state:

• To terminate the accumulation of stopped delay, and

• To enable the accumulation of subsequent stops.

The first condition is easier to deal with in the trajectory analysis. When the
vehicle is no looger stopped, it should no longer accumulate stopped del ay. The
logical speed threshoJd for this condition is the same speed threshold that
established the beginning of the stop.

Estimating the Number of 5tops
The accumuJation of multiple stops poses more problems and generally

relies 00 arbitrary thresholds that vary among different tools. The main problem
with multiple stops is that stops after the first take place from a lower speed aod
therefore have a less adverse effect on driver comfort, oper01ting costs, and safety.
For signalized approaches, some tools apply a "probability of stopping" model in
which the maximum probability is 100% and, therefore, the maximum number of
stops is 1.0 00 any approach. Other tools model subsequeot stops on the basis of
the release from the stopped state when the vehicle reaches an arbitrary
threshold speed, often O1round 15 mi/h.

While the number of stops is ao important performance measure, the values
produced by different too1s are difficult to compare. Such comparisoos should
oot be attempted without adequate knowledge of the definitions and parameters
used by a specific tool.

Delay-Related Measures
Practically 0111traffic analysis tools produce a performance measure called

"delay," but tools vary widely in the definition and computation of delay. This
discussion suggests consistent definitions for del ay.

De/ay Definitions

Delay is generally defined as the excess time spent on a road segment
compared with the time O1ta target speed that represents a zero-deJay condition.
The target speed is the speed O1twhich a specific driver prefers to drive. Different
tools have different definitions of target speed. Sorne are driver~ and vehicle-
spedfic, taking into account driver aggressiveness and roadway characteristics .
.Because target speed is a function of individual driver bchavior, there will be
sorne differences in the method of computation, especially jf the target speed is
differcnt for each vehicle. For tools that require a user-spedfied free-tlow speed
as an input, the methodology presented in the procedural chapters of this
manual should be used to determine the free-tlow speed.

The time a vehicle spends on a scgment is easy to determine from its
trajectory. On the other hand, the target time is subjcct to a number of
definitions:
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• Travel time al ideal speed: usually the free-fIo"" speed.

• Travel time at the individual vehic/e's targct speed: a function of the free-fIow
spced, prcvailing roadway and traffic conditions, and the driver's
characteristics.

• Trapel time at 10mi/JI below speed limit: used by sorne transportation
agencies to determine whether a trip is "on time" for travel time rcliability
reporting. \t\Thenit is compared with the travel time at ideal speed, this
measure establishes "on-time delay,"

• Traud tillle at a specified lraue! time illdex: The travel time index is the ratio
of actual travel time to ideal travel time, It is used primarily for reporting
congestion in nationwide mobility monitoring. A travel time index of 1.33
or 1.5 is sometimcs taken as an indication of freeway congestionoThis
measure establishes congestion delay. It is intended to be an indicator of
the need for roadway improvements.

• Trave1 time withoul lraffic conlrol: This measure establishes control delay.
Unlike the previous measures, which are applied to an entire segment,
control delay is applied only to the portion of the segment where a queue
is present. Control delay is a subset of segment delay because it does not
indude the delays caused by traffic interactions upstream of the queue.
The definition applies uniformly to a11types of control, induding signals,
stop signs, and roundabouts.

In al! cases, a lower limit of zero must be imposed when the actual travel
time is shorter than the reference time.

Aggregated De/ay Ver.susUnit De/ay

The difference between aggregated delay, usually expressed in vehicle
hours, and unit delay, usually expressed in seconds per vehicle, should be noted.
Aggregated delay is generally used to assess the operating costs associated with
a candidate treatment, because an economic value can be assigned to a vehicle
hour of delay. Unit dclays are associated with driver perception of the LOS on a
facility. For these two definitions to be dimensionally consistent, the unit delays
must actually be expressed in vehide seconds per vehicle. Common practice,
however, is to shorten the definition to seconds per vehicle to promote public
understanding.

Representation of De/ay by VeNde Trajedories

Several deJay definitions were presented previously. These definitions may
be interpreted in lerms of vehicle trajectories on the basis of longitudinal
trajectory analysis. In all cases, the delay is determined for each time step and
accumulated over the entire time the vehicle was in a specified segment.

Exhibit 7-8 ilIustrates the various ways delay may be defined. Three points
are defined in this figure.

• TI)o the time at which a vehicle wOllld have arrived at the stop line if it had
been traveling at the target speed;
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• TI' the time at which a vehicle would have arrived at the stop line if it had
been traveling at the running speed, which is generally less than the
target speed bccause of traffie interactions; and

• Ty the time at which a vehicle is discharged at the stop lineo

\

Exhibit 7-8
Definition of Delay Terms In
Time and Space
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The delay measures defined in terms of the time differences shown in Exhibit
7-8 indude the following:

• Control delay: defined as T2 - TI' This delay definition is the one used by
the procedure for assessing LOSat controlled intersections and
roundabouts.

• Segmel1t delay, defined as T2 - To' This definition is more commonly used
by simulation tools. It reflects the delay experienced by each vehide since
it Jeft the upstream node (usually another signal). Segment delay indudes
control delay plus aHother delay due to traffic intcractions.

Two other deJay definitions that are based on more complex properties of the
vehicle trajectories are shown in Exhibit 7~8:

• 5topped delay, which reflects the amount of time a vehide was actually
stopped. The beginning and end of a stop are generally based on speed
thresholds, which may differ among tools. In sorne cases, the threshold
speeds are user definable.

• Queue de/ay, which reflects the amount of time a vehide spends in a
queued state. The properties of the trajectory that define a queued state in
different tools indude speed, acceleration, spacing, and number of
vehides sharing these properties. For trajectory analysis purposes, the
queued state was defined previously in this chapter, and this definition is
reflected in Exhibit 7-8.

Defining and Computing Uniform Performance Measures
Page 7-24

O1apter 7/lnterpreting HG1 and A1temative Tool Results
Version 6.0



Highway Capacify Manual: A Gujde for Mu/fimodal MobUity Analysis

For simulation tools that report total segment delay but do not report control
delay explicitly, approximate estima tes oí control deJay can be produced by
períorming simulation runs with and without the control device(s) in pJace. The
segment deJay reported with no controJ is the dclay due to geometrics and
interaction betwcen vehieles. The additional delay reported in the run with the
control in place is, b)' definition, the control deJa)'. For short segments voáthlow
to medium volumes, the segment deJay usua11yserves as an approximation oí
the controJ deJa)'.

The deveJopment of control delay estimates b)' a multiple-run procedure is
primarily of academic interest because of the amount oí effort involved. The
objectivc at this point is to deveJop a specification for estimating control deJay
from vehiele trajectories that may be internalized by simulation modeJ
deveJopers to produce HCM-compatiblc rcsuIts.

Computational Procedures for Delay-Related Measures
The procedures for computing delay from vchiele trajectories involve

aggregating all deJay measures over each time step. Therefore, the results take
the form of aggregated deJa)' and not unit deJay, as defined earlier. 1'0 determine
unit deJa)'s, the aggregated delays must be divided by the number of vehielcs
involved in the aggregation. PartiaJ trips made over a segment during the time
period add sorne complexit)' to unit deJay computations.

The fo11owingprocedures shouJd be used to compute dela)'-reJated measures
from vehiele trajectories:

• Time step de/ay: The deJay on any time step is, by definition, the Jength of
the time step minus the time it wouJd have taken the vehiele to cover the
distance traveled in the step al the target speed. This value is easil)'
determined and is the basis for the remainder of the delay computations.

• Segmellt de/ay: Segment deJay is represented by the time taken to traverse
a segment minus the time it wouJd have taken to traverse the segment at
the target speed. The segment dela)' on an)' step is equaJ to the time step
deJay. Segment deJays accumuJated over a11time steps in which a vehicle
is present on the segment represent the segment delay foc that vehicle.

• Qllellc de/ay: Thc qucue deJa)' is equaJ to the time step deJay on any step in
which the vehicle is in a queued state; otherwisc, it is zeco. Queue delays
are accumulated over al! time steps while the \'Chicleis in a queue.

• Stopped delay: The stopped dela)' is equal to the time step deJa)' on any
step in which the vehicle is in a stopped state; otherwise, it is zero. Since a
vehicle is considered to be stopped if it is traveling at less than a threshoJd
speed, a consistent definition of stopped delay requires that the travel
time at the target speed be subtracted. Time step dcla)'s acrumulated over
all time steps in which the vehicle was in the stoppcd state represent the
stopped delay. Earlier versioos oí this manual defined stoppcd delay as
76%of the control deJay, on the basis of empirical data.
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Queue delay computed from
trajedory analysiS provides!he
most appropriate
representBtion of control delay.

• Control delay: Control delay is the additional travel time caused by
operation of a traffic control device. The queue delay computed from
vehicle trajectories provides a reasonable approximation of control delay
when the following conditions are met:

1. Queue delay is caused by a traffic control device, and

2. Identification of the queued state is consistent with the definitions
provided in the HCM.

Specia/ De/ay Estimation Issues
Control delay cannot be computed from individual vehicle trajector)'

analysis in a manner consistent with HCM procedures that report control deJay.
It was demonstrated earHer in this chapter (see Exhibit 7-6) that the uniform
delay tenn di described in Chapter 19 is derived from trajectory analysis. The
problem is that the delay adjustment terms d2 and d) are macroscopic corrections
that have been derived analytically. As such, they cannot be represented by
vehicle trajectories. When demand volumes approach and exceed capacity, the
correction terms become very large.

Exhibit 7.8 showed the trajectory of a single vehicle in an undersaturated
situation. This figure indicates that the control delay will be the same as the
queue delay when their travel times projected to the stop tine at the running
speed (i.e., the broken lines) follow the same path. The problem is that the
additional deIays from the d2 and d) adjustment terms are not represented in the
figure. The adjustment terms are represented implicitly in the queue delays
produced by trajectory analysis. As such, they remain a valid estimator of control
delay at alllevels of saturation.

While the queue delay from trajectory analysis generally provides a
reasonable estimate of the delay on a controlled link, certain phenomena raise
interpretation issues. The first is geometric delay, which is not included in the
Chapter 19procedure. For example, a large truck turning right can cause
additional dela)' to vehicles in a queue behind it. The additional delay, which
would be ignored by the Chapter 19control delay calculations, would be
interpreted by trajectory analysis as control delay. This situation would cause
problems in comparing the control delay estimates from the two methods.

Another problem arises with oversaturated conditions. The conceptual
differences between Chapter 19's analytical delay model and the rnicroscopic
simulation approach make comparison of their results difficult. The comparison
becomes even more complicated when queues extend into upstream links.

Reliability-Related Measures
The HCM's conceptual framework for evaluating travel time reliability can

be applied to alternative analysis tools. Since the HCM's reliability measures are
facility-level measures, onIy the travel times associated with vehicles that have
travelcd the full length of the facility should be used in developing the travel
time distribution. An earlier subsection provided guidance on calculating HCM.
compatible travel times. In addition, sorne reliability performance measures are
indices that are linked to the facility's free-flow speed. The previous subsection
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on delay-related measures provided guidance on cakulating HCM.compatible
free-flo\\' or target speeds.

Before alternative tools are used for reliability analysis, the analyst should
consider the much greater analytical dcmands imposed by a reliability analysis
following the HCM's conceptual analysis framcwork. Thousands of scenarios
may need to be analyzed with the alternative tool in addition to the numher of
replications per scenario required by the tool itself to establish average
conditions. Extracting and summarizing the results from numerous applications
of the alternative tool may be a significant task.

Density-Related Measures
Density is onc of the casicst measures to compute from vehide trajectories

because it involves simply counting the vehides in a section of roadway at a
specific time. Density is thercfore a product of spatial analysis as opposed to
longitudinal analysis. The question is how to apply the proper definition of
density to the right section of roadway over the right period of time. For
example, a main obstade in comparing densities reported by the procedural
chapters in this manual with those reported by simulation tools is their difierent
definitions. The procedures in this manual report density in terms of passenger
cars pcr mile. Simulation tools report this measure in terms of actual vehides per
mile. The simulated densities must be converted to passcnger cars per milI.'to
produce comparable results. Procedures for conversion are discussed in Chapter
36, Concepts: Supplemental.

Because of the importance of density as a determinant of LOS,establishment
of HCM-compatible trajectory analysis is desirablc so that simulated densities
can be used fOfLOSestimation. Microscopic simulation models estabJish the
position of all vehides in the system at a11points in time, making it easy to define
and compute density rneasures that are uniform among different tools by simply
counting the number of vehides on a specified portian of a roadway.

Computational Procedures

The equivalent density in a section can be detcrmined by simulation by using
a simple equation that relates density to the spacing of vehides:

Density (vehJmi)= 5,280 ft¡mi
vehicle spaclng (ft¡veh)

Dcnsity can also be computed macroscopically at the segment level simply
by counting the number of vehides present on the segment during a given time
step. The densities by time step may be aggregated over an analysis period by
computing the arithmetic mean of the time step densities. This method of
measurement and aggregation should produce HCM-compatible density values
in both definition and computation, provided that the demand d does not exceed
the capacity e. For die ratios greater than 1.0, the density at the end of the analysis
period may be of more interest than the average density.

Simulated densities must be
converted ro passenger cars
per mile ro produce results
comparable with the HCM.

Equation 7-1
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Density is computed on a per lane basis in the examples given in Chapter 36.
The combined density for thc ramp influence area (the two freeway lanes
adjacent to the ramp plus auxiliary lanes, if any, within 1,500ft of the ramp
jundion) is also computed because of its application to freeway merge and
diverge ramp junctions. To compute the average density for a series of segments
in a freeway facility, the procedure outlined in Chapter 10 should be used.

Follower Density
This measure is defined in terms of the number of followers per mile on a

two-Ianc highway. Follower density is not reportcd in the HCM. Instead, percent
time-spent-following is used as a determinant of LOS for two-Iane highways in
Chapter 15.Thc definition of the following state is given in Chapter 15as a
condition in which a vchiclc is following its leader by no more than 3 s. The
concept of follower density has attracted increasing international interest. It is a
measure that could be easily derived from trajectory analysis.

STOCHAsnC ASPECTS OF SIMULATION ANALYSIS
me H01's deterministic
procedures give a unique result
for a given set of inpufs, whife
stodIastic tooIs may give a
distribution of resufts for a
given set of input5 Ove/"a
series of nms.

The deterministic procedures in the HCM give a unique value for all
performance measures based on the spedfics of the input data. Stochastic
analysis tools apply a randomization proccss that might give difierent values for
performance measures each time the process is repeated. In other words,
simulation tools produce a distribution of values for each performance measure,
much as would be expected from a series of repeated field studies. In supporting
decision making, the distribution of values must be represented in terms of a
single value, except in cases where the analysis focuses specifically on variability
of the performance measures.

A comprehensive tutorial on the stochastic aspects of simulation is presented
elsewhere (14).Topics covered indude confidence intervals, the number of runs
required to achieve a specified level of confidencc, and hypothesis testing for
comparing alternative configurations and strategies. The tutorial material is not
repeated here, but it should be underslood by analysts who are using simulation
to produce performance rneasures that are comparable with those of the HCM.

Simulation modeling is based on intemally generated random numbers that
are controlled by specifying an initial random number or "seed" to start the
generation process. In sorne cases, rnultiple seeds are used to control difierent
aspects of the randornization. For example, driver characteristics and vehicle
characteristics might be seeded difierently. Multiple runs using a simulation tool
with the same input data and same random number seed(s) will produce the
same answers. To establish a range of answers, repetitions must be created by
running a simulation tool with the same input data but difierent random number
seed(s). Most simulation tools provide guidance on selecting random number
seeds.

Number of Required Repetitions
The result of a set of simulation runs is normally represented by a summary

of thc average values of the performance measures of interest. Confidence in the
results is influenced by the number of runs included in the setoThe question
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rabed here is, "How many runs are nl..'t'ded?"The answer depends on threc
parameters:

1. The maximum error that can be tolerated in the results: The tolerable
error may be exprcssed in tcrms of an absolute value (e.g., 5 s of delay) or
as a percentagc of deviation from thc truc mean valuc. Greater acceptable
maximum error (tolcrance) suggests the need far fewer runs.

2. The degrt.-'t'of confidencc that thc true mean falls within thc spccified
error limits: A greater degree of confidence (e.g., 99%as opposed to 95%)
suggests a need for more runs.

3. The variability across simulation runs given by the standard deviation: A
greater variability (higher standard deviation) suggests a need for more
runs, if the other two parameters stay fixed.

In accordance with a basic statistical approach, thc standard error oE the
mean may be estimated from the simple reIationship in Equation 7.2:

s
E~-,jñ

wherc

E standard error of thc mean,

s standard deviation of the set of runs far a particular performance
measure, and

11 = number of runs included in the seL

The confidencc limits are exprcsscd in terms of the number of standard
errors from the mean valuc. A target of 95%confidence is oftcn used for this
purpose. The 95%confidence interval is rcprescnted by thc mean value :t1.96
standard errors.

Given the sampIe standard dcviation s, the sample size required to produce
95%confidence of achieving a maximum tolerable error Er can be calculated
from the aboye relationship by using Equation 7.3:

n = (1.96s)' ((Ed

A few statistically oriented sites on the Internet offer online calculatars for
detcrmining requircd sample sizes.

Expected Variation Between Runs
The amount of variation that will result from a 5('tof runs given the input

data is difficult to anticipate. The standard deviation of a given performance
measure is best determined by making a set of test runs and applying the sample
size calculations. One factor that influcnccs thc variability at signalized
intersections is the dcgree of saturation on cach approach. This influence is
illustrated in Exhibit 7-9, \••.hich ShOW5 the cocfficient of variation (standard
deviation/mean) on a simple signalized approach as a function oí the approach
volume. The data for this example included 30 ruos for a 15.min periodo

Equation 7-2

Equation 7-3

Other factors thiJt influence !he
variation In performance
measure resuits 1i7clude!he
length of the simulation runs
and !he length of !he
Simulation wann-up periOds.
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Exhibit ].9
effect of DemandVoIumeon
Variabilityof SimulatedDelay
on an Approachte a
Signalizedlntersection
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Exhibit ]-10
Variabilityof Overall
PerformanceMeasures fer a
large UrbanNetwork

At low volumes, the variability is low, with the standard deviations
approaching 10% of the mean value. The variability peaks at the capacity of the
approach at a value near 2S%. The variability is highest at capacity because some
nms will see more undersaturated eycles in the operation, whHe others will see
more oversaturated cycles. As demand volume increases well beyond approach
capacity, the variability decreases significantly as deterministic phenomena
begin to govern the operation.

Exhibit 7-9 shows the relationship for a single approach to an intersection.
Variability may also be expected to decreasc in larger systems, as ilIustrated in
Exhibit 7-10. This example shows a very large system with 472links, obtained
from the sample data distributed with one simulation tool. The data set included
20 runs covcring a lS-min periodo The performance measures cover the entire
system, and thc rcsulting variation is substantially lower than would be expected
on a single approach.

Vehicle Miles Vehicle Hours Minutes Der Mile Average
Statistic Traveled Delav Total Delav Total Soeed Im;/.'
M"" 19467 238 761 0.734 2.347 25.571
Standard 140 7 9 0.019 . 0.021 0.218deviation
01 0.007 0.028 0.012 0.026 0.009 0.009
Standard 31 1.49 1.96 0.00 0.00 0.05"ro<
Upper 95% 19528 240.497 765.197 0.742 2.356 25.667
Lower95% 19406 234.661 757.508 0.725 2.337 25.475
Note: OJ = caefflcient of variiltion.
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COMPARING HCM ANALYSIS RESULTS WITH ALTERNATIVETOOLS

Alternativc traffic analysis tools have been used for many }'ears, and not all
their applications have a strong requirement for HCM compatibility. The
guidance prescnted in this chapter and in thc Volume 2 and 3 chapters is
addressed specifically to analysts who are sceking sorne degree of cornpatibility
with the HCM procedures through the use of alternative tools. It is not the intent
of the HCM to duplicatc the tutorials and other authoritative docurnents in the
Iiterature dealing \vith the general application of traffic analysis tools (e.g., 15).

Full nurnerical cornpatibility between thc HCM and sirnulation-bascd
analyses is seldom attainable bccause of differences in definitions, rnodeling
approaches, and computational methodologies. An earlier section of this chapter
dealt with the use of vehide trajcctory analysis to promote consistent definitions
and computational procedures foc the most important performance measures.
The guidance in this section covers the following areas:

• Recognizing situations in which alternative tools should be applied,

• Recognizing situa.tions in which basic incompatibilities predude direct
comparisons between the HCM and simulation results, and

• Achieving rnaximum compatibility bet\Veenthe HCM procedures and
those of alternative tools.

FIIII nllmericaf com¡)iJtibiflty
between !he HCM and
alremative tooIs is seldom
att.3inable becallSl! of
differences in defimtions,
modeling approaches, and
complItiJtJonal methodotogles.

Conceptual Oifferences Between Modeling Approaches
The analysis procedures described in the HCM are based on deterministic

models that are \Vel1founded in theory and field observations. They are
implemented in thc form of equations that describe the behavior of traffic. Most
of the equations indude empirical calibration factors derived from rescarch.
Simulation modeling, on the other hand, is based on the propagation of fictitious
vehides along a roadway segment in accordance with principIes of physics, rules
of the road, and driver bchavior. While both modeling approaches attempt to
replicate phenomena that can be observed and quantified in the ficld, results that
are mutual1y comparable are sometimes difficult to obtain. The conceptual
differences that predude comparison are discussed in the procedural chapters. A
summary of key differences is presented here:

• Delays reported by the HCM's interrupted-flow analysis procedures
apply to aH the vehides that arrive during the analysis periodoWhen
demand volumes exceed capacity, the deJay to vehides entering the
system during a given period and leaving during a subscquent period are
induded. Delays reported by simulation are those experienced within the
analysis period regardless of when vehides entered or leH the system.
This concept is explored in more detaillater in this chapter in the
discussion of multiperiod operation.

• Densities are reported by the HCM's uninterrupted-flow chapters in
terms of passenger cars per mUe.Passenger car equivalenC}'(PCE) fa.ctors
are used to convert heavy vehides to passenger cars such that the capacity
of a mixed flow of heavy and light vehides is equivalent tú the capacity of
a traffic stream consisting entirely of passenger cars. PCEs are applied
before the density computations. Densities reported by simulation are
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generally exprcssed in actual vehicles per mile. The eHect of heavy
vehicles is an implidt result of their diHerent characteristics. Because of
this difference, application of PCE factors in reverse to the computational
results is difficult.

• HCM procedures deal with peak 15-min-period demand flow rates,
sometimes detcrmined by applying a PHF to hourly volumes. Simulation
models do not normally apply a PHF to input volumes. Therefoce, care
must be taken to ensurc that the demand and time periods are
represented appropriately so that thc analysis results are comparable .

• The HCM's urban strcct analysis procedures focos on performance
measures focarterial through vehicles. Simulation tools generally
consider all vehicIes, incIuding turning movements on a street segment.
To obtain comparable results from simulation, the through movements
must be isolated .

• Thc HCM's ramp merge and diverge procedures focos on traffic density
within the influence of the merge area (usually the ramp and the two
adjaccnt lanes). To obtain comparable results from simulation, the merge
area must be dcfined as a separate segment for analysis and the
movements in the adjacent lancs must be isolated.

• HCM procedures typically do not consider the eHect of self.aggravating
phenomena on the performance of a segment. For example, when traffic
in a left-tuen bay spills over into the adjacent through lane, the effect on
the through lane performance is not considered. The inability of drivers to
access their desired lane when queues back up from a downstream facility
is not taken into consideration.

• Random arrivals in the traffic stream are also treated differently by the
two modeling approaches. The HCM's interrupted-flow procedures apply
analytical correction factors to account for this eHect, while simulation
modeling treats randomness explicitly by generating vehicIe arrivals from
statistical distributions. The difference bet",:een the two treatments affects
the comparability of results.

• Sorne simulation tools either require oc have the option of entering the
origin-destination matrix instead of link and turning movement volumes.
In these cases, the link and turning movement volumes are outputs from
the dynamic traffic assignment models implemented as parts of the tools.
HCM procedures require the link or turning movement counts as inputs.

Framework for Comparison of Performance Measures
The application framework foc alternative tools is presented in the form of a

fIowchart in Exhibit 7-11.This frarnework applies to all the procedural chapters
in Volumes 2 and 3.

The first steps in this flowchart deaI with identifying whether the situation
will support anaIyses in which sorne degree of compatibility between the HCM
and alternative tools may be achieved. If it is determined that, because of
conceptual differences in definitions and modeling, no potential for compatibility
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exists, the use of alternative tools should be limited to feasibility assessmcnt and
comparison oi candidate solutions. In most cases, areas of compatibility are
anticipated.

The next steps cover the conduct ol simulation analyses to achieve the
desired level oi compatibility with the HCM. Four steps are involved:

1. Calibrate the simulation parameters to the HCM, usually by seeking equal
capacities from the two processes.

2. Perform a statistically appropriate number of simulation runs.

3. Interpret the results.

4. Make itcrativc adjustments to calibration parameters to reconcile
differences.

Exhibit 7-11
Application Framewon:. for
Altemative Tools

"computabonal--compatible?

Ma~e adjuslments
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pa'i1meter:; lo the"M

Modify input data
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application
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Altemative tooIs that report a
performance measure with the
same name as an HCM servk:e
measure, lxJt with a diffe!ent
method of computation, should
no( be used ro esDmate LOS
for HCM purpose.5.

HCM LOS thresholds are oIten
based on service measures
representing !he peak JS min
of demand (aniving vehicles)
rather than the JS-min period
when the measure reached its
maximum value.

Tñe presence of significant
queues at rile end of an
analysis period can oIten be
taken as an indicator that LOS
F has been ffi3Ched.

LOS Comparisons

LOS estimates are determined by applying thresholds to specified
performance measures (Le., service measures). When LOS is estimated from
performance measures obtained from an alternative tool, the performance
measure must be determined in the same way the HCM determines the same
measure. A1ternative methods may be used to estimate and compare
performance measures, as long as they are both trying to estimate the same
fundamental measurement. Alternative tools that repart a performance measure
with the same name as an HCM measure, but with a different method of
computation, should not be used to estimate LOS far HCM purposes.

At present, simulanon tools do not generally report performance measures
by using the definitions and trajectory-based method of estimation suggested in
this chapter and in Chapter 36, Concepts: Supplemental. Sorne refinement in the
altemative tool definitions and methods of estimation based on vehicle trajectory
analysis is required before valid comparisons can be made. The value of
simulation modeling as a useful decision suppart tool is recognized, but the
validity of direct comparison with performance measures defined by the HCM is
questionable unless the definitions and eomputational procedures conform to
those preseribed in this chapter.

In addition, the HCM applies LOS thresholds to performance measures that
represent the peak 15 min of demand (i.e., arriving vehicles) and not necessarily
the IS-min period when the performance measure produced its maximum value.

One consideration that makes simulation more compatible with the HCM in
reporting LOS is the criterion that, for most roadway scgmcnts, LOS F is
assigned to any segment that operates aboye its capacity. Therefore, without the
need far a detailed trajectory analysis, the presence of significant queues at the
end of the analysis period can be takcn as an indicator that LOS F has becn
reached in the segment. When queues extend into a given segment from a
downstream bottleneck, the analysis procedures for freeway facilities described
in Chapter 10 instead of the procedures for individual segments deseribed in
Chapters 12 to 14 should be used. On the other hand, when the purpose of the
analysis is to develop a facility design that wiII produce a LOS beUer than F, the
analyst must ensure that the performance measure on which LOS is based is
estimatcd in a manner compatible with the HCM.

Estimation of Capacity by Simulation
The eapacity of an approach or segment is often estimated by overloading it

and observing the maximum throughput. This technique is valid in some cases,
but it must be used with caution when congestion could beeome a self~
aggravating phenomenon. For example, when lane selection is important (as in
thc case of a turning bay) and eongestion keeps vehicles from their desired lane,
the throughput can drop below its thcoretical maximurn. This phenomenon is
not recognized by most of the HCM's deterministic analysis procedures.
Therefore, if the objective is to seek HCM-compatible capacity levels, the
approach or segment should not be overloaded by more than a few pereent. In
this case, the process of determining capacity might require iteration. On the
other hand, if the objective is to evaluate the operation under an anticipated
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heavy overload, simulation modeling might provide sorne insight into the nature
of the resulting congestiono In that case, the analysis could require development
of the relationship betwt..'endemand and throughput. Examples of the adverse
effects of heav)' overloading are presented in Chapter 27, Freeway Weaving:
SupplementaL and Chapter 34, Interchange Ramp Terminals: Supplemental.

Temporal and Spatial Boundaries
The LOSreported by the HCM procedures applies to the 15-min period with

the maximum nurnber of arrivals (Le.,entering vehicles). This pcrind might not
be the same one that reports the maximum dclay because of residual queues. In a
discussion of the lirnitations of performance measure estimabon and use (15),
there is frequent reference to the issues that arise in the treatment of incomplete
trips within the analysis pcriod, including those that entercd the spedal doma in
of the analysis but did not exit during the analysis period and those that were
unable to enter the spatial dornain becausc of queue backup. The main problem
Hesin differences in treatment among different models.

Complete Ver.susIncomplete Trips

Pive categories are proposed with respect to incomplete trips (15):

1. Vehicles that ,••'ere present at the start of the analysis period and were able
to exit the systern suceessfully befare the end of the analysis pcriod;

2. Vehicles that wcre present at thc start of the anal)'sis period but \Vere
unable to exit the system successfully before the end of the analysis
period;

3. Vehicles that were able to enter the system during the analysis period but
werc unable to exit the system successfully before the end of the analysis
period;

4. Vehicles that tried to enter the system during the analysis period but \Vcre
unsuccessful; and

5. Vehicles that entered during the analysis period and were able to exit the
systern successfully befare the end of the analysis periodo

AHcategaries except the fifth represent incomplete trips. lt is suggested
elsewhere (15) that, if a specific analysis contains more than 5% incomplete trips,
the pcriod length should be increascd.

Differences between the objectives of the Federal Highway Administrabon's
Trnjjic Al1alysis Toolbox (16) and those of the HCM should be recognized. The
purpose of the Toolbox is to provide general guidance on applying traffie analysis
tools. The guidance on simulation included in this chapter is more foeused on
developing HCM-eornpatiblc performance measures so that those measures can
be used in conjunction with the HCM procedures. Therefore, this discussion
must examine temporal and spabal boundaries from the same perspective as the
HCM procedures.

When undersaturated operation is being studicd, the definition of the facility
in time and space is much less important. The operation tends to be more
homogeneous when die ratios are less than 1.00. Extending the analysis reriod

Definition of inwmplete tTips
wllhin (he temporal aro spab'ai
boundaries of an analysis.
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will give a larger sample of vehicles for most performance measures but will not
affect the measures significantly.

The issues are more conspicuous when the die ratio is greater than 1.00 for
short periods. In this case, queues build up and the analysis (eithcr HCM or
simulation) must define temporal boundaries that begin and end without
congestiono It is also desirable, but not essential, that the spatial boundaries
encompass uncongcstcd operation. Failure to define a spatially adequate system
will result in vehiclcs bcing denied entry, but these vehicles will eventually be
processed if the analysis period is long enough.

De/ay on Oversaturated Signalized Approaches
LOS far interrupted flaw is defined by the HCM in terms of the delay to all

vehides enterillg the facility during the analysis periodo All vehides wishing to
enter are assumed to enteroThose unable to exit from a signalized intersection
are accumulated in a residual queue and are assumed to cxil later. The
incremental (d2) term of the delay model accounts for delay to vehicles that exit
in a later periodo The dJ term accounts for the additional delay caused by an
initial queue.

The formulation illustrated in Exhibit 7-12 recognizes that delay accrues
when the vehicular input to a system exceeds the output for a period af time. The
HCM uses this formulation to estimate delay that accrues at a signalized
intersection when volume exceeds capacity over the analysis time period, Tp• The
HCM delay in Exhibit 7-12 is represented by thc area of the two trianglcs shown
in the figure. The area within the two trianglcs is referred to as the determillistic
quelle de/ay (DQO). Thc DQD may be determincd as 5 x T, x (X- 1),where X is
the d/c ratio.

Time,,
Tc~

.•.,"r,•

Exhibit 7-12
Oversaturated Delay

Representation by the HCM
and Simulation Modeling

Defining and Computing Uniform Performance Measures
Page 7-36

Chapter 7/Interpreting HCM and A!temative Too! Resutts
Version 6.0



Highway Capacity Manual: A Guide for Multimodal Mobility Analysis

When demand excceds capacity, sorne vehieles that arrive during Tp will
depart during thc next periodo The time required to elear aH vehieles arriving
during Tp is shown aboye as Te. Because the HCM defines delay in terms of the
dela}' expcrienced b}' aIl vehicles that arrive during the anal}'sis period, the delay
computations must inelude the del ay to those vehieles that arrive during Tp and
depart during Te.

This definition differs from the deJay definition used by most simulatinn
tools, which address the delay experienced durillg the analysis periodo The HCM
definitinn ineludes thc area within both triangles of Exhibit 7-12. The simulation
definition ineludes only that portion oí the area within the interval Tp•

Compatibility with the HCM definition dictates that a control dcla}' measure
should be based on al1 entering vchieles, without regard to completed trips. An
adequate initialization period should be used to load the facility. When the
die ratio is less than 1.00, some vehicles that entered befare the start of the
analysis (Le., during the initialization period) will exit the system. There will also
be vchieles that enter the system late in the period and do not exit. Including
these incomplete trips will not bias the delay results.

When demand exceeds capacity for a single period, the HCM del ay
formulation shown in Exhibit 7-12 will inelude the deJay to vchiclcs that exit in
the next periodo The simulation results will nol. To produce a simulation run that
replicates the HCM single-period calculations, a second period with zero
demand must be added to the simulation runo Goly the vehieles that were unable
to exit during the first period wiH be accommodated during the second periodo
The sum of thc delays for both periods will be equivalent to the HCM delay
shown in Exhibit 7-12.

De/ay for Mu/tiperiod Oversaturation

When the operation is oversaturated beyond a single period, a multiperiod
analysis ensuring that the duration is sufficient to encompass congestion-free
conditions at both ends is necessary.

As an example, HCM and simuJation delay farmulations are iIIustratcd in
Exhibit 7-13, which depicts the analysis of four consecutive periods that begin
and end without congestiono The analysis is performed sequentially, with the
residual queues from one period applied as initial queues to the next periodo The
first two periods havc dcmand in exccss of capacity. In the last two periods, the
demand drops sufficicntly belnw capacity to allow the queucs to clear. Dela}'
polygons are shown for the HCM and simulation definitions for aH periods. The
shape of the del a}' polygons differs in the two formulations, so the dela}' values
are not the same for an}' periodo The important thing is that the sum of the areas
for the four polygons is the same for each definition.

The HC11defines delay in
terms of the defay experienced
byatl vehides arriving during
an analysis period (e.g., 15
min), induding deJay
accumulated a!ter (he end of
the analysiS periodo

Most simulaffon tooJs define
defay in terms of the defay
experienceá by all vehides
during a specified analysis
period and do nol indude
delay from later time periods.

When operations are
oversaturated beyond a single
analysis period, a multiperiod
analysis is necessary.
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Exhibit 7-13
Comparison of HCM and
Simulation DeJayDefinitions
for Four Oversaturated
Periods

Ilaok: Delay
- Formulatlon

Therefore, to promote compatibility bctwecn the HCM and simulation delay
definitions for a multiperiod analysis involving oversaturated signalized
approaches, the simulation results should be obtained as follows:

• Ensure that the analysis period is long enough to encompass a period of
congestion-free operation at both ends.

• Perform an adequatc initialization to load thc system.

• Perform the analysis on all vehicles entering the system during each
periodo

• Do not ignore any entering or exiting vehicle in any period; otherwise, the
results could be biased.

• If a measure of delay per vehicle is desired, develop the total delay by
summing the delays for the individual periods and divide that delay by
the total entering volume.

Delay is not reported explidtly in the freeway segment chapters (Chapters 12
to 14). However, delay may be ¡nferred from each chapter's free-flow and
average speed computations. This step is performed in Chapter 10 foc analysis of
frecway facilities involving a combination of different segment types. The delay
due to queues fonning from boulenecks is added to the individual segment
delays. While the deJay computations are conceptually simpler for frccways, the
same guidance foc developing compatible simulation results applies to other
system elements.

Density is defined only in the uninterrupted-f1ow chapters. Unlike delay
measures, which apply to individual vehicles, the density measure applies to the
facility. Therefore, the issue of how to treat incomplete trips does not apply.
Instantaneous densities should be detennined from simulation by time step and
should be aggregated over suitabJe intervals. The average density over a long
period will be of less interest for most purposes than the variation of density that
takes place in time and space. Typical aggregation intervals for that purpose will
range from 5 to 15 mino
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1. INTRODUCTION

OVERVIEW

The Highway Capacity MalllIal 2010 (HCM) is the fifth edition of this
fundamental reference documento Its objectives are threefold:

1. To define performance measures and describe survey methods for key
traffic characteristics,

2. To provide methodologies for estimating and predicting traffic-related
performance measures, and

3. To explain methodologies in a manner that allows readers to understand
the factors that affect multimodal roadway operations.

The travel modes covered by the HCM consist of the motorized vehicle,
l'cdestriall, and bicycle modes, as well as pub/ir trallsir service in a multimodal
contextoThe motorized vehicle mode includes motoreycles; Iight vehicles such as
automobiles and sport-utility vehicles; and heavy vehiclcs such as trucks,
recreational vehicles, and buses.

HCM methodologies can be applied both to uIlillterrllptcd-jlow roadways,
such as freeways, multilane rural highways, and two-Iane rural highways, and to
illterrllpted-flow roadways, primarily urban streets and the intersections located
along those streets. Methodologies are also provided for evaluating off-street
pedestrian and bicycle facilities. The HCM can be applied to IIlldersatllrated
conditions (where traffic demand is less than a roadway's capacity) and, in
certain situations, to oversatllrated conditions (wherc demand exceeds capacity).

The HCM presents the best available techniques at the time of publishing for
dctermining roadway capacity and level of service (LOS) that have been proved
to work in the United States and validated by a group of independent experts.
However, the HCM does not endeavor to establish a legal standard for highway
design or construction.

CHAPTER PURPOSE ANO ORGANIZATION

This chapter is wriUen for an audience (e.g., decision makers) who may be
regularly presented with the results of HCM analyses and who may have no
formal training in transportation enginccring, bul who need to understand basic
HCM concepts, terminology, and methodological strengths and weakncsses in
making informed decisions. This chapter addresses the following:

• Scction 2 covers basic traffic operations terminology and concepts.

• Section 3 presents concepts related to quality of service (how well a
transportation facility or service operates from a traveler's perspective).

• Section 4 describes the different ¡evels of analysis that can be performed
with the HCM and provides guidance on selecting an analysis tool and
interpreting and presenting the results trom an HCM analysis.

• Scction 5 discusses companion documents to the HCM and issues to
consider when the HCM is used in a decision-making process.

Chapter 8/HCM Primer
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Uninterrupted-flow facifities
have no fixed causes of delay
or intemlption external to tfJe
tratrie stream.

interrupted-f/ow facifities have
fixed causes of periodiC de/ay
or interruption to lhe traff«;
stream, sud! as trafñc Signa/s,
roundabouts, and STOPSigns.

Chapter 8 is written fer a
nontechnica/ audience and is a
synopsis of VoIume J of!he
HCM.

The HCM can be applied at the
pfanning, pre/¡fninary
engineering, operations, and
design leve/s of ana/ysis.
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2. HIGHWAY OPERATIONS CONCEPTS

This section introduces basie traffie engincering eoneepts that form the
foundation of technieal analyses that apply the HCM or other analysis tools. The
seetion describes the two main types of traffie flow analyzed by the HCM-
uninterrupted flow (e.g., freeways) and interrupted flow (e.g., urban streets)-
along with their characteristies, the HCM methodologies available for analyzing
them, and key performance measures produced by these analyses. This section
also summarizes how the different travel modes using a roadway interact with
each other and how they affect the roadway's overall operation.

In cvmparison with passenger
cars, heavy vehides take up
more roadway space and have
poorer operating
charaeteristics.

Highway Operations Concepts
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CAPACITY ANO TRAFFIC FLOW CONCEPTS

Capacity Definition
Capacify is the maximum sustainable hourly flow rate at whieh persons or

vehides reasonably can be expected to traverse a point or a uniform section of a
lane or roadway during a given time period under prevailing roadway,
environmental, traffic, and control conditions. This one-sentence definition
covers a variety of diverse topies, each discussed below:

• Roadway conditiollS inelude the number and width of lanes, shoulder
width, and the roadway's horizontal and vertical alignment. Substandard
lane and shoulder widths result in a permanently lower capacity than
could be achieved with standard widths. Work zones and incidents (e.g.,
stalls, crashes) that elose or block travellanes or shoulders reduce
roadway capacity temporarily, but their eHects can last much longer than
the actual work zone or incident evento

• E"virollmellta/ cOllditiollS indude weather and Iighting. The HCM assumes
good weather as a base but also provides guidance on evaluating the
impact of inelernent weather on roadway operations-for example, as
part of an analysis of travel time reliability.

• Traffic collditiolls indude the proportion of heavy vehieles (e.g., trucks) in
the traffic stream, the proportion of roadway users who are regular users,
tuming-movement pattems at intersections, and the distribution of
vehides bctween lanes and direetions of a roadway.

• Control COllditiolls inelude the types of traffie control used at intersections
(Le., traffic signals, STOPsigns, or YIELDsigns), the amount of green time
allocated to a particular movement at a traffic signal, and restrictions on
the use of certain lanes (e.g., part-time restrictions on parking, truck
prohibitions in the leH lane of a freeway).

As traffie flow approaches a roadway's capacity, traffie spceds decreasc and-
an uninterrupted-flow roadways-vehides follow each other at doser headways.
When traffic dcmand exceeds the roadway's capacity, a breakdown ocrurs, as
evidenced by sharply decreased travel speeds and a growing queue of vehides.

Reasonab/e expectallCY is the basis for defining capacity. A given systcm
element's capacity is a volume or flow rate that can be achieved repcatedly under
the same prevailing conditions, as opposed to being the maximum value that

Olapter 8/HCM Primer
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might ever be observed. Since the prevailing conditions (e.g., weather, mix of
heavy vehicles) wil! vary within the day or from one day to the next, a s)'stem
elemcnt's capacity at a given point in time will .lIso var)'-a traffic flow that can
be served at one point in time may result in a breakdown .1ta differcnt time.

Base Capacity and Actual Capacity
The base capacity values presented in thc HCM-for example, 2,400 vehicles

per hour per lane on a frccwa)' with a 7s-mph free-flow speed, or 1,900 vehicles
per hour of green at a traffic signal-are just that: base va/ues. These values
incorpora te, among other factors, ideal roadway geometry. a traffie stream
composed entirely of passenger cars, and good weather. To the extcnt that
conditions var)' from the ideal-truek presence, an upgrade, constrained
shoulder width, nonfamiliar roadway users, or severe weather, for example-
actual capacity will be reduced from the base value. Driver characteristics (e.g.,
willingness to tolerate close headways) may vary locall)', and the HCM provides
a means of ealibrating its methods to account for local eonditions.

Volume and Flow Rate
HCM anal)'ses typieall)' evaluate the peak 15 minutes of an analysis hom.

Traffic demands usually fluetuate over the course of an hour, so a roadway that
could theoreticall)' aeeommodate a given hourly va/lime of evenly arriving
vehicles may break down when a shorter-term peak in demand oecurs. The
effects of a breakdown can extend far beyond the time during which demand
exceeded eapacity, can take several hours to dissipate, and may spread well
beyond the original point of brcakdown. The HCM addresses this peaking
phenomenon by usingflow rates that represent the equivalent hourly volume that
would be observed if the peak Is-minute demand was sustained over an entire
hour. A lS-minute analysis period aecommodates most variations in flow
without producing an excessively conservative estimate of eapacit)'.

Volume and Demand
Volume and flow rate help quantify demalld, that is, the number of users (e.g.,

vehicles, persons) who desire to use a given portian of roadwa)' during a specific
time period, typically 1 hour or 15 minutes. Traffic volumes observed in the field
may nut refleet actual demand, because capacity constraints upstrcam of the
count location may limit the numbcr of vehicles that can reach the count location.

Demand is typieally thc desired input to HCM analyses. (An exeeption might
be the analysis of traffie conditions beyond a bottlencek that is not planned to be
removed.) Onl)' when conditions are lmdersnlllrated (Le.,demand is less than
capacity) and no upstream bottleneeks exist can demand at a loeation be
assumed equivalent to the measured volume at that location. Where bottlenecks
exist, neglecting to use demand as an input to an HCM method will produce
results that underestimate the presence and extent of congestiono In other words,
using observed volumes instead of demand willlikely result in inaccurate f lCM
results.

Chapter 8jHCM Primer
Version 6.0

!he HCN's base capadty
vafues represent ideal
conditions; HCM methods
reduce capacity to refled
nonideal conditions. HCM
methods can also be cafibrated
to account fer local condltlons.

TrafflC demands used in HCM
analyses are typicafly
expressed as tlow rates that
represent tour bines Me peak
15-minute trafflC demando

Demand relates lo the number
of vehiCles !hat would like to
be served by a roadway
element, while voIume relates
to t!le number Mat are actuafly~_.

Highway Operations Concepts
Page 8-3



---------------------I

Highway Capacity Manual: A Guide tor Multimodal Mobility Analysis

Vehicle Capacity and Persan Capacity

Persons per haue, passenger cae equivalents per haue, and vehides per haur
are all measures that can define capacity. The concept oí persan flow is
important (a) in making strategic dedsions about transportation morles in
heavily traveled corridors and (b) in defining the role oí transit and high-
occupancy-vehide priority treatments. Person capacity and persan flow weight
each vehicle type in the traffie stream by the number oí occupants carried.

UNINTERRUPTED-FLDW ROADWAYS

Characteristics

Uninterrupted-flow roadways have no fixed causes of deJay or interruptions
to the traffie stream such as traffie signals. Frl.'eways and their components
operate under the purest form of uninterrupted flow. There are no fixed
interruptions to traffie flow, and aeeess is eontrolled and limitcd to ramp
loeations. Multilanc highways and two-Iane highways can also operate under
uninterrupted flmo\'in long segments; however, examination of points along
those highways where traffie may need to slow or stop (e.g., iotcrseetions where
the highway is eontrolled by traffie signals, STOPsigns, or YIELDsigns) may also
be neeessary.

The traffie stream 00 uninterrupted.flow facilities is the result of individual
vehicles interaeting with eaeh other and the facility's geometrie eharacteristies.
The pattern of flow is generally eontrolled only by the eharaeteristies of the land
uses that generate the traffie using the facility, although freeway management
and operations strategies-such as ramp metering, freeway auxiliary lanes, truek
Jane restrictions, variable speed limits, and incident deteetion and c1earance-ean
influenee traffie flow. Operations can also be affeeted by environmental
eonditions, sueh as weather or Iighting; by pavement eonditions; and by the
oecurrenee of traffie incidents (1, 2).

"Uninterrupted flow" describes the type of faeility, oot the quality of the
traffie flow at any given time. A frccway experiencing stop-and-go eongestion,
for example, is still an uninterrupted-flow facility, despite the eongestion.

HCM Methodologies
The HCM provides methodologies for the following uninterrupted.flow

roadwayelements:

• Freeway facilities. An extended length of a single freeway eomposed of a
set of conneeted basic freeway, weaving, and merge and diverge
segments.

• Basicfreeway segments. The portioos of a frecway outside the influenee
area of any on- or off-ramps.

• Freeumy weaving segments. The portions of a freeway whcre an on-ramp is
dosely followed by an off-ramp and entering or exiting traffie must make
at least one lane ehange to enter or cxit the freeway.

Highway Operatlons Concepts
Page 8-4

Qlapter 8{H01 Primer
Version 6.0



Highway Capacity Manual: A Guide for Multimodal MobWty Anolysis

• Freeway mage al/d díIlage segmel/fs. The portions of a freeway where traffie
enters or exits without having to ehange lanes to enter or leave a through
traffic lane.

• Mllltílmre highways. Higher-speed facilities, with two or more lanes in each
direction, without full access control (i.e., traffie can enter or exit via at-
grade interseetions, which mayor may not be signal-controlled).

• Twa-fane highways. Facilities with mostly one lane of travel per direetion,
with motorists using passing lanes, turnauts, ar the apposing lane (where
allawed by regulation and opposing traffie) to pass slower vehieles.

Performance Measures
The following are key performance measures produced by the HCM that

can be used to evaluate the operation of uninterrupted-flow roadways:

• Density is typically defined by the average number of vehieles (or
passenger car equivalents) per lane mile of roadway. The denser the
traffic conditions, the eloser vehieles are to each other and the harder it is
for vehieles to change lanes or maintain a constant speed. Density is
frequently used to evaluate freeways and muItilane highways.

• Speed refIects how fast motorists can travcl. The speed at which a motorist
would travel a[ong an uninterrupted-flow roadway under low-volume
conditions is known as the jree-j1ow speed. Drivers experience delay when
their travel speed is less than the free-flow speed, which is a result of
traffic demands approaching or excecding the roadway's capadty. Speed
is used to evaluate aHkinds of uninterrupted-flow roadways.

• TraIle! time reliabilíly measures reflect the consistency (or lack thereof) of
travel times or speeds over a long time frame (e.g., ayear). ReJiability
measures provide an important contrast to traditional traffic operations
performance measures that report average conditions; reliability
measures indicate the range of possible conditions that may occur, which
may differ considerably from the average condition.

• PaeCl1f tíme-spellt'jol/owillg is a measure speeific to two-Iane highways. It
represcnts the freedom to maneuver and the comfort and convenience of
travel. It is thc average percentage of travel time that vehieles must travel
in platoons behind slower vehieles because of the inabiJity to pass.

• Volllme-to-eapacify (vle) rafio reflects how elosely a roadway is operating to
its capadty. Bydefinition, the voJume of traffic using a roadway cannot
exceed the roadway's capadty. Therefore, the v/e ratio is aetually a
demalld-to-capacífy (dIe) ratio. However, vle ratio is the historically used
termoA lile ratio that cxcecds 1.00indicates that more vehieles demand to
use a roadway than can be accommodated.

Chapter 8/HCM Primer
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INTERRUPTED-FLDW ROADWAYS

Characteristics

Interrupted.flow facilities have fixed causes of periodic delay or traffic
stream interruption, such as traffic signals, roundabouts, and STOPsigns. Urban
streets are the most common form of this kind of facility. Exclusive pedestrian
and bieycle facilities are also treated as interrupted fiow, since they may
occasionally intersect other streets at locations where pedestrians and bieyclists
are not automatically granted the right.of-way.

The traffic flow patterns on an interrupted-flow facility are the resuIt of
vehicle interactions, the facility's geometric characteristics, the traffic control
used at intersections, and the frequency of access points to the facility. Traffic
signals, for example, aIlow designated movements to occur onl)' during certain
portions of the signal cyele (and, therefore, only during certain portions of an
hour). This control creates two significant outcomes. First, time affects flow and
capacity, since the facility is not available for continuous use. Second, the traffic
flow pattern is dictated by the type of control used. For instance, traffic signals
create platoons of vehicles that travel along the facility as a group, with significant
gaps betwecn one platoon and the nexl. In contrast, all-way STOP-controlled
intersections and roundabouts discharge vehicles more randomly, creating small
(but not necessarily usable) gaps in traffic at downstream locations (1, 3).

HCM Methodologies
The HCM provides methodologies for the following roadway elements:

• Urban street facilities, which are extended sections of roadway whose
operation is strongly influenced by traffic signals or other traffic control.
Facilities are formed by two or more consecutive urhan street segments,
typically street sections from one traffic signal to the nexl. Roundabouts
and STOP-signcontrol on the urban street can also define the end of a
segmenl. Segments are thc basic analysis unit for multimodal analyses.

• Siglla/ízed intersections.

• lnterchallge ramp termilla/s, which are two dosely spaced intersections of
freeway ramps and surface streets, where the management of queues
between the two intersections is a key concern.

• AlternatÍ!'e illtersectíolls, where one or more turning movemcnts are
rerouted to secondary intersections. Examples inelude median U-turn,
restricted crossing U-torn, and displaced left-torn intersections.

• Unsigna/ized intersectiO/ls, including two-way STOP-controlledintersections
(i.e., intersections where onl)' thc side-street approaches are required to
stop), all-way sTOP-controlled intersections, and roundabouts.

• Off-street pedestriml alld bieycle facilities, such as bicyele paths or muItiuse
trails. On-street pedestrian and bicyele facilities are addressed by the
methodologies for urban streets and intersections, although not every
system element has an associated pedestrian Of bicycIe methodology.

Highway OperatiollS Concepts
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Performance Measures
The following are key performance measures generated by the HCM for

evaluating the operation of motorized vehieles on interrupted.flow roadways:

• COlltrol de/ay is the delay incorred because of the presence of a traffic
control device. lt ineludes delay assodated wHh vehieles slowing in
advance of an intersection, the time spent stopped on an intersection
approaeh, the time spent as vehicles move through a queue, and the time
needed for vehicles to aceelerate to their desired speed once through the
interseetion.

• Speed reflects how fast motorists can traverse a roadway section, including
the effects of traffic control devices, delays due to turning vehicles at
interscetions and driveways, and traffie demands on the roadway.

• Nllmber o/ stops reflects how frequently motorists must come to a stop as
they travel along an urban street becausc of traffic control, turning
vehicles, midblock pedestrian crossings, and similar factors.

• Qllclle lcngtl¡ reflects how far traffic backs up as a result of traffic control
(e.g., a queue from a traffic signal) or a vehicle stopped in the travellane
while waiting to make a turnoQueuing is both an important operational
measure and a design consideration-queues that are longer than the
available storage length can create several types of operational problems.
A through.lane queue that extends past the entrance to a tum lane blocks
access to the tum lane and keeps it from bdng used effectively. Similarly,
a tum.lane queue overflow into a through lane interferes with the
movement of through vehicles. Queues that extend upstream from an
intersection can block access into and out of driveways and-in a worst
case-can spill back into and block upstream intersections, causing side
strL'Ctsto begin to queue back.

• Vollllllc-to-capacity (demalld-to-ca¡lfIcityJ mtios, whose definition and use are
similar to those ot uninterrupted.flow roadways.

• Tmvel time reliabilíty measures reflect the consistency (or lack thereof) of
travel times or speeds over a long time frame (e.g., a year). As is thc case
with uninterrupted.flow roadways, reliability measures provide an
important contrast to traditional traffic operations performance measures
by indicating the range of possible conditions that may occur over a long
time frame rather than the average condition during that periodo

• The performance measures produced by tmveler perceptio" models describe
how travelers would perceive conditions. These models use a variety of
inputs to generate a single performance measure. The measure value
predicts the average perception rating that all users of a given mode
would give a particular system elementoTraveler perception models are
frequently applied to pedestrian, bicyele, and transit analyses and are
discussed further in Section 3, Quality and Leve!-of-ServiceConcepts.

• Pedestrillll s¡mce, bicyc1e speed, and nllmber o/ meetillg or passing evellts on off-
street pedestrian and bicyele facilities can also be of interest to analyses
involving the pedestrian and bicycle modes.

Chapter8{HCM Primer
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MOOAllNTERACTIONS

Roadways serve users of many different modes: in particular, motorists,
truck operators, pcdestrians, bicyclists, and transit passengers. Thc roadway
right-of-way is allocated among the modes through the provision of facilities that
ideally serve each mode's needs. However, in many urban situations, the right-
of-way is constrained by adjacent land development, which causes transportation
engineers and planners to consider trade-offs in allocating the right-of-way.
Interactions arnong the modes that result from different right-of-way allocations
are important to consider in analyzing a roadway, and the HCM provides tools
for assessing these interactions. Local policies and design standards relating to
roadway functional c1assifications also provide guidance on the allocation of
right-of-way; safety and operational concerns should also be addressed. Exhibit
8-1 summarizes sorne of the key interactions that occur between modes.

Moc!eAffected by the InteractlQn
Pedestrian Bicvcle

Cross-street vehide Automobile and heavy
~umes influence vehide volumes and
traffic signal timing speeds, presenre of
(and pedestTian on-street parldng, and
delay); turning the degree to wt1ich
movement conflicts bK:ydists are
between vehic:1esaOO separated from
pedestrians; vehicular trafflC
automoblle and heavy influenre bicyellst
vehide voIl.IITleS comfort; tuming
influenre tt1elr movement conflicts
perceived sep<lration wittl vehides at
from pedestrians using inter¡;ections
sióewalks

Transit
Impacts similar to
those of motorized
vehicles 011other
motorized vehicles;
buses may be
delayed waiting far a
gap in traffle when
they Ieave a bus
stop; day-to-day
variations in traffic
volumes aOOtrip-to-
trip variations in
rnaking or miSsing
green l¡ghts affect
schedule reliability

Pedestrians being met
and passed by bicydes
on multiuse patlls
affect bK:ydi'stcomfort
because of
pedestrians' Iower
speeds aOOtendeocy
to walk abreast; on
streets, effect en
bicycles similar to ttlat
011motorized vehicles

Effects similar to
those of pedestrians
on motorized
vehides; trar'lSit
riders are olten
pedestrians befare
and alter t!lelr transit
trip, so the quality of
the pedestrian
environment affects
the perceived quality
of the transit trio

Bicydists may be Effects similar to
delayed when they those of bicycli'sts on
pass aoother bicyde motorized vehides;
0l1-street; meeting ¡md bicyeles can help
passir'lg events Ofloff- extend the area
street pattlways affect served by a transit
bicvdist comfort stOO
Effects similar to those Bus speeds deoease
of motorized vehicles as bus voIumes
en bicydists, blJl: increase; irregular
proportionately greater headways increase
due to transit vehicles' passenger Ioads 011
greater size; transit sorne bllses and
can help extend tt1e increase average
readl of a bicyde trip wait times I'of buses
and allows a trip to be
completed in the event
o, a flat tire or rain

Cross f\owS where
pedestrian l\ows
intersect cause
pedestrians to adjust
their course and
speed; pedestrian
space and comfort
decre<lSe as pedestrian
voIumes increase

Bicydes meetir'lg aOO
passing pedestrians on
multiuse paths affect
pedestrian comfort
because of the
bicyc\es' mar1<.edly
hklher soeecIS
Effects similar to those
of motorized vehicles
Oflpedestrians, but
proportionately greater
due to transit vehides'
greater size

Tuming vehides yield
to bk:ydes; vehicles
rnay be delayed
waiting to pass
bi<:ydes in shared-Iane
situatiolls

Buses are heavy
vehicles; buses
stopping in the travel
Iane te sefVe
passenget'S can delay
otl1er vehicles; transit
signal priority
meaSUre5 affect ttIe
allocation of green"~

Motorized Vehide
Tuming vehides can
delay other vehicles;
heavy vehides (e.g.,
trucks) have poorer
aa:eleriltion and
deceleratioll
characteristics; trafflC
signal timing iS
influenced by relative
traffte voIumes on
inter¡;ection
approaches;
IntersectiOl1delay
tends to incre<lSeas
automobile volumes-~Minimum green times
at traffic s¡gnafs may
be dictated by
crosswalk lengths;
vehicles yield to
crossing pedestrians

Transit

Bicycle

Pedestrian

Motorized
vehide

Mode
Creating the
Interaction

Exhibit 8-1
Modal Interaction Surnmary
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3. QUALITY ANO LEVEL-OF-SERVICE CONCEPTS

OVERVIEW
There are many ways to measure the performance of a transportation facility

or service-and many points of view that can be considered in making that
measurement. The agency operating a roadway, automobile drivers, freight
shippers, pedcstTians, bicydists, bus passengers, decision makers, and the
community at large all have their own perspectives on how a roadway or service
should perform and what constitutes "good" performance. As a result, there is
no one right way to measurc and interpret performance. The HCM provides a
numbcr of tools for describing how well a transportation facility or service
opera tes from a traveler's perspective, a concept termed qualífy o/ seroice. One
important tool foc describing quality of service is the concept of LOS,which
facilitates the presentation of rcsults through the use of a familiar A (best) to F
(worst) scale. A variety of specific performance measures, termed seroice
measures, are used to determine LOS.Thcse thrcc concepts-quality of service,
LOS,and sen'ice measures-are the topies of this section.

QUALITY OF SERVICE

Quality of service describes how well a transportation facility oc service
operates from a traveler's perspective. Quality of service can be assessed in a
number of ways. Among them are direct observation of factors perceivable by
and important to travclers (e.g., spced or deJay), surveys of travelers, the tracking
of complaints and compliments about roadway conditions, forccasts of traveler
satisfaction on the basis of models derived from past traveler surveys, and
observation of things not directly perceived by travelers (e.g., average time to
dear a crash) aHecting things they can perceive (e.g., spl'Cd or arTival time at
work).

The HCM's focus is on the travel time, travel time reliability, spced, delay,
ability to maneuver, and comfort aspects of quality of service. Other aspects of
quality of service covered to a lesser degree by the HCM, or covered more
thoroughly by its companion documents, indude convenience of travel, safety,
user cost, availability of facilities and services, roadway aesthetics, and
infocmation availability.

Quality of servicc is une dimension of mobility and overall transportation
system performance. Other dimensions to consider are the following (4, 5):

• Qualltity o/ serl'íce-such as the number of person miles and person-hours
provided by the system;

• Capacity lItilízatioll-induding the amount of congestion experienced by
users of the system, the physicallength of the congested system, and the
number of hours that congestion exists; and

• Accessibi/ity-for example, the percentage of the populace able to
complete a selected tTipwithin a specified time.

Quality of serviee des<ribes
how well a transportation
fadlity or service operates from
a traveler's perspedive.

Dimensions of system
performance and mobllity.
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LEVEL OF SERVICE
LOS 15the stratiticatJon of
quality of service.

Definfng perf()l7Th3nce
standards en the basís of LOS
(or any fixecJ numerfcaf value)
means that 5fTIiJ1fchiJnges in
performance can sometimes
result in the standard being
exceeded when a fi1dlity i5
afready operating dose te the
standard.

The HCM defines LOS for most combinations of travel mode (i.c.,
automobile, pedestrian, bicycle, and transit) and roadway system element (e.g.,
freeway, urban street, intersection) addressed by HCM methodologies. Six levels
are defincd, ranging from A to F. LOS A represents the best operating conditions
from the traveler's perspective and LOS F the worst. For cost, environmental
impact, and other reasons, roadways and transit services are not typicalIy
designed to provide LOS A conditions during peak periods. Rather, a Iower LOS
that reflects a balance between individual travelers' desires and sodety's desires
and financial resourccs is typically the goal. Nevertheless, during low-volume
periods of the day, a system eIement may operate at LOS A.

LOS is used to translate complex numerical performance results into a
simple A-F system representative of the travcIers' perceptions of the quality of
service provided by a facility or servicc. The LOS letter result hides much of the
complexity of fadlity performance to simplify decision making about whether
facility performance is generally acceptable and whether a change in this
performance is Iikely to be perceived as significant by the general publico One of
the strengths oí the LOS system, and a rcason for its widespread adoption by
agencies, is its ability to communicate roadway performance to laypersons.
However, the system has other strengths and weaknesses, describcd below, that
both analysts and decision makers need to be mindful oí.

Step Function Nature of LOS

The measure of effectiveness for automobiles at traffic signals is the average
deJay experienced by motorists. As traffic volumes on certain critical approaches
increase, so does the average delay. The added delay may or may not result in a
change in LOS. An increase of delay of 12 seconds may result in no change in
LOS, a drop of one LOS letter, or a drop of two LOS Ietters, depending on the
starting value of deJay. Becallse therc are only six possiblc LOS letters, each
covering a range of possibIe values, the reported LOS docs not change until the
service measure increases past the threshold value for a given LOS. A change of
LOS indica tes that roadway performance has transitioned from one given range
of traveler-perceivable conditions to another range, while no change in LOS
indicates that conditions are in the same performance range as before. The
service meaSllre vallle-in this case, average delay-indicates more specifically
where conditions lie within a particular performance range.

Becallsc a smaU change in a service measure can sometimes result in a letter
change in the LOS result, the LOS result may imply a more significant effect than
actualIy occurred. This aspect of LOS can be a particulariy sensitivc issue when
agencies define their performance standards on the basis of LOS, since a small
change in performance can trigger the need for potentially cosUy improvcments.
However, this issue exists whenever a fixed standard is used, whether or not
LOS is the basis of that standard.

Quality and Level-of-$ervice Concepts
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Uncertainty and False Precision
Computer software is frequcntly used to perform traffie operations analyses,

and software can rcport results to man)' decimal plaees. Howevcr, such precision
is often unjustified for five reasons:

1. In contrast to the force of gravity or the flow of water through a pipe, the
actions of motorists driving on a roadway can vary. Traffie operations
rnodels predict average values of performance measures; the actual value
for a measure on a given day may be sornewhat higher or lower. Thus, the
result reported by every traffic operations model has some uneertainty
associated with il.

2. A given traffie operations model may rel)' on the output of other models
that have their own associated result uncertaintics.

3. Some model inputs, such as traffic volumes, are takcn to be absolute,
when there is actually variation in the inputs from month to month, day
to day, or even within an hour. Traffie volumes, for example, may vary by
5% to 10%from one weekday to the nexl.

4. Sorne HCM models predict traveler perceptions. Two travelers who
experienee identieal eonditions ma)' pereeive those conditions differentl)'.
When many travelcrs are surveyed, a distrihution of responses from
"very satisfied" to "ver)' dissatisfied" (or sorne similar scale) results. The
traveler perccption models predict the average of those responses.

5. Some altemativc tools involve the use of simulation, in which rcsults will
vary as inputs are randomly varied within a set distribution and average.
Reporting only one resuh from simulation simplifies the actual results
produced.

Therefore, any traffie operations performance mcasure value, whether
resulting from ao HCM methodology, simulation, or even Held measurement,
potentially has a fairly wide range associated with it in which the "true" value
actuall)' lics. Th(' LOSconeept helps to downplay the implied accuracy of a
numeric result by presenting a range of measure results as being reasonably
equivalcnt from a traveler's point of view. HO\vevcr, thc same variabilit)' issues
also mean that the "true" LOSvalue may be differcnt from the one predicted by
a methodology. One way of thinking about a reported value and its
eorresponding LOS is that they are thc statistical "best estimators" of conditions.

LOSReported Separately by Mode
In an effort to produce a single top-Ievel measure of conditions, some HCM

users may be tempted to blend the LOS reported for eaeh mode into a single LOS
value for a roadway elemenl. However, eaeh mode's travelers have different
perspeetives and could experienee different conditions while traveling along a
particular roadway. The use of a blended LOSearries the risk of overlooking
quality-of-service deficiencies for nonautomobile travelers that discourage the
use oí thosc modes, partieularly if the blended LOSis weighted by thc number of
modal travclers. Other measures, such as person dela)', can be used when an
analysis rcquires a combined measure. The HCM recommcnds reporting modal
LOS results individuall)'.
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Neitller LOS flOr iJny otIler
single perforrndnce measure
telfs the full stoty of roadwiJY
_na'.

Reporting the Big Picture

Analysts and decision makers should always be mindful that neither LOS
nor any other single performance measure tells the full story of roadway
performance. Depending on the particulars of a given location and analysis,
queue lengths, demand-to-capacity ratios, average travel speeds, indicators of
safety, and other performance rneasures may be equally or even more important
to consider, regardless of whether they are specifically called out in an agency
standard. For this reason, the HCM provides methods for estimating a variety of
useful roadway operations performance measures, and not just methods for
detennining LOS.

5ervice measures are the
pedonnance meiJ!iIJreS thDt
define LOS.

SERVICE MEASURES

As introduced earlier, scrvice measures are specific performance measures
that are used. to determine LOS. Exhibit 8-2 summarizes the service measures
used by the HCM for different combinations of transportation system elements
and travel modes. Sorne service measures are based on a traveler perception
model; the components of each model are given in Exhibit 8-3.

5ervice Measures
Pedestrian Transit

LOS score8

LOS score8

Bi de

LOS score8

LOS score8

LOS score8

LOS score8

LOS score8

LOS score8

LOS score8

Delay

Space, events~

Motorized Vehide
Density
Density
Density
Density
Density

Percent time-spent-
following, speeds_S_

Delay
Delay
Delay
Delay
Delay
Delay

Urban street facility
Urban street segment
Signalized intersection
Two-way stop
AII.way stop
Roundabout
Interchange ramp terminal
Altemative intersection
Off-street pedestrian or
bi le facili
Notes: 8 See Exhiblt 6-3 foc the LOS score compooents.

~Eveots are situations where pedestrians meet bicydists.

S stem Element
Freeway facility
Basic freeway segment
Freeway weaving segment
Ramp juncbon
Multilane highway

Two-Iane highway

Exhibit 8-2
5ervice Measures by
Individual System EJement
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System Element
Multilane highway
and two-Iane
highway

Mode

Bicyde

Model Components

Perceived separation between bicydes and motor vehk:les, pavement
quality, automobile and heavy vehide volume and speed

Exhibit 8-3
Components of Traveler
Perception Models Used to
Generate 5ervice Measures

Signalized
intersection

M_
h

',ec! Weighted average of segment motorized vehicle LOSscores
ve Ke

Urban street facility PedestJian Urban street segment and signalized intersection pedestJian LOS scores
Bicyde Urban street segment and signalizec! intersection bicyde LOS scores
Transit Weighted average of segment transit LOS scoresM:r~~Stops per mi\e, left-tum lane presence

Pedestrian density, sidewalk width, perceived separation between
PedestJian pedestJians and moto!" vehicles, motor vehide volume and speed,

Urban street segment midblock crossing difficulty
Perceivec! separation between bicycles and motor vehides, pavement

Bicyde quality, automobile and heavy vehicle volume and speed, driveway
conflicts

Transit 5etvice freguency, perceived speed, pedestrian LOS
PedestJi Street crossing delay, pedestrian exposure to tuming vehide conflk:ts,

an crossing distance
Bieycl Perceived separation between bk:ycles and motor vehides, crossing

e distance
Off-street: pedestrian Bicycle Average meetingS/minute, active passingsfminute, path wídth, centerline
or bicyde fadlity presence, delayed passings
Note: The motorized vehicle traveler perception model for uroan street segmenlSand facilities ls not used te

determine LOS;howfier, it is provided as a performanre measure te fadlitate mulbmodal analyses.
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4. ANAL YSIS PROCESS

LEVELS OF HCM ANALYSIS

The HCM can be applied at the operational, plmming and preliminan¡
engineering, and desigll analysis levels. The requircd input data typicaliy remain
the same at each analysis level, but thc degree to which default values are used
instead of measured or forecast values differs. In addition, operational and
planning and preliminary engineering analyses frequently evaluate the LOS that
will resuIt from a given set of inputs, while design analyses evaluate the facility
characteristics that will be needed to achieve a desired LOS.

Operational Analysis
In an operational analysis, an analyst applies an HCM methodology directly

and supplies aHof the required input parameters from measured or forecast
values. No, or minimal, dcfauIt values are used. Of the available ways to apply
HCM methodologies, operational analyses provide the highest level of accuracy
but, as a result, also require the most detailed data collection, which has time and
cost implications.

An operational analysis helps in making decisions about operating
conditions. Typical alternatives consider, for example, changes in traffic signal
timing and phasing, changes in lane configurations, spacing and location of bus
stops, the frequency of bus service, or the addition of a bicyele lane. The analysis
produces operational measures that can be used to compare the alternatives.

As discussed earlier in this chapter, even though a model's results may be
highly accurate, any variability associated with the model's inputs can affect the
model's results.

Planning and Preliminary Engineering Analysis
In planning and preliminary engineering analyses, an analyst applies an

HCM methodology by using default values for sorne to nearly aHof the model
inputs-for example, through the use of generalized service volume tables. The
results are less accurate than those of an operations analysis, but the use of
default values reduces the amount of data collection and the time required to
perform an analysis. In a large.scale planning study, where a large number of
roadways may be evaluated, this level of analysis may be the best practica!,
given time and budget constraints. For future-focused studies, not aHof the
model inputs may be known or forecastable, which suggests the need far a
planning analysis with the use of default values for the unknown madel inputs.

Planning analyses are applications of the HCM generally dirccted toward
broad issues such as initial problem identification (e.g., screening a large number
of locations for potential operations deficiencies), long-range analyses, and
statewide performance monitoring. An analyst often must estimate the future
times at which the transportatian system will faHbelow a desired LOS.
Preliminary engineering analyses are often conductcd to support planning
decisions related to a roadway design coneept and scopc and in performing
alternatives analyses (5).These studies can also assess proposed systemic
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policies, such as lane use control for heav)' vehicles, systemwide freeway rarnp
rnctering and othcr intelligent transportation s)'stems applications, and the use of
demand management techniques such as congestion pridng.

Generalized Service Volume Tables

Generalized servicio'volume tables are sometimes used in planning analyses.
These tables are constructed by appl)'ing default values to an HCM methodolog)'
and then incrementall)' determining the maximum number of vehicles that a
roadway could carry at a given LOSunder the assumcd condUions.

The use of a service volume table is most appropriate in situations in which
evaluating ever)' roadwa)' or interscction within a study area is not practical.
Examples of thcsc applications would be dty, county, or statcwidc planning
studies, where the sizc of thc study area makes conduct of a capacit)' or LOS
anal)'sis for every roadway segment infeasible. For these types of planning
applications, the focus of the e£fort is sirnpl)' to highlight potential problcm areas
(far example, locations whcre dernand may exceed capacit)' or where a desired
LOSmay be exccedcd). For such applications, a service volume table can be a
useful screening tool. Once potential problem areas have been identificd, more
detailed anal)'ses can be performed for those locations.

The characteristics of any given roadway willlikely 'lar)' in sorne way from
the assumed input values used to develop a scrvice volume tableoTherefore, the
results from a service volume table should be treated as rough approximations.
Service volume tables should not be substituted for othcr tools to make a final
determination of the opcrational adequacy of a particular roadway.

Design Analysis

Design analyses typicall)' appl)' the HCM to establish the dctailcd physical
features that will allow a new or modificd roadway to operate at a desired LOS.
Dcsign projects are usually targeted for mid- to 10ng-term implementation. Not
aH the physical features that a designer must determine are reflected in the HCM
models. Typically, anal)'sts using the HCM are seeking to determine such
c1ements as the basic number of lanes required and the need for auxiliary or
turning lanes. However, an analyst can also use the HCM to establish values for
elements sueh as lane width, stcepness of grade, the length of added lanes, the
size of pedestrian qucuing areas, the widths of sidewalks and walkways, and the
presence of bus pullouts.

The data required for design analyses are detailed and are based
substantially on proposed design attributes. However, the intermedia tc- to long-
term focus of the work will require the use of sorne default values. This
simplificaban is justificd in part by the limits on the accuracy and prcdsion of
the traffie forecasts with which the anal)'st will be working.

Chapter 8jHCM Primer
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5ervice voIume results should
be applied with care, since
actual conditions willlikely vary
in sorne way from tIIe
assumptions used to deveIop
the table.

The HCM provides generalized
service voIume tabfes for

Freeway facilities
Multifane highways
Two-fane highways
Urban street facilities

• Signalized intersedions
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ANALYSIS TOOL SELECTION

Types of Tools
Each analytical or simulation too!, depending on the application, has its own

strengths and weaknesscs. It is important to relate relevant modeling features to
the needs of the analysis and to determine which tool satisfies these needs to the
greatest extent.

HCM mcthodologies are deterministic and macroscapic. A detcrministic model
will always produce the same result for a given set of inputs. A macroscopic
model considers average conditions experienced by vehidcs over a period of
time (typically 15 minutes or 1 hour). In contrast, microsimulation modeIs are
stochastic and microscopic. In a stochastic model, a different random number seed
wiII produce a different modeling resuIt; therefore, the outcome from a
simulation ron based on a stochastic model cannot be predicted with certainty
before the analysis begins. Microscopic models simulate the movement of
individual vehides on the basis of car-foIlowing and lane-changing theories.

Situations When Alternative Tools Might Be Considered
The HCM is the product of a large number of peer-reviewed research

projects and refIects the best available techniques (at the time of publication) for
determining capacity and LOS. However, the research bchind thc HCM has not
addressed every possible situation that can arise in the real world. Thcrefore, the
HCM documents the limitations of its procedures and highlights situations when
alternative analysis tools should be considered to supplement or substitute for
the HCM. The foIlowing are cxamples of these situations:

• The configurabon of the facility has elements that are beyond the scope of
the HCM procedures. Each HCM procedural chapter identifies thc
specific Iimitations of its own methodology.

• Viable aIternatives being considered in the study require the application
of an aIternative tool to make a more informed dccision.

• The performance measures are compatible with corresponding HCM
measures and the decision process requires additional performance
measures, such as fuel consumption and emissions, that are bcyond the
scopc of the HCM .

• The system under study involves a group of different facilities with
interactions that require thc use of more than one HCM chapter.
AIternative tools can analyze these facilities as a single system.

• Routing is an essential part of the problem bcing addressed.

• The quantity of input or output data required presents an intractable
problem for the HCM procedures.

• The HCM procedures predict overcapacity conditions that last
throughout a substantial part of a peak period or queues that overflow the
available storage space.

The Federal Highway Administration's Traffic Ana/ysis Toolbox (6) provides
general guidance on the use of traffic analysis tools, incJuding the HCM. More

Analysis Process
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detailed guidance for altemative tool application to specific system elements is
presented in Volumes 2 and 3 of the HCM. Supplemental examples involving
situations beyond the scope of the HCM procedures are presented in Volume 4.

INTERPRETING RESULTS

Uncertainty and Variability
Model outputs-whether from the HCM or altemative tools-are estimates

of the "true" values that would be obscrved in the field. Adual values willlie
within some range of the estimated value. The size of the range, and therefore
the degree of uncertainty, is a function of several variables, induding the quality
of the input data, the inherent variability of the model, and the degree to which
the model accounts for all of the factors that may affed the results. The
uncertainty may be amplified by imperfect knowledge of the traveler perception
aspects oi quality of scrvice.

When simulation tools are applied, uncertainty is normally addressed by
performing multiple simulation runs that use dif£erent random oumbcr seeding.
Regardless of the modeling approach, a sensitivity analysis may be performed to
assess the degree to which input data variation is likely to af£ectthe range of
performance results. Depending 00 the particular model and the specifics of the
situation being rnodeled, small changes in model inputs can have large impacts
on model outputs.

Accuracy and Precision
Accuracy and precision are independent but complementary concepts.

Accuracy relates to achieving a corred answer, while precision relates to the size of
the estimation range of the parameter in question. In most cases, accuracy of the
field data on which the analyses are based (e.g., traffic volumes) to within 5%or
10%of the true value is the best that can be anticipated. Thus, extreme accuracy
cannot be expected from the computations performed with thcse inputs, and thc
final results must be considered as estimates that are accurate and precise only
within the limits of the inputs used.

Comparing HCM Results with Alternative Tools
The exact definitions of performance measures are an important issue,

particularly whcn performance measures produced by different analysis tools
are to be compared. Many tools produce performance measures with thc same
name (e.g., "delay"), but the definitions and methods of computation can differ
widely. Chapter 7, Interpreting HCM and Altemative Tool Results, presents
general guidance on comparing results. The chapters in HCM Volumes 2 and 3
present guidance on this topic for specific roadway elements.

Another source of difference in the performance measures obtained from
different tools Hesin their treatment of incomplete trips. Incomplete trips indude
those that enter a facility during a given analysis period (e.g., a lS-minute
period) and exit during a subscquent period, and those that ('xit a facility after
entering in a previous analysis periodoTo overcome differences among analysis
tools, ¡nelusion of an uncongested interval at aHtime and space boundaries of the
analysis periad is important.

Chapter 8jHCM Primer
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When undercapacity operation is being studied, the definition of the facility
in time and space is less important. The facility's operation tends to be more
homogeneous when demand is less than capacity. For most performance
measures, extending the analysis period will give a larger sample of vehides but
will not affeet the performance measures significantly.

PRESENTING RESUL TS

Tabular values and calculated results are displayed in a consistent manner
throughout the HCM. It is suggested that analysts applying the HCM adhere to
these conventions. A key objective is to present resuIts in a way that indicates to
users, decision rnakers, and other viewers the level oí precision and accuraey
associated with the results. This may require rounding results or presenting an
appropriate number oí digits after the decimal point, consistent with a result's
expected predsion and accuraey.

Analysis Process
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5. DECISION-MAKING CONsIDERATIONs

The HCM provides procedures for capacity and quality-of-service analyscs
and thercfore serves as an analytical tool for transportation engincers and
planners. Howcver, the HCM is on1)'a guidance document: it does not endeavor
to cstablish a legal standard for highway design or construction. This section
describes the role of other guidance and standards documents that complement
the HCM, along with issues for decision makers to consider should they choose
to adopt HCM service measures as standards.

ROLE OF HCM COMPANION DOCUMENTS

Throughout its history, the HCM has becn a fundamental refercnce work for
transportation engineers and planners. However, it is but one of a number of
documents that playa role in the planning, design, and operation of
transportation facilities and services. The HCM's scope is to provide lools to
evaluate the performance of highway and strect facilities in terms of operational
and traveler perception measures. This section describes companion documents
to the HCM that cover important tapics outside the HCM's scope.

Highway Salety Manual
The Highway Sajety Mallllal (HSM) (7) provides analytical tools and

techniques for quantifying the safety effects of decisions related to planning,
design, operations, and maintenancc. The information in the HSM is provided to
assist agencies as they integrate safety into their decision-making processcs. lt is
a nationally used resource document intended to help transportation
professionals conduet safety analyses in a tcchnically sound and consistent
manner, thereby improving decisions made 00 the basis of safety performance.

A Policy on Geometrie Design 01Highways and Streets
The American Association of State Highway and Transportation Officials'

(AASHTO's) A Policy Oll Geometric Design of Higllways and Stret'ts ("Grecn Book")
(8) provides design guidelines for roadways ranging from local streets to
freeways, in both urban and rurallocations. The guidelines "are intended to
provide operational efficieney, eomfort, safety, and convenience for the
motorist," while also emphasizing thc need to consider the use of roadway
facilities by other modes.

Manualon Uniform Traffie Control Deviees
The Federal Highway Administration's Malll/al 011 Ulliform Traffic Control

Devices for Strcets a/ld Highways (MUTCO) (9) is the national standard for traffie
control devices for any strcet, highway, or bicyde trail open to public travel. Of
particular interest to HCM users are the seetions of the MUTCO pertaining to
warrants for all-way STOPcontrol and traffie signal control, signing and markings
to dcsignate lanes at interseetions, and associatcd considerations of adequale
roadway capacity and less restrictive interseetion treatments.
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Transit Capacity and Quality of 5ervice Manual
The Transit Capacity alld Quality o/Service Manual (TCQSM) (10) is the transit

counterpart to the HCM. The TCQSMcontains inEormation on the various types
oE public transportation and their capacities and provides a framework for
measuring transit service from the passenger point of view.

Traffie Analysis Toolbox
At the time oE writing, the Federal Highway Administration had produced

14 volumes of the Traffic Analysis Toolbox (6), providing guidance on the selection
and deployment of a range of traffic analysis tools, induding the HCM.

USE OF THE HCM IN DECISIDN MAKING

Although the HCM does nol set standards-for example, it does not specify
a particular LOS that should be provided for a particular roadway type-it is
referenced in the AASHTO Grecn Book (8), and numerous agencies and
jurisdictions have adopted LOSstandards based on the HCM. This section
discusses issues that agencies and jurisdictions should consider when they apply
HCM methods, set operations standards based on the HCM, or both.

Impact of Changes in HCM Methods
Each new edition of the HCM incorporates new methodologies and-in

some cases-new service measures for evaluating roadway system elements.
This edition oE the HCM is no difEerent.Sometimes, new methods are added to
address emerging types oE system elements (e.g., roundabouts, managed lanes,
altemative intersections), to assess roadway performance in new ways (e.g.,
travel time reliability), or to address new paradigms (e.g., designing and
operating roadways to serve multiple travel modes). In other cases, methods are
updated to improve estima tes oi service and other performance measures. These
changes can affect transportation agencies that apply the HCM:

• New metllOds provide additional tools for transportation agencies to use in
planning and operating their roadway network.

• Changes in methodologies are designed to provide better estimates of
performance than the previous version of the method, on the basis oi new
research. Because the underlying methodology has changed, the
estimated performance oi a roadway can change as a result oi applying
the new method, even though nothing about the roadway itself has
changed. These changes can result in the nced ior new projects to address
the newly identified defidendes, as well as the possibility that previously
identified projects are no longer nceded.

• Cha"ges it, service mensures or LOS thresholds are intended to reElectmore
dosely the traveler's pcrspective oi roadway operations. In these cases,
agencies that have adopted operations standards using such measures are
encouraged to reconsider their standards to ensure that they still represent
the quality oE service the ageney wishes to provide. These kinds oi
changes in the HCM may aIso have planning and project programming
implications, since the need Eor or scale oi a given project may change.

Decision-Making Considerations
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• Changes in HCM de/ault va/l/es may cause analysis results to differ from
one version of the HCM to the next, since some of the input data providcd
to a method have changcd cven though the underlying method has not.
Following the HCM's recommendations of using field-measured input
values whenevcr possible and locally generated default values otherwise
avoids this issue.

Incorporating HCM Analysis Results into Decision Making
Agencies and jurisdictions adopt roadway design and operations standards

for a number of reasons, including consisteney in roadway design across a
jurisdiction and provision of an objective basis far making decisions on rcquired
improvements. As mentioned earlier, numerous agencies and jurisdictions have
chosen to adopt LOS standards far their roadways. The existence of
computerized tools that implement HCM procedures makes it easy far analysts
to test a number of raadway impravements against a LOS standard. However,
the analysis does not end once a LOS result has becn determined.

The existence of a LOS F condition does not, by itself, indicatc that action
must be taken to correct the condition. Conversely, meeting a LOSstandard does
not nccessarily mean that no problem cxists or that an impravement that
produces the desired LOS is a dcsirablc solution. Other issues, including but not
Iimited to safety, impacts on other modes, traffic signal warrants, tum-Ianc
warrants, cost-bcncfit issues, and access management, may also necd to be
considered as part of the analysis, recommendations, and eventual dedsion. As
always, engineering judgment should be applied to any recornmcndations
resulting from HCM (or altemative tool) analyses.

Two examples of common situations where a LOS result considered by itself
might lead to a dedsion different fram one that would be rcached if other factors
were also considered are given bclow.

Traffie Signa! Warrants

Thc MUTeO (9) provides a number of warrants that indicate when a traffic
signa! may be justificd. It is possible to have a condition at a two-way STOP
intersection-particularly when a low-volume minor street intersects a high-
volume major street-where the minar street approach operates at LOSF but
does not meet traffic signa! warrants. Bccause the MUTCO is the standard far
determining when a traffic signal is warrantcd, a LOS F condition by itself is not
suffident justification fur installing a signa!.

Turn-Lane Warrants

A number of agencies and jurisdictions have adoptcd warrants that indicate
when the instal1ation of tum lanes may be justificd at an intersectiun. It is
possible for an HCM analysis to indicate that the addition of a tum lane will
result in an acceptable LOSbut for the tum-lanc warrant analysis to determine
that the necessary conditions fur installing a tum lane have not been satisficd. In
this case, the potential for a satisfactory LOS in thc future would not be sufficicnt
justification by itself for installing the tum lanc.
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Many of these references are
availabfe in the TechniCal
Reference library in VoIume 4.
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1. GlOSSARY

Chapter 9, Glossary and Symbols, defines thc terms used in the Higllway
Capacify Manual (HCM) and prescnts the symbols used in the manual's
equations. Highway transportation terminology has evolved over time to create
multiple definitions, and the confusion has becn compounded by technical
¡argon. The definitions, abbreviations, and symbols presented here are intended
to establish a consistent terminology for use in the HCM. lt is recognized that
other definitions and usage could exist.

VOLUME1: CONCEPTS
1. HCMUser's Guide
2. Applications
3. ModalCharacterislics
4. TraffieOperations and capacity

Concepts
5. Quality and Level-of-ServiCeConcepts
6. HCMand Allernative AnalysisTool5
7. Interpreting HCMand Alternative Tool

Results
8. HCMPrimer
9. Glossary and Symbols

A Acceleriltionldeceleration
del.1y - Delay experienced by
vehicles slowing from and
subSt."quenlly retuming to their

running speed.

Acceleration lane - A paved noncontinuous
lane, including lapen-d art.'as, allowing
vehicles lo accelerale when Ihey ••>nter Ihe
lhrough-Iraffic lane of Ihe fO.ldway.

Access poinl - An unsignaliled inlet"Sl.••.:tion,
driveway, or opcning on cíther side of a
roadway. SL't'also artille acces~poirlt.

Access point density - The tolal number of
aeeess poinls on both sides of Ihe roadway,
divid •.-d by the lenglh of Ihe S('gment.

Aceessibility - The pcrcenlage of Ihe
populaee ablelo complele a sel<.>ctedIrip
wilhin a specified time.

Accuracy - The degrt>e uf an l>slimate's
agreemenl wUh a standard or true value.

Active access point - An acCt'ss point whose
volume is sufficíenl to affect segment
operalions during the analysis períod; as a
rule of thumb, an access point approach is
considen>d active if it has an enll'rín¡;; flow ratl'
of 10 vehft"¡or more during Ihe an.Jlysis
periodo

Active bottleneck - A scgment wilh a
demand-to-.:ap..lcity rano grealer than 1.0, an
actual flow-to-.:apacily ralio ""qual lo 1.0, and
queuing upstream of the bollk'fleck segment.

Active passings - The number of other palh
UseN travelíng in the same direetion as the
aVl'rage bicydist who are pasSi.->dby thal
bicydisl.

Active traffic and dernand management
(ATDM) - The dynamie managemenl, conlrol,
and influence of Iravel demand, traffic
demand, and traffic flow on transporlalion
fadlilies.

Actualed control- A defin€'d phaS(' Si.-'l.)UenCe
in whieh the prl'scntation of eaeh phase

Olapter 9fGlossary and Symbols
Version 6.0

depends on whelher lhe phase is on re<all or
the associaled traffic movl'menl has submitted
a call for service through a dele<lur.

Actualion - A dele<lion of a roadway user
Ihat is forwarded lo the conlroller by a
detl'Ctor.

Adaptive control- s.econd-by-second
oplimizanon of signal timings according to Ihe
current monitor informatilln and the príllritil>S
assigned lo eaeh vehide and pt..'deslrían Iype
by Ihe opcrating ageney.

Adjacent friction cHecl - A speed reduetion
thal oceurs in a single manag ••>dlane wilhoul
barríer separalion when dl'nsities in Ihe
adjacent general purpose lane are rclali\'t'ly
high.

Adjusled saturation flow rate - See satura/ion
//(110 rate, a.fjusted.

Adjustmenl - An additive or subtractive
quanlity thal adjusts a paramell'r fm a base
condition to repreSl.'n1a prevailing oondilion.

Adjustment factor - A factor thal adjusts a
parameler for a base condilion to repr"'Sent a
prcvailing conditíon.

Aggregate delay - The summation of dclays
for mullíple lanl"Sor lane groups, usually
aggregaled for an apprwch, an inlerso..uilln, or
an .Jrterial roule.

Algoríthm - A Sl'1of rules for solving a
problem in a finill' number of sleps.

AIl-way sTor,controlled (AWSC)
interseclion - An inteI'St'Clionwilh STOPsigns
on all approaehes. The drí\'t'r's dl'Cisíún to
prOCl"-'dis based on a con sen sus of ríght-oi-
way govemed by lhl' IraHíc conditions of Ihe
olher approaehl"S and Ihe rules oi the rood
(e.g., lhe driver on thl' righl has Ihe righl-of-
way if two veh.ides arríve simultanl'ously).

Altemative dalaset- An HCM dataset Ihal
describes chang •.'S in bilse conditions (e.g.,
demand, traffie conlrol, available [anes)
ilssociall-d wilh a work zone or speeial eVl'nl,
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along with the times when the allemative
dalasel is in effect

Altemative interseclion - An inlersection
created by rcrouting one or more movements
(oflen left tums) from their usual places lo
secondary junctions.

Allemalive tool- An analysis procedure
oulside of the HCM that may be used lo
compute measurcs of transportation system
perfonnance for analysis and decision
support.

Analysis hour - A single hour for which a
capilcity analysis is perfonnl'd on a system
element.

Analysis period - The time interval evaluated
by a single application of an HCM
methodology, typically 15 min.

Analylical model- A model based on traffic
flow theory, combined with the use of field
measun.'S of driver behavior, rcsulting in an
analytic formulation of the relationship
between the field ml'asures and perfonnance
measures such as cilpacity and delay.

Annual average daily traffic (AADT) - The
total volume of traffic passing a point ol
segment of a híghway facility in both
directions fOl 1 year dívided by the numbcr of
days in the year.

Approach - A set of lanes at an intersection
thilt accommodates al] Idt-tum, through, and
righl-Ium movemenl~ from a given direction.

Approach deJay - The control delilY for a
givcn approach.

Approach grade - The average grade along
the approach, as measured from the stop Une
to a poinllOO ft upslream of the stop tine
along a linl' parallello the directlon of trave!.
An uphill condition hils a posítive grade, and
a downhíll condition has a negalive grade.

Area - An interconnecled set of Iransportalion
facilities servíng movements within a
specified geographic space, as well as
movemenls lo and from adjoining areas.

Area type - A description of the environment
in which a syslem elemenl is localo.'d.

Arrival-departure polygon - A graphic tool
for compuling the number of full stops.

Arrival rate - The mean of the slalislical
distribulion of vehicl •.'!> arriving at a poinl or
unifonn segment of a l,lnl'or roadw,lY.

Arrival type - Six assigned categories fOl the
qu,llity of progres~ion for a givcn approach to
a sign,lliZl'CIinte~'Clion.

Arterial street - A sln.••.•t interrupll'CI by Irilffic
control devices (e.g., signals, STOPsigns, or

YIElDsigns) Ihat primarily servl'S Ihrough
tr,lffic and that secondarily providl's access lo
abutting properties. See also urball streel.

ATDM - See adi"t /T<l1ftc <lnd demand
managemm!.

Al grade - At ground leve!.

Aulomobile - A two-axle, four-wheeled
vehicle.

Aulomobile mode - A submude of Ihe
molorized vehicll' mude in which an
automobile is used on a roadway.

Automobile lraveler perception score - A
numeri(al outpul (rom a traveler pereeplion
mudel that indicates the average rating Ihal
automobile travelers would gíve ,ln urban
street under a given se! of conditions.

Aulonomous vehic1e - A partially or fully
self-driving \'Chicle.

Auxíli,lry lane - So..'Cfreell'ay allxiliary 1<l1ll?

Available lim~pace - The produ(t of
available time ,lnd available space for
pedcstrian circulation on a crosswalk al a
signalized inlerseclion.

Average bicyc1ist - A bicyclist tr,lveling at the
average speed of all bieyclcs.

Average nmníng speed - The lenglh of a
segment divided by the average nmning time
of \'ehic1cs that Iraverse the segment.

Average spol speed - See time /litan speed.

Average travel speed - The length of the
highway segment divided by the average
travel time of all vehicles traversing the
segment, induding alJ stoppcd delay limes.
Equal to spilccmetln speed.

Back of queue - The maximum
backward extent of queued
vehicles during a typical cycle, as
measurcd from Ihe stop Une lo the

last queued vehicle.

Barrier -1. A referenee point in the eyde at
which one phase in each ring must reach a
,common point of tcrmination, to enSUTeIhat
Ihere \Vil!be no concurrenl seleclion and
timing of conflicting movements in difierenl
rings. 2. A physical objcct or pavemcnt
marking designcd lo prevent vehicles from
enleríng or departing a section of roadway.

BarTier 1 managed lane segment - A single
managed lane separaled from the adjaeent
general purpose lane by a physical object;
movements bet\veen Ihe managed and general
purpose lanes lake plaee al designated
locations.
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Barrier 2 managed lane segmenl- Multiple
managed lanes separated from the adjacrmt
general purpose lane by a physieal ubject;
movements between the managl'd and ~t'neral
purposc lanes take place at designated
locations.

Barrier pah - A paír of phas<!Swilhin the
Silmering and barrier thal cannol be displaYl"'t:l
concurrenlly.
Base capacity - The tlow rate achievable
undl'r baS('conditions. Base capacity reflecls
ideal condilions on a fadlity wilh no capacity-
reducing effecls.

Base conditions - A set of spt'cified standard
condítions (e.g., good weather, good and dry
pavement conditions, f,¡miliar uS('rs, no
impediments to Iraffic flow) that must be
adjusted to aceount for prevailing conditions
!hat do not malch.

Base datasel- An HCM dataSl't lhat describes
base conditions (particularly demand ,¡nd
factors influencing capacity ,¡nd free-flow
spet'd) whl'n work ZOnl'Sand spl.'Cialevents
are nol pres<.'nt.

Base free-flow speed - The polenlial free-flow
Spl."\.'dba~ only un the highway's horizontal
and vertical alignment, not induding Ihe
impacts of lane widths, later,¡1c1earances,
median type, and aca"Ss poinls.

Base lenglh - The distance betwl't'n Ihe points
in a weaving segment where the l'dges of the
!ra\'ellanes of the merging and diverging
roadways convergt'.

Base saturation flow rate - S<.'l'.<tIturaliOIl f10w
rafe, ba_<t'.

Base scenario - See senlario, baS(o

BaseJine unifonn delay - The average
uniform delay when Ihere is no initial queut'.

Basic freeway segment - A length of frl'eway
facility whose undersalurall>d operations are
unaffl'Cted by weaving. divergíng. or merging.

Bicyde - A vehiele wi!h two wheds !andem,
propeJled by human power, and usually
ridden by one persono

Bicyele, electrlc - A vehic1ewith two Whl'els
tandem, propelled by an eledrie motor that
dot"Snot Tl'quire pedaling cffort to engage.

Bicyc1e,electrlc assisl - A vehide wilh two
wheels tandem, with an ell"Ctricmotor that
boo;;ts human pedalíng efforl up lo a
designated motor-assisted top spl.'l'd.

Bicyele fadlity - A ro..1.d,palh, or way
speeifically dl'Signated for bicyc1etravel,
whether exelusively or with olher vehicil'S or
pedestrians.
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Bicyele lane -A portion of a ruadway
designatt.'d by striping. signing. and pawment
markings for the preferenti,ll or exclusive use
of bicyc1es.

Bicycle LOS seore - Sl't'levd-Qj-snviu scorc.
Bicyc1emode - A trave! made under which a
nonmolorized bicyde is used on a roadway or
pathway.

Bicyc1epath - A bikeway physically
separated from motorízed traffic by an open
space or barrier, either within the highway
right-of-way or within an independent right.
of-way.

Boarding island - A raised area ".,-íthínthe
roadway tha! allows bust"S10stop to Sl'fve
passengers fram an inside 1;me.

Boarding losllime - Time spent waiting for
passcngers to !ravel from their waiting
position al the bus slop lo the bus door.

Body ellipse - The practical minimum area
for standing pI.'destrians.

Bottleneck - A system element on whích
demand exceeds capacity.

Boundary inlersedion - An interSlxtion
dl'fining the endpoinl of an urban slreet
segmento

Breakdown - 1. 1111'transition fram
noncongesled lo congestl'd conditions
typically obscrved as a spt-'eddrap
accompanied by queue formatiun. 2. A
sudden drup in specd of at least 25%below
the frt..'t'-now spet-'d for a sustainl'd periad of at
leasl15 min that Tl'sults in queuing upstream
of the bottlenl'Ck.

Breakdown flow - The flow at which
operations transilion fram noncongl'Sted lo
congested.

Buffer 1 managed lane segment - A single
managed lane separated from the adjaccnt
general purposc lane by a painled buffer;
movements beh'il't'n the managl-'d and general
purpose lanes take place at designated
locations.

Buffer 2 managed lane segment - Mulliple
managl'd ianl'S scp,nated from the adjacenl
general purpose Jane by a painted buffer;
movements between the managed and general
purpose lanes take place at designated
locations_

Buffer width - The distance bctwl.'t.'nthe
outside edge of the paved roadway (or face of
curb, if present) and lhe ne;lr cdge of Ihe
sidewalk.

Buffered bicyc1e lane - A bicyc1el;lne paired
with a designated SP;lcebuffering it frum
parked or moving motor \'Chicles.
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Bus - A self-propelled, rubber-lircd road
vehicle designed 10carry a substantial number
of pas5l..'ngers(al leasl16) and commonly
operaled on SIrct'ts and highways.

Bus Iane - See eXc/lJsiw bus Imre.

Bus madI' - A Iransil madI' operated by
rubber-tired vehides thal follow fixed roules
and schedules alang roadways.

Bus sheller - See shrlter.

Bus slop - A designated area alang a SIret'1
where one or more buses can simullaneously
stop 10load and unIoad passengers.

Bus slop failure - A condition !hat occurs
whcn a bus arriving al a stop finds alt loading
areas occupied and must wait lar space to
bt.'Comeavailable.

Bypass lane - A lane provided al a
roundabout !hat allows a particular traffic
movemcnl to avoid using Ihe circuJatory
roadway.

Calibration - The process by
which Ihe analyst selects Ihe
model paramelers Ihal result in
Ihe best reproduetion of field-

measured local traffie conditions by !he model.

Call- A request for service by vehicles or
pI.-dl'Slrians10a controller.

Capadty - The maximum suslainable hourly
f10wrale at which persons ar vehides
reasonably can be expected 10traversc a poinl
ar a uniform section of a lane or madway
during a given time period under prevailing
roadway, environmenlal, traffie, and control
conditions.

Capadty adjustrnent factor - An adjustrnenl
10base capacity to reflcct Ihe effl'cts of severe
wealher, incidenls, and work zones. II can also
be uscd 10calibrale the fr•..'Cway facility model
lo refle.::!local conditions.

Capadty drop phenomenon - So.'Cqueue
discharge capad/y drap.

Case - So.-edegree-fJj-amj1icl case.

C-D roadway - See rolleclor-dislriblj/or
roadW<lY.

Cenlerline - On a shared-use path. a painl
slripe separating 0pplbing directions of palh
users.

Central area pridng - An arcawide
implementation of congestion pricing Ihat
impuses 10Usfor vehicles enlering a cenlral
arca streel network during certain houes of
certain days.

Cenlral business dislrkl ICBD) - An arca
with eharactcristics including narrow Slrl.'Ct

righls-of-way, frequent parking maneuvers,
vehicle blockages, laxi and bus activity, small-
radius tums, limited use of exclusive tum
lanes, high pedeslrian activity, dense
population,. and rrúdblock curb cuts.

Change interval- See yellow challgr illterva/.

Changc period - The sum of!he yellow
change interval and red cJearance interval far
a given phase.

Circulating flow - The f10wconflicting wilh
Ihe entry flow on!he subjecl approach to a
roundaboUI (Le" Ihe flow passing in fronlof
Ihe splitter island nexl to Ihe subjecl entry).

Circulalion area -1. The portion of a sidewalk
intended to be used for pI.>destrianmovemen!.
2. The average arca avaiJable 10each person
using a pedeslrian facility.

Circulation time-s pace - The total available
timl"-space minos Ihe time-space occupied by
pedcslrians waiting lo cross a crosswalk.

CirculalOry roadway - The continuous-flow
5l..-'dionof a roundabouI thal requires other
\lI.'hides enlering the roadway to yield.

Class Ilwo-lane highways - Highways where
motorisls expecl to Iravel at rclati\ll.'ly high
Spl.'eds,such as major intercity roules, primary
conn•..'Ctors of majar traffic generators, daily
commoter mules, or major links in slale or
national highway networks.

Class II Iwo-Iane highways -llighways
where motorists do not necessarily eJ(pect lo
Iravel al high speeds, such as arress roules to
Class I facilities, scenie or R'creational roUles,
or roules passing Ihmugh rugged lerrain.

Class lIl!wo-Iane highways - Highways
serving moderately developcd arcas, such as
portions of a Class I or Class 11Iúghway that
pass through small lowns or developed
recrcalional areas.

Clearanre inlerval- See rrd e/rarallce íllteTVlll.

Clearanre lost lime - The laller part of Ihe
change periad that is nol typically used by
drivers lo procced Ihrough the inlersection
(Le., Ihey use this time 10slOPin advance of
Ihe stop Jine).

Clearance time -1. The inlcrval afll'r a bus is
ready lo depart during which a loading area is
not available for use by a following bus,
eonsisting of the sum of reentry delay and the
lime for a bus to slart up and travel its own
lenglh, clearing Ihe stop. 2. See e/rarallce losl
time and red e/raronce intertllll.

Climbing lane - A lanc added on an upgrade
on a two-lane highway lo allow traffic to pass
hcavy vchicles whose speeds are reduced.
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Cloverleaf interchange - An interchange with
four loop ramps and four diagonal ramps,
wilh no traffic control on eilher crossing
roadway.

Collector streel- A surface slreel providing
land access and traffic cirrulation wilhin
n'Sidential, commercial, and industrial areas.

Col1eclor-distributor roadway (C-D
roadway) - A continuous roadway without
local acress provided parallello a fn't'way
mainline through one Ufmore interehanges
for lhe purpose of rernoving wl'aving
rnovetnents or closely spael-d rnerges and
diV('rges from the mainline.

Common green time - The period of lime
when lhe phases at the two inlersections of an
inlerehange bolh provide a grt'l'n indieation to
a particular origin-dl"Stination movement.

Complete trip - A vehicle lhat ",ntets the
spatial domain of an analysis during lhe
analysis period and is able lOexit the domain
suecessfully before Ihe end of the analysis
periodo

Composite grade - A series of adjacent grades
a!ong a highway lhat cumulatively has a more
seveI'l' eHect on operations than eaeh grade
scparaldy.

Compressed diamond interchange - A
diamond interchange wilh a '*'paration of 4üO
to 800 fl belween the two inlersections.

Compulational engine - A soflware
implementation of one or more models.

Concurrency groups - Phast' pairs that can
operale concurrently wilh "'ach olher.

Conflict - The crossing, rnerging. or diverging
of two traffic movements at an inlel"Sl'Clion.

Conflicting approaeh - At an all-way STOP-
eontrolloo inll'l"SI.-uion,an approach to Ihe lefl
or right of Ihe subject approaeh.

Conflicting f10w rate - The total flow rale in
connict wilh a speeific movemenl al an
unsignalizl'd inlersection.

Conflkting movements - Vehicular,
pedeslrian, or bicyde streams Ihat seek to
occupy the same spaee at lhe same time.

CongeSlion -1. A traffic operation condition
that arises when demand appro'lches or
exceeds a system element's capaelly and thal
is characlerized by high vehicular density and
vehide spceds Ihat are lower than the desired
spl't'ds. 2. A differffice betwl'l'n highway
system performance in lerms of Iravellime
eXpl'Cledby users and actual sysl",m
perfonnance- for example, an inteTSl'Clion
lhat may appear congestl-d in a rural
community may nol even register as an

O1apter 9/Glossary and Symbols
Version 6.0

annoyancc in a large metropolílan area. 5ee
also recurring congl"Slimland nOllrecurrins
cmlgestion.
Congestion pricing - The practice of charging
tolls for use of aHor part of a fadlity or a
e",ntra! area ¡¡ccording to Ihe expectl-d or
actual sc\'erity of congestiono

Connected vehicle - A vchicle wilh the
eapability of identifying Ihreats and hazards
on the roadway and communicating this
infonnation over wireless networks to other
vehides as well as the traffíc managernent
eenter to give drivers alerts and wamings.

Continuous aecess managed lane segment-
A single managt'd lane where vchicles can
moVl' betwt'CI\the managl-d and adíatenl
general purpose lane al any point within the
segmcnt.

Continuous-fiow intersection - 5ee displaced
Itit-tum interst'ctioll.
Control-l. The driver's inlerJction with lhe
vehicle in lenns of speo.-dand direction
(accelerating. brakíng.. and sleering). 2. The
use of signs, signals, markíngs, and other
devices to regulale, wam, and guide drivers.

Conlrol (Ondinon - The traffie controls and
regul,ltions in effect for a segment of slreet or
highway, including lhe type, phasing. and
liming of Iraffic signa!s; STOPsigns; lane use
and tum eonlrols; and similar measures.

Control delay - Delay brought about by the
preSl'nee of a traffic control device, induding
delay a",<;ocialoowilh vehides slowing in
advance of an inteTSl'Ction,the time spent
stopped on an interSl'Clionapproach, the time
spcnt as whicks mo\"Cup in the queue, and
the lime nl'l'ded for vehid",s to a«('lerate to
their desired spl"l"<:l.

Controlled - Having a Iraffic control device
that interrupts trJffic flow (e.g., a traffic sign.ll,
STOPsign, or Y1ELDsign).

Controller - The pil'l't' of h,lrdware Ihal
detennines how a lraffic signa! I'l'sponds lo
calls ba,*"<:Ion signal timing parameters.

Convenlional diamond interchange - A
diamond inlerchange wilh ¡¡separation of 800
flor moI'l' behvl't'n th•.•two interSl'Ctions.

Coordinaled aclualed control- A vari¡¡lion of
semiactuated controllhat uses Ihe controller's
force-off setlings lo conslrain lhe
noncoordinated phases assodatl'd wilh the
minor movemenls such thal thl' coordinatcd
phases are Sl'rved at the appropriate time
during lhe signa! cyde and progrl'Ssion for the
major movemenls is mainlained.
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Coordination - The ability to synchronize
multip!e inlersections to enhance Ihe
opcration of one oc more directiona!
movements in a system.

Cortidor - A set of paralle! transportation
facilities designed to move pcople between
Iwo locations, for example, a frccway and an
arterial strcct.

Crawl speed -1. The maximum sustainoo
speed that can be maintained by a spt.'Cified
type of vehide on a eonstant upgrade of a
given pcrcent. 2. The spt.>edat which trucks
dL'S«'nd a steep downgrade when they
operare in a low gear to apply engine braking.

Critica! density - The dcnsity at which
eapacity occurs for a given fadlity.

Critical headway - The minimum headway in
the major traffie st!\'am tltal will allow the
entry of one minor-stTL'et vehide.

Criticallane groups - The !ane groups that
have Ihe highest flow ratio for a given signal
phase.

Critica! phase - One phase of a set of phases
Ihat cx:cur in seqUL>nceand whose eombined
flow ratio is the largest for Ihe signa! cyde.

Critical p!aloon f10w rate - The minimum
fIow rate associilted with platoon headways
that are loo short to be entered (or erossed) by
minor movements.

Critica! segment - The segment Ihat will
break down first given thal all traffie,
roadway, and control eonditions do not
ehange, induding the spatial dlstribution of
demands on each eomponent segmenl.

Critica! speed - The speed at whieh capadty
occurs for a segmenl.

Critiral volume-Io-capacity ralio - The
proportion of avai!able inte~>ction cilpacity
used by vehides in eriticallane groups.

Cross flow - A pedestrian fIow that is
approximately perpendicular lo and crosses
another pedL'Strian stream (e.g., whe!\' Iwo
walkways intersect or at a building enlrancc);
in gL>neraLIhe !esser of the two tlows is
rcferrcd to as the eross-flow condilion.

Cross weave - A condition !hat occurs when
traffic from a genera! purpose on-ramp must
eross multiple general purpose lanes to acccss
the managed lane at a nearby ramp or access
segmenl, or when traffie from a managed lane
musl eross multiple general purpose lanes lo
access a gL>neralpurpose off-rampo

Crossing time - The curb-to-<Urb erossing
distancc dividL>dby the pt.>destrianwalking
speed specified in the Manual 0'1 Uniforrn
Traffic Control Droices.

Crossover - A section of a freeway work zone
where traffie in one dircct:ion is shifted across
Ihe median on a temporary roadway lo or
{rom the (nonnally) opposite-direclion
roadway, which is temporarily USL>din twa-
directional operation.

Crosswalk - SL"C proestriall cro..~swal".

Crosswa!k oCOlpaney time - The product of
the pcdestrian servicc time and ¡he number of
pedestrians using a erosswalk during one
signal cyde.

Cumulalive distribulion function _ A
function giving the number or pereent of all
observations in the trave! time distribution at
or be!ow a spedfied traw! time bino

Curb extension - An extension of the
sidewalk to Ihe edge of the trave! or bicycle
lallC.

Cycle - A complete sequenee of signa!
indicalions.

Cycle failure - A condition where one or
more queued vehicles are not able to depart
an intl'rsection as a result of insufficient
eapacity during the eycle in whieh they arrive.

Cycle length -1. The total time for a signal to
complete one cycle. 2. For a work 1.0ne
involving iIltemating one-way operation.. Ihe
average time takcn to serve each direction of
travelonce.

Cycle losl time - The lime losl during Ihe
cyde. It represents the sum of the lost time for
each critical phase.

Cyclic spillbaek - Queue spillbaek Ihal occurs
when Ihe queue from a signalized inlerseclion
extends baek into an upst!\'am inte~'Ction
during a portion of each signa! cyde and Ihen
subsides.

Daily service volume - The
maximum lotal daily volume in
both directions thal can be
sustained in a given scgment

withou! violating!he erileria for a given lOS
in the peak direction in the worst 15 min of the
peak hour under prevailing roadway, traffie,
and control eonditions.

Dalias phasing - A phasing option thal allows
Ihe left-tum movemenis lo operale in the
protectcd-pt>rmitted mude without causing a
"yellow trap" safety eoncem. It effectively ties
Ihe left tum's pennitled-period signal
indication to the opposing through movement
signal indication.1t is ,lIso used wilh a
flashing yellow aITOWlef!-tum signal display.

Deceleration delay - See
arrderationJdeceleratiOI1 delay.
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Deceleralion lane - A paved nunconlinuous
lanl', induding tapered areas, allowing
vehides leaving Ihe lhrough-lraffic lane of lhe
roadway lo decelcrale.

De faclo lane - A lane dcsi¡::nalC'dfor mulliplc
mO\'emenls bul Ihal may operale as an
exclusi\.e lane because of a dominant
movemt'I11 demando

Defaull I/alue - A represenlalive value
enlered inlo a model Ihal may be appropriate
in Ihe absence of local dala.

Degree-of-conflict case - For all.way STOp.
conlrolled inlcrscclions, a particular
combination of vehicle preS<'nceon olher
approaches wilh respecl lo lhe subjl'<:l
approach.

Degree of saturalion - Sl"l'dl-~nm¡d.lo-Cal'acity
ratio.

Degree of ulilizadon - The product of lhe
arri\'al rale and Ihe mean departure headway.

DeJay - Addilional Iravel timl' experil'nced by
a driver, passenger, bieyclisl, or pedcslrian
beyond Ihal rcquin..-..;ilo Iravel al Ihe dl"Sired
speed. 5ee also specific Iypes of delay (t'.g.,
cmllro/ de/ay. qllt'lIe dday).

Delay due lo environmenlal condilions-
Addition,J1 Iravcl lime experienced due lo
severe we.llher conditions.

Del.lyed crossing - A cunditiun under which
a pl>dl'Slrian is unable lo cross imml-..;iialclyon
rcaching.ln unsignalízed crossing.

Delayed passing maneuver - The inability uf
an average bicyelisl lo make a passing
maneuver imml>dialcly due 10 Ihe presence of
bolh another path user ahead of Ihe
OVl'rlJking JverJgl' bicydisl in lhe subjl'<:l
diTl'<:tionand a palh user in lhe opposing
din..'Ctinn.

Demand - The numbl'r of vehiclt's ur olher
ruadway users desiring lo use.l given syslem
clemenl during a specific time period,
Iypically 1 h or 15 mino

Demand adjuslmenl factor - An adjuslmcnl
lo base dem.lnd lo refll'<:lIhe effects uf severe
wealher, incidt'I1ls, and work zonl"S.11eJn also
be use<! lo ealíbrale Ihe fTl"l'wayfacilily model.

Dernand flow rale - Thc counl of vehicles
arriving al Ihe sysll'rn elemenl during Ih,'
analysis period, eonvcrtcd lo an hourly rale.
When Ihis flow rale is measured in lhe ficld, il
is ba51>don a Iraffie eounl takcn upslream uf
Ihe queue associaled wilh Ihe syslcm clemen!.
This distinction is importanl fur counls mad,'
during congesled periods lx'Cause the counl of
vchicles departing Ihe syslem ell'menl will
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produce a demand flow rale thal is lower Ihan
lhe true rale.

Demand multiplier - 111cratio of Ihc daily
(IVl"l..kday-monlh eombinalion) facilily
demand lo Ihe average daily Iraffie (01 to any
combination of day of week and munlh of
year).

Demand s!arvation - A condition oceurríng
whl'n a signalizcd approaeh has adequale
capacil}. bul a significanl portion uf Ihe Iraffic
demand is hcld upslrcam and earmol use Ihe
eapaeity provided b<'<:auseof Ihe signalizalion
paltem.

Demand-Io-capacity ralio - Thc ratio of
demand volumc lo capacity for a syslem
elcmenl.

Demand volume - The number of vehic1l'S
Ihal arrive lo use ¡ht' facility. Undcr
noncongl'sted conditions, demand volume is
equJI lOthe observed volume.

Dcnsily - The number of vehic1es occupying a
given length of a lane or ruadway at a
particular inslan\. 51.••.•also pcdcstrían dCllsíly.

Departure headway - The average lime
bl.'lween departures of successive vehicles on a
given approach al an all-way STOP-conlmlled
inlel"Sl'Ction.

Descriplive model- A mudel lhal shows how
evenls unfold given a logic Ihal dl'SCribes how
the Objl'CISinvolved wil! behave.

Design analysis - An applieation of lhe HCM
lo l"Slablísh Ihe dl'lailed physicJI features Ihal
will alluw a new or modifi<>dfacilily lo
operJle al a dl'Sired lOS.lnpuIs are based
substanlially on proposed dt'sign atlribull'S;
however, Ine inlcnnediale- lo long-Ienn fucus
of Ihe analysis will rl"l.juireuse of sorne default
values.

Design hour - An hour with a Iraffie volume
Ihal rcpresenls a reasonable value for
designing Ine gl'Oml'trie Jnd eonlrol elemenls
of a facilily.

Design speed - A sf'l••.•d USl.->dlo de<óignIhe
horizonlal and vertical alignmcnls of a
highway.

Delcclion mode - One of Iwu modes-
presence or pulse-Ihal delermine Ihe
duralion of Ihe actualiun submilled lo Ine
conlroller by Ihe delection unil.

Delection zone - The portion of a signalized
inlersection approaeh where a vehicle can bI.'
dell-'(:Iedby lhe signal conlroller (wilh use of
in-paveml'nl loops or ulher lechnology).
rcsulling in the display of Ihe green indieation
for the approach bl.'ing exlendl>d.
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Deledor- A deviceused tocount ur
detennine the presence of a motori;zoo vehicle,
bicycle, or pcdeslrian.

Determinislie model- A mathematieal model
that is not subjeet to randomness. For a given
~t of inputs, the result from the model is Ihe
same with l'aeh applieation.

D-factor - The proportion of traffie moving in
the pE'ak direction of travel on a given
roadway during the peak hour.

Diamond intenhange - An interehange form
where one diagonal eonneetion is madI,' for
eaeh freeway entry and exit, with one
connt"Clion per quadrant.

Dirernonal design hour volume - The traffie
volume for the design hour in the pE'ak
direction of flow.

Directional distribution - A eharaeteristie of
traffie that volume may be greater in one
direction than in the other during any
particular hour on a highway. 5ee also D-
factor.

Direclional flow rale - The flow rate of a
highway in one dircction.

Dir«tional segmenl- A length ol two-Iane
highway in one !ravel dirt"Clion with
homogeneous eross sections and relatively
constant demand vulume and vehicle mix.

Direetional split - Se<'D1llctor.
Displaced ¡dl-Ium (DLT) intersection - An
altemalive inlersection thal reroutes lelt tums
to CTOSSOver5upstream of the central ¡unction;
the Idt-tum traffie streams then approach the
central junction to the left uf the opposing
through movement. DLTs can move Idt-tum
and through vehicles during the same signal
phase withuut confliet.

Oistributed intersection - A group of two or
more intersections that, by virtue of clase
spacing and displaced or distribuh ••d traffic
movements, are operationally interdependent
and are thus lx'St analyzed as a single unit.

Diverge - A movement in whieh a single
stream uf tralfic separates into two streams
withoul the aid uf traffic control deviCt.'S.

Diverge segment - Se<'freeu>ay diverge segmento

Diverging diamond inlenhange (001) - A
diamond interehange form where through
traffie on the arterial switehes sidl'S of the
slreet al eaeh of the ramp terminals, alluwing
left tums to ramps to be madI,' without eonflict
fmm opposing thmugh vehicolar traffie.

Divided highway - A rughway where
opposing dircctions of travel are separat •..'d by
a physical barrier.

Divided median type - An urban street where
opposing directions of travel are separat •..'d by
a nunrestrictive median (e.g., two-way left-
lum lane) or a restrictive median (e.g., rais<..'d
corb).

Double-erossover diamond inlenhange - s...~
diocrging diamond interchange.

Downstream - lbe direction uf traffie flow.

Driver population - lbe familiarity of
motorists wlth a roadway's geometrics and
traffie eonditions; for example, commuters or
weekend recreational travelers.

Dual entry - A modl' of opcration (in a
multinng controller) in which one phase in
eaeh ring must he in service.1f a call do •..•s not
exist in a nng when it eros' ••..'S the barrier, a
phase is selected in thal ring to be aeliv,lted by
Ihe control1er in a predelenninl'd manner.

Duralion - lb!' I•..•ngth of time that a condilion
persisls.

Owel! time - The sum of passenger service
lime ,lnd boarding lost time.

Dwel! time variability - lbe distribution of
dwell times at a stop because of fluetuations in
passenger demand lor buses and ruutes.

Dynamic speed Iimils - An ATDM strategy
that adjusts spet'd limils on the basis ol real-
time traffie, roadway, or weather conditions.

Dynamic traffic olssignmenl model- A
descriptive model that is based on ,ln objeelive
(e.g., minimize the Iravel time or disutility
associat •..'d with a trip) that is gradually
improved over a sequence of iter,ltions until
the network reaehes a state of equilibnum.

E Effeetive available time~paee-
lbe available crosswalk time-
space, adjusted to account for the
effect luming vehides have on

p<..'destrians.

Effective green time - lb!' time that can he
uscd by vehicles 10proceed effectively al the
saluration flow rate.

Effeclive red time - Thc cyde length minus
the effective green time.

Effedive walk Iime- lbe time Ihat a WALK
indieation is displayed to a erosswalk. plus the
portion of the OON'TWAlKindieation uscd by
pl'destrians to initiale thcir crossing.

Effective walkway width - The portion of a
pt'dl'Stri,ln faeility's width that is usablc for
pt'destrian circul,llion.

85th percenlile speed - A spe<..'dvalue that is
exceeded by 15% uf the vehides in a traffie
stream.
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Extra distanee travel time - The free-flo\\"
Iravellime required to traveT'Sl'an inlerchange
or alternative inlersection minus the
hypotht'tieal shorlL'St-path free-flow travel
time making righl-ang[e turns.

Follower densily - The number of followers
per mile per lane; the following statc is
defint>das a eondition in which a vehiele is
following ils leader by no more than 3 S.

Follow-up headway - 'Ine time belw~~n the
departure of ont<vehiele from the minor street
and the dl'parture of the next vt'hiele using the

Failure rate - The probabilily that a bus will
amve at a bus stop and find all available
loading arcas airead)' occupied by other buses.

Far-side stop - A Iransil stop where transit
vehic1eseross an inlt'r~tion befon: stopping
to serve pas51'ngers.

Fixed force-off - A madI" of split management
u~d with coordinated operations undt'r
which force-off poinls carmol movt'. Undl'r
this mode, uncoordinated phases can uti!izl'
unused time from previous phases.

Fixed-object effective width - The sum of the
physieal width of a fixed object along a
walkway or sidewalk, any funetionally
unusable space associatN with the objecl, and
the bufft'r given it by pedestrians.

Flared approaeh - At Iwo-way STOP-
controllcd intersed:ions, a shared right-turn
lane thal allows righl-turning vehieles lo
complete Iheir movement while olher vehicles
are occupying the lane.

F10ating force-off - A forCl'-{)ffmadI.' under
whieh force-off points can move depending on
the demand of pf\'vious phascs. Under this
mode, uneoordinaled phases are limited to
Iheir defim-d splil times, and all unUSl.-'<Ítime
is d~>dicak>dto the eoordinated phascs_

Flow prufile - A macroscopie f\'pTt'sentation
of slt'ady traffie flow condilions for Ihe
average signal cycle during the sf"Xifi~-d
analysis periad.
Flow rate - Tht' equivall'r1t hourly rah>al
whieh >'ehielesor olher TO.ldwayusers pass
over a givt'n poinl or Si.'Ctionof a lane or
roadway during a given time intl'rval of k"Ss
than 1h, usually 15min.

F10wralio - The ratio of lhe actual flow rate lo
lhe saturation flow rate for a lane group at ••n
inteNl.'Ction.

Empirical model- A model thal d~'SCribt-s
sysh>mperformance and thal is ba5l..>don the
statislical analysis 01fidd dala.

Entrance ramp - Sl'eml-ramp.

Entry f10w- Thc Iraffic flow entering a
roundaboul on the subjcet approach.

Environmental conditions - Conditions such
as adversc weathcr, bright sunlighl din'Clly in
drivers' eyes, and abropt Iransitions rrom light
to dark (sueh as al a tunnl'lentranee on a
sunny day) thal may cause drivers lo slow
down and incn'ase Iheir spacing. resulling in a
drop in a roadway's capacity.

Event - A bicyclc meeting or passing a
pedeslrian on a shared-ust' path.

Excess wait time - The average number of
minutes transit passt'ngers musl wail al a stop
past the schedull>ddeparture lime.

Exdusive bus lane - A highway or street lane
Tl'5l..'rvedprimanly for buses during specified
pcriods. [t ma)' be us.->dby other traffie for
cerlain purposes, such as making a right or
Idt turn, ur by taxis, motorcycl~"S,or carpools
that meel the n'quiremenls of thl' jurisdiction's
Iramc laws.

Exdusive off-street bicyele paths - Paths
physieally separatt.>dfrom highway Iraffie
pTovid~>dfor thl' exclusive ust' of bicyell"S.

Exclusive tum lane - A designated lelt- or
nght-tum lane us.->donly by vehides making
those tums.

Exil flow - The Iraffic fiow t'xiting a
roundabout to the SUbjl'Ctlego

Exit ramp - Se<!offrnnrp.

Expected demand - The flow !hat would
arrive at l'<lChsegml'nl if all queul'S were
staeh>d verlieally (i.I'., as if the queues had no
upslll'am impaets).

Experieneed traveltime - For a given origin-
dl"Slinalion movemenl, Ihe sum of extra
distan~""Iravel time and Ihe control delay
I'xperienced al each junetion enetlunteTt'd
when an interchange or allemalive
interset:tion is traversed.

Extension of effeetive green - The initial
portion of Ihe yellow ehange intl'rval during
whieh a combinalion of traffie muvements is
considered lo proo..•.>deffl'etively al the
saturation flow rale.

Extent of congestion - The physicallenglh of
the eongested syslem.

External section - A frl~way s<-'(:tionoccumng
behH~n interchanges (i.e., between thl' final
on-ramp al one interehange and the first off-
ramp at the nexl downstream interehange).

O1apter 9/Glossary and Symbols
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F Fadlily - A length of roadway,
bicycle palh, or pedestrian
walkway eumJ'U*d of a conn~'(:ted
series of points and segmenls.
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s.ame major-streel headway, under a condition
ol eontinuous qUL'Uingon tne minor s!n'et.

Foree-off - A point wilhin a cycle where an
aetuated phase must end l1'gardless of
eonlinued demando ThL'sepoints in a
eoordinated cycle ffisure thal the coordinaled
phases are provided a minimum amount of
green time. 5ee ,lIsofaed !vrU-f)!f and jlOIlting
foru--off.
Four.phase pattem - A type of operalion at an
all-way SToP+controlk'<iinterseclion wilh
mullHane approaehL'S, where drivers from a
given approaen enler Ihe interscction logelhl'r,
as right-of-way passes from one approaeh lO
the nexl and eaeh is scrved in tumo

Free flow - A flow of Iraffie unaffecled by
upstl1'am or downslream conditions.

Fl1'e.flow speed -1. lbe average speed of
vehick'S on a giV{>Tlsegnll'nt, measurN under
low-volume eonditions, when drivers are fl'\.~
lo drive at Iheir desired. speed and are not
constrained by Ihe presenee of other vehicles
or downstrcam Iraffíe control devices. 2. The
IheoIl'tieal speed when both densily and flow
rate are lero.

Free-flow Ira ve! lime -1. The lravel time on a
segnll'nl that occurs Whffi vehides Iravel al the
frL'e-flow speed. 2. The segment's length
divided. by ils free-flow sJ".-'Cd.

Freeway - A fully access-controllcd, divided.
highway with a mínimum of two lanes (and
frequently more) in caen dil'\.'Ction.

Freeway auxiliary lane - An additionallane
on a freeway to connect an on-ramp and an
off-rampo

Freeway diverge segmenl - A frl~way
segmenl in which a single traflie stn>am
divides lo fonn two or more separale traffie
slreams.

Freeway f.1cilily - An extended k'llgth of
freeway eomposed of continuously connectL'd
basic fl'\.'O,'way,wcaving.. m",rge, and diverge
segrnents.

Freeway fadlily capacity - lbe eapadty of the
eritical segmenl among Ihose segments
eomposing a defined freeway facilily.

Freeway merge segmenl - A frceway segmenl
in which two or more Iraffie stl"l'ams combine
lo form a single traffie stl"l'am.

Freeway section - A portion of a fl'\.~way
facility exlending from one ramp gOIl' point lo
Ihe neJd gon' poinl.

Freeway segmenl eapacity -l. lbe maximum
15-min flow rale that produces an acceptable
(e.g., 15%) rate of bIl'akdown. 2. lhe maximum

15-min flow rate Ihat ensures sl.-.bleflow for
.-.nacceptable pereenl.-.ge (e.g., 85%) of time.

Freeway weaving segmenl - Frl~way
segmenls in whíeh Iwo or more Iraffic streams
Ira"",ling in the S<lmegeneral direction eross
paths along a signifieant lenglh of ff('('way
wilhout the .lid oí traffie control deviees
(exct'pt for guide signs).

Freighl - Any commodity being transporled.

Frequeney - 5l~ transjl frequeney.
Fridional effed - 5ee adjatelll frie/ion iffl!Ct.

Full DlT inll'rsedion - A displaced lefl-tum
interst'Ction where lefl tums aIl' displaced. on
bolh ínlcrsecting sll'\.'ets.

Full slop -1. Al a signalized inlersection, the
slowingof a vehide 100 mi/h (or a crawl
sJ".-'l'd,if in queue)'-'9 a conscquenee of the
ehangc in signal indícation from green lo rl'IÍ.
2. At an unsignalizl'd inlersection, Ihe slowing
of a vehide lo Omin-t (or a eraw! speed, if in
queue) as a eonsequenct' of Ihe conlrol device
used lo regulale Ihe approaeh. 3. In a
simulation tool, Ihe slowing of a vehicle lo I",ss
than a specífied Sf'Cl-'<i(e.g., 5 mi/h).

Fully aduated eontrol- Signal conlrol in
whieh all phases are actualed and all
inlersectíon traffie movemenls are dl'tE'Ctl"d,
with the sequenct' and duration of caeh phase
ddenninl>rl by traffie demando

Fundiona! c1ass - A grouping ol roadways
according lo the eharacter of serviee they ar",
intended lo provide.

Fumiture zone - The portion of Ihe sidewalk
bclwecn Ihe curb and Ihe al"l'a JeSL'rved for
pedeslrian Iravel; ít may be used for
landscaping.. utilities, or pedestrian amenities.

G Gap - Th", spaee or time
belwcen Iwo vehic1es, measured
{rom the Il'ar bumpt'r of the
(ronl vehide to the front bumper

of Ihe second vehide. Sce also headway.
Gap aeel'ptance - lbe pl"OCl.'SSby whieh a
driver aeeepts an availabl", gap in traffie to
perform a maneuver.

Gap out - A type of aetualed operation for a
given phase under whieh Ihe phase tenninates
oc'Cause of a laek of vehicle ealls wilhin Ihe
passage time.

General purpose lane - A lane open lo all
traffie al all times under nonnal operating
eonditions.

General terrain - An eXlendL'd lcnglh of
highway containing a numbcr of upgrades
and downgrades where no single grade is
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long enough or sl<.'l.'Penough to have a
signifieant impael on Ihe operation of Ihe
overall segmenl.

Generalized service volume table - A skt.'teh-
planning 1001 dl.ll provides an estimate of the
maximum volumt.' a syslem elemenl can carry
al a given level of servicc, given a default S('t
of assumptions about the syslem elemenl.

Geomelrk (Ondition - The spatial
characterislics of a facilily, ineluding approach
grade, the number and width oflanes, lane
use, and parking lanes.

Geometric deJay - Extra Iravel time created
by geometrie features Ihat cause drivers lo
rl'duee thl'ir spt.~'d(e.g., dclay experiencl'd
where an arlerial streel makes a sharp tum,
causing vehicles to slow, or the dday causcd
by the indirect mute Ihat lhrough vehicles
must take thruugh a mundabout).

Gore area - The area located immediatl'ly
belween Ihe left edge of a ramp pavemenl and
the right edge of lht.'rwdwa)' pavemt.'nt at a
mergc or diverge arca.

Grade - The longitudinal slope of a roadway.

Grade separaled - Separated vertically fmm
other transportanon faciljtil'S (e,g., through thl'
use of over- or underpasSt.'s).

Green interval- Tht.'interval during which a
grl-en indication is displa)'ed al a signalized
inlersection.

Green time - The duratiun of the grL'ffi
in!l'rval.

Green time (g/Cl ratio - The ralio of Ihe
effediw grecn nml' of a phase to the c)'ele
length.

Growlh factor- A pt.'fCentageincreaSl'
applied lo current Iraffíe demands to estimate
future demands.

Guidance - The drivers ínteraclion wilh the
vehicle in tt.'nns of maintaining a safe path
and h-eping Ihe \'ehiele in the pmper lane.

Half diamond inlerchange-
5l'l.' partial dilU'lOlId ¡'lterchallge.

HCM dalasel - The input data
nl'l.'ded to evaluate an urban

strcet facility for nne ,malysis periodo

Headway - The time betwl'l.'n m'o successive
vl'hieles as Ihey pass a poinl on the roadway,
measured fmm tht.'same common featurc of
both vehieles (for example, the fronl axle or
the front bump...r),

Heavy vehide - A vehiele wilh more than
four wheels louching Ihe p"vement during
nonnaloperation.

Chapter 9/Glossary and Symbols
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Hidden bottleneck - A Sl'gmt.'ntwilh"
demand-to-<:apacily ralio grcater than 1.0 bul
an actual f1ow-lo-capacily ratio lypically less
than 1.0 (or l'llual to 1.0 in some cases), with
no queues forming upslream of Ihl' segmento

High-occupancy vehiele (HOY) - A \'ehidt.'
with a ddined minimum numbcr of occupanls
(>1); HOYs ofl•.•n indude buses, laxis, and
carpools, when a lane is rL'SCrn'dfor lhl'jr use,

f1ighway - A general lerm for denoling a
public way for pUrpl->WSof whicular Irave!,
induding the entire area within lhe righl ..of..
way.

Hindrance - Discomfort and incunVl'ni"'rK•.•to
a bicydisl as a resull of ml'l.'ling..passing.. or
being overlaken by other p"thway USl'P.;.

Holding area waiting time - Th•.•average time
lhat pedesln"ns wail to eross the slreel in
deparling (mm tht.'subjl'<"tcomer.

Hybrid models - Models used with very lJTge
nelworks Ihat apply mieroscopic modeling to
eritieal subnelworks and ml'SOSCopicor
macroscopic modeling to the eonnecling
facilities.

Impedance - The rcduction in the
pol•.•ntial eapaeity of lower-rank
mOVl'menlscaused by Ihe congeslion
of a higher-rank movl'ment at a two-

way STOP-eontrolk'dinlerse.::lion.

Incidenl- Any occurrence on a roadway, sueh
as erashl'S, slalled cars, and debris in thl'
roadway, th"t impedes the normal flow of
Iraffie.

Incidenl dearance time - The time fmm the
arriv"l of Ihe first response vehide lo the timl'
when Ihe incident "nd Sl'rviee vehic1es no
longer direclly affeet travt.'lon the roadway,

Incident deJay - Additional travellime
experienCl"das a Tl'Sultof an incidenl.
compared with the no-incident eondition.

Incident detection time - The time pcriod
s!,~rtingwith the occurrenee of an incident and
ending whl'n Ihe rcsp..,nse officidls are notified
of the incidenl.

Incidenl response time - The time period
from Ihe receipt of incident notifieation by
officials to the time the first TC'SponSt.'\'ehicll'
arrives al the scene of the incident.

Incomplete lrip - A vehide th,,! is unable lo
enler and exil successfully the spatial domain
of an analysis within Ihe analysis periodo

Incremental deIay - The sccond tenn of l"ne
group control Jelay, a<:counling for delay due
lo the effeet of random, cyck'-by ..cycle
f1u.::tuationsin demand Ihat oceasionally
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exCl'l'dcapacity (Le.,cyde lailure) and delay
due lOsustained oversaturation during the
analysis periodo

¡ndicalion - The signal (e.g., circular gr"""n,
yellow arrow) shown lo a driver at a given
point in time to conlrol!he driver's
movement.

¡nfluence area -1. The base length of a
fr...ewayweaving segment plus 500 ft
upslream of the entry point lo the weaving
segment and 500 ft downstream of the exit
point from the weaving segment; entry and
exit points are defined as the points where the
appropriatl' edges of Ihe ml'rging and
diverging lanes m"",,!.2. From Ihe point where
!he edges of Ihe traveJlanes of merging
roadways med to a point 1,500 ft downstream
of that point. 3. From the point where the
edges of the travellanes of the diverging
roadways meet lo a point 1,500 ft upstream of
that point.

¡nilial queue - The unmel demand al !he
bcginning of an analysis period, eilher
observed in the field or earried over from the
computations of a previous analysis periodo

¡nilia! queue deJay - The Ihird tenn of Jane
group control delay, accounting for delay due
to a residual queue identified in a previous
analysis periad and persisting at!he starl of
the currenl analysis periodo This deJay results
from !he additional time required to clear the
initial queue.

lnpuls - The data required by a madel.

Instantaneous acceleration - An acceleration
determined from the relative speNs of a
vehicle atlime t and time I - 41, assuming a
constanl acceleration during 4/.

Inslantaneous speed - A speed determined
from the relative positions of a vehicle at time
I and time t - 41,assuming a constant
acceleration during 4/.

Inlelligent Iransportation syslem (lTS) -
Transportation technology that al10wsdrivers
and traffie control system operators lo gather
and use real-time information to improve
vehicle navigation, roadway system controL
orlx,th.

In!ensity of rongestion - The amount of
congestion experit.'I1cedby users of a system.

Inten::hange - A system of interconnecting
roadways providing far traffie movem"''llt
between twoor more highways that do nol
intersect at grade.

Interchange densily - The number of
interchanges within 3 mi upstream and

dO'Mlstream of the ccnter of Ihe subjt'ct
weaving segment divided by 6.

Inlerchange ramp tenninal- A ¡undion of a
ramp with a surface street serving \'Chicles
entering or exiling a freeway.

Inlernallink - The segmenl betwl'en two
signilJized intersections at an interchange
ramp tenninal.

Inlernal section - A fr...ewaysection occurring
within an interchange (for example, betwcen
the off-ramp gore and !he on-ramp gore in a
diamond interchange).

Inlerrupled-fIow facilities - Facilities
eharacterizl'd by traffie signals, STOPsigns,
YIELDsigns, or other fixed causes 01periodic
delay ar interruption to the traffie s!ream.

Inlerseclion - A point where lwo or more
roadways eross or mee! at grade, where
vehicuJar travel betwt.••..'Il the roadways is
acromplished via tuming movemenls,. and
whcre right-of-way is typiCilllyregulated
through Ihe use of traffie conlrol devices.

Inlersection delay - The total additional
trave! time experienced by drivers,
passengers, or pedestrians as a result of
control measures and interadion with other
users of the facilíty, divided by the voJume
depaTting £rom the eorresponding cross
section 01the facility.

Inlersection furo lane - &'1' exdusíve tllrll l/llle.

Inlerval- A periad of time in which aHtraffi¡;
signal indiealions remilin constant.

Island - A defined area between traffie lanes
ror control of vehícular movements, ror toll
oollection, or for pedestrian refuge.

lsolated intersection - An intersection
expcriencing negligible influence from
upstream signalízed intersections, where f10w
is effuctivcly random ovcr Ihe cyde and
without a disremible platoon pallem evident
in the cydic profíle of arrivals.

J Jam density - The maximum density
that can be aehicved on a segmcn!. It
occurs when speed is zero (i.e., when
there is no movemt'I1t of per.sons or
vehides).

J-Ium - See restrided crossilrg U-tllm
illtl'rstctiolr.

Jughandle - An alternative intcrsedion form
whcre diTl-'CIJeft tums from the mainline are
prohibited and left-turning traffie is rerouted
to (a) a loop ramp beyond the primary
intersed:ion or (b) a diamond ramp in advance
of the primary inlersed:ion that leads to a

O1apter 9(Glossary and Symbols
VeI:Wn 6.0



Highway Capacity Manual: A Guide for Multimodal MobiJity Analysis

seo:ondary interS<.-,<tionwhere Jeft tums are
allowed.

Junclion - A point wh~'re two TO<ldwayscross,
med, merge, or diverge at grade.

local transil service - Transit service making
regular stops along a slr"'el (t)'pieal1ye\'ery
0.25mi or less).

loop ramp - A ramp requiring vehides to
execute a Idl tum by turning righl,
aceomplishing a 9Q-degree Idt tum by making
a 270-degn"" right tumo

load factor - lbe number uf passengers
occupring a tralLsitvehide di\'idcd by the
number of seats on the vehide.

Loading area - 1.A curbside space wh••'re a
single bus can slop to load and unload
passengers; bus slops indude one or more
loading areas. 2. A curbside space where
vehides can slop briefly to load and unload
passengers or freighl.

local slreet - A stT'ft'tIhal primarily serv"'Sa
land-acces.s funetion.

level of service (lOSI - A quantilative
stratifieation of a performance measure or
measures that represent qualily of St.'rvie•••,
measun>d on an A-F sca!e, with lOS A
n.•presenting the best operaling conditions
from Ihe traveler's ¡x'rspective and lOS F the
worst.

Level-of-service score (LOS seore) - A
numerieal oulput fmm a traveler pcrception
modcllhat typically indicak'S the aVl.'rage
ratíng thal travelers would give a
transportalion facility or service under a git.en
sel of condilions.

level terrain - Any combination of grades
and horizontal or wrtieal alignment Ihat
permits heavy vehides to maintain lhe same
speed as passenger cars, IypicaHycontaining
short grad~"Sof no more than 2%.

lighl raHmode - A tr,msít mnde operat ••>dby
vehides that receive power from overhead
wir••'Sand that ron on tracks lhat can be
local••>dal grade within stT'ft'trights-of-way.
See ,lIso strectcar moJe.
lighl vehicle - A vehide wilh foor whet'1s
louching Ihe ground under normal operation,
indudíng passenger ears, vans, sport-ulilí!}"
whidcs, and four-wht'l'led pickup trucks. See
,liso aU/Olllobile.

limiled priorily - A eondition at a
roundabout entry experi ••••.•ciog high levels of
both enlering and conflicting flow under
whieh circulating Iraffie adjusts ils headways
to allow entering vehides to enler.

link- A lenglh of roadway belween two
nod ••'Sor points.

link length - The orban st1\.'etSt.'gmentlength
minus lhe width of the upslream boundary
intel"St-'Ction.

K-bctor - lhe proportioo of
AAOT thal occurs duriog the
peak hour.

lagging left-tum phase - A phase
sequ~••.•ce in which a IdHum
phase is servoo after Ihe opposing
through movemenl.

lane 1- The rightmost mainline lane.

Lane 2 - The laoe adjarent to and left of Lant' l.

Lane addition - A location along a roadway
wher •••the number of conlinuous through
lancs inereases by one or more.

lane balance -lhe eondition of Ihe numbcr
of laoes Il'aving a diverge point being equal to
the numbcr of lan••"Sapproaehing it, plus une.

lane dislribulion - A paramek'r ose<!wh,m
two or more lanes are available for Iraffie in a
single direction and lhe volume distribution
varies between I,mes, depending on traffie
regulalion, traffie eomposilion,. Spt•••.J and
volume, the numb,'r of and location of .lCeess
points, the origin-destination pattems of
drivers, Ihe developmenl environmenl, and
local driver habits.

lane drop - A location along a roadway
whl're the number of through lan••'S is redueed
by one or more,

lane group - A lane or set of lanes designated
for separate analysis.

lane group delay - The conlrol delay for a
given lane group,

lane utiliz.:llion - lbe distribution of vehiek"S
among lam'Swhen two or moR' lancs are
available fur a movement. See ,lIso
pr'1'osiljonillg.

Lane width - The lateral distanee betwccn
stri¡x'S for a giwn laoe.

Lateral clearance - The laleral dislance
betwcen the outside edge of a trave] laoe and
a fixed obslruetion.

leading left-tum phase - A phase sequenee
in whieh a lefl-Ium phase is served before the
opposing through movement.

leg - A set of lanes at an interscetion
aceommodaling aHapproaching movemenls
to and departing movemenls from a given
direction.

K
L
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losl time - See clermmce lost time, start-up lost
time, phase Jost time, and cycle lost time.

Macroscopic model- A
modellhat considers traffic
operalions an.>raged over
specified lime intervals and

spt.-'Cifiedsegments or links without
recognizing individual vehides in Ihe Iraffic
slream.

Mainline - The primary Ihrough TO<ldwayas
distincl from ramps, auxiliary lanes, and
colle(:lor-<iislributor roadways.

Mainline output - The maximum numbcr of
vehidcs that can exit a freeway node,
constrained by downstream bottlenl'Cks or by
merging traffie.

Major diverge area - A junction where one
f«'eway Sli'gmentdivergcs to form two
primary freeway segments with multiple
lanl's.

Major merge area - A junction where two
primary freeway St'gml-nts,each with multiple
lanl"5,merge to form a single freeway
Sl'gment.

Majar slreet - The strcct not conlrolled by
STOPsigns at a twa-way STOP-eontTOlIcd
interscction.

Major weaving segment - A weaving
segment where at least Ihn'e enlry and exil
legs have two or more lanes.

Managed lanes - A limitcd numbcr of lanes
sel aside within a freeway cross section where
multiple operational stralegics are utiJin>d
and aClively adjusled as needed to achieve
predefine<! performance objl>ctives.Examples
indude priced lanes and spt.-'Cíal-uselanes
such as high-occupancy vehide, exprcss, bus-
only, or lT\lck-only lanes.

Max out - A type of actualed operation for a
given phase under whkh the phase terminales
N'cause the designated maximum gT!..'entime
for Ihe phase has been reaehed.

Maximum allowable headway - The
maximum lime that can elapse between
successive calls for servke without
lerminating the phase by gap out.

Maximom green - The maximum lenglh of
time Ihat a gn't'n signal indkation can be
displaye<! in the presence of conflícting
demando
Maximum reeall- A form of phase re(:all
under which the controller placl'S a
conlinuous eall for vehide service on the
phase. This rl"5ultsin Ihe presentation of Ihe

green indication for i1smaximum duration
every cyde.

Maximum weaving lenglh - The length at
whieh weaving turbulence no longer affe(:ts
the capacity of the weaving segmenl.

Median - The area in the middle of a roadway
st'parating opposing traffic flows.

Median U-tum (MlfT) interseclion - An
altemative inlersection that reroutes allleft
tums to one-way U-tum crossovers typieany
localed on Ihe majar street 500 to 800 ft from
the central junction.

Meetings- Thenumber of path users
traveling in Ihe opposing dinxtion to the
average bicydist that the average bicydist
pass~'Son the path segmenl.

Merge - A movement in whieh two separate
streams of traffíc combine lo form a single
slream withoul the aid of traffic signals or
other right-of-way conlrols.

Merge segmenl- Seefm:way merge segmento
Mesoscopic model- A malhl'I11aticalmodcl
fOfthe movemenl of cluslers or platoons of
vehides incorporating equations lo indicate
how the clustcrs inleract.

Michigan ¡eft Ium - See median U-tum
¡',tt'TSfftion.

Microseopic model- A malhematical model
that captures the movemcnt of individual
vehides and their car-following.. lane choice,
and gap ao.:eptancc dccisions at smaU time
inlervals, usually by simulation.

Midblock slop - A transit slop located at a
point away from inlcrsections.

Midsegment f10w rate - The count of vehides
traveling along the segml>ntduling the
analysis period, dividl'd by Ihe analysis period
duration.

Minimum green - The sma!lcst length of time
thal a green signal indication will be displayed
when a signal phase is activatcd.

Minimum recall- A form of phase reo:all
under which the controller places a
continuous call for vehide service on the
phase and then servíces the phase unlil ils
minimum green interval timl'S out. The phase
can be eXlended if actuations are reo:eived.

Minor movemenl- A vehide making a
spedfic directional entry into an lU\Signalized
interscction thal must yield to other
movemenls.

Minor street - The slreel controlled by STOP
signs al a two-way sTOP-eontrolled
inlersection.
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Misery index - Th •.•ayerag'" uf Ihe wu~t 5% uf
Irayel timl'S divided by Ihe fn••..•-f1owIrólvcl
tim •.•.

Mbed-lraffic operation - Operation of a
Irólnsil mnde in Ióln•.•s Shólrl-dwilh olhl'T
ro.ldway users.

ML aeeess segrnenl- A manólgl-d lane
S<'gffil'nlwhert' \'ehidl'S entering ó1ndexiling
the rnanagcd lan•.•rnu;;t weave wilh vehidl'S in
the adjaeent genl'ral purpose lane.

ML basic segmenl - One of fiye Iyp'-'Sof
managl-d lólnesegm.'nt: eonlinuou;; acce-ss,
Buffer 1. Buffer 2, Barrier 1, or Barrier 2.

ML diverge segmenl- A segm •.•nl on a
managed lane facility wilh nonlraversabl •.•
separation from Ihe general purpo;;e l.mes,
where Iraffíe exils Ihe managl>d lane via an
off-rampo

ML rnerge segmenl- A segrnent on a
managed lane facility wilh nonlraversable
separation from Ihe gen •.•ral purpo~' lan'-'S,
where traffie enters the rnanaged lane viól.In
on-ramp.

ML w!'ave segmenl- A segml'nt on a
managed lane facihty wilh nonlraversabl •.•
separalion from the general purpose lanes,
where an un-ramp onto the managl>d lane i;;
followed by an off-ramp from the managed
lanl' and thl' m'o are eonnecled by an auxiliary
lane.

Mobilíly - The moyem.'nl nf p'-""ple and
goods.

Mode- SL'e tmue! m",/r.

Mode group - One of five categories of users
of a shan>d.use pathway: p'->deslrians,
bícydíSIS, inline skalers, runners, and child
bicydisls.

Model - A procedure Ihal UR'Sone or more
algorithms to produce a set of numerieal
outpuls describíng the 0p'-'ralion of a segmenl
or syst •.•m, giYen a sel of numerical ínpuls.

Model appliealion - The physical
configuralion and opt'rational conditions lo
whieh a traffic analysís tool is applíl"'l.

Monle Cario melhod - A mdhnd thal uses
essentially random inpuIs (within realístie
limils) to model a syslem and produce
probable outcomes.

Molorited vehicle mode - A travel made thal
indudl'S aH motorízed vt'hícles using a
rnadway. Submodes nf the mnlnrjn>d vehicl •.•
mnde indude aulomobik'S, trueks, ,lOd pubJíc
transit vehicl •.•s npcrating on slrl'CI.

Molorized vehides - Aulomobiles, light and
hl'avy trueks, recr •.•ational v("hicies, buses, and
motnrcyck'S.
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Mounlainous lerrain - Any combínalion nf
grad,-'S and horizontal and vertical alignmenl
thal causes heólvy vehicles lo operat •.•at erawl
speed for significant distanees or ó1tfrequent
inteiVals.

Movemenl- The din'Ction taken by a vehide
011,m inteTSl.'Ction(Le., Ihrough, Idl turo, right
tum, U-Ium).

Movemenl eapacity - The eapadly of 01
specifíc Iraffie slr"'am al a sTOP-eontrolled
intersection appro.Jeh, assuming !hal the
traffie has exclusive use of a ;;eparale lane.

Movemenl group - An organizatinn of traffie
movements at a signalizt>o int"'TSl.'Clionlo
facilitate data enlry. A sepa rOllemovemenl
group is eslabJish.>d for (a) each tum
movement with one or mor •.•exdusive tum
lam'S and (b) the through moYemenl (indusive
of any tum movements thal share a lane).

Move.up time - The time it takl'S a vehide to
mo\"l' from sccond positiOll into fi~1 POSiti<.l1l
on an approach to an all-way STOI'-controllt-d
interSl'Ction.

Multilalle highway- A highway wilh al leasl
Iwo lomes for Ihe exclusive use of traffie in
each direction, with no control or partial
eonlrol of aceess, bul thóllmay have pcrindie
interruplinns to {Jow al signalized
inlersectiuns no dOSl'r than 2 mi.

Mullilane roundaboul- A roundaboul wilh
more than one lane on al leasl one enlry ,lOd al
least parl of the eirculatory roadway.

Multimodal- B"ing u;;ed by mOfe than one
Ira vI'I made.

Multimodal analysis - A Iypeof HC~l
analysis under which the LOS of eaeh Iravel
mode on a facílily is evalualed
simultaneously.

Mulliple weaving segmenl - A portion of a
frl'l'way wheTe a M'ril'Suf dOSl'ly spaced
merge and diverge arcas creales overlapping
weaving moveml'nls (ht.1:wt'Cndiffen'nt
merge-diverge pairs).

Navigalion - Planning and
excl'uting a lrip.

Near-side slop - A transit stop
locall>d on the apprnach side nf

an intl'rsecliun. Transit vehidl'S stop lo ;;eiVe
pasM'ngers bcfore crossing Ihe intcrSl.'Clion.

Node - The cndpoint of a link. St.'ealso I><Jilll.

Non-severe wealher - \Veather l'onditions
that g•.•nt'rate no capacily, demand, or sp'-'ed
adjustml'Ots (Le., wealhcr conditions Ihat haye
not been shown lo reduce eapacity by at least
4%).
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Nonloeal transil service - Transit service on
rouh.'Swith longer stop spacing lhan local
service (e.g., limited-stop, bus rdpid transil, or
express routes).

Nonrecurring congeslion - Congestion that
occurs due to infrcquent or one-lime evenls
(e.g., inddents, work zones, severe weather)
!hat block lanes or olherwíse temporaril)'
reduce a ladlity's eapadty.

Nonrestrictive median - A median (e.g., a
Iwo-way lell-tum lane)!hal doc'Snot prevent
or discouragc vehiek'S from erossing the
opposing traffie lanes.

Nonweaving fIow - The Iraffie movements in
a weaving segmenl thal are not engagl'lÍ in
weaving movements.

Nonweaving movemenl- A traffie flow
wi!hin a weaving segmcnt Ihat does not nccd
to eross paths with anOlher traffie flow while
traversing!he segmento

No-passing zone - A segmenl 01a two-lane,
Iwo-way highway along whieh passing is
prohibiled in one or both dirl"Ctions.

Normative model- A mathematieal modcl
that identifies a sel of parameters providing
Ihe best syslem perlonnanCt'.

O Off-tine bus stop - A bus slop
where buses stop out 01 the
travellane.

Off-ramp - A ramp-(reeway
¡unrnon lhat aecommodates diverging
maneuvers.

Offset - The lime Ihat the reference phase
begins (or ends) relative to the system master
time leTO.

Off-slreel pedeslrian and bicyde facilities-
Facilities used on!y by nonmotorilcd modes,
on which the eharacteristia; of motor vehide
Iraffie do not pldYa slrong role in delermining
the quality 01 sen'ice lrom lhe perspective of
bieydists and pedeslrians.

One-sided weaving segment - A weaving
segmenl in whieh no weaving maneuvers
rl'quire more than two lane ehanges to be
completed successfully and in whieh!he on-
ramp and olf-ramp are locall'd on the same
side 01 the freeway.

One-stage gap acceptanee - A condilion at a
two-way STOP-eontrolll'dintersection
requiring minor-slreel through and left-
turning drivers to complele !heir maneuver in
om' movemcnl and to evaluate gaps in both
major-street diredions simultaneously.

On.line bus SIOP- A bus slop ",here buses
stop wholly or partially in the Iravel lane.

On-ramp - A ramp-frt.>ewayjunetion thal
accummodates mcrging maneuvers.

On-slreel Iransitway - A portion of a slreet
right-of-way dedicaled lo Ihe transit mode,
physically segregatl'd from other traffie, ¡md
localed in the mlodianor adjacent to one side
01 Ihe street.

On-time arrival-l. A trip !hal arrives wi!hin
a defined Iravel time. 2. Fur scheduled public
tTansit servíee, a trip that arrives by lhe
scheduled time.

Operational analysis - An application 01 an
HCM melhodulogy under whieh Ihe uscr
supplics detailed inpuls lo HCM procedures,
wilh no or mínima! use of default va!ues.

Operationa! mode - The manner in whleh the
controller sen'es turning movemenls. See
prctected mooe,pernrilted mode, and I'roteclt'd-
permitted mode,

Opposing approach - At an all-way STOI'-
controlled ínlersection, Ihe approach
approximatcly 180 degrees oppositc the
subjcct approaeh.

Opposing flow rale - The flow rate lor Ihe
directiun of trave! opposite to the din."Ction
under anarysis.

OulpulS - The JX'rfonnance ml'asures
produccd by a model.

Overflow queue - Queued vehicles left over
afler a gI'ft'n phase al a signalized interM."CIion.

Oversalurated fIow - Traffie flow where (a)
the arrival flow rale exeeeds the eapacity of a
point or segment, (b) a queue creall'd from a
prior breakdown of a lacility has no! yet
dissip.1led, or (e) traffíe flow is alfected by
downstrcam eonditions.

P Parclo A inlerchange - A partíal
cloverleaf interchange fonn ",here
the loop ramps on Ihe mainline are
localed in advance 01 Ihe CI'O!>.'Over.

Pardo AB interchange - A partial clovcrleaf
interchange lonn where loop ramps on the
mainline are !ocated on Ihe same side 01 the
crossroad, one in advance of the crossroad for
ils directiun of Irave! and the other beyond.

Parclo B inlerehange - A parUal clovcrleaf
interchange lorm where Ihe loop ramps on th•.•
mainline are located beyond the erossover.

Partial cloverleaf interchange (parclol - An
interchange with one lo three (typically two)
loop ramps and twu lo four diagonal ramps,
wilh major turning movcments desirably
being madI' by right-rum exils dnd enlrances.
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Partial diamond interehange - A diamond
interchange with [ewer than four ramps, so
that not .111of the fn'l'way--stn't't or streel-
freeway movemenls are servN.

Partial DlT inleT'Sedion - A displaced leh-
tum interseclion \\ihere left turns are
displact'd on une uf the twu interSffting
slreels.

Partial slop - A situation wh",re a \"ehic1••
slows as it appro"cht'S the b.lck of a <¡ueuebut
does not ••.'Ome lo a full stop.

Passage lime -lhe ma\imum amount of time
one vehkle actuation eao e"end the green
interval while green is displaYN. Jt is inpul
for eaeh aetuat ••.'d signal phase; .lIso refened to
as vehide inlerva!, e\tension inlerval,
e\tension, or unit e\tension.

Passenger car - Federill Highway
Adminislrillion Vehkle Class 2.

Passenger car e<¡uivalenl- The number of
passengl'r ears that wi1lrt'Sult in Ihe saml'
operational condilions as a single he,)\')'
vehicle uf a pilrticular type under identical
rOOdway,traffie, aod control conditions.

Passenger load faClor - &'t' load factor.

Passenger servke lime - Time for passengl'r
loading, unlooding. and farl' payment, as wdl
as time s¡X'lltopening and closing the doors.
See also dwt'1I h'mt'.

Passenger lrip lenglh - The averagl' distance
traveled by a passenger on board a transil
vchic1e.

Passing lane - A lane added to impron'
passing opportunities in one direction of
travel on a convenliooal two-Iane highway.

Pavemenl condilion rating - A dl'SCTiptionuf
the road surface in Il"rmSof ride qualily and
surfaee dcfl'<.is.

Peak hour - The hour uf Ihe day in ",tlieh Ihl'
ma\Íffium volume occurs. See alsoanalysis
Mur.

Peak hour factor (PHFl - The hourly volume
during the analysis hour divided by the peak
15-min tlow rate within the anillysis hour; a
measure of traffic demand fiuctuatiun within
Ihe analysis huur.

Pedestrian - An individual travcling 00 loot.

Pedestrian circulation route - A space use<!
by pedl'Strians crossing a pedeslrian plaza.

Pedestrian dear interval- Time pruvided for
¡x'destrians who depar! the curb during the
WAlKindicalion lo ream the opposile rurb (or
the ml'dian). A tlJshing OO~'TWAlK
indicalion is displayed during this interva!.

Chapter 9/Glossary and Symbols
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Pedestrian crosswalk - A connection bt'tween
pedestrian fadlities across Sl'<.iionsof roodway
used by automobilt'S, bicyc1es,ur transit
whic1('s. Crosswalks can be mark••.>dor
unmarked.

Pedestrian densily - The number of
pedestrians per unit uf area within a walkway
ur lJueuing area.

Pedestrian Oow rato.'- The number of
pedestriaos passing a point per unit of time.
s..... .lIso rmit width j10w ratt'.

Pedestrian lOS score - So.>t>levd-cf-St'Tvire swrt'.
Pedestrian mode - A trawl modO'under
whieh a JOUTOI'Y(or par! of a JouTOey)is madI'
on fool along a ruadway or pedestrian facilily.

Pedeslrian overpass - A grad ••.•.Sl'parated
pt->destrianfadlity O\"l'rsueh b.lrriers as wide
or high-speed roodways, railroad lrack.~,
busways, or tu¡x>graphic fealurt'S.

Pedeslrian plaza - A large, paved area that
serves multiple functions, including
¡x'tlestrian circulatiun, spt'CÍalevents, and
sealing.

redestrian queuing area - St't' qW'uing area.

redestrian reeall- A form uf phase recal!
where the conlro1ler places a conlinuous caH
for po.>dO'striilnservice on the phase and lhen
serviC'l'sthe phaSl' for at least a length uf time
egual to its walk and pedestrian c1ear inlervals
(longer if vehiele dell'CIions are rt'Ceived).

Pedestrian service lime - The elapsed time
starling with the first pedeslrian's departure
from the comer to the lasl pt->destrian'sarrival
at the far sidO'of the crosswalk.

Pedeslrian spaee - The average area providl>d
for pedeslrians in a moving pedestrian stream
ur pedestrian queue.

Pedeslrian slart-up lime - The time for a
plaloon of ¡x'destrians to get under way
fo1lowing the Ix'ginning of the walk inlervaL

Pedeslrian slreel - Seo.>ped''t'lrian ZOIlt'.

redestrian underpass - A grade-separated
pt.->deslriaofadlíty under sum barriers as wide
or high-sp<.<edroadways, railroad traeks,
busways, or lupographic featuTt'S.

Pedestrian walkway - See u'Illkuy¡ys.

Pedestrian zone - StTl't'tsdedieated lo
pedestriao use 00 a fuIl- or part-time basis.

Percentile travellime index -lhe Iravel time
index thal the specificd percentage nf
ObSl"rvaliunsin Ihe travellime distribution fal!
al or below. For e\ample, an 85th percentile
trave! time index is exceedl'd unly 15%uf the
time in the trave! time distribulion.
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Peleenl of free-flow speed - The average
travel speed divide<! by !he free-flow speed.

Peleent time-spenl-following - The average
pereentage of total travel time thal vehides
must travel in platoons behind slower vehidcs
because of inability to pass on a two-Iane
highway.

Perfonnanee measul'i' - A quanlitative or
qualitative eharaeterization of sorne aspect of
Ihe service providcd lo a spcdfic road user
group.

Pennanent Iraffic recorder - A locatiun where
Iraffic volume data (and potentially speed,
vehide dassifieation, and other data) are
colll'Ctl>d24 hours a day, 7 days a weck and
subscqwntlyarchiwd.

Pennitled madI' - An operatiunal mode
requiring tuming drivers to yield to
oonflieting vehides, bicydes, and pcdcstrians
before completing the tumo

Pennitled plus protected - See protected-
pmrritted moJe,
Person capacity - lhe maximum number of
persons \'lho can pass a givcn point during a
specified period under prevailing conditions.

rhase - The green, yellow changc, and rt.>d
c1earance intervals in a cyele that are assigned
to a spcdficd traffic movement (or
muvernenls).

Phase flow latio - The largcst flow ratio of a11
lane groups st'rved during Ihe phase.

Phase lost lime - lhe sum o( Ihe elearance lost
time and start-up lost time.

Phase pair - So.-ebarria pairo
Phase pallem - The aitemation of right-of-
\'lay among various traffic strcams at an a11-
way STOP<antrolled interscction.

rhase recall- A setling that caUSl'Sthe
controller to place a ca11for a spcdfied phase
eaeh time the controller is servicing a
cunflieting phase. See .liso maximum remll,
mi'limum recall, and pedes/rían recall.
rhase sequence - The order o( phases in a
ringo

Planning analysis - An application of the
HCM generally dirt.'Cted loward broad issues
sueh as initia1 probJem idl'Iltification (e.g.,
scrt.••.•ning a large number of localiuns for
puteotial operations deficiencks), long-range
analyses, and regional and stalewide
performance monitoriog. Nearly al! inputs to
Ihe analysis may be defaulll>d.

Planning lime index - The 95th pcrcenti1e
travel time indexo

Platoon - A group of vehides or pedestrians
travelíng together as a group, either
voluntari1y or inv01untarily b<..'Ciluseof signal
conlrol, geomelrics, or other faetors.

Plaloon deeay - The dl'gradation of a platoon
traveling along an urban street due to the
efil.'(;l<;of vehicles tuming into and out of
ae(l'SS points.

Plaloon dispersion - The degradation of a
plaloon wilh increasing dislan(l' traveled
along an urban slreel, due lo differing SPl"eds
of vehielcs within Ihe platoon.

Plaloon ralio - A description of Ihe qualily of
signal progression computed as the demand
flow rale during Ihe green indication divide<!
by Ihe average demand flow rale.

Poinl - A p1a(l' along a (acility whl.'Te(a)
conflicting traffic streams cross, merge, or
diverge; (b) a single Iraffie slream is regulated
by a traffic control device; or (e) there is a
significant ehange in the segment capacity
(e.g., lane drop, lane addilion, narrow bridge,
significant upgradl", slart or end of a ramp
influence area).

Postbreakdown flow rale - See quelle discharge
f10w rale.

Potenlial capacity - The capacity of a specific
movement at a STOP...:onlrolled inlerseclion
approach, assuming that it is unimpedcd by
pedcstrian or higher-rank movements and has
exclusive use of a separate lane,

Prebreakdown eapacity - The 15-min flow
rate immediately preceding a breakdown
even!.

Precision - The size of the eslimation range
fora measured quantity,

Preemplion - The intcrruplion of normal
traffic signal operalions (breaking
coordination) to serve a preferred vehide,
without regard fur Ihe state of the signa!.

Preliminary enginCi.'ring analysis - An HCM
application eonduetcd to supporl planning
decisions relaled to roadway design ooncept
and scope, wheo altematives analyses are
per(ormed, or lo asscss propost.od systemic
policies. Many of Ihe inpuls to the analysis
will be defaulted.

Preposilioning - A deliberate driver choi(l' of
one lane over another al an interseclion in
anlicipation of a lum al a downstrcam
interscction.

Presence delection - A delection mode under
which the actuation starts wilh !he vehide
aTriving in lhe dell.'(;tion zone and ends with
the vehíde 1eaving the detection 7.One.
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Prelimed contro]- A fixed sequl'I'leeof rhases
thal are displaycd in rcpelilive order.

Prevailing condition - The gt."Ometrie,traffie,
control, and em'ironmenlal eonditions during
the analysis periodo

Priority reversal- A condition al a
roundabout entr)' expcriencing high levels of
bolh entering and conflkting flow, where
I'nll'ring Iraffie forct's circulating Iraffíe lo
yield.

Probability density funclion - A funetion
giving the numbcr or percenl of all
observations in the Iravel time dislribution
within a speeificd Iravel time (or Irave] lime
index) bino

Probe vehicles - Vehides wilhin a traffie
stream whose position is known continuously
or at specifie dl'tl'Clor locations Ihat can be
USl.'lito determinl' IrJvcl times Jnd sf'l't.'<is
belween defined localinns.

Progression - The aet of various eontrolll'rs
providing specifie grecn indkations in
aa:ordance with a lime S(:hedule lo permit
conlinuuus operation of groups of vehides
along thl' slr('('1al a planned speed.

Prolec!ed mode - An operational mode under
whkh tuming drivers are given Ihe righl-of-
way during Ihe associatl'li tum phase while ,111
conflicling movements are required lo stnp.

Prolecled-permilted mode - An operational
mode combining the permítted and prolected
modcs. Turning drivers haw Ihe right-of-way
during Ihe associatl'<i tum phase. Tuming
drivers can .lIso complete Ihe tum
"permissively" when the adjaeent tlll'ough
movemenl n'Cl'ivl'Sits circular gret'n (or when
the tuming driver re.:eives a flashing yellow
arrow) indicatinn.

Pseudo right lums - A coneept applied lo lhe
analysis of fuUDLT intl'rst'Clions with Ihe
HCM signalized interSl>ctionmodel, where the
dispIJCl.'<iMI tums are modell>J as right tums
from the opposing approach.

Pulse deleetion - A dell.octionmode under
which the aetu,ltion slarts and ends with the
vehide arriving at Ihe detector (the actuation
consisls of a short "on" pul~ of 0.10 lo 0.15 s).

Q Qualily of service - A
dl'SCription of how well a
Iransport,ltion facility or serviee
opcrak's fmm a Iraveler"s
perspective.

Quanlity of Sl'rvice - The utilization of the
transportation system in rerms nf Ihe numbcr
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of pl'ople using the syslem, the distance Ihey
travd, and the time they require to trave!.

Queue - A Jine of vehides. bicydes, or
persons waiting to be sen'ed because of traffic
conlrol, a bottlenl'Ck. or other reasons.

Queue accumulation polygon - A graphic
tool for dl'SCribingIhe deterministie
relationship bchn'1:'n vchicle arrivals,
departures. queue ~rvice time, and dclay.

Queue delay -1. Thc length of time thal a
vehide spends in a queu<--dstale. 2.When
queue delay is computed hum vehide
lrajectorics, it is thl' aecumulall'IÍ time slep
delay over al1time steps in whieh Ihe \'Chicle
is in a qucue.

Queue discharge capadty drop - The percenl
reduclion in the prebreakdown capacity
following breakdown at an active bottlcne.:k.

Queue diseharge flow - Traffic flow Ihal has
jusi passed lhrough a bottlene.:k and, in the
ab~nee of anolher bottlene.:k downslream, is
accelcraling bJek to thc fadllt)"s frl'1:'-l1nw
spt-'t.'li.

Qucue diseharge f10w rale - Thc average 15-
min flow rOlleduring oversalurated conditiuns
(i.e., during the time inlerval after bre<lkdown
and before l"lOCOVl'ry).

Queued stale - A condition when a vehide is
wilhin one Cal'lenglh of a slopped vehicle or
the slop bar and is ilself about lo stop.

Queue jump - A short bus lane Sl'Ction(often
shan>d with a right-tum lane), in combination
with an advance green indication fUfthe I,me,
that allows bu~s to move pilsl a queue of ears
al a signa!.

Queue Iength - The distance between Ihe
upstream and downslrcam cnds of Ih;.>queue.

Queue spillback - A condition where the
back of a queuc cxlcnds beyond lhe available
slorage lengtn. resulting in polenlial
intcrference with upstrcam Iraffie movcmenls.
5ee also cyclic spillback, sllslaillfd ~pillback, and
lum bay spillback.

Queue slorage ratio - The maximum back of
queue as a proportion of the available slorage
on the SUbjl'CIlane or link.

Queuing arca - A place where pedestrians
stand while waiting lo be servl'<i,sueh as at
the comer of a signali7.ed interseo:tíon.

R Ramp -1. A dl'IÍicated roadway
providing a connection betwl't.'n
Iwo other roadwJys; al leasl one
of the roadways a rampeonneds

is typical1y a high-spt-'ed facilily such as a
fr('('way, multilane highway, Ufe-o roadway.
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2. A sloped walkway connecting pedestrian
faeilitiL'Sat different elevations.

Ramp-freeway ¡unction - The poinl of
connection between a ramp and a high-spt-oed
facility, sueh as a fn>eway, multilane highway,
or e-D roadway, dL'Signed for high-speed
merging or diverging without control.

Ramp meter- A traffie signal that eontrols the
entry of vehicles from a ramp onto a Iimited-
aeU'SSfacility; the signal allows one or Iwo
vehicles to enler on each green or green flash.

Ramp roadway - See rampo

Ramp-street junction - See illterchallge ramp
termina!.

Ramp weave - A weaving segment where a
one-lane on-ramp is closely followed by a illle-
lane off-ramp, conncclcd by a eontinuous
freeway auxiliary lane. AII weaving drivers
musl eXl'CUtea lane ehange across the lane line
separating the frceway auxiliary lane from the
riW1tlane of the freeway mainline.

Rank - The hierarchy of right-of-way among
conflieting traffie streams at a two-way STOP-
controllcd inte1"SL'Ction.

Reasonable expectancy - The concepl that the
slaled capadty for a given syslem element is
one that can be achieved repealedly during
peak periods rather than bcing the absolute
maximum flow rale !hal could be observcd.

Receiving lanes - Lanes departing an
intersection.

Recovery -1. A Il'tum of freeway operations
to near prebreakdown conditions £or at least
15 mino 2. A retum of Ihe prevailing speed to
within 10% of the free-flow speed for a
sustaincd period of al least 15 min, without
the presence of queuing upstrcam of the
bottlt>neck.

Recreational vehide - A heavy vehide,
gcnerally Opl'ralL'C!by a privale molorisl, for
transporting recreational L'quipment or
fadlities; examples inelude campers, motor
homL'S,and vehiclL'Stowing boat Irailers.

Recurring congestion - Congl'Stion that
regularly ocrurs al a particular loca!ion and
time of day due, for example, to a bottleneck.

Red dearance interval- This inlt'rval follows
Ihe yellow change inlerval and is optionally
use<:!lo provide additional time before
conflicting movements n.'Ceivea grt"t'n
indieation.

Red lime - The pcriod in the signal eyele
during which, for a givl'Tl phase or lane group,
the sigml is red.

Reduced conflict intersection - See reslrictl'd
CTossillg U-Iunl inlf'TSeCtiOlI.

Reentry deJay - Delay experienced by buses
leaving a bus stop, ",hen they must wait for a
gap in traffie before reentering Ihe lraveJ!ane.

Reference phase -One of the two coordinated
phases (1.1,'.,Phase 2 or 6).

Regression model- A model that uses field or
simulated data lo derive statistieal
re!ationships between particular model inputs
and performance measures sueh as eapacity
and delay.

Reliability rating - The pcrccntagc of vehicle
miles traveled on the facility that experiences
a travel time index less Ihan 1.33 (frecways) or
2.50 (urban slreels).

Reliability reporting period - The speeific set
of days over whieh trave! time n-liability is
computed (e.g., a[[ nonholiday wL'ekdays in a
year).

Residual queue - The unmet demand at Ihe
end of an analysis period resulting lrom
operation while demand ex~ded eapadty.

Resl-in-walk mode - A controller mode in
which !he phase wil! dwell in walk as long as
then- an- no conflicting calls. When a
conflicting eall is receivL'C!,the pedestrian dear
inlervaJ will time to ils setting value before
ending the phase.

Restrieted erossing U-tum (RCUT)
interseetion - An altemative inteTSL'Ctionthat
reroules Ihe minor-streel Idt tum and through
movemenls to one-way U-mm crossovers on
the major street. ThL'Secrossovers are typically
localed 450 flor more from the CL'ntral
junction.

Restrictive medían - A median (e.g., a raise<:!
curo) that prevenls or discourages vehides
from erossing the opposing traffie lanes.

Reverse priority - SL't'priority reversa!.
Right-of-way -1. The pennitting of vehicles
or pedeslrians to proceed in a lawful manner
in pn-fen-nce to olher vehides or peck'Strians
by the display of a sigo or signal indications.
2. Land use<:!for the provision of a publie
roadway.

Righl-tum bypass 1ane - At a roundaboui, a
lane providcd adjacent lo but separated from
the cirrulatory roadway. It allows right-
tuming movemenls to bypass the roundabout.

Rigllt tum on red - The ability lo make a righl
tum al a signalized intersection when a red
indication is displayed, afler stopping and
only when no conflicting molorized vehide,
bieycle, or pedestrian Iraffie is present.

Ring - A set of phaSC'Soperating in Sl'quence.

Roadside obslruetion - An objecl or barrier
along a roadside or median lhat affect~ traffie
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flow, whether continuous (e.g., a retaining
wall) or not continuous (I'.g_,light supports or
bridge abutments).

Roadway - That portion of a highway
improved, dl'Signed, or ordinarily uso.--dfor
vchicular trave! and parking lanes bul
exdusive of the sidewalk,. berm, or shoulder
("v("nthough such sid("walk,berm, or shoulder
is used by perrons riding bieycles or other
human-powl'nod vehicll's.

Roadway charaderistic - A g('(lmdric
charactcristic of a strl't't or highway, induding
the type of fadUty, number and width of lanes
(by dire<tion). shoulder widlhs and lateral
dearances, design speed, and horizontal and
vertical alignments.

Roadway melering - The sloring of surgl'S in
d("mand at various points in Ihe transportation
nelwork. Iypical e)(amp!t.'Sof roadway
metering indude fn't'way on-ramp melering..
freeway-to-frceway ramp mel("ring. freeway
main]ine melering.. peak period freeway ramp
closures, and arlerial signal metering.

Roadway lX:cupancy -l. The proportion of
roadway length covere<!by vehides. 2. The
proportion of time a roadway cross scction is
occupied by vehicles.

RoIling lerrain - Any combination of grades
and horizontal or vertical alignmenllhat
causes h("avyvehicles lo reduce lheir sp"-"I'd
substantially below thal of pasSl'nger cars but
that does nol cauSl' heavy vehicles to operat("
al crawl speeds for any significant length of
time or at frequ("nt inl("T'lals.

Roundabout - An inte1"S!Xtionwith a
genl'rally drcular shape, characterized by
yi('ld on entry and circulation around a central
island.

Rubbemecking - The slowing of molorists lo
observe a traffic incident.

Running speed - See m'erage nmllillg speed.

Running lime - The time a vehicle spends in
molion.

Rural-l. An area wilh widely seatlered
developm('nl and a 101"density of housing
and employm,mt. 2. A location oulside any
urbanized area boundary, as ddinl'd by the
Federal Highway Administration.

S Saturation flow rate - The
equivalenl hourly rale at which
previously qUeuL'dv("hiclescan
travefS(' an inlers('ction approaeh

under prevailing conditions, assuming Ihat
the green indieation is available at all times
and no lost timl'S are ("xperienced,
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Saluralion fIow rate, adjusted - The
saturalion flow rate under prt>vailing
geomelrie and traffie conditions.

Saturation flow rate, base - The t'Xpt'etl'd
average flow rale fUfa through-traffie lao("for
exceptionally favorable gl'Omt'trie and traffie
eonditions (no grJde, no lrueks, and so forth).

Saturation headway -1. At J signJ[¡zl-'d
inlerst'Ction, the average headwJY between
\'Chicles occurring afler the fourth vehide in
the queue and continuing until the last vehicle
in the initial qUl'Ueclears the inteT'Sl-'Ction.2.
At an al1-way STOP-eontrolledintersection, Ihe
time bet"'l-,!,ndepartures of suecessive
v("hidcs on a given approaeh for a particular
eaS(',assuming a continuous queue.

Seenario -1. A single instanee of a study
period far the facility, with a unique
combination of traffie demands. eapacities,
geumetries, and free-f1owspeeds represenled
in its analysis periods. 2. St.'t'model al'plicalioll.

Scenario, base - A set of parameters
representing the facility's calibratl'd opt'rating
conditions during one study pt'riud. Al! other
scenJrios are developt'd by adjusting the base
scenario's inputs to refled the effeets of
varying demand, w("alher, incidents, work
lOnl'S.or a eombination occurring in other
study periods. See .lIso seed file and ba.<e
dalast'l.

Scenario generation - The I'numeration of the
diffen>nt of'l'rational eondilions on a freewa)'
Ufurban str~t facilíly on the basis of vaI)'ing
combinJtions of faelors affecting the facility
IrJvellime.

Section - A portion of a fr~way facilíty
betwecn points where either demand ur
CJp<lcityehanges.

Seetion, slud)' - The length of faeilily over
whieh reliability is to be compU!l-'d.

Seed file - The inputs provided to a
eomputational engine eorresponding lo the
baSl' scenario.

Segmenl-l. For interrupted-flow facilities, a
link Jnd its boundary points. 2. For
uninll'rrupted-fluw facilities, a portion of a
fJcility between 11"0poinls.

Segment delay - 1. The dela)' experienced by
a vehicle sinee illefllhe upslream nodo.'
(usuall)' another signJl), including lraffie
ddJy, incidenl delay, control dela)', and
geumetrie delay. 2. When ealculalL'd from
vchicle Iraje<lories, the time actually laken lo
Irav",rse a segml'nl minus the time it ..-ould
have laken lo trawrse the segment al the
targ",t sJX'l-od.The segmenl delJy on Jny time
st('p is egual to th("time step d('lay; segment
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delays acrumulaloo over an time steps in
which a vehicle is present on Ihe segment
represent the segment delay for that vehicle.

Segmenl initialízalion - The process of
delennining the appropriate number of
vehicles in each segment as a p=rsor to
estimating the number of vehieles on each
frecway segment for each time step under
oversaturatoo conditions.

Semiactuated control- Signal control in
which sorne approaehes (t)'pieally on the
minor street) have detectors and sorne
approaehes (typically on the major str ••••t)
have no delt .•ctors.

Semi-standard deviation - A one-sidoo
standard deviation,. with the J'('ference point
being free-flow travel time instead of the
mean.

Sensilivity analysis - A lechnique for
exploring how model outpuls change in
response to ehanges in model inpulS.
implementoo by varying one input at a time
owr ils reasonable range while holding al!
other inputs constant.

Service flow rale - The maximum directional
rate of flow Ihat can be sustaint-od in a given
segment under pll"vaíling roadway. traHic,
and control conditions without violating Ihe
eriteria for a given LOS.

Service measure - A performance measure
used to define LOS for a transportation system
element.

Service time - At an all-way STOP-controlled
inlerse<:tion. the average lime spenl by a
vehiele in firsl posítion waiting to depart,
equal lo the departure headway minus the
move-up time.

Service volume - The maximum number of
vehicles Ihat a system clement can serve al a
given LOS, given a sel of assumed eonditions.

Servire volume lable - See gfllfra/iud smncf
oo/umf tablf.

Severe weather - Wealher eonditions that
gt-'fIerate eapacity, demand, or speed
adjustments (i.e., weather condilions that ha\'('
been shown lo reduce eapacity by at leasl 4%).

Shared lane -1. A lane shared by more Ihan
one movement. 2. A bicyele facility where
bicycles share a Iravellane v.'Íth motorizoo
vehicle Iraffie.

Shared.lane eapacily - The capadt)' of a Jane
at an intersection that is shart.odby Iwo or
three movements.

Shared.use path - A palh physieally
separak>d from highway traffie for Ihe use of

pt.odestrians, bicyelists, nmners, inline skalers,
and.other nonmolorizoo users.

Sheller - A strocture wilh a roof and
(typieally) Ihree enclosed sides thal protecls
waiting transit passengers from wind, rain,
and sun.

Shock wave - A change or discontinuity in
traffíc eonditions. For example, a shock wave
is generatcd when the signal tums red, and it
moves upstream as vehicles arriving at the
queue slow down. A shock wave is .lIso
generated when the signal tums gTt."Cn,and il
moves downstream as the first sel of vehicles
discharge from Ihe signal.

Short length - The distance within a weaving
segment over which lane changing is not
prohibiled or dissuadt->dby markings.

Shoulder - A portion of the roadway
contiguous wilh the traveled way for
accommoclation of stopped vehicles;
I'mergeTlCYuse; and lateral support of Ihe
subbase, base, and surface courses.

Shoulder bypass lane - A portion of the
paved shoulder opposile the minor-road leg at
a Ihree-Ieg iTlteTSl.'Ction,marked as a lane for
through traffíc to bypass vehick'S that are
slowing or stopped to make a leEttumo

Shy distance - The buffer lhat pedt-'Slrians
give themsclves to avoid accidentally slepping
off Ihe curb, brushing ilgainst a building face,
or getting loo c10se lOpedestriaTls standing
under av.-nings or window shopping.

Sidepath - A shared pedeslrian-bicycle path
located parallel and in proxirnity to a
roadway.

Side street - See mirl()r streft.

Sidewalk - A pedestrian facilíly located
parallel and in proximity to a TOildway.

Signal priorily - See traffic sigllal priorify.
Simulalion - See trafjic simulatioll.
Simultaneous gap out - A controller mocil'
requiring that both phases reaeh a point of
being committed to tenninate (via gap out,
mal( out, or force-off) al the Silme time.

Single entry - A mocil' of operation (in a
mulliring controller) in which a phasc in one
ring can be selccted and time<! alane if there is
no demand (or ~rviee in a nonconflicting
pha .••.•on the parallel ring(s).

Single-lane roundaboul- A roundabout that
has single lanes on al! entries and one
circutatory lane.

Single-poinl urban inlerehange (SPUI) - A
diamond interehange lhat combines alllhe
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left-tuming ramp muvements intu a single
signalized interst.'Ctiun.

Single.stage gap acceplanee - s..'t.'one-Mage
gap acupla1/cl.'.

Single.unil trucks -1. Trueks on a single
framt'. 2. Federal Highway Administration
Vehiele Classifieations 5-7.

Sketeh-planning lools - Tools that produ,e
general order-of-magnitude estimates of travel
demand and transportalion system
perfurmance under differt'nt Iranspurtation
system improVl'ment altt'mativl's.

Spaee - &'t' pfdeslrian spaCl.'.

Spaee gap - See gap.

Spaee mean speed - An average speed based
on the average travel nme uf Vt'hiell'Stu
traveI'St' a length of roadway.

Spacing - The distanee oc>\weentv.'o
successivt' vehieles in a traffie lane, measured
from the S<lmecommon feature of thl' vehieles
(e.g., rear axle. front axle, or front bumper).

Spatial stop rale - The riltio of stop count to
facility length. &'t' ,liso stol' rall.'.

Spatial variability - Variabihty in measured
valulos,su,h as the per,entage of lrucks in the
traffie stream, from one lucanon tu anolher
within an ilrt'a or from one arca to another.

Special events - Sourees of high demand that
oe<:urat known times relativt'1y infrequently,
n.'Sulting in traffi, flow pattems that Volry
substantially hom Ihe typieal situation.

Specific grade - A roadway segment v.ilh ol
grade that is sleep or lung enuugh to rt>quire
~parate olnalysis.

Speed - A rate uf motion expres..wd as
distance per unit of time.

Speed adjuSlment factor - An adjustmenl to
base free-fluw speed lo reflect the effects uf
5t'vere weather, inddl'llts, and wurk zones. 11
can ,lIso be used tu calibratl' the freeway
faeility model to reflect lucal ronditions.

Speed harmonization - The dynamie slowing
uf Iraffic in advance of qucucs, incidents, ,md
lane dosures and the dirL'Ctionof traffie to the
remaining lanes.

Spillbaek - St.'t'qUfljf spillback,

Spillover - A cundition occurring whcn
pedestrians begin to use more than tht'
pruvided sidcwalkor willkway spaee (e.g., by
slepping intu the street) lo Iravel at Iheir
dl'5ired spced,

Splil - The segmenl uf !he eyde length
olllocaled lo t'ileh phase or interval thal may
oceur. In an aetualed eontroller uni!, splil is
Ihe timc in Ihc eyde allocated tu a phase-the
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sum of the green, yellow ehangc, and red
elearance inter..•.als for a phase.

Split-diamond interchange - A diamond
interchangc in whieh fret'way enlr)' and exit
ramps are separaled at!he streel level,
erealing fuur intersectiuns.

Splil phasing - A phase sequenee in whieh
one phase serves all muvements un one
approaeh and a se<:ondphase serves al1
mlll'ements on the opposing approaeh.

Splitter ¡stand - A raised or paintcd area on a
roundaboul approach used to separate
entering from exiting tra(fje, deflect and sluw
entering traffie, and pruvidl' sturage spaet' for
¡xodestrians erossing that intl'rst.'Ction
approaeh in two stages.

Stairway - A ¡xodl'Strianfadlity that ascends a
gradt' via a series of stcps and landings.

Starl'up lost time - The addition;J1 time
consumLodby tho:first few vehieles in a queue
whose ho:adway exeeeds the S<lluration
headway because of the need to react to the
iniliation of the gTt.'t.'T1inll'rval and aca.-'lerate.

Slalie flow model- A matht'matieal model in
whieh the traffie flow rale and origin-
deslinanon voluml'S ilre constant.

Stoehastic - [nvolving an element of
randomness.

Stochaslic model- A mathematie;J1model
!hat uses random number generation for the
determinaliun uf at least on", parameter.

Slop-line detector ¡ength - The length of the
deteetion zont' used to extend the grecn
indication.

Slopped deJay - The amount of time that a
vehiele is stop¡xod. Wht'll calculated hom
vehiele trajeetorit's, it is t>qualto the timl' skp
delay on any stcp in which the vehiele is in a
SIOppedslale. Time Sll'Pdelays accumulaled
o\'er aH time steps in whieh lhe vehiele was in
the SIOppedstate represent the stopJ't'd delar
for that vehiele.

Stopped stale - A eondition whl'n a vchide ls
tra\"t'ling at less ¡han 5 milh.

Stop rate - The eount of full stops dividLodby
the numht'r of \"t'hieles servN. See abo s/>rIlia/
stop rall.'.

Storage length - Thclength of tum lane
available for sturing qUl'ulodvehides.

Street - See lúglzU'ay.

Streelear mode - A transit mode operaled by
vt'hides that receive power from overhead
wirl'S and ron on traeks. CumJ"lrlod with lighl
raíl, strl't'tcar<;are generally shorter and
narrower, are more likely to have onboard
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fare collection, make more frequent slops, and
are more likeJy lo operate in míxed Iraffie.

Slreet comer- 11'11,'area eneompasst.>d wílhin
!he inlersedion of Iwo sidewalks.

Study period - The time ínlerval withín a day
for whkh facilíly perfonnance ís evaluatt.>d,
consísting of one or more eonscculí\'e analysis
periods.

Subjed approaeh - The approach under study
at twC>'-wayand all-way STOP-conlrolled
intersections.

Suburban slreel - A slreel wílh low-density
driveway access on the periphery of an urban
arca,

Superstreel - St.'erestríeted crossing U-tum
íntt>rSt'f;tion.

Suslained spillback - A resull of
oversaturation, where a queue docs nol
dissipale al !he end of each eyde bul remains
presenl until the downslrcam capacity is
increased or the upslream demand is reduced.

Synchronized slreel - Sce rt'Strieted crossíng U-
tum interseetion.

System - Al1 the transportalion facilities and
modes wíthin a particular regíon.

Syslem elemenls - Components of a
Iransportation syslem, induding points,
segmenls, facilities, corridors, and areas.

T Targelspeed-Inasimulalion
100[, Ihe speed al which a driver
would prefer lo trave!; il differs
£rom the free-flow speed in Ihat

most simulalion lools apply a "driver
aggrcssivencss~ factor lo !he frt.'e-flow speed
lo detennine a targl'l sp'--'Cd.

Temporal variability - Variability in
measun>d values, such as hourly Iraffie
volumes, Iha! occurs £rom day to day or
monlh to month al a given location.

Terrolin - Sce gOleral terrain, lroel terrain, rolJi"g
terrain, and mOlmtaúWlIs terrai'l.

Three.level diamond inlerdJolnge - A
díamond ínlerchange wilh Iwo dividt.>dlevels
so thal bolh facilities provide eontinuous
Ihrough movements.

ThreshoId deJay - The excess traveJ time thal
occurs beyond a defined speed or lOS
eslablisht.>dby norm.

ThroughpUI - 11'11,'number of persons or
vehicles passíng a point on a transportation
facility during a given time period,

Through vehides - Al! vehides passing
directly through a street segment and nol
turning.

Thru tum - Sce median U.tum intasee/ion.

Tight urban diamond inlerchange - A
díamond inlerehange wilh a separation of less
Ihan 400 ft between Ihe two inlerseclions.

Time gap - St.'egap.
Time inlerval- See mlalysis periodo
Time interval seale faclor- The ralio of the
101,11facilily entrance eounts to tolal facilily
exit counts.

Time mean speed - 11'11,'average sp'--'t->dof
vehides observed passing a poinl on a
highway.

Time slep delay - The length of a time step
minus Ihe time it would have taken a vehide
to cover Ihe distance traveled in the sll'p at the
targel speed.

Time-spaee - In pedestrian analysls, the
produd of time and space, combining Ihe
constraints uf physical design (whieh limits
avaílablc space) and signal opcration (which
limits available time).

Time-space domaln - A spccificJtion of lhe
freeway sections and segments induded In the
dcfint.>dfacility and an identification of the
time inlcrvals (or which the analysis is lo be
condueled.

Time-varying fIow model- A simulation
model in whieh flow changes with lime.

Toll plalol - An an>a alons. al the entrance lo,
or allhe exit from a tollt.>dfacility where 10l1s
are rollected, particularly areas consisting of a
row o( lollboolhs across the roadway.

Tool- Sce traffic allalysis tool.

Tolallaleral dearance lTlC) - Thc sum of the
righl-side and left-side laleral dl'arances along
a multilane highway.

Tolallosl lime - St.'elost time.

Tolal ramp density - The average number of
on-ramp, off-ramp, major mcrge, and major
di verge junctions per milI.'.

Traclor Irailers -1. Trucks ronsisting of two
or more units, one of which is a tractor or
straíght truek power unit and thc others being
trailers. 2. Federal Highway Administration
Vehide Classifieations 8-13.

Traffic analysis 1001- A softwan> producl
USl.>dfor Iraffie analysis that ineludes, al a
mínimum, a compulational engine and a user
interface.

Traffic cirde - A circular inll'rsection laeking
one or more eharacteristics o( a roundaboul.

Traffic composillon - The mix of cars, buses,
trucks, colrpooIs, bieydes. and pcdeslrians in
the network.
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Traffie eondition - A eharacteristie of Iraffie
fiow, induding distribulion of vehide typ'-'Sin
the trafRe stream, directional distribution of
traffic,.lane u~ distribution of traffie, i1ndtype
of driver populalion on a given faolily.

Traffie control devin' - A sign, signal,
marking,. or other device u~d 10regulate,
warn, or guide traffic.

Traffie delay - Extra travellime resulting
from the interaction of vehides, which causes
drivers to reduCl.'Iheir spt'l'd bl>lowthe fr",le'-
f10wspeed.

Traffie inciden! - See incidl'lll.

Traffie pressure - The display of aggressive
driving bchaviur for a large numbcr of drivers
during high-demand traffie eonditíons. Under
sueh ronditions, a large number of drivers
aeCl.'ptshorter headways during queue
diseharge than they would under different
circumslanCl.'S.

Traffie signal deJay - Delay exp<nit'nced by a
bus that arrives al a near-side slop during the
green interva], ~rves ils passengers during
portiuns of the gll••••n and red intervals, and
then must wait for the traffie signallo lum
gll'Cn again before proet.••.•ding. Seoealso amtro/
de/ay.

Traffie signa! optimization tool - A tool
primarily designl'd lo develop optimal signal
phasing and timing plans for isolated
signali7.ed inlersections, arlerial slreels, or
signal neh"'lrks.

Traffie signal priority - Signal timing
adjustments to accommodate prcferrcd
vehides while m,lintaining coordination.

Traffic simulation - A mathematical
reprt'St'nlalion of a road Iransporlation
system, implemented as romputer software.
o..°pcnding on the d,.•gn ••.•to which the
mowml-nls of indÍ\'idual whides are
aggregallod, Iraffic simulalion tools can be
eharacterized as microsropic, lll<'S(l,;copic, or
Illacroscopic.

Transit frequency - The COlliltof scheduled
fixed-route transít vehides that stop on or
near an urban stn ••.•t scgment during Ihe
analysis periodo

Transition - The proc'l-'ssuf entering into J
ax>rdin,lted signal timing plan from frL'C
opcralions, ehanging belween two plans, or
retuming to a plan afler Ihe loss of
eoordination.

Transit LOS score - Seoe1e1.'f'J...:¡j-strt>icc srore.
Transit mode - A submode of the molorized
vehicle mooe in whieh transit vehicles
(including buses, sln ••.•tears, and strl'Cl-
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running light rail) stop al rl'gular int",rvals
along the ro..ldway to pkk up and drop off
passengt.'rs.

Transil reliability - A measure of the time
pl'rformance and the rt.<gularityof ht.'adways
belwcen successive transit vehides afft.'cting
thell'ngth of lime passengl'rs must wait al a
transit stop as well as the consistency of a
passengl'TS arrivallime at a d,'Stination.

Transi! route - A designaled path to which a
trJnsit vehicle is assign""'. Several roull-'smay
traversc a single porlíon of roadway.

Transi! signal priorily - Sl'C¡ralfil: SiSTUlI
prion'h¡.

Transitway - Seoeon-slTeet trallsitway.

Travel demand models - Models that fOTecast
long-term travel demJnd on the basis of
currt'nt rondilíons and projections of
sociOCl'\momíccharacterístics and changes in
transportation system dl'Sign.

Traveler infonnalion systems - An
integration of tl'<:hnologiesthat allow the
gl'neral pubJie lo aceess real-time or near real-
time dala on traffic faliors such as incident
eondilions, Iravellime, and speed.

Traveler pereeption model- A mooel that
estimall'S the average response or range of
rt'5ponses of travcltOrslo a giwn set of
conditions (typically operational or dl'sign in
nalure). Seoealso /t't>t'/...:¡j->t71>iCC srorr.
Travel mode -1. A transporl eategory
characterized by specific righl-of-way,
te<:hnologícal,and opcrational features.
2. A particular form of trave!, fur example,
walking, bieycling, IraveJing by automobile, or
travelíng by bus.

Travel speed - Sl'Ca¡'I'mge travd Spt~'d.

Travel time -1. The average lime spent by
vehicles traversing a highway segml'nt,
induding control delay. 2. The time requiR-'d
for a vehicle to Iravel the fulllenglh of the
freeway facility fmm mainline entry puint lo
mainJinel'xit point ",ithout leaving Ihe faolity
or stopping for reasons unrel,ltl'd lo traffic
conditions.

Travel time distribution - The distributiun of
average faciJity Iravel timt'5 by analysís pcriod
aLTOSSthe reliabilily reporling perioo.

Travel time index - The ratio of actual travel
time lo a target Iravel timl' (e.g., the fr•.'t.•.•t1ow
travel time, or a desirable travel time set by
agency polie}').

Travellime rate - The rl'ciprveal uf speed,
expressed as time per unít distance traveled.

Travellime reliability -1. lhe probability of
"on-lime" arrival (i.e., the probability that a
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trip is completed be!ow a certain threshold
time). 2. The variability in trave! time ror a
given Irip due lOunforcsccn causes such as
variations in demand or an inciden!.

Truck - A heavy vehic1eengaged primari!y in
the transport of goods and materials or in the
delivery of services other than public
transportation. See also singlNmil trllc/{sand
traclor trailers.

Truek mode - A submode of the motorized
vehicle mude in which single-unit lrueks and
tractor trailers opcrate along roadways.

Tum bay spillbaek - A condition under
which d qU{'lleof turnins vehicles exeeeds the
tum bay storage dnd spills back into the
adjaCt'nl!ane thal is used by other vehicular
movements.

Tuming movement - The dircction takt.'l"Iby a
vehic1ewhen it moves from one roadway to
another at an intersection (Le., Idt tum, right
tum, U-turn). See also mOvt7l1t'llt.

Tum bne - See eXcll¡sive t¡¡In Jall/~.

Tumout - A short scgment of a lanc-usually
a widened, unobstructed shoulder area-
added lo a two-Iane, two-way highway,
allowing slow-moving vehides to leave the
main roadway and slop so that faster vehieles
can pass.

Two-Iane highway - A roodway that
generally has a two-Iane eross section, one
[ane (or each direction of £lo",",dllhouSh
passing and dimbing Janes may be provided
periodically. Within Ihe two-Jane seclions,
passing maneuvers must be made in the
opposing !ane.

Two-phase pallem - A type o( operation at an
all-way STOP-conlrolledinlersection where
drivers from opposing approaches enler Ihe
inlersection at roughly the same lime.

Two-sided weaving segmenl- A weaving
segment in which at !east one weaving
maneuver requires three oc more Jane ehanges
lo be oompleted successfully or in which a
single-!ane on-ramp is c10sely(ollowed by a
single-Iane off-ramp on Ihe opposite sidc of
the freeway.

Two-stage crossing - A condition that arises
when a raised median refuge island is
availabJe, alJowing pedeslrians to eros.~one
eonflicling traffie strcam al a time.

Tw()oslage gap aeeeplanee - A eondilion
where a median rcfuge arca is available (or
minor-street through and !efHurning drivers
at a two-way STOP-controlledinlersection so
Ihat drivers sequentially evaluate and use
gaps in thc near-side major-street traffie

slream, followed by gaps in the far-side major-
slrl'Ct traffic stream.

Two-way lefl-Ium lane-A lane in the
median arca that extends eontinuously along a
slreet or hishway and is marked lo provide a
dl~leration and storage aTea,out of the
through-traffie stream, for vehielcs traveling
in either direction lo use in making lefl turns
at intersections and driveways.

Two-way STOP-controlled - The type of traffie
control at an intersection where drivers on the
minor strect or drivers turning left from the
major slreel wait for a gap in the major-street
trafnc to complete a maneuver.

UUneertainty - Thc range within
whieh a model'sestimateof a
va!ue is statistieally like!y to
vary from the actual value.

Uneontrolled - Laeking a traffie rontrol
device that intcrrupts traffie f10w(e.g., a traffie
signa!, STOPsigo. or YIElDsigo).

Undersatllraled flow - Trafnc f10wwhere (a)
Ihe arrival flow rale is lower than the capacity
of a point or segrnent, (b) no residual queue
remains from a prior breakdown of the
facility, and <el traffie flow is unaffected by
downstream rondilions.

Undivided highway - A highway where
opposing diTt.'Ctionso( travel are separall"Óby
paint stripes or painled buffers.

Undivided median type - An urban street
where opposing directions of travel are not
separaled by a nonreslrictive median (e.g.,
two-way !efi-tum !ane) or a restrictive median
(e.s., raised curb).

Vniform deJay - The firsl term of the equation
for lane group rontrol delay, assuming
constant arrival and dcparture rates during a
given time periodo

Vninlerrupled-flow facilities - Facilities that
have no fixed causes of deJay or inlerruption
exlclThJ.1to the traffie stream; examples inelude
fTCl'waysand unsignalized sections of
multilane and two-Iane rural highways.

Unil extension - See passoge lime.

Unil width flow rate - The pedeslrian f10w
rolleexpressed as pt-"Óestriansper minute per
unit of walkway or erosswalk width.

Unmet demand - The number of vehicles on a
signalized lane group thal have not bt.'Cn
servcd at any point in time as a result of
opt'ration in whieh demand excc<-"Óseapacity
in either the current or the prcvious ana!ysis
periodo This dOt.'Snot inelude the nonnal
cyclical queue fonnation on the red and
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discharg(" 01'1th("gn'("n phase. See also il1itial
quem' and residlml queue.

Unsignalized inlecsedion - An intl'T'Seclion
not controlled by traffie signals.

Upstream - The direetion from whieh traffie is
flowing.

Urban -1. An area typified by high densilies
of developmenl or conCl'ntrations of
population, drawing ¡x'Ople from sewral
areas within a region. 2. A localion wilhin an
urbanized area boundary, as defint.>dby the
Federal Highway Administration.

Urban streel- A strl'Ct with a relatively high
density of driveway and cross-slret'l aca"Ss,
loealed in an urban area, with traffic signals or
inl •...rrupting STOPor YIELDsigns no farther
Ihan 2 mi ap..lrt. HCM procedures are typieally
applieable to arterial and collector urban
stf("('ts, induding those in downlOlvn areas.

Urban street fadlily - A lenglh of rOoldw,)y
thal is eomposed of eontiguous urban slreel
segmenls.

Urban street segmenl- A lenglh of uroan
strect from one boundary inll'l"Sl"Ctionlo the
next, including Ihe upstream boundary
intersection bul 1'101Ihe downstream boundary
int •...rsection.

User group - Se!:'made group.

User perceplion variability - Variation in
user responses thal occurs when diffl'Tl:'nt
USl'rs expcricndng identical (onditions are
asked to rate the conditions.

Vtilily - A measure of the value a traveler
places 01'1a trip choice.

Validation - The process by
whieh lhe analyst (he.:;ks the
overall model-pfl>dicled traHie
pcrformano.' for a strcct-road

system againsl field measurements of !ra(fíe
pcrfonnam:e, 01'1the basis of field dala nol
uS&! in Ihe ealibration process.

Value pridng - See col1gl"'liollpricill¡';.

Variability - The day.to-day variaban in
cong("slion.

Vehicle - Any devicl' in, 01'1,or by whieh any
pcrson or propcrty (an be Iransported or
drawn 01'1a highway.

Vehide capadty - The ffi,)xímum number of
vehicles that can pass a givcn point during a
specified pcriad under prevailíng roadway,
traffic, and control conditions.

Vehide Irajectory analysis - The
developmenl of perfonnance ml'aSUfl'S from
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the properties of lime-spa(e trajeclories of
individual vehides.

Verifieation - The process by whieh a
software d•...velopcr and other r•...searchcrs
chc(k Ihe a(curacy of a software
implementation uf traffie operations theory.

Volume - Thc total numbcr of vehicl("Sor
oth •...r fO<ldwayusers thal p,)ss over a given
point or section of a lane ur fO<ldwayduring a
given time interval, oft•...n 1 h.

Volume balance - A (ondition in which lhe
combined volume from a11movements
enlering a scgment l't\uals thl' combined
volume exiting the segment, in a given
dire.:;tion oi trave!.

Volume-to-capacity (vlel ratio - The ratio of
flow rale tu capacity tor a syst •...m element.

Walk interval-A ('("riad of
time intendl'<llo give
pedeslrians adl'quate timl' to
pcrcelve the WALK

indi<:ation and depart the curb before lhe
pedestrian clear inlerval tx'gins.

Walkways - Pavl'<l paths, ramps, and plalas
thal arl' generally locat<.>dmore th,)n 35 fl from
,)n urban street, as well as streels I\'SCrvl'<lfor
p<.'<ll'strianIraffie on a full- or part-time basis.

Wave speed - The sp<.'Cdal whi(h a shock
wave travels upstream or downstream
through traffie.

Weaving - The erossing of two or more Iraffí(
streams traveling in the same difl'Clion along a
significant length of highway, without the aid
of traffie control d("vicl.'S(ex(ept for guide
signs).

Weaving eonfiguration - The linkage belween
the entry and exitlanes in a weaving scgment,
which dctcnninl'S lane-(hanging (haracteristics.

Weaving f10w - The traffic movements in a
wt>aving St'gmcnt that are engaged in weaving
movemenls.

Weaving length - See ba.<elel1¡,;th.maxilllllm
lnoal'i'lg le/Ig/h, and shor/lel1¡¡th.

Weaving movement - A Iraffie flow within a
weaving sl'gment (on-ramp to mainline or
mainline to off-ramp) thal must cross paths
with another traffi( llow while traversin¡;; Ihe
segment.

Weaving segment - Set":frreway u'l'avÍllg
segmento

Weaving segment influenee afea - Se,'
i/rjhwlce area.

Weaving segmenl width - 'Ihe total number
of lanl'S between Ihe entry and exit gorc areas
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wi!hin a weaving segment, including auxiliary
lanes, ii presenl.

Weight-Io-power ratio - A truck's gross
vehide weighl divide<! by the power
produced by its engine; Ihis ratio relates lo a
truck's ability to accelera!e and to maintain a
given speed on an upgrade.

Work zone - A segment of highway in which
maintenance or construction operanons
reduce Ihe number of lanes available to traffic
or affect Ihe operanonal characleristics of
traffic flowing through the segment.

Y Yellowchangeinlerval-The
interval lollowing the green
interval,. use<! lo wam drivers of
!he impcnding red indication. A

yellow indication is displayed lar this
duration.

Yellow time - The duranon oi the yellow
change interva!.

YeUow trap - A condition !hat leads a leit-
turning driver into Ihe inlersection believing
the opposing driver is seeing a yellow
indication.

Yield poinl- The earliesl point in a
coordinaled signal operation lhal!he
controller can dl"Cide to terminale the
coordinatro phase(s).
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2. LIST OF SYMBOLS

This section lists and defines the symbols used in HCM equations, along
with their units if applicable. If a symbol has more than one meaning, the chapter
or chapters of the specific use are cited in parentheses after the definition.
Variations of symbols using the subscripts i, j, k, and m to indicate index values
(e.g., segment i, lane group j, movement m) are generally not included; refer to
the parent symbol in these cases for the definition and units.

%HV pcrcentagc of hcavy vehiclt>S("lo)

%LL pcrcentag'" of enlry traffie using lhe left lane (decimal)
%OHP pcTC",nlageof M'gment wilh occupied on-highway parking (decimal)
%RL pl'TC",nlag'"of entry traffie using lhe right lane (decimal)
%VL, pcrc",nlage of traffie presenl in lane L; (decimal)

%VL,DDI pcrcenlage of traffk presenl in lane L; fOfa DDI (decimal)
%VL •••• pcrcenlage of Ihe total approach tlow in the lane with the highest volume (decimal)
2-to-l indkalor variable that is 1 when!he work lonc hasa 2-t0-1 configuration and O

otherwiM'
2-t0-2 indicator variable that is 1 ",hen !he work lone has a 2-t0-2 configuration and O

otherwiM'
3-10-2 indicator variable Ihat is I whl'n th", work lone has a 3-t0-2 eonfiguration and O

otherwise
4-t0-3 indicalur variable that is 1 when the work lone has a 4-t0-3 configuration and O

otherwise
a exponent calibration parameter (decimal. Chapter 12);PTSF coefficient for
cstimilting BPTSF (Chapter 15);adjustment factor (Chapter 20);delar due ro
deceleration into a tum and acceleratíon after the nexl tum (s, Chapter 23)

A roundaboul capacity model intercept (Chapter 22); parameter for the
undersaturall'li mudel (Charler 25);critical flow ratio for the arterial movements
(Chapter 34)

al passenger load weighting factor (Charter 18);lane utilizalion mudel cocfficienl
(Chapter 23)

a2 lane utiliUltion mud",l coefficient
A2 spl't.odl'I.'<Íuctiunper unit of flow rale in the curvilinear section of the speed-flow

curve (mi/h)
calibration factor for a fl'l.-e-flowspl't'd uf 55 mi/h (mi/h)

aJ lane ulilization mudcl cocfficient
AADT annual average daily traffic (veh/day)
ACR facilíty AADT divid<-'<Íby its two-way hourly capacily

AdjP(I) probability adjustment factor for degree-of-eonflkt case i
A; expected passings per minute of mude iby average bkydist
A, critical flow ratio for the arterial movemenls for inlersection i
AlII critieal flow ratio for the arlerial movemenls for the interchange
An critical flow ratio for the arleria! movemenls for intersection 11

a, indicator variable that is 1 wh",n a vehide is presenl in the lane and OotherwiSl'
Ap ¡x'lil'strian space (fF/p)

Ap.r pedestrian space for the fadlity (ft'/p)
ApOrunoccupied time
Ar expected active passings per minute by the average bicycle during Ihe peak 15 mín

ATS. average trave! Spl't.'<Íin the analysis direction (mi/h)
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ATS¡ average travel spt.~>dfor the filcility (mí/h)

ATS; average travel speed for din.'Ctional segment i (mi/h)
ATSpI avera~e travel speed in the analysis segmenl as affected by a passing lane (mi/h)

AlIxLellglh auxilíary lane length (ft)
AveCap(s) avefilge capacily per lane for section s (vehJhJln)

AVO; avefilge vehiele ()(Ulpam:y on segment i (p/veh)
a•• approaclt lane width during wOfk zone (- totill widlh of al! open left-tum, through..

and right-tum lanes) (ft)
b PTSF coefficienl for estimating BPTSF (Chaptcf 15); intermedia!e OIlrulalíon

variable (Chapler 30)
B roundaboul capacity model coefficient (Chapter 22); parametcr fOf the

undersaturated model (Chaprer 25)
bll,i destiniltion adjuslment factor j

BUS bilse free-f1ow speed (mí/h)
bi bunching factor for lane group i

b'4,l proportion of volume ilt destination; thal carne from origin i for subperiod k (vehlh)

b"'.;"Wi"•..•••,¡ calibration coefficient base<! on incidenl severity on leg associated wilh NEMA
phase 11at intersection iduring analysis period ap and day d

BLOS biC)'ele level-of-service score

bo,; origin adjuslmenl filclor i
BP breilkpoint in Ihe speed-flow curve separating!he linear and rurvilinear ~>ctions

(pc/Mn)
BP" breakpoint for a free-f1ow speed of 75 miJh (pcJ1lIln)
BP", breakpoint in the automobile-only f10w oondition (¡x:/Mn)
BP lO"' breakpoint for mixed flow (vehJhJln)

BPTSF4 base percenl time--spent-following in the analysis direction
e base capacity (¡x:/hlln. Chapler 12); capilcity of the combined movements (vehlh.
Chilpter 30); interrnedi<1te cillculation vilriable (Chapter 30)

C C)'ele lenglh (s, Chapler 19); parameter for the undel'SilturaiL>dmodel (Chapter 25)
C' C)'ele lenglh (sleps)
c" managed lane capacity for a free-f1ow spl~>dof 75 miJh (pc/hlln)¡
c. ilvililable capaci!}' for a lane group served by iln ilctuaiL>dphilse (veh/h)
CA ilverilgecapacity (veh/h)

C•• lA' available capacity of an exclusive--Iane lilne group wilh permitted ¡eft-tum operation
(vehlh)

co.l.<.,available cilpacity of an exclusive--Iane lane group with protl'Ctl>dIdt-tum operiltion
(vehlh)

C~ available capacity of an exclusive--lilne lane group with protected-pennilted left-
tum operiltion (veh/h)

( •••"PI' available capacity of iln exclusive--lane lane group wilh proiL>cted-permitled righl-
lum operiltion (veh/h)

c•..•• ilvailable cilpacity of a shilrN-lilne liloe group with permitted [eft-tum operation
(vehlh)

(•.ol." available capacity of a shal\.>d-lilnelilne group wilh protected-permitted left-tum
operiltion (veh/h)

c..si adjustl>d segment cap<1dty (pcJ1lIln)
CAF capadty adjUSlment filelor (unitless)
CAF", cilpadty adjuslmenl filctor fOfIhe automobile-only case (e.g., due to weather or

incidents) (decimill)
CAF ••• capadty adjuslmenl faclor fOfcalibration purposes (unitk-ss)

CAF,.",,, capacity adjustment faclor fOfgrade in mixed-f1ow ronditions (decimal)
CAF mio, mixcd-f1ow capadty adjustment filctor for Ihe basic freewilY segment (decimal)
CAFr.",;" cilpadty adjuslmenl filctor fur Ihe percenlage of lrucks in mixed-flow oonditions

(decimal)
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CAF".... •• capacity adjustment factor for a weaving scgmenl (dl'cimal)
CAF •.• capacity adjustment factor for a work lone (decimal)

C.., base segment capacity (pclhlln)
CapMFlal1es(~) capacil)' pl'r mixcd.fluw lane in section s (vehfhlln)

CapShldr(~) capacity per shoulder l.me fur sl'ction ~ (vl'MtIln)
cb capacity uf thl' bic}'clelane (bic}'clesfh,Chapler 19);capacity during the blocked

rl'giml' (Vl'M1.Chapter 23)
'l>y¡>o ••• "", capacity of the b}'pass !.me, adjusted for hl'av}' vl'hicles (pcfh)

' •.,1 ,apacity al the downslream intersection for movement i for subperiod k (wM1)
'JATS capacít}' in the analysis dill,.'Ctionunder prevailing eonditions based on ATS (pc/h)

CdPr5f capacity in the analysis direction under pr",vailing conditions bast.'1Jun PTSF (pcfh)
C, equilibrium eycle l•••nglh (s)

c"l."", capacity of Ihe lefl ",nlry lane, adjusted for heav}' vl'hicles (pclh)
c""", lanc eapacity, adjuskod for heav}' vehicles (pclh)

',R."", capacity of Ih", right enlry lane, adjusled for heavy vehicles (peJh)
CFAF,", erash fn'quency adjustment factor for an interseclion
CFAF '! crash frequency adjustment factor for rainfall
CFAF"S crash fn'qul'ney adjuslment faclor for a segmenl
CF AF" crash frequeney adjustment faclor for snowfaJl
CFAF'I' crash frequeney adjustment factor (or snow or ice on pavement (not snowing)
CFAF ••• crash frl'quency adjustment factor for weather condition n,<,a
CF AF"I' crash frequeney adjustmenl faclor for wel pavemenl (nol raining)

'CA capacity during the gap acceptance regime (veM1)
CGm commnn gl\'t'n time wilh dcmand starvation polential (s)

'cp unadjusted capacity af the genl'ral purpost.' lanl'S (veh/h)
eCPA adjuS!l'd eapacity uf the gl'nl'ral purpoSl' lanl's (veh/h)

CGRD cammon grl'i;'n time bl'twl'l'n thl' upstn'am ramp grl'l'n and thl' downstream arterial
through green (s)

CGUD common grl"l'n time blotwl"l'nthl' upstream through green and downstream Ihrough
grl't'n (s)

CGup common gn't'n time bl'tween upstream appmach í and downslream through gn't'n (s)

ci 51'1 uf critical phascs on thl' critical path
e, capadty of lane, lane group, or seclion i (veh/h); mOVl'ml'ntcapadty during

iteralion i (vehlh, Chapter 30)
e"Pe[ capadt)' fur lanl' i (pc/h)

e, movcment capacity for the Stage l process (veh/h)
c, inll'rsection capacit)' (tpelhlln)

CI,.•• confidencc interval far the lrue average value, with a level of eonfidence of l-u
CID central island diamcler (fl)
',n capadty of a basic freeway segment with the same fTl't'.flaw spl"t'd as the weaving

scgmcnt under equivalent ideal condilions, pl'Tlane (pcJhJln)
'11 movement eapadty for the 5tage 11process (veM1)
', ••. cap..lcityof alllant'S in the weaving segment under ide,l! condilions (pclh)
e,••.1. capacity of the weaving scgment under l'<luivalent ideal conditions (pclhlln)
" capacity of a left.tum movement with pennitted left-tum opl'ration (veh/h)
eL indicalor variable thal is 1 when the trail has a C1'nterlineand O othl'rwise
CI~cap..lcityof an exclusive-Iane lane group with pennitted left-tum opl'ralion (veh/h)
elM capacity of an exclusivc-lane lane group with protected left.tum operalion (wM'l)
el,<.,.. capacity of an exdusive-lane lane group with proll'<:Íl'd-pl'rmitted left.tum

operation (vehlh)
eL_m eapadty af the Ihraugh and Idl-Ium movements (veh/h)
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CM eapacity oi downstream Sl.'Ction(veh/h)

'••.¡ eapacity of movement j
' ••..• eapacity of movement x (veh/h)
' ••,~ movemenl eapacity of!he Ymovement in the subject shan.'(llane (veh/h)

''''Il unadjusled c::apacityoi merge/diverge arca (veh/h)
,_ adjusted ,apacily of merge/diverge area (veh/h)

''''6 merge eapacity (veh/h)
Cm",¡ mixed-f1ow eapacity for Sl.'gmentj (veh/hlln)

' ••, midsegment c::apacity(veh/h)
C!>'(f eapacity of Regime 3 with no eonllicting flow rale (veh/h)
c... nonmerge capacity £or the inside lane (veh/h)
CP change period (yel1ow change interval plus red dearance inlerval) (s)

c~... patential capacity of movement x (veh/h)
cp<"lane capacity adjusted for heavy vehides (pcJh)
'fl, shared lane capacity fur upstream right-tum traffie movement (veh/h)
'1. actual capacity of Ihe flarcd lane (veh/h)
CR crash rale per 100 million vehide miles traveled

c"'.rI' capacity of an exclusive-Iane lane group with protlUl'd-permittl'd right-tum
operation (veh/h)

e"~. capadty of movement x assuming random flow during Ihe unblocked periad (vehih)
CRF capadty reduction factor (decimal)

" saturatl'd capacity (veh/h)
c... sum of the eapacity of the right-tuming traffie operalíng as a separate lane and Ihe

eapacity of Ihe olher Iraffic in Ihe righl lane (upstream of the fiare) operaling in a
separate lane (veh/h)

csu capacity of Ihe sharcd lane (veh/h)
,~ capacity of a sharcd-Iane lane group with permitted lcft-tum operalion (veh/h)

c"rI' capacity of a sharcd-lane lane group with protected-permitted left-tum operation
(vehih)

e...... interscction capacity (tpclhJln)
er total capacity for the subject moveml'llt
e.. through-movement capacity (veh/h)
e..,. capacity for the exiting Ihrough movement (veh/h)

'''''al total eapacity of a work ;rone (pc/h)
''''''' capacity for the exiting tum movement (veh/h)
'ooM capacity at Ihe upstream inlerscction for movement i for subperiod k (veh/h)
e,. unadjustcd capacity of weaving arca (veh/h)

CW cross-weave demand flow rale (pcIh)

'... adjusted c::apacityof weaving area (veh/h)
,,,,, work zone eapacity (prebreakdown f10w rate) (pclhJln)
'YC1 combined eapacity of Ihe YIELD-conlrolled tum (veh/h)
d demand f10w rate (veh/h. Chapter 10) (peIh. Chapler 12); control delay (s/veh,
Chapters 19 and 20); grade length (mi, Chapler 25)

D proporlion of peak-hour traffie in Ihe peak direction (decimal, Chapter 3); density
(pc/milln, Chapter 12); disiancc b<..1:wcenIhe two inteTSl-'Clionsof Ihe interchange (fl,
Chapler 22); distance from the ramp muvemenl stop bar to the conflict poinl (ft)
measured along Ihe centerline uf !he off-ramp approach (Chapter 23); intennediale
eakulation resull (Chapter 24); para meter ror Ihe undersaturaled madel (Chapler 25)

d¡ uniform delay (s/veh, Chapter 19); condiliol1<11delay to first Ihrough vehide (slveh,
Chapler 30)

d¡.ou.i:t'D aggregaled unífunn delay for lane group j al inlersection i for al! subperiads (s/veh)
d,> average uniform delay in direetiun i (s/pe)
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D¡,; total din>ctionaJuniform controJ deJay p"'r cyde (s)
d,. baseline unifonn deJay (s/veh)
d¡ im;remental deJay (s/veh, Chapter 19):conditional delay to Vehicle 2 (s/veh, Chapter

JO)
d,,¿ average deterministic delay per vehicle (s/veh)
dJ initiaJ queue deJay (slveh)

d~ control delay on the approach (s/veh)
d. acceleration/dL'Celeration delay (s)
D. access point density on segment (points/mi)

D~¡adjustL>dvolume for destinationj (vcM"l)
d•••./ approach control delay for approach j (s/veh)

D.•..~I adjusted volume for destinatíon j for subperiad k (veh/h)
d.•..• control delay on approach x (s/veh)
d •.• transít vehicle acccleration/dL'Celeration deJay due to a lransit stop (s/veh)

DAF'M demand adjustment factor for calibration purposes
DAF,(t", seg) demand adjustment factor for scenario s, p"'riod t¡" and segment seg

d"l',¡ delay due to Idt and right tums fmm the street into access point íntersection i
(s/veh)

d"l" through vehicle delay due to left tums (s/veh)
d ••" through vehicle deJay due to right toms (s/veh)
d) bicycle delay (slbicycle)

dbyp.üoo control delay for the right-tum bypass lane (slveh)
D, density al capacíty (pe/milln, Chapter 12);distance to nl.'an'Stsignal-eontrolled

crossing (ft, ChapleT 18)
dantrul thTOUghcontrol deJay (slveh)
DC, demand combination as50CÍatedwith scenario s
D4 diversion dístancc (ft)

dd" •• duratian of drying time for rain e"l'nt occurring on day d of month m (h/event)
DDHV directional dl'Sign-hour volume (veh/h)

DEF(i, t, p) deficit: unmet demand from a prevíous time interval p thal f10wspast nade iduring
time step t

Df distance from the U-tum cr05.<;()vcrto the main junrnon (tt)

Dr average density for the facilíty (pcJmilln)
ds average pedl'Strian gap delay (s)
d~ average gap deJay for p<..>dL'Strianswho inCUTnonzero dday

d_ gl'Ometricdelay (s/veh)
Da._ delay incurred by vehícles originating from the general purpose lanes waiting in the

vertical queue for one 1S-min analysis period (h)
d, vehide demand on segment i (veh, Chapter 2); control delay for lane i (s/veh,
Chapler 19);condítional delay to vehicle j (i" 3, 4.... , ) (s/veh, Chapter 30)

di incident duration (h)
di average incident duration (h)
D¡ pcrson-hours of delay on segment i (Chapter 2); density for segm('nt i(pe/milln,

Chapter 10)
di intersection controJ deJay (s/veh)
d" demand on so-'Ctioni in analysis periad t (pe/mi)
Dc' density on section i in analysis periad t (pc/mi)

d', .•_, carryover demand on so-xtioniat analysis penod I
d ••mwrnoo control deJay far th(' L'ntiTcinll'rSl.>ction(slveh)

di control dl"1ayfOTmovcmcnt j (s/veh, Chapter 23); lenglh uf scgment j (mi, Chapter
25)

D¡ vuJumc for destination j (veM"l)
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di control delay for the left-tum movement (slveh)

da control deJay in Jeft Jane (s/veh)
dM.U delay to major-slrect Jeft-tuming vehicles (s/veh)

DM(s) demand multiplier assodatcd with scenario s
DM(Seed) demand multiplier aswciated wilh the seed file

D¡.¡v density in the major diverge influence area (which ineludes al[ approaching frecway
lanes) (pc/mi/ln)

d"'l merge deJay (slveh)
dm,1< average delay per mile (s/veh)
DM¡ weighted average demand muJtiplier for all days in month i relative to seed value

DML •••• delay incurred by vehieles originating from the managed lanes waiting in the
vertical queue fOlone 15-min analysis period (h)

d •• nonmerge delay for Ihe inside Jane (s/veh)
d"" overall distance, the summation of all the segment grade lengths on Ihe composile

grade (mi)
do•.•• dwation of pavement runoff for rain event occurring on day d of month m (h/event)
d •.••..•• delay due to other sources along Ihe segmenl (s/veh)
D, phase duration (s)

d, average pedestrian delay (s)
DP delayed passings factor
D,.. phase duration for phase a, which ocrurs just before phase b (s)
D,.• phase duration for phase b,which occurs just after phase a (s)

d,~pedestrian delay in traversing Crosswalk D (slp)
D¡o.' phase duration ror left-tum phase I (s)

D,.".; duration of the phase serving the minor-strect !hrough movement (s)
D,.. phase duration for coordinatcd phasc t (s)

d", pedestrian delay in crossing the segment at a signalized intersection (slp)
d¡>i pedestrian diversion delay (slp)

D,-d pedestrian density (p/ft2)
DP.. dclaycd passings per minute
dpp pedestrian delay incurre<! in walking paralleJ to !he segment (s/p)
dI" transit vehicle delay due to serving pas.<;engers(s)
d,.. pedestrian waiting detay (slp)

d" crossing dclay (slp)
DQ,\ distance to the downstream queue at the beginning of the upslream arterial grecn

(ft)
DQ, distance tu the downstream queue at Ihe beginning of Ihe upslream grecn for

approach i(ft)
DQR distance tu the downstream queue at the beginning of the upslream ramp grecn (ft)
DR density in the ramp influence all"a (pc/mi/ln)
d, control delay for Ihe righl-tum movement (slveh)

d ••••••, delay lo Rank 1 vehieles (s/veh)
dr Loo rainfall duration for the rain event occurring on day d of month m (h/event)
d" transit vehide reentry deJay (slveh)
dlU. control de!ay in right Jane (slveh)
Ds speed index for off-ramps
d. saturated unifonn delay (slveh)

d"" control delay for the movement oonsiderro as a separate lane
d_1 average delay per signa! (slveh)

d" dclay in shared [",ft-tum and through lane group (slveh)
D5, duration of study period (h)
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d ••. delay in shared righl-tum and thmugh lane gmup (s/veh)
DSV daily service \'olume (veh/day)
D•• dist.lnce between slon'd vehicles (ft)

DSV, daily service volume for levC!-of-servicei (wh/day)
d, control delay for the Ihrough movement (s/veh, Chaptl'TS11'1and 20); lime step

duration (s/step, ChapteTS23and JO)
D, distancc travell'd along the loop ramp or diverted moveml'nt (ft, Chapter 23);

distanCl.'fmm the main junclion lo lhe U-Ium C['(K>;()\'er(ft, Chapter 23)
du average delay lo through vehidf!S in the inside lane (s/veh)

d", through vehicle delay per nght-tum maneuver (s/veh)
d," delay in e"c1usive through-lanc group (s/veh)
d.,;p average delay per trip (s/veh)
d•• delay due to a Iransit vehicle slop
D"" unhalanced phase duranon (5)

D.p" unhalanced phase duralion for phase i (s)

d"'l timt"-in-queue F"-'rvehicle (s/wh)
du"1t'¡ .• directional volume for the direct10n of trave! s.en:ed by NEMA phasc n on segment i

(wh/h)
du•.", ma"imum discharge rate for upstrcam mowment i for subperiod k (veh/h)
dw •." duralion of wet pawment for rain event occurring on day d of month m (hlevent)
dx¡ length of discrele segment j (mi)

" ridership elastidty with rcspccl to changes in the trave! time rate (Chapter 18);
e"tension of effective green lime (5, Chapter 19)

E weightl'd events per minute (Chapter 24); parameler for the undersaturatt.'d mudel
(Chapter 25)

Eln •.. jI e"F"-'ded frequl'T'leyof weather event w in monlh j, rounded lo Ihe nearest integer
EI~ID",1 e"pected duralian af weather evenl w, rounded lo the nearest 15-min incremenl
EDli,p) C"F"-'Cleddemand (veh/h) thal would arnve al segment ion the basis of upslream

conditions over time interval p
ED1T e"lra distance travel time (5)

EHv l'quivalency factor for heavy vehic!l'S
EL equivalenl number of lhrough cars for a prolected lefl-tuming vehicle

El." modified Ihrough-car equivalent for a pmlected lefl-tuming vehic!e
Eu equivalenl number of Ihrough cars for a permítled lefl-tuming vehicle

Eu•• mudified lhrough-cilr equivalent for a perrnitted left-tuming vehide
fu equivalent number of lhrough cars for a pt'rrnítted left-tumíng whíde when

opposed by a queue on a single-Iane approach
Eu •• modified lhrough-car equivalent for a perrnittcd left-tuming vehide when oppotiCd

by a queue on a singlt"-Ianeapproach
En l'quivaleney factor for lett tums

En."", l'quivalency factor for perrnittl'd ldt-tum operation
Elr.r' equivalency faClorfor protl'cted left-tum operabon
fw equivalency factor for lane ulilizalion

E •••..••. equivalency factor for olher conditions
"p permilled e"lension of effective green (s)
Ep equivalency factor for parking activity

EPffF equiva!ency factor for peaking characteristics
ER passt'TIgercar equivall'nt for recreational vchicles (Chapter 15);equivalent numhcr

oí Ihrough cars for a prolecled righl-turning vehide (Chapler 19)
ERq equivalent numhcr of through cars for a protl'Cted right-turning vehicle al an access

point
ER•• mooifíed through-car equivalent for a protL'Ctedright-tuming vehic1e

EH equivaleney factor for nght turns
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ET passenger caTequivalent 01one neavy vehide in tne Iraffic stream
ETC p.1ssenger car equivalent for trucks operaling al crawl speed
EIT experienced Iravel time (s/veh)
EITA apprO<Ichexperienced travellime (slven)

EIT DLT weignted average experienced travel time fOTIhe DLT intcrsection (slven)
EITI inlersection experienced Iravel time (s/veh)

F total events on the path (events/h,. Chapter 24);smoothing factor (Chapter 30)
F(x) cumulative probability of a normal distribution of speeds with mean JI and standard

deviation (J

f'2 capacity adjuslment factor for Rank 2 minor-slrecl rignt-tum Movemcnt 12
fw capacity adjuslment factor for Rank 2 major-slreet U-tum Movement 1
¡'U capacity adjustment factor for Rank 2 major-street U-tum Movement 4
f~capacity adjustment factor for Rank 2 minor-slreet rignt-tum Movement 9
f. adjuslment factor for area type
fA adjustment for access poínt density (mijh)
f..s proportion of lTansit vehide slop acceleration/deceleration delay not due to traffic

control
fop access point volume adjustment faclor
fAT indicator variable for area type tnat is 1 for rural areas and O othcrwise
h buffer a rea coefficient
f"", percentile back-of-queue factor
f•• adjustment faClorfor blocking effect of local buses that stop within inlersection area
fB, indicator variable for barrier type that is 1 for cone, plastic drum, oc other 50ft

barrier separation and Ootherwise
F, unsignalized confliets factor

f,.dr¡ hourly crash frequency for dry pavement
f,.•••hourly erash frequency £orweather condition wea
F~ roadway crossing difficulty factor
fes adjustment for cross section (miJh)

Fc..,.¡¡¡ expected erash frequency for slreel locanon iof type str (erasheslyear)

FC"'¡;I.dry equivalent erash frequency when every day is dry for stwet location iof type str
FC"'¡IJ,'" equivalent erash frequency when every day has weather condition wea

fVD! adjustment for DDl crossover

F"'''y pedestrian delay adjustment factor
fON índicator variable for daylígnt or nighl thal is 1 for nighl and Ofor daylight
f_d day-of-week adjustment factor based on day d

f•.••.ropo, day-of-week adjustmt.'fIt factor for day associated wilh v"'J"."
f... proportion of dwell time occurring during effective grecn

FFS free-flow speed (milh)
FFS.; adjusled free-f1owspt.'Cd(milh)
FFS",,, mixed-f1ow free-f1owspeed (milh)
FFS,.., work zone free-flow speed (milh)
f"A15 grade adjustment factor for ATS delermination
fr,Pr5F gr,lde adjustment factor for PTSF delerminalion
F~ headway factor

f'-'dA~ hour-of-day adjuslmenl factor based on hour h and day d
f•••.r.poA hour-of-day adjuslmenl factor for hour and day ,ls~iated wilh vinpu<

fw heavy vehide adjustment factor
fW.A15 heavy vehide adjustment factor for average ITavelspeed
fflV" heavy vehide adjustment factor for the enlry lane
fWj neavy vehide adjuslmt."Iltfactor for movemenl i
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fHV.PTSF heavy vchide adjustml'nt factor for PTSF determination
fHVg adjustmenl faclor for heavy whides and grade

F; frequency with which made i ,vill block two lancs
fK,;'ff'),"_~ saturation flow adjustment factor for incident presence for movement m on leg

associated with NEMA phase 11al intersectíon iduring analysis period ap and day d
f,""iJIJ'~ adjuSlmL'I1tfactor used to estimate the standard deviation of dcmand flow rale for

mo\'ement j at íntersectiun iduring hour h and day d
fi"";)'_~dI~Jexpt'Cted hourly incident fl\.'quency for strcet location iof type ~trand weather

condition U'l'a(h, d) during hour h and day d (inddents/h)
Fi,,,¡;¡._~.., expected incident frl.'quency for street localion iof type sir and wealhcr condition

wea(h, d) during hour h and day d (incidents/yl.'<1T)
f, capacity adjuslment factor for Movements 9 and 12
j,u capadty adjustment factor fur Mowments 1U and 4U

fo capad!}' adjustment factor for an Rank 3 movements
j¡ capadty adjustment factor for an Rank 4 muV('ments
f1 signal spadng (boundary intersection) adjustment factor
F1 passcngcr load factor (passengers/seat)

fu.r lateral distancc from the edge of Iravellane adjacent to the work lOne to the barrier,
barricades, or eones (ft)

fu: adjustment for latl.'raldearance (mi/h)
f4'J pt.->destrianadjustment (actor for lefl-turn groups
fu adjustmenl for lane and shouldcr width (mi/h)
fn adjustment factor for lét-tum vchicle pl'\.'SCncein a lane group

fw adjustment factor for lane utilization
fL .•••. adjustml'l1t for lane width (mi/h)

fM adjustment for median type (mi/h)
F," number of meeting eV('nts (events/h)
f_J month-of-year adjustment factor based on day d

f""",.."pu, munth-of-ycar adjustment factor for day associatl-d with v"'l""
f... adjustml'nt factor for downstf('am lane blockage

f."AT5 adjustment factor for A1'5 determination for the pt.-'rcentageof no-passing zunes in
the analysis dil'\.uion

f.,.l'T5r adjustment to PTSF for the pcrcentage of no-passing zones in the analysis segment
Fa. force-off point for Phaso.°4 (s)
f, adjustment factor for existence of a parking lane and parking activity adjacent to

lane group
F, number of passing events (events/h)
F, pavement condition adjustment factor
f,/ capadty adJustment factor (or the Rank 4min(lf-street left-tum movement
f,.b pt.->dl"Strianblockage factor for the prop<.lrtionof time that one lane on an approach is

blocked during 1 h
f,.,. entry capadty adjustment factor for ped•.."Strians
f,. adjustment for on-strcet parking (miJh)

f,( .•.rs adjustment factor for the effect of passing lane on average travel spt.-'l->d
f,(f'TSf adjustment factor for the impact of a passing lane un pt.-'rcenttime-spent-fonowing

fR adjustment factor fur thl.'effects of travel path radius

fml"" adjustment factor for redudng lanes during wmk 7.onepresence
fRU: adjustment for right-side lateral clearance
f""" pt.--destrian-bicyde adjustment factor fur right-tum groups

f""",,¿ saturation flow adjustment factor for rainfall or snowfall during analysis periad a¡'
and day d

fn adjuslm"''I\t for right-tuming vehicle presence in the lane gruup
Fs moturil_N vehicle speed adjustment factor
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I~""'P'¿ free-flow speed adjustment factor for rainfall or snowfall during analysis period ap
and day d

1.,. adjustmenl factor focsustained spíllback

I.,..i.!.l adjuslmenl factor for spillback £orupstream movemcnt j £oriteration I in subpericxl k
f.,,-d.; A1'5 adjuslment for direction j (dl'ctmal)

fs- speed ratio (dl'ctmal); the ratio of non-work zone speed limit (befare the work zone
was eslablíshed) lo work zone spt-"l'dlimil

f.., sidewalk width cocfficient
!., traffic growth factor

ITl5i time-interval seale faclor for time pericxl i
fnc adjuslment for tota1lateral dearance
F~ perceived travel time factor
f. adjuslmenl factor for traffie pressure or proximity
F. molorized vehicle volume adjustmcnt factor
f•• adjustment factor for lane width
F•• eross-section adjuslmcnt factor
f_ adjustment faClorfor approach width
f.., adjustment faclor for work lonc presence at the interseclion

J. conlrol-type adjUstment factor
jx'2.1 volume adjustment faclor for origin i for subperiod k

g effeclive grecn time (5)
111set of incidents of severity type í
C peru-ntage grade (Chapler 20);green interval duration (s, Chapler 19)

G(I) distribution function for incident with severity type i

C'p<d."'¡1 average green interval given that the phase is called by a pedestrian deleclion (5)
C'm.."// average grecn inlerval given that the phase is called by a vehide detection (5)

g' effective green time adjusted for the presence of a downstream queue oc for demand
51arvation (s)

C) grecn inlerval duralion for Phase 3 (s)
g. avaílable effective grecn lime (5)
CA grecn interval for the external arterial approach (s)
g. effective green time for the bicycle lane (s)

g", effl>ctivegrecn time for eriticallane group ¡(s)
C[! green interval for Ihe down51ream arterial through movement (s)

g.ti/J supplemcnlal serviU' time for shared single-lane approaches (s)
g, gR••.•n extension time (s)

gr time befare Ihe fiest leh-turning vehicle arrives and blocks Ihc shared lane (s)
Sl_ maximum time before the firsllefl-tuming vehicle arrives and wilhin which there

are sufficient Ihrough vehkk'S lo depart at saturation (s)
g; effective green time for lane group i (5)
C; effective grecn time for direction ¡(s)

C,••• mirúmum effective gR••.•n time for direction i(5)
g¡ grade of segment i (deeim•.•l)
g; effective green time for left-turn phase (5)

gil,.. effective grecn time for permittl>d leh-tum operation during Ihe through phase (s)
gl<P< effective green time for Ihe protccted left-turn phase (s)
C_ maximum green setting (s)

C••••., maximum grecn setting £or!hc phase servíng the subject right-tum movement
during its permitted pericxl (5)

C,.¡. mirúmum grecn selting (5)
C",. optimal effective grecn time for one direction (s)
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Sr efft'ctive gn't.'n time for pennitted left-tum operation (s)
Gp displayed green inlerval currespunding to Sp (s)

Gp .•••• minimum ,l!;rl't.'nintervaJ duration base<:!01'1 pt->deslriancrossin,l!;time (s)
S,.... pedestrian service time (s)
g,.. queue servíce time during permitted Jeft-tum operalion (s)

g~opposing queue scrvice time (s)
G¡ dispJayed green inlervaJ corrcsponding to 8'1(s)
G~ green inlerval for the lefl-Iurning ramp movemenl (s)
g, qucuc scrvice time (s)

g"" total effectivc grecn time in the cyde (5)
g. duralion of pt-'rmiUedleft.turn grl'Cn time Ihat is not bloch>d by an opposing queuc

(s)

G. unbalanced ,l!;rl'Cninterval duration for a phaSl' (s)
Gu dispJayed green inlerval curresponding lo g. (s)
X: adjusled duration uf pt-'nnilted lét-tum grl'l'n time thal is not blockl'd by an

opposing queue (s)
Gu, green inlerval for Ihe upstream approach i(5)

Xw.lI,,.¡ effedive walk time fur Ihe phase serving the minor-sln'('l movement (s)
h saturatiun headway (s, Chapter 4); full stop rate (stops/veh, Chapler 18); average

headway for cach through l,me (s, Chapter lO); average call headway for all calls
wilh headways less Ihan MAH" (s, Chapter 31)

h,,j--' average headway of those headways bctween tl ,md H¡ (s/veh)
hD base saturation headway (slpc)
h, detenninistic stop rate (stops/vl'h)
H, maximum headway that the first through vehide can have and slill incur deJay

(s/veh)
h••• headway adjustmcnt (5)
hb.•• baso.>saturatilln headway (s)
hd departure headway ur average time bctwcen deparlure5 of successive vehicles 01'1a

given approach (s)
Hr spalial stop rate for the facility (stopslmi)

hIN..••; headway adjustment fur heavy \'Chicles (s)
h, adjusted time headway for dirt.'ctiun i (s)
h] saturation headway for the intemal through approach (s)
h" saturatiun headway or time betwl'Cn departurcs of successive vehicles un a given

approach for degree-of-conflict case ¡(s)
hLr,od¡ headway adjustml'nt for ldl tums (s)
h_ full stop rate due to olher sources (slops/veh)

h~r..••i headway adjustment for righltums (s)
h,¡ saturalion headway if no vehiele is waiting 01'1Ihe conflicting approach

h,¡ saturation headway if lhe conflicting approach is occupicd
l/v¡¡ spatial stop rale for the segment (stups/mi)
h,; saluration headway
hr tolal stop rale (stops/veh)
HV percentage of heavy vehieles (decimal)

crossing event index
adjuslment factur for lypt:',inlensity, and proximily of work activity (pclhlln,
Chapll'r ID); upslream filtenng adjustment factor {Chapter 19}

1•.><'5autumubile traveler pcrccplion '£Ore for the segment
l~f bicycle LOS soore for the fadlily

lh,,", bicycle LOS $Corefor!he inlersection
1~.1ir>~bicycle LOS $Corefor the link
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lb" bicyele LOS score for the scgment
1, indicator variable that ís Owhen tile density in !he adjaa-nt gl'lleral pur¡x>selane is less

!han orequal to 35 pcJmi/ln or Ihe scgment type is Buffer 2. Barrier 1,or Barril'1'2; and
lotherwisc

lCO inscribed cirele diameler (ft)
lCR incident-Io-crash ratio
ID interehange density; the numbcr of interehanges within:l:3 mi of the a-nter of Ihe

subjcct weaving scgment dividl'Ó by 6 (int/mi)
IDR incident delay rate (hImi)

lji.i"'¡iJ.....,.J indieator variable that is 1 for fatal-or-injury erash on k-g associated with NEMA
phase 11~t intersection iduring analysis period al' and day d, and Ootherwise

II.C lane-changing intensity (ldft)
I11 indicator variable that is 1 when there is no lefl-tum h<lyon the major street al the

.~ecesspoint and Ootherwisc
lllcl}y, incident duration (IlÚn)

IIlCr.".. incident scverity type (1-5)
Imp., indieator variable for night that is Oif rain st~rts bctwl>en6:00 a.m. and 6:00 p.m.

and 1 olherwisc
¡ntercept model intercept

1_ .••K;J. ••.••• ¡ indieator variable that is 1 for nonerash incident on leg associated with NEMA
phase 11at inlersection j during analysis period up and day d, and Ootherwise

1,,; pedestrian LOS score for the facilíty
1,.••, pedestrian LOS score for the interscdion

I,J''ll pedestrian LOS score for the link
lPo'" pt.-'ÓcstrianLOS score for the scgment

1pdD.ntl(;~•..•••A indicator variable thal is 1 for property-damage-only erash 01'1leg associated with
NEMA phase 11 at intersection iduring analysis period up and day d, and O
otherwise

1,. indicator variable for on-slrect parking occupancy that is 1 with no occupied on-
street p~rking and Ootherwisc

IR; incident rale per 100IlÚllionvehicle miles Iravelcd in month j
1" indieator variable that is I when there is no right-tum bay on the major street at Ihe

aecess point and Ootherwisc
1, interval between vehide-in-<¡ueue caunts (s)
1, indieator variable lhat is 1.0 when equations are used to evaluate deJay due lo Idt

tums and O.OClOOlwhen equations are used lo evaluale delay due to right tums
II.F transit LOS score for the facilíty
1,.", transit LOS score for the segment
j time slep associated with platoon arTival time t'

k incremental delay factor (Chapter 19);proportion of AADT occurring in the peak
hour (decimal Chapter 25)

K proportion of AAOT occurring in the peak hour (decimal)
K(i,p) average traffíe density (veh/milln) of St.-gmentiover lime interval p

K(NS, p) average vehide density over the entire facility during time interval p
K(NS, P) average vehide density over the entire facility during the entire analysis period P
KB(í, p) background density: segment idl'llsity (veh/milln) over time interval p assuming

Ihere is no queuing on the scgment
KC ideal density at eapacity (veh/mi/ln)
J< density at eapacity, with thl:'frietional eHect of the adjaeent genl:'ral pur¡x>se lane

(pe/milln)
K! density at capacity, without the metional effect of the adjacent general pur¡x>se lam'

(pc/IlÚlln)
KGI' density of Ihe adjacent general pur¡x>selane (pe/mi/ln)
k, density of uscrs of mode j (users/mi)
K, intemallink density for arterial through movemenls (veh/mi)
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K/ fadlitywide jam densíty (veh/milln)

.1)•••• jam d,'nsity (veh/mi)
lOO,. mínimum incremental delay factor
k", density of UseNof madI.' i in the upposing direction (users/mi)

~(NS) al','rage facility density in time intcrval p
KQ(i, t,p) queue density: vehicle density (veh/mi/ln) in the queue on segment iduring time

step t in time interval p
k~,dcnsity of useN of madI.' i in the subjcct directiun (users/mi)

1 wurk zune length (ft)
L scgment length (ft, Chapter 18);eycle lost time (s, Chapter 19);crosswalk length (ft,

Chapter 20);design vehicle length (ft, Chapter 23); ¡ength uf path segment (mi,
Chapter 24);distance from midpoints of the upstream 5I.'gmentand the subjcct
s<.>gm•••nt (ft, Chapter 25)

L{d) length rcprcscntC'd by detector station d (mi)

1, start-up lost time (s)
ILP permitled start-up lost time (s)
11 clearance lost time (s)

L. avaílable queue storage distancc (ft/ln)
LA length of acceleration lane (ft)
L"I' available queue storage distance fur!he lf.'ft-tum muvement (ftfln)

L~,Iu"available queue storage distance fur the through movement (ft/ln)
L•.",.. a\'ailable queue storage distance for the tum muvem •••nt (ft/ln)

LA' length of Acceler,ltion lane 1 (ft)

L.Q lenglh uf Acceleration L,lne 2 (ft)
LNff effcctive length of both acccl•••ration lanes (tt)

LAGDLT time duration b<..'twecnthe reference point and the start of the displaced l•••ft-lum
phase (s)

LAGf}j time duratiun between the ref('renee point and!he start of the major-s!rect through
phasc (s)

LR basl'l...ngth of the weal'ing f,t'gment, measured from the points at which the •••dges
of the travellanes of the merging and diverging roodways converge (ft)

LCAll total rate uf l,me changing uf all vehicles wilhin the weavíng segment (lclh)

LI< curb-to-curb crossing distance (ft)
LCfR minimum numbl'r of lan,' changes that a fn.'Cway-to-ramp weaving vehicle must

make to complete the fr,'Cway-to-ramp movement succl'Ssfully (le)
LCc Icft-side lateral clearanee (ft)

LCMI~' minimum rate uf lane ehanging that must exist for aHweaving vehiclcs to complete
their weaving maneuvers successfully (lc/h)

LC"w total rate of lane changing by nonweaving \"ehicleswithin the weaving segment
(lclh)

LeR right-side lateral clearance (ft)
LCRf minimum number of lane changes that a ramp-to-fn..'Cwayweaving vehicle must

make to cumplel,' the ramp-to-treeway mov,'ment successfully (le)
LCu minimum numbl'r of lane changes that must be made by one ramp-to-ramp vehicle

to cumplete a weaving maneuvcr
LCST lane closure f,t'verity index
LC", total rate of lane changing by weaving vchicles within the weaving segment (lc/h)

L"...,"" distance fmm the gure to the l'l1dof the ML access segment (tt)
L","",i. djstanCl~betwecn lhe un-ramp gore arca and the beginning of the ML access

segment (ft)
L~ length downstream uf the passing lane beyund its ,'H,'Clivelength (mi, Chapter 15);

length uf Crosswalk D (ft, Chapter 19)
Lv length of dcceleration lan•.•(ft)
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Lv-~ lC>:ittime on Ihe external arterial approach due to the presence of downstream queue
(,)

L[J-u, lC>:ittime on upstream approach idue lO presence of a downstIl'am queue (s)

M,

LW

length of Ot-'Celeration Lane 1 (ft)
length of Deceleration Lane 2 (ft)

length downstream uf the passing lane within its effect:ive length (mi)
effective length uf both dl'CCleration lanes (ft)

length downstream of the passing lane within the analysis scgment (mi)

distance between the subject ramp junction and the adjacent downstream ramp
junction (ft)
lost time on the external ramp approach due to the presence of downstream queue
(,)
additionallost time due to dl'l1land starvation (s)
length of the slop fine detection zone (ft)

length uf the stop line detection zone in the left-turo lanes (ft)
length uf the stop line delect:ion zone in the right-tum lanes (£t)
length of the stop line delect:iun zone in the through lanes (£t)

lost time on the upstIl'am approach idue to the presence of a downstream queue (s)
equilibrium scparation distance (ft)

average vehicle spacing in statiunary queue (ftlveh)
effective average vehicle spacing in stationary queue (ft/veh)

effl'<:tiveaverage vehicle spacing in stationary queue during subperiod k (ft/veh)
stored heavy vehicle lane length (ft)

L; length uf segment or direct:ional segrnent ¡(mi)
segment in which the incident ocrors

lost lime on signalized external ramp approach at a DDI due lo overlap phasing (s)
stored passenger car lane lenglh (ft)

i.,.¡ length of the passing [ane (mi)

L,.. average passenger trip k'flgth (mi)
L, dislance between adjacent signalized intersections (ft, Chapler 18); weaving

segment length (ft, Chapter 25)
Ls short length uf the weaving segml>nt, defined as the distance over which lane

changing is not prohibited or dissuaded by markings ((}¡apler 13, ft); start-up lost
time (s, Chapter 26)
[ength uf segment i (fl)
phase losl time (s)
totallength of the analysis segment (mi)

left-turn fluw rate per cycle (veh/cyc1e)
left-tum demand ratio (decimal)

L. length upstream uf the passing lane (mi)

distance between the SUbjl'ctramp junction and the adjacent upstIl'am ramp
junction (ft)

L" detected length of the vehic1e (ft)
leg volume (two-way total) ror leg associatl>d with NEMA phase "at inte~ion j

(veh/h)
lane width (ft)
influence aIl'a of the weaving segment (ft)
maximum length of a weaving segment (ft)

m number of segml'nts on the facility (Chapter 16); move-up time (s, Chapler 21);
number uf laoe groups SCrvl>dduring the phase (Chapter 31)

M pedestrian space (fF/p)

meetings per minute of users alIl'ady on path segment

Loo
L.
L••

L."
L••

Lv-lJi

L"
L,

L~,)

1,
L,

LTC
LTDR

Location

U5t of Symbo[s
Page 9-42

Olapter 9/Glossary and Symbols
Verron 6.0



Highway Capacity Manual: A Gujde far MuJtimadal Mability Analysis

M¡,; expected medings per minute of u,;ers of made i localed beyond the end of the rath
st'gment at Ihe time the aVl'rage bieycll' enters lhl' M'gmenl

MAH maximum allowab1c headway (s/veh)

MAH" t><:luivalenlmaximum alluwable headway for the phasc (s/ven)
,\:IAH, maximum allowable headway fuI'the conCUTTl'ntphasc Iha! .lIso ends al the barrier

(s/veh)
MAHIO .• maximum allowable headway for pennitted left-turning vehicles in exclusive lane

(slveh)
MAH1I,t,p maximum allowable headway for protecled left-turning vehick'S in exclusive lane

(s/veh)
MAHII.• maximum allowable headway fuI'pennilted leh-turning vehicles in shared lane

(slveh)
MAHlt'l' maximum allowable headway for proteeted ldHurning vchicles in shared lane

(s/veh)
MAIl"",p maximum allowable headway for protected righl-Iuming ,'ehicll'S in exclusive lane

(s/veh)
MAH",. maximum allowable headway for pennilled right-tuming vehicles in shared lane

(s/veh)
MAH,¡, maximum allowable hl'adway for through vchicles (s/veh)

MarProportioll maximum proportion of wurk zune capaeily avaiJable fm mainline f10wat Ihe
weave area (dedmal)

M,,,,,,,,,, comer circulalion area p""rpedestrian (fI1/p)

M"" cT056walkdrculation area per p""deslrian (ft1/p)
mJ M'Iof all aulomobile movcments that eross Crosswalk O

lvIF(i, 1,p) actual m,)inline £low rale Ihal can cross nade j during lime slep t in time intervall'
MFlaul'S(s) number of mixl>d-f1owlanes in sectiun s (integer)

m¡ average spt'<'dof mode j (mi/h)
Ml(i, 1,p) maximum mainline input maximurn f10wdesiring lo enler nade j during timl' slep t

in time interval p
MjllRale minimum ramp.-ml'lering rate (vehlh/ln)

MarRale maximum ramp-melerin,!; rale (veh/hlln)
mi number of lane groups on approach;

M01(i, t, p) maximum MainlineOulpull: maximum allowable mainline £Iowrate acTO';Snade i
during time step 1in time inlerval ,', limited by Ihe £Iowfram an on-ramp at nade j

M02(i, t, p) maximurn MainlincOulput 2: rnaximum allowable mainline f10wrate across nade j
during time step t in time inlcrval p, Iimiled by a\'ailable storage on M'gmenl idue
lo a downslre,)m queue

M03{i, 1,p) maximum Mainline 0u1pu13: maximum allowable mainline flow rale across nade j
doring timl' step t in time interval p, limile<!by the presence of queul'tl vehicles al
Ihe upslream l'nd of segmenl iwhile Ihe queue ckars from Ihe downslream end of
se,!;ml'ntj

lvIs spt.-'l"dindex for un-ramps (nwrge arl'as)
MSF¡ maximum M'rvice flow rale for LOS ¡(pc/hlln)
Mr lolal number of expecle<!ml'l.'tings per minule during Ihe peak 15min

M~ motorisl yield rale (dt-ocimal)
11 number of segments in Ihe dcfined fadlity (Chapler 10);averagl' number of cmssing

evcnts before ,ln adequate gap is available (Chapler 20); number of l,lnes in Ihe lane
group (Chapler 23); number of exlensions before Ihe ,!;rel'nintervall'('achcs ils
maximum limil (Chapll'r31)

N number of lanes in one dirc<:tion(Chapter 11);number uf lancs in analysis dirloction
(Chapler 12);number of lanes required for a targel LOS (Chapter 12); number of
replications (Chaplcr 17);number of l,mes in lanl' gmup (Chapter 19)

"15 eounl of vehick'S during Ihl' peak 15-min periad (veh)
",,,"'1 eount uf vehieles travcling on Ihe majar stl\.'l'l during a 15-min periad (vehlln)

11..,count of vehick-s during a 1-1'1p""riad (veh)
N~ number of arteriallanl-s feeding Ihe subjecl queue
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N., number of an.llysis periods in 1 day (Le., study period) (Chapter 17);number of
intluential aceess point approaches along the segment (Chapter 18,points)

N_ numher of aceess point approaches on!he righl side in Ihe opposing direction of
travel (points)

N.,., numher of aceess point approaches on Ihe righl side in the subject dirt.>ctionof travel
(points)

NA•••••••number of lanes for the upstream arterial through movement
N. bus stopping rate on the subject approach (buses,lh)
N, tolal number of pedestrians in the crossing platoon (p, Chapter 20);number of

circulating lanes (Chapter 30)
N""'Ib number of lanes for the combint.>dmovement (In)

11<1' number of critical phases
N¡ number of days in the reliability reporting period (Chapler 17);number of traffie

lanes crossed in traversing Cros5walk O (In, Chapter 19)
IIlJoy,t number of days in Ihe reliability reporting period assocíated wilh demand

combination k
Noc number of demand combin.ltions

liloc,wz adjusted number of replicalions of a demand combination for whieh the work zone
is active

N¡, number of pedeslrians arriving at the comer each cycle having crossed the major
strcet (p)

Nd.. numbcr of days in month m (d)
Na, number of pedestrians arriving at the comer each cycle to cross Ihe major slreet (p)

Ndp.. number of days wilh predpitation of O.oI in. or more in munth m (d)
N, number of exclusi\'e lanes in movement group (In)
N¡ number of fully stopped vehiclt.'S(veMn)

NI'" number of fully stoppt.->dvehicles in shart>dlefl-tum and through-Iane group (veMn)
NI'" numberof fully stopped vehicles in shared right-tum and through-Iane group (veMn)
N¡,. number of fully stopped vehidt.'S in exclusive through-Iane group (veMn)
11, arrival counl during gn.'Cn(veh)
N, numberoflanl' groups for whieh 1exceeds 0.0 h
Ncp number of general purpose lanes (In)

Nr;s-,_ average number of vehic1esoriginating from Ihe general purposc lanes tha! are
waiting in Ihe vertical queuc in one analysis period (veh)

Nhdty total number of houes in Ny yeaes with dry conditions (h)
Nh'f total number of huues in Ny years with rainfall eonditions (h)
Nh" tolal number of houes in Ny years with SIlowfallcondilions (h)
Nh. tolal number of hours in Ny years with snow oc ice on pavement and not snowing

(h)
Nh"" total number of houes in Ny years wilh wel pavemcnt and not raining (h)

11, numher of lanes serving phase movement í

Ni number of lanes in segmenl í (Chapler 10);number of lant.'Sassociated with lane
group í,wilh de facto lanes taken into aceounl (In, Chapter 31)

N"-i.~')"-.Jnumher of lanes serving movemcnt m blocked by the incident on leg associated wilh
NEMA phase 11 al intersection í during analysis period ap and day d (In)

11••• number of incidents
N"",,; number of incidE'ntsassociated with sevcrity type i

11/ expeeled frequcncy of all incidents in the study period for month j, roundt.>dto thE'
ncarest integer

IIL numbcr of vehicles Ihat can be stored in the left-tum ¡:>ocket
N, number of lanes in exclusive left-tum lane group (In)
NL number of through lanes erosst.>d
NI. number of lanes in sharcd left- and righl-lum lane group (In)
NI< number of lanes in Ihe Icfl-hlm bay (In)
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".. numbcr of vehicles thal can be stored in the median
N", parking maneuver rale adjacent to lane group (manl'uverslh)
n,ltu length 01lhe storage areil such thilt the approach would operate as separate lanes

(veh)
N.••(..... average numbcr of vehicles originating Irom the managed lanes lhat are waiting in

the vertical queue in one analysis periad (veh)
N••¡,,~.),•••• numbcr of lanes serving movement m under nonnal (i.e., noninddent) conditions on

leg ilssociatl-d with NEMA phase" at inlersection ¡(In)
". number of lell-Ium and through lanes open during nonnal opcration (In)
N. numberof oren lanes in Ihe work zone (In)
No number of outer lanl'S on!he lrecway (1 for a six.lant' freeway; 2 lar an eight-Iane

in>eway)
N, spatial distribution of pl'deslrians (p, Chilpler 20); numbcr of partial slops (Chapter

31)
I/pnt numbcr of conflicting pedestrians (p/h)
Np<d numbcr of pedeslrians crossing during an intcrval (p)

Nf"'l", number of pedestrians waiting al the comer to cross the major street (p)
"t maximum numbcr oi opposing vehides that could aITÍvealter Stand before g. (veh)

NI!" available queue storage (veh)
N'l' maximum qUl'ue storage lor the movement (veh)
N••.¡. maximum queue storage lor the left-tum movemenl (veh)

N.,..ll"J; maximum queue storage lar left-tum movement group during subperiod k (veh)

N'l',lh" maximum queue starage for the through movement (veh)
N •.•,••••.><k maximum queue storage for Ihrough mü\'ement group during subpcriod k (veh)
N.,..,,,,, maximum queue storage for a tum movement (veh)
n~actual storage arca for right-tuming vI'hicles
N, number of replications of a dcmand combination (Chapter 25); number of lanes in

exclusive right-tum lane group (Chapter 31, In)
N~ numbcI' of ramp lanl's fl."edingthe subjed queue (In)
NR number of meteTl'd lanes on ramp (In)

NR. ••••.L number 01lanes for the upstream ramp left-tuming movement (In)
N"". number of right-tum chilnneJizing islands along Crosswalk O

11, number of sneilkers pcr cycle
11: expeeted numbcr of sneakers pcr cycle in a shan-d Idt-Ium lane
N, number of segments lonning the facility (Chapter 15);number of sígnals within

study section of facility (unitk'Ss, Chaptcr 17)
NS number of Sl'gml'nls on the facility
N..... number of scenarios in the analysis

N__ /»< number of al! incident events gl'nerated lar aHSCl'narios

N.-; numbcr of scenarios aswciated with month i 01the rdiability reporting periad
N" number of lanes in shared left.tum and Ihrough lane group (In)
N" number of lanes in sharl-d right-tum and Ihrough lane group (In)
N, number of lancs in exclusivc-through lane group (In, Chapters 18, JO, and 31); total

number 01stops (Chapler 31)
N,.\; numher of lanes in cxdusive-through lane group i at interscction i(In)
N", number of through lancs (shaI'cd oI' exclusive) (In)
N... total numbeI' of ciI'culating pcdcstrians aITÍvingcach cyde (p)
N" number of transil slops on lhe segment foI'lhe subje<:lroute (SIOps)

N"'m numberoflanes in the lum bay (In)
N", number of tuming vehicles during the walk and pedestrian dear inlervals (\'eh)

N.oNl numbl'r uf oren lanes whl'n blockage is present (In)
NV(i, t, p) numb€'r of vehick'S present on segment iat the end of time slcp t during time

inlcrval p
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NWI.number of lanes from which a wea\líng maneU\ler may be (ompleted with one lane
change or no lane (hangcs (In)

""" number of left-turn and Ihrough IanL'Sopen dunng work zone presen¡;e (In)
11< number of ¡;al1snecessary to exlend the green lo max out
Ny total number of years (years)

0-.; adjuslL>d\lolume for ongín i(veh/h)

OCC""x average bil:yde occupancy
OCCpojg pedeslrian occupancy
OCC""", pedestrian ocrupancy after the opposing queue dears
OCC, relevant (onfikt-zone ocrupam:y

OFRD(i,p) desired off-ramp demand f10wexiting at off-ramp idunng lime interval p
OFRF(i, t, p) a(tual fiow lhat can exit at off-ramp iduring time step t in lime interval p

0, volume for ongin i(veh/h)
0MA!N offSt'tat the downstream main intersa:tlon (s)

ONRC(i,p) geometric carrying Cilpildty of on-ramp at nade i roadway during time interval p
ONRD(i,p) demand flow rate £oron-rilmp at nade i in time inlerval p
ONRF(i, t, ,,) actual ramp f10wrate that can cross on-ramp nade iduring time step t in time

inlerval p
ONRI(i, t, p) input fiow rate desiring to enler the merge polnt at on-rilmp i during time slep t in

time interval p
ONRO(i, 1,p) maximum outpul flow rate that can enler the merge point from on-ramp iduring

time step t in time interval p
ONRQ(i, 1,p) unmet demand that is stored as a queue on the on-ramp roadway at nade iduring

time step t in lime inlerval p (veh)
OR opm ralio, the ratio of the number of open lanes during road work to the lotal (or

nunnal) number of lanes (dL'CÍmal)
Osupp offset at the upstream supplemental interse<:tion(s)

p probability of a (aU headway being less lhan the maximum allowable headway
P Federal Highway Admínislralíon 5-point pavement surface rondition raling
(Chapter 15);proportion of vehides arriving during the green indication (Chapters
18,19, and 23);numbcr of (lS-min) analysis periads in the study periad (Chapter 25)

P(a) probability of al
P(CJ probability of degree-of-ronflkt case i
P(I) probability of eadl (ombínation i

P(ptdp).. probability of precipitation in any given day of month m
P(v,) probability of passing user of made i
P(v",) probability of meeting opposing user of mude i
P(Y,) probability that mutorisls yield to pedestrian un crossing event i
Plsl probabilíty of S<:Cflarios
p' adjustrnent to the major-streel left, minur-streel thruugh imp<.'dan¡;efactor

P;,. proportion of time blocked for isolated DDI analysis (dl'Cimal)
p'(r) adjuslcd probability of ea(h combination i
p" íntennediate cakulation variable
po.¡ prohabilíty of a queue-free state for the ronflicting major-street left-turning traffic
pO,¡ probability that there will be no queue in Ihe inside through lane (Olapters 16 and

18);proportion uf Rank 1 vehides nol blockL>d(Chapler 20)
Pru probability of a queue-free stale for the ronflieting mmur-slreet crussing Iraffic

'IÜ •••• OJ probability of no inddL'llt £orst~t location iof type str
p. proportion of aulumobiles in Ihe \laffic slream

Pop." proportion of NopA that can be acressed by a left tum from the subject direction of
\lavel

P. probability of a blocked lane (Chapter 20); proportion uf time blocked (decimal,
Chapter 30)
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P•.r proportion of time Ihat movement x is bloch_odby a platoon
PBCD" pmbability Ihat an individual \Vill rl.'spond wilh a seOn.'of B,e o, E, or F

Po. proportion of stops on SI.-'gmentwith benches (dl'Cimal)
PI><> pmbabilily of Iwo blockl>d lanl'S in the opposing diredion
Po. probability of two bloch>d lanl'S in the subject dirl"ction

Pl>u,kl,n~ pmportion of sidl.'walk length adjacent lo a building face (decimal)
P, probability that the subjecl phase is called
P, pavement eondition rating

PC pcdl'Strian dear setting (s)
PCPU probability that an individual will respond wilh a seorl' ofC D, E, or F
PC••• pl>dl'Strian dear setting for the phase serving Ihe minor-street through movemenl (s)
1'<Ud> proportion of segment wilh eurb on the right-hand side (decimal)
p. probabilíty of a delayed erossing

Pou probabiJity Ihal an indi\'idu;J1 wil! respond with a srore of D, E, or F

P", probabiJity of dday('d passing in opposing din'Ction
P4; probabiJity of delayed pilssing in SUbjl'Ctdirt'Ction
P ¡;r probabiJity that an individual wiJI respond with a scon.' of E or F
Pr probability th;Jt an individual will rl'spond with a srore of F
PF progression adjustment f;Jetor

PF" simplifil>d progression adjustment factor
Prv proportion of diverging traffie remaining in unes 1 and 2 imml.Jiately upstream of

the deceleration lane
P-. proporlion of sidewalk lenglh adjaeent to a fence or low walJ (decimal)
PUS pl'rcentage of free--flow spl"l'd (decimal)
PrM proportion of lhrough freeway traffic remaining in Lanes 1 and 2 immedialeJy

upstream of Ihe dl'Ce1t.'r;Jtionlane (decimal)
Pg approach grade (%)

PGIo.r proportion of lime of gap aeceptanee regime (decimal)
PHF peak hour factor (decimal)
PIN percentage of heavy vehicles (%, Chaplers 18 and 19); proporlion of hea\'y vehicll'S

(decimal. Chaptl'rs 20 and 21)
PHV' adjuslcd pereentage of heavy vehiclcs in the midS<'gmenl demand flow rate (%)
P, palh mode splil for user group i (Chapler 24); dislance rftJuired to pass mode i (mi,

Chapter 24)
p,¡ secó proportion of volume from origin i lo deslinalion i (decimal)
pi,,, proportion of incidents for street localion type sir
Pi proportion of left-tuming vehicles in the shal'l'd lane
Pk prohability of a lane change among Ihe approach through lanes
PIl.' proportion of Ihrough-movement vehicles in Ihe lefl lane (decimal)
PI' proportion of left-tuming vehidl'S on Ihe subject approach (dl'Cimal)
Pn proportion of lcil-tuming vehic1es in the lane

PL1l_~ proportion of intl'rsections with left-tum lanes (or bay) on S<'gment (dl'Cimal)
PI'" proportion of lcit-tuming vchicles in the opposing traffic stl'l'am
P••.:-' probability of delaycd passing for mode IIJ
p•.; probability of passing SI.-'ctionbcing blockcd by mude i

P_'Kr" proportion of time of no conflícting f1o\-\'(d~'Cimal)
P,., probabilily of blocked lane in opposing direction
p... probabilily of blocked lane in subjecl dil'l'ction
1'", pmportion of transil vehicles arriving on lime (decimal)
P.,. probabilíty of left-Ium bay overflow (decimal)
Pp probability thallhe SUbjl'ct phase is called by a pedestrian detl'Ction
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Pp probabilily of a pedeslrian pressing Ihe detector bullon
Pp,; probability thal conflicting Rank 2 pedestrian movement j will operate in a queue-

free slale
P,,,, pedestrian impedance factor for pcdestrian movcment x
P~ proportion of on-strect parking occupicd (decimal)
PR proportion of recrealional vehides in the traffie stream (Chapter 15); proportion of

righl-Iurning vehides in Ihe shared Jane (Chapler 18)
PIl.;.¡; proportion of right-turning vehides in the sharro laoe group j at intersection ifor

subperioo k
P/U.,' proportion of through-movement vehides in the righllane (decimal)
P,," proportion of link length with rt.'strictive median (dL'CÍmal)

Prop(off-ramp) off-ramp demand volume proportion
Proportion proportion of work zone eapacity available for mainline flow (dl'Cimal)

P" proportion of right-tuming vehides on Ihe subject approaeh (derimal)
Pu proportion of right.tuming vehick'S in the lane or lane group
p,¡, proportion of stops on segment with shelters (decimal)

Psur proportion of single-unit trueks in the traffie stream (decimal)
P,lw, jI timewise probability of weather type w in month j

Pr proportion of trueks or heavy vehicles in the traffie strcam

PT pass.1ge time sctting (s)
PT~ percentage of lrips thal occur al speeds less Ihan 45 mi/h (decimal)
Prc proportion of lrueks operating at crawl specd (decimal)
Prb lotal probability of delayed passing
PTl planning time index
PT" passage lime sctting for phase serving left-turning vehides (s)
PT" passage time selting for phase serving right-turning vehides (s)

PTSF4 percent time-spenl-following in the analysis dircction (dl'Cimal)
PTSFr percent time-spent-following for!he facility (decimal)
PTSF¡ percent time-spent-iollowing ior segmenl ¡(decimal)
PTSF,t percent time-spent-iollowing ior ;;egment as aHeded by !he presenlX' of a passing

lane (decimal)
Prr proportion of tractor trailers in the traific stI\'am (decimal)
PTIlI passage time setting for phase serving through vehides (s)
Plum proportion of turning vehicles in the sharcd lane (decimal)
P. probability that the subjed phase is ealk>d by a vehide delection

pv;"",~. cumulative sum oi volurne proportions for leg associated with NEMA phase n at
intersection i

pV"'tl'~. volume proportion for the dircction of trave! serve<! by NEMA phase n on segment i
P.A.;, ¡) probability of encountering weather type iin month jP..-- proportion of sidewalk lcnglh adjaccnt to a window display (decimal)

P, probability of phase terminalion by ex!I'nsion 10 !he maximum grecn limit
q arrival flow rale (veh/s)
Q back-of-queue size (veMn)

Q(i, t, p) total queue lenglh on segment j at the end of time step t in time interval p (ft)
q" arrival flow rate for the phase (veh/s)
q; activating pedl'Strian cal! rate (or the phase (p/s)
q; activating vehicular cal! rate fur the phasc (\'Ch/s)

q'.lo.j arrival flow rate in time slep j at a downstre,)m intersection irom upstrcam souree u
(vch/stcp)

q'•.1 departure flow rate in time step;,)1 upstIl'am source u (veh/slep)
Q", perCL'ntilcback-of-queue size (veMn)
Ql first-term back-oi-queue Sil"" (veMn)
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Q2 Sffond-term b,lCk-of-queue siLe (veMn)

Ql." average queue size aSSO<.-;atl..>dwilh the deteITninistic delay componenl
Q~,¡ 5e<:ond-termback-of-queue size far shart'd left-tum and through lane group (veMn)
Qh 5e<:ond-termback-of-queue size far shared righl-lum and through lane group

(veh/ln)
Q~,se.:ond-lerm back-of-queue size fur exclusive-through lane group (veh/ln)
Q", back-of-queue sÍ7:e(veMn)
Q3 third-leITn back-of-queue sizc (veMn)

Q,,>! third-Ierm back-of-queUl' size for shared 1efHum and lhrough lane gmup (veMn)
Q,." lhird-Ierm back-of-(lul'ue sile fur shared right-tum and lhrough lane group (veMn)
QJ.I lhird-Ierm back-of-qucue size fur exclusive-Ihrough lane group (vch/ln)
Q", 95th percentile qucue (veh)

QA estimail>d average per lane queue length for lhe Ihrough movcmcnt in Ihe
downstream (inlemalJ link al the bl'ginning of upstream arleriall'hase A (fl)

Q; initial queue at Ihe slart uf lhe analysis period (veh)
Q.,_; initi<llqueue for the cumbined movement (veh)

Q~,I"'" initia! queue for thl'lhrough movemcnl (veh)
q, conflícting fluw rate (vehJh)
qd arriva1 flow rate fur duwnstream lane group (vt'h/s)

QDR~~average 15-min qUl.'uedischarge rate (pelhlln) at lhe work lOne botllenl'Ck
Q, qUl'Ul'at the end 01the analysis penad (veh)
Q", queue at the end uf lhe analysis period when r' 2:CA and Q." 0,0 (veh)
QI queue sin' al lhe end of g" (veh)
q~arrival flow rate during the effectivc gn~n time (veh/s)
q, hourly directional path flow rate fur user group i (modal userslh)
Q, queue size at lhe end of interval i (veh)

qu demand flow rate on Sl.'Ctioniduring analysis period I (pelh)
Q" •••, maximum queue length for directian i(pe)
Q,""", Il'nglh of the qUeUl'slored at the intemal approach al the beginning of Ihe inlerval

during which this appro.lCh has demand slarvation polential
q. outside lane flow rate (vch/s)

Q"" bicycle demand in the opposing dirl'Ction (bicycleslh)
Q. queue size al the end of permitted service time (veh)
Oh queue size al the end of permilted ""rvice time, adjustl>d for sneakl'rs (veh)
Q. queue size at lhe slarl uf g. (veh)
/], arrival flow rate dunng Ihe efk'Clive red time (veh/s)
Q, qUl'Ul'size at Ihe end of dfective red lime (vch}
QR l'Stimated average per lane queue lenglh for Ihe through movement in thl'

downslream (inlemal) link at the bcginning of upstrearn ramp l'hase R (fl)
QR(t -1) queue on ramp all'nd of previous analysis penod 1-1 (veh)

QRS queue storage capacity of ramp (veh)
Q.. bicycle demand in thl' S<lmedirectiun (bicycles/h)
Q••.••average queue lenglh for the movement consid,'n>d as a separate lane (veh)
Qr lolal hourly directional palh demand (modal userslh)
Q,.., tolal time spenl by pedeslrians wailing to (ross thl' major s~1 during une cyele (p-s)
r efil'l:live red time (s)
R r...dtime (s, Chapler 19); radius of comer curb (ft, Chapter 19}; inll'rmediatc
calculation variable (Chaptcr 30); critical tlow ratiu fur the exit-ramp muvemenls
(Chaplt'r 34)

R(I) ramp-metering rate for analysis periad I (vehJhJIn)
R¡ crilical f10wratio for lhe exit-ramp movemcnts for Intersectiun 1
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Rtn critica! flow ratio for tne exit-ramp movemenls for tne interchange
RII critica! flow ratio for the exit-ramp movements for inlersection 11

r. acceleration rate (ft/sl)
rol transit venide acceleration rale (ft/sl)

R, red dearance interval (s)
R~,"i red dearance interval of the pnase s.erving the minur-street Ihrough movement (s)
rolo average radius uf tne drculaling paln uf the through movement (ft)
rl dece!eration rate (fVS1)
roe ratio of weekday typ<.'Switn an acti\'e wurk zone in a given munth to tne total

number of each weekday type ocrurring in a given montn
RDR recurring de!ay rate (hJmi)
Rd"'1'l randum number (or incident duration for slreet locatiun iuf type sir

rb transil vehide dece!eration rate (fVsl)

Rf.,1 random numbcr ror f10w rate ror analysis period apand day d
Rgl random number for tcmperaturc for day d

RIA, roundabout intluence arca for Subsegment 1 (ft)

Ri"'1') random numbcr ror incident for street locatiun iof type sir
RM(i, p) ma",imum allowablc rate nf an un-ramp meler at the on-ramp at node i during time

intervai p (veh/h)
R, platoon ratio

Rp4" random number fur pI'ffipitatiun for day d of montn m
RQ queue storage ratio

RQ>'. percentile queue storage ratio

r'l'l queue growtn rate (velVh)
R •..,..I rainfalI rate during analysis period ap and day d (in./h)
Rrl random number for rainfall rate for day d
rr4" rainfalI rate for the rain event o<xurring on day d of month m (in./h)
rT" pIl.'Cipitatiun rate in month m (in./h)

R••. I precipitation rate wnen snow is talling during analysis period ap and da)' d (in./h)
Ro.I random number for rain {'vent start time for day d

Rtl random number for rainfall total fur day d

Rv ••~,) random number for leg volume for intersection i
RV"lll'l random number for volume for s.egmenl i
RW reciprocal of paln width (ft)
s saturation tluw rate (veh/h. Chapter 4); mean service rate (veh/h, Chapter 4);
standard deviation of the subject perfonnance measure (Chaptcr 17); adjusted
saluralion flow rate (ve}¡jhf\n, Chapter 18)

S peak hour sp<.'t.>d(mi/h, Cnaplcr ll); mean spccd uf traffíc slream under base
conditions (mi/h, Chapter 12); number uf computationa! time sleps in an ana!ysis
period (integer, Chapter 25)

S0, d) aritnmetic average sp<.oedof veniclL'S(mi/h) measured during time penod t at lane
detector slation d

So base saturation f10w rate (pc/h/ln)
So speed constant (mi/h)
So¡ frce-flow sp<.'Cclof segment i(mi/h)
SI saluration flow rale for tne inside lane (ve}¡jhf\n)
SI spccd within tne linear portion o( the spccd-f1ow curve (mi/h)

SUP sp<.'l'dat tne brcakpoint of the speed-flow curve
52 specd drop wi!hin the curvilinear portion of Ihe speed-flow curve (mi/h)
SJ addilional speed drop (mi/h) wilhin the curvilinear portion uf Ihe speed-tlow curve

when the dcnsity of!he adjacent general purpose lane is more than 35 pdmi/In
SM.,,¡ 85th percentile spt-oedal a midsegment !ocalion on Ihe major street (mi/h)
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S. average sJ'l'1.'lÍ(mi/h, Chapter 30); average sJX'ed on the inlerM'Ction approach (mi/h,
Chapter 31)

SAF sJ'l'Cd adjustment factor (decimal)
5AF"" fret>-fluwsJX,,">dadjustment factor for cillibration purposes
SAFm.. mixed-fluw spt't.'d adjustm,mt factor for the basic frl'Cway segment (dl'Cimal)

5AF"" frl'C-flow spt;'t.'dadjuslment factor for a work zone (decimal)
S•• automubile-only spced for the given flow rat •...(mi/h)
Sb saluralion flow rale of the bicycle lanl' (bicyclcs/h)
Sb bicycle mnning spt;'t.'d(mi/h, Chapt •...r 18); mean bicycl •...spttd un palh (mi/h,

Chapter 24)
5< drrulating spt' •...d (mi/h)

SC(i, p) segm •...nl capadt)': maximum number uf vehicles (Vl'h/h) that can pass through
!it'gmenl i in time inlerval p based slrictly on trilftic and geometric properti •...s

S<.oIiIo base fn.""~flowspced Cillibriltion factor (mi/h)
SaI,~....x.p mixl>d-flow spt;'t.'dat90 pcrcent of capad!)' (mi/h)

S"'¡>i',<Oj' mixed-flow sJX'Cdill capadty (mi/h)
SD(i, p) segmenl demilnd: d•...sircd flow rate (veh/h) through segment iincluding on- and

off-ramp demands in time int •...rval p
SDlJI saturation flow rale for Ihe 001 approoch (veh/h)

S, fl't.'t."-flowsJX'Cd(mi/h)
SF sen.ic •...flow rate (veh/h)

5F(i, 1,p) SI.'gment flow (veh/h) out of segm •...nt i during time slep 1in lime interval p

5"1.;";''''1 initial frl'C-flow speed for Subsegm •...nll (mi/h)
S,.VDI flL'C-flowspeed bctwl'Cn Ihe 001 crossuver stop bar and the yidd oonflict point (mi/h)

SF, service flow rate fur LOS i (\'Chih)
5Fl, service flow rate under ideal conditions (pe/h)
SfM mean spt;'t.'dof samp1c (v > 200 vehih) (mi/h)

51._,,,,, frre-flow sJX"l>dfor nonroundilboul segments (mi/h)

5/1>base fn"l~flolVspeed (mi/h)

5/1>1base frt't."-flolVsJX"l'lÍfor the fadlity (mi/h)
S••.; base free-flow speed for segm •...nt i (mi/h)

5/1>,w¡.I"I',dbase frl'C-flow spt;'t.'duf through \'Chicles for segmenl i during analysis periad ap and
day d (milh)

Si;.«ge">L"P.dadjusted base free--flow sp'-'ed for!he dirl'Ction of Iravel served by NEMA phase 11
un segmcnt iduring analysis pcriad ap and day d (ft/s)

5fR f •.••-e-flow sp'-'Cduf the ramp (mi/h)
s, saturation f10w rate fnr lane group Uf phase movement i (veh/hlln)
S; av •...rage vehicl\.' sfl'l'Cdon segmenl i or in di •.•.'Ction i (mi/h)

S,jp> average travel spt-'Cdin direction i (ftls)
S", average spt"l'd un SI.'ctioni in analysis perlad t (milh)
S.1 saluration flow rate for the major~strl'Cl through movements (veh/h)
s/2 saturalion flow rat •...for lhe majur-strt'Ct right-Ium mnvemenls (veh/h)
s, saturatioo f10lVrille in exclusive left~turn I,llle group wilh permítted uperiltion
(veh/hlln)

511 saluratiun flow rate in Ihe exclusive lefl-Ium l.lne group during Periad 1 (veh/hlln)
SI, m.lximum flow rale io which a lanc change can ocrur (veh/hlln)
SI, saturatioo flow rale in shared Icfl- and right-tum lane group (veh/hlln)
sI! saturation flow uf an l'xclusive lefl-tum lane with protected operalion (veh/hlln)

SL"" lVork 7.one spt-'Cdlimit (mi/h)
S", spt-"l>dfor mode m (mi/h)

S,,~x maximum averag\.' sfl'l-'Cdof weaving vehiclcs expeo:led in a wcaving segm •..-nl (mi/h)
SMJ.'I minimum average spt-"l>dof weaving vchicles expt-'Ctedin a weavíng segment (mi/h)
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Smi><.¡'space-based specd (mi/h)
S ••i<.oo overal! mixL>d.flowspeed (milh)

S.'lL space mean speed of the basic managed lane segmcnt (milh)
SMS(NS, p) average time interval faciJity speed: average space mean speed over the entire

fadlíty during time interval p
SMS(NS, P) average anaJysis period facility speed: average space mean 5peN over the entire

faeility during the entire analysis period P
SMS,(NS) facility space mean speed in time interval ¡,

SNW average speed of nonweaving vehieIL'Swithin the weaving segment (milh)
s. base saturation flow rate (pc/hJln)

So average spet'd of vehides in ollter lanes of the freeway, adjaccnt to the l,500-fl ramp
inflllence arca (milh)

s,,1oc.oI local base saturatioo flow rate (pelhJln)
s~ saturation flow rate of a permitted Jeft-tum movement (veh/hJln)

S~ posted speed limil (milh, Chapter 15); pedestrian waJking spt>t->d(ft/s, Chaplers 18,
20,24, and 31)

Spn/ pedeslrian specd (ft/mio)
Sr! free-flow pI!destriao walking speed (ft/s)
Sp; posted speed Jimit (mi/h)

SI'f<"OI''''''; prevailing saturation flow rate for lane grollp í (veh/hJlo)
5,1. shared lane discharge flow rate for upstream right-tum traffie movement (vehJhlln)
s, saturanon flow rate in exclusive right-tum lane group with permilted operation

(veh/hJlo)
SR average speed in !he rdmp influence arca (milh, Chapter 14); motorized vehicle

running speed (milh, Chapler 18)
Sito adjusted fiotorized vehicle ruooing speed (mi/h)

s"... standard devianoo of precipita non rate in month m (io.lh)
s" saturatioo flow rate of an exch.l-~iveright-tum lane with protected opetation (veh/hlln)
SR' transit vehicle running sp<.'Cd(milh)
S, threshold speed defining a stopped vehicle (milh)

Sol s.lturanon flow rate in shared left-tum and through lane group with pennitted
operation (veh/hJln)

s,¡¡ saturation flow rate in shared left-tum and through lane group during Period 2
(veh/hJln)

S""" average spot speed (milh)
s" saturanon flow rate in shared right-tum and through lane grollp wilh pennitted

operation (veh/hJlo)
s",. standard deviation of incident duration for street locanon type sfT
S, s.lturation flow tate io exclusive-lhrough laoe group (veh/hJln)
sr standard deviation of daiJy mean temperaturc in a month CF)
S, effective speed factor
Su travel speed for the facility (mi/h)

Sr..., travel speed of through vehicles for the segment (mi/h)

Sr...,,;,.,p-4 travel sp<.'Cdof through vehicles for segment íduring analysis period ap and day d
(milh)

StartTímr analysis period in which lhe incident starls

Sa.r !ravel speed of Ihrough bieycles for lhe facility (milh)
Sa.", travel speed of lhrough bicydes along lhe segment (milh)
STD1.r syslem start time of lhe displaced Jeft-tum phase (s)

s•• saturation flow rale of ao exclusive lhrough lane (veh/hJln)
ST),F ttavel speed of lhrough pedestrians for the facility (ft/s)
Sr,..., travel SPI"edof through pedestriaos for Ihe segment (ft/s)
Sr<r travel speed of transit vehides for the facílity (milh)
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Sn.•.~ travcl s~d of transit vehicles along the Sl'grnent (mi/h)
STm system slart time of Ihe major-street Ihrough phase (s)
SV, servia' voluml' for LOS; (vehftJ,)
S,.. average spt-,,<->dof weaving vehklcs within the weaving segment (mi/h)
s••., transit wail-ride seore

duration of unmel demand in Ihe analysis period (11,Chapler 19); path Sl'gmenl
travcllime for average bkycle (min, Chapler 24)

T analysis time pt-'riod (11,ChapteN 19and 20);number of time skps in 1 h (integer,
Chapter 25)

r plaloon arri\'al time (sleps)
I~ blocked period duralion (steps)

I~ segment running time (sleps)
t(I-o).N_1 Student's t-statistic for the probability of a !wo-sided error of a, wilh N -1 degrees

of freedom
To time at which a vehide would ha\-e aITÍved at the stop line if il had oo.'n Iraveling al

the n..'ferencespt-'€d(s)
T, lime at which a vehide would have aITÍved at the stop line if il had been Iraveling al

Ihe running spt"t-"ll(s)
T2 lime at which a vehide is discharged at the stop líne (s)

tUT adjustment factor for intersection gl'Ometry
TmUJ kinematic Iravel ralt. at 1O,00J ft (s/mi)

t. average duration of unmc! demand in the analysis f'l'riod (h)
lA adjusled duration of unrnet demand in the analysis period (h)
T", amenity time rate (min/mi)

T!>" base lravel time rate (min/mi)
T, time until spillback (h)
t, qUl'Ul' clearing time (h, Chapter 19);critical headway for a single perlestrian (s,
Chapler 20)

t,.h. •• base critical headway (s)
t~c adiuslment factor for grade (s, Chapter 20);group critical headway (s, Chapler 20)
I"IIV adjuslmenl factor for heavy vehides (s)
1,,<critical headway for mocement x (s)

t<g critical headway (s)
lri dearance time of the righl-tum vehide (s)

1,_ time for last queue<! vehide to dear distance from stop bar to yield poinl (s)
I~"O time to dear conflicling queue (s)

ICQ""",. time lo dear ronflicling queue for a coordinated intl'rchange (5)

100._ time lo dear ronflicling queue for an isolaled interchange with random aITÍvals (s)

T••.• conlrolling time until spillback for the subperiod le(h)
IJ dwell time (s)
IJ" duration of time inlerval; during which the arrival flow rale and saturation flow

rale are conslant (s)
TI,.. average lemperature for day d of monlh nr ("F)

TDoLT travcl distance from upstream slop line lo downstll'am slop line far the displaced
left-tum roadway (fl)

ta eXCL'SSwail time due to lale arrivals (s)
T" exC("sswai! lime rale due lo late aITÍvals (min/mi)
If follow-up headway (s, Chapler 22); serviC("time for fully stopped vehic1es(s,
Chapter 31)

Ip•••• base follow-up headway (s)
Ij.il\' adjustment faclor for heavy vehicles (s)
Ij.. follow-up headway for mowment x (s)
1ft<fOllow-up headway (s)
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t, lost time for ith vehicle in queue (s, Chapter 4); duration of unmd demand for lane
group i in the analysis period (h, Chapler 19)

T;" travel time on segmenl i in analysis period t (minlmi)
t, transil vehide nmning time loss (min/mi)
tL lost time per phase (s)

tí adjusted losl time (s)
tí' adjusted lost time fOfthe intemal approaches (s)

t•••• thn.'Shold late time (min)
tI< critical merge headway (s)

TLC total lateral dearance (fl)
l..normal dailymean temperature in monlh m CF)

T•••, wave travel time (s)
tm;..; mi~ed-f1ow travel time for segment j (s)

tm,,,,,,, overall mi~ed-f1ow !ravel time (s)
T, analysis period duration fOfthe first subperiod (h)
TO« crosswalk occupaney time (p-s)
T, analysis time period

tr .• total normal pre'Cipitation for month m (in.)
t", driver starting response time (s/veh, Chapter 30); pedl'Strian perceplion of signal

indication and curo departure time (s, Chapter 31)t.. pedestrian service time (s)
t,.,~service time for pedestrians who arrive al Ihe comer to cross the major street (s)
T"" per({>ivedtravellime rate (min/mi)

tQ duration of queue (s)
tR segment running time (s)

t~aU aggregated segment running time for sile m for allll subperiods (s)
tll.•• segment running time for sile m (s)
tllb segment running time of through bicycles (s)

TRD tolal ramp density (ramps/mi)
t,ol... tolal rainfall for Ihe rain evenl occurring on day d of monlh m (in.levent)

TR"s travel rale under free-f1ow condilions (min/mi)
TR;,. travel rale on segment i in analysis perioo t (minlmi)
Irm average tola1 rainfall per evenl in month m (in./event)

IR' segmenl transit vehicle running time (s)
t. pedestrian start-up time and end cJearan({>time (s, Chapler 20); servi({>time (s,

Chapler 21)
TS, time-spa({>available for circulating pedestrians (fl2..s)

TSro<n<t available comer lime-space (ft2..s)
TS"" available crosswalk time-space (ft2..s)
TS;" effective available crosswalk time-space (ft2..s)
tsJ,.. start of rain event on day d of monlh m (h)
TS,. tim('-space occupied by tuming vehicles (ft2..s)

Tr !ravel time (s)

t.,; duration of trapezoid or triangle in interval i (s)
17 DLr lefl-tum !ravel time (s)

17F average travel time for lhrough trips on the facility during Ihe reliabilily reporting
period (s)

17"", average travel time for through lrips at!he base free-f1ow spo.'l'don lhe facility
during Ihe reliability reporting period (s)

17; tolallravel time of aH vehicles in segmenl i (veh-h)
171 travel time index (unitless)
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TI"s tola11rdve1time consumed by aHvehicles traversing directional sl'gml'nt iduring
the 1S-min analysis pcriod (wh-h)

ITI';/) 50th pcreentile travel time ind~'x (unitless)
IT/~ 95th pereentile travellime index or planning lime index (unitless)

TTI""". average annual mean Iravel time index (unilless)
TT/polo<)' policy travel time index, baSl>don the ageney's policy (or targel) Iravellime for the

fadlily (unilless)
TI/PI' percentile travel time index (unitlé'SS)
ITI, traw1 time index for the facility during time p<.'riodt (unitless)
TT. agency's maximum aeeeptable trilvel time for through trips on the fadlity during

Ihe reliability reporting period (s)
T toUJ.l tolal ana1ysis timl' for subperiods Oto k (h)
Iv••~,) total volume enlering interSl...::tioni (veh/h)
U spt't'd of average bieyclisl (mi/h)

U{i, p) average space mean speed over th~'length of segment i during time interval r (milh)
!l•• minimum speed of!he first Ihmugh vehicle given thal it is delay~od(ft/s)
u" righl-Ium speed (ft/s)

UV(i, " p) unsc..,,'~>d\'Chicles: !he additional number of vehicles slored on segmenl iat the end
of time slep I in lime inlerval p due to a dOWTIstreambotl1em..::k

v mean arrival rate (v('h/h, Chapter 4); base demand volume (veh/h, Chapter 10);
demand flow rate (pelh, Chapler 12); tolal demand flow rate in the weaving
Sl'gment (pclh, Chapter 13);conflicting vehirular flow rate (veh/s, Chapter 20)

V demand volume under prevailing conditions (veh/h, Chapter 12);movement
volume (veh/h, Chapter 31)

V(t, d) sum of lane volumes (veh) measured at dek>t:torstation d during time periad t

VI flow rale for Ihe inside lane (veMv'1n)
VIl demand flo\\' rale in unes 1and 2 of lhe freeway immedialely upstrcam of the

ramp influence area (pclh)
v'l. adjusted flow rate in Lanes 1and 2 imm~>dialelyupslream of lhe ramp influence

J.rea (pelh)
v,s p<.odestrianflow rate during the peak 15min (plh)
V,s volume during Ihe peak 15min of th•.•analysis hour (vehj15 min)
v¡ flo\\' rate in Ihe adjaeent through 1ane(veMv'1n)

vJ flo\\' rate in une 3 of lhe freeway (pclhJln)
Vs eslimated appro.lehing fTé'l'wayflow in Lane 5 (pclh)
VA arterial flow fl'•..>dingsubj~..::tqueue (veh/h)
V. average spccd of moving queue (fl/s)

v., J.djusled arrival volume in Ihe shared lane (veh/h)
Vd flow rale of pedeslrians Iraveling through the comer from Sidewalk A lo Sidewalk

B,or viu' versa (plh)
v•••," adjusled arrival volume for Ihe SUbjl>t:tIhrough movement (\'f~h/h)
v.""" adjusled arrival volum~' for lhe subj"'ct tum mo\'Cment (veh/h)

v.... volume or flow rate on approaeh x (veh/h)
v""J adjusted demand input voluml' (veh/h, Chapler 10);equivalent lhrough movement

flow rate exp' .•.•ssed in through pas.wnger ears JX'rhOUT(tpcih, Chapter 31)
v"") equi\'alenllhrough mowment f10wrate for lane group i (Ipefh)
v"P1' approaeh flow rale (veh/h, Chapter 23); average demand flow rilte per through lane

(upstream of any tum bays on Ihe approoeh) (veMv'1n, Chapter 30)
t'•••••¡ arrival flow rate during gr\'l'n (\'eh/h)
v."",, arriva] flow rate during red (vehlh)

VArl••••• 1 upstTé'am arterial through flow (veh/h)
v••.:w flow rate in oul~'r Janes (pc/hJ\n)

v"'" bicyde flow rate (bieyck'S/h)
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tI/>;<g bicyele flow rale during the gre<.>nindication (bicyeleslh)
~ volume in the bypass lane (veMl)

ti, conflicting or circulating flow rate (veMl)
V, sum of ¡he crilical-Iane flow rates (tpc/hlln)
Vd lane flow rate for criticallane group i (tpc/hlln)
tI~_ minimum platooned /low rale (veMl)

Ve.•••• conflicting /low rate (peIh)
Ve."",,,,' critical-lane /low ra!e for permitled lefl-tum operation on lhe east-\\'esl appro.lches

(tpc/hlln)
V~f"""'.2 critical-lane fIo\\' rate for permilled left-tum operalion on!he north-soulh

approaches (tpc/hlln)
V~""".Icrilical-lane flo\\' rate for protected left-tum operalion on the easl-\\'est approaches

(tpc/hlln)
V'.r'''u critical-lane fIo\\' rate for protected left-tum operation on!he north-south

approach,-'S(tpclhlln)
V~"I'"Ucritical-lane flow rate for splil phasing on the easl-west approaches (tpclhlln)
V~",I;<¡ critical-lane flow rate for split phasing on!he north-south approach,-'S (tpcIhIln)
V~....conflicting flow fOlmovement x during ¡he unblocked period (vehlh)
ve", conflicting flow rate for movement X (veMl)
v" flow rate of pedeslrians arriving at the comer after crossing the minor slret't (plh)
ti", flow rate of pt.-'destriansarriving at the comer to cross the minor strl.'1:t(plh)
VD flow rate on lhe adjacen! downstream ramp (pclh, Chapter 14);design specd of the

loop ramp or divert<'d mowment (miJh, Chapler 23)
v,(A~ demand flow rate for A1'5 estimation (pclh)
vursr demand flow rate in the analysis direo:;tionfor estimation of PTSF (pclh)

v4I /low rate of pedestrians arriving at lhe comer afler crossing the major stret't (plh)
v'" flow rate of pedestrians arriving at lhe comer to cross!he major str'-"'"t(plh)

VJOFF15oj adjustect 15-min exi! demand fOltime period iand exiting location i (veh)
ve entry flow rale
Va exiling flow rale

V ••. "", conflicting exiting flow rate (pclh)
Vf flow rate on freeway immediately upstrcam of the ramp influence arca under study
(pdh)

vf"ff effective approaching fr<","wayflow in four lanes (pclh)
vf; ffL","Way-to--freewaydemand flow rate in the weaving segment (pc/h)
VfO fiow rate on the freeway immediately downslream of the merge or diverge arca

(pelh)
vn: frceway-lo--ramp demand flow rate in the weaving segmenl (pclh)
v, dl.'mand flow rale for movemenl group (veMl)
V,l demand flow rale in Ihe single exclusive lane with !he highest flow rate of aH

exelusive lanes in movement group (veMV1n)
v. pt.'destrian demand during lhe analysis hour (plh)

VHT(t, d) vehidl.' hours travek'd during time period t measured at lane detl"Ctorstation d

VHTFF, facility vehicle hours traveled during time period t if travel was at free-flow spt.-~>d
VHT, facility vehicle hours traveled during time period t

VHT,", vehiele hours traveled during time period t measured at lane detector station d
•

ti; demand flow rate for movemenl j (pc/h, Chaplers 13,19, and 20);actual or projected
demand flow rate for lane group i (veMl, Chapler 23);speed of a given palh user of
mode i (mi/h, Charler 24); flow Tatelor lane i (\'chjhJln, Chapter 30)

V, demand volurne for rnovement i(vcMl)
Vi demand flow rate (veh/cyele/ln)
v,] major-slreet through vehieles in shared lan(' (veMl)
V,2 rnajor-street tuming vehieles in shared lane (veMl)
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ViATS demand flow rate i for ATSestimation (pclh)
lO,¡ voJume entering from origín i and exiting at destination j (veh/h)

v,,,,,, demand flow rate for movement ; (pclh)

lO,PTSf demand flow rate j fur dt.'tt.'nninatiun uf PTSF(pclh)
V" dt.'mand flo\\' rate on section iduring analysis period I (veh/h)
lO/! major-strl'Ct through-movcment Ao\\' rate (vehlh)

v" major-street right-turn Aow rate (vch/h)
V",puI,;,,~'),i movement ivulume at intersediun i (£romdataset) (veh/h)
v,.~~~Adadjusted hourly flu\\' rate fur movement iat intersectiun iduring hour h and day d

(veh/h)
lO;'~'J,....,.J randomizN hourly flo\\' rate for movement i at intersection j during anaJysis period

ap and day d (veh/h)
V~ vehick'-in-queue count (veh)
VI d•..mand Ao\\' ratt' uf movement j (wh/h)
VI left-tum no\\' rate using a given entry (vehjh, Chapter 22); d•..mand flow rate in

exclusive left-tum lane group (vl.'l1¡'h/ln,Chapter 31)
v~major Jeft-tum or U-tum flow ratt.'(wh/h, Chapter 20); ()"D demand flow rate

traveling through the first interscction and tuming left at the second (Chapter 23)
l'e.m through and left-tum movement combined fIow rate (veh/h)

Vu. demand flow rate in ldt lane (vehlh)
VI. d•..mand flow ratt' in shart'd left- and right-tum lane group (veh/h)
v" tefl-tum demand flo\\' ral•..(veh/h, Chaptt'r 19); lam' fluw ratt.' for the IdHum [ane

group (tpcJ1lIIn,Chapter 31)
VI,,..,.. pt'rmittcd ldt-tum demand £low rate (veh/h)
VII,,. lane flow rate fur the left-tum Jane group during the protectl.J left-tum pha>l.'

(tpclhJln)
v.• midst'gment demand now rate (vch/h, Chaptcr 18); fIow rate for mude m (SUTIh,

TIIh, or pcJh; Chapter 26)
VM(t) volume on upstream st-'Ctionfor analysis pt'riod t (veh/h)
v.., adjusled midscgment demand fIow rate (veh/h)

V••ou maximum achit.'vable segml'l1t spl"l'd (milh)
v••g mergt.' fluIVrate (veM1J]n)

v",,, flolVrate of mixed traffíc (veM1J]n)
VMT(t. d) vehicle milt'S trawled during time period t measurcd at [ane detector station d

VMT; vehicle mill'S traveled for segment í (veh-mi)
VMTiI~ tolal vehiel•..miles traveled by ,111vehicles in directional segml'nt iduring th•..15-min

anaJysis periud (wh-mi)
VMT¡ awrage vehiele miles traveled for scenarios in month j

VMT s-l vehicle mill"Sof travel in the seed file
VMT "J." vehicle miles Iraveled on segment ""8 during analysis period u in Ih•..st'Cd file
VMT, facility vehicle miles trawll'<i during time pt'riod t

VMT,. vehicle miles travdt'<i during tirol' pl'riod I measured Jt lane detl'Ctor stJtion d

11"nolVrate for the outside lant.'(\'eM1J]n)
V~W nonwt.'aving demand now rate in tne weaving scgmenl (pclh)
v, opposing demJnd £Iowrate (vch/h)

lO",Ars deroand £lowrate for ATSdetennination in the opposing direction (pclh)

V.,PTSF dt.'mand flolVratt.'in the opposing dire<tion for eslimation of PTSF (pc/h)
VOA average pcr lane demand now in ouler lanes adjacent lo the ramp in£lul'nce arca

(not including flow in wnl'S 1 and 2) (pclhJln)
Vov ()..D demand volumes (wh/h)

v<>(,¡t volume entering from orígin iand exilíng al dC'SlÍnationi for subpcriod k (veh/h)
VOfFl.'lii 15-min exit (ount for tim•..periud i and exiting locationj (veh)

VOL din'Ctional demand fIow rate in the oulsíde lane (veh/h)
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VO~H.) IS-min entering eount for time pcriod iand entering location i (vch)

v, dcmand £low ratc undcr equivalent base eondilions (pc/h/ln, Chapter 12):
pedestrian flow pcr unit width (p/ftlmin, Chaptcr 18); pedestrian flow rate (pIs,
Chapter 20)

vI"'" unit flow rate (p/min/fl, Chapter 4): pedestrian flow rate in the subjed sidewalk
(walking in both direclions) (p!h. Chapler 18)

V¡Wj pedestrian flow rate in the subjt.>dcrossing for travel din'ction i(pih)
v~ pedl'strian flow rate during the pedestrian service time (pih)

v, demand flow rate in exclusive right-tum lane group (veMt/ln)

vR flow rate on the on-ramp or off-ramp (pc/h. Chapter 14): right-tum movement £low
ratc (veh/h, Chapter 20): right-tum flow rate using a gíven entry (vehlh, Chapter
22): Q-D demand flow rate Iraveling thmugh Ihe first intcrsection and turning right
at the second (Chapter 23); ramp flow feed.ing subject queue (veh/h, Chapter 23)

VR ratio of weaving demand flow rate to total demand flow rate in Ihe weaving
segment (decimal)

VR volume ralio (decimal)
VR(t) volume on ramp during analysis period t (vehlh)

vllA nonbypass right-turn £low rate using a given entry (vehlh)

vm sum of the £low ratt.'Sin Lanes 1 and 2 and the ramp flow rale (on-ramps only)
(pcih)

VR.np-L upstream ramp [efl-turning flow (vehlh)
V.u ramp-to-freeway demand flow rale in thc weaving scgment (pcIh)
vRI- demand flow rate in right lane (vchlh)

V~. ramp-to-ramp demand flow rate in the weaving scgmcnt (pcih)
v" right-tum demand flow cate (vehlh)

v_ right-tum-.on-rt.'d flow rate (vehlh)

v. transit frequency for Ihe segmcnt (vehlh)
VO? flow rate for the movement considercd as a separate lane (vehlh)

v••. demand £low rate in sharcd left-tum and Ihrough lane group (vehlh)
voI,;,).l demand £low rate in shared left-tum and through lane group i at intersection i for

subperiod k (vehlh)
vol.Jt left-tum flow rate in shared lane group (veMt/ln)
v•. demand flow rate in shared right-tum and thmugh ¡ane group (vchlh)

V.,•.~I demand flow rate in sharcd right-tum and through lane group i at intersection i for
subperiod k (vehlh)

v •.,rl right-tum flow rate in sharcd lane group (veMt/ln)
v, demand flow rate in exclusive-through lane group (veMt/ln, Chapter 18); through

flow rate using a given cntry (vehlh, Chapter 22)
vT right-tum flow rate using a given entry (vehlh, Chapter 22): Q-D demand flow rate

lraveling through the fiest intersection and through the second (Chapter 23)
v.;~.l demand £Iow rate in exdusive-through lane group i at intersection i for subperiod k

(veh/h,lln)
v", through-demand flow rate (vehlh)

VlO! total number of vehides arriving during the survey pcriod (veh)
Vu £low rate on the adjacent upstream ramp (pc/h. Chapter 14): U-tum flow rale (veh/h,

Chapter22)
v•••• one-direction demand flow rate (vehlh)

Vw wl'aving demand flow rate in the weaving segment (pcih)
Vw.•••• starting shock wave spet.>dfor arterialthrough movements duc to the downstream

queue (ftls)
VW,""", stopping shock wave speed for arterial through movements due to the downstream

qucue (ftls)
v. £Iow rate for movement r (veh/h, Chapter 20): number of groups of pedestrians,

where r is Movement 13, 14, 15, or 16 (Chapter 20)
vy flow rate of Ihe y movernent in the subject shared lane (vehlh)
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ti.' lane width of the lane Ihat Ihe minor movcmenl is negotialing inlo (ft)
W weaving inlensity factor (Chapter 13);widlh of Ihe dear zone for Ihe long5t vehide

path, m",asured along the cenlerline of the oulside lane (it, Chapler 23);effective
widlh of erosswalk (fl, Chapler 31)

W. effective width oi Sidewalk A (ft)
W~ available sidewalk width (fl)
W.~adjusled available sidewalk wid!h (fl)

Walk pedestrían walk setling (s)
Walk.. pedestrian walk selling for Ihl' phase serving Ih",minor-slrwt through movement (s)

WI>efiectiw widlh of Sidewalk B(fl)
WIOwidlh of Ihe bieyde lane (ft)

W"'f buffer width lx>lwecnroadway and sidewalk (fl)
w, average width of eirculating lane(s) (ft)
W, crosswalk widlh (it)

W<>Icurb-Io-curb wid!h of Ihe cross sm'l't (il)
Wd efft..xtivewidlh of Crosswalk O (ft)
W, efiective widlh of Ihe outside through lane (it)
We efflxlivesidcwalk or walkway width (fl)
W¡ wid!h of signalizcd intersection as measurl>dalong Ihe scgment eenterline (fl)

W"l weighting factor for lane group j at in!ersection i for subperiod k (veh)
W] lotal width of shoulder, bicyde lane, and parking lane (ft)

Wo sum of fíxl'd-object effe<::livewidths and linear-fl'ature shy distanC5 al a given ruinl
along Ihe walkway (ft)

Wo., adjusled fixed-objecl effl'Ctivewidlh on inside of sidewalk (ft)
Wo.• adjusted fixed-objl'CIl'ffl'Ctivewidlh on outside of sidewalk (ft)

W", wid!h of Ihe outside Ihrough lane (fl)
WOLou!side lane widlh (fl)
W", widlh oi paved outside shoulder (fl)
~ adjusted widlh of paved oulside shoulder (fl)

W•• widlh of striped parking lane (fl)
u'~queue ehange rale (vehls)
W, paved shoulder widlh (fl)

WS(i,p) wave spl'l'd: Spl'l'd al whieh a front-clearing queue shock wave Iravels through
segment iduring time interval p (fl/s)

W" shy distance on inside of sidewalk (ft)
W", shy distanee on oulside of sidewalk (ft)
W, lotal widlh of Ihe outside through lane, bieyde lane, and paved shoulder (ft)

Wr lotal walkway widlh (fl)
W_, ••.l weighting factor for sí!e nl for sub¡x'riod k (veh)

\i'oflT wave travel time (time sleps)
~V1T(i,p) wave lravel time: time taken by Ihe shock wave traveling at wave s¡x'l'd WSlo

Iravel frum Ihe downstream end of segment ¡to Ihe upstream end uf the segment
during time inlerval p (time sleps)

\i'oflTb,¡ Iravel-time-weighled average bicyde LOS semI.'for segment ¡
"'1Tp,; Iravcl-time-weighll>d a\'erage pl'(,k>slrianLOS seore for segrnent i

W. effeclive lolal width oi oulside thmugh lane, bicycle lane, and shoulder as a
function oi !raffie volume (ft)

r volume-Io-<apacity ratio of the link's righlmosl lane on a roundabout appmach
(Chapter 18);degree of utilization (Chap!er 21); volume-Io-<apacity ratio of the
subjl'Cllane (Chapler 22); dislance from average bicydisl lo uS('r (mi, Chapler 24)

X peak hour volume-to-<apacily ratio (dl'Cimal,Chapter 11);volume-to-capacily ratio
(Chap!er 20); distance of user beyond end of path scgment (mi, Chapler 24)
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X, volume-tlH:apacily ratio in the shared lane
X.• average volume-to-capacity ratio
Xe critical inlersection voluml.>-IlH:apacityratio

In degree of utilization on the conflicting approach from the left
xd•••, distance betwt>enthe DDl crossover stop bar and Ihe yield conflict point (fl)
XCR degrt>eof utilization on Ihe conflicting approach from the right
X¡ volume-tlH:apacity ratio for lane or lane group i

XO'2 combine<!degIl't' of saturalion for the major-slIl't't through and righHum
movemenls

Xo degIl't' of utilization on Ihe opposing approach
X. weighted volume-Io-capadty ratio for aHupstream movemenls contributing to the

volume in the subject movemenl group
y tlow ratio (Charter 19); intefmt.'C!iatecalculalion variable (Chapler 20)
y' flow ratio for the approach
y yellow change inlerval (s, Chapter 19);yellow.pJus-all-red change-and-c1earance
inlerval (s, Chapter 23)

¥3 effective flow ratio for concurrent (or transition) Phase 3
Y7 effe<:tiveflow ratio £orconcurrent (or transition) Phase 7
Ye sum of Ihe critical tlow ratios
Yd sum of Ihe crilical f10wratíos for Intersection I
Ye,Usum of the critical f10wratios fOfInteT'Sl'Ction11
Yr. critical flow ratio for phase i

y~ sum of Ihe critical f10wfatios for the inlerchange
y •• change interval of Ihe phase serving the minor-street Ihrough movement (s)
YP: yield point for Phase 2 (s)
y, effe<:tiveflow ralio for Ihe concurren! phase when dictaled by Irave! time
z percentile parameter
£2' fraction of capacity drop in queue discharge conditions due to congcstion on the
fadlity

£2'", percentage drop in prebreakdown capacity at the work zone due to queuing
condilions ('Yo)

P shape parameler of Ihe fiUedWeibull distribution
PI model coefficient for 2-t0-1 lanc c10sures
fl.z model coefficient for 2-tu.-2Iane dosures

P, model coeffident for 3-tu.-2lane dosures
P. madel coefficient for 4-to-3lane dosures
P~ model coefficient for volume ralio
Pó model coefficÍl'Otfor auxiliary lane length
r scale parameter of the filled Weibull distribution
Ó slope of Ihe travel time-versus-distance curve (s/ft)
ÓI adjustment p¡.rameter fm incident frequency
Ó2 adjUSlment p¡.rameter for incident severity
ó, adjuslmt.'l1tp¡.rameler fOfincidenl duration

Ó. adJUstment parameter for incident location
Ils adjuslment parameter for incidenl start time
.1 headway of bunched vehide slream (slveh)
.1' equivalent headway of bunched vehide stream scrved by the phase (s/veh)
.1, headway of buncht.>dvehide slll'am in lane group i(s/veh)

.1RO" additional oversaturation delay rollefor segment iat anaJysis periad t (min/mi)

.1RU" deJay rate fOfsegment i in time period t (min/mi)

.1Tn traffic interaction tenn (s/mi)

Ust of Symbols
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A Ihn'Shold breakdown rate (Chapler 26); flow ralt.' paramt.'tt.'r (Vt.'hls)(Chaptt,>r30)

"" flow ratt.' paramt.'leT for tht.' phase (vt.'h/s)
AAZ ralt.' of change in Az pt'r umt increase in fn't"-flow spl,t'd (mi/h)
"BP ralt.' of incll'ase in brt.'akpoinl per unil decrease in free.flow speed (pclh/ln)

A, rale of change in capacity per unít change in free-fiow spt't.'d (pclh/ln)
A,,; fiow rale paramder for l,me group j seT\,t.'din the concurrent phase thal also ends at

the barrier (veh/s)
A, f10w rale paramder for lane group j

Al flow rate paramcter for the exclusive ¡dt.tum lane group (\'eh/s)

", flow rate para meter for the exclusive right.tum Jane group (veh/s)
A., flow ratt.' paramt.'tt.'r for shilred Jt.'fHum and lhrough lane group (veh/s)
A" flow rate parameler for shared right-tum and lhrough Jane group (veh/s)
,l, flow rate parameter for exclusive.through lant.' group (Vt.'h/s)
!1, average speed of mode i (mi/h)

PR,"''' cocfficient for grade lerm in the mixoo.flow CAF equation (dl"CimaJ)
a.pul slandard deviation of "'pot speeds (milh)

1. automobiJe free.flow IraveJ Tale (s/mi)

1/..•.; t.'nd-of-gradt.' spol lravc\ time rale fOTaUlomobilcs (s/mi)
1¡sur./ spot Iravel limt.' rate (or SUTs at the end of segmenl; (s/mi)

1I,sur,b•.; spot kint.'matic lravel time rate of SUTs al the end of segment; (s/mi)
1f.TT.; spot travel time rale for TIs at lhe end of segmenlj (s/mi)

T¡TT,b.~spot kinematic tTavel time rale of TIs at lhe end of segmcnl; (s/mi)
T••• kinematic space-based lravc\ timt.' ratl' (s/mi)
1.. travel time rate for modt.' m (s/mi)

1"",,; mixoo-flow space-based travel time ratt.' for segmt.'nt j (s/mi)
T.I,a; aUlomobile spaa'-based travel time rale (s/mi)

1s,sur,; space.based travel time rate for SUTs across segmt.'nl j (s/mi)
1s,sur),;,,! kinematic spac{'.ba",ed Iravel time rale of SUTs (s/mi)

1S,TT)space-based travel time rate for TI", aclO"'s segment; (s/mi)
1s,rr,¡",,¡ kint.'matic span .•..baSl.'IÍtrave! time rale of TIs (s/mi)

Tsur SUT free-flow travel Tate (s/mi)
1sur,J<Ul'travel time rate for a SUT at a point 10,000 ft along the upgradt.' (s/mi)

1Sur,lo"kint'matic travel rate of sur", (",/mi)
TIT TI frcc.flow lravel rale (s/mi)

1n1lmJ lravellime rale for a TI at a poínl 10,000 ft along lheupgrade (",/mí)
1nlo. kinematic travel rate of TIs (s/mi)

'P" combinoo proportion of free (unbunched) vehicle", for the pha"'l' (decimal)
ip, plOportion of free (unbunchl.'IÍ) vehicll.'Sin lanc group i (decimal)

9",;, expont.'nt for the spt.'I.'IÍ-flow curve (decimal)

Chapter 9/Glossary and Symbols
Version 6,0
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VOLUME 1 INDEX

The index to Volume 1 lists the text citations of the terms defined in the
Glossary (Volume 1,Chapter 9). Volumes 1, 2, and 3 are separately indexed. In
the index Iistings, the first number in each hyphenated pair of numbers indicates
the chapter, and the number after the hyphen indica tes the page within the
chaptcr.

A
Acceleration delay, 4-39, 441
AcceJeration Jane, 6-21
ACCl'Sl;poinl, 2-13, 3-13, 7-11, 8-6
ACCl'SsibililY,1-2,2-10,5-11,8-9
Accuracy, 1-16, 2-4, 4-26, 5-4. 6-4, 6-6, 6-32,
7-1. 74, 7-8, 7-9, 8-11, 8-14, 8-15, 8-17, 8-Ul

Aclive passings, 2-9, 8-13
AClive traffic and demand managemenl
(AIDM), 1-6, 1-7, 1-8, 1-11, 1-12, 1-13, 1-15,
4-25,6-11, 6-13, 7-10, 7-11

Actual<.>dcontrol, 6-10, 6-25
Adjustment, 4-24
Adjustment factor, 1,16, 6-10
Algorilhm, 4-26, 6-6, 6-27, 6-28, 7-4, 7-5, 7-17,
7-21

All-way STOI'-control1ed, 1-7, 2-14, 2-18, 4-3,
4-18,5--14,6-12, 6-18, 7-8, 7-10, 8-6

Altemative inlersection, 1-1, 1-2, 1-7, 1-17,
2-8,8-6,8'12,8'20

AJtemative too!, 1-5 lo 1-7, 1-19, 54, Chapler
6, Chapler 7, 8-11, 8-16, 8-17, 8-21

An"Jysis hour, 3,11, 4-3, 4-4, 4-38, 8-3
AnaJysis period, 1-13, 2-14, 2-15, 3-11, 4.9,
5-5,5-6,6-1,6-10,6-13,6'19,6-27,7-13,
7-14, 7-27, 7-31, 7-34 to 7.38, 8-3, 8-17, ¡H8

Analytical model, 6-2, 6-9, 6-15
Approach, 4-17 to 4-20, 4-27, 4-44
Approach deJay, 1-16
Area type, 3-17, 6-32, 6-33
Arrival rate, 4-20, 4-21
Automobile, 2,1, 2-8, 2-9, 2-11, 2-17, 3-2, 3-15,
3.20 to 3-22, 3-24, 3-26, 3-28, 3-31, 3-32,
3-35, 4-37 lo 4-39, 4-43, 5-1, 5-9, 5-12, 6-5,
6-33,7-1, 7-2, 7-5, 8-1, 8-8 to 8-10, 8-13

Aulonomous vehíde, 3-4
Audliary lane, 6-21, 7-28
Average annuaJ daily Iraffic (AADn, 3-6,
3-10,3'12,3'13

Average bicydisl, 5-9
AVl'rage running spc<.>d,4-5
Average spot spt-"ed,4.5
Aver"ge travel spt-••.>d,1-15,4-4 to 4-6, 5-5, 5-7,
5-11,5.13,7-11,7-12,8-12

Volume l/Concepts
Version 6.0

B
Back of queUl' (BOQ), 4'20, 5-5, 7-12, 7-13,
7-20,7-21

Barrí •••r, 3,26, 4-29
Base capacily, 8-3
Base conditions, 2-14. 3-5, 4-22
Base free.flo\\' speed, 1-15, 1-16, 7-6
Basic freeway segml'nt, 1-6, 1-11, 1-14, 2-8,
5'9,5-10,6-33,7-6,7-7,7-11,84,8-12

Bicyde, 1-1, 14, 1-6, 1-7, 1.10, 1.11, 1.1510
1'18,2-1,2-3,2-7102-9,2'11, 2-13, 2-17,
3-16,3-21, 3-24 lo 3-32, 3-35, 3-37, 4.1, 4-37,
4-38,4-41, 442, 4-46, 5-2, 5-8, 5-10, 5-12 lo
5-15,6-5,6-12,6-18,6-19,6-21,7-5,7-7,
7-10, 8-1, 8-6 lo 8-8, 8-10, 8-12 lo 8-14, 8-19

Bicyde facility, 1-7, 2-7 lo 2-9, 2-13, 3-27, 3-29
to 3-31, 4-37, 4.38, 5-10, 5-15, 8-1, 8-6, 8-7,
8,12,8-13

Bicyde Jane, 2.3, 3.30 lo 3-32, 4-37, 4-38, 441.
5,10,5,13,7-7,8,14

Bicyde mode, 1.7, 1-16, 2-11, 2-17, 3-27, 8-1,
8-'

Bicyde path, 1-7,2-7,3-27,3-28,4-37,4-38,8-6
Bieyc1espt>t'd,3-27, 4'1, 4-37, 8-7
Bicydc Irack, 4-37, 4-38
&xIy dlipsc, 4-28
Bottleneck, 2-14, 2-15, 3-5, 3-11, 4-2, 4.3, 4-7,
6-12,6-20,7,12,7,14,7-34,7-38,8-3

Boundary intersection, 1.16
Breakdown, 2-14, 2-15, 3-3, 3-5, 4-12, 6-20, 8-2,
'-3

Buffered bicyde Jane, 3-30
Bus lane, 440 lo 442
Bus mode, 3-34
Bus stop, 2-3, 3-26, 3-31, 3-35, 4-32, 4.3910
4-44,8-8,8-14

Bus stop faiJuTt',4-39
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Calibration, 1-10, 1-14, 1-17,6-6,6-7,6-11,
6-13. 6-19, 6-23 to 6-25, 6-27, 6-32, 7.31, 7-33

Capacity, 1-1, 1-2, 1-4, 1-5, 1-6, 1-10, 1-11,
1-13. 1-14, 1-17, 1.18, 2.1, 2-6, 2-7, 2-10,
2-12,2-13 lo 2-15, 2-16, 2-17, 3-1, 3-2, 3-4 to
3-6, 3-10 to 3-13, 3-15 to 3-17, 3-22, 3-24 to
3-27,3-32 lo 3-34, 3-36 to 3-38, Chapter 4,
5-5, 5-6, 5-9 to 5-11, 6-3, 6-7, 6-10, 6-13,
6-17,6-20 to 6-23, 6-26, 6-32, 7-6, 7-10, 7-12,
7.13,7-16,7-17,7-21, 7-26, 7-27, 7-30, 7-31,
7-34,7-36,7-37,8.1108-6,8-9,8-15,8-16,
8-18,8-19

Cap.1city adjustment factor (CAF), 7-6
Centerline, 2-9, 5-15, 8-13
Central business district (CBD), 3-6, 3-32,

4-35,4-40
Change intervai, 4-16, 4-17, 6-10
Clearance inlerval, 3-16, J..26, 4-28
Clearance losl time, 4-16, 4-17
Clearance time, 4-16, 4-44
Climbing lane, 3-15
Cloverleaf intcrchange, 6-12
Complete trip, 7-20
Composile grade, 1-13
Compulational engine, 1-8, 1-9,6-6
Confiict, 1-16, 2-9, 3-16, 3-22, 4-18, 4-24, 4-33,

4-34,4-36,5-14,8-8,8-13
Congeslion, 1-12,.2-4, 2-9, 2-10, 2.13, 2.19, 3-4,

3-11,3-32. J..35, 4-40, 7-14, 7-19, 7-23, 7-34,
7-36 to 7-38, 8-4, 8-9, 8-15, 8-22

Cong\.'Stion pricing. 2-4, 6-9, 6-13, 6-19, 6-28,
8-15

Connected vehide, 3-4
Control condition,. 3-2, 4-1, 4-21, 4-22, 8-2
Control dela}', 1-17, 2-18, 4-14, 4-19, 4-38, 5-3,

5-14, 7-8, 7.11, 7-14, 7-23 lO7-26, 7-37, 8-7
Controller,6-22
Coordination, 4-41, 6-21
Corridor, 1-20, 2-1, 2-2, 2-6, 2-7, 4-22, 4-25,

4-42,6-2, 6-12, 6-13, 6-15 lo 6-17, 6-30, 7-2,
8-4

Crawl specd, J..17
Critical density, 4-8
Critical headway, 4-18, 7-4
Critical speed, 4-8
Cross flow, 3-26, 4-29, 4-32. 4-33, 8-8
Crosswalk, 3-15, 3-24 lo 3-26, 4-29, 4-44, 5-14,
8-8

Curb extension, 4-41
Cyde, 2-13, 2.14, 4-14, 4-16, 4-17, 4-20, 4-21,

4-24,4-37 lo 4-39, 4-41, 4-46, 6-10, 6-18,
6-28,7-21,7-30,8-6

C}'de lenglh. 4.17, 4-21, 4-24, 4-39, 4-41
C}'de failure, 2-14

Page VI-2

Daily secvice voJume, 6-32
Deceleration delay, 4-39
Deceleration lane, 6-21. 7-15
Default value, 1-6, 1-7, 1.10, 1-11, 2-1, 2-3, 2-4,

6-1 to6-4, 6-13. 6-14, 6-24, 6-32, 6-33, 7.1,
7-3,7-4,8-14,8-15,8-2J

Degree of saluration, 7-29
Delay, 1-6, 1.16, 2-1, 2-5, 2-7 t02-1O, 2-13,

2-16,2-18,3-4,3-5, J..14 lo J..16, J..21, 3-22,
J..25 lo 3-27, 3-34, 3-35, 4-1, 4-13, 4-14, 4-17
104-19,4-25,4-38 to 4-43, 5-2. 5-3, 5-5, 5-8,
HO lo 5-14, 6-6 to 6-8, 6-10, 6-11, 6-17,
6-18,6-29,7.2,7-8 to 7-11. 7-14, 7-16, 7-17,
7-19,7-22 lo 7-27, 7-29 lo 7-31, 7-35 lo 7-39,
8-1, 8-4 to 8-13, 8-17

Demand flow rate, 5-4, 7-11, 7-15, 7-32
Demand volume, 3-5, 4-2. 6-3, 6-10, 6-27, 7-8,

7-11 to 7.14, 7.26, 7-30, 7-31
Demand-Iü-("apacily (die) ratio, 2-10, 4-3, 5-5,

6-18,7-27,7.35107-37,8-12
Density, 1-5, 1-14, 2-8, 2-14, 2-16, 3-4, J..5,

3-12, 3-15, J..24, J..27, 3-32, 4-1, 4-2. 4-5 to
4-8,4-10,4-29 lo 4-33, 5-9, 5-10, 5-12, 6-7,
6-18,6-21,6-24,6-32, 6-33, 7-2. 7-6, 7-7,
7-10,7-14 lO7-16, 7-27, 7-28, 7-31, 7.32,
7-38,8-5,8-12

Departure headway, 4-14, 4-18
Descriptive model, 6-8, 6-9
Design analysis, 2-1, 2-3, 2-4, 6-4, 8-14, 8-15
Design hour, 3-11, 7.3
Design speed, 4-23, 5-11
Detector, 3-9, 3-36, 4-5, 4-6, 6-23
Deterministic rnodel, 4-26, 6-7, 6-10, 6-19,
7-17,7-31, B-16

Deterministic queue delay, 7-36
D-factor, 3-12, 3-13, 6-32 to 6.34
Dirt.>ctionaldistribution,. 3-12, 3-13, 4-1B, 4-23,
4-24

Directional split, 3-25, 4-33
Dislribuled inlecscction,. 1-17
Divcrgc, 1-6, 1.14, 2-6 lo 2-8, 2-18, 6-12, 6-20,

7-10,7-11, 7-15, 7-28, 7-32, 8-4, 8-5
Diverge segment, 1.14, 2-7, 2-8, 7-11, 8-4, 8-5
Diverging diamond interchangc (DDI), 1.12,

1-17,6-12
Divided highway, 3-15
Driver population,. 1.14, 4-23, 4-24
Duration of congestion,. 2-10
Dwell time, 4-40, 4-43, 4-44
Dwell time variability, 4-43
Dynamic traffic assignmenl model, 7-32

Volume l/Concepts
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E
Efk"Ctivegreen time, 4-14
Effective red líme, 4-21
Effoxtive walkway widlh, 4-33, 4-34
Empírical madel, 6-10
Environmcnlal cunditiuns, 2-13, 4.14, 4-19,
4-25, 8-2, 8-4

Evenl, 3-27, 3-29
Exclusive bus lane, 3-35, 441
Exclusive lum I•.me, 4-23
Experienced Iravel time, 1-17, 2-8, 6-28
Exlenl of cungeslion. 2-10, 4-3, 8-3
Extra dislance travel time, 1-17,2-18

Hjghway Capadty Manual: A Guide tor Multimodal Mobiljty Analysis

G
Gap, 2-14, 3-4, 3-21, 3-35, 4-2, 4-13, 4-17, 4-18,
4-23, 4-24, 4-39, 5-12, 6-10, 7-4, 8-6, 8-8

Gap acceptance, 4-17, 4-18, 6-10
Generalized sen'ice volume lable, 2-4, 6-2 lO
6-4,6-32,8-14, 8-15

Geomctric condítion, 6-19
Geometric delay, 4-19, 7-26
G~n time, 3-15, 3-16, 3-25, 3-35, 4-17, 4-24,
4-44,6-10,8-2,8-8

H
F

Fadlíty, 1-1, 1-2,H, 1-5, 1-7, 1-12, 1-15, 1-18,
2-1 lo 2-7, 2-9 lo 2-11, 2-13 lo 2-16, 3-1, 3-2,
3-4, 3-5, 3-9 lu 3-15, 3-17, 3-22 lo 3-27, 3-29,
3-30,3-32, 3-34, 4-1, 4-2, 4-5 to 4-7, 4-9 to
4-14,4-20,4-22,4-25,4-28,4-29,4-31 lo
4-38,4-40,4-43,4-44,5-1105-5,5-8 to 5-12,
5-14,5-15,6-3, 6-7, 6-11, 6-13 to 6-15, 6-19,
6-26,6-30,6-32,7-3 lo 7-5, 7-9, 7-12 to 7-14,
7-17,7-23,7-26,7-32,7-34 to 7-38, 8-1, 8-4
tu 8-6, 8-8 tu 8-10. 8-13 lo 8-19

Failure rale, 4-43
Far-side stop, 4-39
Flow rate, 2-14, 2-15, 3-5, 3-27, Chapter 4, 6-8,
7-15,8-2,8-3

Fluw raliu, 2-17
Follower density, 7-28
Fullow-up headway, 4-18
Fft.'e-flow specd (FFS), 1-14, 1-15, 2-9, 2-14,
2-15,4-5,4-8 to 4-14, 4-18, 4-19, 4-37, 5-11,
6-23,6-24,6-32,7-5,7-11, 7-12, 7-14, 7-22,
7-23,7-26,8-3,8-5

Frl'('-flow travet time, 4-11, 4-12
Freeway, 1-1, 1-6, 1-8, 1-11 to 1-14. 1-18,2-1,
2-4, 2-7, 2-8, 2-11, 2-13 to 2-19, 3-7, 3-8, 3-10
lo 3-15, 3-17, 3-19, 3-28, 3-37, 4-1, 4-7 to
4-11, 4-25, 4-27, 5-8, S-lO, 5-16, 6-2, 6-8,
6-10, 6-12 to 6-14, 6-17, 6-18, 6-21, 6-23, 7-5,
7-6,7.10 to 7.12, 7.14, 7.15, 7-19, 7-23, 7-28,
7-.34,7-35,7-38,8-1 to 8-6, 8-10, 8-12, 8-15,
8-19,8-22

Ft'fi'way auxili,lry lane, 2-D, 8-4
Frt'<.'wayfacility, 1-13, 2-7, 2-8, 3-15, 4-10,
5-10,6-2.. 6-14, 7-5, 7-12, 7-14, 7-19, 7.28.
7-34,7-38,8-12

Freeway junction, 6-23
Freeway weavíng segment, 2-7, 2-8, 8-4, 8-12
Freighl, 3-2, 3-17, 6-13, 8-9
Full slop, 7-13
Fumiture wne, 4-32, 4-36

Volume l/Concepts
Vi'fShm 6.0

Headway, 3-2, 4-2, 4-6, 4-12 t04-16, 4-18,
4-19,4-23,4-37,4-45,6-8,6-24,8-2,8-3,8-8

Ileavy \'Chicle, 1-16, 2-4, 3-2, 3-16, 3-17, 3-26,
3-27,3-31, 4-1, 4-22 lo 4-24, 4-39, 6-32, 6-33,
7-R, 7-11, 7-31, 8-1108-3,8-8, 8-l3, 8-15

Hidden boUlt'nl'Ck, 7-13
High-occupancy vehic1e (HOV), 1-2, 2-3, 3-15
Hindrance, 3-22, 3-27
Hybrid madels, 6-7, 6-9, 6-14, 6-17

1
[ncident, 1-6, 1-7, 1-12, 1-l3, 2-D, 2-14, 3-4,
4-9,4-19, 4-25, 5-2, 6-8, 6-13, 6-19, 6-22, 7-11
107-13,8-2,8-4

Incident clearance lime, 5-2
Incident delay, 4-19
Incomplele lrip, 7-35, 7-37, 7-38, 8-17
Increm,mtal detay, 6-10
Influence an-J, 2-6, 7-28, 8-4
Initial queue, 6-10, 7-14, 7-36, 7-37
lnpuls, 1-11, 2-1, 2-3, 2-4, 2-16, 4-3, 4-38, 5-4,
5-7,6-1, 6.3, 6-5 to 6-7, 6-9, 6-13 to 6-15,
6-22,6-33,7-1, 7-3 lo 7-9, 7-12, 7-28, 7-32,
8-7,8-11, R-14,8-16, 8-17

Intelligenl Iransport,ltiun syslem (11'5),2-4,
4-25,6-19,6-22,6-23,8-15

Intensily uf cungesliun. 2-9, 2-10
Interchange, 1-7, 1-8, 1-17, 2-7, 2-15, 3-14, 4-3,
5-14,6-17,6-21,6-32,7-14,7-35,8-6,8-12

Inlerchange ramp tenninal, 1.7, 1.17, 2-7,
2-15,5-14,8-6,8-12

Inlerrupted fiow, 2-13, 4-2, 4-14, 7-36, R-2, 8-6
Inlersection delay, 1-16,3-22,6-12,7-17,8-8
lnten'al, 3-15, 4-2, 4-4, 4-16, 4-35, 5-4, 5-11,
6-23,6-28,7.14,7-19,7-21. 7-28, 7-29, 7-37
to 7-39, 8-17

Island, 3-30, 4-12, 4-l3. 4-41, 5-12, 5-14

J
¡am densíty, 4-8, 7-12
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K
K-faclor, 3-12,.3-13

L
lane 1, 3-14, 4-13
tane 2, 3-14, 4-13
Lane addition, 2-6, 6-21, 6-23
lane distribution, 3-13. 3-14, 4-24
Lane width, 2-4, 2.14, 4-23, 4-37, 6-32,.7-fJ,7.7,
7-9,8-15

lateral dearance, 4-23
level of service (LOS), H, 1-410 1-7, 1-12,
1-14 to 1-17, 2-1102-4,2-8,2-9, 2-1l, 2-12,
2-16,2-17,3-1,3-2,. 3-11, 3-13. 4-1, 4-4, 4-8,
4-10,4-13,4-19, 4-22,.4-24, Chapter 5, 6-1,
6-3,6-27, 6-32 to 6-34, 7-1, 7-3, 7-5 lo 7-11.
7-13 to 7-16, 7-23, 7-24, 7-27, 7-28, 7-34 to
7-36,8-1, 8-9 lo 8-16, 8-20, 8-21

Level-of-service SCOTe(LOS score), 1-15, 1-16,
2-8,2-9,5-8,5-10,5-12 to 5-15, 7-7, 8-12,
8-13

Levelterrain,3-20
Link, 1-2,.1-16,2-16,4-27,5-11 105-13,6-10,
6-17,6-20,6-23,6-24,7-7,7-11,7-19,7-20,
7-26,7-30,7-32

Link length, 6-23
Loading area, 4-39, 4--43,4-44
local slreet 1-18, 2-17, 8-19
Lost time, 4-14, 4-16, 4-17, 4-39, 4-43, 6-10

M
Macroscopic model, 6-10, 6-21, 6-23, 8-16
Mainline, 3-15, 4-25
Major sln .••••I, 4-17 lo 4-19, 4-24, 5-14, 8-21
Managed tane, 1-1, l-fJ, 1-8, 1-11 lo 1-14, 4-25,
8-20

Median, 1-12,.1-17, 3-13, 3-19, 3-35, 5-8, 5-9,
5-14, s.6

Median U-lum intersection (MUT), H2,. 1-17
Meeting.. 2-9, 2-10, 3-27, 3-30, 4-10, 5-16, 7-10,
7-12,7-39,8-7,8-8,8-13. 8-21

Merge, l-fJ, 1-14, 2-fJlo 2-8, 2-18, 6-10, 6-12,
6-14,6-20,7-10,7-11. 7-15, 7-28, 7-32, 8-4,
8-5

Mesoscopic model, 6-7, 6-17
Microscopic model, 6-7, 6-10, 6-17, 6-21, 6-23,
6-24,8-16

Minimum green, 3-15, 8-8
Minor movemenl, 4-19
Minor street, 4-17, 4-19, 4-24, 8-21
Mobility, 1-1, 1-2,.2-17, 3-32, 4-29, 4-33, 5-11,
7-23,8-9
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Mode, 1-5, 1-12,.2-1, 2-2,.2-7 to 2-9, 2-11, 2.12,
2-17,3-1,3-2,3-15,3-17,3-20,3-22 lo 3-27,
3-29 to 3-32, 3-34, 4-1, 4-2,.4-22,.4-28, 4-37,
4-39,5-1, 5-5, 5-8 to 5-15, 6-5, 6-12, 6-21,
6-23,6-32,. 6-33, 7-5, 8-4, 8-7, 8-8, 8-11.8-13,
8.19,8-21

Model, 1-12, 1-17, 2-3, 2-4, 2-8, 2-9, 2-17, 3-3,
4-13. 4-21, 4-26, 4-27, 5-2, 5-4, 5-8 to 5-10,
5-12 to 5-15, Chapter 6, Chaplcr 7, 8-7, 8-9,
8-11 to8-17

Model application, 6-6, 6-7
Motorized vehide mode, 2-11. 4-1, 5-9, 5-12,
5.14,8-1

Multilane highway, l-fJ, 1-11, 1-14, 2-7, 2-8,
2-13. 3-15, 3-17, 4-8, 4-24, 5-10, 5-12, 6-16,
7-14,8-4,8-5,8-12,8-13,8-15

Multilane roundaboul, 6-12
Multimodal, 1-1, 1-2, 1--4,1-7, 2-1, 2-8, 2-9,
2-17,3-1,5-2,. 5-5, 5-10, 5-12,.5-16, 6-1, 6-12,
6-30,7-5,7-39,8-1, S-fJ,8-13

N
Near-side stop, 4-39, 4--44
Node, 6-3, 6-17, 6-20, 6-27, 6-33, 7-24
No-passing zone, 6-21
Normative model, 6-8, 6-9

o
Off-ramp, 1-fJ,6-21. 6-23, 8-4
Offsel, 4-17, 6-12
Qff-street, 1-1. 1-7, 2-8, 2-9, 2-12, 3-25, 3-29,
3-30,4-37, 5-10, 5-15, 8-1, 8-fJlo 8-8, 8-12,
8-13

On-ramp, 1-6, 6-21, 8--4
On-time arrival, 4-10
Operational analysis, 1-12,.2-1, 2-3, 2-5, 3-9,
6-13,6-15,8-14

Oulputs, 1-1. 2-16, 5-4, 6-1, 6-2, 6-4, 6-6, 6-13,
6-22,.6-27, 7-3, 7-5, 7-fJ,7-8, 7-32, 8-17

Oversaturated flow, 4-7, 4-8, 6-12

p
Pamal stop, 7-13
Passenger car, 1-14, 2-11, 3-2, 3-3, 3-14, 3-16 to
3-18, 3-20, 4-5, 4-13, 4-22 lo 4-24, 4-39, 7-27,
7-31, 8-2 to 8-5

Passenger car equivalenl (PCE), 7-31
Passenger service time, 4-39 lo 4-43
Passing lane, 8-5
Peak hOUT,1-16, 1-17,3-5,3-8,3-10,3-12,. 3-13,
3-23,3-28,4-3,4-4,4-9,7-6

Peak hour factor (PHF), 1.16, 1-17, 4.3, 4-4,
4-38,4-44,6-4,6-32,. 6-33, 7-6 lo 7-8, 7-32
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Ped('Stri•.m, 1-1. 14, 1-7, 1-10, 1-11, 1-15 10
1~17,2-1, 2-4, 2-7 lo 2-9, 2-ti, 2-13, 2-17,
3-1,3-15,3-21 t03-27, 3-29 to 3-31, 3-35,
3-37, 4-1, 4-22, 4-28 lo 4-37, 4-39, 4-41, 445,
4-46,5.-1,5.-2,5-8,5-10,5.-12105-16,6-5,
6-12. 6-18, 6-19, 6-21, 7-5, 7-7, 7-10, 8-1, 8-6
to 8-10, 8-12, 8-13, 8-15

Pl'lh"Slrian crosswalk, 3-25, 4-29
Pedl'Slrian densily, 2-9, 4-30, 5.-12,8-13
Pedestrian f10w ratO",4-35
Pedeslrian modO",2-11. 4-1, 6-18
Pedeslrian queuing area, 24, 8-15
p•...d('Strian spac •..., 4-29, 4-30, 5-15, 8-7, 8-8
Pedl'Strian slart-up lime, 4-29
Pl'lil"Strian walkway, 2-7, 3-24
Ped('Slrian zone, 3-22, 3-24
Percent of free-flow speed, 5-11
Percent time-spenl-following. 2-8, 2-18, 5-2,
5-11, 7-10, 7-28, 8-5

Performance measure, 1-110 1-4, 1-12, 1-13,
1-15,1-17,2-2,2-7,2-8,2-11, 2-17, 3-1, 3-27,
4-1, 4-10, 4-19, 4-22, 4-27, 4~38,Chapter 5,
6-1, 6-2, 6-5, 6-11, 6-12, 6-17, 6-18, 6-22,
6-2fl, 6-29, Chapter 7, 8-1, 8-2, 8-5, 8-7, 8~9,
8-11 to 8-13,8-16 108-18,8-20

PeN<m capadty, 4-1, 4-21, 4-22, 4-43, 4-44, 8-4
Phase, 2-14, 3-16, 3-35, 3-37, 4-20, 6-12, 7-12
Planning and preliminary engineering
analysis, 2-1, 2-3, 2-4, 6-2, 6-32, 8-14, 8-15

Planning time index, 4-11, 7-12
Plaloon, 2-14, 4-12, 4-35 t04.37, 5.-11,8~5,8-6
Poin!. 1-2, 1-4, 1-8, 1-16, 1-18, 2-1, 2-3, 2-6 to
2-8,2-12 lo 2-14, 3-1, 3-5, 3~12,3~32,4-1,
4-2,4-5, 4-6, 4-8, 4-11, 4-1310 4-15, 4-H\,
4-21,4-26 lo 4-28, 4-33, 4-34, 4-39, 5-1, 5-4,
5~5,5-7, 6-3, 6-9, 6-12. 6-16, 6-20, 6-23, 6-28,
7-3,7-5,7-9,7-12,7-15,7-16,7-20,7-21,
7-23,7.25,7-27,8-2108-4,8-9,8-11,8-18,
8-20

Precision, 1-5, 2-3, 2-4, 7-1, 74, 7-8, 7-9, 7-39,
8-11,8-15,8-17,8-18

Prcliml>d conlrol, 6-21
Prc\'ailing condilion, 4-1, 4-6, 4~21,4-22, 7-4,
'-2

Progression, 1-16,3-34,6-10

Volume ljConcepts
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Q
Quality of sen'ice, 1-1, 1-4, 1-5,2-1, 2-5, 2-11,
2-12,3-2, 3-15, 3~22,3-23, 3-25 103-27, 3-30,
3-31, 4-1, 4-25, 4-37, 4-33, Chapler 5,6-18,
8-1,8-9,8-10,8-17,8.20

Quantity of scrvicc, 2-9, 2-10, 8-9
Queue, 1-16,2-14,2-15,3-14,3-35,4-3,4-7,
4-9,4-14 lo 4-17, 4-19 lo 4-22, 4-24, 4-27,
4-35,4-37,4-41, 4-42, 5-5, 5-6, 5-9, 6-10 lo
6.12,6-18,6-24.7-10 lo 7-14, 7-16 lo 7-18,
7-20,7-21,7-23107-26,7-32,7-34107-38,
8-2,8-6, 8-7, 8.12,8-16

Qucue delay, 7-24 107-26
Queue discharge flow, 2-15, 4.7
Queue jump, 4-41
Queue length, 3-14, 4-20, 4-21, 5-5, 7-13, 7-16,
7-17,7-20,7-21,8-7,8-12

Queue spillback, 1-16,6-12
Queue storage ratiu, 7-13
Queued stale, 7-24 to 7-26
Queuing area, 3.24, 4-1, 4-36

R
Ramp, 1-7, 1-8, 1-17,2-4.2-6,2-8,2-13,2-15,
2-16,2-18,3-15,3-22,3-25,4-25,5-10,6-8,
6-10,6-12,6-13, 6-18, 6-19, 6-21, 6-23, 6-26,
7-6,7.7,7-10,7-11,7-13 107-15, 7-28, 7-32,
7-35,8-4,8-6,8-12,8-15

Ramp meler, 2-4, 2.13, 2-15, 4~25,6-8, 6-12,
6-13,6-19,8-4,8-15

Reasonable expeetancy, 4-1. 4-22, 8-2
Recreational v('hide (RV), 2-1, 2-11,3-2, 3.17
103-19,4.23,5-9,8.1

Reenlry dday, 4-39, 4-41, 4-44
Rcliabílity rating. 4-11, 4. 12, 7~12
Rl'Sidual queue, 2-14, 2-15, 6.]0, 7-21, 7-35 to
7-37

Restrictt.>dcrossing U-Iurn intersection
(RCUT), 1-12, 1-17

Righl-of-way, 1-2, 2-7, 2.13,3-1,3-25, 3-30,
3-34,3-35,4-18,4-24,5-10,8-6,8-8

Righl.lum-on.red, 1.16, 6-10
Roadway charactcristic, 7-22
Roadway occupancy, 4-6
Roundabout, 1-7, 1-12, 1-16, 1-17,2-8,2-13,
2-14,3-15,4.5,4-18,4-19,5-10,5-14,6-12,
6-20,7-13,7-23,7-24,8.1, 8-6. 8-12, 8-20

Rubbemecking. 4-14
Running speed, 4.5, 4-39, 4-40, 7-11, 7-24, 7-26
Running time, 2-18, 4-5, 7-10
Rural, 1-18, 3-5 tu 3-8, 3-10 103-13, 3-17, 3-19,
4-11, 4-23, 4-24, 5-8, 5-11, 5.-16,6-7, 6-18,
6.21,8-1, 8-19
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s
Saturation f10w rate, 4-14, 4-16, 4-17, 4-20,

4-21,4-23,4.25,4-38,6-20,7-4
Saturation headway, 4-15 to 4-18
5cenario, 1.12, 1.13, 1-19, 4.2,.4.5, 4-7, 4-21,

4-41,5-8,6-1,6-6,6-9,6-13,6-27,7-27
5cenariogeneration,.l.13
St.'Clion,1-7, 2-17, 3-6, 3-12, 5-10, 5-11, 6-27,

7-27, 8-2, 8-6, 8-7
Segmenl, 1-4, 1-6, 1-13 lo 1-16, 2-1, 2-3, 2-6 to

2-10,2-12 to 2-15, 2-17, 3-6, 3-7, 3-12, 3-15,
3-32,4-1,4-4 to4-8, 4-13, 4-22, 4-26, 4-37,
5-10 lo 5-12, 6-3, 6-6, 6-12, 6-14 to 6-16,
6-23,6-26,6-32,6-33,7-5,7-6,7-11 to 7-25,
7-27,7-28,7-31, 7-32, 7-34, 7-38, 8-4, 8-6,
8-13,8-15

Segrnenl delay, 2-8, 2.9, 7.14, 7.23 to 7.25,
7-38

Sensitivity analysis, 6-33, 7.3, 7-5, 7-6, 7-8,
8-17

Service flow rale, 2.3, 4.22 to 4-24
Service measure, 1-5, 1-15, 1-18, 2-2, 2-8, 2-18,

3-1,4-5,4-19, Chaplcr 5,6-3,6-33,6-34,7.2
lo 7-4,7-7,7-10,7-34,8-9,8-10,8-12,8-19,
8-20

Service time, 4-19, 4-40, 4-42
Service volume, 1-1, 1.14, 2-5, 6-1, 6.3, 6-4,

6-33,6-34,7-6,7-7,8-15
Severe wealher, 1-6, 1.7, 4.9, 4-19, 7.12, 8-3
Shared-USl' path, 1-7,3-24,3-25
Shock wave, 4-27, 6-20, 7.12
Shoulder, 3-13, 3-14, 3-30, 3-31, 4-13, 4-23,

4-28,4-37,5-10,5-13,7-6,8-2,8-3
Shy dislanCt', 4-37
Side slreel, 4-20, 5-12, 8-7
Sidepalh, 3-30
Sidewalk, 2-4, 2-9, 3-22 to 3-24, 3-26, 3-32,

4-32 lo 4-36, 4-41, 5-8, 5-12, 5.13, 7-7, 8-8,
8-13,8-15

Signal priority, 3-16, 4-41
Simulalion,. 3-27, 4-26, 4-27, Chapter 6,

Chaptl'r 7, 8-11, 8-16, 8-17
Single-unillruck, 2-1, 3-8, 3-14, 3-17, 3-19,

3-20,6-24
Skelch-planning too!, 6-3, 6-7
Space, 2-7, 2-8, 2-11, 3-2, 3-12, 3-15, 3-17, 3-22,.

3-24,4-4 lo 4-7, 4-13, 4-14, 4-17, 4-23, 4-25
to 4-23. 4-30 to 4-33, 4-35 to 4-37, 4-39, 4-40,
4-42,4-44, 4-46, 5-15, 6-1l, 7-13 lo 7-15,
7-19,7-20,7-24,7-35,7-38,8-2, 8-l2, 8-1610
8-18

Spacc gap, 4-17
Space mean speed, 4-4, 4-5, 4-7, 7-14, 7-20
Spadng. 1-17, 2-3, 4-2, 4-6, 4-13, 4.34, 4-39,

6-32,7-24,7.27,8-14
Spatial stop rale, 4-10
SpaBal variability, 7.3
Spedal event, 1-6, 1-7, 1-12, 3-7, 3-10, 4-9, 6-8
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Speed, 1-5, 1-13, 1-14, 2-5, 2-8 lo 2-18, 3-2, 3-4,
3-5,3-13103-17,3-20,3-22,3-24103-27,
3-30,3-31, 3-34, Chapter 4, 5-2, 5-8 to 5-15,
6-7,6-12,6-18,6-20,6-21,6-24,6-29,7-2,7-5
lo 7-7, 7-9 to 7-12, 7-14, 7-15, 7-19, 7-21 to
7-25,7.30,7.38,8.2, 8-4, 8-5, 8-710 8-9,
8-12,8-13

Speed adjuslmenl factor (SAF), 1.13, 1.14
Spillovcr, 4-32, 4-36
Splil, 3.17, 3-27
Slairway, 3-24, 3-25, 4-33, 4-34
Start-up los! time, 4-16, 6-10
Slatic f10w model, 6-8
Slochastic mode!' 6-7, 6-28, 8-16
Stop rale, 2-18, 4-19, 7.10
SIOp spadng. 3-34, 4-39, 4-40
Stopp<'d delay, 4-4, 7-22,.7-24, 7-25
Sloppcd slalc, 7-22, 7-25
Slorage length, 4-20, 7-13, 8-7
Slrcd comer, 4-36
Study period, 4-20
Subject approach. 4-18
Suslained spillback, 1-15, 1-16
Syslcm, 1-1, 1-2, 1-4, 1-12, 1-13, 2-4, 2-7, 2-10,

2-17,3-15,3-22,3-32,3-33,3-37,3-38,4-6,
4-20,4-25,5-9, 6-1 to 6-9, 6-11 to 6-13, 6-17,
6-18,6-21,6-22,6-28,6-29,6-33,7-2,7-4,
7-19,7-27,7-30,7-31,7-35 107-38, 8-9, 8-13,
8-14,8-16

Systcm clcmcnl, 1-5 lo 1-7, 1-14, 2-1, 2-2,.2-6,
2-8,2.9,3-3,4-1104-3,4-19,4-21 to 4-24,
4-38,5-1,5-2, 5-3, 5-5, 5-7, 5-10, 6-2 to 6-4,
6.13,6-18,6-33,7-5,7-10,7-13,7-21, 7-38,
8-2,.8-6, 8-7, 8-10, 8-12. 8-17, 8-20

T
Targct sp•..••'<!, 7-22 lo 7-25, 7-27
Temporal variabilily, 7-3, 7-4
Terrain,. 4-23, 4-37, 6-12, 6-32
Threshold delay, 4-13, 4-19
Through vchidt.'S, 1-15,4-19,4-20,7-8,7.11,

7.32, 8-7
Throughput, 4-12, 4-25, 4-36, 6-29, 7-34
Time gap, 4-17
Time intcrval, 4-2, 4-17, 4-18, 4-35, 7.12, 7-19
Time mean speed, 4-5
Time-space, 4-26, 4-27
Time slepdelay, 7-25
Too!, 1-1, 1-2, 1-5, 1-9, 1-18, 1-19, 2-1, 2-2, 2-4,

2-5, 2-8, 2-16, 2-17, 3.1, 4-1, 4-27, 5-1 lo 5-4,
5-6, Chapter 6, Chapter 7, 8-1, 8-2, 8-8, 8-9,
8-15 to 8-17, 8-19 lo 8-21

Tolallosl time, 4-17
Tolal ramp density, 7-6, 7-7
Traffic analysis tool, 1-19, 6-2, 6-5, 6-6, 6-19,

6-20,6-25,6-26,7.14,7-15,7-19,7-22,7-31,
7-35,8-16,8-20
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Trame composition, 3-13. 6-20, 6-21. 6-23,
6-25

Traffie condilion, 2-16, 3-11, 4-2, 4-5, 4.9, 4-18,
4-23,4-24,5-7,6-6,6-9,6-19,6-21,6-23,
6-24,7-23,8-2,8-3,8-5

Traffie control device, 1.7, 1-18, 2-1, 2-3, 2-6,
2-8, 3-22, 4-5, 4-19, 4-27, 5-12, 7-11, 7-26,
8-7,8-19

Traffie delay, 4-19, 4-12
Traffie signal dday, 4-39
Traffie signal optimization tool, 6-7
Transit madI', 1-7,2-11, 2-l2. 3-2, 3-34, 4-1, 7-5
Transit signal priority, 4-41, 8-8
Transition, 4-7, 5-9
Transitway, 3-35
Travd demand mooel, 6-1, 6-7
Travel madI', 1-2, 1-4, 1-5, 1-7, 2-1, 2-2, 2-8,
2-11, 3-1, 3-15, 4-1, 6-11, 7-4, 1)-1, 8-2, 8-10,
8-12,8-20

Travel spt~d, 1-15, 2-14, 3-32, 4-4, 4-5, 4-10,
4-13, 5-10 to 5-12, 7-11, 8-2, 8-5

Travel time, 1-1, 1-2, 1-5 lO1-8, 1-11 to 1-13,
1.15 to 1-17, 2-8, 2-10, 2-16, 2-18, 3-3, 3-4,
3-20,3-32, 4-1, 44, 4-5, 4-910 4-13, 4-18,
4-19,4-25,4-38,4-39,4-11, 4-12, 5-2, 5-11,
5-14,6-1,6-7,6-8,6-9,6-28,6-29,7-2,7-3,
7.10 to 7-12, 7-14, 7-19, 7-20, 7-23, 7-25,
7-26,8-2,8-5,8-7,8-9,8-20

Travd time distrihution, 4-9 to 4-12, 6-1, 7-12,
7-26

Travel time index, 4-11, 4-12, 7-12, 7-23
Travel time rale, 4-4
TraVC'1time reliahility, 1-1, 1-2, 1-5 to 1-8, 1-11
lo 1-13, 2-10, 3-4, 4-1, 4-9, 5-2, 6-1, 6-9, 7-2,
7-3,7-10,7-12,7-23,7-26,8-2,8-5,8-7,8-'::1,
8-20

Traveler ~lt'rreption mooel, 2-8, 2-9, 7.5, 8-7,
8-11,8-12, 8-13

Truck, 1-12 to 1-14, 2-1, 2-11, 2-13, 2-16, 3-1 to
3-3,3-8,3-14103-21, 3-31. 3-35 lo 3-37, 4-22
to 4-24, 5-9, 5-10, 5-13, 6-19, 6-21, 7-3, 7-6,
7-26,8-1108-4,8-8

Tum lane, 2-9, 4-17, 4-20, 4-11, 5-12, 8-7, 8-13,
8-21

Tuming movemenl, 3-14, 3-15, 3-35, 6-26,
7-32,8-6,8-8

Tumoul, 2-1, 8-5
T\\'o-l.me high\\'ay, 1-6, 1-12, 1-15, 2-7 to 2-9,
2-13,3-13,3-15,4-4,4-23,5-7, 5-11, 5-12,
6-16,7-5,7-28,8-4,8-5,8-12,8-13, 8-15

Tw()-way SlDl'-ronlrolled (PNSC), 1-7, 2-6,
2-18,4-17,4-18,4-24,5-10,5-14,6-12,6-18,
7.10,8-6
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u
Uneertainty, 5-4, 6-4, 6-7, 7-1, 7-3 to 7-5, 7-8,
7-39,8-11,8-17

Uneonlrollcd,2-6
Undersaluraled fiow, 2-13, 2-14, 4-5, 4-7
Uniform delay, 6-10, 7-26
Uninterrupted fio\\', 2-13, 4-2, 4-14, 8-2, 8-4
Unil exlension, 6-10
Unsignalized inlerst..'CIion,2-15, 3-4, 3-15,
3-22,3-26,4-17,4-19,5-13. 5-14, 6-15, 7-5,
7-13,7-14, 8-6

Urhan, 1-8, 1-15, 1-18, 2-18, 3-1, 3-{'.•to 3-15,
3-17,3-19,3-21,3-37,4-32,4-36,4-46,5-8,
5-16,6-12,7-7,7-10 t07-13, 7-30, 7-32, 7-39,
8-8,8-19

Urhan strect, 1-4, 1-7, 1-11, 1-12, 1-16, 2-1, 2-6
lo 2-9, 2-12, 2-13, 2-17, 3-7, 3-9, 3-10, 3-13 to
3-15, 3-17, 3-19, 3-21, 3-37, 4-4, 4-9 lo 4-11,
4-39 to 4-41, 4-43, 5-9, S-lO, 5-12 to 5-14,
6-14, 6-15, 6-17, 6-18, 6-21, 7-5, 7-12, 7-32,
8-1, 8-2, 8-6, 8-7, 8-10, 8-l2. 8-13, 8-15

Urban slfl'et facilily, 1-4,2-7 lo 2-9, 2-12, 4-9,
4-43, S-lO, 7-5, 7.12, 8-12, 8-13

Urhan strL~t segment, 1-7, 1-16, 2-7 to 2-9,
5-10,5-14, 8-6, 8-12, 8-13

User perceplion variabílily, 7-3
Utility, 3-3, 3-18, 3-27, 4-13, 4-38, 5-8, 6-26,
6-29,8-1

U-tum,8-6

v
Validation, 6-6, 6-19, 6-23, 6-25 to 6-27
Variability, 2-10, 2-11, 3-28, 3-29, 4-4, 4-9,
4-10,4-42,5-4, 6-4, 6-7, 7-1, 7-3, 7-4, 7-11,
7-12,7.28 to 7.30, 8-11, 8-14. 8-17

Vehic1e Irajeclory analysis, 6-2, 7-1, 7-2, 7-15,
7-26,7-31, 7.34

Verifiealíon, 6-6, 6-20, 6-25, 6-30
Volume, 1-1, 1-10, 1-16, 2-4, 2-7, 2-9, 2-10,
2-14, 2-17, 2-18, 3-5 lo 3-13, 3.15, 3-16, 3-22
lo 3-30, 3-35, 4-1 lo 4-5, 4-14, 4-18, 4-24,
4-29,4-32,4-33,4-38 104-41, 4-44, 5-3, 5-9,
5-10 lo 5-15, 6-1 lo 6-4, 6-6, 6-10, 6-25 lo
6-27,6-32 to 6-34, 7-1, 7-3, 7-4, 7-6 lo 7-8,
7.10,7.12,7-15,7-25,7-29 lo 7-32, 7-36,
7-38,8-2,8-3,8-5,8-7,8-8,8-10,8-11,8-13,
8-15,8-17,8-21

Volume balanre, 1-16
Volurne-t<.Kapacity (vlc) ratio, 2.10, 2.18,
4-3'::1lo 4-41, 5-9, 7-10, 8-5

Page VI-7 Volume I Index
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w
Walkway, 1-7,2-4,3-22,3-24,3-25,4-29 to
4-34,4-36,8-15

Weaving, 1-6, 1-8, 1.14, 2-17, 2-18, 4-40, 5-10,
6-12,6-14,6-18,6-21,7-5,7-10,7-11,7.15,
7-35,8-4

Weight-to-power ralio, 3-17
Work zone, 1-1, 1-2, 1-6, 1-7, 1-12, 1-13, 1-16,
2-13,4-9,6-22,7-11, 7-12, 8-2

l

Volume 1 Index Page Vl-8 VoIume l/Concepts
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