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ABSTRACT

Recent changesin the context of trangportation planning have increased the importance of regiona
transportation andysis methods. In particular, the Clean Air Act Amendments of 1990 set forth
requirements for detailed planning and andysis which gpply to many states and metropolitan areas. This
Manudl, prepared for the National Association of Regiona Councils as part of NARC's Clean Air
Project, was designed to help transportation planning agencies, including metropolitan planning
organizations, state departments of trangportation, and other entities, respond to the issuesraised in
carrying out trangportation modeling for ar quality planning efforts. The Manud reviews trangportation
modding today, focusing primarily on travel demand forecadting asiit is practiced by regiond agencies,
and suggests srategies for responding to specific analysis needs and for overcoming common problems.
The emphasisis on identifying issues which MPOs should consider in reviewing their modes, and on
recommending sound options for addressing such issues in accordance with loca objectives and
resource availability.
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PREFACE

Recent changes in the context of trangportation planning have increased the importance of regiond
trangportation andysis methods. In particular, the Clean Air Act Amendments of 1990 set forth
requirements for detailed planning and andysis which apply to many states and metropolitan aress. This
Manua, prepared for the National Association of Regiond Councils as part of NARC's Clean Air
Project, was designed to help transportation planning agencies, including metropolitan planning
organizations, state departments of trangportation, and other entities, respond to the issuesraised in
carrying out transportation modeling for air qudity planning efforts. The Manud reviews transportation
modeling today, focusing primarily on travel demand forecasting asiit is practiced by regiond agencies,
and suggests strategies for responding to specific analysis needs and for overcoming common problems.
The emphasisis on identifying issues which MPOs should consider in reviewing their modds, and on
recommending sound options for addressing such issuesin accordance with local objectives and
resource availahility.

The Manud was prepared by Deakin, Harvey, Skabardonis, Inc. (DHS) with funds provided under a
contract with NARC as wdll aswith DHS internd funding. DHS Principas Greig Harvey and Hizabeth
Deskin led the effort and are the Manua's senior authors. DHS Principd Alex Skabardonis and
associates Henry Pancoast and Rachel Weinberger provided support for the effort. Severd
subcontractors aso helped shape the Manual: Cambridge Systematics (Earl Ruiter, David Reinke, John
Suhrbier), COMSIS (David Levinsohn), Dowling Associates (Rick Dowling, Steve Colman), Gary
Hawthorn Associates (Gary Hawthorn), Parsons Brinckerhoff Quade & Douglas (David Atkins, Bruce
Douglas), and Ann Stevens Associates (Ann Stevens).

Whileit isdifficult to identify individua contributionsin acomplex document such asthis, Greig Harvey
served as lead author for the Manua, developing its outline, overseeing its development, and writing or
editing the entire text, with specia focus on Chapters 3 and 5. Elizabeth Degkin drafted Chapters 1 and
4 and made magjor contributions to Chapters 2, 3, and 5. Gary Hawthorn prepared an initia draft of the
Clean Air Act materidsin Chapter 2. Rick Dowling and Steve Colman prepared an initid draft of
severd sections of Chapter 3 and developed examplesfor useinthetext. Earl Ruiter and Dave Reinke
provided materias on auto ownership models, speed calculations, and travel surveys for Chapter 3,
Dave Levinsohn provided input on TSM anadysis, and Alex Skabardonis contributed materials on speed
edimates in traffic assgnments. Ann Stevens prepared the first draft of the glossary, and Henry
Pancoast and Rachel Weinberger assembled the bibliography and organized the materids received from
MPOs. David Atkins, Bruce Douglas, and John Suhrbier al contributed to the development of the
outline for the Manud, as did those who later authored portions of the text.

Readers will note that the level of detail varies considerably by topic, especialy in Chapter 3. Resource
congraints on the preparation of the Manud dictated a synthesis of available materids rather than
origina work and did not provide for as extensve are-write of some sections or as thorough a
treatment of some topics as might be desirable.



Severd of the topics covered in the Manud are in a gtate of flux (e.g., analys's procedures for
conformity determinations). Asaresult, the Manua is being provided in loose leaf notebook format, to
facilitate periodic revisons and updates.

Readers suggestions for changes to the Manua are welcome and should be directed to the principa
authors and NARC. Addresses and telephone numbers are as follows:

DHS NARC

P.O. Box 9156 1700 K Street NW, Suite 1300

Berkeley, CA 94709 Washington, DC 20006

510/841-0438 202/457-0710
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NOTICE

The contents of this report reflect the views of the authors, who are responsible for the facts and
accuracy of the data and information presented herein.  The contents do not necessarily reflect the
officid policy of the Nationd Association of Regiona Councils, or of the U.S. Environmental Protection
Agency, the U.S. Department of Transportation or its operating administrations.

Neither the National Association of Regiona Councils nor the United States Government endorses
products or manufacturers mertioned herein. Trademarks or manufacturers names appear herein only
because they are considered essentia to the objectives of this document.

This report does not condtitute a standard, specification, or regulation. It does not supplant or
supersede officid guidance of the United States Government, nor does use of its contents rdieve any
party of its obligations or responsibilities to meet any governmenta requirements.

CHAPTER 1. INTRODUCTION
1.1 Purpose of the Manual

Recent changes in the context of transportation planning are increasing the importance of regiond
trangportation analyss methods. The Clean Air Act Amendments of 1990 (CAA), for example, set
forth detailed requirements which apply to numerous metropolitan aress, including provisions for
estimating trangportation emissons and eva uating the conformity of transportation plans, programs and
projects to the State Implementation Plans (SIPs) for attaining air quality standards. In order to meet
CAA requirements, many metropolitan planming organizations (MPOs) will need to monitor growth
rates, track vehicle miles of travel, and forecast the impacts of trangportation optionsin more precise
and quantitative terms than have been necessary in the past.!

! In addition to metropolitan transportation organizations, State departments of trangportation, local
governments, and other entities are responsible for modding, and this Manud isintended for their use as



While CAA requirements may pose the most immediate chalenges, the Intermodd Surface
Trangportation Efficiency Act of 1991 (ISTEA) aso increases the importance of good data and models.

ISTEA assgns more responsbility for trangportation planning and decison-making to regiond agencies
and grants them greeter flexibility in the use of funds. At the same time, ISTEA mandates efficient,
effective trangportation systems management and investment decisons and, in particular, cdlsfor
metropolitan regions to address concerns about traffic congestion and air quality. Strategic, policy-
driven decisontmaking is to be supported by better information and analys's, specific management
systems are required and the funding for planning is increased.

In many cases state and local considerations further underscore the importance of good data and
andysistools. Some regions see growing public interest in trangportation as a means for economic
development. Other regions are experiencing increased public attentionto the environmentd effects of
transportation, as well as growing public concern over trangportation's longer term impacts on growth
and development paiterns. While the specifics of these issues vary from region to region, they share the
common effect of focusing attention on regiond agencies forecasting capabilities and the extent to which
these tools can provide meaningful responses to the questions being posed.

Recognizing that the emerging planning context is placing new demands on regiond transportation
planning and analys's, MPOs have begun to review and, where necessary and feasible, to upgrade their
andydgstools. For many, thisis an important opportunity to implement long-desired improvements.
Advances in the basic understanding of travel demand, and in the development and application of land
use and transportation forecasting technologies, were made in the 1970's and '80's, but only afew
MPOs had the resources at the time to implement these advances. With new mandates and new
resources, many MPOs now can enhance their andlysis cagpabiilities by pursuing both data collection and
model development.

Regardless of whether major updates to regional models and data bases are deemed necessary,
however, many MPOs are finding that the new planning context calls for new approachesto anayss.
For example, link-level speeds take on far more sgnificance in an emissons analyss than in the typica
regiona transportation application. Instead of adjusting speeds to obtain reasonable volumes, as many
practitioners have done in the past, it may be necessary to devote additiona resources to detailed link
descriptions and to model calibration. The evauation of certain transportation control measures
(TCM9), eg., Sgndization and ramp metering, may require the use of traffic operations models as
supplements to or in combination with regiond network models. Other TCMs may require more
quditative analyses, or andyses based on empirica evidence from applications. Measures dependent
on factors which are usualy not included in regional modelsfdl into this latter category: for example,
non-monetary incentives (e.g., flexibility in work hours) granted to those who use dternative modes, or
time-of-day pricing on toll facilities and parking designed to shift trips off the pesks. In short, new

widl.



procedures for andysis as well as additiond kinds of data and methods will be required to meet the
analysis needs of the 1990's.

The purpose of this Manud isto provide guidance on the issues to consder in responding to these new
andysis needs, and especidly in carrying out trangportation modeling for air qudity planning efforts. The
Manud reviews the state of trangportation modeling today, focusing primarily on travel demand
forecasting asiit is practiced by regiond agencies. It identifies and discusses modeling and andysis
requirements resulting from the CAA and ISTEA, and suggests strategies for responding to specific
andysis needs and for overcoming common problems. Findly, the Manud identifies directions for
future modding improvements, including research and development.

The Manua has been designed to:

» explain the purposes for which regiond travel modds are likely to be used in the next decade,
with an emphasi's on the requirements of transportation - ar quality planning;

* suggest aset of criteria by which model performanceislikely to be judged in key gpplications,

» list the principa technica and procedura characteristics necessary to ensure acceptable model
performance in each type of gpplication;

» provide examples of good practice for each mgjor element of the modeling process, recognizing
the ways in which practice must vary to suit local conditions (e.g., regiond Sze, resource
avalability, ar pollution severity);

» provide examples of advanced practice,

» discussthelikely direction of change in the Sate-of-the-art, to help MPOs anticipate new
andytica requirements over the next decade.

The Manua was developed under the auspices of the Clean Air Project of the National Association of
Regiona Councils (NARC). It greetly benefitted from the input of MPO staff aswell as state and
federa agency representatives and academic experts. A conference on modeling practicesheld in
Crystd City, VA, in November 1991, attended by nearly 100 regiond, Sate, and federd officids,
academics, and consultants, set the direction for the development of the Manua. At that conference,
participants had the opportunity to engage in a series of in-depth explorations of the andys's issues and
concerns raised by the CAA and ISTEA, aswell as by state and locd transportation mandates and
initiatives. Through these discussions, the key issues to be addressed in the Manua were identified, and
topics of particular concern were noted. Additional meetings with NARC working groups and a
technical advisory committee established specificaly to guide the development of the Manud aso
provided for detailed review and discussion of the Manual's content.

While the Manua suggests methods and procedures for the conduct of transportation-air quaity
modeling under the 1990 Clean Air Act Amendments, it does not attempt to set standards for modeling.
Nor in particular does it describe a sngle modeding approach for dl MPOs or recommend specific
pieces of software. Instead, the emphasisis on identifying potentia problem areas which MPOs should
consder in reviewing their modds, and on recommending sound options for addressing such problems.
The Manud is based on the premise that good practice should be designed to respond to the key issues
facing the areafor which the andyssis being done. Since such issues vary from place to place and over



time, modding practice aso should be expected to vary. Furthermore, the modeling practice for a
particular area should condtitute arealistic use of available resources, and hence will tend to vary with
the sze of the region and with the severity of the air quality problem, among other factors - induding
local concerns about transportation and its socid, economic, and environmenta impacts.

1.2 Plan of the Manual

This Manud is organized in five chapters, induding thisintroduction. The coverage of theremaining
chaptersis asfollows:

Chapter 2, The Emerging Context of MPO Analys's, discusses key issues in trangportation-air
qudity planning, notes other key MPO anadlysis needs, and provides an overview of the Clean
Air Act provisons of greatest concern to transportation planners.

Chapter 3, Current Analysis Practice, presents an overview of typica approachesin current
use, then discusses key modd components in detail: basic concepts, data and assumptions, and
methodologies. Specific topics covered include economic and population forecasts and land
use alocation modds, network descriptions and models; vehicle ownership modds; trip
generation, trip distribution/destination choice, mode split/mode choice, pesking factors'time of
travel, and traffic assgnment/route choice; modd interrelationships; and off-modd analyses.
Mode development and application issues, and use of models and supplemental methods to
produce emissions estimates, also are discussed.

Chapter 4, Matching Anadlyss Tools with Analysis Needs, covers key Clean Air Act mandated
data collection and anayses, including the basdline emissons inventory, VMT tracking, and
VMT forecasting. The chapter also discusses assessment issues raised by various TCM
measures (ridesharing, trangt, traffic engineering, pricing, time of travel measures; land use and
urban design palicies; other), and discusses data and anayses needed in plan, program, and
project-level conformity assessments.

Chapter 5, Looking to the Future, identifies topics that are likely to require greater attentionin
the coming years. The chapter discusses MPO resource needs, data requirements; high-payoff
mode improvements; and research priorities.

Appendices to the Manual present a glossary of terms and adetailed bibliography.

CHAPTER 2: THE EMERGING CONTEXT OF M PO ANALYSIS

In the past two years, a broad set of developments has drawn attention to the strengths and weaknesses
of regiona trangportation models. In virtudly every case, questions have arisen not because of a
mode's failure to perform acceptably in conventiond studies, but because of difficulties in extending the
scope of travel demand andlyss. Debates over regiona trangportation policy have expanded to include
arange of questions about long-term investment policy: Whether or not to invest in certain aress,
whether to focus on highways or emphasize transit, what to expect from demand management, and so



on. Trangportation models, as tools of the trade, are looked to for reasoned and reliable information on
the policy issues transportation decision-makers face.

Transportation-air quaity planning is akey areawhere heavy demands are being placed on
transportation models, but other policy debates and investment opportunities dso call for modelswhich
can capture both the effects of broad strategic aternatives and the specific impacts of proposed
projects. In this chapter abrief overview of transportation-ar qudity planning andyds requirementsis
presented, followed by an outline of other andlysis needs which point to the desirability of mode
improvements. The chapter ends with amore detailed review of the requirements of the Clean Air Act
Amendments of 1990 (CAA) related to transportation.

2.1 Transportation-Air Quality Planning Analysis Requirements. An Overview

Clean air legidation has been amgor source of renewed interest in (and concern about) regiona
transportation data and models. These data and models will play important roles in mobile source
inventory preparation and updates and mobile source emissions monitoring and tracking. The dataand
models aso will be key to trangportation control measure (TCM) analyses and to evauations of the
conformity of transportation plans, programs, and projects to the State Implementation Plan (SIP) for
attainment of the Nationd Ambient Air Quality Standards (NAAQS) for ozone (03), carbon monoxide
(CO), oxides of nitrogen (NOx), and particulates (PM 10 - particulate matter of lessthan 10 microns).

2.1.1 Mobile Source Inventories

Emissions inventories will be akey determinant of the emphasis on transportation activitiesin air quality
planning, since the updated inventories will be used to establish the rdative contributions, current and
projected, of mobile sources and stationary sources,-as wdl asto help identify and evauate potentia
control measures. Although emissions inventories can be prepared in various ways, most mobile source
emissons inventories will draw upon regiona modds and data.

In order to assemble inventories of mobile source emissions, accurate information specific to each
regior? is needed about the nature and extent of vehicular travel. Mobile source inventories must be
produced for calendar year 1990 (the base year), for the projected attainment year, and in some cases
for one or more yearsin between. Items on which inventory estimates are based include the following
(the MOBILE emissons factor modd promulgated by the US Environmental Protection Agency (EPA)
and the EMFAC software used in Cdifornia vary as to the specifics):

2 Here, the term “region” generaly refersto ametropolitan area (asin “regiona council”.) Federal
agencies aso use the term “region” in some contexts to refer to amulti- ate area; that usage does not
gppear in this document.



*  Vehide-milestraveled (VMT) - the number of miles traveled by vehicles of various types,
preferably for each link of the highway system (or at least for each grid cell in aregiond
photochemicd digperson mode!).

» Speed - the average speed for vehicles on each link in the highway system. For many anayses
thisis needed by time of day.

» Vehideflegt characteridtics - the number of vehicles of each type “garaged” in theregion. The
vehide types include various categories of light-duty and heavy-duty vehicles, by age and other
characterigtics.

* Vehidetrips- the number of trips originating and ending in each geographic subarea, grid cdl or
zone (needed for EMFAC).

While default estimates are available for many of these items (usualy based on nationa or Seate
averages), regiond travel surveys and outputs from regiond travel models are frequently used to help
prepare the emissons inventory. The base year inventory may be estimated directly from traffic counts
and other avallable data, but projections of future year inventories are difficult without the aid of a
regiond travel modd. In practice, base year inventories are often developed in whole or in part from
mode runs aswdll, because of the limitations of centraly available traffic datain many urban aress.

More refined emissions estimates could be prepared using data from travel moddls. For example,
running emissions, comprising up to half of the volatile organic compound (VOC)® and CO mobile
source output, are proportiona to miles traveled, with per-mile rates that vary sgnificantly with speed.
Start-up emissions (both cold start and hot start), comprising about haf of the CO inventory and one-
third of the VOC inventory for mobile sources, occur in the first severd minutes of vehicle operation;
hot soak emissions occur when the vehicle is turned off at the end of thetrip. The count of garaged
vehides determines the localized output of diurnd VOC emissons. All of these dements of the mobile
source emissions inventory can be estimated from data taken from travel surveys and models.

Current research by EPA and the California Air Resources Board suggests that two other factors may
be a sgnificant portion of VOC and CO running emissions, and hence may need to be accounted for as
wdl:

»  Occurrences of high acceleration - the average duration and number of ingtances of high
accderaion (such as might occur & afreeway ramp metering light) in each grid cell.

*  Occurrences of extended idling and delay - such as might occur on congested highway
segments or at toll booths - by link, or by grid cell or zone.

Most transportation models currently do not explicitly account for these occurrences (microscopic
traffic operations smulation models are the exception), but in the future such details may need to be
taken into account.

21.2VMT Edimation and Tracking

% In Cdifornia the term reactive organics (ROG) is commonly used.



In future yearsthe VMT estimates on which plans are based will be compared to “actud” VMT
estimates derived from fidd studies or other sources. The Clean Air Act Amendments provide much
incentive for an MPO to develop the most religble VMT (and other) data and forecasts it possibly can.
Over-predictions of VMT and other travel indicators will lead to overestimation of the need for
emissions controls. Under-predictions could result in difficulties in making conformity findings and
achieving ar qudity progress gods, which in turn could trigger aneed to apply drastic mitigation
measures when problems become apparent (possibly more extensive and expensive than additiona
controls would have been at the outset).

Current guidance from EPA (US Environmenta Protection Agency, 1992a) calls for data from the
Federd Highway Adminigtration-sponsored Highway Performance Monitoring System (HPMS) to be
used in estimating current VMT - though at the present time in some areas there are too few sample
counts for this data base to be wholly reliable and dternative methods will be applied instead of or in
addition to usng HPMS data. Forecastswill in genera be based on growth rates derived from regiona
travel models.

A mgjor concern is that past model-based projections of VMT, trips, and vehicle ownership have
tended to be low. For example, trends datain some regions indicated VMT growth of 3-4 percent,
while models predicted VMT growth of only 1-2 percent. In addition, errors often have been
concentrated in fast-growing parts of the region (typically the suburbs) and among certain categories of
traveler (in particular, women.) Thishasled air quality agenciesto seek a better understanding of travel
forecasting methods and their performance, and to ask for assurances that the sources of past errors
have been understood and corrected. Periodic comparisons of traffic counts and other measured data
with forecasts are expected to provide a basis for modd evaluation, problem diagnosis and correction.

Instead of refining modd- based estimates, an dternative would be to Smply base VMT, trips, and
vehicle ownership estimates on extrapolations from past trends. However, using extrapolaionsin air
quality planning and modd- based estimates in other aspects of the transportation planning process could
lead to awkward divergences in estimates (unless transportation mode results were adjusted to agree
with trend projections). This could entaill some risk for an MPO. In addition, model-based projections
of growth can take into account numerous details concerning changes in the compasition, location, and
magnitude of population and employment, whereas most extrapol ations are much smpler and hence
much lessrich in ther reflection of factors underlying posited changes. Thus modd improvements
designed to improve forecasts of VMT and other travel indicators seem the preferable route to most
andyds, even though such improvements may be rdaively costly and time- consuming.

2.1.3 Conformity Analyses
The conformity provisons of the Clean Air Act Amendments will pose one of the biggest challenges
most metropolitan trangportation organizations will face in trangportation-air qudity planning and

andyss. Both federd actions and certain activities of the MPOs themselves are subject to the
conformity provisons, which basicaly require that plans, programs, and projects must conform to the
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goplicable State Implementation Plan (SIP) for achieving clean air, and must be found not to lead to
new violations of the National Ambient Air Quality Standards, exacerbate exiging violations, or interfere
with attainment of the standards or compliance with interim emissons reduction requirements.

The conformity provisons focus a spotlight on modds credibility in estimating medium- to long-run plan
and program impacts. For example, under the interim guiddines for determining the conformity of
trangportation plans and programs to SIP assumptions and commitments, the MPO is required (among
other things) to compare the full Trangportation Improvement Program (TIP) for the non-attainment
areawith ano-build scenario. Once arevised SIPis gpproved, the comparison will be to motor vehicle
emissions estimates and necessary reductions contained in the SIP. Both types of andyses are likely to
be subjected to close scrutiny by environmenta and other interest groups, who will seek a
demondtration that al phenomenawhich plausibly could affect such a comparison have been taken into
account.

2.1.4TCM Analyses

Under the CAA Amendments of 1990, only the more heavily polluted metropolitan areas are required
to include trangportation control measures (TCMs) in their SIPs (see Section 2.3). However, many
other areas are required to include TCMs under state law (e.g., Cdifornia nonattainment areas), or will
do so by choice after considering the available pollution control options. 1STEA further encourages the
condderation of TCMs and related strategies. Asaresult, estimates of TCMs effectiveness will be
sought by numerous regions.

Theincluson of TCMsin regiond transportation modeling has often proven to be a complex matter.
Capita investments which aso happen to be TCM s (such as trandgt extensons or HOV lanes) generdly
can be adequately represented in regional modd systems, but many other TCMs (e.g., rideshare
incentives offered in some corridors only, trangt subsidies available only in some areas or to some
users) are likely to place heavy demands on regiond travel data and models. Moreover the typical
regiond model is unequipped to handle a plethora of TCMSs, including Sgnd timing, ramp metering,
elements of employer-based demand management programs, many land use and urban design
measures, and (sometimes) pricing strategies.

Evidence from avariety of TCM implementation experiences has been compiled as abassfor initia
screening of TCM's, and smple sketch planning methods sometimes embody this evidencein
goreadsheets. While these methods are useful if carefully gpplied and thoughtfully interpreted, the use of
“transfer of experience” gpproaches to justify TCMs has proven vulnerable to challenges, for example
by business groups that are unhappy about proposed employer-based requirements and by
environmenta groups distrustful of benefits claimed for added HOV lanes and traffic flow
improvements. Hence MPOs may find that they ether will have to extend the behaviora reach of their
models (e.g., by adding explanatory variables that are relevant to TCMs) or will have to find ways of
grafting credible off-modd (or supplementary model) estimates of TCM impact onto conventiond
mode results.
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2.2 Other MPO Analysis Needs

Clean Air Act transportation anadysis requirements are pressing, but they are not the only (or perhaps
even the mogt critical) forces for change in regiond travel modeling. Other developmentsinclude the
fallowing:

Provisons of the Intermoda Surface Transportation Efficiency Act (ISTEA) permit much
greater state and local discretion in alocating funds between trangt and high-ways and among
levels of the highway sysem. Thiswill intensfy the concern over how well modds capture the
long-run effects of distinctly different infrastiructure aternatives - on travel time and cost, and on
location patterns - particularly for comparisons between trangit- oriented and highway-oriented
programs.

Congress has broadened the scope of citizen suits under the Clean Air Act, and for the firgt time
the US Secretary of Transportation can be alegd target. Thereis reason to anticipate that
shortcomings in meeting the analysis requirements of the Clean Air Act may result in legd
actions againgt MPOs and other entities which gpprove dlegedly “deficient” plans -
environmenta groups have aready put severa agencies on notice to this effect.

Computer work station technology has brought travel demand andlysis within reach of groups
outsde the traditiond trangportation planning community. For example, environmenta groupsin
Boston, Los Angeles, Portland (OR), and the San Francisco Bay Area have shown an interest
in developing independent transportation modding capabilities. While, conceptudly, it might be
good to have competing andyses of difficult policy questions, competing models will present
problems for MPOs unless it can be shown that “officiad” MPO modes are equaly or more
current, comprehensive, and accurate.

Increasingly, concerns are raised about whether project-level analyses are consstent with the
andyses conducted at theregiond level. A typica question might involve whether project
assumptionsin an environmenta document agree with assumptions made in the earlier TIP
andyss. Because of differencesin anaytica and reporting detail between project analyses and
regiona model system andyses, it can be quite difficult to determine this. In particular, facilities
often are not represented in enough detall in the regionad model system to support clear
determinations of project consstency. This hasled to pressure for greater detail in regiona
networks (and more careful and disaggregate reviews of accuracy), so that most facilities of
loca import aso will be found on the regiond system with plausible volumes and speeds.

All of these developments suggest that it would be prudent for MPOs to review their andlysis
capabilities and make improvements where warranted. Such an exercise can be expected to reves
many legitimate issues that cannot be resolved at the current state-of-the-art or with available resources.
Thus, the result of areview islikdly to include a program for immediate action with existing resources, a
program for longer-term action with enhanced resources, and a program of research. The short-term
programs might be undertaken by each individua MPO, whereas the longer-term actions and research
efforts might be ajoint effort of MPOs with pooled resources and/or federal and State assistance.
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2.3 Review of Clean Air Act Transportation Requirements

Asthe overview of transportationtair qudity planning analyss requirements hasilludrated, the Clean Air
Act Amendments of 1990 affect trangportation planning in avariety of ways. Because of the importance
of thislegidation for many MPOs, adetailed review of key provisonsis presented in this section.

2.3.1 General Provisions

The Clean Air Act (CAA) Amendments of 1990, like the Amendments of 1970 and 1977, rely on a
combination of localy-developed State Implementation Plans (SIPs) and federally mandated controls
for attainment of nationd ambient air qudity standards for ozone (0s), carbon monoxide (CO), oxides of
nitrogen (NOy), and particulates (PM 10) by statutory deadlines. However, the 1990 Amendments
greatly expand and add specificity to the requirements for ozone and carbon monoxide nonattainment
areas. They dso establish for the firgt time deadlines which vary with the pollutant and the severity of
the pollution problem, with later deadlines but more extensive requirements for the more polluted aress.

Titles| and 1l of the Clean Air Act set forth air pollution prevention and control and emissions sandards
for moving sources, respectively. Among other things, Title | establishes the process for designating and
classfying nonattainment aress; authorizes EPA to determine nonattainment area boundaries; defines
nonattainment area classfications, establishes deadlines and requirements to maich the severity of
pollution; sets forth plan development procedures and review criteria; and defines criteria and schedules
for imposing sanctions (highway and emission offsets) and for promulgeting Federd Implementation
Plans (FIPs).

Title I directs the federd government to require a variety of mobile source controls, including tighter
hydrocarbon, carbon monoxide, and NO tail pipe emission standards to be phased in for cars and
trucks beginning with 1994 models; reduced new-car evaporative emissons during refuding; more
tightly controlled fud qudity (e.g., controlled for volatility and sulfur content); mandated re-formul ated
gasoline (beginning in 1995) for the most severdly polluted 0zone nonattainment areas; oxygenated fuels
during winter months for areas designated as Moderate or Serious for nonattainment of carbon
monoxide standards; and aclean fue pilot program for Los Angeles. Trangportation planners will
depend, to avery large extent, on the emissons reductions which should result from Title Il programs,
and will follow the provisions of Title | to develop such other measures as may be needed to meet the
ambient air quality standards by the applicable deadlines.

Sections 110 (Implementation Plans) and 172 (Nonattainment Plan Provisions In Generd) of Titlel
cover requirements which gpply to al nonattainment areas State Implementation Plans. These sections
of the Amendments set forth objectives and procedures for SIP adoption and revision, and require
enforceability and timely implementation of control measures.

Section 110(a)(2) dates that each implementation plan shall:
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include enforceable control measures and schedules for compliance necessary to meet the Act's
requirements.

provide necessary assurances thet the state (or generd purpose loca governments or regiond
agencies) will have adequate personnd, funding, and authority under state and loca law to carry
out the implementation plan (and is not prohibited by any provison of federd or sate law from
carying out the implementation plan.)

provide necessary assurances that, where the state has relied on alocal or regiona government
agency for the implementation of any plan provision, the date has responsibility for ensuring
adequate implementation of such plan provison.

meet requirements for intergovernmenta consultation and participation in plan development, and
for enhanced public natification on pollution and hedth, public avareness of control measures,
and public participation in regulatory actions.

Section 172© requires that nonattainment areas SIP revisions must:

provide for the implementation of al reasonably available control measures as expeditioudy as
practical.

require reasonable further progress (RFP) - defined as* such annua incrementd reductionsin
emissions as...may reasonably be required...for ensuring attainment of the...standard by the
applicable date.”

include contingency measures to take effect without further action by the state or EPA, if the
plan fails to make RFP, or to attain the standard by the applicable attainment date.

Other provisons of Title | establish due dates and ddliverables. Thetime alowed for the first mgjor
submissions under the 1990 Amendmentsis short. Updated emission inventories, including current and
projected mobile source contributions to total emissions, were due in November 1992. Revised SIPs
aso were due in November 1992 in CO nonattainment areas (at the same time as the updated
emissonsinventories), and in November 1993 for ozone nonattainment aress. These plans must include
control measures as needed to demonstrate attainment by the applicable deadling(s).

Beyond these tight initid deadlines, the Amendments emphasize a continuous transportation-ar quaity
planning and decision-making process. Updates of state and local planning procedures, renewals of
assgnments of responghbility, and provisons for involvement of elected officids are mandated.
Nonattainment areas must periodicaly assess VMT, vehicle trip levels, congestion, and emissions, and
based on their findings must prepare SIP revisions as needed to offset emisson levels which exceed
those assumed in the SIP. EPA's Transportation-Air Quality Planning Guiddines are to be updated as
necessary to maintain a continuous planning process, and must include methods for reviewing planson a
regular basis. Determinations of the conformity of trangportation plans, programs, and projectsto the
SIP must be made not less frequently than every three years, with revisons to trangportation proposals
as needed. Findly, the U.S. Department of Trangportation (DOT) and EPA must submit areport to
Congress every three years beginning in 1993, assessing how well federa, state and loca air quality-
related trangportation programs are achieving the gods of, and compliance with, the Clean Air Act.
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2.3.2 Emissions I nventories and Emissions Budgets

One SIP revison activity of critical interest to trangportation agencies is the determination of emisson
reduction targets for trangportation. Based on the updated emissions inventories, the respective
contribution of gtationary and mobile sources to tota emissions and pollution levelswill be determined.
Thiswill result in an “emission reduction budget” being assgned to mobile sources, i.e, to the
transportation sector.

Emission reduction budgets will indicate the cleant up burden that will be placed on transportation plans
and programs, as well as the extent to which transportation control measures (TCMs) will be needed.
Also, gaying within this budget will be one of the tests of transportation plan and program conformity
with the SIP. If unredigticaly large emission reduction targets are assgned to transportation sources
and placed in the SIP, conformity demongrations will be difficult to make; without such demondrations
of conformity, projects could be delayed or stopped. Thusit isin the best interest of transportation
agencies, including state DOTs and MPOs and interested loca agencies, to participate in the evauation
of relative emission contributions and the needed mix of sationary and mobile source controls.

2.3.3 Trangportation Control Measures

Trangportation control measures (TCMs) are required only for some nonattainment areas and for some
circumstances under the 1990 Amendments. Otherwise the choice of whether to use TCMs and what
TCMsto useis discretionary with state and locd officias, aslong as the overall set of control measures
can reduce emissions to show attainment by the applicable deadlines). Nevertheless, many areas will
need to andyze arange of TCMs, as many are likely to need to implement at least some of themin
order to meet interim milestones aswell as ultimate deadlines.

Metropolitan planning organizations will play akey rolein andyzing TCMs and in recommending which
ones should be included in the SIP. MPO roles are further underscored by the Intermoda Surface
Trangportation Efficiency Act (ISTEA), which gives MPOs increased responsibility for and control over
the programming of projects within their boundaries, and in nonattainment areas provide specid funds
for TCM implementation (congestion management/air quality funds).

Once TCMs are adopted in an gpproved SIP, their timey implementation will be akey criterion in
future conformity determinations. If TCM implementation does not proceed on schedule, conformity
demondtrations could be difficult to make, with the result thet projects requiring federa approval or
assistance could be delayed or stopped.

EPA has issued severd documents to asss in the planning, andysis, and implementation of TCMSs,
including an update of its 1978 Trangportation-Air Qudity Planning Guiddines as well asinformation on
the 16 TCMsligted in Section 108 (Cambridge Systematics et a., March 1992). These documents can
serve as vauable garting points for MPOsin deciding how to proceed with TCM evauation.
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The TrangportationAir Qudity Plaming Guideines produced by EPA cover planning and programming
activities necessary to respond to CAA transportation requirements. Developed with input from US
DOT and state and locd officids, this document's primary purpose is to provide guidance for the
planning and implementation of transportation measures needed to achieve emisson reductionsin
accordance with CAA requirements. The guidelines include information on how to:

* identify and evduate dterndive planning and control activities,

» review planson aregular basis as conditions change or new information is presented;

* identify funds and other resources necessary to implement the plan, and obtain interagency
agreements on providing such funds and resources,

» assure participation by the public in al phases of the planning process;, and

* cary out acontinuous planning process.

The TCM information documents provide genera guidance on the emisson reduction potentia of each
type of TCM, discuss other benefits and costs of TCMs, and identify implementation issues. This
information is intended to serve as asarting point for TCM evauation. It is not, however, a substitute
for locally-conducted analyses of TCMs, nor for local consultation on various measures acceptability.
State and locd trangportation and air quality officias must determine what measures are * reasonably
avalable’ (i.e, are cost-effective and feasible) in their urban area based on the characteritics of the
region's trangportation systems, its population and employment characteridtics, its ingtitutiona and
financid capacities, and community responses to the various proposas.

2.3.4 Conformity

Section 1760 of the CAA requires departments, agencies, and instrumentalities of the federa
governmert to assure that activities which they engage in, assist, pprove, fund, license, or support in
any way are in conformity with applicable State Implementation Plans. Similar requirements gpply to
metropolitan planning organizations in gpproving projects, programs, and plans. EPA, with DOT's
concurrence, is responsible for promulgating criteriaand procedures for demongtrating and assuring
conformity.*

The CAA datesthat conformity to a SIP means conformity to the plan's purpose of eiminating or
reducing the saeverity and number of violations of the National Ambient Air Quadity Standards, and that
activities will not cause or contribute to a new violation of any standard, increase the frequency or
Severity of an exiding violation, or delay timely attainment of any sandard or interim milestone. In
addition, transportation plans and programs can be found to conform only if: (1) emissons from such
plans and programs are cons stent with emissions projections and reductions assigned to those
trangportation plans and programsin the SIP, i.e., are consstent with the emissions budgets or targets;

* EPA and DOT issued interim conformity guidance on 6/7/91. Fina guidance, due 11/15/91, was
under review & the time of thiswriting.
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and (2) the plans and programs provide for timely implementation of SIP TCMs consistent with SIP
schedules®

2.3.5 Sanctions

Sanctions for failure to comply with the CAA, including the withholding of funds for certain highway
projects, were an option under the 1977 Amendments, but EPA imposed these sanctionsin avery
limited fashion. For example, since 1980, EPA imposed highway sanctionsin just seven dtates, and in
five of these gtates the sanctions were gpplied to just one urban area. Moreover in three of the seven
dates, the sanctions were in effect for less than two months; in two others they werein effect for less
than two years. Overdl, few highway projects were ddayed and few federd highway dollars were
withheld.

Highway sanctions may increase in importance under the 1990 Amendments. First, because certain
other sanctions were ddeted, highway funding restrictions could become the primary sanction available.
Second, highway sanctions can now be gpplied statewide under certain circumstances. Third, while
sanctions formerly were gpplied only when an area failed to submit, or make reasonable efforts to
submit, a SIP, sanctions now may be triggered when EPA disapproves a SIP or a ate fails to make
any submission required by the Act or implement any provision in an gpproved SIP. Moreover,
highway sanctions can be imposed for failures not related to transportation or mobile sources (e.g., for
falures related to Sationary source measures). Finaly, EPA discretion in determining when to impose
sanctions has been reduced, with the Amendments making more explicit the criteria that could result in
highway funding restrictions and prescribing ardatively limited ligt of projects that can be exempted
from sanctions (high occupancy vehicle (HOV) incentives, single-occupancy vehicle (SOV)
disncentives, and congestion relief measures.)

2.3.6 Specific Requirementsfor Ozone Nonattainment Areas

> Conformity determinations differ in the interim period (until a SIP revision is approved) and
theresfter. In the current, interim period, plans and programs must show expeditious implementation of
TCMs and contributions to annua emissons reductions; projects must come from conforming plans
and programs and, for projects in CO nonattainment areas, iminate or reduce the severity and number
of CO violationsin ther vicinity. Once SIP revisions are gpproved, conformity will be based on
cons stency with the area-wide trangportation emissions budget for the area plus TCM implementation.
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Specific requirements gpply to ozone nonattainment area SIPs, in addition to the general SIP
requirements described earlier. Deadlines and other requirements are based on the severity of ozone
pallution.® Requirements are cumulative and escalate in stringency by nonattainment area classfications
as the severity of pollution worsens. The six classfications, corresponding design vaues, and attainment
dates are asfollows:

Classification | Design Value (PPM) | Attainment Date
Margind 121 -.138 11/15/93
Moderate 138 - .160 11/15/96
Serious .160 - .180 11/15/99
Severe 1 .180 - .190 11/15/05
Severe 2 .190 - .280 11/15/07
Extreme .280 and above 11/15/10

Basad on the information available at the time of thiswriting there are 42 areas classfied as Margind,
31 classfied as Moderate, 14 as Serious, nine as Severe, and one as Extreme for 0zone nonattainment.

Areas with thewordt air quality must implement the greastest number of and the most stringent controls.
For example, areas classfied as Moderate must require Reasonably Available Control Technology
(RACT) for gationary source controls on new and existing 100-ton sources of volatile organic
compounds (VOC) (not covered by EPA Control Technique Guidelines); Serious areas must require
RACT on 50-ton sources, Severe areas must control 25-ton sources, efc. Emissions from new sources
are subjected to increasingly more stringent offset requirements, ranging fromal.1to 1 offsetin
Margina areasto a1.5to 1 offsat in Extreme areas. Vehicle ingpection/maintenance programs smilarly
must be more rigorousin the more polluted aress.

An areds classfication aso determines the number and stringency of trangportation requirements,
covering both the planning and programming of transportation control measures imposed by the Act.

® Note that the ozone is not directly emitted but formsin the atmosphere through a photochemical
reection involving VOC and NOy, emissons. Accordingly, the emissonsinventories of concernin
ozone nonattainment areas are for VOC and NOy. States must submit comprehensive inventories of
actua emissonsfrom al VOC and NOy sources in accordance with EPA guidance. The initid due date
for the emissonsinventory is 11/15/92. Updates are required every three years.
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Reasonable Further Progress (RFP) requirements may be among the most difficult for MPOs to mest.
Ozone areas classified Moderate and above must submit SIP revisons by 11/15/93 that demondtrate
the achievement, by 11/15/96, of a 15 percent VOC emission reduction from a 1990 basdline (defined
as an areds total, actual VOC and NO, emissions during 1990.) In addition, emissions due to growth
must be offsat. Reductions from severd federa mobile source control programs promulgated before
the 1990 Amendments were adopted, including tailpipe standards, evaporative emissions controls, and
fuel volatility standards, may not be credited toward the 15 percent reduction.

Lessthan a 15 percent 1990- 1996 reduction would be acceptable only if the 1993 SIP revisions (1)
implement new source review requirements gpplicable to Extreme aress, (2) goply RACT to dl exiding
magor sources, (3) implement al measures that can be feasbldy implemented in the areg, in light of
technological feashility, and (4) demondrate that the plan contains control measures achieved in
practice by smilar sources in nonattainment areas of the next higher classification.

Additiona RFP requirements apply for those areas classified as Serious or worse. A SIP revision due
11/15/94 for such areas must demondtrate an additional VVOC reduction of 3 percent annually, averaged
over each consecutive three-year period after 1996 until atainment. This RFP requirement dso
excludes mgjor federal mobile source control measures promulgated prior to 1990. However,
reductions from federal measures promulgated after 1990 could be credited toward the annud 3
percent reductions required after 1996. Reductions of less than a 3 percent annua average can be
dlowed only if conditions (3) and (4) listed above are met.

Neither the required reductions nor the aternative conditions are expected to be easy to meet, and
many aress are likely to need to implement TCMsto meet RFP requirements.

The scheduled emission reduction requirements gpplying to Serious, Severe, and Extreme ozone
nonattainment areas are caled milestones. The first milestone isthe 15 percent reduction from 1990
VOC levels, to be accomplished by 1996; the next milestones are the 3 percent annua average
reductions over each consecutive three-year period theregfter, until attainment is demonstrated (subject
to the options for lesser reductions if other conditions are met, as described earlier.) Areas must
demondtrate to EPA that these milestones have been met. Areasfailing to submit a compliance
demondtration or to meet a milestone must choose one of the following: (1) re-cdlassfy to the next higher
category and implement more stringent requirements, (2) implement additiona control measures from
the gpplicable contingency plan, which could include TCMs, or (3) adopt an economic incentive and
trangportation control program.

Table2.1: TCMsListed in Section 108(f) of the 1990 Amendments

1. Programsfor improved public trangt

2. Redriction or congtruction of certain lanes or roads for use by buses or HOV's

3. Employer-based trangportation management programs, including incentives
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Trip reduction ordinances

Traffic flow improvement programs that achieve emissons reductions

Fringe and corridor parking facilities serving HOVs and trangit

N|o (g &

Programs to limit or restrict vehicle use downtown or in other areas of emission concentration,
particularly during pesks

©

HOV/ridesharing service programs

9. Timeor placerestrictions of road surfaces or areas to bikes and pedestrians

10 Bike storage, lanes, and other facilities, public and private

11 Programsto control extended vehicleidling

12 Programs to reduce extreme cold Sart emissons

13 Employer-sponsored programs to permit flexible work schedules

14 Locdities SOV trip reduction planning and development programs for specid events and mgor
activity centersincluding shopping centers

15 Pedestrian and non-motorized transport facility construction and recongtruction

16 Programsfor voluntary remova of pre-1980 vehicles.

Section 182(g)(4), deding with the consequences of missing VOC milestones, sates that an economic
incentive program may include state- established emission fees, a system of marketable permits, feeson
the sale and manufacture of products the use of which contributes to ozone formation, and incentives
and requirements to reduce vehicle emissions and vehicle miles-traveled in the areg, including any of the
transportation control measures identified in Section 108 (f). Revenues from such a program are to be
used to handle adminigtrative costs (not more than 50% of tota revenues) and/or to provide emission
reduction incentives and assst in the development of lower-polluting control technologies and products.

Milestone requirements may trigger TCMsin areas classified as Serious or worse.” Section 182(c)(5)
of the 1990 Amendments states that beginning in 1996 and every third year theresfter, such areas must

’ Asnoted earlier, TCMs are required only for some areas and for some circumstances under the
1990 Amendments. Areas designated as Margind or Moderate for ozone nonattainment are not
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submit a demongtration as to whether current aggregate vehicle mileage, aggregate vehicle emissons,
congestion levels, and other relevant parameters are cons stent with those used for the ared's
demondtration of attainment. If levels are found to exceed those projected in the attainment
demondtration, a SIP revison must be submitted within 18 months to reduce projected emissionsto
levels conggtent with those in the attainment demondtration. Such a SIP revison must include
trangportation control measures including, but not limited to, measures selected from those listed in
section 108(f) (Table 2.1).

Probably reflecting concerns about TCMss, the Amendments indicate that in selecting TCMs states
should ensure adequate access to downtown and other commercia areas, and avoid measures that
increase or relocate emissons and congestion rather than reduce them. This language aso appearsin
the section for Severe aress.

TCM requirements apply earlier to areas classfied as Severe or worse. For these areas the 1992 SIP
revisons must identify and adopt transportation control strategies to offset emission increases dueto
growth in VMT and vehicle trips, to achieve, in combination with other controls, the required periodic
emisson reductions, and to demondirate attainmen.

Employer Trip Reduction Programs aso are required in Severe areas and must be included as part of
the areas 11/15/92 SIP revisons. Thisisthe only TCM whose implementation is specificaly required
in the 1990 Amendments. At aminimum, employers with 100 or more employees must implement
programs to reduce work-related employee VMT and vehicle trips, and must increase the average
vehicle occupancy of employee work trips by at least 25 percent above the area average. Employer
plans, due by 11/15/94, must “convincingly” demongtrate compliance by 11/15/96.

Aress classfied as Extreme nonattainment for ozone must implement al the trangportation requirements
for Moderate, Serious, and Severe areas. In addition, each SIP revison for Extreme areas may contan
provisions gpplicable during heavy traffic hours, to reduce the use of high polluting or heavy duty
vehicles, notwithstanding any other provision of law. Note that the language is permissive, i.e, the use
of such measuresis discretionary. Currently, only Los Angelesis classfied as an Extreme ozone
nonattainment area.

specificaly required to consider TCMs. However, many such areas are likely to utilize TCMs as
emissions reduction srategies because the RFP requirements will be difficult to meet without TCMs,
because TCMs are required under state law, because TCMs are deemed necessary to fairly dlocate
respongbility for pollution reduction and to efficiently reduce emissons, etc.
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2.3.7 Specific Requirementsfor CO Nonattainment Areas

Two classfications of CO nonattainment areas are defined in the 1990 Amendments: Moderate (design
vaue 9.1 - 16.4 ppm; attainment date 12/31/95); and Serious (design value 16.5 ppm and up:
attainment date 12/31/00). Moderate areas are divided into two sub-classes, with those having a
design vaue greater than 12.7 ppm required to undertake more stringent measures.

Inventories of CO emissions from al sources are required at the same time as the VOC and NOy
inventories, 11/15/92. Updates are required every three years thereafter, beginning 9/30/95. By
11/15/92, Moderate CO nonattainment areas must submit a SIP revision showing the specific annud
emission reductions necessary for attainment of the CO standard by 12/31/95. However, SIP revisions
for dl CO nonattainment areas with a design vaue over 12.7 ppm must contain forecasts of VMT for
each year until attainment, and must provide for annuad updates of forecasts and annud reports
containing estimates of actud VMT and an assessment of VMT forecast accuracy. The 11/15/92 SIP
revison aso must provide for the automatic implementation of specific measuresif “actud” VMT
exceeds the VMT forecasted, or if an area misses the attainment deadline. These contingency measures
are to take effect without further action by the state or EPA, and thus will require advance planning.
(Note, however, that for most areas EPA expects that the Reasonable Further Progress (RFP)
requirement to be more of a condraint than the offset requirement.)

Required mobile source controls for CO nonattainment aress are: 1) oxygenated fuels of at least 2.7
percent oxygen content during high CO season (design value of 9.5 ppm or above, SIP revison due
11/15/92); 2) enhanced I/M (design vaue above 12.7 ppm, SIP revison due 11/15/92); and 3) clea+
fuel vehicle fleet programs (design vaue above 16 ppm, population greater than 250,000, SIP revison
due 5/15/94). TCM requirements for Serious CO areas are Smilar to those for Severe ozone aress.
By 11/15/92, aress classified as Serious for CO were to have submitted SIP revisons that identify and
adopt trangportation control strategies, with implementation of such measures as necessary to
demondtrate attainment. These transportation Strategies must offset growth in emissions due to growth
inVMT and vehicle trips. Additional documentation, not required for Serious 0zone aress, is required
for Serious CO areas. their November 1992 SIP revisons were aso required to 1) explain afalure to
adopt any section 108 (f) measure, 2) contain dternative control measures providing comparable
emission reductions, or 3) explain why such reduction is not necessary for attainment.

Aress classified as Serious further must submit a demongration by 3/31/96 showing that the emisson
reduction specified in the 1992 SIP revision and required by 12/31/95 has been achieved. If the
demondtration is not submitted or the milestone is missed, a SIP revison must be submitted within nine
months which implements an economic incentive and trangportation control program and achieves
annual emission reductions needed for attainment by 2000 or sooner. Note that the economic incentive
and trangportation control program is mandatory when the milestone is missed by a Serious CO
nonattainment area, whereas 0zone areas that miss a milestone can choose one of three options.

The considerable emphasis put on reducing CO emissions via transportation actions reflects the fact that
CO emissons come mostly from mobile sources. However, states and MPOs il will need to
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determine what mix of strategieswill best match its specific CO problems. Since CO concentrations
typicaly arelocdized rather than region-wide, TCMs which focus on “hot spots’ may play asignificant
role.

CHAPTER 3: CURRENT ANALYSISPRACTICE
3.1 Introduction

This chapter describes the trangportation analysis and travel forecasting methods that are in current use
in regional modeling applications across the country. The chapter begins with a generd overview, or
“prototype”’, of current practice. It then looksin more detall a each of the key stepsin modeing
metropolitan travel phenomena. Acceptable approaches in widespread use among MPOs and other
agencies with modeling responsbilities are reviewed, and advanced practices used by some MPOs are
presented. Practices that are not recommended or that are recommended only, perhaps, as stopgap
approaches are noted.

In many ingtances practice varies with the particular issues facing the region: for example, the importance
of trangt, the level of congestion prevalent in the highway network, the degree of concern about growth,
the complexity of urban and regiona development patterns. Such variation is desirable, reflecting a
focusing of attention and resources on the key congderations requiring analyss.

On the other hand, some of the variation in practice is Smply the result of differentid commitments of
resources to the development and upkeep of andlysis capabilities. In some regions, data sets and
models have been evauated thoroughly, updated regularly, and used innovatively. In other regions,
funding and gaffing levels have been insufficient to carry out periodic data collection and mode updates.
As aresult, these MPOs have only sparse and aging data bases, and their analysi's capabiilities have not
kept up with advancesin the professon. Some have had to resort to ad hoc “fixes’ to produce
plausble analyss results. In light of Clean Air Act and ISTEA analys's requirements, MPOs are likdly to
find continued use of old data and outmoded modelsincreasingly untenable. This chapter isintended, in
part, to suggest current norms and to encourage al MPOs to modernize their practices.

Throughout the chapter, aternative modeling gpproaches which can be matched to particular
circumstances are noted. Data requirements and data sources also are discussed. Because of the

importance of travel surveysin supporting model development as well as more wide-ranging andyses, a
find section of the chapter focuses on survey practices and issues.

3.2 A Prototype of Current Practice

This review and discussion reflects upon “conventiona modding practice’. Sincethereis, infact, a
wide range of practice in evidence, it will be hepful to clarify what is consdered prototypicd for the
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purposes of thisreport. A brief overview of this prototypica modding approach is depicted in Figure
3.1 and is discussed below.

Conventiona travel demand andysis follows a straightforward behaviora paradigm based on
knowledge and experience accumulated over the past four decades. In this paradigm, travel demand is
derived from the daily activities of individuas and businesses. The god of andysisisto infer from the
gpatid distribution of activities the amount, type, and location of travel that a population will undertake.
Regiond travel forecasting requires. 1) gathering avery large number of data inputs at the lowest
prectica level of aggregation; 2) obtaining plausble forecasts of data inputs such as population, income,
and fud price; 3) developing modelsto accurately represent travel behavior; 4) and applying the models
to the forecasted data inputs to produce useful forecasts of future travel patterns. Good modeing
results can be achieved only if both the input assumptions and the technica methods used are adequate.

Travel demand andysis relies on knowledge of where individuas, businesses, and other places of
activity are located (or will be located). In the case of forecadts, thisistypicaly donein severd steps.
economic growth (basic employment) is estimated, then population growth stimulated by those jobsis
estimated, then popul ation-serving employment and attendant population increases are estimated. The
resulting jobs and population (or households) are then alocated to smal areas, or zones, of the region
(typicdly, based on aggregations of census blocks, or in some cases, tracts.) Information on household
income, business characteridics, and existing and planned land uses may be used to guide this effort.

Travel demand analysis aso requires knowledge of the resources available to households and
individuas in making their daily activity and travel decisons. Of particular importance are household
auto ownership and household or worker income (projected into the future, in the case of forecasts).
Here, estimates are developed from survey data or federa and state records and projections.

A third requirement is knowledge of the performance of the transportation infrastructure available to
eech travder. Thisinfragtructure is described as networks of facilities through which trangportation
sarviceis provided: networks are built to represent peak and off-pesk conditions on key highways,
trangt, and (in some cases) HOV facilities; rarely, bicycle and pedestrian facilities are represented in
additiond networks. Highway networks typicaly include limited access facilities, arterids, and
(sometimes) collectors, but few if any loca access streets. The network is described as a system of
links and nodes. So-cdled “dummy links’ are used to represent the average travel times from the
centroid of the zone to the network, and hence account in aggregate terms for the portion of the
network not specificaly modded.
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Figure3-1: Conventional Regional Travel Models

The population and employment forecadts, alocations to zones, and transportation networks become
the inputs or “givens’ in the demand modeling process. They are used in conjunction with a set of
models of travel behavior which, together with the abstracted demographic, economic, and
infrastructure data, produce predictions of travel demand.

In nearly every gpplication, the travel demand models are built using data from surveys of a sample of
households. The surveystypicaly gather demographic and economic information for each household,
plusatravel diary recording al the trips each household member made during the survey period
(generdly one day.) The survey data are used to estimate the coefficients of a hierarchy of models that
mirrors a supposed hierarchy of behavior by travelers. Trips are separated into severa purposes (such
as home-work/work-home and home- shop/shop-home), and each purpose receives separate modeling
treatment.

The dements of this hierarchy of travel demand models are commonly caled “steps.” In thefirst step,
the trips likely to originate and terminate in each zone are caculated (“trip generation”). For example, in
the case of home-work/work-home, the number of work trips attracted to a zone is given by the
predicted number of employeesin that zone (as determined by the economic/demographic forecasts
mentioned earlier). The number of work trips produced in azone is determined by the adult population
of the zone and the propensity of adults to be employed. The most common form of trip production
modd is a cross-classfication table which provides average work trip ratesfor, say, different ranges of
household income and different household Sizes (exact variable definitions vary greetly). Sometrip
production models employ regression equations it to the local survey data. Some, moreover, consider
only vehicle trips (not person trips), while others separate vehicle trips from person trips through
additiond steps.

In the second model step, trip productions and trip attractions are matched to yield afull spatia pattern
of trip-making (“trip distribution”). This can be thought of either in collective terms (e.g., job
opportunities are matched with resdentia locations) or in household terms (househol ds choose work
places based, in part, on proximity to home, choose residentia |ocations based, in part, on proximity to
work, or consder both smultaneoudy). Thetypicd trip distribution modd represents interzond travel
volume as afunction of trips produced in the origin zone, trips atracted to the destination zone, an
gpproximate measure of the “cost” of travel between zones (usudly the highway travel time), and the
comparative attractiveness of competing zones. Because the relationships underlying trip distribution are
quite complex and the models used are rudimentary, modders usualy find it necessary to introduce a
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number of adjustment factors (called “K factors’) to achieve acceptable modd fit. Thesefactorsare
retained when the modd is used in forecadting.

In the third mode step, interzond travel volumes (differentiated by trip purpose) are split among the
available modes of travel (“mode split”). Inthetypica case, trips made by vehicles have been
separated from the total flow of personttripsin one of the earlier steps, and the mode split model
focuses on mgor vehicular modes only. The mode split usually is depicted as a choice (“maode choice’)
based on the traveler's persond characterigtics, dollar costs of travel, and various components of travel
time, with different weights depending on the quditative character of each time component. Mode
choice modds are without question the most econometrically sophisticated elements of conventiond
travel demand andysis, with the vast mgority employing at least a multinomid logit form, and with some
venturing into more eaborate nested logit or probit forms.

At this stage, the andlysis has produced an interzona trip table for each mode and trip purpose. These
tables now are rearranged to create new trip tables to represent each time period for which the andyst
wishes to study the traffic performance of the infrastructure: Mode- and purpose- pecific pesking
factors based on cdculations from the home-interview survey, or occasondly factors developed
through a pesking modd, are gpplied to estimate the number of trips of each type that will be made
during the peaks and off-peak. Typicd time periods are am peak, p.m. peak, and mid-day. Additiona
adjustments may be made to capture the unique conditions of particularly congested corridors (e.g.,
flatter pesks under highly-congested conditions).

In the fourth (and usudly find) travel demand modeling step, tripsin the mode- and time-pecific trip
tables are assgned to pathsin their respective infrastructure networks (“traffic assgnment.”) Theimplied
network performance (i.e., interzond time characterigtics) is cal culated based on the volume expected
on each link. The assgnment dgorithm typicaly assumes that each traveling party will attempt to
minimizeitsindividud cost (“generdized cost™) for each trip. Some gpproaches iterate over a number
of partia assignments to capture the way that congestion can build at different rates in different parts of
the system; the resulting assgnment is unlikely to be atrue “equilibrium,” but is consdered adequate
when theiteration steps are small enough. Other gpproaches calculate equilibrium directly.

Thereisan obvious tautologica character to the conventiona four-step travel demand modeling
process: the trip distribution and mode split stages depend on estimates of interzonal travel time, yet
definitive estimates of travel time are not available until the end of the calculation process (after
completion of traffic assgnment). Andydts handle this recursive relaionship in different ways. All begin
with an esimate of the travel time matrices, for instance by loading a factored version of the most
closely comparable trip table onto the highway network. Trip distribution and mode split then are
performed with the gpproximate travel times. The resulting trip tables are loaded onto the networks,
and new trave time matrices are computed. The initid and fina travel time matrices are compared, and
the presence of only minor differences is taken to indicate that equilibrium conditions have been
satisfied.
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Itisin the event of a significant difference that practice tendsto vary. Some andydts iterate through trip
digtribution, mode split, and traffic assgnment severa times until trip tables and travel time matrices
gtabilize, under the assumption that consstency of travel times throughout the model systemisalogica
expectaion. Othersiterate only through mode split and traffic assgnment. The latter approach often
has its basis in resource congtraints and outmoded software rather than in any compelling theoretical
judtification, athough some analysts argue that current trip distribution models are so approximate in
their representation of spatid relationships that they can hardly support an andysis of margind travel
time effects.

The entire andlysis procedure is dependent on a supportive ensemble of software. Some andysts il
use mainframe programs such as the Urban Transportation Planning System (UTPS), which can require
ahigh degree of hardware familiarity and programming skill.

Others have switched to one of the workstation or PC versions that replicate and, to some degree,
augment the functiondity of the old mainframe software (MinUTP, Tranplan). Still others have chosen
from among the software packages that attempt to fully exploit the features of the workstation
environment (EMME/2, TransCAD, System 2). The graphica capabilities of the workstation
environment have smplified the problem of network and database maintenance, but it remains true that
the mechanics of carrying out dl of the steps of a conventiond modeling exercise require subgstantia
andysstime.

Characterigtics of the conventiona modeling gpproach that have generated particular criticism include
the fallowing:

* networks are often too sparse, or are described in too little detail, to accurately represent
transportation supply

* mode split and traffic assgnment are often treated in arecursve framework with feedback and
gpproximate equilibration, but the feedback loops only sometimes extend to trip distribution

» dmilar feedback loops do not extend to trip generation, to auto ownership, or to the pattern of
activity location in the region, athough theory would suggest that each would be affected

» timeof travel and pesking are tregted in highly approximate ways

* route choice and bility are often defined in terms of travel time rather than a broader
measure encompassing cost or other indicators of qudity of service.

In addition, in many conventional modeling approaches, analyses focus on vehicular trips while ignoring
or downplaying trips made on foot or by bicycle, and focus on home-based travel while treating non
home based travel in highly gpproximate ways.

To put this critique into perspective, it isimportant recdl the origin and predominant use of existing

urban travel models. By and large, these models were developed to help size capitd facilities, especidly
highways. In effect, the sandard andys's question of the past might be framed as.
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Given the anticipated level and pattern of travel for the region, how much additional capacity is
needed, and where should it be located?

In recent years, versons of conventiona models have been used for single mode corridor planning. For
example, suppose a decison has been made to implement trandt in a corridor. The primary questions
might be: 1) how much capacity is required? 2) what are the effects of dternate technologies (as
represented by access, walit, in-vehicle, and trandfer travel times and travel costs) on ridership? and 3)
what are the effects of dternate operating plans (frequency, number of stops, etc.) on ridership? Most
andysts have been comfortable assuming that future demographic and socioeconomic conditions, trip
generation leves, trip digributions, and pesking factors will remain rdatively constant among dternatives
under such tightly-congtrained conditions. The primary questions then revolve around intra- corridor
modal competition and route choice. For these questions the conventional modeling approach arguably
suffices.

Use of the models for certain other planning applications can be problematic, however. When
transportation investments ability to shape growth and spur economic activity are key concerns, models
that treat land use and development, destination choice, and vehicle trip generation as unaffected by
transportation levels of service are clearly not helpful. When the policy under consideration would
differentialy price congested facilities and merchants are worried about the potentid for driving avay
shoppers, models which use only travel time and not cost in predicting destination choices will be
unconvincing. Trangportation-air quaity planning raises these questions and others as well - seeking, for
example, the ability to anayze policies that favor walking, bicycling, aternative work schedules, and a
variety of other trangportation demand management srategies, and caling for accurate link-level speeds
in order to calculate emissons. Thus, current concerns about conventiona urban models slem as much
from the changing nature of the problems being posed as from the formulations of the models per se.

3.3 Key Model Elementsin Detail

Each of the following subsections covers akey modding step or model component in greater detail.
The objective of the modeling step or component is presented, needed data and assumptions are
described, and some typica approaches and more advanced practices are discussed, with brief
examples. Particular attention is given to the aspects of the model component having greetest relevance
to trangportation-air quaity planning. A brief summary is presented below.

Economic and population forecasts at the regiona leve (discussed in Section 3.3.1) are often taken
from federd or state sources, dthough afew areas do their own projections. The most common
practiceisto use Sate or federd estimates of the region's growth. Some regiond agencies develop their
own population and employment forecasts as a check on the federal/state estimates, or as the basis for
dternative estimates or scenario testing.
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Forecasts of land use and devel opment patterns (Section 3.3.2) often are devel oped through
negotiations over locd plans. Some areas use formd land use dlocation models either by themsdlves or
linked to transportation forecasting steps.

Network descriptions (Section 3.3.3) are prepared for highways and transt, typically using the
responsible operating agencies current maps or inventories and their plans for the future. The leve of
detail in which networks are described is amgor source of variation among regions, both asto the
types of facilities represented (in particular, whether al arterids and mgor collectors are included) and
the trestment of specid network features such as high occupancy vehicle lanes, ramp meters, and
intersection movements. The representation of link speed and capacity aso varies greatly among
regions, particularly in the number of capacity classfications and range of speed-volume relationships
included.

Vehicle ownership (Section 3.3.4) typicaly is estimated from survey data using cross-classification or
regression techniques, with income and household size two commonly utilized varigbles. A few areas
model the choice of vehicle ownership leve as afunction of household sze, income, number of workers,
trangt and highway accessbility, etc.

Trip generation (Section 3.3.5) estimates also are commonly based on cross-classification tables or
regressions, with auto ownership and household Size astypica variables. Advanced practice consders
awider variety of variables affecting trip-making, including specific land uses, socioeconomic
characterigtics, and demographic and lifestyle factors. In afew cases sophigticated modding
approaches such as travel frequency choice have been applied.

Trip digribution (Section 3.3.6) istypically carried out usng a*“ gravity” -type modd of spatia
interaction. Some formulations improve the behaviora content of these models by incorporating
detailed descriptors of zond characteristics associated with the production and attraction of trips, as
well as by including both time and cost factors in the impedances. Advanced practice represents this
modding step as “ destination choice’.

Mode split (Section 3.3.7) is nowadays carried out in most areas using choice models that represent
magor vehicular modes (drive aone, shared ride, trangt). Nested logit models for trangt choice have
become common in advanced practice, eg., therail vs. bus choice is nested within the trangt option of
atrangt vs. auto choice, and/or the various transt access modes (walk, drive and park, drop-off, and
sometimes others) are nested within the trangit option.

Peaking and time of trave digtributions (Section 3.3.8) commonly have been derived from counts at key

locations or from travel survey data, an approach which, when used in forecasting, treets these matters

asinsengtive to congestion levels and invariant over time. Post- processor methods have been used to

adjust peaking on specific facilities or corridors in accordance with the congestion levels observed there.
More advanced practice is to develop explicit behaviora models of time of travel.
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Traffic assgnment (Section 3.3.9) frequently utilizesincrementa assgnment methods, though some
regiond agencies have adopted advanced agorithms that estimate network equilibrium directly.
Congderable variation remains in the specification of link impedances (generdized prices) used in these
methods and agorithms, with the more advanced applications utilizing both time and cost variables.

3.3.1 Regional Economic and Population Forecasts
Overview

Conventiond travel demand andlys's employs a straightforward behaviord paradigm in which travel
demand is derived from the daily activities of individuas and businesses. Hence regiond economic and
population forecasts are fundamenta to the forecasting process.

Economic growth, for which employment is the usual indicator, istypicaly forecasted first. Population
then isforecasted as afunction of the Sze of the economy aswell as demographic trends. In acommon
formulation, basic employment is estimated, then population growth stimulated by those jobsis
estimated, then population-serving employment and attendant population increases are estimated.
Adjustments in these estimates may be made to bring totd regionad population and employment into
baance, or (particularly when the regiona agency's jurisdictiona boundaries are smdler than the
region's economic boundaries) differences may be attributed to commuting.

Forecasts of the regiona economy commonly are based upon state control totals for economic activity
induding employment (whichtotas often are based, in turn, on federa projections of regiona economic
activity). Population forecasts smilarly are derived, in many cases, from federd/date estimates.
However, some areas produce their own independent forecasts. These vary widdy in ther
sophidtication, ranging from trends-extended analyses to detailed modeling studies. Some regions
moded s mirror federd and state forecasting approaches, utilizing data on industrid advantage of the
region, e.g., comparative shares and growth rates of industries by SIC code, and/or data on earnings,
income, land and housing prices, cost of money, resource prices, construction costs, taxes, etc. Some
regions further add a qualitative component to their forecasts as a means of accounting for such factors
as qudity of life. Regionswith independent forecasting capabilities have been known to successfully
negotiate changes in the federa/state estimates based on their own more detailed work.

The accuracy of employment and population forecasts has not been entirely satisfactory in some
regions, particularly (but not only) those in which alarge component of tota employment isin emerging
industries and those which have experienced high population growth rates due to interregiona migration
or internationa immigration. A number of regions produce arange of forecasts to reflect the underlying
uncertaintiesin their estimates.

Immigration (legd and illegal) has been an especidly problematic component of population forecasts for
anumber of regions. Immigration rates are hard to forecast because of the underlying difficultiesin
predicting relaive performance of nationa economies, and because immigration rates can be strongly
affected by such factors as war, politica oppression, drought, and trade agreements. The complexities
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spill over into employment forecasting, eg., immigrant communities often have high rates of informd
employment, and regions with a szeable informa economy tend to have greeter difficultiesin relating
employment and population growth than do regions where informa employment is minor.

In comparison, natural population growth (births and deaths) has been reasonably easy to predict. The
birth rate has been the more difficult to forecast, especidly soin light of chenging ethnic composition,
family gtructure, and socid attitudes. The prediction of the interregiond migration component of
population growth - in-migration and out-migration aso has been problematic for many regions.

Basic Practice

The use of regional economic and population forecadsts (regiona totas) taken from federa or state
sources is not only an acceptable practice but, in some cases, is mandated. On the other hand, many
regiona agencies produce and use (when permitted) their own estimates. The rdiability of regionaly
produced forecasts is entirdly dependent on the qudity of the underlying data and models.

Simple trends-extended modes of population or employment have been used from timeto timein
regiona studies, but they have not proven particularly reliable. Even lessreliable, however, are
“bottom-up” estimates, in which loca plans and projections are put together to form the regiond plan
and regiond growth estimates. The main problem with this approach is that loca jurisdictions often mix
normative and pogitive views of the future, meaning that some forecasts are merely hopeful while others
attempt to be redigtic. In taking a normative approach, loca jurisdictions have tended to overestimate
their shares of regiond employment growth and underestimate, or in any event not accommodate, their
shares of regiona resdentid growth. it is not unusua for employment projections aggregated from loca
plansto tota severd times the federd/date growth estimates for the region, and for the implied housing
needs to far exceed the expected supply of housing.

Because of the methods unreiahility, neither the trends-extended nor bottom-up approach is
recommended as the primary basis for travel forecasting, although both trends projections and “ bottom-
up” estimates can offer useful points of comparison for checking other, more complex forecasts.

Alternative regional forecasts based on detailed studies can, in contrast, be asreliable as federd/state
projections, and in some cases are likely to be more accurate.

Advanced Practice

A number of advanced techniques have been employed in growth
forecadting a the regiond levd, including:

»  Demographic modelsto predict regionad control totals of population and households; regiond
share models to predict employment by category

* Input-output models to trace the effects of industrid growth and decline and changesin
production on the regiona economy
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» Detaled amulation modds of regiond demographic and economic change, for example,
accounting for differentid birth rates and life expectancies by ethnic group, forecasting
educationd atainment by family income level and employment rates by income and ethnic
group, etc.

»  Specid studies carried out to better understand and forecast growth or declinein particular
indudtries, population groups, or lifestyle categories.

Among the regionad agencies making use of some of these techniques are the Association of Bay Area
Governments, Portland Metro, the Sacramento Area Council of Governments, and the Southern
Cdifornia Association of Governments.

Given dl of the potentia sources of uncertainty, there is much to be said for a scenario-based treatment
of regiona population and employment forecasts. Under such an gpproach, assumptions would be
varied within reasonable bounds to produce arange of plausible forecasts. Each trangportation policy
scenario then would be andyzed for “high” and “low” population and employment scenarios, aswel as
for some midpoint between thetwo. To make effective use of such information, a planning process
must provide sufficient resources for anays's, and must be capable of supporting a search for robust
policies (that are adaptable within the identified range of uncertainty). Individuas and inditutions must
be tolerant of ambiguous outcomes. Becauise this combination of festures rarely is present, most regions
find it Smpler to identify a*“best estimate’ for use in planning, ostensibly in order to avoid having
conflicting forecasts or inconsstencies in the forecasts prepared for various purposes.

Advanced practice currently does not include efforts to modd a causd link between trangportation
conditions (expenditures and bility) and the regiond economy. Neverthdess, such links must
exig, or dse the magnitude of investments we have made in transportation infrastructure (especidly
highways) would hardly make sense (see, e.g., Garrison, Berry, et d. [1959] and Mohring and Harwitz
[1962]). In fact, trangportation project documents often make reference to the economic stimulus and
growth enabling characteridtics of specific investments. However, in practice it has been difficult to
Separate intra- metropolitan locationd effects of infrastructure investment (i.e., competition within a
region for fixed totals of jobs and population, as discussed in Subsection 3.3.2) from the true
acceleration of regiond economic growth.

It is possible to gpproach the question of economic stimulus through application of an advanced input-
output methodology. Asthisis being written, FHWA plans to fund a study to demonstrate such an
goproach. However, it will be sometime (if ever) before the andyss of regiona economic effects can
become aroutine gep in travel impact anayss.

3.3.2 Employment and Population Allocation

Overview

Onceregiond totals have been estimated, the next analysis step addresses the number of jobs and the
population (or number of households) that will be located in each subarea, or zone, of the region
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(typicaly, based on census tracts or aggregations or disaggregations of censustracts). Information on
exigting and planned land uses, business characterigtics, household employment and income, and zond
trangportation access may be used to guide this effort, which istypicdly (if somewhat inaccurately)
referred to as land use forecasting.

Growth and development are often politicaly sensitive topics, and regiona agencies forecasts of how
population and employment will be digtributed in the future are sometimes seen as affecting who gets
what. One result has been that land use forecasts are of great concern to, and often must be approved
by, locdities and their politica leadership.

Three broad gpproaches are commonly used to produce population and employment alocations.
Negotiated estimates and scenarios typicaly are based on their preparers judgment and normetive
desires, whereas forma mathematica models typicaly assume strong market forces are at work and
often ignore or downplay politica and ingtitutiona congraints.

1. Negotiated estimates (currently used in one form or another in nearly dl U.S. metropolitan arees)
draw upon locd plans and projections as the basis for subarea and zond growth forecasts. Overal
population and employment forecasts may be apportioned to specific locations usng asmpleratio
approach: tota growth is assumed to locate in various jurisdictions as a proportion of their
estimated growth (e.g., everyone gets 67% of ther projections.) Alternatively, growth alocations
may be determined through negotiations among locd jurisdictions; in one approach, regiona agency
daff facilitate meetings in which each locd jurisdiction's anticipated growth rate is compared to
historic performance and market potentia, and compromises are struck. Some areas develop both
population and employment estimates in this manner and bring them into agreement in aregiond
plan through negotiations over the planned baance of houses and jobs. Depending on the nature of
the agreement, market redlism may or may not result.

2. Scenario approaches involve the congtruction of two or more land use and development dternatives
for afuture year (scenarios), each of which isthen modded in combination with various
trangportation options. Two distinct approaches to the development of scenarios are in use:

* Visonary plansfocus on how the region “should” look in the future, i.e., they are highly
norméative. The visonary plan may be the creation of alimited number of actors - usudly urban
planners or designers - but it can be devel oped through a wide-ranging participatory process as
well, if anpletimeisalowed. Typicaly the visonary plan is compared to atrends-extended
plan (i.e,, one that continues current policies and patterns of investment) to provide a framework
for discussing broader questions about trangportation and land use directions. The approach
has been used in severd metropolitan areas recently.

» Pdlicy options focus on the choices actudly available to decision-makers (or which could
become available with identified legidative changes, eg. regiond requirements for compact
growth) to develop feasible directions for land use and development. These options are
generdly congtructed in relation to adternative trangportation packages which are under
consderation. In contrast to the visionary plan approach, which astypically carried out is
uncongirained by funding or other implementation considerations, the policy options approach
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emphadizes the specification and testing of land use options which are financialy feasible and
reflect market redities. Specification of the options may be done by regiona agency saff, or
may be carried out through a cooperative effort which draws upon awide range of expertise
and interests, including economids, red estate specidists, environmentdists, business leaders,
and community groups aswell as regiona agency planners and andydts.

3. Formd mathematicd models for land use alocation forecasting aso have been developed, but
currently arein useisin aminority of regionsin the US. In large part this reflects the political and
policy senstivitiesinvolved in land use dlocations. However, it dso isthe case that many regiond
agencies and localities are skeptical about land use modd's, both because the modd s themsalves are
relatively limited in their policy senstivity and because to date, the forecasts they have produced
have not been highly accurate.

From the mid-1970s until relatively recently, the trend in the U.S. was for regiona agenciesto disregard
or downplay the importance of land use modeling; anumber of agencies actudly replaced forma
models with smpler trend-based projections and alocations. Interest in land use models remained
strong oversess, however, and modding advances were made both there and in afew instancesin the
US. Recently, the resurgence of interest in the linkages among trangportation, urban form, and the
environment have helped renew interest in formal land use alocation models.

Theoreticd work has shown that accesshility is an important determinant of the worth of land for
different uses at different locations, and that transportation investments tend to support housing
decentraization and business clustering. Thisisnot to say that land use isasmple function of
trangportation; other factors including the cost and suitability of land and buildings, labor market
conditions, the quality and availability of local government services, and such congderations as socid
dass, race, and lifestyle have been shown to have significant impact on location decisons.

Nevertheess, approaches which smply treat land use as exogenous to trangportation forecasting are
known to be deficient from a theoretica point of view, and are increasingly challenged in areas where
magjor transportation infrastructure investments are proposed, where growth and devel opment are rapid,
or where land use palicy is of key interest for other reasons.

A number of andysts have attempted to develop practical forecasting tools for use in urban land use and
trangportation planning (see Hamburg, Kaiser and Lathrop (1983), Berechman and Small (1987),
Webgter et a. (1988), and Bajpai (1990) for detailed reviews of such models.) In generd terms, these
models dlocate jobs and housing within aregion as functions of accessibility, land availability, population
and employment by category, income (for households), and other factors. Such models are often
complicated and expensive to run but nevertheless make severd amplifying assumptions not whally in
accord with theory.

Firgt, the behaviora content of many land use dlocation modelsis quite low. For the most part the
models do not attempt to represent the location decisionmaking of ether firms or households; instead
they rdly, with varying levels of sophidtication, on extragpolation of past trends subject to a set of
congraints. Representation of such factors as economies of urbanization and agglomeration is at best
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implicit in the models. Furthermore, household dlocation models are work-trip driven; but other travel
undoubtedly is afactor in household location decisions (thisis especidly likely for households without a
worker, but gpplies to working households as wdl). While discrete choice modds of household
location seem to have promise (see, e.g., Legman, 1975; McFadden, 1978; Weisbrod et a., 1980;
Anas, 1982, 1985; Boyce and Kim, 1987; Harvey, 1990), these models remain research tools (they
have yet to be implemented in practice), and equivaent models of business location choice have not yet
emerged.

Current dlocation modds contain severd specific limitations which may redtrict tharr utility. One
limitation has to do with the range of variables consdered in modeling location and land use. Currently,
mogt dlocation model s describe trangportation access in terms of highways only, yet in many cases the
impact of trangt access on land useisakey policy issue. Land avalability by zoneis generdly
described in terms of amount, current use, and generd zoning category. Yet it iswell understood that
the availability of sewer, water, and other infrastructure and services, tax rates, crime rates, and a
vaiety of other factors aso have strong influence over location decisons, in addition to land availability
per se. (Severd of the discrete choice models cited earlier include these variables, which are often highly
sgnificant.)

Another limitation is that the models do not account for, or only weakly account for, market responses
such as shiftsin land vaues and rents and their impact on the intengity of uses of both existing and new
deveopment. Findly, the time leads and lags which occur in transportation-land use interactions are
poorly represented. (Here, too models have been developed which address these concerns but have
not found their way into US practice.)

Inview of these limitationsit is not entirdly surprising that in many gpplications land use dlocation
models have had only moderate predictive cgpability. At the sametime, they are increasingly viewed as
preferable to gpproaches which smply ignore transportation-land use interactions.

Basic Practice

While an increasing number of metropolitan areas now have forma growth dlocation modeling
capabilities, the use of these modesis not yet sufficiently widespread for them to be consdered a
requirement of basic practice at thistime. Insteed, the basic approach draws upon less formal alocation
methodologies.

In generd, population and employment dlocations which are firmly grounded upon data andlys's, with or
without models, are preferable to approaches based primarily on the aspirations of localities or
individuas, untamed by market or politicd redlities. Both negotiated alocations and scenario-based
allocations can be acceptableif they are supported by evidence and defensible forecasts. Negotiated
estimates can be acceptable if the negotiations are disciplined by data and forecasts of growth and
development trends, including expected transportation investments and levels of service, aswdl asby
local jurisdictions policies and desires for growth and devel opment.
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Acceptable negotiated approaches typicaly will be based on employment data and employment trends,
population data and trends, information on land availability and price, land use occupancy and rent data,
information about zoning and other land regulations, loca and regiond economic development plans and
market assessments, data on building permits and construction starts, measures of current and
anticipated transportation accessibility, and so on. Approaches which use smple fair share alocations
or alocations based solely on local aspirations are not recommended except perhaps for scenario
testing (for example, to investigate what would happen if cities plans cametrue.)

Allocations devel oped as part of a scenario testing exercise Smilarly are acceptable to the extent thet
they are based on data and data-based forecasts. Scenarios that are based more on normative
concepts of good devel opment patterns than on past trends and feasible policy directions can provide
useful informetion for policy makers. However, such scenarios should not be confused with forecadts, a
particular scenario cannot be assumed to describe an expected or even alikely future unlessthe
necessary commitments have been made to move toward implementetion. Thisis particularly a
congderation for the visionary plan gpproach, since as noted above, the visons are not necessarily
congtrained by assessments of feasibility; however it remains a concern with regard to the more
feaghility-driven policy options approach, unless the policy options have actudly been adopted.
Analydts should take care to ascertain that any land use assumptions derived from such scenario tests
are in fact reasonably feasible and implementable, since unredlistic assumptions might subject later
andyses (including conformity assessments) to chalenge.

Advanced Practice

Advanced practice draws upon forma mathematica modelsto alocate regiona growth. These models
typicaly use zone-leve time series data on population, employment, land avallability, and accessbility to
dlocate regiona population and employment forecasts to subaress.

The main dlocation modeling approach now in usein the USis DRAM/EMPAL, componerts of the
software package I TLUP (Putman, 1983, 1991), which was developed as an addition to the standard
four-step trangportation model (and was in fact distributed at one time as a supplement to UTPS).
DRAM/EMPAL can be used done or as part of an integrated transportation and land use package.

The employment dlocation sub-modd, EMPAL, dlocates employment to zones using exogenous
forecasts of tota employment by type (basic and non-basic), together with zone specific employment
levels and growth trends and zone- specific measures of accessbility to the work force. The resdentia
alocation sub-moded, DRAM, then forecasts the future location of households given this digtribution of
employment and the attractiveness (including accessibility) of the zones. Future year land consumption
aso isforecasted using base year information and exogenous forecasts.

DRAM and EMPAL are based on singly-constrained spatia-interaction modd formulations
incorporating multivariate attractiveness functions. Potential employment in zone j occupying workers
from zonei is caculated on the basis of the previous population of zonei, the previous atractiveness of
zone | (asindicated by jobs and land areg), and the current disutility of travel between the zones. Future
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employment a zone| then is calculated as a function of previous employment and the totd potentid in |
from dl worker-generating zones, i=1, N. Similarly, the number of households living in zonei istrested
asafunction of the attractiveness of zonei (in terms of developable land) and the accessihility of zonei
to employment zones. An additiona factor in the attractiveness equation has the effect of ensuring that
households of smilar typeswill tend to cluster together.

ITLUPs data requirements include, on azond level: employment for each digtinct employment “sector”
(3to 5 are usud); population by category (four income groups are usud); land alocation by activity;
and transportation descriptors (links, speeds, capacities). Data on employment by sector for the period
subsequent to the base year are used for calibration. Forecasts require estimates of regiona
employment by sector, regional population by category, and trips per person by trip purpose, aswel as
future networks (links, Speeds, capacities). Forecasts are done on a zond level and in five-year
increments, with output from one forecast year becoming the input for the next.

Land use outputs include employment by sector, population by income group and working/non working
category, land dlocation by activity, and vacant land. Travel outputs include trips by origin/destination
and purpose; trips by purpose, income group and mode; average travel time by origin/destination and
mode; and energy consumption by trip purpose, social/car ownership group, and mode. Air pollution
estimates are an additiond option.

While DRAM/EMPAL is by far the most commonly used land use modd in the U.S,, avariety of other
models have been devel oped which are worthy of note. One group of modelsis based on optimization
techniques; in this group are POLIS (Prastacos, 1985a, 1985b), which is currently used in the San
Francisco Bay Area; the Herbert-Stevens model, formerly used in the Penn-Jersey Transportation
Study and now being revisited by researchers (Herbert and Stevens, 1960); and TOPAZ (Brotchie et
d., 1981), origindly developed in Audtralia and used widdly there aswedl asin afew U.S. gpplications
(see, eg., Dickey and Leiner, 1983).

A particularly interesting gpproach is incorporated in the various versons of MEPLAN (Echinique,
1987), aland use dlocation mode used in anumber of overseas gpplications but not yet implemented in
the US. In MEPLAN, the location of economic activities and the interactions between them are
predicted by an input/output modd. The input/output model represents movements of [abor, plus the
demand from industry and households for services, floor space and land. Households are differentiated
by socioeconomic group, having different qualifications for labor and differing consumption demands.
Supply and demand (for both activities and space) respond to "prices which may be expressed in
money terms or as diautilities. An interzona matrix of ‘trade flows between production and demand
zones is produced, subject to specified consgtraints on production in particular zones, and a distribution
matrix is developed based on eadticities of travel conditions and prices. Interzond flows are then
converted to trips by purpose and by socioeconomic group. For example, households consumption of
goods gives rise to shopping trips. In some regiona applications of MEPLAN, freight flows are
generated directly from commodity movements. Not surprisingly, the added detail and sophistication of
the MEPLAN mode comes at acost: the modd is highly data hungry and its specific applications are
time-consuming.
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Advanced practice ill falls short on severd fronts, undoubtedly reflecting the theoretical and practica
limitations described earlier. Despite such weaknesses, thoughtfully gpplied dlocation models are
usualy improvements over smpler methods for distributing population and employment to subaress.
The development and refinement of such modds are recommended especidly for those regions where
the pattern of growth isamajor issue.

3.3.3 Network Descriptions
Overview

Network descriptions are prepared for highways and transit and are used as the basis for calculating
travel times, estimating levels of service, and producing avariety of other performance indicators. The
level of detail in which networks are described isamagor source of variation among regions, both asto
the types of facilities represented (in particular, whether al arterids and mgor collectors are included)
and the treatment of speciad network features such as high occupancy vehicle lanes, ramp meters, and
intersection movements. The representation of link speed and capacity aso varies greatly among
regions, particularly in the number of cgpacity classfications and range of speed-volume relationships
included.

The introduction of microcomputers and workstation computer technologies has greetly facilitated
trangportation network development and modding. In particular, visua interactive editing capabilities
and vastly improved data checking capabilities have speeded up network coding and editing tasks and
have considerably reduced therisk of errors.

Basic Practice

Usually regiond agency staff draw upon respons ble operating agencies current maps or inventories and
their plans for the future in describing networks. The typica network description for highways covers
magor facilities (usualy freeways, expressvays, and mgor arterids), while the typical trandt network
coversdl rall and busroutes. Although buses dmaost dways operate on certain of the links coded in the
highway network, in many gpplications, there is no connection between the highway and transit
networks. The practica implication of this artificid separation is that in modeling gpplications,
congestion that appears on the highway network is not automaticaly reflected in the trangt travel times.

Currently many MPOs do not provide separate descriptions of HOV facilities, ramp meters, eic. HOV
treatments sometimes are dedt with by hand-adjustments to travel times for affected O-D pairs,
amilarly ramp metering may be handled viatravel time adjustments. Many MPOs, however, smply do
not consider these measures in the modeling process and resort to supplementary methods (off-line
caculations) to account for their effects.

Some MPOs have not included al the mgjor arteriasin their networks, largely because of resource
condraints. Whilein some limited cases a sparse network may be sufficient, thereisagrowing
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consensus that networks should include al facilities to the minor arterid or mgor collector level. A
useful rule of thumb in assessing the adequacy of network coverage is whether at least 85 percent of dl
interzond travel would occur on the facilities represented in the network.

Advanced Practice

Advanced practice involves the incluson of a greater number of facilities in the highway network (eg.,
minor arterids and sgnificant collectors); explicit coding of specia network festures such as high
occupancy vehicle lanes, ramp meters, and intersection details, and use of alarger number of capacity
classfications and awider range of speed-volume reaionships. In addition, separaterail transit and bus
trangt networks are being coded, each with considerable detail describing access modes (and in some
cases extending to separate networks specificaly depicting the transit access options.) Such network
detail may be needed to support nested logit mode choice modds (described below.)

Some regions have adopted software packages which permit network nodes to be given explicit
characterigtics (e.g., trandfer time at atrangt termind). Software also may feature subarea focusing -
the ability to represent a network in different levels of detail. The latter festure is particularly useful in
ensuring consistency between regiona-level andyses and more detailed project-leve andyses. In
addition, some regions are beginning to experiment with the use of traffic operations smulaion models
for highly detailed andlyses of particular links, corridors, and subareas. The results of these focused
anayses may be fed back into the demand modding system, or may be used to produce more accurate
gpeeds and other measures of effectiveness. This gpproach is currently being demonstrated in a mgjor
Cdifornia project.

GIS systems are beginning to be implemented as a framework for transportation modeling and are
proving to be particularly supportive of network coding applications, athough the lead time to become a
skilled GIS user can be subgtantiad. Use of a GIS system facilitates the integration and graphica
network-oriented representation of avariety of data bases, including HPM S data and the data from
pavement management systems, bridge management systems, safety evauations, and congestion
management efforts.

3.3.4 Vehicle Ownership
Overview

Vehicle ownership models predict the number of passenger vehicles owned by (or available to)
householdsin a particular travel andyss zone, or in a specific market segment within azone. The use of
vehicle ownership mode s reflects the fact that households travel decisions are strongly related to the
avalability of vehides; individuasin households without vehicles must make their trips as passengersin
other households vehicles, by walking or bicycling, or must use public trangt. Households with fewer
vehicles than licensad drivers must work out vehicle sharing arrangements or priorities of accessto the
available vehicles. Findly, households with one or more vehicles per licensed driver are free to make
angle-occupant drive trips to meet dl of ther travel needs, if they wish. In each of these cases, the
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average trip length, the fraction of trips made by private vehicle, the average vehicle occupancy leve,
and, possibly, the number of person trips, are dl likely to be directly related to the number of vehicles
owned. The net effect isthat vehicle-miles of travel and other measures of vehicular travel consumption
per household vary sgnificantly as vehicle ownership changes.

In metropolitan areas which do not use vehicle ownership modds, other modeling steps often exhibit
strong rel ationships between the households propensity to travel and household income levels. The
accuracy of these modd systems can be quite good when incomeis well specified as an explanatory
variable, because of the strong correlation between income and vehicle ownership. However, where
resdentid dengties and levels of trangt service are high enough to affect vehicle ownership levels,
increased forecasting accuracy can be obtained by the explicit prediction of vehicle ownership.

All vehicle ownership modds can be used to obtain forecasts of the total number of vehicles owned per
travel analyss zone, but many are formulated to predict intermediate variables rather than zond totals.
These intermediate variables include the average number of vehicles per household, or the fractions of
households owning or having available zero, one, two....vehicles. In the latter case, the last ownership
category istypicaly ether the fraction owning 2+ vehicles or the fraction owning 3+ vehicles. Usudly,
the upper category is evauated at an average ownership vaue taken from survey data, which has the
effect of treating it as constant. This has been a source of inaccuracy, since the actud vaues have
tended to rise over time.

While vehicle ownership modes are generdly applied at an aggregate (zond) leve, they invariably are
developed on individud household data. Income is aprimary determinant of vehicle ownership. Other
vaiablesincude:

* Household size (number of persons per household);

* Licensad drivers (number of adults with license);

*  Gender (number of licensed adults who are femae);

» Labor force participation (number of workers per household);

* Housng type (Sngle family detached or multi-family, for example);

*  Employment density in the residence zone;

* Areatype and dengty of the resdence zone (CBD, urban, suburban or rurd, for example);

* Measures of accesshility by auto and trangt between home and work trip destinations by trangt
and/or auto;

* Measures of accesshility to potentid non-work destinations by transit and/or auto.

Many of these variables are correlated with income, which necesstates care in mode estimation.
Basic Practice
Typicaly, MPO modes of vehicle ownership or vehicle availability incorporate only socioeconomic

variables as factors affecting the predicted levels, no trangportation or bility variables are used.
Elimination of trangportation and accessibility variables greetly smplifies the task of developing and
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goplying amode. For example, asmple vehicle ownership forecasting tool can be developed in the
form of cross-classfication tables from household-level Census or travel survey data, without any
upward linkage from the trangportation models. The advantages of this smplicity are offset, however,
by the resulting models insengtivity to changesin levels of service by auto and/or transt.

ExampPLE: DETROIT

The Southeast Michigan Council of Governments (SEMCOG) estimates vehicle availability usng sets of
empirica curvesfor the fraction of households owning zero, one, two, and three or more vehiclesasa
function of household income leve (11 categories). The curves are dratified by household size (one,
two, and three or more persons) and by residence zone area type (City of Detroit or other). The
present curves were derived from 1977 Annua Housing Census data for the Detroit metropolitan
region.

As might be expected, vehicle ownership in the SEMCOG modd tends to increase with income, with
household size, and with suburban location. The highest zero-vehicle fraction occurs for one-person
households in the lowest income group living in urban zones. Even in suburban zones, however, the
lowest four income groups had fractions of households with zero vehicle ownership of more than six
percent.

SEMCOG usesits vehicle availability curvesto predict the number of households per zone (given zond
household totals) a each vehicle avallahility level in each of 25 household categories defined by
household sze (one, two, three, four, and five or more) and income range (income quintiles). The
results are recombined into twenty categories, defined with respect to household size and vehicle
availability (i.e., theincome dimension is collgpsed).

Table3.1 MTC Worker Household Auto Owner ship M odel

Coffident Vaiablesin the Utility
Vaidde | 0Vehides| 1Vehide 2 or More Explanation
4.989 const One vehicle ownership congtant
5.689 const 2+ vehicle ownership congant
Congant for sngle family detached
.3935 gnfam unit
Congtant for angle family detached
1.342 snfam unit
Workers per acrein the home
-.05419 eden eden zone
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6 -2.689 autoshhsze | autoshhgze | Autos per person in household.
Thevariable“autos’ hasthe vaue
1for v-1 and 2.25 for v-2+.

A measure of the qudity of trangt
service from the home zone for
non-work trips, defined asthe sum
of trangt utilities divided by the
sum of auto utilitiesfor the
shopping destinatiorn/ymode choice
7 .5608 tshop modd.

A measure of the qudity of trangt
sarvice from the home zone for
work trips. Defined asthe
household head s work trip trangit
utility divided by the sum of work
trip drive and work trip shared ride
8 .06814 tworkg twork; tworko. utilities

Natura log of the remaining
income after housing, auto
ownership, and commuting

9 .7919 In(rinco) In(rinc,) In(rinc+) expenses are taken into account.

These twenty categories are then available asinput to trip generation (person trips by purpose) using
home-based trip production rates per household cross-classified by household sze and vehicle
availability.

The curves presently in use were derived from 1977 Census Annua Housing Survey data for the
Detroit metropolitan region. Updated curves could be developed from more recent census or travel
survey data, such as the Public Use Micro Sample (PUMS) from the 1990 Census of Population and
Housng.

The SEMCOG vehicle availability modd illustrates both the strengths and the weeknesses of basic
practice. On the positive Sde, the modd is straightforward and parsmonious, it derives from data that
should be readily available for most metropolitan areas (perhaps from multiple sources), and it captures
the long-recognized primary relationship between household income and household vehicle ownership.
On the negetive Sde, the modd ignores gender, workforce participation, and age distribution, which
have contributed significantly to the recent growth in vehicle ownership, and it relies on the city-suburb
digtinction as a crude proxy for the combined effects of factors as diverse as socioeconomic status, land
use patterns, and quality of trangt service. Congdering the magnitude of ongoing changesin urban
socia and economic structure, it is likely that such amodd would be prone to drift farther from redlity
as the base year of andysis (or the forecast year) became more removed from the cdlibration year.
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Among other things, thisimplies that frequent recdibration of the modd on up-to-date data would be
highly desirable®

Advanced Practice

Advanced vehicle ownership models use socioeconomic and accessibility-type variables in their
specifications. The resulting models provide greater policy sengtivity and usually are more accurate,
athough they aso increase the costs of modd devel opment and gpplication. Advanced auto ownership
modeds have typicdly, but not necessarily, been structured as multinomid logit choice moddswhich
predict the fractions of households owning various numbers of autos (zero, one, two.....).

ExampLE: PORTLAND (OR)

8 The above critique implies that vehicle ownership models can achieve greater explanatory power
by including more detail about household structure, land use, and transportation accessibility. Indeed,
models incorporating such variables do tend to provide a stronger fit to the data. However, some
practitioners would argue that such detall is not necessarily helpful in a planning toal if it requires highly
speculative forecasts of additional independent variables (such astrendsin femae workforce
participation). Otherswould counter that greeter detail in the model is aways better (aslong as it meets
appropriate statistica criteria), because one gains a clearer understanding of potentia sources of
forecast inaccuracy even if meaningful forecasts of complex socid indicators prove impossible to obtain.

In the latter case, it is dways possible to ignore the additiond variables (by substituting current average
vaues) or to use arange of hypothetica vaues as the basis for future scenarios.
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The Portland Metro vehicle ownership mode isamultinomid logit household-based modd with four
dterndtives. zero, one, two, and three or more vehicles per household. The independent variables are
household size (one, two, three, and four or more), household income class (four categories: less than
$15,000 per year in 1985 dollars, $15,000-24,999, $25,000- 34,999, and $35,000 or higher),
workers per household (zero, one, two, and three or more), and the number of employment
opportunities within thirty minutes of trangt time from the resdence zone. Thefirg three independent
variables are socioeconomic factors typica of those used in many vehicle ownership models. Thefind
variable, however, isrelated to the land use pattern in the study area and the level of trandt service
available or proposed in the study area. Because this variable has a coefficient which decreases asthe
vehicle ownership leve increasess, it resultsin predictions of reduced vehicle ownership levelsin
residence zones from which many employment opportunities can be reached by trangt. In the Portland
case, the result is lower predicted levels of vehide ownership mainly in zones within thirty minutes of
trangt travel time from the Central Business Didtrict. These results appear to be consstent with the
Portland survey data, which show that the fractions of households owning zero vehicles are 10 and 52
percent, respectively, in the City of Portland and in the Portland CBD, and less than four percent in the
remainder of the sudy area. Tedts of the Portland mode indicate that its sengtivities to household
income and workers per household are comparable, and substantidly higher than the sengtivity to
household size.

Metro usesiits vehicle ownership mode to predict the number of households per zone at each vehicle
ownership levd in each of 64 household categories defined for a gpecific household Sze, income range,
and number of workers. Each of these categories has four possible values, as discussed above. The
variable *jobs within 30 minutes of trangt time” is derived from the didtribution of employment data as
gpecified in the land use plan for the dternative being andyzed, and from trangt network skim tree travel
times, which depend on the trangt network and service levels as pecified in the trangportation plan.
Since in Metro's models highway congestion levels affect trangt travel times, trangt travel times are only
avallable viaafeedback loop after highway and trangt assgnments are completed. Metro thus must
iterate its modd system, including its vehicle ownership modd, until the trangit travel times used as input
to the auto ownership modd are consistent with those predicted in the assignment phase.

Recent work testing a“pedestrian amenities’ variable has found it to be important, with higher amenities
related to lower auto ownership.

ExamMPLE: SaN FrRaNcIsco BAaY AREA

The Metropolitan Transportation Commission (MTC), the MPO for the San Francisco Bay Area, uses
two auto ownership modes, one for households with workers and one for households without workers.

Both are multinomid logit models with three dternatives: zero, one, and two or more autos per
household. The worker-household modd takes the form:



X v
o= _20(U,)

2+
é. exp(U)

k=0

where:
P, isthe probability of choosing vehicle ownership leve v,
U, isthe household's utility for vehicle ownership leve v;
k represents the set of vehicle ownership levels.
k=0 zero autos in household;
1 oneauto in household;
2+ two or more autos in household.

The utility definitions are shown in Table 3.1. For example the utility of owning one auto is

2.689

hhsize

U, - 4.989 -.3935xsi nfam- .05419xeden - +.06814 xtwork,*+ .7919xIn(rinc, )

In generd, the MTC model captures a relationship between vehicle ownership and:

» Fraction of householdsin the residence zone which are single-family detached.

*  Employment dengity (workers per acre) in the resdence zone.

* Household size,

* Remaining annud income after deducting housing, auto ownership, and commuting costs from
annua household income.

» Thequdlity of trangt service for shopping trips, relative to that for auto travel, from the
resdence zone. Thisvariable is defined as the zone's shopping accessbility by trangt divided
by the shopping accessibility by auto. Mode-specific accessibilities are obtained as sums of
exponentiated utilities from a combined destination/mode choice logit mode for shopping trips.

» Thequdity of trangt service for the household head's work trip, relative to that for auto travel.
Thisvariable is defined as the zone's work trip accessibility by trangt divided by the work trip
access bility by auto. Mode-specific accessibilities are obtained as sums of exponentiated
utilities from the logit mode choice modd for work trips.

Thefirgt two of these variables are zond or socioeconomic factors typica of those used in many auto
ownership models. The remaining variables are dl composites which include e ements specific to the
household's socioeconomic characterigtics, housing type, work trip destination, land usesin potentid
degtination zones, levels of service by both auto and trangit, and the auto ownership level of the
dternative for which the utility is being computed. In the MTC forecagting system, each is computed
separately by household category (based on the number of workersin the household) and by the mode
of travel to work of the head of household. Taken together, these variables result in predictions of
lower levels of auto ownership in zones with good trangt service, and inhibit auto ownership levels
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which are inconggtent with income levels. Conversdly, auto ownership levels are increased in zones
without trangit service.

For anumber of reasons, these examples of advanced practice are not entirely satisfactory. For
ingtance, both the Portland and the Bay Area modeswill assign non-trivid probahilities to options that
imply more than one vehicle per licensed driver (eg., in Sngle person households, which now conditute
about 20 percent of all urban households). Whileiit is true that many households do acquire large
vehicle flegts exhibiting specidization (e.g., commute vs. weekend travel), the results of this* extra’
vehide acquidtion in terms of travel patterns are very different from the results of vehicle acquigtion that
provides basic access to another licensed driver. At a minimum, this suggests either that auto ownership
choice sets should be conditioned on the number of licensed driversin the household, or that ownership
options above the number of licensed drivers should be assgned amuch smaller utility increment.
Alterndtively, the most advanced practice might dictate that two auto ownership predictions should be
made: one to capture the total number of vehiclesin the region (for fleet related purposes such as diurnd
emissions calculaions) and one to capture the substantive effects on trip-making.

Despite these cavedts, it istrue that both of the examples shown here include representation of the key
influences on auto ownership - household structure and transportation bility - and in so doing
provide useful prototypes for advanced practice.

3.35Trip Generation
Overview

Trip generation models are used to predict the trips produced by a household or originating in a zone,
usualy on adaily basis and for severd trip purposes. Purposes vary from region to region, primarily
based on the sophitication and complexity of the mode system. In the Smplest cases, home-based
work, home-based nortwork, and norn home-based trips have trip generation models. More complex
mode sysems may split home-based non-work trips into shop, school, and other, and non home-based
tripsinto work-related and other.

Home-based trips in most urban areas are about 70 percent of total person trip making and have
received the greatest attention. Non-home-based trips sometimes are calcul ated as a percentage of
home-based trips of various types, dthough many MPOs have attempted to formally model this growing
component of travel. Commercid vehicle trips dso need to be estimated. Most regiond agencies have
based their estimates of commercid trips on infrequent surveys which are updated using traffic count
data and smple growth-factor methods.

Trip ends are considered to be elther a production (typicadly defined as home or asthe origin of anon-
home-based trip) or an attraction (the destination where an out- of-home activity will be undertaken).
Separate models are used to predict productions and attractions. Since trip productions and attractions
are caculated separately, total productions will not necessarily equal totd atractions, either for the
region asawhole or for aparticular zone. Thisisusudly handled mechanicaly, by multiplying each
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zone's trip atraction by the ratio of total productionsto tota attractions. More eaborate baancing
agorithms are sometimes used.

Variables commonly used to estimate trip productions include household size, number of workers,
income, and auto ownership; land use factors such as resdentia density and distance of the zone from
the central business digtrict (CBD) are less frequently included. Trip attraction variables include
employment levels disaggregated by occupation type and floor space disaggregated by business type;
bility to the work force, represented by travel times, israre in US gpplications but found fairly
frequently in applications oversess.

Mo trip generation models have considered only trips made by vehicle (often cdled “vehicle trips’, but
more accurately called “person trips by vehicle’), dthough some MPOs have developed models which
estimate totdl trips regardless of mode (“total person trips’). In the most common approach to
producing vehicle trip estimates, trips on foot or by bicycle are excluded from the data sets used to
edtimate trip generation rates. An dternate approach, mostly used by smdler MPOs and loca
jurisdictions, directly estimates auto trips, i.e., trangt trips dso are excluded from the estimation data
sets. The latter modds are typically used in highway capacity and level of service studies, or where
trangt is virtualy nonexigent.

The digtinction between modeling person trips by vehicle and modding tota person trips, rather than
being purely semantic, is afundamenta issue in modd development. Modders have preferred to
exclude walk trips as early in the modeling sequence as possible, because doing so avoids complexity in
mode choice (i.e, the need to introduce walk as an explicit mode, and to develop metrics for variables
that determine the propensity to walk) and in trip distribution (i.e., the need to develop an accessibility
measure that covers both walk trips and trips by vehicle). However, recent work has shown that

bility and land use conditions are powerful determinants of the decison to walk (and to link trips
into complex chains), and thus strongly influence the number of person trips by vehicle. Such strong
correlations are not apparent in the total number of person trips. Hence, thereisaclear tradeoff
between introducing complexity in trip generation and introducing complexity in later modd stages.

Total Weekday Person Trip Generation

All Modes Including Walk
Figure 3.2: Bay Area 1981 Trip Generation Rates
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Given the desirability of accounting for pricing and land use options, and of properly representing the
effects of congestion, some model developers are opting for greater complexity in later model steps, in
return for asmplification of trip generation.

Basic Practice

Two generd approaches to trip generation are in common use: cross-classficaion andyss and
regresson models.

Cross-Classification Analysis

Cross-cdassfication andyss groupsindividua households together according to common
socioeconomic characterigtics (auto ownership leve, income, household size, etc.) to create relatively
homogeneous groups. Average trip production rates are then computed for each group from observed
data. Cross-classfication andysis smilarly can be performed for trip attraction calculations.
Classfication is generaly by land use or employment (e.g., manufacturing, retail, office; number of
employees per acre).

Among the advantages of cross-classfication are that it is Ssmple to apply and captures corrdations
among the independent variables well. But the method aso has anumber of drawbacks: 1) in typica
gpplications within-category variances are ignored, even though the vast mgjority of variation arises
within rather than between cdlls; 2) cdl sizes may differ substantialy and estimates of trip rates are
dependent for their accuracy on the number of households or zones in each cdll; 3) the method is
sensttive to the grouping applied to each parameter, and for some variables may be sengtive to the zone
system used; and 4) it is particularly difficult to account for land use and accessibility factorsin a cross
classification methodology, both because the number of cells quickly becomestoo large and because
these varigbles are particularly difficult to divide into meaningful ranges.

Nevertheless, cross-dassfication is the most common method in practice, and is a reliable method when
asmdl number of variablesis thought to be sufficient for agood trip generation modd.
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Regression Models

Regression was once a common technique for trip generation, though today it is used less frequently
than cross-classfication. Linear regresson modds are the most common; they are Smple and
inexpengve to estimate from datatypicaly availableto MPOs. However, the imposition of linearity
introduces a number of problemsin modeling. For example, most surveys have shown that trip-making
isnot linearly related to auto ownership, but increases dramaticaly with the first car and to adeclining
extent as the number of carsincreases. The use of alinear form in such circumstances reduces the
goodness of modd fit (see Figure 3.2, which provides an example of person trips by vehicle from the
1981 Bay Areatrave survey). Ingability in mode parameters over time also may result when alinear
form is assumed but the underlying variable exhibits nonlinear properties. Transforms of varidbles (e.g.,
exponentia forms, Box-COx transforms, Box- Tukey transforms) provide away of overcoming some of
these difficulties while retaining the use of linear regresson estimation software.

Nonlinear regresson techniques dlow more modeling flexibility but are less frequently available in basic
datistical software packages and hence are less commonly applied. Nevertheless, these techniques are
finding their way into use in some regiond agencies practice, primarily because non-linear moddsdlow
both a high degree of flexihility in functiond form (much like cross-classfication) and alarge number of
explanatory variables.

Home-Based Trip Generation

Home-based trip generation models represent the propengty of a household to make trips as afunction
of its socioeconomic and, sometimes, locationa characterigtics. Modes have been estimated based on
zond averages or household-leve data using variables such as.

* Householdsze

e Number of workers

* Household income

* Auto ownership

*  Number of licensed drivers

*  Number of household members under five yearsold

*  Number of household members over five but under 16
* Ageof head of household

*  Occupation of head of household

*  Occupations of other workers

«  Maitd status
* Housngtype
e  Ownor rent

* Length of resdence
» Digance from the centrd business digtrict (CBD)
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Note that characteristics of the transportation system are not included on the list of variablesin common
use. Thisamountsto an implicit assumption that trangportation leve of serviceis not an important factor
affecting trip rates. As discussed above, this assumption is much more likely to be warranted in the case
of total person trips, where the choice between motorized and non-motorized modes is not subsumed in
the trip generation modd.

Thereis an extensve literature on both cross-classfication and regression gpproachesto trip generation.
The following are two examples of smple cross-classification models representing total household
person trips,” for Madison (W1) in 1962:

Cars Owned
Family Size 0 1 2+
1 10 | 27 | 44
2 15| 51| 70
3 31 | 72 | 94
4 32 | 80 | 117
5 52 | 92 | 134
and for Miami (FL) in 1973:
Cars Owned
Family Size 0 1 2+
1 10 | 29 | 56
2 19 | 45 | 59
3 29 | 6.2 | 7.7
4 41 | 85 | 10.7
5 58 | 10.2 | 13.7

It is notable that the two tables show strong smilarities, despite the differences in data sources,
treatments, and interpretations. Such stability has led many to argue that cross-classfication is arobugt,
perhaps transferable technique, and has led to its widespread acceptance in the field. However, asthe
generdly higher 1981 Bay Area datain Figure 3.2 suggest, other factors of the sort discussed earlier are
present as well, particularly when the future is expected to bring fundamenta differencesin highway
access bility and/or land use patterns.

% Source: FHWA, 1975.
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Regresson models are less and less used in basic practice, primarily because in their smple functiond
formsthey are more likely than cross-classfication to introduce errors into forecasts. It aso istrue that
the development of more credible regression equations (e.g., with polynomid terms to capture non
linearities and cross terms to capture correlations) requires a substantidly higher knowledge of datistics
than isthe case for a cross-classfication modd that implicitly reflects the same festures. Neverthdess,
many regresson models remain in use for basic practice, and for thisreason it isworth discussing their
generd characterigtics.

Two basic types of equations have been used: one estimated on zona averages for independent and
dependent variables, and one estimated on the values of variables for a sample of individua households.
When data are averaged at the zond level, as much as 80 percent of the sample variability (in, say, trips
per household) isremoved in the averaging process. The resulting regression equations give the
superficia appearance of fitting the data much better, smply because the regression goodness- of-fit
datistics seem higher. Two modds estimated on the same data, drawn from McCarthy [1969],

illusrate thiswell:

A zond average modd for home-based trips per household:

Ti=-1.09+1.66 HHS;-1.83CH 5+ 1.44 5 +0.64|, R,= .61

where:
T = the average number of person trips per household in zonei
HHS, = the average household Szein zonei
CHS5; = theaverage number of children under 5in zonei
the average number of cars per household in zone i

- >
|

the average number of workers per household in zone i
and a household mode for home-based trips:

T,=-142+1.46 HHS, - 1.65CH 5,+ 1.69 A, + 0.75|, R, = .38

where:
Th = the number of person trips for household h
HHS, = theszeof household h
CH5, = thenumber of children under 5in household h
An = the number of cars available to household h

the number of workersin household h

In
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Even though equation 3.3 appears to provide a better fit, there is no doubt from atheoretica viewpoint
that the coefficients of equation 3.4 are more likely to be“ correct”. If one employs aregression
equation, then, the estimation methodology dways should use disaggregated data even though the
forecasting procedure likely will use zond averages.

The cross-dassfication trip generation tables and graph shown previoudy reved clear nonlinearities for
each variable (as values of the other variable are held congtant). While some of these non-linearities
could be accounted for by the additiond variables in equations 3.3 and 3.4, there isno red reason to
expect the effects of any of the variables to be linear throughout the range of interest. Recognizing this,
practitioners have developed a strong preference for cross-classification methods in basic gpplications.
As later subsections will make clear, however, it isnot so easy to apply cross-classfication in advanced
practice, because of the geometric increase in the number of cells as variables are added.

Non-Residential Trip Generation

Nonresidentid trip generation models serve two purposes: to estimate the number of attractions of
home-based trips, and to estimate the number of attractions and productions of trips which are non
home-based. (Commercid trips are again estimated separately.) Non residentia trip generation rates
aso are widely used to determine the traffic consequences of development proposals for specific Sites.
In generd, this latter gpplication requires the estimation of an average trip generation rate, per unit area,
for uses of different types.

Non-resdentia person trips may be further categorized as employee work trips, other employee trips,
and vigtor (or “other”) trips. Work trip rates are closdy related to the number of employees per unit
areafor aparticular use vigtor trip rates (including customers, clients, etc.) vary consderably with the
land use. Non-home-based trips from nonresidentia land uses will largely be trips made by workers
traveling to other nonresidentiad locations (especialy work-reated busness, but aso including lunch
hour trips to restaurants and shopping). Other non-home-based trips are the result of trip chaining (eg.,
stopping at a gas station and then proceeding to work produces a home-based trip followed by a non
home based trip; a shopping excurson to several stores may produce alengthy chain of non-home
based trips.) Hence these trips tend to be related in part to the number of employees, and in part to the
type of land use.

Nontresdentid trip generation has received consderably |ess atention than has home-based trip
generaion, and the techniques that have been used are generdly less sophigticated. Typicaly, smple
cross-classfication schemes are used, dthough afew attempts have been made to use regression
techniques to rdate nonresidentid trip making to various attributes of the land uses from which those
trips are produced, or to which they are attracted.

In cross-classfication gpplications, the most commonly used dlassifications are land use types (offices of
various types, indudtrid, retail, medica, education, etc.). Trip generation rates are expressed per unit
area or Sze (acres, sguare footage, employees, etc.). The rates are typically derived from data
aggregated over the entire region, although in some cases separate rates are caculated for atypology of
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aress, e.g., CBD, inner suburb, outer suburb, rura. A further breakdown into pesk and off-peak
periods is commonly used for Ste studies.

Regression equations aso have been developed but many have been extremely smple - one or two
variables are common. These equations are not necessarily more rigorous than the smple cross-
classfication schemes, in large part because the variables used as descriptors of the number of trips
made are highly correlated with each other.

Freight trips are sometimes handled as part of the non-resdentid trip generation andlys's, but few
trangportation modeling efforts have included much analysis of freight trips. A typica gpproachisto
express truck trips as a percentage of person trips or vehicle trips based on counts. A few areas have
occasondly developed freight O-D matrices which they update usng VMT, employment, or population
growth factors. Whileiit is recognized that such methods impose strong assumptions to the effect that
truck travel will maintain a constant relaionship to overdl travel (or to population or employment
growth) over the forecast period, this smplification has been accepted on the grounds that truck traffic
isonly 5-10 percent of overdl trip-making. Obvioudy, locd variations exist and may be sgnificant.

Advanced Practice

Advanced practicein trip generation begins with the incluson of awider range of socioeconomic
variablesin trip generation models and extends to the estimation of separate models for awider range of
trip purposes, e.g., home-work, home-school, home-shop, home-other, non- home-based work-
related, non-home-based other. In addition, greeter atention is given to time of travel in some cases,
e.g., peak, off-peak, midday.

While many elementary trip generation models estimate vehicle trips only, more advanced gpproaches
estimate person trips by al modes (including walking and biking.) However, afocus on person trip
generation implies greater complexity in trip distribution and mode choice (in order to digtinguish vehicle
trips from person tripsin aspatia context). For this reason, many modelers continue to work with
vehicle trip generation moddls, even though vehicle trips may be harder to estimate effectively (because
they are sendtive to afar wider range of factors such asland use dengties).

Even in the more advanced gpplications few trip generation modd s include trangportation varigbles.
However, the current interest in whether bility affects trip making (either person trips or vehicle
trips) may dter this. Whether improved accessibility will lead to more trips being made, or merely
longer trips, is part of theissue. If thelatter, then thisis properly a matter for the trip distribution model
rather than trip generation. It is reasonable to suppose that trip rates will be affected more for
discretionary trip purposes than for obligatory trips such as the journey to work, and if changes occur at
the margin, i.e,, for the most infrequent trips, the net result on trip rates could be dmost negligible (and
hard to detect via standard data collection approaches.)

ExampLE: PORTLAND (OR) TRIP GENERATION
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Portland's trip generation models predict trip origins and destinations by each of six trip purposes.

e Home-based work

*  Home-based school

* Home-based college

*  Home-based other

e Non-home-based work-related

* Non-home-based non-work-related

In general, two models exist for each trip purpose: one to predict trip ends a home (for home- based
trips) or a work (for non- home-based work-related trips), and one to predict the other end of these
trips. The models depend on a set of demographic characteritics that are projected for each zone:

Household size (4 categories)

Household income (4 categories)

Age of the“head” of household (4 categories)
Workers per household (4 categories)
Vehicles per household (4 categories)
Children per household (4 categories)

and on a st of attraction factors characterizing non-home locations:

e Totd employment

* Real employment

» Tota households

»  Students and employees a colleges

While the trip generation procedures make extensive use of household characterigtics, they do not
reflect land use indicators such as housing type (dngle family vs. multiple family), resdentid dendty, mix
of uses, or dengity of trip attractions. Empirica evidence suggests that these factors strongly influence
the number of person trips by vehicle, but have an important effect on tota person trips only in the
extreme. Since Portland retains al trips - induding walk - through trip distribution, the omisson of land
use factors from trip generation should not be problematic. However, in other regions where walk and
bike trips have been excluded from the andlyss, the omission of land use characterigtics from trip
generation could be a serious deficiency, at least in terms of capturing the effects of land use dterndtives.

Portland's trip generation procedures dso ignore the accessibility of a zone to various desired activities.
Conceptudly, one might expect an individua to participate in more out-of-home activities as alarger
number of suitable opportunities come within easy trave range of the home (or work) zone. Thus, some
measure of accessbility isalogica dement of trip generation. In practice, andysts have consdered this
effect secondary, which, coupled with the complexity of constructing a good accessbility measure, has
led virtudly al MPOsto ignore accessibility as atrip generation variable (the MTC modd shown below
IS a congpicuous exception). Empirica work suggests that accessibility effects are identifiable but not
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mgjor, S0 thisis not likely to be a serious problem for most andys's purposes (more research is needed
to verify this assertion, however).

Curioudy, accessihility has an indirect effect on trip generation that may be just as important. Auto
ownership is sendtive to accessibility (especidly transt accessbility) a the home zone, and trip
generdion is sendtive to auto ownership. Thus, amoded system in which some measure of leve-of-
service has an effect on auto ownership aso will show an implicit trip generation effect. The Portland
modé fitsthis criterion, due to atrangt access variable that appears earlier in the modd sequence.

ExampPLE: BAY AREA HOME-BASED SHOPPING TRIP FREQUENCY

The MTC shopping trip frequency mode is a non-linear regression yielding an inverse function of
household characteristics, home zone characteristics, and aggregate destination attractiveness (as
embodied in the expected utility for shopping destination/mode choice). The exact mode specification
is

.8194

hbshop. =
P= 07766+ exp(-.34174 xhhsi ze - .051512X(inc; + 100) - .052681XE[ U 4] + .1146x

where:
hbshop; is the number of daily home-based shopping trips by household i (person trips by vehicle);
hhsze isthe number of personsin household i;
inc; istheincome of household i;
E[Uiam] isthe expected utility from the shopping destination/mode choice mode for household i,
defined as the naturd log of the denominator of that mode’ s logit equation;
eden isthe service and retall employment dendity in household i’ s home zone, expressed in workers
per gross acre.

Theinverse exponentia form of this function makes it somewhat difficult to interpret. Bascdly,
household shopping trips increase with household size, income, and bility to shopping
opportunities, and decrease with risng loca dengty of retail opportunities. The laiter relation emerges
because thisis a vehicle trip generation moddl, and residents are less likely to make a shopping trip by
vehicleif there are plentiful shopping opportunities within walking distance. In afully person trip modd
(induding walk), the dengity variable would have a negligible or dightly positive effect on shopping trip
generation.

Summary

Overdl, the factors affecting trip generation are reasonably well understood. However, while existing
models account for key income and demographic factors, additional factors could beincluded. In
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particular, factors reflecting the influence of accessibility would be useful in many areas, even though the
effect on trip ratesis likey to be samdl.

Simple methods for estimating relationships are acceptable, although regressons should be nonlinear;
sample linear regressons are often inferior to cross classification approaches. Advanced practice should
consider awider variety of variables affecting trip-making, including land use, socioeconomic and
demographic/lifestyle factors. Trip generation models are distinguished by whether they predict totd
person trips or only person tripsin vehicles. Person trips are the much more basic unit, in the sense that
asmdl number of economic and life-cycle factors appear to account for the bulk of variation in total
person trip generation; a person trip approach does lead to more complex modelsin later steps,
however.

3.3.6 Trip Distribution/Destination Choice
Overview

Trip digtribution represents the spatid interactions among zones in the metropolitan region. Trip
digtribution models dlocate the total number of trips originating in each zone among the available
destination zones: the set of zond trip productions P, and attractions A;, both estimated in the trip
generdtion gep, arelinked. Thereisadirect analog inindividua behavior: given a person's location
(e.g., ahome or workplace zone) and adecison to make atrip of a certain kind, a destination choice
model computes the probability of selecting each location where the purpose of the trip could be
fulfilled. The discussion in this section consders the aggregate concept of trip distribution for basic
practice, then turns to destination choice in the discussion of advanced approaches.

In either modeling approach, the variables consdered include the time, distance, and/or codts of travel
between the zona centroids for dl origin zonesi and detination zones |, aswell as characterigtics of the
zones themsalves (population, employment, etc.) and sometimes, characteristics of the travelers. Data
on origin-destination (OD) pairs are used to cdibrate the matching of productions and attractions.
These OD data are most often taken from atravel survey, dthough occasiondly OD matrices are
estimated from traffic counts.

The terms* production - attraction” and “origin - destination” are used somewhat interchangegbly in this
text, and it is not realy necessary to digtinguish among them in communicating the basic concepts of trip
distribution. However, the reader should be aware that these terms denote two quite different ways of
expressing the spatid trip pattern. Each row inan origin - destination table literaly represents the zone
of origin and each column literdly represents the zone of destination, so that, e.g., ahome-work trip
would appear in adifferent cell than the corresponding work-home trip. In contrast, each row in a
production attraction table represents the zone respongble for “producing” atrip, while each column
represents the zone responsible for “attracting” atrip. Hence, because the homeis said to produce
work trips and the workplace is said to attract work trips, both the home-work trip and its
corresponding work-home trip would appear in the same cell of a production attraction table.
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The difference is more than semantic. Trip distribution models generdly work in terms of productions
and dtractions, while traffic assgnment requires origins and destinations. At some point atrip table
must be converted from one format to the other. The conversonistrivid only if one assumes perfect
symmetry. Unfortunately, even in the ratively smple case of home-based work travel, symmetry isa
dubious assumption (because workers are much more likely to stop at an intermediate point on the way
home from work than on the way there). For this and other reasons, managing the distinction between
production attraction and origin - destination can be one of the hidden pitfals of travel demand analysis.

Basic Practice

Trip digtribution is most often accomplished through the use of a growth-factor method or a gravity
mode, athough other gpproaches are sometimes applied, including so-cdled intervening opportunities
and destination choice formulations.

Growth-Factor Methods

Growth-factor methods use zona growth rates together with pre-existing data on trip interchanges and
tota trip endsto forecast future interzond trips. The methods assume that future trips between each

pair of zoneswill be proportiond to the present number of such trips, and to some function of the
growth factors for each of the two zones. The formulation results in certain peculiarities; for example,
any zone which has no tripsin the base case will have no tripsin the future. Furthermore, snce only one
growth factor can be applied to a particular zone, either the zone must be homogeneous with respect to
growth rate or the error potentia will be high.

Growth factors may be derived from earlier steps of the modeling process, in which case they may
reflect the variables used in land use dlocation, auto ownership, and trip generation models; or they may
be taken from exogenous sources. In the latter case care must be taken to assure that the growth rates
are congstent with the assumptions made sewhere in the mode system, or this could be a source of
subsgtantid error. Probably more of a concern isthe fact that travel times and travel costs are not
directly taken into consideration in most growth factor methods, except as they may be reflected in the
growth rates and in the initid trip table. Unless no significant changes in the trangportation networks will
occur over the forecast period, this omisson of travel time and cost variables amounts to assuming that
trip distribution is not affected by changesin the network - an untenable assumption in most cases.

Severd types of growth factor methods, reflecting different levels of complexity, have been employed
over the years. However, the smpler methods (e.g., uniform growth factor, average growth factor) are
known to be serioudy flawed, and today only the Fratar method is commonly applied.

The Fratar method assumes that the number of trips from zonei to zonej is proportiond to the present

number of trips from zone i, modified by growth factors for the production and attraction zones, and the
change in relative attractiveness of dl zones. The basic Fratar equation is given by:
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where:
T ;; isthe forecast year number of tripsfromi to j
T isthe base year number of tripsfromi toj
G, isthe growth ratio (base to forecast year) for productions at zone'
G | isthe growth ratio for atractions a zone j
Theratio of sumsisthe inverse of the average growth rate among al zones atracting trips fromii.

After Fratar computations are made, the total trips attracted to each zone will not necessarily agree with
the totalsimplied by the attraction zone growth factors, smply because of the mathematica form of
equation 3.6. Therefore, an iterative process is necessary to balance trips.

The Fratar method is properly described as a projection technique given an exigting trip distribution,
rather than as atrip distribution moddl per se. The method is included here because, under arestricted
st of circumstances, it can be part of an acceptable andysis gpproach. For example, if oneis
forecasting non-work, off-pesk trips, and there is neither sgnificant off- peak congestion nor mgjor new
infragtructure, any changesin the trip distribution likely would be proportiona to zona growth. Fratar
(or agmilar factoring technique) should be capable of capturing these changes.

Gravity Models™

The gravity modd is the most common form of trip distribution model currently in use. Its name derives
from aloose andogy to Newton's Law of Gravitation. The basic structure of the gravity model is as
follows

Tii= Pix Aix BixDjx f(C;j)

where:
Tij isthe number of trips between zonesi and j;
P, isthetotd trips produced in zonei;
A isthetotal trips attracted to zonej;
Ci; issome measure of the “cost” of travel fromi to j, that may include price, travel time (perhaps
disaggregated in various ways), and/or distance;

19 The following derivation and discussion is based in part on Stopher and Meyburg (1975).
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f(Cj;), sometimes called a“friction factor” in the literature, is a function that converts C ij into a
“disutility” of travel (or, conceptually, into ameasure of spatia separation) between i and j;
Bi, D; are congtants associated with the production and attraction zones (explained below).

Vauesfor the constants B and D are based on smplelogic, i.e., the number of tripsfrom zonei to dl
degtinations, j = 1 to N, must equa the number of trips produced in that zone:

N N
P.= éTij: Pi Bi é Aj Dj f(Cij)
=1 =1

Similarly, the number of tripsto zonej from dl originsi, i=1 to N, must equd the number of trips
attracted to that zone;

N N
A=aTi— AD aPB f(Cij)
r=1 r=1

Rearranging the terms in each equation yidds:

Bi= 1
é A Di f(Cij)
-1
and:
1
D= N
a Pi Bi f(Cij)

[y

The system of equations defined by 3.7, 3.10, and 3.11 congtitutes a complete, doubly-constrained
gravity modd of trip didtribution. The unknowns in this system include the values of the B and D; and
the parameters of the function f(Cjj). It is possible to estimate this system of equations in a number of
ways, including the aggregate approach proposed by Sen and Soot (1981) or the disaggregate
estimation method developed by Day (1982). However, either approach requires afairly high level of
sophigtication in gatistics and econometrics.

Because estimation of the doubly-constrained form of the gravity moded has been viewed as difficullt,
practitioners have felt a need to amplify the gravity model form in some way. The conventiond
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approach is to relax the second trip conservation rule, by setting D = 1 for dl j. Theresult isthe Sngly-
condrained gravity modd:

A; f(Cy)

Tij= Pi 3
a A f(CiJ)
j=1

inwhich the trips produced at i (P) are apportioned among destinations according to the attractiveness
of each degtination (A;) and the disutility of travel for each trip interchange (f(C;))).

Two aternative approaches have been used to solve for f(Cyj). Inthefirgt, the function is assumed to
have a sngle unknown parameter (say, an exponent). The andyst assgnsatrid vaue to the parameter,
calculates the Tj;s for each zone-to-zone movement on the base-year datausing this triad exponent, and
computesthe Pisand Ajs. The A;js obtained from thisfirst gpproximation are then compared to the
origind A;s (the Ps are condrained to their origind vaues by the form of the gravity moddl). The
analyst then recomputes the Tj;s using anew gpproximation of the parameter. The processis repested
until the estimates of the Ajs are acceptably close to the observed Ajs. The analyst also compares the
trip length digtribution from the survey with the length digtribution predicted by the modd at eech
iteration, seeking the closest possible correspondence between predicted and observed vaues.

In genera, attempts to cdibrate a gravity modd in thisway have not produced particularly satisfactory
results. Typicaly, the generdized cost function C;; has been represented in highly smplified terms (e.g.,
as highway travel time - t;), and only the Smplest functional forms (e.g., t;°) have been specified. The
resulting single parameter friction factor equation rarely has been adequate to replicate the complex
travel patterns condtitution trip distribution over the entire region.

A second approach, followed in many regions, isto use more flexibly-defined travel time factors, f(t;;).
These factors resemble the generdized cost function f(Cj;) discussed above, but with aless formal
treatment of the friction factor parameter. For example, the friction factor might vary by geographic
area, by zond dtributes, by time-of-day, or by length of trip. Alternatively, a set of friction factors may
be st forth in alookup table developed from empiricd data, rather than described by an equation.

An example of alookup table of friction factors, developed for the Los Angeles areg, is shown in Table
3.2 Travel times are represented as a st of timeintervals. A separate value of F(t;)) is determined
for each timeintervd viaan iterative process, and is gpplied to trips for which the travd timeisin that
interva.

" The datain this table are for the Los Angeles 1967 weekday person trip distribution models,
which remain in use a thistime [Catrans, 1973]. Only asubset of the factors are shown here. The
actud intervals are one minute in length. Numbersin the table are for the one minute intervas centered
on the time shown.
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To obtain vauesfor the F(t;j)s, initia vaues are chosen, either arbitrarily (i.e., al 1.0) or based on an
earlier parameter estimation (i.e., following the first approach described above). Theseinitid vaues are
plugged into the gravity model, and the trip tota for each ij pair, Tjj, is estimated. An aggregete
goodness-of- fit gatidtic is caculated (e.g., the sum of squared differences between observed and
estimated Tj;s), along with the observed and estimated trip length distributions. Based on areview of
these atigtics, the values of the F(tj)s are adjusted judgmentaly, interval-by-interval, to provide a
closer fit to the observed data. This process is repeated until a specified criterion for closure is met,
e.g., when no friction factor changes from the previousiiteration by more than a predetermined amount.
While friction factors produced in this ad hoc fashion may result in a gravity mode which matches
observed data reasonably well, the use of the mode in forecasting requires an assumption that a set of
ungpecified processes and relationships for which the friction factors are proxies will not undergo
change.

Another serious difficulty with the conventiond, iterative methods of cdlibrating friction factors for a
angly congrained gravity modd isthat there is no guarantee that the resulting modd will replicate the
observed attractions A; in the base year data. It is common to use a procedure based on repeated
cycles of row and column factoring to “baance’, or force a match between, the calculated and
observed attractions. This process yields arevised matrix of T;;s, which must be rechecked according
to the goodness of fit criteria

Table 3.2 Representative Trip Distribution Friction Factors

TimeInterva Trip Type
Midpoint Home-Other | Other-Other | Work-Other | Home-Work | Home-Shop

5.5 22500 22800 27000 24200 14300
10.5 5300 5300 11100 10650 1900
155 1100 1150 4100 4800 310
20.5 350 360 1775 2300 74
255 138 140 930 1230 22
30.5 70 69 530 700 9
35.5 40 40 315 440 5
40.5 26 25 200 280 3
45.5 18 17 130 180 2
50.5 13 12 95 118 2
55.5 10 9 69 80 2

61




60.5 8 7 51 55 1

65.5 7 6 38 40 1

70.5 6 5 28 28 1

It also is common to gopply adjustments to specific trip interchanges to improve the fit of the modd.
These adjustments are denoted k;; (hence “k” factors), and are Smply the ration between observed and
esimated values for the interchangesin question. Because the smdl sample sizes of most home
interview surveys result in too few observations to assure the gatistica significance of estimated trip
interchanges &t the zona leve, k factors typically are computed only for more aggregate district
interchanges, or to match screenline counts.

The need for k factors arises because nothing about the calibration procedure ensures accuracy for
gpecific interchanges. In fact, typical aggregate goodness of fit criteriatend to favor accuracy for short
trips (because the vast mgority of trips are short), and adding the trip length distribution as a secondary
goodness-of-fit criterion does not fully diminate this problem.

Link flow estimates are highly sengtiveto trip distribution errors, and as aresult k factors are a practica
necessity when the gravity mode otherwise fails to produce accurate Tjjs. Arguably, the k factors can
be viewed as stand-insfor variables omitted from the typica gravity modd. However, may anaysts
interpret the need for extengve k factors as a Sgn that something is wrong with the data, with the
modeling procedure, or with the gravity modd itself. As Stopher and Meyburg say:

The need for constants k;; has been a particular source of concern about the gravity
model. the k;; have been justified as representing socioeconomic factors that affect trip
making but are not otherwise represented in the gravity model. However, such socio-
economic factors must be assumed to remain constant throughout the forecast period - a
guestionable assumption which may be a significant source of error in predicting future
trip distributions.

All indl, gravity modd cdlibration is a subtle art as much asit isascience. Because the process
developing a credible gravity modd can be arduous and opentended, there has been atendency in
some regions to stick with an acceptable specification for avery long time.

Advanced Practice

Advanced practice represents this step of the modeling process as destination choice. Here, atraveler
originating at a specific place is assumed to choose among destinations e.g. :

12 \While each zone may be treated as a“ destination”, travelers are presumed to choose particul ar
activities or places (shopping areas, workplaces, €tc.) - “dementary dterndives’ - astheir destinations.
Zones hence represent “bundles’ or aggregations of discrete destination choice dternatives. It
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exp(Vi
P = P(Vi;)

exp(Vi;)

Qo=

=~
1
iy

where:
P; isthe probability atraveler originating in placei will choose place].
Vj; isthe utility, or atractiveness, of place]j to atraveler originating in placei.

The mode is specified to represent the destination choices of individud travelers as afunction of
destination attractiveness, origin-destination travel conditions, and persond characteristics which
influence the response to the attractiveness and travel conditions (factors which together condtitute the
utility of an dternative). The attractiveness of each destination j is described in terms of such variables
astotal employment, employment by job category, square footage by land use category, number of
establishments by type, and smilar indicators. Travel conditions between i and | are represented by
travel time(s) and cost(s) for one or more modes available to the traveler. Persond characterigtics
which influence the choices made typicaly include household or persond income, traveler age and sex,
household structure, and auto availability.

neverthelessis possible to treat zones as the dternatives in a destination choice modd, aslong as
variables are introduced to scae the utility to reflect the number of dementary dternaives in each zone.
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Formulating the trip distribution modd as multinomia logit,* as shown here, has several advantages.
Firg, ahigh-quality data set of severa thousand observations should be adequate to support avery
strong mode estimation. Second, the logit formulation dlows unbiased parameter estimation even if the
estimation database includes only a subset of the possible trip destinations. Thus, the data and
computationa aspects of setting up the destination choice modd are rdatively smple.

Probably more importantly, the utility function formulation facilitates the incluson of awide variety of
variables which are thought to influence destination choice. The formulation can accommodate the
differences in taste and circumstance which are known to influence destination choice but which are
accounted for in agravity mode only clumsly, though the extensive use of k factors and other
adjustments.

While the formulalooks quite different, the logit destination choice mode has much in common with the
gravity modd. For example, the logit form will, by definition, conserve origin flows like the sngly
condrained gravity modd. Infact, if the utility tekes aform such as:

Vi=In(B;)+ *t;

where:
B; isan attraction factor for zone |
tij isthe travel time between zonesi and
aisa coefficient with anegative vdue
then By, isaform of the gravity formulation shown earlier, with the friction factor as an exponentia
function of trave time.

The singly-congtrained logit destination choice model il requires attraction balancing, dthough the
amount of adjustment needed is reduced when the basis for zond atractivenessis more fully described.
Smilarly, k factors usualy are needed to produce accurate traffic assgnments, dthough once again the
more complete the utility function isin describing the determinants of attractiveness and the
characterigtics of travel impedance the less the need for ad hoc intervention. Viewed in thislight, the
logit degtination choice modd is Smply an efficient vehicle for estimating trip distribution parameters.

Nevertheless, only afew regiona agencies have adopted disaggregate destination choice modeling over
aggregate trip distribution approaches; the aggregate gravity-type model remains deeply ingrained in
practice despite its gpparent disadvantages.

13 The multinomial logit model formulation is discussed in more detail in the section on mode
split/mode choice, the modding step for which logit'sits use is most developed and widespread.



ExampLE: PORTLAND (OR) METRO DISAGGREGATE TRIP DISTRIBUTION MODELS

The Portland MPO uses disaggregate logit estimation to develop a quadratic friction factor for its gravity
mode formulation. The basic equation is the standard logit form shown in 3.13.

Each dedtination dternative is smply atraffic anayss zone in the Portland METRO geography. The
utility of each destination dternative is afunction of the highway travel time from the origin zone and the
trip atractions for the destination zone (computed in trip generation). A different utility formulation is
estimated for each of Portland's trip purposes [Portland METRO 1991]:
Home-Based Work: Vijzl n(A,)-175t.1/pk+0009(t.,/pk)2
Home-Based School: Vij:ln(Aj)-.600tij/0p+.0120(tij/0p)2
Home-Based College: V;;=In(A))-.450t;/op+.0020(t;;/op)-
Home-Based Other: VijZIn(A,—)-.39Otij/0p+.0030(tij/0p)2
NHB Work-Rdated: Vij = n(Aj)- .270tij/0p+.0020(tij/0p)2
where:
Vj; isthe dedtination choice “ utility” of atrip from origin zonei to destination zonej
A isthe computed trip attractions at destination j, specific to each purpose
tij/pk is the highway travel time from origin zone i to destination zone j, under off-peak conditions
tij/op is the highway travel time from origin zone i to destination zone j, under off-peak conditions

These parameters were produced with standard logit estimation software, using samples of trips drawn
from a 1985 home interview survey.

The equivadence of the Portland model s to a conventiond gravity formulation is easly shown. Inthe
case of home-based work trips, when the utility (V;;) is subgtituted in equation 3.13, an andog to the
gravity moded results:

exp(In( A) - . 175+ -Ooogtﬁ/pk)

ij—

N
a ep(In( Ac)- 175t + 0009t
k=1

or:
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A, &XP(-. 175t 00095 )
Ax eXd' . 175tik/pk+ . 0009t|2k/pk )

Pij=

Qo

=
1)

1

When this probability (P;) is evauated for aspecific zone pair ij, the resulting value is effectively an
estimate of the share of trips produced at i (P;) that will travel toj (T;). Thus:
A, eXp(-. 175 tjjpc+ -Ooogtﬁ/pk)

& AXP(--175tut 00092, )

1

Ti= Pi P;j= P

A comparison with 3.12 showsthat 3.17 is exactly a gravity mode with an exponentiated, quadratic
friction factor. In effect, METRO anaysts are using an individua choice framework to estimate the
parameters of a conventiond gravity model. However, in carrying out parameter estimation this way,
they have been able to develop a more sophisticated friction factor specification.

It is possible to carry this approach even farther, i.e., to add detail about destination attractiveness (such
as adengty variable to complement the Sze varigble A;, or adegtination parking cost variable), to
include more characterigtics of zone-to-zone leve of service (such as parking costs and tolls), or to vary
the utility specification according to socid or economic factors (such asincome). The effect isto
improve the representation of factors that influence destination choice, within the basic framework of the
gravity modd. It iseven possibleto build in a multi-modal representation of impedance, ether by
entering travel time variables for multiple modes directly in the utility equations, or by using the log of the
denominator of a mode choice model to capture impedance in a comprehensive way.

ExampLE: Bay AREA DESTINATION/MODE CHOICE MODEL

The MTC shopping destination/mode choice modd reflects an attempt to incorporate multimodd travel
impedance. The modd isalogit probability equation with a set of choice dternatives encompassing the
auto and transt modes, and with the full set of zones accessible to a household for the shopping trip
purpose. Each specific mode and destination combination is a separate dternative. Thus, if ten
destinations are available, each with two modes, there are twenty choice aternatives recognized by this
modd.

The basc modd formis
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eXp(Vijm)
é é eXp(Vijm)
K=

1l=at

Pijm=

where:
P;jm isthe probability of taking a shopping trip to destination j by mode m;
Vijm isthe traveler’ s utility for the destination i, mode m combination;
k represents the set of available destinations (defined as zones or didtricts);
| represents the set of available modes (a=auto or t=trangit).

The utility equations for each origin-destination pair are defined in Table 3.3 [Cambridge Systematics,
1980]. Each column in the table trandates into a utility equation, one for auto between any origin and
degtination, and one for trangit between any origin and destination. For example, the utility of the auto
mode to a specific destination k is:

U ¢a= - .8631/.2563 xcbd4 + 5.053x(autos’hhsize)
-.000202x(timeya XiNC) - .02447 xcost ¢, + -0005995 xrdeny + In(rjobs, )

Thistype of logit modd is known as ajoint or Smultaneous choice formulation, because it treats two
choices - mode and degtination, in this case - asif they were part of asingle decison process. Inthe
period since MTC's models were devel oped, there have been sgnificant advances in the theory of logit
andysis, especidly concerning the trestment of choices that may be related but are not necessarily
“dmultaneous’. It isnow thought preferable to estimate a nested rather than smultaneous structure, and
to judge from the parameters associated with the nested terms whether the choicestruly are
Smultaneous.

Table 3.3 MTC Shopping Destination/M ode Choice M odel

Codfficient Vaiablesin the Utility

Vdue Auto Trangt Explanation
1 -.8631 const Auto congtant
2 .2563 chd Congtant for central business digtrict
3 8912 cbd Congant for centrd business didtrict
4 5.053 autoshhsze Autos per person in household

Door-to-door travel time (minutes) weighted by

5 | -.000202 | timeg@*inc | timet)*inc | income
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6 -.02447 cost(a) Cost (cents)

7 -.02299 farerhhaze | Trangt fare (cents) weighted by household sze
Retail densty (employees per population serving

8 | .0005995 rden rden acre

9 10 In(rjobs) In(rjobs) | Naturd log of retall workersin zone

3.3.7 Mode Split/Mode Choice
Overview

Mode choice models are used to estimate the share of trips made using each means, or mode, of travel
of interegt in the analyss. Mode choice modd s typically address mgor vehicular modes (at minimum,
autos and trangit, with shared ride treated as a separate mode from drive-aone in an increasing number
of approaches) and represent traveler decisions about which mode to use as a function of modal
characteridtics, traveler and household characterigtics, and sometimes, characteristics of the urban
environment. More advanced models aso include non-motorized modes (walk, bike).

Mode choice has long been considered a key step in the conventiona modeling framework, and alarge
body of research on the topic has accumulated since the late 1950s. Thiswork has strengthened the
theoretica and empirica underpinnings of mode choice and has developed and refined econometric and
gatistica methods for modd estimation. Today mode choice models are probably the best understood
and most sophisticated step in the travel demand forecasting process.

Whilein past years a variety of methods, from diversion curves to regresson models, have been used to
egtimate mode “split”, today discrete choice models have largely replaced these earlier approaches.
These models could be estimated on aggregate (zone-leve) data, but generaly treat each household
separately in the estimation process and aggregate to the zone level afterwards. Separate models are
developed for different trip purposes.

In particular, amultinomia logit modd formulation is widdy used:

S - eV
é exp(Vi)

i=1

where:
P isthe probability of choosng mode m;
Vn isthe traveler’ s utility for choosng mode m;
N represents the set of available modes.
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The most common mode choice variables are trave time, travel cost, household or individua income,
number of workersin the household, and household auto ownership level. Indeed, some models have
only these variables plus mode-specific congtants. In such smple models, however, mode- pecific
congtants often “explain” a congderable amount of the observed pattern of choice. Hence many
andyses have expanded the list of variables to include greater detall: trangt trave timeis separated into
access time, in-vehicle time, wait time, and transfer time; auto codts reflect parking charges aswell as
vehicle operating expenses, and so on. Other variables aso have been incorporated into mode choice
models, among them are socioeconomic characterigtics of the traveler such as gender, age, household
Sze, and presence of children, and land use characteristics of the travel environment such as
development dengity or whether the trip occurs or endsin a CBD.

Certain problems arise in the gpplication of multinomia logit models when aternatives are closely
related, because the logit formulation assumes independence (i.e.,, no corrdation) of dternatives. The
use of a probit formulation is one way to address thisissue, as probit models estimate covariances
among the utilities. However, estimation of probit modes has proven to be highly complex and
software for the estimation of models including more than two modes has not been widely available.
Consequently an aternative method, nested logit, has become the preferred approach for practical
gpplications. (See Daganzo (1979) and Ben Akiva & Lerman (1985) for more detailed discussions of
the limitations of logit models and the issues involved in probit modding; Sobd (1981), Ben Akiva&
Lerman (1985), Hensher (1986¢), and Daly (1987) provide detailed discussions of nested logit.)

In their most common and smplest gpplications, nested logit models have two levels (eg., rall vs. bus,
trangt vs. auto). However, additiond levels are sometimes used, for example to mode dterndtive
trangt access modes such aswalk vs. trangit vs. auto; auto drop-off vs. park. Such additiona detail can
be particularly important in Stuations where multi-modd trips are common and their classification by
“main mode’ would omit critical information, eg., in evauating the emissons implications of policies
involving park and ride. Airport access applications have utilized particularly complicated nested logit
structures to represent the range of auto, parking, trangit, and paratrangit options available to air
travelers.

While the treatment of auto and transt modes has tended toward greater complexity and sophitication,
bicycling and walking modes continue to be omitted from the mode choice models of dl but afew
metropolitan areas. Such an omisson is problematic, not only because these trips are an important
component of personal mobility, but because cross-eadticities are quite high between walk trips and
short bus and auto trips, depending on fares, parking charges, travel times, etc. Theinclusion of bike
and walk modes in models may be problematic, however, because many such trips occur entirely within
zone (for which trips of al sorts are rather poorly represented in conventiond practice) and becausein
many data collection efforts little attention was given to accurately gathering, coding, and checking walk
and bike trips. (On the latter point, one MPO reported a doubling of reported walk tripsin arecent
survey, where great pains were taken to collect thisinformation, in comparison to amid-1970s survey
which emphasized vehicle trips)
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It also remains the case that a congderable number of variables found through research to be important
to mode choice are commonly omitted from the models used in practice. In particular, research has
shown that the comfort, convenience, and reliability of the various modes are critical variablesin
travelers mode choices, and that the inclusion of measures or indicators of these variablesimproves
mode fit (Abkowitz, 1981 b). Nevertheless, they are only occasionally incorporated into models used
in practice, partly because data on these matters are not readily available and forecasts of future
conditions would be hard to develop. Other factors such as the match of transt schedules to preferred
times of travel are captured only partidly through access and wait time estimates, but methods for
addressing this concern (such as submodels of choice of time of day of travel or activity andyses of time
condraints and their effects on mode choice) remain research tools.

Another areawhere additional work remains to be done involves the use of attitudina variablesin
determining what options are included in atraveler's choice set. Standard mode choice models assume
that, apart from questions of vehicle availability, for the same O-D pair dl travelers have the same st of
modes avalable. However, there is substantiad evidence that certain people do not consider certain
modes, whether for lack of information, out of habit, or for reasons such asimage or status. Attitudina
surveys may offer away to address these issues.

ExampPLE: Bay AREA WORK MoDE CHOICE

The Bay Areawork mode choice modd is astraightforward logit formulation (eg. 3.20) with three
dternatives.

* drivedone(a
» sharedride (9
o trangt (t)

The utility equations are defined in Table 3.4. For example, the utility for drive doneis

V .= -2.512-.00000714xdinc - 1.067xchd - .0244 xijvtt,
-.077 xwalka, - 21.43x(cost . /inc) + 1.958xautcs+ .677xhead

ExampLE: PorTLAND (OR) WoRK MoDE CHOICE

The Portland work mode choice model is two-tiered logit formulation, with an upper-leve choice
between motorized and non-motorized modes, and alower-levd choice among four motorized
dternatives.

* drivedone(a

» sharedride (9
o trandt walk access (tw)
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The upper-leve choiceisasmple binary logit modd:

where:

trangt auto access (ta)

Puwo= | +exp(1.299+ .718 dist , - 1.347valcar)

Pun is the probability that aworker will choose the walk/bike mode;

digt, isthe trip distance by auto;

vacar isadummy varigble with avaue 1.0 if the worker's household has fewer vehicles than
workers.

Walk/bike probability is assumed to be zero for distances greater than 2.56 miles.

Table 3.4 Variablesin the Bay Area Work M ode Choice M odel

Codffidient Varidiesin the Utility
Vdue a s t Explanation

1 | -.00000714 dinc dinc Household disposable income
Congtant for centra business

2 -1.067 chd digtrict
Congtant for centra business

3 -.347 chd digtrict

4 327 nwork Number of workersin household

5 -.0244 ivtt(a) ivtt(s) ivtt(t) In-vehide trave time (minutes)

6 -.077 walk(a) walk(s) walk(t) Wadk time (minutes)

7 -.045 wait(t) Trangt initiated wait (minutes)

8 -.0428 xfewat | Trangt trandfer wait (minutes)

9 -21.43 cogt(@+inc | cost(9)+inc | cost(t)-inc | Cost (cents)/household income ($)

10 1.958 autos Number of autos in household

11 1.763 autos Number of autos in household
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12 1.389 autoslacc | Number of autos for auto access
13 -1.237 aaC Congtant for auto access to trangit
14 677 head Congtant for head of household
15 -2.512 const Drive a one constant

16 -3.473 const Shared ride constant

The utility equations for the lower-level choice are Smilar in form to the Bay Areamodd shown above.

Figure 3.3 Nested Modd Structurefor Bay Area Airport Accessand Airport Choice

ExampPLE: Bay AREA AIRPORT ACCESS

The potentia of nested logit for mode choice andlysisis only beginning to be redized in practice.
Nevertheless, severa hierarchical models of mode choice have been developed for specidized
goplications. The structure of one such modd - for airport access in the San Francisco Bay Area- is
shown in Figure 3.3 [Harvey, 1989].

Efforts are now underway in a number of cities to implement this type of modd structure for work mode
choice analysis.

3.3.8 Peaking Factor/Time of Travel
Overview

Peaking intensity and duration and, more generdly, the time a which travel occurs, are criticd to the
estimation of a number of important travel metrics, including speeds, congestion, and emissions. Yet
peaking and time of travel areincluded in the typica travel modd in highly gpproximate ways,
commonly by developing pesking or time-of-day factors from observed data and assuming the same
patterns will persst in the future. More robust, behaviora representations of the time-of-day of travel
are dill primarily research tools; their introduction into practiceis only now beginning, at least in U.S.
goplications.
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Idedlly, travel models would include separate assgnments for at least three time periods during the day:
am peak, off-peak, and p.m. peak. In the past, however, many MPOs have not been able to judtify the
expense of the additiond forecasting accuracy this would provide; most have used a single weekday
peak period for forecasting purposes, with al networks, travel cost information, and cdibrations
oriented toward this one peak period. With the expanded funds for planning provided by ISTEA, a
larger number of MPOs are now able to develop modds for multiple time periods, as well asamore
robust trestment of peaking. Hence the trestment of peaking factors and the time at which travel occurs
will receive increased atention.

The choice of which peak period(s) to model must be made taking in account such consderations as the
availability of count data, previous modeling efforts, loca conditions, and the gpplications for which the
mode isintended. Air quality problems may point to a need for information about a particular pesk
period. For example, the am peak ismost critica for 0zone purposes, Snce morning emissons of
VOCs and NO, have alonger timeto react to light than do pollutants emitted in the p.m. peak. Asa
result, Os concentrations typicaly pesk during the late-morning or early-afternoon hours (Horowitz,
1982Db, p. 71). On the other hand, areawide traffic volumes and congestion are typicaly higher during
the afternoon pesk than at other times of day; CO concentrations are dso typicaly higher inthe
afternoon and evening hours. Hence an areawith a CO problem may need to devote modeling
resources to the p.m. peak.

The length of peak periods to be represented in the models lso must be decided. Whileit is common
to specify aone-hour peak period, many metropolitan areas have some facilities experiencing
congestion for 3-6 hours a day (or more), and so have defined peak periodsthat are at least 2 or 3
hours long.** Network capacities are defined for the entire peak period, effectively alowing for “pesk
spreading” within the peak period.

Figure 3.3 A Comparison of Regional and L ocalized Peaking Char acteristics

Pl of e

% An implicit modeling assumption is that al trips can be completed within the pesk period. if the
peak period being modeled istoo short (e.g., under an hour), thiswill not be true.
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Basic Practice

Peaking factors are most commonly specified as exogenous vaues that are fixed and independent of
congestion levels. These time-of-day factors (TODFs) are usually determined from travel survey data,
with a separate TODF for each trip purpose. In some cases the peaks timing and duration are
estimated from traffic data (e.g., 24-hour machine counts on streets and highways), perhaps interpreted
and adjusted based on data from specid studies (e.g., travel surveys of workplaces and customer-
serving businessesin a particular area, driveway counts a mgjor activity centers)) Occasiondly, time-of-
day factors are borrowed from other areas and adjusted during the moddl cdibration process, but thisis
not recommended except, perhaps, as a stopgap measure, because TODFs are highly dependent on
each areds characterigtics such asfacility design and capacity, types of employment, and loca custom
and business practices.

Very smple gpplications apply pesking factors to 24 hour link-leve volumes, after traffic assgnment to
the network has been accomplished and without regard to trip purposes. The peak percentages may be
link- specific or facility dassficationspecific, but most commonly asingle factor, typicaly 8-12 percent
of ADT, isapplied to dl the links in the region to obtain a crude estimate of totd bi-directiona peak
hour travel. A directiona split percentage (e.g., 60/40), derived from observed traffic conditions, then
isgpplied to obtain link-level pesk volumes. This procedure yields only arough gpproximation of link-
or corridor-leve pesking, though it may suffice for smaler MPOs where the duration and intensity of
congestion are limited.

Figure 3.4, taken from Bay Areadata, illustrates that peaking on particular facilities may vary
subgtantialy from pesking region-wide. In the figure, the actua hourly traffic volumes on 1-880, in
Oakland, CA, are expressed as a percent of total AADT (here about 225,000); also shown are the
hourly volumes that would be predicted using time- of-day factors from the Metropolitan Transportation
Commission's 1981 homeinterview survey. The MTC peeking factors would predict higher, sharper
peaks in the am and p.m. (although the M TC factors dso predict higher midday travel as a percent of
totd). In generd, thereislittle reason to expect specific facilities to exhibit the same peaking patterns or
characterigtics as “regiona averages’, and application of afixed TODF may be a Sgnificant source of
error.

Peaking aso has been estimated by extrapolation from work trip data, in gpplications that are exercising
only work trip models. In these cases, the peak period work trip table is expanded to represent trips
for al purposes during the peak period (or for the entire day), with the expansion factors derived from
full runs of the regiond modd system, from survey data, or even from nationa sources. Although this
gpproach isfarly common in subregiond planning and design gpplications, it is not a subgtitute for
having and usng a complete set of work and nontwork travel models, and is not recommended as the
primary means of conducting mgor transportation andyses, especidly when air qudity andyses areto
be carried out.

Many regiond planning agencies estimate peeking factors before assgnment of traffic to the networks.
Common approaches to estimating peak trip tables are:
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1. Time-of-day factors applied before trip distribution. Peak/off-peak factors may be developed as an
integra part of the trip generation phase (as suggested by Stopher and Meyburg, 1975), eg.,
models may directly include a measure of congestion (or more generally, a measure of bility)
in estimating trip generation rates at particular locations and times of day. This approach hasthe
advantage of alowing for a correlaion between the number of trips made and the qualities of
trangportation services available at specific times and locations. However, if overly Smple measures
of accesshility, eg., regiona averages, are used, much of the potentid of the approach will be lost.

Alternatively, time of day factors may be estimated as an intermediate step between trip generation
and trip digtribution. In this approach, a separate TODF should be applied for the attraction-to-
production versus the production-to-attraction daily volume in order to determine the peak period
volumes.

2. Time-of-day factors (TODFs) applied before mode choice. In the typica application of this
approach, peak network characteristics (e.g., travel times) are used for work mode choice, and off-
peak characteristics are used for non-work mode choice. 1n other applications, each trip table (by
purpose) is split among time periods, so that mode choice and assgnment can apply to the range of
conditions experienced by travelers. Both approaches impose strong assumptions about travel
behavior. FTA (UMTA, 1986) hasindicated its preference for the first gpproach, primarily out of
concern about the gtahility of the ungpecified factors leading to the time splitsin the latter: “[ The firg]
approach is preferred because the time-of-day factoring is done (by purpose) for trips on al modes
together, reflecting only the influence of activity patterns throughout the day. These factors... are
likely to be reasonably stable over time and across alternatives.”

3. TODFs applied after mode choice. In this approach, TODFs are developed by both trip purpose
and mode. Two versons of this gpproach are common. Thefirst, sometimes used in areas that
have devel oped a mode choice mode based on 24-hour supply characterigtics, applies TODFsto
create a prototypica peak hour trip table for assgnment. Because this approach resultsin trip
digtribution and mode split being done without accounting for congested times, it is highly
undesirablein dl but the least congested aress.

The second approach isto gpply a crude peak or off-peak designation to each trip purpose before trip
digtribution, asin #2, and then apply more refined TODFs to each trip table after mode choice in order
to create more plausible tablesfor assgnment. In most cases, the peaking factors are derived from the
most recent travel survey, but specific adjustments are made with a heavy dose of judgment. UMTA
(1986) cautions againgt this gpproach, noting that “the factors may not be stable over mgor changesin
the ... [trangportation] system that affect the quality of service for work trips differently from the quality
for non-work travel” (p. 5-18).

Many of the adjustments being made to trip tables are intended to better cope with modd, facility,

corridor, and subregiond variationsin peaking. Recently, some agencies have developed ad hoc
procedures which draw upon on empirical studies to estimate the probable impact of congestion on
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peaking levels and duration. Whileit can be argued that these adjustments serve to improve the redism
of assigned traffic volumes, they generdly fal short of being forma modds (e.g., relating the pesk hour
percent to the ratio of actua daily volume to theoretical daily capacity in acorridor). Moreover,
adjustments are dmost aways applied to reduce unredigticaly high volumes in excess of capacity; pesk
loads rardly are adjusted upward in forecasting gpplications to reflect higher future flows.

Modest advances have been made in afew regions in the representation of pesk spreading. Experience
with urban traffic suggests that pesking is sensitive to congestion; ™ pesk spreading has been observed
from both time-series and cross-sectiona data.

One gpproach to making TODFs sengitive was developed recently for Phoenix (Loudon, Ruiter, and
Schlgppi, 1988). The method is based on data from 49 corridorsin Arizona, Cdifornia, and Texas. It
assumes that the 3-hour peek is afixed percentage of daily trips, but dlows the pesk hour (asa
percentage of the 3-hour volume) to vary according to congestion levels (measured by V/C ratios).

The method is an iterative one, with the following steps:

1. Computetheratio of the current assigned (3-hour) volume to the 3-hour link capacity (V/C).

2. Apply apeak spreading model to provide a pesking factor: the ratio of 1-hour volume to three-
hour volume.

3. Determine the revised peak-hour volume as the product of the pesking factor and the assigned
volume.

4. Compute theratio of pesak-hour volume to hourly link capacity.

5. Apply apeak-hour speed modd to estimate revised the link speed.

Thislink volume updating process continues throughout the iterative equilibrium procedure.

When applied in the Phoenix areg, this technique was found to improve the estimates of average speed
and VMT. Theroot mean squared error (RMSE) of speeds on links was reduced by 35% (from 56, to
36.6%), and the percent VMT error declined from 16.4% to 2.2%.

Asits authors note, there are some limitations to the procedure;

“Fird, there is no guarantee of continuity of flow in the pesk-hour prediction. Differencesin the
three-hour V/C ratio predicted for two adjacent links could result in a different amount of pesk-
spreading predicted for each. While this could and does occur, theimpact of it islikely to be
smdll because of the cdibration of the pesking modd on afacility type (rather than link-gpecific)
basis, thereby averaging the effects over afacility. A second limitetion is that the pesk-

3 |n fact, it has been argued thet the Interstate highway program's principa benefit in urban aress
was not so much the eimination of congestion, as the shortening of the duration of congestion.
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gpreading modd is applied at the link level while the pesk-soreading on a specific link may
occur as aresult of asingle congestion point on some other link in the network or as aresult of
the perception of travelers of the average level of congestion in the corridor... A find limitation
of the recommended procedures for peak-spreading is that they do not reflect spreading of the
peak outside of athree-hour period.”

These advances, while improving mode fit, il fall short of providing basic ingght into the duration and
meagnitude of peaks or, more fundamentaly, into the behaviora processes that underlie peaking.

Advanced Practice

Peaking and time of travel are critica determinants of level of service, congestion, and emissons and
concentrations of emissons. For example, the success of strategies to reduce the intensity of highway
congestion depends criticaly on alow dadticity of trip departure time with respect to trip duration, yet
common experience on congested facilities suggests otherwise, i.e., peaks narrow but do not declinein
intendity very much. Recognizing this, academicians interested in congestion relief and highway pricing
have been working on a more redigtic behaviord representation of pesking. The results of this research
are not yet implemented in practice, but may well bein at least afew areas over the next 3-5 years.

Thinking in terms of the am peak work trip (for smplicity), peak spreading is seen to result from two
related phenomena:

1. The adjusment of departure timesin response to a perception of increased (or less predictable)
door-to-door travel times'® Thereis no effect on the timing of activities (work).

2. Therescheduling of activitiesto alow for amore satisfactory (or affordable) travel experience.
Both trip departure and activity start times may vary.

The first phenomenon, while hardly desirable from asocid or environmenta viewpoint, issmpler to
address andyticdly. It implies astraightforward relationship between decreasing speeds and a
broadening pesk (abeit areationship that may till necesstate aresourceful extrapolation to project
future vaues on the basis of current survey and count data).

The second phenomenon has been the focus of much research over the past decade. Thisresearch fdls
roughly into four categories:

Empirica sudies of highly-congested corridors.

Thought experiments with bottleneck queuing modes.
Econometric andyses of sated time-of-travel preference.
Econometric analyses of reveded time-of-travel preference.

A owbdpE

16 Or increased travel costs, in the hypothetical case of congestion pricing.
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The reveded preference sudies, in particular, have been quite promising. They indicate substantial
activity scheduling (hence, travel time) eadticities with respect to travel conditions, and suggest aclose
relationship among activity timing, trip generation, and trip chaining.

While modds of the choice of thetime of travel are probably not ready to move into the mainstream of
regional modeling, research has come far enough and the models sufficiently well-behaved that their
introduction into advanced modeling practice would be desirable.

Severd MPOs, including METRO (Portland, OR) and SACOG (Sacramento), have proposed explicit
time choice components for pending modd system updates, and MTC will be developing such amodd
in 1994.

It isno smdl irony, and perhaps no coincidence, that the explicit time-of-day component of trip
generation discussed by Stopher and Meyburg in 1975 (and evident in the literature as early as 1960)
has reached the threshold of practicdity in the changed policy environment of the 1990s.

3.3.9 Traffic Assgnment/Route Choice
Overview

Traffic assgnment™’ is the step in which traffic volumes are estimated for each link in the network and
each time period under andyss. Traffic assgnment is based on (or determined by) the Smultaneous
interaction of link travel time (or speed); the capacity of the link; and the volume assigned to the link,
consdering other paths through the network. Assgnment plays an important role in the determination of
link speeds, VMT, and VHT - dl of which affect emissons estimates as well as trangportation system
performance.

The traffic assgnment step of the modeling sequence has been dedlt with in great mathematica detall;
most gpproaches are highly complex and computer-dependent. Y et there are both theoretical and
practical questions about the validity of current practice. From atheoretical perspective, asnoted in
Bates & Dasgupta (1990), the evidence is week that the assgnment techniques reflect actud route
choice behavior. From apractica perspective, data limitations, combined with the inherent difficulties of
adequately representing link and node characterigtics viaafew variables, make it extremdly difficult to
judge the performance of assgnment models.

Y Trangt assgnment involves anumber of particular considerations which are not dedlt with in this
verson of the Manual. See Did (1967), Roden (1986), and A.J. Horowitz (1987) for expositions of
trangt assgnment issues. In generd, sgnificant progress has been made in the area of trangt
assignment, but sophisticated multi- path trangt assgnments are criticaly important only in the very
largest metropolitan areas. Furthermore, trandt route assignment will have little direct bearing on air
quality impactsin aregion (though the realism of trangt travel timesis an important determinant of mode
choice modd accuracy wherever transt is a Sgnificant mode).
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Moreover, of dl of stepsin the four-step travel forecasting process, traffic assgnment probably has
received the leadt critica scrutiny from modeling practitioners: default values and procedures typicaly
have been utilized, and vdidation typicaly has focused only on link volumes. The use of the software
“asis’ probably reflects the ease with which software packages facilitate application, at least when the
defaults are used. Limited validation probably reflects the fact that |oaded (i.e., congested) speeds
output by the mode historically have been a secondary concern to the trangportation planner, so long as
traffic volumes are within 10 to 20 percent of the actua vaues.

For many metropolitan areas, however, the casud gpplication of traffic assgnment models may be past.
Today, the outputs of network models (including speeds aswell as other traffic characterigtics) have
come to be examined closdly, because they are criticd to air quaity modeling and andlys's, because the
traffic effects of proposed projects may be controversia, and because traffic forecasts now must be
compared for consstency with anticipated growth rates and land use patterns, among other reasons.
Hence the details of the specification and performance of this step of modeling are coming under
increasng scrutiny.

Basic Practice

The traffic assgnment step requires 1) the development of adequately detailed and coded networks,
and 2) an dgorithm for assgning traffic to linksin light of the various dternative routes.

Devel oping the Network

Intypica practice, both highway and trangt networks are devel oped to represent dl facilities of the
arterid classfication or higher (highways) and al public facilities and scheduled services/frequencies
(trangt). Highway links are coded for initid speeds, capacities, volume-delay relationships, and other
key characterigtics (e.g., intersection operationd features), with the level of detail varying with both the
software package and the application. Nodes also may be coded with detailed descriptors, in some
Cases.

Practitioners are now coding more detail into a more elaborate set of networks than in the past. For
example, in order to produce reasonable accuracy on arterid links and to match fine-grained zond
depictions, many MPOs now code dl facilities down to the mgor collector classfication. In addition,
modelers are finding that it often isimportant to code intersections and other nodesin some detail, and
to explicitly ded with the operations of specia purpose links such as HOV lanes and freeway ramp
meters (discussed below).

Theinitid gpeeds for links are most commonly coded as free-flow speeds, taking into account the
effects of traffic control devices, if present. Use of posted speed limits as maximum speeds, e.g.
capping freeway speeds at 55 MPH, has been the practice in some agencies, but this should be
discontinued, snce many sudiesindicate that median traffic peeds under uncongested conditions are
typicaly higher than the posted speed limits.
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Volume-dday rdaionships are typicdly handled via an equation of the generd form:

T+ 1= T, (1+ a* (VIC ),)

where:
V/C is the volume/capacity retio
T, isthelink timeon a timei
a, b are coefficients.

A common form of thismodd isthe BPR formulation discussed earlier. Unfortunately, this widespread
formulation does not accurately represent speed-flow conditions when queuing is present, and over-
predicts congested travel speeds. Asaresult, many regiond modeers have developed variants of the
formulation to match particular facility types or loca conditions, or have developed post- processors to
produce more realistic speeds.

It isdso fairly common in planning modd s to have estimated volumes in excess of the capacity on
individud facilities. However, there are no observed speed/flow curves for volume/capacity ratiosin
excess of 1.00. Consequently, the BPR curve (or some smilar curve) is gpplied in Situations where
volumes exceed the facility's cgpacity.

The BPR curve does not take account for the effects of queuing on travel speeds and demand. Planning
models usng the BPR curve consequently will significantly overestimate speeds of facilities near

capacity, at capacity, or over capacity.

Asnoted earlier, modders are finding it important to code specia purpose links and nodes into the
networks. For example, many metropolitan areas have implemented or are proposing extensive
systems of HOV lanes. These HOV lanes are intended to improve air quality and reduce traffic
congestion, but in many areas decision-mekers and other concerned groups are unwilling to Smply
assume the impacts will be beneficid. Hence thereis aneed to explicitly represent HOV lanes effects
in modding efforts. Many of the widely used transportation planning software packages now permit
this, providing for the separate specification of HOV linksin the highway network. Theselinks are
available only to HOV trips, with access to the HOV lanes represented by a specid set of zero-travel
time/distance links.*® The resulting network is like the rungs of a ladder, with the HOV and mixed-flow
lanes coded pardlél to each other.*® HOV bypass lanes, which alow HOVsto avoid the ddlay
associated with freeway ramp metering, also can be coded.

18 A time pendlty could be associated with these links to smulate the time needed for weaving in or
out of the HOV lanes. Thiswould tend to discourage short HOV trips (say, from one ramp to the next)
from using the HOV facility, as probably occursin redity.

19 Although moddlers are increasingly coding HOV dementsinto their networks, there currently
appears to be no consensus on what to do next: e.g., whether HOV trips should be |oaded before or
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after other vehicle trips, or whether a portion of each table should be loaded so that the some degree of
route diversion due to congestion is experienced by the HOVs.
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Ramp metering is another element which has become increasingly important to represent explicitly in
modeling efforts. Ramp metering can play an important role in reducing freeway congestion, but the
impact on air qudity islesscdear. The emissons from queuing vehicles on aramp, aswel the effects of
on-ramp accelerations and decel erations and of the different driving cycle of vehicles diverted to pardld
arterids, dl are topics of ongoing research, and how these phenomena should be modeled has not been
fully resolved. Even volume and delay estimates for ramp-metered links can be complicated to
produce. Some agencies have applied “pendties’ to ramps that are metered to represent average
delays, but this approach is problematic, because delay at the ramp is usudly afunction of ramp (and
sometimes mainline) volumes. Moreover afixed pendty will reduce the traffic estimated to use the
ramp. Experiencein San Diego indicates that the estimates of delays and volumes can oscillate
sgnificantly without reaching convergence. More research needs to be done in thisarea, but one
gpproach to achieving convergence might be to designate the metered on ramps with a specid
assgnmert group/facility type code, and then code a specid V/C-trave time curve to represent the
delaysthat occur at the ramp, as a function of the ramp volume. The * capacity” of the ramp would have
to be adjusted to reflect the ramp metering rate. Thiswould require an assumption that the metering
rete isfixed, but in many applications, thisis the actua Stuation.?

Traffic Assignment Algorithms

Once networks are developed, traffic volumes (flows) on each link are estimated using an assgnment
dgorithm. The early assgnment techniques were sharply constrained by computer capacity and speed
limitations, and consequently were criticaly dependent on efficient agorithms for tracing paths through a
network; certain smplifications and compromises were accepted to obtain workable procedures. With
computer advances it has been possible to implement increasingly sophigticated network andysis
techniques, athough practice sometimes lags behind in its implementation of the improved gpproaches.

All-or-nothing (AON) assgnment - assgning dl traffic between an OD pair to the minimum (shortest;
fastest) path through the network - was once widdy agpplied, but is now recognized as being unredigtic
andisindeclining use. AON assgnments have little value beyond their goplication in long-range
system-leve planning, in which they can be used to predict travel paths (“desires’) in anided world in
which no congestion exists*

2 |n redlity, moddling the metered ramp is somewhat more complicated, because it must include
consderation of the period in which the departure rate at the ramp exceeds the arrival rate, at thetrailing
shoulder of the pesk period. Thus, delay will depend on how quickly the arriva rate drops off toward
the end of the peak period. Some reasonable assumptions about this“ post peak” period might be
assumed for al metered ramps based on average or local conditions.

21 AON assgnments could aso be used to compare how close to true equilibrium the findl iteration
of an equilibrium assgnment is. Thiswould involve usng an AON assgnment to load the trip table usng
the final speeds from an equilibrium assgnment. If the VHT from the AON assignment approximeates
that from the fina loaded equilibrium network, then the assgnment is close to atrue equilibrium. If the
VHT decreases with the AON assignment, then shorter paths have been found (i.e., some users could
unilaterally decrease their travel time by switching to another path).
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Incremental cgpacity restraint and equilibrium assgnments are the two most commonly used assgnment
techniques. In the“incrementa loading” method, the traffic is divided into a number of parts which are
successively loaded. After loading each part of the traffic, link costs are re-estimated, then the next
traffic increment is loaded using the new link costs. Assgnment may be to the current minimum path or,
possibly, to a sdection of such paths.

The most sophisticated gpproach, equilibrium assgnment, attempts to find a solution according to
Wardrop's (1952) user equilibrium principle that no traveler can improve hisor her travel time by
unilateraly changing routes. There are anumber of variants on the specification of the objective function
to dlow for different criteriaof optimdlity.

These latest techniques have gone along way toward providing redistic representations of declining
level of sarvice astraffic loads increase.” Moreover, at least in principle, they are capable of estimating
the generdized cost of highway travel between each pair of zones, which can then be used in the earlier
geps of the modd system.

Advanced Practice

Advanced practice in traffic assgnment heavily depends on the gpplication of software with advanced
capabilities, e.g., capable of representing specidized links and nodes and incorporating advanced
equilibrium agorithms. Regardless of the modeling technology, however, practitioners can make
progress toward better network representation and modeling. Common features of advanced practice
in this regard are the following:

* anexpliat effort to include dl of the facilities known or likely to carry interzond traffic,
regardless of functiond category;

» alarge number of functiona categories, to better match actua roadway categories,

» incorporation of the effects of trestments at intersections and interchanges,

* locd cdibration of volume-delay curves.

In addition, post- processors may be applied to provide more redistic speed estimates for congested
flow gtuations, and/or queuing analyss techniques may be gpplied to estimate travel speeds and other
performance measures in Stuations where volumes are predicted to exceed capacity. The queuing
anayses could be relatively smple ones (e.g., estimate queues by dividing the peak period into hour-
long intervals and performing a queuing andyss for each one hour time dice; caculae the average
speed for the pesk period over dl one hour time dices); dternatively, detailed traffic operations
microamulations could be carried out with the results fed back to the model system.

22 Note, however, that the various programs available to estimate equilibrium assignment do not
necessarily lead to the same solution, an indication that the current methods require further assessmen.
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Traffic assgnment is “route choice’ when viewed from the traveler's perspective. Research indicates
that the processes through which route choices are made are not necessarily as straightforward as the
optimization agorithms incorporated into most mode systems, and may reflect such factors as
willingness (or unwillingness) to “go the wrong direction” to get to a superior route, willingness to make
left turns, etc. Some modederstreat route choice probabiligticaly and alow for a certain amount of
uncertainty in route selection. Researchers dso have devel oped mode s which attempt to incorporate
additional variablesin aformal representation of the route choice process.

3.4 Modd Interrelationships

3.4.1 Overview

The materia in Section 3.3 largely deds with individuad modd stepsin isolation. However, the modd
sysem is actudly atightly-linked hierarchy, especialy in advanced practice. Thusit isimportant to pay
atention not only to the individuad modd steps, but to thelr interrelationships as well.

In conventiond practice, the outputs of trip generation are used in trip digtribution; the outputs of trip
digtribution are used in mode choice, and s0 on. However, linkages with other modeling steps, notably
auto ownership, time-of-travel, and the location of housing and jobs, are often dedlt with exogenoudy or
are linked to the other modd s in an ad hoc manner.

Moreover available software does not require that the times and costs used in the various mode steps
are consstent with one another, and indeed many applications produce network travel times and costs
that are far different from the ones used in earlier trip distribution and mode choice steps. Most
practitioners compare the initid travel times and cogts and iterate through the models as necessary to
achieve aspecified leve of congstency. A more theoreticaly satisfactory gpproach isto assure
consstency in the specification of the submodels structure and linkages. In concept, linkages should be
accomplished through the use of a generalized cost and/or accessbility messure, fed upward through the
mode hierarchy.

This section eaborates on the key concepts involved in mode linkages, then describes how such
linkages might be accomplished by varying theleve of detail with which demand and supply
components are handled.

3.4.2 Key Concepts

Generalized Costs and Utility

The concept of generdlized cost isacentral onein travel demand theory and isincreasingly important in

modeing applications, not only in mode choice (where the use of various costs of travel iswell
developed), but in trip digtribution, trip generation, and other models as well.



Early travel moddsincorporated only arough measure of cost, generaly measured by distance (or
travel time) for the auto modes. However, it was quickly recognized that mode choice models dso had
to include dollar codts, to reflect the impact of transt fares. Research on the demand for transt soon
reveded that different eements of travel time - accesstime, wait time, trandfer time, in-vehidetime -
were given different weight in travelers decisons, and further examination of costs indicated that overdl
out- of- pocket expenses (including tolls and parking charges, where they exist) better reflected the costs
conddered in travel decisonsthan travel distances (times) done. The tradeoffs travelers made between
travel times and travel costs led to consderable research on the “vaue of time.” By the late 1960s the
concept of cost came to be recognized as including both monetary expenses and time expenditures, and
economists began referring to the combined time and money e ements of atravel mode asits
“generdized codt”.

During the 1970s, work on discrete choice/random utility models made it clear that there was a direct
relation between generdized cost f(Cj;) and the utility function V:

V=-1 f(Cy)

However, utility functions often include a variety of variables in addition to the time and cost variables
traditionally consdered part of the generalized cost. For example, dternative- specific variables such as
comfort, seeting availability, safety, and rdiability (among others) could be included in a utility function.
Such dternative-specific variables can be thought of as additional kinds of “cogts’ (or “benefits’) of the
dternatives.

Utility functions used in trangportation modds aso include household- or individud- specific variables
such as age, 2, income, disability,..., because it is clear that the importance of many cogtsis afunction
of the individua or household's characterigtics. For example, parking charges may affect everyone's
willingness to use auto modes or trave to a particular destination, but the effect probably will be larger
on those with lower incomes. Comfort may be more important to the elderly than to young travelers.

Overdl, then, awell-specified utility function can be thought of as abroader conception of generaized
cogt, and one which is capable of representing the considerable level of variation in behavior known to
exist among different socioeconomic and demographic classfications.

Theinclusion of generdized cost of the trangportation adternativesis standard practice in mode choice
and trip digtribution models, dthough especidly in the latter the variables included are usudly few and
may be too broadly defined. Modeling exercises that have adequately tested generdized cost asa
factor in trip generation have found it to be sgnificant, and such models are finding their way into
advanced practice. Similarly, generaized cost has been found to be significant in auto ownership and in
location choice models, though only afew applications have proceeded to date. Thisisan areawhere
future modd development should be able to make important advances. Nested logit, discussed below,
is one way to proceed, but other approaches also deserve further devel opment.
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Work donein the 1970s and early 1980s demonstrated that the log of the denominator of the
multinomid logit modd (often referred to as the logsum) is an exact measure of the expected utility (i.e,
adirect measure of the overd| benefit) of the dternatives under consideration. That recognition has led
to the use of the logsum of the mode choices between a particular OD pair asavariadlein the
estimation of degtination choice, where it represents the accessibility of the destination. Smilarly, the
logsum of the destination choice modd can be used as a measure of accessihility (travel choices and
activity options) in the trip generation model, and so on. This gpproach, called nested logit (or tree logit
in European applications), dso provides aformd test of the order of the modd steps: a coefficient
greater than one for the logsum variable indicates that the choice hierarchy is probably improperly
ordered.® (See Ben Akivaand Lerman (1985) for the derivation of this property.)

Nested mode structures are somewhat more complicated to estimate than conventiond models, and
commercid software for mode estimation currently is available from only one source. However, nested
gructures are capable of efficiently representing theoreticaly and empiricaly supported relationships: the
times and cogts of the transportation system should affect mode choice, the available trangportation
modes and their characterigtics should affect destination choice, the bility of various destinations
should affect trip generation rates, and so on. Hence, the theoreticd rigor and internal consstency
available through this modeling approach make it highly desirable in spite of the greater difficultiesin
esimation and gpplication it entalls.

Feedback and Recursion

It iswidely recognized that some recursion is needed in the modeing processin order to provide
internal consstency, i.e., to assure that the travel times and costs at network equilibrium are compatible
with the times and costs used in earlier moded steps. Astime and cost variables are incorporated into
more of the modd steps and as the number of linkages isincreased, aconsderably larger levd of effort
islikely to be needed to attain an acceptable degree of consstency. For example, it may be necessary
to recalculate severd earlier mode steps, mode choice, destination choice, and perhaps others® in

% Note that it is possible that the hierarchica structure would vary by trip purpose, or even by
soci oeconomic/demographic category.

2+ As noted earlier, generdized cost has been found to be significant in trip generation, auto
ownership, and household location models, as well asin mode choice and destination choice (trip
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order to incorporate reasonable time and cost values (appropriate logsums, in the case of formaly
nested models). Several passes through the model system may be needed in cases where capacity
congraints lead to substantially reduced volumes and speeds a numerous locations throughout the
network.?

Convergence criteria dso may become an issue as modes become more complex and interconnected.
In the padt, practitioners often have established Smple convergence criteria, e.g., iterate until the
differencesin travel timesin a particular modd step are no larger than 1%, or stop after eight iterations.
Inamodd system with severd linkages, not al components will converge a the same rate, ralsing
guestions about when to quit. Convergence may be especialy complex when there are linkages to
location choice moddls and land use dlocation modds, i.e., when both short term and long term
responses must be considered. 1n addition, when andyzing trangportation aternatives the modd system
may converge faster for some aternatives than for others. Recent findings have suggested that, at
minimum, the dternatives should reech the same level of convergence for a number of indicatorsin order
for the comparison of the dternatives to be vaid (Bates and Dasgupta, 1991). A procedure which is
potentialy more complicated but which may be more direct is to define convergence criteria on the
assessment indicators themsdlves (for example, the measure of benefits) rather than for the models per
s (Williams et d. (1989)).

3.4.3 Levd of Detail

The desire for greater detail and inter-connectivity in modeling has to be considered, in most aress, in
light of funding congraints. To keep costs within limits, some agencies have developed modd s that treat
demand in great detail but handle supply in asmplified fashion. One way to do thisisto use large zones
and reduce network representation, either by smplifying the treetment of cgpacity or by limiting the
network to key linksonly. This gpproach may lose too much detail and accuracy for some applications
but may suffice for others. Another strategy, discussed in Section 3.4, isto use travel time and cost
matrices in conjunction with detailed demand models, feeding the outputs into and running the detailed
network modes only when sgnificant changes are anticipated.

Regardless of the level a which the network is represented, however, the network models used in
demand forecasting are likely to lack sufficient detail for certain analyses. In these cases the network

digribution). However, the number of studies and gpplications including generdized cost in these other
modelsis il quite smdl, and thisinclusion cannot be deemed part of conventiona practice at thistime.

2 Boyce (1993) argues that an dternate, and preferable, approach isto develop asingle system of
congstent equations for which equilibrium can be caculated in one andytica sep.
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smulaion modds used by traffic engineers (adso discussed in Section 3.4) may be caled upon to
provide greater resolution, with the results used to adjust the demand models or model outputs. Over
the longer run, as computer advances proceed, it may be possible to combine detailed network
smulaion modes with detailed demand modeds and il obtain fast turnaround at reasonable cost. (The
costs of collecting and coding the detailed network data would still be a consideration, dthough GIS
coding of street networks combined with remote sensing, eectronic traffic counting and coding, and
other technological advances could reduce these expenses as well.)

Other refinements in modding level of detail and interconnections probably should be implemented in
many regionsin relatively short order. Bates and Dasgupta (1991) suggest the following:

* Busin-vehicle times should be consstent with the travel times and ddaysin the highway
networks.

» Parking capacity condraints should be accounted for in auto travel times, in the form of added
access time (search time and, potentidly, walking time).

» Enforcement effort and the perceived cost of illegd parking should be considered in estimating
actud (or perceived) parking cogtsin adidtrict.

» Trangt load factors should be reflected in trangt trave times (e.g., vialonger wait times for
routes with heavy loads).

The importance of such refinements will depend on the nature of the dternatives available or under
congderation in each region, as well asthe leve of effort required to develop the improvements.

3.5 Supplemental Methods

In anumber of cases the available four-step mode system is not capable of representing particular
policy options. This may be because key variables are omitted from the models, because there are no
local data on the factorsin question, or because much greater level of detail is needed than can
reasonably be introduced into aregional modd system. This section discusses how specia purpose
models and specia study results can be used to supplement the anayses produced using the four-step
model system, with afocus on the analyses needed to evauate TCMs.

3.5.1 Sketch-Planning Methods

Sketch planning methods are useful both to supplement the full model system and as quick response or
screening gpproaches which can be applied as more easily, faster and cheaper than the full model
system. A variety of methods, from smple transfer of experience to eaborate microsmulation of
demand, fal under this rubric.

Transfer of Experience

Many urban areas assess travel and emissons impacts of TCMs using empirica information on
observed performance from previous implementations. A number of reference documents support this
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approach, providing discussions of the objectives of each measure, likely markets, and previous
experiences. Some of these reference documents aso provide guidance on smple impact analyss
procedures.®®

A very smpleway to trandfer experience from other gpplications of a TCM isto gpply the observed
percentage change(s) in travel metricsto the case at hand. The anadyst must separately estimate the Size
of the market to which the change applies, e.g., if aprogram at firmswith 100 or more employees has
produced a 3 percent average reduction in the number who drive to work, the analyst must take care to
apply the 3 percent average only to the share of employment thet isin firms of that Sze.

% See e.g., COMSIS Corporation and Harold Katz and Associates, “ Evauation of Travel
Demand Management Measures to Relieve Congestion”, Report prepared for the Federd Highway
Adminigtration, Washington, D.C., 1990; D. Eisinger, E. Degkin et d., “ Trangportation Control
Measures. State |mplementation Plan Guidance”, report prepared for the U.S. Environmental Protection
Agency, 1990; Robert Dunphy and Ben C. Lin, “Transportation Management through Partnerships’,
Urban Land Indtitute, Washington, DC, 1990; Michael Meyer (ed.), “A Toolbox for Alleviating Traffic
Congestion”, Indtitute of Trangportation Engineers, Washington, DC, 1989.
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Egtimating TCM impacts based on inference from empirica evidence must be done with caution, as the
particular circumstances at the case study Sites may or may not be replicated at the Site being andlyzed.
While research has confirmed consastencies in travel behavior across US urban areas for a given set of
conditions, those conditions can vary from place to place in ways that are not immediately obviousto
the casual observer. For example, income differences between two places could lead to different
results from agpplication of ameasure. Or employer-based programs of a certain type may work much
more effectively at suburban back- office locations than in headquarters or research ingtalatiors.
Similarly, traffic Sgna timing may produce estimated emissions reductions averaging five percent in
older, three-did sgnd systems, but only haf as much in newer sgnd systems which have been
periodicaly retimed from the central computer.?’

Wor ksheet, Spreadsheet, and Pivot Point Methods

A second, more formd, approach to TCM andysis involves the use of smple manua and computerized
methods for estimating travel demand and traffic operations impacts. These procedures can be used as
an dternate set of analysstools for the transportation agency which lacks full-scale travel forecasting
capabilities, but the more common use of the methods has been as an inexpensve quick-response
supplement to such models.

One of the earliest reports on these methods was commissioned by EPA in the late 1970s? (The
Department of Energy sponsored even earlier work on these methods for use in transportation energy
conservaion andysis)) The manud |eads the andyst through the steps necessary to estimate the size of
the target market and properly estimate the changesin travel indicators (mode shares, emissons, €tc.)
likely to result from the application of various demand management measures. Methods for andyzing
various traffic operations improvements are aso discussed, including greenband and computerized
traffic agna timing methods. Worksheets, ca culator-based methods, and simple computer applications
are explained step-by-step, and examples are provided.

More recently, microcomputer-based spreadsheet models have been developed to carry out Smilar
analysis approaches. One such spreadsheet modd, originally developed for the San Diego Association
of Governments, calculates basdline travel characterigtics, estimates TCM effects, prepares emissons
inventory estimates, and estimates costs of control measures to the public and private sectors and to
vehicle owners® The travel estimation module is a spreadsheet which contains equations for quantifying

%" Readers should be aware that debate has arisen over whether signd timing improvements will
reduce emissonsin the long run, i.e., whether the improved travel conditions for autos will lead to more
vehicular use.

%8 Cambridge Systematics, Inc., “Trangportation Air Quality Analysis - Sketch Planning Methods
(two vals.), report prepared for the US Environmenta Protection Agency, Washington, DC, December
1979.

? Sierra Research and HK, “Methodologies for Quantifying the Emissions Reductions of
Trangportation Control Measures’, prepared for the San Diego Association of Governments, San
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TCM impacts on travel, largely using eadticities identified through aliterature review. (The user can
subdtitute locally-based equations or parameters.) A large amount of descriptive information asois
provided about each TCM, dong with caveets about applying the default parameters and dadticities.

Diego, 1990.
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A more complex gpproach is represented by the TDM Evaluation Modd, which estimates the travel
impacts of avariety of demand management measures including trangit service improvements,
ridesharing programs, preferential parking for HOV's, parking charges, and variable work hours
programs.® A combination of techniques is used, indluding a“ generic” mode choice model exercised in
a“pivot point” fashion and empiricd data from research studies (used for indtitutionaly-oriented
TCMs). Default coefficients for the variables are provided but other coefficients can be substituted.
Persona and vehicle trip tables taken from existing forecasts, dong with estimates of base case mode
shares, are used to estimate impacts of the TCM in question for each OD pair. Output can bein aform
which can be passed back to the regiond travel modds, through which traffic assgnments, emissions
estimates, etc. would be performed. Detailed analyses of market segments to which the various
measures are applied dso are assisted by the model; for example, variations in the characteristics of the
employment base (professiond, clericd, etc.) are taken into account.

Microsimulation of Demand

A third approach makes direct use of the travel demand models developed for aregion, but
substantidly reduces the time and cost of andyses by using travel time matricesingtead of running the
regiona network models. In two applications of this approach,® an additional feature - sample
enumeration - is used together with modds of individua and household choice (disaggregate demand
models) to create a microsimulation approach which permits highly detailed and disaggregate
investigations of demand response.

In sample enumeration, the models are gpplied to a sample of individuas or households drawn from
travel surveys. The choice behavior of each individua or household is predicted by the model(s), and
the responses are added together to form an estimate of the population behavior. If individuds are
sampled randomly from the population, the average prediction for the sample group will converge on the
true vaue for the population at large for a comparatively smadl sample Sze relative to population size.
This principle permits sample enumeration to provide an unbiased prediction of population behavior
without requiring information on multivariate probability distributions or market segmentation.

% COMSIS, TDM Evauation Modd, prepared for the Federal Highway Administration,
Washington, DC, 1990.

3 These are the SRGP - Short Range Generdized Policy - Program (Cambridge Systematics, Inc.,
Cambridge, MA), and STEP - Short-Range Transportation Evauation Program (G. Harvey, Berkdey,
CA..) The two programs share common parentage and overlapping authorship.
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The use of individuas or householdsin forecasting dlows the modd predictions to represent the full
disgtribution of population attributes, which would not be the caseif, for example, zond or interzond
averages were used ingtead.  The gpproach’s household/individud orientation aso affords an extremey
high degree of flexibility in policy representation. For example, a parking charge at certain destination
zones can be shown as an increase in auto parking cost for each work trip ending in those zones. For
many models, such a policy would have to be shown as a change in average auto trip cost for some
segment of the population, with an attendant loss of accuracy and redism.

Outputs dso can be tabulated flexibly. For the basic outputs of the model, each household result is
multiplied by aweighting, or “expanson,” factor which depends on the sampling rate for that household,
and the factored vaues for the different households are added together to give the tota travel pattern
and trangportation impacts for the study area. However, since the computations are performed for each
household, the results also can be classified according to household type (e.g., low income vs. high
income), trip purpose, or geographic area (e.g., by county, city, or zone of residence). This enablesthe
andyst to assess equity issues and explore the market segmentation and geographic distribution of
transportation policy impacts, in addition to providing travel deta covering the entire sudy area.

The sample enumeration microamulation program STEP has been used extengively in the San Francisco
Bay Areato andyze TCMs, aswdl asin anayses of pricing and equity in the South Coast (greater Los

Angeles) area. STEP currently is being extended to Sacramento and San Diego, aswell asto Cdifornia
satewide for usein ar quaity and energy conservation anayses.

STEP isbased on a sat of eight models of individua and household behavior: auto ownership leve,
work trip mode choice, work trip destination choice, carpool size, shopping trip frequency, shopping
destination/mode choice, socid/recreationd trip frequency, and socid/recreationa destination/mode
choice. The modds were estimated with afull range of policy varigblesincluding fuel cog, other auto
operating costs, tolls, parking charges, trangit fares, household incomes, number of workers per
households, autos per household, and a detailed breakdown of travel times (access, wait, in-vehicle,
etc.); thus the modds are sendtive to afull range of demand management, pricing and operationd
policies. The STEP program applies the modeds to the sample of households or individuals, dong with
time and cost data for the travel options which are open to each household, to predict the trip-making
pattern and transportationrelated impacts for the households in the sample. Among other things, the
forecasts for each household include number of trips per day by trip purpose; the number of trips per
day by mode; carpool size; auto ownership level; and expected ditribution of trips. Many of these
outputs are computed for each trip which the household is predicted to make, in addition to daily
household totals. The STEP program aso includes subroutines which directly compute auto emissions,
fuel consumption, and gastax, toll, and parking revenues, aswell as such travel indicatorsas VMT, totd
travel time, etc.

3.5.2 Traffic Engineering Methods (Arterials, Freeways)

While considerable emphasis has been given in recent years to sketch planning methods for demand
andysis, anumber of importart TCMs focus on improving traffic operations rather than controlling
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demand. These traffic engineering gpproaches include intersection design improvements (ingtdlation of
turn lanes, eq.); traffic Sgna timing; freeway ramp metering; bottleneck removd; and flow metering,
among other items®* A wide range of methods for analyzing these strategies has been developed, but
few have been integrated with demand modds, either a the regiona mode level or in sketch planning
approaches. Consequently analyses of traffic operations TCMswill need to be done largely off-system,
with results fed back into the regiond modd system (when of sufficient scal€) to explore implications for
demand. (Some measures, eg., individud intersection improvements and signd timing on loca streets
not represented in the network, are typicaly too fine-grained to be fed back into the regiona models.)

Many of the techniques for traffic operations anayses are documented in the Highway Capacity Manud
(HCM). For example, the Manud includes both asmple (“planning”) method and a more detalled
(“operations’) method for individua sgndized intersections, methods for andyzing weaving sections,
unsignalized intersection andysis methods, etc. The HCM as awhole is updated from time to time and
specific chapters and methods are continudly being reviewed and improved. Severa states supplement
the HCM with their own manuas on analysis methods for traffic operations and control, which dso may
be valuable sources for MPOs.

For anumber of common traffic operations strategies computerized andyss techniques are in
widespread use. For example, programs for timing traffic Sgnds as a system include PASSER (for
arterials) and TRANSYT (for arterids or grid systems); these programs also produce outputs on travel
time and delay which can be used to calculate performance, emissons, etc. (Some versions directly
output emissons). NETSIM, amuch more complex program, can be used to analyze complex sgnd
equipment, detailed intersection design, etc., and provide detailed information on the impacts of these
changes. On the other extreme, hand cal culation methods (e.g., bandwidth analyses) can provide useful
results for ample gpplications.

Freeway operationsincluding bottleneck andyses and ramp metering can be andyzed usng FREQ,
TRAFLO, or INTRAS, dl complex mainframe models. Shock wave andyses aso can be done by
hand for ample applications, but hand caculations are overly cumbersome for most redigtic Stuations.

One complication for TCM andysisisthat the traffic operations anayss methods dl are extremely data
intengve. Asaresult, MPOswill frequently have to estimate impacts of traffic operations projects by
inference from the results of previous experiences. For example, in Caiforniamost MPOs have
edimated the impact of sgna timing by using the results of the Sate's Fud-Efficient Traffic Sgnd
Management (FETSIM) program, which has produced eva uations based on hundreds of sgnd timing
projects throughout the state. Specid sudies, eg., of the effects of ramp metering aong 1-80, aso may
be used.

¥ Readers should be aware of the ongoing debate about the long term impacts of speed
improvements.
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3.5.3 Speed Estimation

Travel gpeed models provide predictions of highway or trangt speeds over arange of volume levels. A
single modd typicaly applies to a specific facility type or dassification, providing speed (or travel time)®
asafunction of vehicle or passenger flow per unit of time. Modd parameters differ among facility types
according to physical and operational characterigtics.

Travel speed (“speed-flow”) modds are used in andyzing link performance, both to predict average
daily speeds as afunction of totd daly volume and, more appropriately, to predict average speeds for
peak hours or pesk periods as functions of volumes for those same periods. Although the concept of a
speed-flow relaion gppliesto highway, trangit, pedestrian, and bicycle facilities, explicit models are used
only for highway facilitiesin dl but the most advanced gpplications. For example, while bustravel time
depends both on the speed of links traversed by the route and on the volume of boarding and dighting
passengers, it is customary to estimate bus time smply by taking some fraction of private vehicle Soeeds
ontheshared links. Smilarly, it is cusomary to estimate wak time by measuring distance and assuming
an average walk speed.

Accurate travel speeds on transgportation facilities are important in the travel forecasting process for
severd reasons. Firdt, credible demand forecasts require travel time estimates that are consistent with
plausible facility performance. Second, travel Speeds or travel times must be known for dl facilitiesand
links used in highway and trandit assgnments. Typically, these performance measures are expressed as
functions which predict dower speeds asfacility volumesincrease. Therole of this function is to ensure
that capacity congtraint or network equilibrium assgnment methods predict redigtic facility volumes
throughout the highway and trangt networks. Third, highway link-level speeds are required to obtain
emissons rates, which in turn are used in estimating totad mobile source emissonsin an area. Because
emissions rates are related to vehicle speeds, the accuracy of emissions estimates depends on the
accurecy of link-level speeds.

Many analysts have developed procedures to assure that models predict redigtic link-level volumes for
current and future years, but in some cases this has been accomplished by adjusting link speeds, with

% Travel speed and travel time can be used interchangesbly here, since, if time s expressed per unit
of distance, the one is Smply the inverse of the other. While the literature on travel speed modeling
refers to both metrics, the term “ speed-flow relation” generdly denotes afunction depicting speed as
dependent on flow, and the term *volume-delay function” suggests either a speed-flow relaion or a
time-flow relaion. When the term “volume-delay” is used in this document, it means atime-flow
relation.

95



the result that speeds coming out of assgnment are not dways meaningful. Because analysts may find it
necessary in future analyses to utilize the assgnment speedsin trip digtribution, it is becoming
increasingly important for the speeds produced in assgnment to be as accurate as possible. For some
organizations, thiswill require mode refinements (e.g., more accurate representation of volume-delay
relationships), aswell as more complex moded runs (e.g., equilibrium assgnment and linkages to trip
digtribution or above).

Travel speed models are typicaly specified with just two independent variables: theratio of link volume
to link capacity, and free-flow travel speed. Link capacity and free-flow travel speed, inturn, are
typicaly vaues which vary by link type (freeway, arterid, collector, etc.), speed limit, number of lanes,
areatype (CBD, urban, suburban, or rurd), and possibly other link characteristics. These
characterigics fal short of capturing the entire range of facility features which have been found by traffic
engineersto affect travel speeds. For example, variables rdated to such features astraffic sgnd
operations, fractions of heavy vehicle volumes, and crossing vehicular and pedestrian volumes are only
conddered, if a dl, interms of their average or typica impact on speeds and capacities by facility class.
There have been some efforts to incorporate these factors by expanding the number of link typesto
reflect variations within each mgjor class.

S= L
1+ a(VIC ),

One speed-flow relationship in common usage has the following generd mathematica form:

where:
S= trave speed a volume V
S = free-flow travel speed, avaue defined for each facility category or specified for each facility
asalink descriptor
C = fadlity capacity, avaue defined for each facility category or specified for each facility asalink
descriptor. Capacity typically represents maximum hourly flows under Leved of ServiceC, D, or E
conditions
a k = function parameters, possibly defined for each facility category. Both parameters must be
greater than O.

Such afunction typicaly is used for volume/capacity ratios that yield speeds down to some arbitrarily
low number, say 2 mph. For higher volume/capacity ratios, speed is held congtant at this vaue.
Although volume/capacity ratios greeter than 1.5 (with capacity defined for LOS C) are technically
impossible to observe in the field,* they sometimes do arise in future-yeer traffic assgnments where the

% It should be recognized that capacity is not a precise term, in the following sense. While afixed
point on a highway link does have a unique and measurable capacity (indtantaneous volume per unit
time), the link as awhole will accommodate greater peak-hour volume than the minimum fixed point
capacity dong itslength. Thisis because a queue may form during the peak hour and disspatein a
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levd of infrastructure expanson is incongstent with projected increases in demand and the demand
functions are not flexible enough to show the full range of behaviord change. Without a smplification of
the speed-flow rdation in these Stuations, the optimization procedure in traffic assgnment may become
ungtable for very high volume/capacity ratios, and diagnosis may be quite difficult.

Basic Practice
Foeed-Flow Relationships

In the most common version of the general relationship described above, termed the BPR function (after
the Bureau of Public Roads, FHWA's predecessor), the capacity C represents“LOS C” conditions,
and the values of aand b are 0.15 and 4, respectively, for dl facility types. Capacity vaues and free-
flow travel speeds are typicaly taken from look-up tables which have three dimensions: facility type,
number of lanes, and areatype. The vaues used in the look-up tables are either specified locally based
on a combination of observed vaues and values determined using the Highway Capacity Manua (TRB,
1985), or are taken from the default values included in the highway assignment program.

In many areas, the basic BPR speed-flow equation has been revised or replaced, most often when peak
hour or pesk period assgnments rather than daily assignments are performed. Sometimes, these
revisons have been made to correct differences between the BPR function and locally observed speed-
flow relationships (or the relaionships provided in graphica form in the HCM). According to Smdl's
[1992] review of thisliterature, effortsto fit the BPR equation to real-world data generaly yield higher
vaues of aand vaues of k that range between 2.5 and 5.

Others have made revisons primarily to ensure more plausible or reliable outputs from traffic
assignment. While the chosen drategy differsin each case, there is atendency for these fix-upsto use
lower values of aand higher values of k (to make the deterioration in speed more rgpid asthe
volume/capacity ratio goes above 1.0), and to cut the speed deterioration off at some point (to avoid
computationa problems in the assignment routine when the volume/capacity ratio becomes very high).

When functiona forms are chosen to replicate observed speed-flow data, there is atendency not to
modify them in order to correct for volume (or speed) discrepancies at links and screenlines, but to

subsequent time period.  The difference between gpparent volume at the entrance to the link and actua
link capacity is hed in a queue behind the bottleneck and experiences resulting delay. Despite this, it
remains true that in the red world traffic volumes over minimum link capacities cannot be sustained for
very long periods. For example, at aV/C ratio of 2.0 (with capacity defined for LOS C), the queue on
afreaway lane would effectively lengthen by about a mile every 15 minutes, leading to exponentia
growth in link travel times. Such unredigticaly high V/C ratios can be avoided through careful review of
andysis assumptions, accurate representation of volume-deday reationships (as discussed hereand in
subsection 3.3.9), use of equilibrium assgnment, and reliance on amodd Structure that fully captures the
effect of travel time on demand (including pesk spreading).
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search for errorsin link descriptions, expand the coverage of the network where appropriate, and
otherwise address the root causes.

ExampLE: DETROIT
For its daily assgnments, the Southeast Michigan Council of Governments uses the BPR equation as

specified above, but only for volume/capacity ratios in the range from 0 to 1.85. Above 1.85, speed is
held congtant a a vaue determined by subgtituting 1.85 into the BPR equation:

So . S
S=1+.15(1.85),) 2.757

ExamMPLE: BOSTON

For peek hour assgnments, the Centra Transportation Planning Staff, responsible for planning andyses
in support of the regional MPO, modifies the BPR function by specifying aand k vaues of 0.075 and 7,

respectively.
ExaMPLE: PHOENIX

For peak period assgnments, the Maricopa Association of Governments Trangportation and Planning
Office uses different functions depending on facility type (freeway or arterid) and volume/capacity ratio.
Based on loca data for volume/capacity ratios less than 1.33, the BPR functiond form was retained for
both fadility types, but with the following facility type-specific coefficients:

Facility Type a k
Freeways 0.1225
Arterids 0.1513| 7

For volume/capacity ratios greater than 1.33, MAG dtaff uses the following functions for pesk period
assignments.

Freeways: S= s,* (.25+.4374* (VIC ) ,)

Arterials: S= g* (.25+.5184* (VIC ).,)
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These functions ensure that the minimum speeds on dl facilities, regardiess of the levels of traffic
assigned, are one-quarter of the free-flow speeds. Thisisintended to compensate for travel demand
models that are not fully-sengitive to the effects of travd time.

Travel peeds produced by traffic assgnment programs are often used by MPOs and other planning
agencies to inventory present emissions and to predict future emissons. This approach ensures
consistency between travel model output speeds and input speeds for emissons caculations. However,
if the travel model output speeds are inaccurate, the gpproach islikely to introduce large errorsinto
emissions predictions. To assure reasonable link-level speeds and emissions estimates, post-processng
procedures frequently have been applied.

Post- processing procedures typicaly estimate existing or future travel volumes by hour of the day; refine
the travel gpeeds provided by traffic assgnments; accumulate vehicle-miles by link, hour, and vehicle
type; apply the gppropriate emissions rates to each vehicle-mile component; and sum up the resulting
emissons by andyssgrid cell. Severd methods can be used, including the Highway Performance
Monitoring System Analytic Process (HPMS-AP) and HCM-based post- processors.

HPMS-AP computes average travel speed for various vehicle types, classes of road, and geographic
areas (FHWA, 1987). Itsinput variables include initial running speed (anaogous to the free-flow
and/or volume/capacity-related speeds discussed above), estimated volumes, facility capacity,
pavement condition, roadway curves and gradients, speed change cycles and their minimum speeds,
stop cycles, acceleration and deceleration rates, and the fraction of time spent idling. A number of these
variables, if necessary, can be gpproximated based on facility characterigtics such as functional class,
facility location (urban or rurd), design speed, and speed limit; or the variables can be estimated using
default procedures incorporated into HPM S itsdlf - gpeed change cycles, minimum speeds during these
cycles, and stop cycles are examples. The HPMS-AP can be used as the travel speed estimation
component of an emissons inventory post- processor to provide greater accuracy and detall in travel
Speeds than those provided by many traffic assgnment procedures.

Materid distributed by the EPA discusses how emissons inventory post-processors can be devel oped
to incorporate travel speed estimation methods consistent with those included in the HCM (Cambridge
Systematics, Inc., 1991¢). It outlines a basic method which makes maximum use of the facility- specific
information normally obtained as part of the highway network development and traffic assgnment
processes used by MPOs, plus the speed-volume rdationshipsincluded in the HCM. It focuses on
procedures which can be used to generdize the detailed speed estimation methods in the HCM to alow
them to be applied to network development and traffic assgnment outputs. For the basic method, these
procedures cal for determining average or typical vaues of the missing characteristics for selected link
categories from secondary data sources such as existing highway facility inventories, facility desgn
information maintained by public works or equivaent agencies, and facility operations data maintained
by traffic and parking departments. The report aso discusses a number extensions of the basic method
which, with additionadl andysistime and effort, will provide improved travel Speed estimates. The
extensons include:
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* Theuseof any additiona available types of link-specific information;

* Féed callection of information on average link characterigtics,

» Theuseof loca capacity and speed data where these differ from the HCM;

» Theconduct of specid studiesfor criticd links such as freeway weaving sections and
gpproaches to complex sgndized intersections, and

» Theuseof pesk spreading andysis methods to provide redlistic future-year gpeedsin highly
congested subareas.

This gpproach, with its emphasis on improving the network representation based on locally collected
data, isto be preferred over methods which smply “fix up” speed estimates.

Advanced Practice

The most advanced current practice involves the use of dternate functiona forms to represent speed-
flow relationships, usualy on an ad hoc bass. Portland METRO is one of severd MPOswhich are
pursuing this course.

There aso has been renewed interest in empirica research on speed-flow rdationshipsin recent years,
following a number of studies reveding more complex, path-dependent behavior than is captured in a
BPR-type equation. Thiswork can be expected to yield more accurate formulations, both for detailed
operations analyses and for gpproximate planning studies.

In generd, the development of improved network models which produce reasonable volumes and
speedsis preferred over long-term reliance on post-processors. Implausible speed or volume outputs
should be considered an indication that the modd system needs careful review and probably will require
improvement. Possible reasons for such problemsinclude: coding errors; too short a peak period; too
few facility types coded; too sparse a network; locd driver behavior and/or facility characterigtics
different from the typica; or inadequate modeling of mode choice, destination choice, and/or trip rates,
leading to excessive assgnments to network links.

3.5.4 Direct VMT Estimation

Travel modes produce estimates of vehicle-miles of travel (VMT), but for avariety of reasons regiond
agencies may find it necessary, on occasion, to directly estimate VMT from traffic counts or other types
of empiricd data. Off-modd VMT estimates may be needed, for example, in cases where the model
networks are too sparse to adequately capture totd VMT, when networks need updating, or when
models omit certain types of travel (e.g., school bustrips, truck traffic, interregiond trips.) Depending on
the specific deficiencies for which the off-model estimates are intended to compensate, these additiona
VMT edtimates may replace the modd estimates, be used to compensate for the model estimates, or
added to the model estimates.
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Asdiscussed in later sections, estimates of VMT based on traffic counts or other empiricd datadso
can be used to check the validity of mode-forecasted VMT.

Severd methods have been used to directly estimate totd VMT. Probably the most widely used
method isto extrgpolate from HPM S data, an approach endorsed by FHWA and EPA for meeting
Clean Air Act VMT edtimation requirements. However, some urban areas will need to improve the
exising HPM S sample of links to ensure that the sample is adequately representative.

Even more approximate VMT estimation methods are used in some aress, e.g., Some estimates are
based on estimated fud efficiency of the on-road fleet and aggregate fudl sales corrected for off-road
fud use and out-of-state refueling and travel. See Cambridge Systematics (1991a), Fleet and DeCorla-
Souza (1991), and U.S. Environmental Protection Agency (1992a) for discussion of these VMT
estimation drategies.

Specid dudies, including license plate surveys, focused counts, and specid travel surveys, may be used
to estimate VMT for traffic not included in the regional models, such as through trips or truck travel.

3.6 Model Development and Validation

While sound mode specifications are criticaly important, even the best-designed model system can be
no better than the data on which it isbased. The development of good models depends on the
avallaility of high-qudity information on land uses and their locations, trangportation facilities and
sarvices, levels of activity at the various locations, and travel patterns and choices, in order to be able to
estimate sound modd coefficients. Moreover the data must be available in sufficient detail to capture the
variations present within the region being studied.

Once models have been estimated, they need to be vaidated, that is, checked to verify that they are
performing adequately. Validation can be accomplished for individuad models by using a partitioned
data set (with one subsample used to estimate the models and the other used to check their
performance). Validation for the model system as awhole can be accomplished by producing forecasts
for aknown year (when the estimation data set is several years old) or by “back-cadting” (usng the
modd to estimate travel patternsfor ayear prior to that for which the model was estimated). Both
types of vaidation require high qudity data

This section provides a brief overview of key data requirements for model development and validation
and identifies sources for these data. The section then discusses some of the issues that arisein
vdidation, including approaches for measuring accuracy. The section concludes with an extensive
discussion of home interview survey practice, atopic of condderable importance since these surveys are
the best source for much of the data needed.

3.6.1 Typical Data Needs

101



A prototypicd list of the kinds of data needed for good modeling practice is presented below. Many
regiona agencies will require more data than are listed here, or will require the dataiin different forms;
some will require more detall. Hence thislist should be considered illugtrative and basic, rather than an
exhaudive lising of the data required.

Typicad data requirements include the following:

»  Socio-economic Data
« By Censustract or Traffic Andysis Zone (TAZ)®
*  Number of households (typicaly by dwdling unit type), sratified by:
* household sze
e income
* vehideavalability
* ageof “head’
* number of workers
* number of children
*  number of autos
»  Employment (at least retall and nontretail; preferably by SIC code) by Census tract.
* Land Use/Activity Data By Census Tract/TAZ:
* Acresof land in each mgor use (typicaly resdentid, retail, other commercid,
manufacturing, governmenta; dso parks, open space, agricultura, undevel oped)
* Square footage of each mgor use
* Houdng characterigtics (ngle family, multi-family)
* Network Characteristics
» Highway link capacities, distances, and free-flow speedsby functiond class (freeway,
arterid, etc.)
»  Speed-flow curves by functiond class
» Criticd intersection geometry and sgnd timing
» Locations, speeds, and distances of HOV fecilities
» Locations and capacities of park and ride lots
* Cos of parking by censustract/ TAZ
» Perceived auto operating costs per mile
»  Ramp metering locations and rates
» Trangt distances, frequencies, speeds, and fares
* Levd-of-sarvice datafor trangt access dternatives
e  Termind characteridtics.
* BaseTravel Demand
* Average daly household vehicle trip generation rates (Sngle family and multi-family) by trip
purposes (at minimum, HBW, HBO, and NHB)

% Censustract data may be split as necessary to match Traffic Analysis Zone (TAZ) definitions.
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» Trip generation rates for additiond trip purposes (e.g., home-shop, home-
socia/recregtiona, home-school, work-other, etc.)

» Trip generation rates by income, age of “head”, number of workers, number of children,
and/or auto ownership level

» Peaking factors by trip purpose

»  Specia generators trip generation characterigtics

» Vehidetrip length digtribution by trip purpose

» Externd dation traffic counts: trip purpose and identification of production/attraction end of
trip a externd gation.

» Edimation/Cdibraion/\VVdidetion Data

* Homeinterview survey travel diaries for at least 1000 households (for trip generation rates,
trip length distribution, and mode split)

» Daily and pegk hour traffic counts at 100 to 200 locations or 1-10 percent of dl links
(generdly the smdller the area modeled, the higher the percentage of links with counts there

will be)

»  Seasonal and day-of-week adjustment factors for counts

*  Peak period turning movement traffic counts at key locations
» Dally and peak hour trangt boardings system-wide and by trandt line
» Vehicle occupancy counts.

Table 3.5 Data Development and Estimation Alter natives- Vehicle Trip Models

Data Type

Best Source

Back -Up Source

Alternate Estimation
Method

Socio-Economic Data

Households by structure
type by zone

Latest U.S. Census. Split
tracts as necessary

Aerial photos and field
counts

Building permits; utility
company records

Employment by zone

Latest Census
Transportation Planning
Package (CTPP). Split
census tract data as
necessary.

State employer; office data
by zip code. Split zip codes
as necessary.

Derive from surveys of
floor space and average
employee densities (not
recommended).

Households stratified by
income*

Latest U.S. Census

Derive from median income
(less satisfactory)

State income tax records (if
available)

Households stratified by
auto ownership*

Latest U.S. Census

Use median income to
estimate auto ownership

Motor vehicle department
records (zip code
geography asfirst)???

Network Characteristics Data

Highway capacity, Field survey geometric and | None None
distances, free-flow speed data; use HCM to

speeds, speed-flow curves | calculate capacities

Speed-flow curves by Field survey speed-flow Use 1985 HCM speed-flow | BPR curve with
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functional class* relationships relationships modifications
Intersection geometry and | Field surveysand aerial None None
signal timing* photos
Trave Demand Data
Vehicle trip generation Home interview surveys NCHRP 187 or other area | ITE rates (not
rates and peaking surveys recommended)
Special generators Contact institution and/or | Use ITE rates None
contact survey
Trip length distribution Home interview survey U.S. Census CTPPand/or | NCHRP 187 friction factor
other areas curves
External station counts Field survey for model Agency records NCHRP 187
Validation Data
Daily traffic counts 7-day counts conducted 24-hour counts obtained None
specifically for model from agency records
Peak period turning 2-hour AM and PM counts | Historic datafrom agency | None
movement counts* for model records

Table 3.6 Data Development and Estimation Alter natives- Multimodal M odels

Data Type

Best Source

Back -Up Source

Alternate Estimation
Method

Socio-Economic Data

Households by structure type by

Latest U.S. Census. Split

Aerial photos and field

Building permits; air

zone tracts as necessary counts photos; utility
company records
Employment by zone Latest Census State employment office Derive from surveys

Transportation Planning
Package (CTPP). Split
census tract data as
necessary.

data by zip code. Split zip
codes as necessary.

of floor space and
average employee
densities (not
recommended).
Proprietary sources,
eg., Dun &
Bradstreet

Median income or households
stratified by income*

Latest U.S. Census

Derive stratification from
median income (less
satisfactory)

Stateincometax
records (if available)

Average population per household
or households stratified by
person/house*

Latest U.S. Census

Derive stratification from
average population/house
(less satisfactory)

None

Network Characteristics Data

Highway capacities, distances, free-
flow speeds, speed-flow curves,
L ocations, speeds, and length of

Field survey geometric and speed data. Use HCM to calcul ate capacities.
Contact local office of state transportation department for HOV facility, park
and ride lots, and ramp metering data.
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HOV facilities; Locations and
capacities of park/ride lots; Ramp
metering locations and rates

Service freguencies, distances, fares,
and speeds for transit service

Transit agency route maps and route schedules

Cost of parking by census
tract/TAZ

Survey of actual costs
paid by parkers

Estimate from average
parking fees charged in
area discounted for
employer/store subsidies

None

Perceived auto operating costs per
mile

Local agency estimates

State estimates

U.S. DOT or AAA
annual estimates

counts*

counts for model

records

Speed-flow curves by functional Field survey speed-flow | Use 1985 HCM speed-flow | BPR curve with
class* relationships relationships modifications
I ntersection geometry and signal Field surveys and aerial photos
timing*
Travel Demand Data
Vehicletrip generation rates and Homeinterview survey | NCHRP 187 or other area | ITE rates (not
peaking surveys recommended)
Special generators Contact institution UseITE rates None
and/or conduct survey
Timeand cost elasticitiesfor mode | Home survey and logit | Elasticities from other NCHRP 187
choice model calibration areas
Walk and auto access links Local coding UMTA/FTA Draft None
conventions Guidelines
Trip length distribution Homeinterview survey | U.S. Census CTPP and/or | NCHRP 187 friction
other areas factor curves
External station counts Field survey for model | Agency records NCHRP 187
Validation Data
Daily and peak period traffic counts | 7-day counts conducted | 24-hour counts obtained | None
specifically for model from agency records
Home interview survey Home interview survey | Surveyselsewhere None
every 5to 10 years
Seasonal and day of week adjust Historic datafrom Datafrom other areas HCM
factors permanent count
stations
Vehicle occupancy Field surveys NCHRP 187 or other areas | None
(not recommended);
census for JTW data
Daily/peak transit boardings Field countsfor model Transit operator records None
Peak period turning movement 2-hour AM and PM Historic datafrom agency | None

3.6.2 Data Sour ces

Tables 3.5 and 3.6 summarize best (preferred) sources for the data typically required for model
development and vaidation. Alternative and back-up sources are o identified, for Stuations where
the preferred data source is unavailable or excessively dated.
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Socio-Economic Data

A basic data source for virtudly any regiond modd isthe decennid U.S. Census. Basic Census data
(i.e,, 100% enumeration items) include population, age, and dwelling unit number and type. The 1990
Census Trangportation Planning Package (CTPP) provides, in addition to these basic data, journey-to-
work (JTW) mode split, mean travel time to work, departure time for work, JTW auto occupancy,
location of principa workplace, number of employed resdents, income, and household auto ownership.

Other potential sources of socioeconomic data useful for trangportation modeing include the following:

The gtate employment/unemployment department can usudly provide information on exigting
number of jobs and employed residents, by industry sector and geographic subdivisions (usualy
city or county).

County Business Patterns provides estimates of employment by zip code, type of industry, and
employer size.

Juridictions with locally administered business licenses may be able to use thisinformation to
edimate the number of employers, and possibly the number of employees, by location. Dun &
Bradstreet ds0 can provide thisinformation by zip code, including the number of employees and
addresses of work locations. Extensive address processing of thisinformation makes it costly
for an entire region, however.

Loca agency building or planning departments may have information on building permits, which
can help identify commercid and residentia square footage and growth rates. Likewise, locd
utilities are sometimes willing to provide information on new water or electric connections, by
type of unit (3ngle family, multi-family, commercid), which can be used to estimate growth
rates. Although time consuming to compile, this information can be useful in updating a
database (say, from a census year to the current year), or may be used as a vaidation source.
Aerid photos have been used in some trangportation studies for dwelling unit counts and
building coverage estimates. However, compilation of thisinformation is time consuming, and it
usudly isimpossible to tell the function of non-residentia buildings®

County Tax Assessor's property (parcd) records may have some use, particularly if they have
been computerized. However, they require considerable aggregation and past use has
suggested that these data are not as accurate as one might expect of tax records. Land use
codes used by assessors are typically not very descriptive for transportation purposes.

Network Characteristics

Most regiona agencies assemble data from the state highway agency or DOT, trangit operators, and
locd governments as mgor inputs to network development. However, they aso carry out primary data
gathering activities, including verification of link characterigtics, speed measurements, delay sudies,

% An effective use of agrid photosin transportation analysisisin evauating traffic density and
platooning, both important determinants of level of service on uninterrupted flow facilities.

106



trangt waiting time sudies, etc. These verification efforts have proven to be criticd to the accuracy of
the network models, since link descriptions prepared by other agencies, often for other uses, may reflect
different assumptions or may be coded using different protocols from those needed for the regiond
modd.

Speed measurements are particularly important for accurate network modeling. Off-peak
(uncongested) speeds should be measured as the basis for free-flow gpeed estimates used in the
networks; in most areas, midday measurements are adequate, but in the largest, most congested
regions, late evening measurements may be necessary to avoid congestion. Peak hour travel speeds
aso should be measured for use in vaidation, that is, to compare with the congested speeds estimated
by the modd. These speed measurements can be done with floating car runs.

Regiond agencies dso must take the lead in defining centroid connectors and other “dummy links’ in the
highway and trangt networks. Centroid locations should reflect population and activity distributionsin
the zones, and the link time and cost estimates should be checked for reasonableness.

Thelevd of sophigtication and complexity with which transit access links are represented can make a
sgnificant difference in modd performance, and in regions where trangit isamgor mode, attention given
to these details can sgnificantly improve trandt forecasts.

Travel Demand Data

Typicd sources of travel demand information include:

* Homeinterview surveys

*  Censusjourney-to-work reports

* Census Public Use Master Sample (PUMYS) data
* Roadgdeinterviews

* Licenseplate studies

»  Specid studies

Other sources of information, primarily used for comparison to other areas or to national averages
because regiond samples are too smal, include the National Persond Transportation Survey,
conducted periodicaly by the U.S. DOT, and Characterigtics of Urban Travel Demand [UMTA,
1988].

Home interview surveys are generaly consdered the best source of information on travel behavior.
Typicaly they are comprised of two parts: a questionnaire on socioeconomic characteristics of the
household and its members, and aone- or multiple-day travel diary completed by (or for) al household
members. Such surveys are costly: acoded and cleaned one-day travel diary and questionnaire
currently costs some $30 - $100 per household, and multi-day diaries cost more. However, they are
s0 vauable a source of information for so many purposes that most MPOs should budget for a
complete survey every 10 years, or more frequently if the region is growing or changing very quickly.

107



Sampling rates are typicaly one percent or less of dl households: very small surveys or surveys focused
on particular subareas can be used to develop mode choice models or trip distribution models, but
larger region-wide surveys are needed for OD and trip length analyses.

Mogt areas have relied on purely random sampling strategies. However, when trangit or other modes of
concern are small shares of the regiond total, a purely random sample may produce too few trangit (or
bike, or walk, or vanpool) trips to support detailed analyss. Rather than greetly increase the Sze of the
overdl sample a very high cogt, an efficient strategy is to use choice-based sampling. The choice-
based sample must be weighted to reflect each dternative's overal population share but otherwise can
be used much as any other sample in data andysis and modd devel opment.

Because of the importance of home interview surveysthey are discussed in detail in Section 3.6.4.

Census journey to work reports have been used for model development in some areas where travel
surveys have not been conducted or are excessively dated. However, since only work trips are
included, only work trip models can be devel oped on these data; moreover, since the dataare
aggregate, only aggregate models can be estimated. A more common use for Census journey to work
dataisin modd validetion.

The Census Public Use Magter Sample (PUMS) now being made available on CD-ROM offers
consderable promise for model development and vaidation. It conssts of afive percent sample of the
full Census data for the region, with each household in the sample coded to an MPO- defined
geographic area (TAZ or digrict). While only work trip travel data are included, such variables as
household size and demographics, income, employment levels, and auto ownership are in the reports.
Hence a possble useisin estimating robust auto ownership models.

Roadsde interviews are rardly used for large scae sudies: Stopping motoristsis difficult and may
arouse resentment, especialy during pesk hours. The method neverthelessis used in some aress,
usudly outsde the peak periods, to carry out brief surveys, check vehicle safety and emissons
equipment, and so on.

License plate studies can be useful for OD andyses and often are used to estimate commercid vehicle
traffic. In some cases license plate surveys have been used as the basis for identifying asample, eg.,
license plates of multi-occupant vehicles are recorded and the owners are contacted to participate in a
retrogpective survey. However, some states now restrict access to address information out of concern
for vehide owners safety and privacy, greatly limiting the utility of this latter application.

Specid studies conducted by modal operators or by the regional agency itself also may be a source of
travel demand data, to supplement travel demand surveys or as a check on the surveys. Trangt
operators, in particular, are important sources of information. Most trangt operators can supply data
on:

* totd sysemridership
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* ridership by period (am peak, mid-day, p.m. peak)
* ridershipby line

Some can provide ons and offs by stops or gations. A few can provide socio-economic and OD data
from passenger surveys, dthough thisinformation is not usudly updated very frequently. Trangt on
board surveys can be used as choi ce-based samples to supplement home interview survey data for
modd estimation, dthough in many casestheir design and implementation has not been sufficiently
rigorous to support modeling applications; MPOs may find it advantageous to participate in on-board
survey design and even to help fund implementation in order to assure that the data produced are sound.

Other specid studiesthat are commonly carried out focus on mgjor activity centers or particular
population groups. For example, specid trip generation studies may be carried out for such activity
centers as hospitals, universties, or unique commercid digtricts. Specid populationbased travel studies
may be carried out if the demographics of a population or area of concern are quite different from the
regiond average.

External Sations

Externd gtations are the nodes linking the regon or study areato outlying areas. The smaller the study
area, the more important the externd gations are likely to be. It is possble to assess external station
travel volumes usng avariety of techniques manud and machine counts, larger (regional or statewide)
travel models, roadside interview surveys, license plate surveys (matching or registered address).
Future volumes a externd gtations can be estimated with smple growth factor techniques, athough
direct prediction of trip end productions and attractions based on the growth in adjacent areas as
preferable. Statewide travel models or the mode s from other regiona agencies may be useful for this
purpose.

The number of traffic count locations that should be used in modd vaidation depends on the particulars
of the gpplication. Factors that should be included are: what counts are readily available (baancing cost
versus accuracy); the density of the study area; prior knowledge of whether abrupt changes occur in
volumes on particular links; and whether the counts are being used to vaidate an entirely new mode,
versus update a previoudy vaidated modd. Count locations should be geographicaly baanced, but
welghted towards key facilities (e.g., bridges) and should include dl crossings of potential screenlines or
cordon lines. While practice varies widely, one would like to have ground counts for the largest number
of links possble. Asagenerd guide, perhaps mgor links should be counted once every 10 years, with
opportunistic coverage e sawherein the system. Such a strategy might produce usable counts for 5
percent or so of the highway network. Multi-day counts are best, geared to the season for which the
modd is cdibrated. Counts should also be from a consistent peak period and should include directiond
volumesif they are to be used to vdidate pesk volume estimates.

3.6.3 Modd Calibration and Validation
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The accuracy of the model system requiires calibration and validation of both the individual models and
the modd system asawhole. These activities require the judgment that devel ops through experience,
aswel astechnica know-how.

Cdlibration is most often carried out using a separate sample of data from those on which the model was
edimated. Preferably thisisarandom subset of the data from which the estimation data aso are drawn.

In some cases anaysts use a second data set for cdibration, but this may introduce uncertainties due to
differencesin the data sets. For example, Census journey-to-work trip tables are sometimes used to
check work trip mode choice and trip distribution model estimates; but because the Census reports
usual mode to work, whereas surveys report travel day choices, the comparison isimprecise.

Vadidation of the overdl modd system aso is carried out using a separate sample of data from the
estimation data s, typicdly for adifferent year. The mode is run on the data set and its performance
evauated. If performanceisweak, the andyst must diagnose the problem. Possibilitiesinclude: one or
more variables in the estimated model whose inclusion or specification should be reconsidered; coding
errorsin the network; or possibly data problems (errorsin coding; unrepresentative sample). Potentid
sources of error are checked and corrected if found, and the mode is re-run and reeva uated.

In most areas, calibration and vaidation tests have focused on estimated vs. measured volumes, ignoring
other modd outputs such as vehicle-milestraveed (VMT), vehicle-hours traveled (VHT), congested
Speeds, travel times, and delay. Moreover, trangt patronage projections by trangt line have received
less attention than highway volumes by link. With agreater scrutiny being given to the full range of
model performance, however, it will be increasingly important for andysts to evauate each model
output in some detall.

Basic Practice

Data availability isamgor consderation in sdecting data sets for model calibration and validation. The
cdibration year is usualy sdected for a convenient match to the available socioeconomic data (e.g., a
decennid Censusyear). Moreover, calibration istypicaly updated at least once every ten yearsto
coincide with new U.S. Censusinformation. Some high growth regions may dect to fund amid-term
Census update or home interview survey and update their model cdibration every 5 years.

Most models are cdlibrated and vaidated for a supposedly “typicd” month and day, rather than for
maximum or worst-case conditions. Hence, the design (calibration) month for the model is selected to
be an average month for the region. Here, too, the availability of data sets for comparison purposesisa
consderation: the month of April is often sdlected to coincide with the month when Census surveys are
distributed. However, regiond agencies should consider their planning needs in deciding on the
cdibration and vdidation srategy. For example, if travel volumes are significantly different during the
worg ar qudity months (which usudly occur in the summer or winter), the agency might consder using
these months for model development and cdibration, or might develop adjustment factors (based on
traffic counts, specid surveys, etc.) to capture seasond differences. Recreationa areas may find it
necessary and desirable to calibrate to summer (or winter) conditions.
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The design day istypicaly the average of three weekdays. Tuesday, Wednesday, and Thursday. Friday
and Monday are excluded because they are influenced by recreationa travel. Here, too, however,
regiona agencies may sdlect adifferent desgn day if it would better suit their planning needs. For
example, andyssin an areawhere recregtiona travel isakey consgderation may chooseto modd a
typica Friday or Saturday to better represent critical peak travel conditionsin the area.

To test the accuracy of the modd system, modelerstypically define aset of screenlines (or cut lines) and
check model-estimated traffic volumes across these lines againgt actua counts of the traffic crossng the
lines. Itisdesrableto establish a least two screenlines which extend to the limits of the region (one
gpproximately east-west, the other approximately northsouth), athough generdly, the more screenlines,
the better. Additiond screenlines can be located dong natura or constructed barriers (rivers, lakes,
mountain ranges, freeways, cands, etc.) within the region.

Every dreet that crosses a screenline must be taken into account.  Streets which carry a significant
traffic volume should be coded into the highway network and included in counts; count data should
include vehicle occupancy and trangt line patronage as wel as vehicles. Minor streets which individualy
carry very smdl amounts of traffic may be omitted from the network and forma counts, but their
volumes should be estimated and accounted for in the vaidation andysis.

Due to resource congraints, anaysts sometimes define shorter screenlinesthat cross afew key facilities.

They include only those key fadilitiesin their networks and use counts for only those facilitiesin their
vaidation tests. However, this practice may lead to serious difficulties in comparing the models to the
counts. In particular, if sreets which carry substantid traffic are omitted from the network, the model
loadings may not represent the actua volumes on particular facilities but “corridor” volumes. Hence the
model outputs would not be directly comparable to traffic counts on specific fadlities Thisis another
reason for coding al streets down to the collector level, as discussed in an earlier section.

Modderstypicaly use two measures of accuracy: the “numericd difference’ and the “ percent error”
between the model estimates and the screenline counts. The “numericd difference’ isthe smple
difference in trips between the modd estimate and the traffic count. A standard of, say + 500 trips may
be established asthetest. The differenceistypicaly large for high volume links and low for low volume
dreets, however, so the size of the numerica difference does not religbly reflect the true significance of
error.

The “percent error” is often preferred by modeers Snce its relaive magnitude gives an indication of the
relaive sgnificance of the error. Errors of 10% or less are typica for the tota volumes crossing each
screenline. Errors of 10% up to 100% are typica for individua streets crossing the screenlines, with
the lower percent errors for high volume links and vice streets crossing the screenlines, with the lower
percent errors for high volume links and vice versa. Models are typicaly congdered to be vaidated if
the traffic volume totals for each of the screenlines are within 10% of the counts.

While traffic counts are used to vaidate models, traffic counts themselves are subject to error. Dally,
weekly, and seasond variations in traffic volumes mean that any single day's count (or any three day
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average) probably does not represent average annua conditions. Even afull year of countsis not likdy
to be entirely accurate. Machine counter accuracy is often no better than +/- 10%, and such factors as
the proportion of traffic with three or more axles, the angle a which traffic crosses count hoses
(especidly on curves or near driveways), cars parking across count hoses or blocking electronic
counters, and avariety of other problems are known to affect the accuracy of machine counts.

Advanced Practice

Many agencies have sought additiona, more rigorous and comprehensive criteria for evauating the
vaidity of their moddls. The Sacramento Area Council of Governments (SACOG) and the Contra
Costa County Transportation Authority (CCCTA) are two examples of this practice®’

A common measure of accuracy isthe “Root Mean Square Error” (RMSE), which issmply the sample
gtandard deviation from gatitics.

& ;(Modé | - Count; )*

RMSE =
\| (Number of Counts- 1)

Unlike percent error, RMSE puts a greater weight on large errors. With some assumptions about the
digtribution of errors, one can use the RM SE to make statements concerning the probability that an
error will be some standard deviations from the mean.

The CCCTA developed a st of vaidation criteria (in addition to the standard screenlines) that had to
be met by consultants developing modds for the Authority. Each modd's pesk hour volume estimates
had to meet the following vaidation targets:

o 75% of dl freeway links must be within 20% of the counts,

*  50% of dl freeway links must be within 10% of the counts,

*  75% of dl mgor arterid links must be within 30% of the counts,

»  50% of dl mgor arterid links must be within 15% of the counts,

*  50% of dl intersection mgor turn movements (defined below) must be within 20% of the turn
counts.

3" See James (1987) for adiscussion of modd accuracy.
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Model Performance on Freeways

Figure 3.5: Example CCCTA Validation
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» 30% of al intersection secondary turn movements must be within 20% of the turn counts.

Each models vdidation results were plotted in a cumulative plot againg the validation targets to observe
how well the modds met the validation targets (Figure 3.6).

The CCCTA criteriaapply only to those locations where count data are available, but include links both
on and off the screenlines used for modd vaidation. Count data were available for over 50% of the
freeway ramps and mainline sections. (Freeway mainline volumes were determined from one mainline
count by adding and subtracting ramp volumes to obtain mainline volumes for upstream and
downstream locations). Peak period turning movement counts were available for approximately 50% of
the sgndized intersections in the study area. The turning movement counts were used to validate both
the arterid links and the intersection turning movements.

It should be noted that, for CCCTA, amgjor arterid is defined as one that carries over 10,000 vehicles
aday, “mgor turning movement is defined as over 1,000 vehicles per hour, and “secondary turn
movement” is defined as 500- 1000 vehicles per hour. These criteria and the count information generaly
restricted the gpplication of the vaidation criteriato less than 5% of the links in the highway network.

A recent FHWA document has proposed maximum acceptable error guiddines. For individua links,
the maximum acceptable error should be equd to haf the capacity of asingle lane (FHWA, 1991).
Using this criterion would reduce the probability that plannerswill over-estimate (or under-estimate) the
number of lanes required.

Consdering regiond totals, FHWA advisesthat the totd of al counts on al links should be within 5-
10% of sum of the mode estimates for those links; otherwise the modd is biased toward over-
edimating or under-estimating total regiond travel. FHWA further suggests that counts be obtained for
up to 65% of the freeway and primary arterid linksin the network, but this may not be feasblein the
larger regions. For very large regions, traffic counts for 1-3 percent of the links in the modd would be
more likely, and probably sufficient.
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A correlation coefficient between counts and modd estimates of 88% or greater is aso suggested; this
measure is best used to compare different validation runs and determine if the latest correction to model
resulted in a net improvement or loss of accuracy in the modd. Failure of the correlation coefficient to
increase between modd runsindicates that either the modder is pursuing the wrong course in calibrating
the model, or the modder has reached the point of “diminishing returns” and further refinements to the
model result in as many lossesin accuracy asgans.

FHWA suggests the following error limit totals by functiond dass

Freeways < %
Principd Arterids < 10%
Minor Arterids < 15%
Collectors < 25%
FrontageRoads < 25%

The percent error in this case is defined as the difference between the total volume assgned to the
functiond class and the modd estimate divided by the sum of the counts for thet functiona class. The
mesasure indicates whether there is abiasin the moded toward one or more of the functional classes.
Clearly, these error limits permit rlatively poor model performance for roads below the minor arteria
classfication. Areastha find it necessary to model such facilities accurately will need to establish more
stringent acceptability criteria

3.6.4 Collecting Survey Data
Introduction

It bears repeeting that the quaity of modeling outputs can never be better than the datathat go into the
models estimation and application.

Provisons of both ISTEA and the Clean Air Act, namely VMT tracking and monitoring requirements
and the various management systems required by ISTEA, will assure that regiond agencies will collect
data. on many aspects of the trangportation system. These datawill be useful in model development,
cdibration, vaidation, and updates; however, there is no comparable requirement for travel survey data
collection. Hence, datathat ordinarily have been collected through household surveys could become
the wesk link in the travel forecasting process, unless substantial improvementsin survey procedures are
implemented and the surveys are periodicaly updated or repeated.

In anumber of urban areas, there are concerns that household travel survey databases are out of date,
and may not represent the current population. Economic and demographic changes have taken place
over the last 15-20 yearsthat cdl into question the validity of using travel models based on old data
sets. These changesinclude:

* Red income has grown for some groups but declined for others during the 1980s, in a pattern
that Sgnificantly differs from earlier conditions.
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* Family 9ze and structure have changed. In particular, the proportion of households with more
than one worker has increased sharply in the last 20 years, corresponding to the increase in
labor force participation rate for women. Single-person households have dso increased in
proportion to the generd population.

* Changesintrave supply in the past 15-20 years (e.g., increased congestion, implementation of
HOV facilities, trip reduction programs) present travelers with conditions and optionsthet in
many cases did not exist when previous surveys were conducted.

Given these conditions and the demands being placed on modding, it is highly likely that many regiond
agencies will need to collect new travel surveys.

Because travel survey data are expensive to collect, many regond agencies have had difficulty obtaining
funding for new travel surveys. Staff andysts will need to make it clear to policy makers both why
exising data are problematic, and what benefits can be obtained from anew survey. They should be
aware that advances in survey techniques have reduced costs and improved quality, and that new
gpproaches have been developed for better utilizing the data collected. Thus new surveys offer the
potentia for development of much better travel models, and aso can be used in avariety of other ways.

This subsection presents an overview of the collection and use of household travel survey data. It
beginswith areview of household travel survey data collection experience, focusing on recent surveysin
the San Francisco Bay Areg; thisincludes a summary of lessons learned from the survey experience. It
then discusses the use of household travel survey data beyond that of estimating traditiona travel
demand modds. Findly, it looks at recent advances in household travel survey data collection, with an
emphasis on longitudind data.

Review of Household Travel Survey Data Collection Experience
Early Surveys

Household travel survey data wereinitidly collected through home interview surveys, as part of the
origind large-scale regiond transportation studies in the 1950s and 1960s (e.g., Chicago Area
Transportation Study, Detroit Study, Bay Area Trangportation Study). These surveystypically had
large sample sizes and high cogt; for example, the 1965 survey for the Bay Area Transportation Study
covered 30,000 households at a cost of over $217 per household in current dollars.®

These home interview surveys set the tone for al household travel surveys since then. The surveys
gathered information on characterigtics of the household (e.g., number of persons, dwelling unit type,
number of vehicles, income), persons in the household (e.g., age, sex, occupation, workplace location),
and trips made by each person in the household on a designated “travel day” (e.g., origin and
degtination times, activities, and locations; travel mode). The survey data were used dmost exclusively

38 pyrvis, 1992.
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for esimation of large-scae regiond travel demand models. Aswill be discussed later, there was no
extensive use of these data for other purposes for which they could have been utilized.

These surveys were the firg of their kind, and provided the formative experience with collecting
household travel data. But they suffered from a number of disadvantages, chief of which was their large
cost. Another disadvantage was their susceptibility to interviewer bias. Because interviewers were
reluctant to go into “rough” areas, minorities and low-income persons were under-represented in home
interview surveys.

The high cogt of the home interview survey method made regiona agencies reluctant to undertake
further data collection to update the data sets. Asaresult, in many regions, these origind data sets have
remained the only source of household travel datafor the past 15-25 years.

Recent Surveys

Asthe origina household travel survey data sets grew older, regiond planning agencies became
increasingly concerned that the data were becoming out of date. The high cost of conducting ahome
interview survey led some regiona planning agenciesto consider to gathering household travel data by
means of telephone surveys. Teephone surveys were viewed as having a sgnificant cost advantage
over home interview surveys, furthermore, because interviewers would not have to personaly vist
households, interviewer bias resulting from reluctance to visit “rough” areas was not afactor. However,
some potentia drawbacks a so were apparent:

»  The sampling frame excludes without recourse those househol ds without telephones.

» Unless precautions are taken, the sample may be biased againgt households with unlisted
numbers.

» If thesampleisnot carefully drawn to reduce the chance of geographic bias, the geographic
digtribution of the sample may not match that of the population as awhole.

* A mechanism must be established for collecting trip data from persons in the household. Smply
asking persons to recollect their travel on a specified day will result in missing trips, especidly
non-work trips.

These potentid drawbacks (except the first) have been overcome by the following:

» Useof avdid technique for drawing arandom sample of residentid telephone numbers, eg.
random:-digit diding, use of areverse telephone directory with randomization of the last digits,
etc.

* Useof atwo-gage interview with diaries for recording trave. During the initia contact,
information is secured from the household on characteristics of the household and personsin the
household; at thistime the travel day is established and a follow-up interview to collect travel
information is scheduled. The household is then mailed a set of diariesfor recording trips. In
the second interview, each person in the household is interviewed about histrips on the travel
day; dternatively the diaries can smply be mailed in.
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In 1980, Caltrans conducted atravel survey in the San Francisco Bay Area of 2,000 householdsusing a
two-stage telephone survey. The survey sample was randomly drawn from areverse-address
telephone book, with controls on the sample to avoid geographic bias. The survey was successfully
carried out, demongtrating the vaidity of atelephone survey for gathering household travel data

At the same time, the Metropolitan Transportation Commisson (MTC) was planning a new household
survey to update its 1965 database. The survey design and questionnaire format were based on those
of the 1980 Caltrans survey. The survey collected data from 7,200 households at a cost of about $70
per completed interview.*

% See Crain & Associates (1981) and Reynolds, Flynn, and Reinke (1982).
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The main difference between the MTC and the Caltrans surveys was that the MTC survey used
directory-based random-digit dialing to obtain the sample; at the end of the survey, approximatdy 10
numbers were drawn from the reverse telephone directory to improve the geographic coverage of the
sample.® Aswill be discussed below, this difference had important implications for the validity of the
sample. A two-stage interview process was used as follows:

* Theinitid contact with the household was used to explain the purpose of the survey, obtain the
cooperation of the household, and gather information about the household and its occupants.

At thistime a specific travel day was designated for the household. Household occupants were
then sent aset of travel diaries on which to record their trips and indructions for filling the
diaries.

» The second contact was scheduled for one or two days after the travel day. Each household
member of about 10 years of age and over was interviewed to get information on his or her trips
for thetravel day; travel information was gathered by as many follow-up call back as necessary
to contact every household member. In some ingtances, househol ds were contacted during the
coding processif trip origin or destination locations could not be coded as origindly given to the
interviewers.

The survey was carried out over a three-month period in the Spring 1981. Interviews were completed
at 7,200 households at a cost of about $70 per household. The overall response rate (number of
completed interviews divided by number of households contacted) was 70 percent.

The success of thissurvey led MTC to plan anew survey coincident with the 1990 Census. As carried
out, this survey had three subsamples:

» Single-day trip data were collected from 9,000 households.

* Multi-day trip data were collected from 1,200 households.

» Aspat of thissurvey, the San Francisco Bay Area Repid Trangt Didtrict (BART) funded a
gpecia sample of 1,100 households, divided roughly evenly between BART users and

“% | n directory-based random diaing used for the 1981 Bay Area Travel Survey, the following

procedure was followed:

1. Sdect resdentia telephone numbers at random from the telephone book.

2. For each number selected, add one to the number.

3. If the number isaworking resdentia telephone number, attempt to contact the household at
least 8 times at different times of the day, different days of the week, and weekdays and
weekends.

4. If the household is contacted, attempt to recruit the household for the interview. If the household
agrees to participate, conduct the interview.

5. If asuccessful interview cannot be conducted at the number (nonworking number,
nonresidential number, cannot establish contact, household refuses to participate, etc.), add one
to the number and go back to Step 3.
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households consdered as part of BART's “latent” market (households who could potentidly
use BART, but didn').**

As an incentive to participate, households who were asked to maintain multi-day trip diaries were given
a payment of $10.

The questionnaire for this survey was based on those used in the earlier Bay Area surveys, but questions
were added to gain additiona information on household and job location dynamics, and on other factors
that could influence travel behavior. Among these were the following:

»  Households whose length of resdence at the current address was less than 5 years were asked
their previous city of residence.

» Personswho had worked at their work location for lessthan 5 years were asked for the city in
which their previous workplace was |ocated.

»  Workers were asked about how much flexibility they had in their work schedules.

This survey obtained a somewhat lower response rate (about 60%) than the earlier surveys. The cost of
the survey was about $70 per household for single-day trip diaries, and about $120 per household
(including asmdll cash incentive paid to participants) for multi-day trip diaries.

Lessons from Recent Surveys

Recent experience in the collection and use of household travel survey data has provided some lessons
on what congtitutes good practice for household travel surveys. These are discussed in the following
areas. information to be gathered, sampling, response rates, and survey conduct.

I nformation from Survey

The main am of ahousehold travel survey has, up until now, been the collection of datafor usein
edimating travel demand modes. But, as discussed in the next section, there are other potentia uses of
these datathat may over time be more important than modding. Moreover, the survey should gather
enough information about the household, its members, and itstrave, to minimize the extent to which
future modd development options are foreclosed.

*! The total sample was derived from an on-board survey of transbay BART riders during the
period of the Bay Bridge closure after the 1989 Loma Prieta earthquake. So-called “latent” riders were
assumed to be those who wereriding BART a thistime, but did not ride BART before or after the Bay
Bridge was closed.
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Information gathered from a household travel survey falsinto three categories:

1. Household
2. Personsin the household
3. Tripsby personsin the household on the given travel day(9)

The accompanying tables present lists of the information that was gathered during the 1990 MTC and
BART trave surveys. Table 3.7 listsinformation on the household, household occupants, and trips by
household occupants.

Note that the information that was obtained goes beyond that needed for development of existing state-
of-the-practice travel models. Information on previous household or workplace location was sought to
obtain better information on residence and job movement patterns within the San Francisco Bay Area.
The question on flexibility of work schedules was asked to gain information on the sizes of markets for
transportation demand management measures such as flextime and ridesharing. Questions on parking
were intended to obtain not only parking cost but also the extent to which subsidized parking exists for
work trips. All of these datawill be used in mode improvements over the next few years.

Idedlly, activity questions should be asked for both the trip origin and the destination. Thisaids
checking the continuity of an individud's travel for the day and is dso necessary in indances where a
day's travel begins at a place other than home. Inthe 1981 Bay Area Travel Survey, activity questions
were asked for both origin and destination. In the 1990 survey, however, only a single question was
asked for each trip: trip purpose.

Survey Design and Sampling

Conducting ateephone survey is condderably less expensive than ahome interview survey. Bt it
introduces severd biases of its own:

»  Obvioudy, persons without aregular telephone number are excluded from the sample. This
includes households without telephones and homeless persons. (The latter group will be missed
in mogt home interview survey designs as well)

»  Peasonsliving in inditutiondized residences (nursing homes, residence hotels, etc.) are excluded
from the sample.

* Thereisagreater likelihood of establishing contact with larger households (since there are more
people available to answer the phone.)

* It may be more difficult to interview nonEnglish speaking persons, ether through lack of
cgpability on the part of the survey team, or through ingbility of the interviewer to identify which
language is being spoken.

Household Data

1. Number of persons
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* tota number
* number under five years of age
Location of residence (street address or nearest intersection)
Length of residence at current location (if under five years, place of previous residence)
4. Dwadling unit information
» type(sngle-family house, duplex, multi-family, mobile home, etc.)
* owned or rented
* purchase price (optiona)
5. Vehiclesin operating condition
* number of cars, vans, trucks
* number of motorcycles
* number of mopeds
* number of bicycles
* ligtof cars, vans, trucks:
* make
* modd
* year
o fud type
6. Income

wnN

Person Data

Age

Sex

Rdation to head of household

Drivers license?

Handicapped? (if so, what condition?)

Occupation (e.g., employed full time, employed part time, sudent full time, student part time,
retired, unemployed, homemaker, etc.) If more than one occupation (e.g., student and employed, or
more than one job), record information for al occupations.

oSO ugbkwnE

Trip Data

1. Beginning and ending trip times

2. Origin and degtination activities (e.g., home, work, school). Digtinguish different types of activities
that would affect travel behavior (e.g., comparison shopping, convenience shopping, and grocery
shopping should be treated as separate types of activities)

3. Trip origin and destination locations: street address, building, or nearest intersection. These are

coded to a census tractor block group, or idedly, point coded in a GIS database.

Travel mode

Car trips.

* identify specific vehidle used

* number of personsin vehicle

o &
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o paking informetion:

» paking type (eg., Street free, street meter, lot free, lot meter, employee lot free, employee
lot paid, commercid parking structure subsidized, commercid parking structure paid, etc.)
» paking cost to traveler
6. Trandttrips

» afarepad (or passtype)

* number of trandfers

e waiting time for transfers

3.7 Information in the 1990 MTC and BART Surveys

It has been argued that the first two sources of bias may not matter for the purposes of travel modeling:
The persons who are excluded from the sample very likely account for asmal percentage of the
population, and they tend to be persons who travel less often. Nevertheless, it should be made explicit
when reporting household survey results what groups are excluded from the sample, and what the likely
effect is on inferences drawn from the sample.

Because the proportion of single-person households has been increasing, survey bias againgt smaler
households is becoming amore significant problem. This source of bias can be reduced by making
numerous attempts to contact a household at aworking residentia telephone number. The 1981 and
1990 Bay Area Travel Survey designs each made a maximum of 8 attempts to contact persons at a
working resdentia number. Each number wastried a different times of day, different days of the
week, and on weekdays and weekends.

The method of drawing the sample can introduce biases of its own. As discussed above, the 1981 Bay
Area Travel Survey used directory-based random-digit diding to draw the sample, with asmadll
supplementary sample from the reverse telephone directory. The 1990 Bay Area Travel Survey sample
was drawn from acommercialy purchased list of residentia telephone numbers. Both of these methods
provided adequate geographic coverage of the Bay Area; the socioeconomic characteristics of the
households in the sample closdy matched the Census data

At the conclusion of the 1981 survey, an andys s was conducted to test the validity of the 1980
Cdltrans survey sample, which was drawn using the reverse telephone directory. Each household in the
1981 survey was coded according to whether or not it could have been included in the 1980 Caltrans
sample; i.e., whether or not the household gppeared in the reverse telephone directory. The andlysis
showed that the Caltrans sample contained biases against households that had resided &t the current
address for less than one year, households in multi-family units, low-income households, and households
without cars. Reverse directories aso do not contain unlisted numbers, which are more likely to be held
by households with lower incomes and shorter lengths of residence in the same place.® Hence, drawing
asample of telephone numbers from a reverse telephone directory gppears to be an inferior method

*2 See Rich (1977).
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when compared to a sample drawn either by random-digit diading or from a purchased sample of
telephone numbers. Furthermore, when using random-digit diaing, directory-based random digit diding
ismore efficient than random-digit diding within prefixes. Nationdly, random-digit diding within
prefixes requires caling on average about 3.8 different numbers per working residentia number
contacted.”® The 1981 Bay Area Travel Survey, using directory-based random-digit diding, averaged
fewer than 2 numbers per working residential number reached.*

Response Rates

Nontresponse to a household travel survey can sgnificantly bias estimates obtained from the sample. In
particular, it has been found that households that are less mobile are less likely to respond to travel
surveys. Because nonresponse is correl ated with endogenous variables, there is no objective way to
estimate or correct for non-response biasin atravel survey. A high responserate is therefore an
essentid god of travel survey design and implementation.

The 1981 Bay Area Travel Survey achieved an overal response rate of 70% from initial contact to
completed interview. 1t has become increasingly difficult to obtain high response rates for a number of
reasons, including the following:

»  Persons are becoming more reluctant to respond to surveys. Thisis partly due to fedings of
increasing invasion of privacy over the telephone by solicitors and by commercid surveys.

»  Teephone answering machines are becoming more common. This makes it more difficult to
establish contact with households that use them for screening cdls.

*  Personswith unlisted numbers may be quite suspicious of getting calls from drangers. A
frequently encountered response from persons with unlisted numbersis, “How did you get my
number?’

3 Telephone companies usualy assign numbersin “blocks’ of 1000 (eg., 464-6XXX). Hence,
random-digit diding within prefixes can result in repested atempts within blocks where few numbers
have been assigned. Nationwide, random-digit diding will average attempting to call 3.8 numbers per
working residentia household reached. See Glasser and Metzger (1975). Note that with the increased
use of facamile machines, car phones, etc., the number of attempts per working resdentiad number is
likely to increase.

* Crain & Associates (1981).
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A household travel survey goesinto considerable detail on the socioeconomic characteristics of
the household and the travel behavior of its occupants. Over the years, many persons have
become reluctant to let a government agency know all about them, or to know exactly what
they have been doing during the travel day(s); dso, some fear that the information may be
misused by unscrupulous persons who would want to know when they are away from home.

These were particular problems for the 1990 Bay Area Travel Survey and are reasons why the
response rate dropped in comparison to 1981, to under 60 percent. In particular, respondents who
cooperated with the first part of the interview on characterigtics of the household would refuse to give
out their address so that cards could be sent to them to record their trips. This was especidly a
problem with Sngle-woman households.

Because high response rate must be akey god of any survey effort, severd methods have been
developed to increase the response rate and to minimize non-response bias. Useful stepsinclude the
following:

A publicity campaign should be carried out before and during the survey, congsting primarily of
public service announcements in the media. Also hepful are press rleases by public officidsto
explain the purpose of the survey and to encourage persons who are contacted by the survey to
respond.

A cdlear introduction to the survey should be provided on initia contact with the household. The
cdler should identify the sponsoring agency and explain the purpose of the survey. Thisimplies
that interviewers should be trained from the beginning to understand the purpose of the survey
and the reason for asking each question, so that they can explain it to personsthey contact.
Persons who are contacted and who question the purpose of the survey are usudly satisfied
with the answer: “This survey isbeing used to provide information to trangportation planning
agenciesin the region so that they can plan trangportation facilities to serve you better.” This*up
front” gpproach isin sharp contrast to marketing surveys, where persons who are contacted are
told neither who is collecting the information nor the purpose of the survey. Persons appear to
be more likely to respond when they know how the information will be used, especidly if it isto
be used for public purposes.

Respondents with unlisted numberswho say . ..... how did you get my number?’ should be
told that their number was reached by chance because telephone numbers were dided at
random. This explanation is usudly sufficient.

An envelope and cover letter bearing the letterhead of the sponsoring agency should be included
with the trave diary.

Cdlbacks to a household should be prompt, no more than two days after the designated travel
day(s). These and any further callbacks should be scheduled to make it aslikely as possible
that someone will be on hand to answer the telephone.

Respondents should be repeatedly assured that the information that is gathered will be kept
confidentia and will be used only in the aggregate for datistical purposes. To preserve
confidentidity for persons who refuse to give their home address, interviewers should seek to
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obtain the intersection nearest the residence; trip cards then can be sent to the person's place of
employment.

* Insome cases, acash incentive may be effective in increasing the response rate. In the 1990
MTC trave survey, respondents who were asked to keep multi-day trip diaries were paid $10
for completing the interview. In the Puget Sound Transportation Pandl, incentive payments of
$2 and $10 were tested, and found to be about equally effective in encouraging responses.® In
the Los Angelesregiona household travel survey in 1991, each trip diary mailed to respondents
contained a$1 bill. Experience with various types of surveys shows that the presence of any
incentive, no matter how smal, will encourage a greater response rate.

Obtaining Travel Data

Obtaining travel datais the most difficult and expendve part of a household travel survey. Itiscrucid
that al trips are recorded if the survey sample isto properly represent the mix of travel in the region.
Work trip data are typicaly reported with more accuracy than other types of trips. The problem for the
survey isto obtain information on trips that are less likely to be recorded: mainly non-work and walk
trips (e.g., atrip with walk as the only mode, awalk trip from a parking lot to the workplace).

> Murakami and Ullberg (1992).
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There are two dternatives for obtaining trip information from a household travel survey conducted by
telephone: sending out trip diaries to befilled out and mailed in, or conducting a second telephone
interview of the household. The first method is less expendve, but there is the danger respondents may
forget to record some trips;, moreover, if detailed information beyond origin, destination, mode,
purpose, and times are sought for each trip (e.g., type of parking, vehicle used, number of personsin
car), the trip diary becomes more lengthy, which tends to discourage complete responses. The second
method can be effective for gaining information on trips thet would otherwise be omitted, especidly if
interviewers are ingructed to prompt persons to remember dl trips.*® An important part of the second
method is to send households cards on which to record the important parts of each trip (locations,
times, modes), so that the written information serves as areminder during the calback interview.

Recently, athird dternetive has been developed and used to collect trip information. Households are
sent diaries on which to record their activities (e.g., home, work, shopping), and how and when they
traveled between them, on adesignated day or days. These activity-based diaries have been found to
be easy to fill out because persons are more likely to be aware of ther activitiesthan their trips. This
method was used in the 1991 travel survey of 16,000 households for the Southern California
Association of Governments. Nevertheless, it is still necessary to include safeguards to ensure that dl
legs of atrip, especialy walk modes, are recorded.

Quality Control

The issue of qudity control goes beyond smply developing a good survey design and ensuring that
interviewers are doing their job well. Once the data are collected, it is necessary to edit, code, and
enter them onto a computer medium. Careful control over this process will reduce the chance of errors.

The following are especidly important eements of a good quality control program for a household travel
urvey:

»  Survey data should be coded as soon as possible after the interview is completed. The most
frequent problem encountered in coding travel surveys arises from recorded origin or destination
locations thet cannot be coded (e.g., an address that does not exist, or alocation given asan
intersection of two streetsthat are pardld). In such cases, it is necessary to cal back the
respondent to correct the error.

*  Survey information should be cross-checked for consstency. For example, if an activity at a
location is given as “home’, the location of that activity in the trip data should agree with the
residence location recorded in the household data section; smilarly, alocation where the activity
is“work” should agree with the workplace location recorded under data for occupants of the
household.

“6 |n the 1981 and 1990 Bay Area Travel Surveys, interviewers were instructed to periodicaly
prompt respondents during the trip interview with the question: “... and did you stop anywhere ese
aong the way?’
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* For each person'stravd, trip starting and ending times should follow in sequentia order; i.e, the
ending time of each trip should be greater than the starting time, and the sarting time of atrip
should be greater than the ending time of the previoustrip.

» Activities should follow in logica sequence for each person's trips when travel data are
recorded astrips. For example, if the destination activity of atrip isrecorded as “work”, the
origin activity of the next trip should aso be “work”.

The use of computer-assisted telephone interviewing (CATO can automate severa aspects of quality
control aswell as reduce survey and coding costs. Use of this technique involves developing a
guestionnaire that appears on a computer screen. Skip patterns can be programmed in so that
responses to questions determine which questions will be asked next; for example, if atrip is recorded
as being made on trangit, only trangit-related questions such as fare and transfer information appear, and
automohile-related questions such as parking cost are skipped. While this gpproach has considerable
potentia for time and cost savings, it is quite critica that the software have built-in safeguards (including
checks such as those listed above) to prevent the entry of nonsensical responses due to typing mistakes
or other errors into the computer files.

Survey Period and Scheduling

Interviews for household travel surveystypicaly require one to severd months to complete. If the
survey isto represent a“typicd” trave day, it isusudly desirable to schedule the survey for thefdl or
the spring, when school isin sesson. To minimize the effects of variations in weether or traffic
conditions, the survey should span a sufficiently long period so that mogt travel interviews cover days
that are as close to typicd as possible. Holiday periods should be avoided; hence, spring isusudly a
better period than fdl in which to conduct a household travel survey because of the lower incidence of
holidays. Areaswhere recreationd travel and/or seasona residents are a significant factor may need to
design and schedule surveys to capture these travelers and populations.

Alternative Uses of Household Travel Survey Data

Transportation agencies have tended to view the main purpose of household travel surveys as providing
datafor developing regiona travel modds. But these surveystypicdly collect awedth of data that
could be used for avariety of other purposes.

As one example, an important issue in air qudity planning is esimating the operating mode of passenger
vehicles, particularly the percentages by trip type of vehicle trips that begin in the cold-start mode. In
practice, these percentages are derived from assumptions on characterigtics of each trip type; eg.,
amog dl trips from home to work begin in the cold-start mode.

A household travel survey can provide significant information on operating modes because sart and end

times are recorded for each trip; hence, for auto driver trips, the time between trips can be used to infer
what percentage of automohile trips begin in the cold-start mode. The trip diary could therefore be
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regarded as a sample of auto driver trips that could be andyzed to estimate the percentage of trips by
purpose that begin in the cold-start mode.*’

If the trip information aso contains information on the particular vehicle used, asin the 1981 and 1990
MTC travel surveys, it is possible develop even more detalled information. The household travel survey
data and the regiond network can be used in conjunction to develop a database that effectively acts as
asample of trip-making by purpose. Developing emissons estimates from the data could be carried out
in the following steps

» Create adatabase for each vehiclein the trip file, containing the following informetion for eech
automobile trip:
* running time and mileage driven on the previoustrip
* amount of time the vehicle wasidle before beginning the trip
* running time and mileage driven on the current trip
* vehidetype

" By extengion, it would be possible to define one or more intermediate modes between cold-start
and hot-gtart based on the resting time between trips, and to estimate the number of trips that beginin
each of severd operating modes.
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» Usgng an gppropriate dgorithm, determine whether each trip began in the hot sart or the cold
start mode.*®

» Asafurther refinement, estimate of emissons for each vehicle trip based on vehicle type and
start mode.

«  Run statistics on the sample to derive estimates of the following for trips by type in the region:*
» percentage of trips by type that begin in cold start mode
* averageemissons per mile.

New Directions in Household Travel Surveys

Transportation researchers are becoming increasingly aware that traditional household travel survey data
present significant problems for analyzing and forecadting travel behavior. in particular, asthey are
collected and used, household travel survey data represent a cross-sectiond sample of household travel
behavior; yet they are used to infer longitudina changesin travel in response to changesin travel supply.

Furthermore, over time, individua households go through changes that affect their travel behavior.
Thereis growing awareness that to accurately 1ook at these changes and to infer behavioral responses
to changes in the trangportation system, it is necessary to develop longituding information on household
behavior. This can be done by asking retrospective questions on household travel behavior, but a more
reliable method is to make repeated observations on the travel behavior of a set of individua households
over time. Thisisknown asapand survey.

81, in future air quaity analyses, it became common practice to define one or modes between cold
gart and hot start, it would be possible to use these data to determine in which mode (extreme or
intermediate) each trip began.

* These data would not cover vehicles such as those that are part of acompany fleet. But
information on operating modes for such “ off-sample”’ vehicles could be estimated from surveys of trip-
making usng flegt vehides
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Panel surveys have been used extensively in medica research since the 1950s, for example, in long-
range studies of heart disease, where observations on the same individuals are conducted at frequent
intervas. Thear usein travel behavior sudiesis ratively recent, dthough the technique was advocated
as early as1966.%° A 1983 paper discussed anumber of ways in which repeated measurement from a
pand of households would improve our understanding of travel behavior.™* As summarized by Duncan
et d., these indude the following:>?

» Destribing and andyzing changesin travel behavior in response to changing prices or the
availahility of public transportation.

» Anayzing the sequencing of joint decisions about the place of residence, place of work, and
home-work trips.

» Understanding the changes in energy consumption in response to changesin energy prices.

» Forecasting car ownership and drivers licenses.

» Egimating the price dadticity of public trangportation by measuring behavior before and after
price changes.

Pand surveys are often the only redistic method for collecting longitudind data. For example, an o+
board trangt survey in Sacramento, followed up by a telephone survey of the same individuals, showed
in many casestha an individud gave different responses to the same question on frequency of trangit

use>®

The most extensive pand survey to date is the Dutch Mobility Panel, which began with a sample of over
5,000 households. Theinitid intent of the survey was to monitor changes in travel behavior in response
to trangt fare changes. The survey consisted of week-long travel diaries administered a sx-month

% See Garrison and Worrall (1966).
*! Baanders and Slootman (1983), pp. 249-263.
%2 Duncan et. &. (1987).

%3 See Reinke (1985).
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intervals. Since thefirst wave of the survey in 1984, atotd of ten additiona waves were conducted at
sx-month intervals through 1989.>*

In the US the mogt extensive pand to date is the Puget Sound Transportation Panel, which conssts of
two waves of surveys from 1989 to 1990.> The sample covered 1,700 households in the first wave,
and 1,800 households in the second wave; trip diaries covered two days. The survey was designed to
over-sample bus and carpool commuters.

> See Meurs and Ridder (1992).

% See Murakami and UlIberg (1992) and Murakami and Watterson (1992).
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Inwhat islikely to be the most ambitious pand survey in the US, MTC enlisted 9,600 households out of
10,900 surveyed during the 1990 household travel survey; thisisin addition to the 1,100 households
that comprise the BART portion of the survey, (intended to be the foundation of a BART user/nonuser
panel.)>® MTC recently has obtained funding for subsequent waves of surveys as part of a congestion
pricing experiment to be funded by the Federa Highway Adminigiration.

Pand surveys provide information on the dynamics of change that is smply not avalable from cross-
sectiond surveys. A longitudina mode of trip-making on five travel modes was estimated from the first
three waves of the Dutch mobility pand; the model, which contained lagged variables to capture time
effects, showed significant “inertia’ effects (households tending to exhibit the same behavior despite
changes in the trangportation system), but dso reveded an evolving rdationship in demand for the
different modes>” Discrete choice modes of travel behavior developed from panel survey data show
that it is possible to develop estimates of how travel market shares and easticities change over time.™
An analyss of saverd panel surveysin England showed that, despite the overal stability of household
and travel characteristics such as car ownership and public trangt use, there was considerable change
among specific households and individuas in car ownership and movement in and out of public trangt
markets> A longitudina andysis of BART passengers who rode the system immediately after the 1989
Loma Prieta earthquake showed significant differencesin household and travel behavior characterigtics
between persons who subsequently stopped riding the system and those who continued to ride.®

Panel surveys therefore provide significantly better data on travel changesin response to population and
trangportation system changes than do cross-sectiond surveys. They can aso be somewhat less
expensive per interview to conduct once the sample is drawn, because the sampling cost for subsequent
wavesis limited to that necessary to replenish the pand, and subsequent interviews will not have to
collect data on some characteristics such as age and sex. But pand surveys, and their usein
trangportation and air quality planning, present difficulties of their own, induding the following:

% Purvis (1992).

" Golob (1987).

% Bradley (1992).
% Goodwin (1992).

% Cambridge Systematics (1991b).
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* Although the cost per interview per wave can be lower than that of cross-sectiona surveys, the
cost per household in the pand will be Sgnificantly higher because of repeated interviewing.
Moreover the cost per interview per wave may in fact be higher than that for cross-sectiond
surveys, because panel survey designs often cdl for the collection of travel information for more
than one day.

*  Pand surveys must ded with the issue of pand attrition or pand fatigue - i.e., households
interviewed in earlier waves may drop out for subsequent waves. In mogt ingances, the pand is
replenished by new households to make up for those who dropped out. How to ded with
pand attrition in designing a panel survey is an important area of current research.® Andysis of
pand survey datawith attrition also requires development of new analytic techniques.®

* Pand surveys have led to an increased understanding of the dynamics of travel behavior. But
development and implementation of new regiond travel models based on panel survey dataisin
itsinfancy.®® More work will be required before truly operationa longitudingl travel behavior
models can be implemented by regiond planning agencies.

These difficulties notwithstanding, household pand surveys appear to be the mogt effective means
available of looking at the dynamics of changes in population characteristics and travel behavior.

Concluding Comments

This subsection has looked at the current state of practice in household travel surveys, waysin which
these data could be better used, and a the most promising new direction in travel surveys. household
pands. Itisclear that new models and improved andytic techniques will be needed in the analysis of
current transportation and air quaity planning issues. But any improvements to current techniques must
be based on up-to-date household travel survey data. And, while some areas such as the San
Francisco Bay Area, Los Angeles, and Sesttle have collected new data, other metropolitan areas
continue to depend on travel models built on data sets that are 20 or more years old.

Severd points should be considered by agencies debating whether to do a new survey:
Survey cods have dropped. Household travel surveys are much better and less expensive than the

earlies home interview travel surveys. Household travel surveys from now on will rely mainly on
telephone interviews for reasons of coverage and econony.

® Meurs and Ridder (1992).

%2 An example of one technique is givenin Brownstone and Chu (1992). Their paper usesa
technique known as multiple imputation to correct for missing data. See Rubin (1987) and Little and
Rubin (1987).

% An example of amode system based on the Dutch Mobility Panel dataiis presented in Goulias
and Kitamura (1992).
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Design and implementation of a good household travel survey requires consderable care. Accurate and
inaccurate data look remarkably dike. There is no sure way to distinguish between them unless one
knows how they were collected. An improperly designed or drawn sample can result in surveying a
group of households that does not accurately represent the region. Non-response bias in a household
travel survey can lead to sgnificant overestimates of trip rates. Collecting dl travel datarequires carein
collecting trip information. A well-conducted survey requires painstaking work by survey managers,
interviewers, and data processing staff.

If household travel survey data are used only for developing travel models, they are not being fully used.
Household travel survey data contain awedlth of information that can sgnificantly inform trangportation
and ar qudity andyses (among many other possibilities)

Pandl surveys can provide awedth of information about the dynamics of changesin population
characterigtics and travel behavior. Pand survey datawill support both conventiond and advanced
travel demand modeling. Panel surveys aso can support avariety of other andyses, from smple
tabulations of the survey data to more advanced studies of changesin key socioeconomic or travel
characterigtics over time. Panels can be implemented so as to provide before-and-after data, for
example, to sudy atrangt fare change. Overdl, their information content and flexibility are subgtantid.

Where do we go from here? New policy initiativeswill require new andyss procedures, which will
require new data. Thereis no requirement at the federa level to carry out new surveys, but Sate and
regiona agencies now can use ISTEA's flexible funding for survey design and implementation. With this
new opportunity, the following are severad actions that could be taken:

Develop guidelines for household travel survey data collection. The past 20 years have given usa
body of experience that should be digtilled and disseminated to dl US transportation planning agencies.
A manua summarizing the lessons of these survey experiences should be developed and put into effect
asa st of guiddines, for use by MPOs and other agencies wishing to conduct (or fund) surveys.

Make evaluation - and surveying as part of evaluation - an integral part of funding for major
transportation projects. Evaluation of mgjor transportation projects can provide important
information for future policy andyss. A mgor component of any evauation would be to andyze the
effects on travel behavior. Travel behavior changes would be best assessed by a pand survey that
includes observations before and at severd times after implementation of the project so that, at least,
short-term and intermediate-term effects of the project could be assessed. For transportation projects
such as new rail sarts, cogting on the order of $100 million to $1 billion, it is asking very little to st
aside one or two percent of the project funding for evauation, incdluding surveys. Thiswould aso
provide the regiond planning agency with an up-to-date data set for modd development and other

policy andyss.

Provide adequate funding for ongoing panel surveys. The Puget Sound Transportation Pand has
been the only ongoing regiona household travel survey pand in the US; the MTC pand survey, for
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which the second wave has only recently been funded, will be the second mgor travel survey pand.
Funding to continue these ongoing panels shoud be secured, and experience with these pandls should
be carefully documented to serve as guidance for future pand survey efforts.

CHAPTER 4: MATCHING ANALYSISTOOLSWITH ANALYSISNEEDS
4.1 Introduction

The Clean Air Act Amendments of 1990 st forth a number of analysi's requirements for trangportation,
including: 1) development of a basdine emissonsinventory; 2) VMT tracking; 3) VMT forecasting; 4)
long-range plan andysis, 5) TIP andyds, 6) TCM andyss, and 7) project-level CO andyss. The
datutory basis for these analysis needs was reviewed in Chapter 2. In this chapter, each andysisneed is
discussed in turn and issues to be considered in fashioning an andysis response are s forth.

Two broad assumptions color the treatment of issues: 1) Carrying out an andysis only to meet a
requirement is not good practice, and ultimately could undermine both the goals of the Clean Air Act
and the credibility of the andyst; and 2) resolution of some issues is hampered by deficienciesin the
date of knowledge, and it isimportant to distinguish such deficiencies from ones which could be
overcome with straightforward investments of resources. It is assumed that conformity analyses should
be substantive, not smply “going through the mations’; hence andysts should consider dl factorswhich
might reasonably be expected to have a Sgnificant effect on the outcome, including factors whose
evauation may necessitate improvements to data and models. On the other hand, certain difficultiesin
andysis posed by Clean Air Act requirements (or other public policy concerns) may not be totally
resolved or resolvable; andysis haslimits. The objective thus must be to interpret CAA requirementsin
ways that are condgstent with what models can do, as well as what MPOs can do.

The following sections go into some detail about andysis issues and approaches, emphasizing practica
ways to meet the spirit of the Clean Air Act. However, the material presented is intended to
supplement, not subgtitute for, guidance on modeding and analysis promulgated by FHWA, FTA, and
EPA. Moreover, no attempt is made to dictate a uniform “best practice’. Insteed, it is acknowledged
that local conditions vary to a degree that requires each region to chart its own course through the
analyssimperdives of the Clean Air Act. Thiswill require amesting of minds among loca
governments, regiond planners, state trangportation officias, environmenta and other interest groups,
EPA, and FHWA/FTA on a strategy for data collection, model development, and model application
that yields needed improvements at arapid but prudent pace. Thus, the primary god of the chapter is
to clarify the issues that must be resolved specifically for each region.

Inthe talloring of a strategy for loca conditions, a number of points should be kept in mind:
» Precision Does Not Guarantee Accuracy - The Clean Air Act now providesincentives to be both

as precise and as accurate as possible in emissions caculations. However, precison must not be
confused with accuracy. Considerable resources could be wasted pursuing precise, but inaccurate,
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numbers. Sound data and models are a prerequisite to producing accurate results, and in some
cases sketch planning approaches producing reasonable but not very precise estimates may be
preferable to the exercise of highly detailed mode s which have been poorly specified or which can
be run only on low qudity data.

The Validity of Current Procedures Should Be Reviewed - The Clean Air Act through its
facilitation of citizen enforcement, among other aspects - provides incentives for completeness and
vaidity in the anadys's procedures used where the accuracy of andysesisa stake. In other words,
when there is agreemert in the profession that a specific modeling procedure or dement could be
important to the outcome of emissons analyses, it may be risky for the MPO to ignore it; where an
existing modeing procedure is hard to judtify theoreticdly, its continued use dso may be risky.
MPOs will need to assess the vaidity of their current gpproaches considering potentia omissons as
well asin-use procedures.

A Plan for Model Improvements Should Be Developed - There has been a pervasive under-
investment in regiona trangportation models and data over the past 20 years. The large MPOs have
not been able to afford needed model improvements and emergent MPOs typicaly have devel oped
only rudimentary modding capabilities. In generd, model devel opments have focused on a narrow
st of project planning capabilities rather than the broad spectrum of anadlysisissuesraised by the
Clean Air Act (and ISTEA). Asaresult, few MPOs are prepared at this time to apply “ state of the
practice’ methods to the full spectrum of andysis needs. Most MPOs will have to identify needed
improvements and develop a plan for implementing them.

Resource Constraints Must Be Acknowledged - The gresatly expanded planning resource base
provided by ISTEA will help the MPOs to improve their data bases and models, but in many cases
resources il will fal short of what would be needed for immediate improvement of modedling
capabilities across the complete spectrum of issues. Improvements will have to occur incrementaly
over anumber of years.

Many Improvements Will Take Time- Even if unlimited resources were available, some types of
model improvements would take yearsto complete. For example, good survey data, Census data
for corroboration, and well crafted networks are prerequisites for model development. Yet it
typicaly takes two yearsto conceive, design, test, administer, code, check, weight, and tabulate a
good home interview survey. And, as al experienced modelers can attest, the process of model
development itsdlf requires time and flexibility for experimentation with aternate specifications and
for identification and correction of modd deficiencies. An MPO beginning the survey process right
now (1993) likely would not be able to produce a full set of new models until 1995 or later. Inthe
meantime, interim analysis methods (post-processing of mode outputs, use of sketch planning
techniques, etc.) may be necessary.

A Strategy for Implementing Improvements Should be Agreed Upon - Invesmentsin

transportation infrastructure and services are too important politically and nomicaly to be suspended
while planning capabilities are improved. On the other hand, such investments are too important to
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the environment and the socid fabric of aregion for important andytica deficienciesto remain
unaddressed. To reduce the potentia for conflict over modeling procedures, and given the
likelihood of resource congraints and the time requirements previoudy noted, MPOs may find it
advantageous to negotiate with interested parties: 1) a commitment to a strategy for making critical
mode improvements as quickly as resources will alow; 2) an agreement on reasonable assumptions
about phenomena that the MPO cannot moded, at least in the near term (e.g., trip chaining, time of
travel for each trip purpose); and 3) an agreement on interim modeling and analys's gpproaches to
be used while modd improvements are implemented.

The Sze of the Area May Affect Modeling Choices - The Sze of ametropolitan areaisan
important determinant of the resources available for transportation planning. However, the cost of
developing good planning toolsis not necessarily correlated with size (network development is,
survey data collection and demand modd development may not be). Moreover, the nature, extent,
and severity of an areds air quadity problem is not necessarily correlated with size. Size done, then,
should not dictate modding capabilities, even though it may affect the leve of detall and the timing of
improvements.

The Nature of the Air Quality Problem Should Influence Modeling Choices - The specific
pollutants for which a metropolitan areais nonattainment should be taken into consderaion in
fashioning an analysis capability. Also, the severity of the ar pollution problem and the locations) at
which it occurs should be taken into account.®*

Regional Growth Dynamics Should Be Considered - Rapidly growing and rapidly changing arees
aremore likely to show land use effects of trangportation investment than are areas where overal
growth isdight. Slower-growing areas neverthdess may exhibit other important land use changes
which should be reflected in modding efforts, e.g., shifts of population and jobs to suburban aress.

The Mix of Modal Alternatives Should Be Reflected in Model Design - Areas exhibiting high
utilization rates for a broad mix of moda aternatives require a more complex modeling approach
than areas dominated by auto travel. On the other hand, various forms of ridesharing may be the
chief travel dternatives in auto-dominated aress, caling for a sophisticated approach to the
modeling of auto occupancy.

The Mix of Policy Alternatives Should Influence Model Devel opment - Areas considering more
complex policy options - such asland use and urban design interventions, or extensve or innovetive

* The area(s) required to be modeled for air quality purposes may not exactly correspond to the

area(s) the MPO currently models. When the nonattainment areais larger than the MPO boundaries,
the MPO generaly should take stepsto enlarge its analysis area accordingly.  In some cases this may
require specia arrangements with neighboring jurisdictions. When the nonattainment areais smaller than
the MPO modeling areg, it usudly will be possible to adjust model runs and/or outputs to focus on the
nonattainment area.
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transportation pricing measures - will require more sophidticated andlysis strategies than areas
relying on capita investments and operations changes to conventiond highways and trangt.

These complex - and sometimes conflicting - considerations underscore the need to fashion amodeling
and andysis response that is matched to the conditions of the particular metropolitan area.

4.2 General Data and M odeling Needs
4.2.1 Introduction

A number of modeling issues are common to many or al of the transportation planning requirements of
the Clean Air Act. The purpose of this section is to introduce these modeling issues. Subsequent
sections ded with each type of andysisin detall.

The section begins with an enumeration of basic dements that should be present in every transportation
modd, whether aregion islarge or smdl, fast-growing or dow growing, multimoda or auto dominated,
severdy polluted or moderately polluted. It then discussesthe principa variationsin modeling
requirements that arise from differences among regions. For example, many of the smal MPOs will
need to make improvements smply to acquire basic modeling skills, but may not require more extensive
modeling invesments. In comparison, most of the large, well established MPOs dready satisfy basic
modeling standards, but will require significant investments to address their more complex policy
questions. Recognizing that no region isin apostion to fully address the Act's andlys's requirements or
to immediatdy correct dl deficiencies, the section ends with a discussion on setting priorities for model
improvements and devising interim analys's pproaches to compensate for known shortcomings in the
models.

4.2.2 Review of Basic Modeling I ssues

The transportation requirements of the Clean Air Act pose significant challenges for trangportation
modeing and analyss. Based on thair experiences with new conformity determinations, on eaxly drafts
of EPA Clean Air Act guidance, and on efforts to date with transportation control planning (both under
the new federd legidation and under sate law, especidly the California Clean Air Act), MPO daffers
have reported broad concerns about the degree of accuracy of transportation and emissons modelsin
comparison with the reliance being placed on them in trangportation/air quaity planning. They worry
that reviews of the standard four-step travel modd system, focusing on the theoretical, econometric, and
datidticd vdidity of the modd hierarchies, component models, and data, have been sharply criticd, and
that “accepted” practice may be open to successful legd chalengeif it ignores key phenomena or treats
them in away that is known to beinaccurate. Some of the specific issuesthey haveraised are as
follows

» Basic data such as household travel surveys reporting demographics, employment, income, and trip-
making; link volume and trangit passenger counts; vehicle occupancies, parking prices, land use and
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employment data; emissons inventories, and pollutant concentration data are frequently missing,
dated, or too sparse to support the detailed analyses being sought.

The higtorica performance of large scae modd systems has not been well documented, but severa
aress have had problems, reported in the literature, with forecasts of new trangit ridership and
predictions of other trangit policy changes. Forecasts of highway volumes and speeds have been
less often publicly critiqued but at least in some key instances have reportedly been no more
accurate.

Some individua model components are more reliable than others. For example, mode choice
models often perform well, but the explanatory power of trip distribution modes is troubling.

Many modes use only highway travel time as an accessbility measure, even when trangt
accessihility is arguably very important.

Models often lack detail on household demographics which research indicates as being important:
for example, the number of children in the household, age and sex of the traveler, etc. Some areas
even lack data on household income (except, in the aggregate, from Census data.)

Network coverage varies condgderably in terms of comprehensiveness (what percentage of facilities
are represented) and detail (how many categories of volume-delay formulae are used to describe
the facilities); many areas believe they lack sufficient detall for some of the andysesthey are
expected to do.

The accuracy of modd estimates of link volumes and especialy link speedsis often poor.

There are mgor gaps in knowledge about trip timing and trip chaining, and large, weak assumptions
must be made to handle these matters. For example, most areas assume trip timing will remain the
samein future years, and ded with trip chains only in terms of the percent of trips that are non-home
based.

The ability to represent TCMs is mixed. Pedestrian and bicycle measures and many urban design
options typicaly cannot be andyzed using the regional models. In some areas, pricing measures
aso are difficult to modd because data sets lack detail on parking and other auto operating costs,
and/or models do not include price and income variables (except in mode choice.)

Regiond modes aso are not well suited to assess many of the large changes in transportation
systems and operations being contemplated for the future, including:

Intelligent Vehide-Highway System (IVHS) technologies, i.e., “smart highways’

Widespread road pricing — fundamenta change in land use palicy.

139



Few models have been vdidated as integrated systems, dthough individua component models are
checked.

Emissions calculations require inputs in far more detail than current trangportation data or models
can produce, and therefore require numerous assumptions and extensive post- processing.

Documentation of models and applications generdly is not extensve or detailed enough for outside
reviewers.

Whilethislist of common shortcomings may seem formidable, many MPOs have in fact made sgnificant
progressin improving practice in a number of these areas. Thusthelist can be viewed more favorably
as the set of improvements, many of them with good examples dready available, which many MPOs
will want to implement over the next few years.

4.2.3 A Basic Ensemble of Data and M odels

Every region affected by the Clean Air Act will need, a minimum, awell-crafted network-based travel
modeling capability which can respond to air quaity model input requirements and can be used in
carrying out conformity analyses. Sound modeling capabilities dso are needed for long range planning
under ISTEA. The following features of such amodel should be considered basic.

Zone System - The zone system should provide a spatia structure that: 1) is consstent with census
data aggregates, 2) is congstent, to the extent possible, with the boundaries of mgor palitical
jurisdictions; 3) maximizes the between zone variation and minimizes the within-zone variation of

key attributes; and 4) minimizes the proportion of vehicular travel occurring within-zones. In
generd, smdler zones (and larger numbers of zones) will more eadily satisfy these requirements.
While the number of zones has often been constrained by computer software and hardware
limitations (e.g., computer time for traffic assgnment and matrix operations increases with the square
of the number of zones), modern RISC-based work stations have brought ample computing power
within reach of every MPO, including the smaller ones.

Highway Network - The highway network should include dl facilitiesin position to carry sgnificant
interzond traffic - limited access, arterid, and in many cases, collector. Enough categories should
be defined within each facility type to support a representative range of volume-delay curves.
Volume-dday parameters should be sdected to reflect actua rather than nomind performance,
induding free-flow speeds in excess of 55 mph and effective lane capacities in excess of
hypotheticd vaues. Criticd or unusud facilities (such as mgor intersections and toll booths) should
be coded individudly to ensure that delay is modeled correctly.

Zones and networks need to be compatible; finey grained zone structures should be matched by

equaly detailed network descriptions. The adequacy of this match will be evidenced by the qudity
of the validation check.
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To the extent possible, andysts should code mgor collectorsinto their highway networks., A
gtandard rule of thumb dictates coding facilities of one functiond class below that for which reliable
traffic loadings are desired. Hence mgor collectors should be coded if reliable volumes on minor
arterials are needed.

While the number of linksin a network has been an issue in the past, modern work stations with
graphics-based topologica editors make it relatively smple to manage very large networks. The
burden of database management can be eased (or shared) by combining the link library for network
modeling with the generd purpose catadogue of sireet characteristics now maintained in some
regions (typicaly for pavement management purposes).

Land Use - The basc data needed are population, average income, average household size,
workers per household, employment by mgor category, and housing stock; al should be available
by zone for the most recent travel survey year, for the current year, for the base year (if different
from the current year), and for the target year(s). Whenever possible, additional demographic
variables (age, sex, number of children, household members with a disability, etc.) should be
obtained on a household or zond average basis, dong with additiond land use data such as square
footage by land use category, measures of density, and measures of development qudity (price,
rents, office class, etc.), home ownership levels, tenure, etc.

Trip Generation - At minimum, asmple (cross)- classfication table should be developed for each
magor trip purpose. It isuseful to distinguish at least five trip purposes, including: home-based
work, home-based shopping, home-based school, home-based other, and non-home-based. The
dimengons of the tables will vary with purpose, and will depend somewhat on the range of
demographic data available for each zone. For example, schoal trips are predicted more accurately
by children per household than by persons per household, but regiond databases do not dways
include explicit variables for the number of children.

A basic travel modd invariably addresses vehicle trip generation rather than the larger universe of
person trip generation by dl modes. While this is understandable as a smplification of the process
and as a short-term expedient, MPOs should be cautioned that direct vehicle trip generation leaves
amode vulnerable to errors from changes in land use characteristics (especidly resdentia and
employment densities), which are highly correated with vehicle trip making but not with person trip
meaking. If significant land use changes are contemplated in future studies, then it may be sensbleto
initiate the model system on a more robust person trip basis rather than retrofit the model later on to
compensate for errorsin vehicle trip generation.

Trip Distribution - A trip distribution moded should be developed for each trip purpose.
Transformed highway time (peek or off-peak) can be used as a smple impedance factor, athough
areas with sgnificant trangt use should consider a more sophisticated metric such as thelogsum of
the mode choice modd, and areas contemplating pricing strategies should consider adding cost as
well astimeto theimpedance. Trip generations (attractions and productions) can be used as smple
attractiveness measures.
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Peaking - Average am. and p.m. peaking factors should be developed for each trip purpose, with
adjustments for interdistrict movements that are large enough to support separate caculations.

Trip Tables - Using the peaking factors, trip distribution tables should be reconfigured into tota trip
tables by time period (am peak, p.m. pesk, off-peak). If the trip distribution tables represent
person trips rather than vehicle trips, this conversion aso requires knowledge of average vehicle
occupancy by trip purpose. Inter-regiond and off-modd trips should be added to the tablesto
provide a complete picture of traffic in each period.

Traffic Assignment - Congrained multi- path assgnments should be carried out for peak
conditions, and the resulting travel times should be recycled back to the trip ditribution models until
aquas-equilibriumisreached. In order to avoid mindless repetition, this step requires a careful
interpolation after afew iterations have been completed.

In the model development phase, the trip distribution-traffic assgnment loop should be tested and
adjusted o that both volumes and speeds are “replicated” for acomprehensive sample of count
locations.

Survey Data - Up-to-date home interview survey data should be collected, to serve as aresource
for model development and to provide a direct source of information on mobile source emissons.
Asagenerd rule of thumb anew survey every decade or so isdesirable. More effective sample
design and use of gpecia-purpose surveys such as transit on-board surveys and employee commute
surveys are a potential source of data for more frequent updates (or could be used as an interim
data source for some analyses), athough this rarely has been successfully carried out in practice. In
addition, specia surveys (or counts) will be needed to account for off-modd (commercia and
interregiond) trips in the network.

Validation Data- A comprehensive sat of traffic counts (by vehicle type) and floating car Speed
observations should be assembled as abasis for modd vadidation and VMT tracking. MPOs
amog certainly will want larger and more rigoroudy gathered samples than now collected for
HPMS (even under the updated HPM S guiddlines). In addition, it may be desirable to collect data
on a broader cross-section of the highway system, including loca streets, and to do specia studies
to account for interregiond travel and intrazond trips (VMT and average speed).

Emissions Estimates/Inventory - Thefind sep in an andyssfor ar qudity planning isthe
trandation of link-specific travel estimates into emissions estimates, which are used, with
adjustments to account for “off-modd” emissons, both to prepare emissons inventories and to
evauate plans, programs, and projects. Typicdly this step involves gathering data from
“representative’ links and using these data to estimate the detailed link-leve information thet is
sought asinput to the emissons modds. These inputs include: hourly data on traffic volume by
vehide dass (light-duty auto, light-duty truck, medium-duty truck, heavy-duty truck, motorcycle,
and urban bus), fud type (gasoline, diesdl), and catalyst/non-catalyst; average link speed; and trip
start data. Post-processors complete with default vaues for the representative links are increasingly
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available for this step; their use should be preceded by a careful review of their suitability. Note that
for emissons inventories and atainment demondtrations, it is necessary to account for al emissons,
induding “off-model” emissions (generaly on loca streets, collectors and arterids not represented in
the model plus VMT generated by any travel not represented in the model system.) Postprocessors
to add these VMT and/or emissons also are available.

To summarize, the minimum prerequisites for a credible estimate of emissonsinclude: 1) acomplete
network for the region, in sufficient detall to capture at least 85 percent of the interzond travel; 2) an
ability to generate plausible vehicle trip tables based on current and future land uses and travel optionsin
the region; 3) software to assign the full spectrum of vehicular traffic to the network; 4) sufficient field
observations of traffic (average speeds, average daily volumes, average peaking factors for pecific links
that are directly identifiable in the network) to calibrate the traffic assgnments for base year data; 5)
software to calculate emissions based on network flows and link speeds, and as necessary, to refine
gpeed estimates from assigned traffic; 6) software or procedures to account for additiona “ off model”
trangportation emissions; and 7) estimates of future land uses sufficient to dlow projections of future
emissions,

42 A Variations

The previous subsection describes travel modeling capabilities as they should exist in every region
affected by the Clean Air Act's transportation requirements, from the smalest to the largest. 1n many
regions, notably the larger and more complex urban areas, additiona features and capabilities are
required to produce travel and emissions estimates with the desired level of accuracy and flexibility.
Among the phenomena to which these capabilities must respond are:

* Implications of Modal Complexity - Additiona networks, assgnments, trip tables, and peaking
analyses are required to represent trangt systems and, where there is separate infrastructure, HOV
systems (and their effects on the ridesharing mode). Mode choice models must be present in these
cases, aswdl. Wheretrangt isasgnificant contributor to interzona accesshility (asit isin many
large U.S. metropolitan areas, especidly for the poor and for trips to the CBD), the accessibility
indicator used in trip distribution should incorporate trangit as wel as highway times. As noted
earlier, the smplest way to achieve such acomplex hierarchica rdaionship isto use the log of the
denominator of alogit mode choice modd as the accessibility measure. Thisis both rdatively
smple computationaly and recognized as the theoretically correct approach.

» Implications of Land Use Complexity - Where land use dengties differ anong zones by two or
three orders of magnitude (e.g., as measured in persons per resdentia acre), variations in vehide
trip generation can be quite large. In these cases, it is necessary to add land use variables to vehicle
trip generation equations (either by adding a density dimension to each vehicle trip attraction and
production table, or by dedling with person trip generation and splitting out the vehicle tripsin alater
gep). Without such adjustments, there will be atendency to over-predict vehicle tripsin denser
areas and under-predict tripsin less dense areas. It is dedirable to adjust the granularity of the zone
system (i.e., select zone boundaries) to provide for homogeneity of land use and population
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characterigics within zones. Typicdly, thisimplies more fine-grained zones and (possibly) trip
generation and trip digtribution modeling for several classes of workers (e.g., manufacturing, service,
other).

Implications of Land Use Change - If aregion isgrowing or undergoing sgnificant internd
rearrangement of land uses, dengity attributes become even more important. For example, new
development that is less dense than the regiond average is likely to produce a higher-than-average
number of vehicle trips per unit, yet most existing vehicle trip generation models do not dlow land
use characterigtics to influence trip generation for a given household category. Modes so
configured are likely to under-predict VMT growth in the face of land use change.

A more controversad issue isthe degree of need for aland use alocation modd and/or aregiond
growth modd capturing the effects of investment and accessibility on the spatid arrangement and
amount of economic activity. As Chapter 3 makes clear, the dominant style of anadyssinvolvesthe
use of one or more fixed future projections of land uses, treeted as a“given” unaffected by
transportation investments. 'Y et most planners recognize thet the location and leved of infrastructure
investment will have a least some influence on the locus of economic activity. Thisimpliesa
potentid effect on VMT and emissions forecasts, and on the outcome of conformity assessments.

Thereis not a consensus among practitioners on the “right way” to modd the land use effects of
infrastructure. However, workable models based on tested theories of spatid interaction are
avalable. Many of the largest MPOs have implemented or are in the process of implementing such
models Smply to be in a pogtion to offer an informed opinion about the extent of land use effects
from (and on) transportation plans.

In one mode of operation, the land use modds serve largdly in asengtivity teting role. Andystsrun
the land use models to evaluate whether and to what extent the land use pattern would shift in
response to proposed trangportation changes. If the shift is sgnificant, they then re-run the
transportation models with a new land use pattern to determine the resulting travel changes, or in
some cases Smply adjust the core trangportation mode outputs by hand.

Looking at their conformity obligations, aswell astheir broader multi-moda planning respongilities
under the ISTEA, anumber of larger MPOs likely will implement land use modelsin the next few
years no matter what (some are dready doing s0). Asthe models are improved and their range of
vdidity is established, it may become feasble both to bring them more explicitly into the core
modeling framework and to make them available to smaler MPOs.

Variationsin Travel Cost - Basc modds typicaly assume that auto travel costs are roughly
proportiond to highway travel times. In aregion with few priced parking spaces or toll facilities, this
assumption is approximately correct by definition because the out-of- pocket expense of driving an
automobileis roughly proportiond to distance and speed (hence, time). However, where parking
charges and tolls are present, travel choices will reflect the resulting price variation.
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Wheretall fadilities exist or are contemplated, or parking prices exist or are expected, the MPO
must ensure that prices are adequately represented in transportation models. For parking price, this
implies a presence in the mode choice models and, to the extent parking prices are afactor in
degtination attractiveness, a presence in trip digtribution. A linkage with trip distribution occurs
automaticdly if the mode choice logsum is used as the attractiveness variable.

For tolls, the modding implications are somewhat more complex. Tolls not only have the same
mode choice and destination choice effects as parking prices, but usualy influence route choices as
well. Given asuitable converson factor (e.g., an average vaue of time), tolls can be included in the
generdized price (utility) of each affected link or can be converted to atime equivaent and inserted
asalink pendty. The resulting traffic assgnments will reflect the influence of tolls on route choices.

The appropriate treatment of tolls in mode choice becomes somewhat unclear in the presence of
demongtrable route choice effects. When tallsinfluence some but not dl of the feasible routes
between points, average time and cost for the mode choice modd must be ca culated as weighted
averages for tolled and non-tolled paths.®

In generd, price effects (hence vaue of time) have been shown clearly to diminish with increasing
income. Thus, wherever price appearsin the modd dructure, its influence should be inversely
proportiond to income. This can be accomplished in the mode-choice modds by dividing the price
by some function of income. Such an gpproach is not possible for route choice under commonly
used traffic assignment methods, and route choice results smply must be taken as representative of
the average traveler. (Because income is not among the available variablesin route choice
(assgnment) in the most commonly used software packages, it can be incorporated only by
contracting for specia programming.)

» Peaking - Fdd sudies show a dgnificant variation in pesking characteristics with the degree of
congestion in acorridor. In aregion like the San Francisco Bay Area, peak hour flows will range
from 11 percent of daily totas in uncongested corridors to 7 percent in a highly-congested corridor
such asthe Bay Bridge. Moddersin the Los Angeles and New Y ork areas report peak
percentages as low as 6.5 percent. While there are no accepted models of peaking available for
generd use, any region that expects to experience achangein the level of congestion over time or
among dternatives should have awell documented procedure or smple modd in place for adjusting
the peak hour percentages, for example, estimating the peak hour percentages as afunction of the
24 hour volume-to-capacity (V/C) ratios.

% A more rigorous approach would involve representing the choice of route as subsidiary to the
choice of mode, using aforma nested choice framework. Such amodel has not yet been developed for
practicd use.
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4.2.5 Getting From Hereto There

As of thiswriting, no region's mode exhibits al of the desired fegtures, and no region is close enough to
a"“ state-of-the-practice’” modeling cgpability to haveit dl in place for the next round of transportation
ar qudity anayses. Planning resources are increased sgnificantly under ISTEA, but not enough to
“buy” dl of the needed improvementsimmediately. Furthermore, some of these improvementswill
require severd years of data collection and model development for complete redization. This suggests
apair of questions: 1) In what sequence should data and modd improvements be implemented? and 2)
How can informed decisions be taken before aregion's data and models are improved? Neither of
these questions can be answered in detail without reference to a particular region's context, but a
number of genera observations are possible.

Prioritizing improvements

Substantive modd improvements should begin right away in eech region. In most cases, the initid steps
will involve data collection and dataanalysis. With few exceptions, each region will need the following
items

e anup-to-datetrave survey, to provide information for locd mode development. The survey should
elicit key household information, incuding income, vehicle availability, and household structure, and
should include a least a one-day diary of vehicular and non-vehicular tripsin sufficient detail to
support accurate geocoding. Sample sze will vary from region to region. After aperiod of
economizing with smdl samples, many regions have gone back to collecting the largest samplesthey
can afford (e.g., 5000 or more observations, and as many as 10000-1 5000 observations in the
largest regions), both to ensure the maximum flexibility in later use and to have adequate samples for
subarea and corridor andlyses. However, useful information can be extracted from samples as smal
as 500, if that isdl aregion can afford. Also, awell-designed supplementary survey of perhaps
500 observations could be used to obtain missing data and then could be combined, via rigorous
datistical procedures, with the larger survey for andysis and forecasting purposes. (i.e., an MPO
could collect a survey which includes data omitted from their larger survey - in some regions, this
would include data on incomes; prices paid, including parking price; and characteristics of the
vehicles owned.)

* anexpanded set of traffic observations, to alow for accurate VMT and speed monitoring and to
provide data for modd vaidation. Data about fleet mix by time of day must be one of the
observations made.

* anOD survey a regiond cordon lines, to provide estimates of internd-externd traffic origin-
dedtination patterns.

* an expanded highway network, covering dl freeway, arterid, and key collector facilities. (A key
collector facility is one which carries sgnificant interzond traffic, eg., 1000 trips/day.)
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* asat of zonal demographic and economic data, updated to reflect the most recent (1990) Federd
Census results.

As soon as they are available, household survey data should be used to develop an improved
understanding of travel behavior in the region, and to make incremental improvements to existing
models. For example, an outdated (or “transferred”) trip generation modd might immediately be
replaced with arevised cross-classfication table based on the new survey, with a more sophisticated
trip generation model developed as time and resources permit.

Household survey data aso should be used to develop a degper understanding of the origins of mobile
source emissions. With full geocoding and verification, and after base network level-of-service
information is attached, the raw survey data can be used in a sample enumeration framework to make
accurate emissons estimates for avariety of trip categories. Such an approach can draw on the survey
for trip type, household, and vehicle data; on the networks for trip speeds and distances; and on EPA's
most recent MOBILE series mode for running emissions and trip start emissions by trip type® In both
San Diego and the Bay Area, where extensive analyses of this type have been carried out, numerous
high-emitting trip categories (such as high school and college trips) have been identified.

With dl of the dataiin place, the MPO can undertake a (possibly) more far-reaching set of mode
improvements, designed to achieve the level of complexity and sophistication deemed appropriate for
locd conditions. For asmal MPO with recently-acquired modding responsihilities, thismay be abasic
modd that smply meets the core structura requirements listed above (but with *home-grown”
coefficients). For alarge MPO with a sophisticated mode dready in place, thiswould imply a
refinement of models to address omitted or problematic phenomena. For example, in highly-congested
regions, amore formd representation of the relationship between corridor-leve pesking and congestion
may be sought in order to more accurately anayze future delays in a saturated network. Also, a number
of areas will want to improve their ability to represent trangportation-land use interactions in their
models. For areas with complex transit choices, detailed nested models might be developed (e.g., auto
vs. trangt; within auto, rideshare vs. drive done; within trangt, rall vs. bus, withinral, light rall vs. heavy
rall (or expressvs. loca); competing access modes for each.) For areas with little trangt but much
ridesharing activity, the rideshare options might be modeled in detal (e.g., rideshare vs. drive done;
within rideshare, vanpool vs. carpool; within carpool, household members only vs. unrdlated individuas,
access modes for each shared ride option.) In short, each MPO would decide what model
improvements are most important, given its existing models and the transportation issues and optionsin
the region, and would pursue improvements accordingly.

% Currently, MOBILE outputs include trip start emissonsin the overal running emissions.
However, the anadlyst can produce trip start outputs by running the model for anumber of scenarios -
zero cold start, zero hot start (running emissions only); 100% cold start, zero hot start; 100% hot start,
zero cold start - and comparing the results to produce estimates of cold start and hot start emissions.
Cdifornias EMFAC program, in contrast, directly provides cold start, hot start, and running emissions
estimates.

147



Interim Analysis Methods

Asmodd improvements are being developed, the MPO may need to gpply interim analys's methods to
accomplish certain of its responghilities. Such methods need to be credible even though they may be
less detailed (accurate or precise) than the more sophisticated or more forma methods to be used later.

The mogt basic and immediate need is for a credible current emissions inventory and a projection of that
inventory to the attainment year, as abasis for discussons over the level of emissions reductions to be
assigned to transportation sources. Most mgjor MPOs are in good position to produce at least afirst-
cut 1990 inventory, usng HPMS data and/or their available models;, however, in some regions neither
available data nor modds are adequate for this purpose, and the MPOs will have to catch up quickly.®’
One gpproach would be to use HPM S data and/or other historicdl traffic countsto establish basdine
VMT and atrend in VMT growth, and use the trend estimate to produce emissions forecasts. (MPOs
in genera may wish to compare HPM S or other count-based estimates with estimates produced by
their travel modes, and to make adjustmerts, as necessary, to reflect observed trends.)

If modd improvements are required for other purposes (such as TCM andysis or conformity
assessment) but are not yet available, then it may be possible to “borrow” key models from another
region with adjustment as necessary to replicate loca conditions. Alternately, an areamay choose to
borrow an eadticity and either convert it to a parameter value or useiit directly in off-mode applications.

Many areas may choose to apply sketch planning methods for TCM andyses, at least ininitid rounds.
Sketch planning methods range from smple worksheets (available in various forms, from hard copy to
ca culator-based to microcomputer versions), to more complex methods such as the STEP model used
inthe Bay Areaand the SRGP modd used in Denver; a number of these methods are documented in
various EPA, DOT, and Dept. of Energy reports (e.g., Sosdau, 1978; Harvey, 1978; Harvey, 1979;
Atherton and Suhrbier, 1978; among many others). Caution should be exercised in usng the smpler of
these methods, since for some TCM s they have been based on very limited data or experience.

Use of sketch planning methods may be a sensible strategy even for areas which have adequate mode
systems. Inthe Bay Ares, for example, the STEP model was used for much of the TCM andysis (e.g.,
to explore policy options) and only the find propoased policies were subjected to andysis using the full
modd system. (The full system dso was used for conformity runs.) This combined gpproach saved tens
of thousands of dollars of computer time.

" VMT forecasting guidance (US Environmenta Protection Agency, 19924) cdls for MPOs to use
HPMS data as the basdline and model- based growth factors for projections, unless HPM S data are
inadequate; in the latter cases other approaches may be accepted.
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4.3 Specific Transportation-Related Air Quality Analysis Requirements

In addition to the basic dataand modd improvements discussed in the preceding section, the specific
andysis needs result from requirements of the 1990 Clean Air Act Amendments. These include
emissions inventories, forecasts, and tracking; tracking and forecasting of VMT; TCM evauations, and
conformity determinations. The andysisimplications of each of the mgor requirements is discussed
briefly in the following sections.

4.3.1 Emissions | nventories, Forecasts, and Tracking

Under the 1990 Amendments, emissions contributing to violations of the nationa ambient air quaity
standards must be inventoried and tracked over time. Moreover, forecasts of emissonswill be used in
determining the levels of reductions needed, and actua emissons levelswill be compared with forecasts
in evauating progress. Mobile source emissons will need to be estimated at both the regiond leve and
a the“grid cdl” levd, for ar qudity modding.

If aggregete regiond totals were the only required emissons estimates, then avariety of methods would
be avallable, indluding:

» Totds expanded directly from traffic count data- An improved HPM S-type sample (with added
representation from loca and collector streets) could be used to generate a direct estimate of the
regiond emissons burden. Detailed volume and speed data would form the basis for emissons
calculations a each Ste, usng MOBILE or EMFAC emissonsfactors. The HPMS expansion
factors then would be used to expand the site-pecific emissions cal culaions up to regiond totas.

»  Trip-based emissons summary from acurrent travel survey - Travel diaries generaly provide a
good picture of persona vehicle travel patterns. Given reliable network-based speeds and
distances, MOBILE or EMFAC factors can be used to compute the emissions for each vehicle trip
in the sample, and total emissions can be estimated by summing the emissons over dl trips. In some
ways, thismethod is likdly to yield the most accurate estimates of emissions, because the MOBILE
and EMFAC factors are redlly trip-based (i.e., they derive from the Federd Test Procedure, which
was desgned to represent a“typical” trip). Even with agood survey of persond vehicular travel,
additiond effort is required to determine the emissions from commercia and inter-regiond travel.
Asapractica matter, it may be necessary to get at these off- survey eements through HPM S-type
traffic counts. (Some aress, e.g., Chicago, have done truck surveys.)

»  Trip-based emissons summary from base travel moded run - This method resembles the sample
enumeration approach described above, but draws the trip sample from the modd's trip tables. If
recommended modeling practices are followed, commercid and inter-regiond tripswill be present
inthetrip tables.

*  Link-based emissons summary from base travel mode run - This method also uses data from the
regiona modd, but bases the caculaion of emissonson find link volumes and speeds. Emissons
are determined for each link and time period, based on the average link speed and volume by
vehicle type, and are then summed to yield the regiond totas. Experience in the Bay Areaindicates
thet the trip-based method and the link-based method will differ by no more than 2 percent for CO

149



and ROG (VOC). The difference arises because of the greater speed variation among individua
links than among paths through the network. Itisnot at al clear that MOBILE and EMFAC are as
vaid for the homogeneous link speeds assumed in transportation models asthey are for average
path speeds,?® but there is a tendency for MPOs to rely on a link-based analysis because it more
reedily produces grid cdl estimates of emissions.

There redly is only one reasonable method for producing grid cell estimates of emissons, whichisto
use the link flows and speeds in the manner described above.

4.3.2VMT Basdline, Forecasts, and Tracking

Forecasts and estimates of actual VMT (dong with certain other travel parameters) are required under
the 1990 Amendments as away of monitoring compliance with transportationair quality requirements.
Asdiscussed in Chapter 2, 0zone nonattainment areas classified as Serious or worse must demonstrate
that VMT, emissions, and congestion are cong stent with the assumptionsin the SIP, or SIP revisons
will betriggered. Certain CO nonattainment areas (classified as Moderate or Serious with adesign
vaue over 12.7 ppm currently nine areas) have requirements for annual VMT forecasting and tracking;
if estimated actud” VMT exceeds that forecasted, specific contingency measures must be implemented
intheseareas. Thus, it is urgent that these areas develop the ability to produce reliable aggregate
regiond “measurement” of VMT over time, with short- to medium-range forecasts of regiond VMT
growth that are as accurate as possible.

EPA guidance on VMT forecasting and tracking for CO nonattainment areas with design vaues above
12.7 ppm was issued in January 1992. While the guidance is not binding and states (or regions) can
depart from it, departures would have to be judtified whereas Smply following the guidance would be
accepted. The guidance specifies the use of ground counts from FHWA's Highway Performance
Monitoring System (HPMS) for tracking VMT, and regiona network modes (or HPMS
extrapolations) for forecasting VMT.

The use of HPM S for the basdline inventory and tracking and modd-based VMT for forecasting
appearsto reflect a compromise. On the one hand, severd of the affected areas lacked network
models of sufficient accuracy or detail to produce good estimates of VMT and could not adequately
improve the models in the amount of time avalladle; therefore they were looking for other ways to obtain
VMT basdineinformation. The HPMS system was an obvious option asit isdready in usein dl 50
gatesfor VMT estimation, and is being improved under FHWA direction. On the other hand, the
HPM S data base has recognized limitations (for example, loca streets are not counted - alimitation
shared with regiond network models - and the area HPM S coversis usudly smdler that the
nonattainment area, with under-representation likely to be greatest in the urban fringe, the areawhere

% High speeds (>55mph) may be an exception, since driving cydles for such speeds would include
relaively few accel erations/decel erations, etc.
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VMT growth may be fastest.) Moreover it is especidly problematic that the HPM S data for several of
the states containing the CO nonattainment areas subject to the VMT forecasting and tracking
requirement - in particular, Cdifornia, Washington, New Y ork, and Connecticut - are currently based
on statewide sampling of grouped urbanized area data rather than regiona samples (though urban area
samples are now required and will be available in the future). Also, HPM S is not a forecasting modd,
S0 its use does not obviate the need for a forecasting method. While the guidance recognizes these
problems, cdls for fix-ups to overcome some of them (e.g., more counts, methods for estimating local
VMT and VMT outsde the HPM S-covered areg, etc.), and alows dternative approaches under some
conditions, consderable uncertainty over the reliability of the basdine VMT esdtimates may be a
troubling problem for at least some of the aress.

Future VMT estimates are to be done by applying amode- based growth factor to the HPM S 1990
basdline estimates, or smply by extrapolating from HPMS samples. Thus errors in the basdline estimate
would be carried forward into the forecasts. Similarly, inaccuracies in the expected growth rate (itself a
complex function of expected changes in employment, population, household demographics and
income, land use patterns, etc.) would produce erroneous future estimates. Whatever the source of
error, it could have serious consequences, since overestimation of VMT would trigger more controls
than actually are needed, whereas an underestimate could complicate conformity findings, trigger aSIP
revison, and/or trigger the implementation of contingency messures.®

Because of the uncertainties and risks, most areas will need to invest in both improved counts and
improved network models. In the meantime, areas may wish to double-check their VMT basdine
estimates by comparing them to the results obtained via dternate methods. For example, VMT
estimates can be derived from any or a combination of the following:

* Regiond gasoline sdes

*  Odometer readings

* A separate sample of traffic counts (different from HPMS)

* A household survey repested a necessary intervals, supplemented by a survey of commercid
VMT

*  Modd caculdions (i.e, from regiona travel modes, with revison of key inputs based on
“measurements’).

While each of these methods has limitations (see, e.g., Cambridge Systematics, Inc., 1991a; Smith and
Ramadan, 1990), they may nevertheless be useful as checks on the reasonableness of HPM S-based
estimates.

% The possibility of adiscrepancy between forecasts and counts is likely to be quite high given the
uncertainty attached to the many factors which enter into VMT growth forecasts or counts themselves.
However, the EPA guidance dlows only afive percent differencein forecasts and “actud”, orin
updated forecasts and the forecast relied upon for the attainment demonstration. 1n comparison, a study
by FHWA found that the variability of VMT 1983-88 for 14 areas averaged +/-3.8% (Fleet, 1991).
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Alternative approaches aso might be gpplied to forecasting VMT, including:

* Trend extrapolation
»  Aggregate econometric models
* Regiond trave modd cdculations.

Here, too, each approach has limitations, but can be useful as away to check forecadts.
4.3.3 TCM Assessment
4.3.3.1 Analysis of Section 108 Measures

Asnoted earlier, Section 108 (f)(1) of the 1990 Clean Air Act Amendments requires EPA, in
consultation with DOT, to make information available on transportation control measures including, but
not limited to, the following Sxteen items:
1. Programsfor improved public trangt
Redtriction or congtruction of certain lanes or roads for use by buses or HOV's
Employer-based transportation management programs, including incentives
Trip reduction ordinances
Traffic flow improvement programs that achieve emissons reductions
Fringe and corridor parking facilities serving HOV's and trangit
Programs to limit or restrict vehicle use downtown or in other areas of emission concentration,
particularly during pesks
HOV /ridesharing service programs
9. Timeor place restrictions of road surfaces or areas to bikes and pedestrians
10. Bike storage, lanes, and other facilities, public and private
11. Programsto control extended vehicleidling
12. Programsto reduce extreme cold Start emissons
13. Employer-sponsored programs to permit flexible work schedules
14. Locdities SOV trip reduction planning and development programs for specid events and
mgor activity centersincluding shopping centers
15. Pedestrian and non-motorized transport facility construction and recongtruction
16. Programsfor voluntary remova of pre-1980 vehicles.

Noahs~wWDN
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The EPA guidance documents address the relative effectiveness of various procedures and methods,
their potentia effect on the transport system and the provision of trangportation services, and their
energy, environmenta, and economic impacts. Additiond guidance addresses:

* waysto reduce emissonsduring ar pollution derts;

» other measures to reduce public health impacts;

» informetion on the extent to which strategies to reduce one pollutant might lead to increasesin
another.
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Although with specified exceptions TCMs are not required, they nevertheless are likely to be needed in
most metropolitan areas facing CO and 0zone nonattainment problems, in order to meet required
milestones and to attain the standards by the deadlines. Hence the Section 108 ligt will be a garting
point for MPO eva uations.

Severd observations are in order about the sixteen TCM categories listed in Section 108. For one
thing, some of the categories are very broad, and within aparticular category a variety of measures
could be devised; for example in a study on TCM implementation issues conducted for EPA just before
the passage of the 1990 Amendments, over 70 specific measures were reviewed (Eisnger, Degkin, et
a., 1989). Each of these specific measures could require adifferent analysis approach. Asone
example, employer-based incentives could include reservation of close-in parking lots for HOW and
vigitors, with SOV drivers having to wak two or three additiona minutes for each trip. Or the employer
could subsidize trangt and charge for parking, or establish shuttle servicesto trangt. Each of these
options would require a different set of anaysis steps. Even more disparate are the analysis approaches
that would be suitable for freeway operations controls, downtown traffic Sgnal system coordination, and
intersection redesign, adl measures that fal under the improved traffic flow category.

On the other hand, a number of the TCM categories overlap. For example, trip reduction ordinances
typicaly implement requirements for employer-based programs, which often (but not aways) include
such items as employer-sponsored flexible work programs and rely on local government commitments
to improved trangt, ridesharing assstance, etc. Similarly, locdities programsto facilitate non
automotive travel and reduce the need for SOV travel as part of transportation planning and
development efforts are often implemented through trip reduction ordinances or employer-based
transportation management plans mandated as a condition of development gpprova or building
occupancy. Moreover someitems on the list provide aternate ingtitutional frameworks rather than
specific emissons-reducing measures, the digtinction appears in the implementation strategy specifics
rather than in the way the measures would affect travel behavior (or the differences are too subtle to be
modeled: the impact of a government-funded transt subsdy vs. an employer-funded trangt subsidy,
eg.) In particular, TCMs #3, (employer-based transportation programs), #4 (trip reduction
ordinances), and #14 (trip reduction programs and ordinances as part of localities planning and
development efforts) are ways to implement the more action-oriented TCMs.

These observations suggest the need to sort out TCMsinto meaningful groups for andys's purposes.
Firgt, note that the ability to mode the various TCMs varies consderably. At least Sx categories can be
identified:

»  Some of the measures are eadily included in most currently available regiond travel modds. For
example, improvementsin trangit level of service (TCM #1) can be readily modeled in most
regiond modd systems.

* An additiona set of measures could be modded if additional data and variables were

incorporated into the modd structure, though only some regions currently have modds with the
requisite capabilities. For example: the modeling of pricing Strategiesis sometimes congtrained
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by alack of data on current prices and incomes, but available models can and do accommodate
these variables. Similarly, certain TCMs can be analyzed by regiona modd systemsif (but only
if) specid features are present in the networks: an example would be HOV facilities (TCM #2)
or other vehicle restrictions on certain lanes or areas (TCMs#7 and 9). Bike and pedestrian
network improvements (TCMs #10 and 15) could be represented in a mode choice model
which included these modes, or even could be treated via separate network coding, athough
few areas ded with either mode s0 explicitly. In some cases “fix-ups’ can be devised to
roughly incorporate the measures of question into the modd, for example, transfer of price
coefficients estimated in another region or a specid study, or use of scalar variablesto reflect
the presence and quality of pedestrian connections.

Certain measures have been modeled in afew areas or in research projects, but models of these
measures are not in common use by MPOs. Examples include model s which incorporate
variablesto reflect the availability and nature of certain features of ridesharing promotion (e.g.,
presence of an on-Ste coordinator as part of employer-based transportation management
programs - TCM #3, or of strong rideshare matching outreach activities as part of a shared-ride
sarvices program - TCM #8), and models which can reflect the avallability of flexible work
schedules (TCM #13). For these measures specia studies may be needed; or the analyst may
amply rely on inferences from available sudies and data

Some measures are typicaly andyzed off-line on the bads of survey data, dthough future
modeling efforts incorporate their anadlysis measures into the regional mode system. For
example, the decision to use park and ride (TCM #6) versus some other form of access has
frequently been moddled for trangt (e.g., viaatrangt access mode choice modd), but smilar
models have not been developed for ridesharing; in the latter case most andyses estimate the
impacts of park-and rideshare based on empirica results at other gpplications.

Some measures are readily modeled but not viathe regiond modd system. These include many
traffic flow improvement measures such astraffic agnd timing and intersection redesign, as well
as ramp metering and freeway weaving section improvements (TCM #5). Specid purpose
moddls are best suited for these anadyses. MPOs ether extrapolate from studies done on
specific facilities, corridors, or areas of the region, or commission specid studies of the regiond
impacts of these TCMs.

Finally, some measures are not reedily modeled with transportation or traffic models and deta,
but cdl for analyses using emissons and vehide fleet information. The measures addressing
extended idling (#11), cold starts (#12), and pre-1980 vehicles (#16) would fdl in this

category.

One way to group TCMs, then, is by the extent to which they can be andyzed with available regiona
modedls, require mode enhancements or fix-ups, rely on specid studies or inferences from available
ones, cal for andyses using trangportation or traffic models other than the regiona ones, or cal for non
trangportation modeling and andysis.
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Thefollowing listing suggests how various TCMsfit into each of these categories.

Transit and highway infrastructure improvements (e.g., TCMs 1 And 2; TCM 5 with respect to
magor fadllities) - These infrastructure improvements usudly can be trandated into changesiin travel
time, S0 agood regiond travel modd should be capable of representing the effectson VMT,
emissons, etc. Andyssof HOV lanes generaly will require the coding of specified links as HOV.
(See Chapter 3.)

Transportation services and operations improvements (e.g., TCM 8, some aspects of TCM

5) - Thisgroup of TCMs offersimprovementsin leve of sarvice, rdiahility, flexibility, etc., mostly
without adding new infrastructure. Some of the Strategies that would fal under this group influence
variables present in conventiond models: for example, increase in trangt frequencies or discounts on
fares. In such casesit is possible to use agood regional modd for TCM assessment. Other service
improvements provide new dimensions of service that do not trandate wdl into exidting variables
(e.g., improved reliability due to guaranteed ride home programs) or risk extending existing variables
well beyond the range reflected in estimation data sets (certain 1VHS strategies might do this). In
these cases it is necessary to make “ off-moded” estimates and then integrate the results with the base
outputs from the regiona modd!.

Traffic flow improvements (TCM 5) - Improvements in traffic flow affecting facilitiesin the
networks generaly can be modeled by adjusting travel times and costs to reflect the new conditions.

In many cases, andystswill use traffic operations models to estimate the time savings (e.g., applying
FREQ or TRAFLO to andyze ramp metering or other freeway improvements; applying TRANSY T
or PASSER to andyze sgnd timing improvements, etc.) In some ingtances the andyst may prefer to
work directly with the outputs from these more detailed traffic operations models in estimating
emissions reductions, since the operations modd s provide detalled information on changes in stops
and delays accelerations and decelerations).

For TCM s affecting facilities not included in the network “off-mode” anadyses must be used. For
example, thiswould be the gpproach for andyzing the impacts of sgnd timing or intersection
improvements on local Strests.

Programs instituted at the work place (TCMs 3 and 13) - Employer-based transportation
management programs are away of implementing TCMs rather than aTCM per se (dthough it is
recognized thet the very presence of an employer-based program may support the use of travel
dternatives)) Specific measures included in an employer-based program could range from
supplementary trangt services to parking pricing to trangit pass subsidies to ridesharing marketing,
and could extend in some cases to employer-funded traffic Sgnds, tc.

Measures that dter moda availability or change the times and costs of travel modes generdly can

be represented in regiond travel modds, if the programs are ubiquitous (or apply to al employersin
particular zones, or gpply to al employers of a particular type of job category represented in the
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model, eg., dl service workers). If the programs are applied only to certain kinds of employers or
employees, however, it may be necessary to do extensive post-processing of results or to dedl with
the whole measure “ off-mode” (e.g., by extrgpolating from available evidence of effectiveness,
perhaps using a cross-classfication gpproach to account for differences in geographic area,
employment size and type, etc.), and then integrate the results with base outputs from the regiond
model. Such off-model approaches are also needed to account for the effects of marketing and
promoation, in-house coordinators, etc. (unless the MPO happens to have one of the few models
including avariable for these factors, or chooses to implement such amodel.)

Flexible work schedules dso must be andlyzed “ off-modd” and then integrated with base outputs
from the regiond model. Data on flextime programsindicate potentid effects on pesking (hence

network characteristics experienced) and mode choice. (Here, too, afew regions have accessto
models, or at least heurigtics, for estimating flextime effects))

Programs implemented or mandated by local governments (TCM 4, 14, etc.) - Like employer-
based programs, local government programs can encompass awide variety of infrastructure
improvements, service improvements, vehicle use redtrictions, pricing strategies, etc. The analyss of
such gpproaches is according to the substantive eements of the action rather than their
implementation gpproach.

Bicycle and pedestrian facilities and programs; auto restricted zones (TCMs 9, 10, 15) - Since
few regional modds represent the bicycle and pedestrian modes in their models, bike and

pedestrian facilities and programs generdly must be analyzed “ off-modd”, with the results used to
adjust the regiond modd (e.g., vehicle trip distribution tables would be adjusted downward,
particularly for intra-zond trips and trips between adjacent zones)) Most areas will rely on evidence
from implementations in their region or reported in the literature. In areas where these modes are
particularly important or are of key interest it may be useful to estimate special mode choice models,
add proxy variables to models, etc.

Pedestrian mdls (auto-restricted zones) require somewhat more complex analyses, depending on
their 9ze and the specifics of the redtrictions proposed. Vehicle trip productions and attractions
could be modified, and traffic conditions on nearby portions of the network could be dtered. While
severd dealed sudies involving modeling of auto-restricted zones have been carried out, a serious
proposal to implement such ameasure on a significant scale would likely be the subject of a specid

study.

Pricing measures - Pricing strategies will be analyzed in some areas as possible economic incentive
programs caled for as contingencies under the 1990 Amendments. In other areas pricing may be
consdered as an dternative to the command-and-control TCMs. Price, of course, also entersinto
mode choice and other travel decisonsin the form of fares, talls, parking prices, vehicle operating
cods, etc. Whilethe inclusion of price varidblesin regiond travel modesis highly variable from one
region to another, a state of the art modd would have price represented ubiquitoudy in the model
system, from traffic assgnment through population and employment alocation, with price responses
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appropriately tempered by income. Given such amodd, the andlysis of pricing messures should be
about as sraightforward as the andlysis of conventiona infrastructure improvements. Without such
amodd, it will be difficult to produce a convincing anadlyss of pricing srategies. Since price and
income are absent from some models because the data are not available, aternate approaches may
have to be consdered. One quick fix (recommended as a short-term option only) isto convert
prices to equivaent times for input to a conventiona modd, using an income-variant vaue of time.
A second gpproach would be to transfer model () from other regions with as much customization to
local conditions as can be supported by local data or studies. (See below for further discussion of

pricing.)

* Vehicle controls (TCMs 11, 12, 16) - Measures amed at controlling extended vehicleidling,
reducing the impact of extreme cold starts, or removing older vehicles (or high emissions vehicles of
any age) typicdly will be andyzed by reference to motor vehicle registry data (e.g., data on how
many vehides are pre-1980), specid purpose studies (e.g., patterns of use of vehicles of different
ages, sudies of idling in taxi lines), and/or data on the effectiveness of technology applications
(studies of emissions reductions from pre-heated catalytic converters, investigations of in-use
monitoring and enforcement program effectiveness.) MPOs may |leave these TCMsto air quality
agencies, or may work closely with them in conducting specia studies, but rdatively few MPOs are
likely to take the lead on their development and analysis. MPO data and models may be of interest
in studies of these TCMsif, for example, the number of trips made by different categories of
householdsis at issue, or if travel survey data report which vehicle was used for each trip.

Asthisligt indicates, a number of TCMs, particularly those that can be represented as changesin
vehicular travel times or travel codts, can be andyzed by typicd regiona travel modds, severa more,
especidly detalled pricing options, could be anayzed as long as the region has invested in the requisite
data collection and model development. Severa of the more commonly used TCMs are best analyzed
viatraffic operations models rather than travel demand models or network models, and a number call
for specid purpose studies or reliance on evidence from previous implementation experiences rather
than regiond modding. In severd instances “quick fixes” or smpleindicators could be used asan
interim measure, while more detailed approaches are implemented. Overall, the choice of how to model
apaticular TCM will depend on 1) the nature of the TCM itsdlf, 2) the qudity of available models and
data and their suitability for analyzing the TCM, 3) the importance of the TCM in the region, and 4) the
time and other resources available for modd development or refinement. For further guidance, see the
references to TCM guidance documents.

4.3.3.2 Other TCM Analysis Issues

Severd other issues may need to be considered by TCM anadysts. Of particular importance are pricing
drategies, TCMs impacts on land use and development, and conversely, the potentid of land use and
development measures as TCMs per sg; and various TCMs implementability and itsimpact on the
emissions reductions credits that can be claimed. Each of these issues are discussed briefly in this
section.
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Pricing

Economists have long argued that many functiond problemsin the trangportation systlem stem from
inaccurate price sgnals. Diverse grategies for improving the pricing of trangportation have been
proposed. Among them are tolls; use of congestion pricing techniques to allocate space on crowded
urban highway facilities, market-based pricing of parking and dimination of favorable tax trestment for
subsidized parking; and emissions fees for vehicles operated in areas which have not attained air quality
gandards. Such drategies increasingly find endorsement from other experts, and interest in
transportation pricing has been growing in recent years both as ways to generate revenues and as means
of moderating travel demand and reducing emissons.

In severa parts of the country, new roads are being built as tollwaysin order to pay for the needed
facilities and ddliver them faster than would be possible relying on public funds done. In some aress,
tolls and other fees are increasingly seen as ways of generating revenues for avariety of transportation
projectsincluding trangt. In addition, pricing has been proposed as away of dealing with congestion,
ar pollution, energy dependence, and other problems associated with heavy use of the automobile.

But a presumption of politica infeasibility has tended to make pricing srategies the exception rather than
the rule. Arguments challenging the practicdity and fairness of transportation pricing schemes include
concerns that toll booths create delay and increase accidents, that pricing might smply divert traffic to
other “freg’ routes and cause problems there, that setting congestion prices accurately would be near-
impossible, that congestion prices would be so high that only the rich could drive in many aress, and that
emissions and congestion pricing would be proneto fraud. While advances in technology could
overcome some of the objections raised (especialy those concerning delays and chesting), other
concerns would remain.

Nevertheess, a number of metropolitan areas will consder pricing Strategies as part of their TCM
andyses. For example, Los Angeles and the Bay Area have found that fees, tolls, and the like would be
necessary to meet state-mandated air qudity standards. As proposed in the Bay Area, the pricing
gpproach would use congestion charges, smog charges, parking fees, and gasoline taxes. Thesefdl into
two conceptua categories. chargesthat are firmly rooted in the economics of transportation (i.e.,
“market-based”) and fees that exploit a convenient indtitutional framework for revenue collection (i.e,
“fee-based”). With the exception of toll increases, pricing proposas have not been adopted yet, but
they have received serious public airing and garnered substantial media support. Similar proposas are
under condderation for Los Angeles.

Pricing isaso likely to be consdered because of the demongtration projects authorized by ISTEA. At
the time of thiswriting a number of MPOs are actively developing proposals for the demongtration
funds.

If market-based measures do recelve consderation in Federal TCM planning, anumber of supportive
actions may be necessary. In particular, suitable analysis tools will be needed; currently asurprising
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number of MPOs lack data on such basic factors in travel choices as household incomes and travel
costs, and hence cannot adequately mode any pricing policies.

A full-fledged pricing program would have far-reaching effects on the pattern of mobility in aregion, by
atering the perception of accessibility and the cost of auto ownership in away that depends on
household income. The mgor questions for analyss are whether available travel models can represent
the role of price in accessbility in a systematic and comprehensive way, and whether such models
adequately capture socioeconomic variation in the population. The following isabrief review of
modedling issues in a pricing study.

One key issue is, What varidbles are critical? Clearly, the price of trave is centrd to the andysis and
must appear in gppropriate places throughout amodd system. Components of price for avehicletrip
should include parking codts, tolls, and perceived out- of-pocket auto operating costs, the latter
specified carefully to assure comparability with less subjective parking and toll cogts. In addition, the
annua cost of operation (both fixed and variable) should appear as a determinant of auto ownership.

Household or persond income is a second key variable that should mediate the effect of price wherever
it gppearsin amodd system. Under best practice, household income typicdly isincluded to make the
coefficient of priceinversely proportiona to income.” Unless income appears jointly with price, the
digtributional consequences of pricing strategies cannot be studied.

Congested trave timeisathird key variable. Modds should be capable of representing the effects of
predicted changes in demand on travel time, with as much time-of-day detall as possible.

Behaviord responsesto pricing strategies o need to be considered in building price sengtivity into the
mode system. Under the conventiona paradigm of travel behavior, price could have noteworthy effects
a severd leves of the modd hierarchy:

 route choiceftraffic assgnment - Tolls and congestion fees influence the “impedance’ of each
route, which will produce changes in path assgnments as fees are differentialy changed.

* timeof trave - Feestha vary with congestion will induce some drivers with scheduling flexibility
to shift to less congested periods.

* mode choice - Priceisakey determinant of moda competition for al types of trave.

" Thisis done by constructing a composite variable that is some function of price and income.
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» tripdigribution - Differentid price increases will cause a spatid shift in the trip digtribution from
any given location, and agenera price incresse will lead to shorter trips overal.”™

» trip generation - For non-work trips, agenera price increase could reduce the amount of
discretionary trip-making. For work trips, a significant price increase (either differentia or
generd) could foster work-at-home palicies, four-day work weeks, or other reduced trip
scenarios.

e auto ownership - By directly or indirectly raising the cost of auto ownership or decreasing
highway bility, price increases could reduce the incentive for multiple auto ownership.

* reddentid and employment location - Significant price increases may cause lower income
working households to seek less expengve work places or resdentia locations. Conversdly,
reductions in congestion may induce higher income households to |locate farther from their work
pla:es.72

» reddentid and commercia congtruction - Pricing-induced changes in resdentia demand or
work force availability might shift the locus of regiona growth, or perhgps dter the overdl rate
of regiona demographic and economic change.

It seems likely that some of the postulated phenomena are more important than others, but,
unfortunately, the literature does not provide much help in sorting out the first-order effects. Depending
on the specifics of the pricing policy and the time period in question, impacts could be focused primarily
on time of day, route choice, and mode choice, or could extend to the shape and size of the region.
Moreover the same hierarchy of effects could be posited for other large or long-term changesin the
transportation system, such as the cumulative effect of gradudly increasing congestion over along
period.

™ The behaviora processis quite different for work and non-work trips. In the non-work case,
people have the option to shift locations of discretionary activities. In the work case, people have fixed
origins (resdences) and destinations (places of employment) in the short run, but can change either or
both in thelong run. In effect, awork trip digtribution modd is an attempt to represent long-run
resdentid and employment location behavior, given estimated numbers of dwellings and work places.

"2 Note that some dements of this spatial response would be covered in a conventiona modding
framework by work trip digtribution. Caution isrequired in order to avoid double-counting these
effects.
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Findly, sructurd features of the models need to reflect pricing impacts in accordance with theory. Key
gructurd attributes of modelsinvolve linkages among e ements of the behaviord hierarchy, and degrees
of disaggregation among places, people, times, and facilities

* mode linkages and feedback - The modds have implicit linkages which should be reflected in
the results of apricing analyss. Perhgps the most obvious is the presence of time and price at
many levels of the modd hierarchy. If time and price influence demand & many levels, and
demand determines time and price (through assigned link volumes and estimated levels of
congestion), then it becomes necessary to perform arecursive analyss that checks for
congstency among the input and output assumptions. In rigorous terms, models should be run
to “equilibrium”, but Snce at present this often is computationdly impracticd, there must be a
least a systematic effort to achieve consstency between predicted times and costs and those
used in caculating the various eements of demand.

» disaggregation - In dl trangportation modding there is a tradeoff between the detail required for
accurate representation of supply and demand and the resource requirements of increasingly
disaggregate andlyss. For pricing studies, it is essentia to have a detailed representation of the
income and vehicle fleet digtributions, and helpful to have as much specificity as possible about
highway links (for micro-andysis of congestion pricing), andyss zones (eg, for exact
representation of parking prices and other land use-related measures), and times of day (for
careful representation of time shift effects). In agiven analysis setting, the trick isto find the
highest level of aggregation that can support an evduation of the “firg-order” effects.

In short, full analysis of pricing strategies requires good data and sophisticated models.
TCMs and Land Use and Development Patterns

The transgportation measures listed in the 1990 Amendments as potentiad TCMs range from mgor

capita investments such as HOV lanes and trangt improvements, to operations-oriented approaches
such as traffic flow improvements and vehicle restricted areas, to minor capita projects such as
pedestrian and bike facilities, to vehicle technology options. However, the Amendments note that TCMs
are not limited to the Section 176 list. Consequently at least some metropolitan areas will consider
additiona measures, among them measures which use urban design and land use planning as
opportunities to reduce vehicle dependence.

Land use approaches have been part of the diaogue about emissions control since the 1970 Clean Air
Act Amendments. They often are dismissed asimpractica because of the fragmented indtitutiona
setting of most land use decisonsin the U.S,, and because of the long implementation horizon. Yet
recent debates about air quality and other aspects of the urban environment have made much of the
linkage between low dendity land uses and high rates of per cepitatravel. Datafrom large cities
worldwide show a congstent, strongly negative correlation between resdentia density and measures of
metropolitan average per capita vehicular trave. (See, e.g., Kenworthy and Newman, 1990.)
Environmenta groups, in particular, infer from the data that infrastructure investments will worsen per
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capita emissions when they support development at the urban fringe (where the lowest dengty, highest
travel consumption districts are found) and will improve per capita emissions when they create
arrangements of land uses that require less vehicular travel (elther by placing compatible usesin close
proximity or by linking activity centers and residentid areas through mass trangit). While the sudies on
which these inferences are based have flaws and in any event may be reporting correlations rather than
causd relaionships, the heightened interest in the topic may put land use strategies on the TCM agenda
in some metropolitan aress.

Statutory authority differsin each state and metropolitan area, and available land use control
mechanisms dso vary. In Minnesotaand Cdifornia, date law dlows air didricts to establish indirect
source review (ISR) programs for oversight of land use and facility location decisons. ISR in these
gtates presumably could be used to dlicit design features beneficid to air quality, such as mixed uses a
employment centers, high-quality pedestrian treatments, bicycle facilities, and direct links to trangt lines.
Alterndtivey, localy-originating policies and programs could have the same effect. Such citiesas San
Diego, Portland, OR, Sesttle, and Boston have many of these policies dready in place. In afew cases
date planning acts or regiond planning laws may provide yet another way for land use and
trangportation to be more closay coordinated, though to date few areas have taken strong land use
policy stancesin response to air quaity concerns.

Whatever the implementation mechaniam, the overdl intent issimilar. Urban design and land use
approaches to trangportation control are intended to moderate travel demand and influence mode
choice by creating desirable urban development patterns in which lifestyles less dependent on the
automobile can flourish. Specific drategies a the smdl scae indude trangit-oriented devel opment;
closer attention to street layouts and street widths and provision of sdewaks and bike facilities, to
create improved environments for pedestrians and cyclists and greater ease of operation for transt and
paratrangit; restraint in the amounts of parking provided and location of parking to minimize conflicts
with pedestrian flows, and site planning for a balance of housing, jobs, and services, to reduce trip
lengths and permit trip linking. At the larger, community-wide or regiona scale, the Strategies include:

»  Urban limit lines and urban development reserves.

* Mandatory consstency between local land use plans and local and regiond transportation plans.

* Reguirementsfor the provison of adequate public facilities concurrent with development, and/or
attainment of minimum leve- of- service standards.

e Minimum aswdl as maximum development densties and floor-area ratios to ensure adequate
development for trandt to work.

» Incentives and bonuses for desired land uses and for developments that provide desired
trangportation and land use amenities.

* Mandatory city, county, and regiona baancing of job growth with housing development, priced
and located to match the needs and incomes of the work force.

Advocates of these techniques believe they would produce both transportation and land use benefits, by

encouraging the efficient use of land, reducing infrastructure costs, and creeting supportive environments
for the operation and use of trangt, and reducing trip lengths so that walking and cycling are feasble.
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Advantages to society overd| are thought to include decreased requirements for travel, lower energy
consumption, less air pollution; urban sprawl would be reduced, sparing vaued agriculturad lands and
other open space. Costs aso would accrue. In some cases, development would likely spill beyond the
urban boundaries into unregulated, rura towns, or perhgps would shift to other metropolitan regions.
Empiricd evidence is accumulating, but remains too scattered and partid for effective use by
policymakers, hereis clearly an areafor future research and eva uation.

Currently, few metropolitan areamode systems are well equipped to investigate either the regiond
planning-leve or the loca-level trangportation and land use policies. Asnoted in Section 4.3, only a
few MPOs currently have formal land use dlocation modes, much less models of the regiona economy
which would alow them to explore the impacts on employment, population growth, land prices, etc. as
afunction of public policy interventions. This, too, has been identified as an areawhere research is
needed.

Modeling capahiilities for urban design options are mixed. Occasiondly, urban design changes can be
suitably represented in available modds, eg., Srategies which would increase housing in the vicinity of
trangt stations could be modeled lowering accesstimesto trangt. However, since few urban areas
mode walk or bike trips, many other urban design-leve transportation improvements (e.g., high quaity
walk access to shopping) would smply not be modeled, or would require off-mode “adjustments’ to
vehidetrip rates. Smilarly, land use palicies such as purposeful mixing of retal and office usestypicaly
would not be anayzed with regiona models because suitable land use variables are absent.

Even when modds including land use varidbles are available, they rarely are fine grained enough to do a
credible job of evaluating such options as the effects of mixed use on trip making or the impact on auto
use of good pedestrian linkages to shopping areas. Some areas do have models which can address
these issues in gpproximate, heuristic ways (e.g., Montgomery Co., MD has amode which
incorporates pedestrian and bike friendliness asa scdar variable). But the performance and replicability
of such models have not been fully tested. Other areas have done specia studies of the issues (e.g., the
recent Portland, OR study of dternatives to the Western By-Pass, coordinated by 1000 Friends of
Oregon, has included modding of a variety of land use options), and the Federal Highway
Adminigration is sponsoring aresearch project on urban design, demand management, and travel which
should produce additional case examples over the next few years. However, the most common
gpproach for anayzing land use planning and urban design Strategies has been to extrapolate from
exising examples. For example, astudy for Central New Jersey's MSM Regiona Council
(Howard/Stein-Hudson Associates, et d., May 1991) applied findings from Hooper's study of trip
generation in suburban activity centers (Hooper, K.G., et d., 1989) to adjust downward the estimated
vehicle trip rates in mixed use developments, then estimated impacts. Such gpproaches amount to well-
informed scenario testing, i.e., aparticular level of travel shift or reduction due to land use planning is
inferred from experiences in comparable stuations, and the consequences of such shift or reduction is
then andyzed.

Overdl, then, capabilities of modeling of either regiond or locdized land use - transportation policies are
quite limited, and more research is needed.
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The impact of land use Strategies on travel demand is only one of severa concerns about land use-
transportation interactions and their environmenta consequences. For one thing, not al transportation
control measures are thought to support compact devel opment and pedestrian orientation. In particular,
traffic flow improvements (including those created by HOV lanes which sort multi-occupant vehicles
from SOV's during peak periods, and act as additional mixed flow lanes at other times) have come into
question in some areas.” More generaly, large scale transportation investments are seen by many as
ingruments for the shaping of metropolitan structure; for example, rail trangt proponents express high
hopes that mgjor capital investmentsin anew round of rail projects could redirect urban growth patterns
toward more compact, centered development, while highway proponents hope that major roads will
stimulate economic development. The issue iswhether transportation investments, large or small,
dleviae pollution problems by reducing congestion and smoathing out flows (or, in the case of transit,
shifting modes), or whether they ultimately lead to higher emissons by simulating development patterns
and changesin travel behavior that would offset any gains.

Theory says that trangportation improvements (whether transit or highways) will tend, smultaneoudy, to
increase employment a benefitted sites and to decentralize workers housing. Conversdly, worsening
transportation services will favor decentraization of jobs but support higher densities of housing.
Empirica studiesfind that trangportation availability and qudity are factorsin location and development,
but investments will do relatively little absent other critica factors including gppropriate land, labor, and
cgpitd. Environmentaists sometimes argue thet it is the shift in development potentid that is of
immediate concern, in particular if development is induced to relocate from high-density areas where
many trips would be made by foot or trangt to low-density areas heavily dependent on the auto.
Scenario testing exercises and afew modeling efforts usng red data have explored this issue sufficiently
to report that such an effect could occur. But the magnitude of the effect remains unclear, and
controversy continues over when and to what degree a highway improvement (or arall transt line) will
induce trips, shift modes, and dter destination choices. Thisisan areathat ishigh priority for research.

While TCMs impacts on land use and land use measures potentia as TCMs are likely to be at issuein
anumber of nonattainment areas relatively few areas will be able address the topic through detailed
model-based anadlyses. A state-of-the-art model would have variables accounting for the effects of
dengty and mix of use on travel behavior, but probably would not be able to address broader growth-
related issues. In the absence of a state-of-the-art mode, off-mode estimates of land use effects will
have to be devel oped and then integrated into the base modd forecasts. In the longer run, research on
this topic is much needed.

3 The 1990 Amendments themsdves contain the stipulation that the Section 108 guidance
documents are to address those traffic flow improvement programs “that achieve emissons reductions’,
with the implication that such programs would not necessarily reduce emissions.
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TCM Implementation Analysis

Full andysis of aTCM cannot stop with the modding of its expected transportation and emissons
impacts. Implementation of a TCM requires.

» afull description of the measure and how it isintended to work

» aschedule for completing dl steps of the andysis, for obtaining authority to proceed, for
securing funding, and for implementing the measure

* identification of respongbility for plaming, andyzing, programming, funding, and implementing
the measure

e andyssof the TCM and quantification of its emissions impacts aswell as assessment
(quantitative or qualitative) of its other socia, economic, and environmenta costs and benefits

e assurances of lega authority to carry out assigned responsbilities on the part of each identified
responsble party involved in implementation and/or identification of steps to be taken to obtain
such authority and a schedule for completing such steps

» enforceable commitments of needed fiscal, personnd, and other resources on the part each
identified respongble party involved in implementation and/or identification of steps to be taken
to obtain such commitments and a schedule for completing such steps

» dlocations of funds necessary to carry out each step of the planning and anadyss and/or a
schedule for obtaining such commitments in cases where funding is contingent on the results of
an andyss, or on implementation of related TCMs or other projects

» aprogram for monitoring and feedback to assure the TCM is operating as intended or to
identify problems and develop changes, as needed.

In many cases the andysis of legd, indtitutional, and related matters affecting implementation will lead to
adjustments of the more technica analyses. For example, for certain TCMs legd authority to proceed
may be lacking or uncertain, some parties may be unable or unwilling to proceed, and/or funding may
not be readily available. Pricing and parking management Strategies, vehicle fleet srategies, controls on
idling and extreme cold gtarts, and employer-based trip reduction programs are among those for which
the ability to implement is not dways immediately available or complete. In such casesit iscriticd to
develop a schedule for obtaining the authorizations and commitments needed for the TCM to proceed,
in order to be able to take credit for estimated emissons reductions. Alternately, emissons reductions
estimates may have to be scaed back to reflect partid implementation or delayed implementation. In
addition, political agpects of implementation need to be recognized: Certain measures may be legaly
feasble but sufficiently unpopular that rigorous implementation is unlikely, and this may need to be taken
into account by adjusting estimates of emissons reductions downward.

4.3.4 Conformity Assessment
Conformity provisons of the 1990 CAA Amendments are considerably more detailed and exacting than
the provisions of the predecessor 1977 Amendments. Specific directives for making findings of

conformity are now provided for plans, programs, and projects, and both federal agencies and MPOs
are explicitly given responghilities. Conformity isto be viewed in reference to the overdl purpose of
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eliminating or reducing the severity and number of violaions of the national ambient air qudity Sandards
(NAAQYS) and attaining the standards as expeditioudy as possible. Activities must not 1) cause new
violations, 2) increase the severity or the number of violations, or 3) delay of attainment of standards or
interim milestones. Furthermore, the most recent estimates of population, employment, travel and
congestion levels must be used in assessing whether delays may occur.

Plans and programs can be found to bein conformance only if the emissons expected to result from
thelr implementation are congstent with the estimates of emissions and reductions contained in the
revised SIP, and the three findings listed above can be made. Note that the interim milestones provision
brings the Reasonable Further Progress required emissions reductions into the conformity determination.

Programs furthermore must provide for timely implementation of TCMs contained in the SIP, consstent
with SIP schedules. Projects must either come from a conforming plan and program, and have been
described in terms of design concept and scope in sufficient detall at the time of the conformity analyss
for emissons to have been determined; or must be subjected to an andysis which shows that emissons
together with those in conforming plans and programs will not cause an exceedance of emisson
reduction projections and schedules. Until such time as an acceptable SIP is available, conformity
requires plans and programs to be consistent with most recent estimates of mobile source emissons,
provide for expeditious TCM implementation, and contribute to annual emissions reductions; projects
must come from a conforming plan and TIP and, in CO nonattainment areas, must eiminate or reduce
the severity and number of CO violationsin the area substantialy affected by the project.

Conformity anayses are heavily mode- dependent, as evidenced by experiences to date with conformity
determinations in several metropolitan aress.” Although data and modes varied, there was notable
conggtency in the results of the conformity andyses. Key findings are asfollows:

» Anticipated trangportation investments were not found to ater either travel patterns or emissons
inamgor way. Regiond-leve build/no build emissions differences were modest - generdly on
the order of one percent or less.

» Thesmal differences are due, in part, to the modest overadl changes being proposed in most
TIPs, and in part to the offsetting effect of travel shiftsinduced by the transportation
investments.

™ Interim guidelines on conformity were issued by EPA and DOT in June 1991. Find guiddines
were il under review as at the time of thiswriting (October 1992). Metropolitan areas therefore are
carrying out conformity anayses under the interim guidelines. In addition, since the SIP revisons
required under the 1990 CAA Amendments have not yet been submitted and gpproved, metropolitan
areas are operating under their previoudy adopted SIPs.
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»  Growth-inducing effects of trangportation investments, and their consequences for travel and
emissions, have been an issue in severa urban areas. In genera, where models have been run
with and without equilibration through trip distribution (to capture effects of dternative levels of
access bility provided by trangportation investments), the feedback effects were found to alter
emissons edimates sgnificantly within the narrow range of improvement discussed above. Ina
prototypical case, emissons benefits of the “build” scenario might be estimated at about 1
percent before equilibration but at only Y2 percent after taking the travel shifts into account.

* A basic changein the emissons vs. speed relation or in the method of caculating emissions
(e.g., to emphasize accd erations) might reverse the result in favor of the no-build dterndivein
some areas.

» Disaggregeation of regiona emissons analyses of TIN (which is done to prepare input to air
quality models which caculate ambient concentrations of various pollutants) can reved
substantid variation in impacts at the subarea, corridor, or project leve, with some areas or
corridors showing emissions reductions and others showing increases. Since pollutant
concentrations are affected not only by emissions but dso by temperature, wind speed and
direction, topography, and other factors, these subarea emissions changes do not necessarily
indicate the direction of change in concentrations. Additiona analyses beyond the basic
aggregate emissions comparisons may be cdled for, however.

Thus, while the MPOs generally have been able to carry out acceptable conformity and TCM
assessments, they recognize that anumber of issues are likely to arise as those outsde the traditiond
trangportation planning community begin to look more closely at the inner workings of trangportation
models and & their results.

The costs of conformity analyses have varied widdly. Some MPOs have needed to develop improved
methods just to be able to produce an acceptable conformity analysis. They have reported costs of as
much as $250,000 and time requirements of four person-months to complete the conformity andysesin
thefirst year. In contrast, MPOs with ready-to-use models have reported costs on the order of
$30,000 and one persor+month or less. Because the higher estimates include costs of model updates
and improvements thet will be of more generd gpplication, it probably is not fair to attribute al of these
cogts to conformity requirements.”

Conformity assessments nevertheess will require amgor effort for most MPOs. In the near term this
involves build/no-build (action/no action) comparisons of the RTP and the TIP, over the longer run the
conformity assessment will focus primarily on making sure that the TIP projects do not cause mobile
source emissions to exceed levels assumed inthe SIP. Project conformity raises an additiona set of
issues, especidly in the interim period; the most complex requirement will be to show that the project,
when taken as awhole, will reduce or eiminate the number and severity of violations of carbon
monoxide standards in the area substantialy affected by the project. (The “area substantidly affected by

"> Los Angdles reported conformity anaysis time and dollar costs of severa timesthe “high”
amounts reported here, but their totals included particularly large amounts for network preparation and
for repeated cdlibration runs, neither of which are ordinarily needed to support conformity findings.
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the project” includes both the vicinity of the project in which receptors are located which could be
affected by the carbon monoxide emissons coming from vehicles using the completed project, and other
affected dreets and arterias on which traffic could be expected to change significantly as a result of the
project.)

In this section, analysisissuesraised by RTP and TIP corformity assessments are briefly reviewed. The
particular issues raised by project-level CO assessments are discussed in Section 4.4.

4.3.4.1 RTP Conformity

The basic god of RTP conformity anadysesis to determine whether aregion's adopted long-range
trangportation plan is consstent with attainment and maintenance of nationa ambient air qudity
dandards. In dl casesthe RTP conformity determination must be based on the latest planning
assumptions and emissons modds, and must show timely implementation of TCMs from the gpplicable
SP. Inaddition, the andyss must include dl regiondly sgnificant trangportation facilities and operaions
expected to bein place by the target years of the andlyss (interim milestone years and attainment and
horizon year(s).)

In the interim period before a SIP revison is available, the conformity determination must be based on a
build-no build comparison, as well as on a comparison with 1990 emissons levels (Snce a contribution
to annual emissons reductionsis required). The build-no build comparison generdly will require that
projects be specified in more detail than has been the practice at the planning level in many aress, in
order to be andyzed in a meaningful way. For example, the location of new facilitieswill haveto be
identified in sufficient detail for an accurate analysis of the impact on route choice to be carried out; the
number of hours of operation and vehicle occupancy requirements for both new and exising HOV lanes
will need to be specified in order to determine their effects on mode choice and on travel times on both
HOV and other lanes. TCMs can be credited in the plan andlysis, but only if implementation is assured.
In addition, plans will have to be more grounded in fisca redity than has been the practice (a
requirement that ISTEA hasimpaosed, in any case); projects which are not formally adopted or which
lack funding sources which are reasonably expected to be available cannot be considered as part of the

plan.

The no-build scenario isfashioned in asmilar way, specifying the facilities and operations that will bein
place whether or not the plan proceeds. Once the two scenarios are adequately specified, models can
be run with each of them for the various andysis years and the emissions estimates can be compared
(and aso compared to 1990 emissions.)™® Networks also may need to be coded to reflect expected

"® Recognizing the wide variation in the level of detail currently provided by regiond transportation
plans, the interim conformity guiddines permit a quditative andyss a the plan level. However, many
MPOs will use moddling.
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capacity improvements, and the modes run for the specific milestone years of the andyss. If problems
are identified plan revisons may be needed, e.g., delay of certain projects, acceleration of others,
addition of TCMs, etc.

Once a SIP revison is gpproved, the test is whether the plan is consstent with timely attainment of the
gandards as well as with estimates of emissions and reductions, i.e., the emissons budget, assumed in
the SIP. Andysisisdone for the plan (i.e, the build scenario) for the various andysis years and
emissons estimates are compared to the emission budget levels. Again, identified problems may
necessitate revisons. Subsequent changes in the trangportation plan (or in underlying assumptions) may
occason an updated plan andyss to determine conformity with SIP assumptions, smilarly, aSIP
revigon which dters the trangportation emissons budget will generdly trigger a redetermination of
conformity.

A number of specific assumptions will need to be made in gpplying regiona travel modding in either
period. One areawhere there may be particular sengitivity concerns the assumptions made about
population and employment growth rates, and land use patterns. As noted elsewhere in this report,
mogt areas have treated these as exogenous inputs in their travel models. Increasingly, however,
pressures are mounting for areas to explicitly modd the impact of dternative transportation investments
on urban growth and form. Nowhere is this pressure likely to be greater than for the long-range plan
andysis, where the possibility of land use changeis greatest. Large urban aress, fast-growing aress,
and areas with particularly troublesome air pollution problems are most likely to face demands for
formd land use moddling (at least reflecting impacts of trangportation investments on trip digtribution,
and in many cases going as far asafully integrated land use -transportation model system). However,
other areas where land use palicies are explicitly used to shape urban development and/or land use
policies are paliticdly controversa may need to develop land use modding capabilities as well.

Developing capabilitiesto consder land use impacts will take time, whether the capabilities needed are
merely feedback of travel time changes to the trip distribution step or more extensive feedbacksto trip
generdion, auto ownership, and location choices. Areas lacking these capabilities may find it
appropriate to describe, as part of the build scenario, how land uses and activities are expected to
change as aresult of the transportation investments contemplated, and to estimate the anticipated impact
of such changes.

4.3.4.2 TIP Conformity

TIPs, like RTPs, must be andyzed using the most recent planning assumptions and emissions models,
and must show timey TCM implementation. TIN aso are subject to a build-no build comparison in the
interim period and a comparison to emission budgets after SIP revison. During the build-no build
comparison phase, new ISTEA provisons caling for greater fiscal redlism in plans and programs will
aso make a difference; past practices of showing extensive capita investments for which funding is
unidentified will no longer be an option, for example. In a least sSome aress, this may well make future
plans ook less bright than they might have in the past.
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As noted earlier, several MPOs that have conducted a thorough build-no build TIP andyss have found
the difference in emissions (and other performance indicators) to be surprisngly smdl - on the order of
one percent. The gatistical sgnificance of such small differences is often difficult to ascertain, especidly
in acomplex multivariate, recursve model syssem. Thisin turn could create problems for an MPO able
to show only asmal improvement in the build scenario. For this reeson, MPOs will want to move
quickly to address the basic modeling issues raised in forums such as the MTC lawsuit,” and/or will
need to move past the interim phase as quickly as possible.

In carrying out the TIP conformity analyses after a SIP revison isin place, emissons from dl projects
and activities in the TIP taken as awhole must be estimated for the andyss years (milestones,
attainment) and compared to emissons budgets. Conformity requires emissons to be no more than the
budgeted amounts.

"7 Citizens for a Better Environment et al. v. Peter B. Wilson et d., Civil No. 89-2044-TEH, and
SierraClub v. Metropolitan Transportation Commission, et d., Civil No. C-89-2064- TEH
(consolidated.) MTC was ordered to devise arigorous quantitative approach to assess the impacts of
proposed highway investments. The plaintiffs’ experts harshly criticized the conventiona four-step
modeling approach as inadequate to the task and not in keeping with accepted theory. MTC's
response was to gpply amodeing approach with detailed feedback effects explicitly represented in the
model system, and this gpproach was accepted by the court. See Harvey and Deakin (1992) for a
discussion of the case and itsimplications for andysis.
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It should be noted that for ozone nonattainment areas classified as Moderate or higher, 1993 SIP
revisons must include provisons for a 15 percent reduction in VOCs from 1990 levels, after accounting
for growth; aress classified as Serious or higher must further show annual VOC reductions of at least 3
percent ayear until the attainment date.”® Hence, conformity with the SIP will require that such
reductions are demonstrated. While both plans and programs must be consistent with the “necessary
emissions reductions contained in the [SIP]”, CAA Section 176(c)(2)(A), the TIP andysisislikely to be
much more important to the required demondration.

4.3.4.3 Project-Level Conformity

Projects which come from a conforming plan and program are subject to review only for CO (and
PM10 in areas where that is an issue), Snce ozone is aregiond problem and project-level ozone
andysgsis not meaningful.

Occasionaly an MPO may wish to proceed with a project which does not appear in the conforming
plan and/or program. In such cases an andysis must be done showing that emissions from the project
would be consgtent with the emissions budgets in the gpplicable SIP, after accounting for the TIP and
plan projects. In generd, thiswill require amodel run or runs with the project added, aswell as
interpolation as needed for additiona andysis years (e.g., milestones, attainment year(s)). 1n short, the
addition of aproject not in the RTP or TIP would dmost dways require a substantia amount of
additiond work.

CO anayses aso must be done for project-level conformity. Because CO andyses are complex and
may involve the MPO in carrying out or reviewing analyses of atype it has not traditionally dedt with,
the issuesinvolved are addressed in some detail the following section.

4.4 Project-Level CO Analysis

4.4.1 Basic | ssues

"8 A reduction of less than 15 percent by 1996 can be approved by EPA only if the plan includes
stringent new source review and RACT rules as required for Extreme aress, for “major sources’
emitting 5 tons or more per year of VOC, and further includes al technologicdly feasible measures for
each source category. See CAA Section 182(b)(1)(A). For areas classified as Serious or higher
amilar provisons apply to plans which show VOC reductions of less than 3 percent a year after 1996.
Section 182(c)(2)(B).
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Project-level CO andyses present several complicated issues for MPOs. Because of the locdized
nature of many CO violaions, project-level andyses are sengitive to specific design and operations
characterigics of the project, including not only size and location of the facility per se but dso such
details about the facility as vertical and horizonta dignments, ramp or intersection location, intersection
controls including signal parameters, and operating speeds. In addition, CO concentrations are senditive
to meteorologica conditions such as wind speed and direction, mixing height, and temperature. Asa
result, project-level CO andyses cdl for the gpplication of specid-purpose models which account for
these specifics.

A basic question that often arisesis how to define a project so that the CO anaysisis meaningful and
not mideading. In generd, the project to be andyzed should be taken asawhole even if it is phased or
divided up for funding purposes. In addition, projects which divert traffic either to or away from
particular intersections or facilities gppropriatey cdl for an andyds of dl sgnificantly affected
routes/facilities as part of the “project” analysis. Inthisway any potentid for shifting a CO problem
from one spot to another should be identified. Most andlysis measures produce outputs for each
segment or link of the project, facilitating location specific assessment. Note that a change in operations
or design could change the results of the CO andysds, given the CO models senstivity to these
factors.”

In some instances it may be appropriate to group “ projects’ together in conducting locdized CO
analyses. Certain projects may best be andlyzed as part of a corridor or areastudy. For example, a
coordinated set of Sgnd ingtalations or other operations improvements dong amgor arterid would fall
into this category. Even if the various improvements would make sense on their own accord and the
proposa isto fund them separately, a corridor or area andysis may be more efficient to carry out and
more meaningful, Snceit is hard to isolate project effects when a series of projects are interdependent
and have cumulative impact.

Projects with intersecting or overlapping project areas or which are dependent on one another, e.g.,
timed transfer centers and trandt priority trestments, aso might best be andyzed together. Similarly,
projects which would not be useful or needed except for other projects, eg., park and ride lots, light
rall crossing barriers, dso might be analyzed together (or with due regard for their role enabling other
projects or programs to proceed or function successtully.) Defining the “project” in thisway would help
interndize mitigation.

Certain projects are exempt from the conformity requirements under the interim guidelines. These
projects include such items as planning efforts, safety projects, land acquisition, program administration,

" Note that a Sgnificant change in the design concept or scope could trigger anew TIP analysis.
For project-level CO anayses, more modest design and operations details may be important to the
results.
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and research programs and projects. Find guidelines may dter the project list and their treatment
somewhat.

Exemptionsfor other projects, including some projects of the TCM variety, would probably not be
permitted; however, such projects might be first subjected to a quick response (screening) andysis, with
addalled andyssonly if apotentid problem isidentified. The screening process might ask a sevies of
questions, with a“no” answer resulting in aconclusion that no further andysisis needed. For example,
if auto useis not involved or istrivid, eq., pedestrian projects, then no further andysis would be done; if
the project involves auto use but does not increase the number of cold starts and reduces VMT, no
further analysis would be needed, etc.

Some MPOs have devel oped procedures which cdl for aninitid screening (review of potentia impacts)
of dl projects, including those on the interim guidelines exempt list. This gpproach was developed in
response to a concern raised by some participants in the planning process, who worried that in some
gtuations “exempt lig” projects might creete CO problems. Theinitid screening isseen asasmple,
low cost way to either aleviate a concern or assure that analyses are carried out as needed.

4.4.2 Alternate Analysis M ethods

At least Sx methods are in widespread use for modding CO from transportation projects. They are
CALINE4, CAL3QHC, TEXIN2, GIM, IMM, and VOL9MOB4. A number of other methods are
available, however, and additiona ones are reported to be under development (including FHWA and
EPA sponsored software.) In addition, severa studies of methods for project-level CO anadyssare
underway or planned, including amode evauation being done for EPA and amgor NCHRP study to
be undertaken in FY '93.

In general, CO project-levd methods are used in conjunction with traffic volume estimates produced
separately. Traffic performance estimates may be produced by a separate modeling effort aswell (eg.,
applying HCM), though for some methods, eg. CAL3QHC, TEXINZ2, and CALINEA4 this gep is built
into the software used to analyze CO. Usudly thisis smplified, e.g., CAL3QHC uses areduced form
of HCM and CALINE4 usesamoda emissions gpproach which omits certain factors which would be
conddered in an intersection traffic anadyss. Similarly, emissions estimates may be separately produced
by applying the appropriate verson of MOBILE (in Cdifornia, EMFAC) or may be built into the CO
anaysis method (the case for TEXIN and IMM).

Severd of the modds have borrowed extensively fromthe CALINE model, which was first devel oped
by the Cdifornia Department of Trangportation in the early 1970s. Hence substantid smilaritiesare
found among the models. Differences are due to 1) the number and type of refinements added, such as
ability to modd direet canyons, 2) the treatment of traffic performancein or out of the modd and the
level of detail with which traffic is modded (e.g., whether gpproach lanes are fully represented, sgnd
timing is congdered, etc.); and 3) whether emissons analyses are integrated directly into the modd, or
separate runs with MOBILE or EMFAC are required.
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The generd approach is to assume Gaussan dispersion of pollutants, as adjusted by such factors as
wind speed, wind direction/angle, stability, temperature, surface roughness, eevation, etc. This
trestment is an abdtraction (Smplification) of acomplex set of phenomena, but smplified though they
may be, the modd s are quite data hungry. They require very specific project descriptions (centerline
location, elevation, width/number of lanes, traffic controls, etc.), substantid traffic data (volumes, speed
limits, Sgndization, etc.), and for some modds, estimates of anticipated traffic performance (expected
average speeds, acceleration and deceleration times, idle time, stops and delays, etc.) In addition, in
order to use the emissions factor modedls (or model components) estimates of the vehicle fleet mix are
needed. Hot/cold weighting, ingpection/maintenance program parameters, and other inputs dso are
required.

Most modes which have extensive requirements for input data and assumptions do provide default
vaues to reduce the burden on the user. Generaly, the defaults are worst-case assumptions (very low
wind speeds, etc.) Thelevel of andyticd skills required to gpply the moddsislargely amatter of
whether default or other pre-gpecified assumptions and inputs are to be used, or whether the andyst will
exercisediscretion. The latter case cdls for training or Sudy in traffic engineering aswdl asar qudity
moddling (though such education and training are certainly helpful even if defaults are used.) Even well
trained users report difficulties in gpplying some of the models, however, in part because documentation
iSnot very extensve.

Mogt of the models now run on desktop or work station computers as well as on mainframes, so
computer resources are not amajor problem. However, some of the desktop versions are notably dow
and some have reduced set of features (i.e., features were removed to enable quick transfer from the
mainframe to the PC environment.) Also, for some of the modd s the programming is not particularly
user-friendly (eg., it iseasy to lose input datafiles or to accidentaly abort arun.)

Studies currently being done for EPA suggest that most of the models perform reasonably well under
worst-case scenarios. CALINE4, CAL3QHC, and TEXINZ appear to be the better of the available
programs, based on statistica tests of model results vs. measured results. The preliminary reports
suggest that CAL3QHC and TEXIN are somewhat more accurate than CALINE for isolated
intersection andyd's, though Statisticd differences are not large. However, direct comparisons among the
models are not a straightforward matter because of the different ways traffic performance is handled.
Differences probably stem from the traffic steps rather than the emissons ca culations and disperson
andyss components, which are highly similar (al are based on the CALINE routine).

Overdl, modd results are highly sensitive to the project description and assumptions about conditions.
Early results from the testing studies suggest thet al of the available models tend to under-estimate
emissons in comparison to field measurements when “actua conditions’ data are used. This probably is
due to the difficulty in measuring “actuad conditions’. For example, such items as wind speed and
direction can and do change over atypica monitoring period: “actud conditions’ modding isin fact
modeling “average’ or “typica” conditions for the period. In addition, recent evidence suggests that
edimated emissons rates from the vehicle fleet may not be highly accurate. Moreover, the vehicle flegt
inuse a aparticular location is generdly assumed to be the same as for the fleet for the region (or
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datel); yet observation suggests that the mix of vehiclesin use a any particular location can and often
does differ from the average.

CO andyses underscore some of the difficulties that arise in trangportation-air qudity planning.
Emissions modeing can never be more accurate than the data on which it is based, and CO andyses
depend on trangportation or traffic measurements and models which are widdy understood by
transportation professionals to be of varying accuracy. For example, traffic counts on mgor facilities
are more likely to be available, and accurate, than on minor ones.

Emissions estimates prepared for future years reflect the uncertainties of the baseline transportation and
emissons data, plus uncertainties semming from the estimates of future conditions. Forecasts of future
traffic volumes are dependent on a number of factors ranging from anticipated increases or decreasesin
vehicle use per capita and mode choices, to expectations for growth of the economy and population.
Forecasts of future vehicle fleets and emissions depend on expectations for technological change, fleet
turnover rates, and assumptions about the driving patterns (driving cycles) for which vehicles will be
used, among other things

Given these uncertainties it isimportant to exercise reasoned judgment in selecting and applying CO
models. It isnot reasonable to ingst on higher accuracy in CO modding than isfeasible for the input
data

4.4.3 Particular Analysis|ssues
A number of particular issues arisein CO anadlyses. They are reviewed briefly in this section.
| dentifying Receptorsin the Area Substantially Affected by a Project

A receptor location is the point at which pollutant concentrations are monitored or estimated. The
generd ruleisto locate or andyze receptors at a reasonable sample of sites where people might
redigticaly be exposed to high pollutant concentrations for a number of hours corresponding to the
ambient standard in question. EPA guidance suggests that reasonable receptor sites would be
residences, hospitas, rest homes, schoals, playgrounds, and the entrances and air intakes to other
buildings. On the other hand, while CO might build up in atunnel no one would be exposed for very
long inddeit, and so it would not be an appropriate spot for a CO andysis.

For many projects a greast many receptors could be identified in the generd vicinity of the project. A
drategy for carrying out the analysis would be to identify the receptor locations) likely to measure the
highest ambient concentrations. In case of doubt about what the worst case receptor might be, the
andys would be well advised to examine dl high-risk receptors. in general, receptors more than 300
meters from afacility are unlikdy to be sgnificantly impacted (though some experts have recommended
ascreening-level examination of al “sengtive receptors’ - schools, nursing homes, conva escent homes,
etc. - within 1 km.)
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Andysts should look especidly carefully at areas where pollution islikely to build up (e.g., Street
canyons, mgjor intersections, other areas previoudy identified as over or near the standards).

The location of “future receptors’ is an issue in modeing CO concentrations for future years. One
concern iswhat to do about areas where receptor development is permitted under locd land use plans
and zoning, is anticipated as of the target year (i.e., isforecast to be in place by the regional land use
model or assumed to be in place in future year land use input data), but is not yet gpproved. One view
on thisisthat the project proponent must consider such development to be extant for the purposes of
future year andyses. Another view isthat the project sponsor need consider the same traffic
assumptions as would result from the development, but would not be held responsible for future CO
impacts (and mitigation) on such not-yet- approved future receptors. The latter approach would appear
to be consstent with environmental impact analyss regulations, under which only devel opments aready
goproved a the time of the sponsor's andysis must be considered “red”. Thiswould have the effect of
shifting the burden of dedling with CO concerns to sponsors of future projects on the affected now-
unbuilt parcels.

Estimating Current and Future Year Levels of CO

Anayss frequently have doubts about whether to use data from permanent monitors to estimate current
levels of CO for a particular project area, or to collect new data specifically for the project area. In
many urban aress, there is concern that permanent monitors are too few and far between to smply rely
on the closest one (especidly in cases where hills or valeysintervene) In some areas datafrom
permanent monitors have been supplemented by data from mobile monitoring, project-specific
monitoring, and other specid studies to form a more extensive data base than the permanent monitors
aone would provide, and air agencies permit this data base to be used. In other areas, project-levd
monitoring is frequently done.

It isnot a smple matter to collect good project-pecific CO data. Becauseiit is extremely difficult to
“tranda€e’ data collected, say, during the summer to estimate winter month reedings, it generdly is
necessary to carry out the data collection at the time of year when violations are most likely (winter).
EPA generdly asksfor aminimum of four months of good data collected during winter months in order
to be assured of the satitica vdidity of the monitoring findings. State and loca agency requirements
may differ; some Cdiforniaair digtricts, for example, seek at least one full year (and preferably two or
three years) of monitoring data. Given the time and cogsinvolved, it ssems redlitic to expect origind
data callection only for larger projects, and then only if available data are insufficient or problematic.

Once acurrent level of CO has been estimated, estimated CO levelsfor future years, with and without
the project, must be produced. Thisis often adifficult step. The rollback method, which treats future
concentrations as proportiona to current onesin the same ratio as future emissons are to current
emissions, is frequently used. However, there are known problems with the rollback method, which has
been shown not to predict well. One limitation is that the rollback method trests meteorology as
congtant. (Other reasons for poor predictions may be that data underlying emissions estimates, including
estimates of future VMT and emissons factors, have not been especidly accurate.)
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Air digtrict gaff could greetly assst in this step of the analysis process by 1) mapping areas in which
data from each monitor could, in their view, be used agppropriatdy; and/or 2) providing grid cell
emissons estimates or isopleths of CO levels, aswell as forecasts of future year levels for the no-build
dternative.

Emissions Factors

CO modd s require use of aset of emissons factors for the vehicle fleet, both for current estimates of
project emissions and for forecasting future impacts. For most models andysts also must make a
number of adjustments to the vehicle fleet data to reflect project- pecific conditions. In particular, the
share of heavy duty trucksis a key assumption for CO andyses. In addition, the fleet may vary by time
of day; the percent cold starts can be expected to vary as afunction of project type; and corrections
may need to be made to the emissions factors to account for dtitude. Data on these matters usudly
must be collected for the project, dthough some states provide guidance on these choices.

Shifting CO Violations

A vey difficult issueiswhat to do if the project shifts the location of a CO violaion. One view has
been that this situation should be treeted asa“new” violation, which would prevent a postive
conformity finding. An dternative view isto consder the net impact of the project, and apply a*“no net
increasg’ test. Thiswould permit a conformity finding if the new location would be no more severe a
violation than the diminated one. A third option is to require a showing that the number of violations has
been reduced (not increased) and/or the severity lessened, i.e,, to show anet improvement in air qudity,
taking into condderation the overd| objective of the CAA in reducing or eiminating the number and
severity of violations. The issue was not resolved in the interim conformity guidelines and & the time of
thiswriting thisissue is ill under debate among the drafters of the final conformity regulations.

Dispersion Modeling Assumptions

A large number of assumptions need to be made in running disoerson models, and it can require a
sgnificant effort to determine what are reasonable wordt- case assumptions for each project. In generd,
however, the models are relatively insengtive to variables such as surface roughness and quite sendtive
to wind speed, wind direction, stability class, and temperature.

It generdly is recommended that wordt- case assumptions be used for screening purposes. If aproject
ismargind or problematic using the worst-case assumptions, then the andyst would develop the data
base for project- specific word-case conditions and conduct further analyses.

Mitigation

Mitigation of project-gpecific CO violaions may be difficult because of their locaized nature.
Neverthdess, mitigation may sometimes be a useful option, i.e., mitigation measures might be added to a
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project in order to reduce CO estimates to acceptable levels. (When mitigation elements are dready
present or expected due to SIP provisons or other planned actions, their effects should be accounted
for in estimating the “basdling’ emissons for the project area.)

What measures are appropriate as mitigation will depend in large part on the specifics of the project.
Some areas are known to be prone to CO buildups, hence projects located in those areas are more
likely to be problematic than projects located elsewhere. When projects are located in violation areas
or areas prone to CO buildups, dignments thet reduce the exposure of the population to CO should be
sought whenever possible.

For some kinds of projects specific traffic mitigation measures are appropriate. For example, traffic
flow improvements (intersection redesign, sgnd retiming, grade separation) could reduce or diminate
CO problems related to queuing. Redtrictions on idling or use of clean vehicles might be considered if a
CO problem arises with regard to atermind, eg., abustimed transfer facility. Time of day redtrictions
might be suitable mitigations in some cases. Tougher ridesharing requirements for use of an HOV lane
might be imposed in some circumstances.

Mitigation measures must be in addition to those aready accounted for in the andysis “basdine.” If
mitigetion measures are TCMSs, it will be necessary to show that the effort isin addition to that aready
committed in the TCM or contingency portions of the SIP.

CHAPTER 5: LOOKING TO THE FUTURE

Improvements in modeling practice will be needed in the near term, and much can be accomplished by
upgrading data bases and implementing available methods. Advances in software and hardware should
gregtly ad the effort. Such improvements will, however, require acommitment of staff resources and
funding for data and analyses. In addition, applied research and development will be necessary to
address remaining limitations and shortcomings of modeling practice, and basic questions should be
raised about longer term research needs, the role of modeling, the possibilities for aternetive paradigms,
and the need for indtitutiona change. All of these matters are discussed in this chapter.

5.1 Selecting a Strategy for Model | mprovements

Currently, the qudity of moddsin practica use varies Sgnificantly. In the short term, efforts might be
directed toward bringing al metropolitan areas models, and the data that support them, up to
acceptable levels. Improvements should be selected and prioritized based on the current capabilities
and most pressing needsin each area, which will vary depending on current and anticipated travel
conditions, policy options of greatest concern, air quality atainment status, and resource availability.

Asadarting point, each urban area should be encouraged to maintain a network-based travel forecast
model system which incorporates key phenomenain amode gructure that isin kegping with theoretica
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congderations and empirica evidence. Modds should feed back travel times resulting from the traffic
assgnment step to the mode choice and trip digtribution (and possibly, to the trip generation) steps, and
should be run to an gpproximate equilibrium. Mode systems which omit such feedback loops in most
cases should be upgraded.

In addition, individua modes should be upgraded, where necessary, to incorporate key variables that
are widely agreed to be strong determinants of travel behavior and that are needed to andyze key
policy options. For example, common shortcomings of modelsin current use include: (1) no trip
generation variables beyond auto ownership and income (e.g., household composition: workers per
household); (2) inadequate representation of trip attractions; (3) trip distribution models which omit
trangt and walking accessibility (needed in areas where trangit and walk modes are important); (4) lack
of peaking information on trips by type and market segment; (5) smplistic representation of
socioeconomic variables affecting travel behavior; and (6) smplistic characterization and modeling of
non-work travel.2° Improvements to address these shortcomings would be in order.

Among the variables that some areas have omitted from their models, and should add as soon as
possible, are: (1) household income (a key variable that should gppear wherever cost appears); (2)
parking charges and auto operating costs (without which analyses of parking pricing strategies,
congestion pricing, toll roads, etc. can only be done off-line); and (3) the number of workersin the
household (a key variable affecting ridesharing).

For many aress, better models of land use alocation or resdentid and employment location choice aso
would be appropriate. Here, one of the difficultiesis the political senstivity of land use forecasts. Loca
land use plans are rarely tempered by economic analyses of regiond and intra-regiona development
comptitiveness, regiond land use forecasts may conflict with overdl growth clams and/or with
individud locdities hopesfor alarge share of the growth. Many areas instead use politicaly-negotiated
land use forecasts which are assumed not to change regardless of infrastructure investments. Such
practices may be paliticaly pragmatic, but they are not necessarily theoreticaly or empiricaly
defensible. Indeed, in some areas these practices are being challenged by outside groups who view
them as way's to perpetuate the status quo in trangportation investment (and land development) policy.
Overdl, land use modding is likely to be aticklish problem for many aress, requiring careful work with
elected officids and interest groups as well as on the model's themsdlves.

8 These shortcomings were identified by participants at the National Association of Regiond
Councils November 1991 Conference on Modding Practices, which was attended by about 100
modeling experts from regiona, state, and federd agencies, universities, and the private sector.
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Although it would be desirable for every urban areato quickly develop sate-of-the-art modding
practices, the redlity isthat there will be wide variation in practices among aress at the start and
undoubtedly for years to come, even if an aggressive program of improvements is undertaken.®
Moreover, varidion in practice is desirable, to match activities with context-specific needs. For
example, as discussed in previous chapters, practice might differ with: (1) required transportation and
Clean Air Act andysis activities, which vary with area Size, pollution types, and pollution severity; (2)
the magnitude and location of anticipated growth in the region; (3) travel characteridtics (e.g., trangt
share); and (4) other related policy issues of importance to the community (e.g., location of employment
growth, housing affordability).

Determination of what andys's practices are gppropriate for an urban area might be done by agreement
among interested parties. For example, before beginning transportation-air quality andyses, agencies
might negotiate the analysis approach with EPA, DOT, and perhaps other concerned parties such as
environmenta groups. Agreements reached on the scope and complexity of travel forecasting to be
achieved over a specific time frame would be documented in a strategic plan or awork program for
improving data and analysis tools, including a reasonable, negatiated schedule for implementing
improvements. The agreement might specify, for instance, that current practice is the best that can be
achieved over the next six months, but within the next 18 months a specific set of improvements will be
implemented, and over the longer term new data and mode s will be developed.

5.2 Data Needs

Models are only as good as the data on which they are based, and better data are urgently needed in
most urban areas. Part of the model enhancement effort therefore must be to develop and maintain high
qudity databases.

Data on current land uses and land use regulations, as well as land market information, should be
updated regularly. More specific and detailed data on economic and demographic characteristics and
changes would be ussful in preparing population and job forecasts. improved network representation
would in turn improve travel forecasts and impact andyses; networks and their underlying data bases
should represent dl facilities down to arterids (and in many instances, mgor collectors). Travel surveys
should be done perhaps once a decade, via household surveys of adequate size to support the detailed
anayses contemplated. Data from specid purpose studies or from asmaller panel could be used to
track changes and provide interim updates.

8 The state of the art also will change as research adds to the knowledge base, analysis techniques
areimproved, and advances are made in computer hardware and software. In addition, changesin
vehicle technology and in trangportation systems potentialy could transform trangportation-air qudity
planning and modeling. For example, dternate fuels and dectric vehicleswould dragticaly change
emissons modding. Intelligent vehicle highway systems (IVHS) could transform network specification,
route choice, time of day of travel, and potentidly many other factors. The introduction of sophisticated
congestion pricing dso could require advances in the state of the art of modeling.
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Monitoring datawill be particularly important in carrying out the growth tracking requirements of recent
legidation. Asdiscussed in earlier chapters, the 1990 CAA Amendments set forth a number of
requirements for data and analyses to which MPOs will need to respond over the next few years.
These include: (1) development of emissons inventories and forecasts, (2) VMT, speed, vehicle
emissions, and congestion checks; (3) TCM andyses and implementation; and (4) determination of
conformity of trangportation plans, programs, and projects with the State implementation Plan for air
qudity.

Monitoring TCMs could be ardatively inexpensve, high payoff activity. Before-and-after sudies, if
carefully targeted and controlled, could provide vauable information on TCM effectiveness and could
help improve andyss capabilities.

The monitoring and evauation requirements of the CAA imply the availability of detailed and accurate
information on both the highway network itsef and network operation (link volumes, vehicle mixes,
Speeds by time of day, locations of high acceleration, locations of parked vehicles, trip start
information). Many areas will need to update and enrich thisinformation. Among other items, speed
vaidation and congestion assessments should be done through a robust sample of floating car sudies;
VMT should be checked by comparing modd outputs to traffic counts at a number of locations.

Currently, the accuracy required for VMT forecasts and comparisons to be meaningful for air quality
plaming purposes is not achieved in practice. The data base for monitoring VMT is inadequate in most
areas, with counts off the Interstate system and in new growth areas particularly problematic. A
monitoring program that provides ardiable time series of data collected in a consistent way is needed.
The HPM S data base has been used for needs studies but in many urban areas it contains too few
samplesto accurately monitor VMT for the purposes caled for under the CAA. Improvements to the
HPM S data base, including more and better traffic counts, are being implemented and should be an
important step toward better monitoring capabilities. Most urban areas will want to compare the
findings of these counts with modd outputs and other sources of information, if available, snce large
discrepancies could prove to be problematic.

As asecond example, many areas have assumed speeds not exceeding lega speed limits (posted, or 55
mph on urban Interstates) even on off- peak networks; in most areas thiswould fail a*“redlity check”.
(Theimpact on emissions estimates is uncertain; while high freeway speeds generdly result in increased
emissons, higher arterid speeds could reduce emissions estimates.)

In addition, many high growth areas sgnificantly underestimated their population increasesin the "70s
and '80s. Such inaccuracies if repested in the future would pose mgor problems for conformity findings
and SIP atainment demongtrations.

Better datawill take 2-3 years to collect, and even more time - as much as 5-10 years - will be needed

where time series data or pand dataare required. Also, data collection activities, and in particular
urveys, are very expensive; the case for them will need to be clearly articulated.
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5.3 Other MPO Resource Needs

In addition to good data, many MPOs will need additional funding and staff in order to carry out
enlarged respongbilities for data collection, andyss and forecasting. In many areas thiswill mean
overcoming some significant resource congtraints, athough the flexible funding for planning available
through the Intermoda Surface Trangportation Efficiency Act (ISTEA) may ease this problem.

Oneissueisthat models are neither user friendly from a computer applications perspective nor smple
from an analytical perspective. Because the computer skills needed to run transportation models are
extensve, many aress have assgned these tasks to programmers and data processing staff, many of
whom have had little training in trangportation systems anadyss. Consequently these saff are not well
prepared to deal with questions and concerns about the theoretica and empirical validity of the models.
Training for the computer Saff to improve their understanding of the models they are running would be
helpful, but should not be considered an adequate subdtitute for an expert modding staff. Many MPOs
may need to add staff positionsto handle CAA (and ISTEA) analysis obligations, and to supplement
daff with consultant contracts.

Another issue has to do with the need to “trandate” models and andyses for non-expert decision
makers and reviewers. Models can be difficult to explain to elected officids whose decisons they are
intended to support, but increasingly these officials want to know how réliable the model forecasts are
and how they were developed. Environmenta groups and community groups also seek aclear
understanding of the models and their strengths and wesknesses. Providing this information will
necessitate resources specificaly for this purpose.

Lack of documentation and inadequate documentation could be abarrier. 1n past years documentation
of data, models, and anayses often has been under-funded or has falen by the wayside when deadlines
aretight. However, lack of documentation makesit more difficult to repeat analyses or monitor trends,
and may be a serious problem if analyses are chalenged. Greater expendituresin this area could have
an important payoff.

Severd issues are likely to arise concerning documentation. First, documentation for some softwareis
provided only to registered owners. However, other groups may wish to examine the software in detall.
This could creste difficulties for the agency, and possibly necessitate the preparation of extensve
“modd reviews’ to explain the details of the programsto outsiders.

A related issue isthat, in some cases, documentetion is of the “how to run the model” variety rather than
“how the models work”. Someone may need to prepare a description of the latter.

Documentation and explanation of TCM anayses are particularly difficult when avariety of methodsin
addition to the regiond modeling system are used to estimate impacts, then folded back into the overal
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andyss. Neverthdess, having aclear explanation of the anayses may proveto be key in building
support for TCMs.

5.4 Hardwar e and Softwar e Advances. An Opportunity

Hardware and software advances should speed up and lower the cost of many of the andyss steps,
and a the same time should support far more sophisticated analyses than have been possible in the past.
On the software and data base management side, for example, TIGER (Topologicdly Integrated
Geographic Encoding and Referencing) files - digitized block boundaries or segments - are now
available from the Census Bureau and permit block-level data (of whatever variety is coded, Census
and other) to be aggregated to any zone system desired through the use of a GIS system. Some areas
have aready begun to use GIS to encode such additional information as tax parcel data, structures data,
zoning, land use, dope and soils, environmenta conditions, sdewak and bike facility inventories,
conditions of gpprova including traffic mitigation requirements, crime rates, and many other factors, in
addition to the Census data on housing, trade, employment, and the like. Theseflexible, extensive,
integrated data bases and data management tools would support advanced modding, but only if the
advantages of the advances are recognized and seized. (This may require R & D sponsored by federd
agencies or consortia of MPOs

Computer hardware also has grestly increased modding capabilities, with desktop models now superior
to the mainframes of a decade ago and work station versions capable of running most models quickly
and efficently. Unfortunately, the programming of many in-use models and model frameworks does not
adways take full advantage of these advances, and hence loses some of the benefits of hardware gains.
Re-programming may be an important option.

Hardware and software for data collection and analysis is a third area where sgnificant strides have
been made and more are expected in short order. Automatic data collection via roadside markers or
roadbed counters, traffic signal detectors, speed sensors, and ticketing databases are but some of the
available methods that have yet to be fully exploited in most areas. Computer-assisted telephone
surveying combined with data- checking software is only beginning to be used by transportation agencies
and deserves further refinement and gpplication.

5.5 Research Priorities

5.5.1 Applied Research and Development

Significant improvementsin practice could be accomplished through more widespread implementation
of advanced methods that adready arein usein some areas. However, more basic improvements will

require gpplied research and development. Such R&D might be supported with federd funding or
might be undertaken by MPOs with funds drawn from other (perhaps loca or foundation) sources.
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Possble R& D topics include the following:

Review and Enhancement of Location and Land Use Models: Identify key varidblesand

rel ationships which must be present in land use models, and their relative contribution to the qudity
of esimates. Assess the sengtivity of modd resultsto variations in mgjor input variables, aswell as
the relative accuracy of each modd component. Evauate whether smple land use modd s that are
easy to apply and require low levels of input data (in contrast to available procedures that are highly
complex and dataintensive) perform acceptably. Examine how both loca plans and economic base
models might be integrated into aredistic land use forecasting process. Assessthe leads and lags
which occur in trangportation-land use relationships, and how they might be taken into account.
Explore how to handle growth ditribution in areas where new construction is not the key or sole
issue, i.e., where mgor changes are taking the form of change of use of exigting buildings or shiftsin
the location of activity among exigting buildings (the latter should include ways of assessng which
buildings will fill up firgt in areas where office space supply will greetly exceed demand for some
time)

Zoning Controls and Urban Design: Identify and rank small scale urban design options that could
have important impacts on travel patterns, and improve methods for analyzing these measures.
Assesstherole of zoning controls in land use forecasts and in trangportation policy implementation.
Deveop methods for analyzing such policies as zoning for higher density around trangt gations, or
the use of mixed-use, high- and medium- density zoning to create less auto- dependent communities.

Data: Identify and evaluate data sources and surrogates which could reduce data costs for model
development, forecasting, and monitoring. Assess ways to make better use of available data such
as on-board trangit surveys and traffic Sgnal data bases. Assess panel data gpplications and
evauate whether the results justify the added expenses.

Network Models. Develop better methods for estimating travel times as a function of network
congestion, accounting for speed changes resulting from shifts in route choice, time of travel, and
growth impacts. Evauate methods for accounting for the impacts of traffic incidents (non-recurring
congestion). Identify ways to achieve more detail and comprehengveness in network specifications
and/or roadway classification schemes, and to assure consistency between, or adjust for
incongstencies in, network specifications for periodic conformity determinations.

Socioeconomic and Lifestyle I ssues: Assess the importance astravel determinants of such
variables as age, sex, race, ethnicity, occupation, and household structure. Assess the role of auto
ownership as avariable in modds, consgdering both the areas where the number of vehicles equas
or exceeds the number of drivers and the experience of very dense areas (e.g., Manhattan) where
the correlation between rising auto ownership and trip making is wesk.

Trip Distribution Models: Assess the reasons that K-factors historicaly have been so important in

cdibrating trip digtribution modedls, and evauate approaches that might improve modd fit with less
dependence on these factors. Assess the performance and tractability of formal nested models
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through destination choice (e.g., with the expected mode choice utilities forming the accessibility
vaiables). Develop modes which utilize the improved land use and employment data bases
becoming available to planning agencies due to Census innovations and GIS advances.

Walk Mode: Evduate methods to represent walking as atravel mode and to modd Strategies that
dter pedestrian facilities and amenities.

Time-of-Day: Develop behaviord modds of the choice of time of travel. Develop better information
about travelers trave time options and congraints.

TCM Effectiveness: Assess the accuracy of methods which goply findings from other urban aress,
sometimes from avery limited number of sudies, to estimate the effectiveness of TCMs. Evduate
short-term vs. long-term TCM effectiveness through carefully targeted case studies.

Supplemental Analyses: Assessthe role that can be played by “extramodd” andysstoolsfor
TCMs, such as spreadsheet tools based on empirica evidence of effectiveness. Thisis especialy
an issue for commercidly avalable andyss tools which have not been fully evduated by a
disnterested third party (other than clients and sponsors, eg.), and for which detailed
documentation is not available to the generd public.

Vehicle Emissions Factors. Develop more accurate vehicle emissons estimation techniques,
particularly to account for speeds above 55 mph and to reflect actud driver behavior (frequent
accelerations, etc.)

Software Improvements Develop improved software, including both a more supportive software
environment for trangportation - land use modeling and a more powerful “post- processor” for
emissons caculaions.

Model Precision and Accuracy: Assess the current precision and accuracy of data and models,
identify sources of uncertainty, and evauate how these conditions may changein light of CAA and
ISTEA requirements. Develop approaches which could improve precision and accuracy and
reduce uncertainty, including both modd improvements and strategic planning (contingency)
approaches.

5.5.2 Basic Research Needs

In the longer run, research to provide a deeper understanding of the regiond transportation land use
system isneeded. Here, the controversy over the impacts of infrastructure development will be used to
illustrate the issues and lay the basis for observations of a more generd nature.

Asnoted earlier, debate over the land development impacts of transportation investments, especidly in
highways, has re-emerged in a number of urban areas. One Sde argues that trangportation investments
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are mgjor growth shapers, the other Sde argues that trangportation investments are of limited impact
except in gpeciad, unusud circumstances. How might research cast more light on the issues?

Some have proposed a“quick fix” research strategy which attempts to measure the actua impacts of a
sample of infragtructure improvements, through measurements of changesiin traffic flow and smilar
aggregate measures of system use and/or case andlyses of land use shifts. The problem is that the
changes are broader than that, reflecting aweb of interactions among mode choice, route choice, time
of day of travel, destination choice, location choice, and overdl growth of the region. Such complexity
cannot be reveded by smple observation; more fundamenta analysis of travel behavior and location
decison-making is needed. Moreover, many of the phenomena at issue occur gradudly over long
periods, and thus become difficult to separate from other trends. Hence, case studies of new
infragtructure outside the context of high-qudity longitudind data sets are unlikely to yidd definitive
results.

Severd large metropolitan areas - notably the Bay Areaand Sesttle - have initiated and begun to use
the data from pands, but their efforts have been hampered by funding problems. One reason that funds
have been difficult to come by isthat it is hard to show a clear, immediate payoff from the substantia
investment needed. Ironicaly, then, research on the fundamenta socid and behaviord effects of
infrastructure is stymied by the lack of data from carefully maintained long-term pandsin anumber of
urban settings, and such pands are slymied in part because their results will be long in coming.

Research isdso limited by the congraints of available models. Most operational models were
developed under conditions of: 1) scarce computationa resources, requiring the most parsmonious
problem definitions possible; 2) alimited pool of professonas with the ability to reliably gpply
sophisticated models, and 3) afocus on a specific set of applications for which a particular set of
samplifications seemed appropriate. Conditions have changed, the mode's have not, and in most cases
the state- of-the-art does not satisfy the need for improvement.

Although much can be done to improve mode performance within the conventiond “four- step”
paradigm, a more fundamenta examination of the issuesisin order. For some time the travel behavior
research community has recognized a need to rethink the basic paradigm of travel demand andlysisin
light of three decades of advancesin the cognitive sciences, in economics, and in computationa
cagpahilities. The emerging theory might be described as activity participation in the face of time and
monetary condraints. The implications for modeling are subgtantia: for example, modds might focus on
activities, with travel consumption as a by-product. This creates pressure for research on virtually every
element of travel behavior.

If an understanding of the urban activity system isthe goal, researchers and research sponsors must
acknowledge the inherent complexity of the problem, which could be compared with research on globa
warming or human cognition. Other disciplines facing inherently complex problems have developed a
research style that emphasizes a detailed understanding of specific, isolatable phenomena, together with
computer smulation of feedback and smilar complex interactions. In these disciplines, dternate
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theories of system dructure are tested by eva uating the performance of their respective amulation
models.

Similar research styles will be needed in transportation to explore, develop, and implement analys's
approaches reflecting fundamenta changes in knowledge and method. Research sponsors and their
user-clients will need to tolerate work that may not have any immediate gpplications - some of which
will not prove out - if basic advances are to be made. The emphasis on pragmatic investigations
producing quick answersto pressing issues is understiandable, but it should not be the only kind of
research. At least some funding should be directed toward a broader disciplinary scope and amore
basic, deeper, set of questions for transportation research.

Oneissue iswhether current indtitutions are cgpable of supporting activities which may chalenge
established beliefs and ways of doing things. Research sponsorship is one matter; put in broader terms,
the issue may well be whether current indtitutions permit a search for improved mohility aong many
dimensions. Provisons of the ISTEA chdlenge urban areas to begin such asearch. Some indtitutiona
arrangements and assignments of responsibility may be better suited to the task than others, and thistoo
would be avdugable topic for investigation.

A decison-making paradigm thet is more informed than Smple “fair-share’ ditribution of public capitd,
yet isless dependent on deterministic “knowledge of the future’ than current rationd planning
approaches, would be another areafor atention. Modeling assumes an ability to forecast the future that
may not be redlistic or necessary. Scenario testing gpproaches suggest an dternate use of moddling asa
means of exploring policy implications; it gives explicit recognition to the “if-then” character of the
models, clarifies the assumptions on which they rest, and provides opportunities for the introduction of
qudlitative information into forecasts. Control theory suggests another direction: data from monitoring
could be used to make adjustmentsin operation and to identify needed improvements, perhaps selecting
from a set of responses previoudy agreed upon in contingency plans. A broader ook at such options
might uncover new directions for transportation planning, policy, and inditutions.

In the debate over the development impacts of transportation, it may be the case that both sides are
right. Within the limited domain of current land use regulations, current pricing practices, current
technology, and current financia resources, many (or most) congestion-rdieving highway investments
may wel improve system performance. But adifferent socid optimum may exist when the current
condraints are relaxed. (imagine the sort of “bubbly” functiona surface one might expect of a non-linear,
multivariate, mixed- behavior, time-dependent system.) Moreover, present levels of public expenditures
on transportation are inggnificant in comparison with the aggregate of private expenditures, and it may
be unredidtic to expect the public sector to have a strong influence on patterns of mobility under such
circumstances. But ways to exert broad influence over private decisons are well known and available
for use, if the public will to do soispresent. A wider congderation of options might identify new
approaches and open up new opportunities for advancement.

5.6 Putting M odeling into Per spective
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As the preceding section indicates, trangportation and its interactions with land use and the environment
are highly complex phenomena for which substantial additional research, both basic and applied, would
be appropriate. Research into these matters should reved ways to improve models and anayses and
their utility in decison-making. Nevertheless, it must be kept in mind that models are toals; they need to
be interpreted with care and not expected to “make decisons.” Moreover expectations for models must
be tempered by practicd redities including time and cost consderations. Thus afew words of caution
arein order here.

The review of current modeing practices and their strengths and weaknesses raises questions about the
requirements for modeling promulgated by federd and State transportation agencies, especidly as these
requirements are combined with those implied in the Clean Air Act. For example, current trangportation
planning regulations vary planning and andys's requirements with population of the metropolitan area
More detailed and demanding requirements apply to the larger urban areas. From an ar qudity
perspective, however, the size of the metropolitan areais not necessarily a good indicator of the severity
of the pollution problem(s) or of the complexity of theissuesfaced in ar qudity (or transportation)
planning. Thus, amdl and medium-szed metropolitan areas might need to devel op better planning and
andysis capabilities than otherwise would be expected, in order to respond to air quality planning needs
- or to the trangportation and land use challenges of the region.

There are concerns that the technical and financid capabilities to support extensive data collection,
model development, and modd application are largely lacking among the smaler metropolitan aress,
wheresas large urban areas have greater resources to carry out sophisticated monitoring and andysis
efforts. Clearly, there are exceptions in both directions. For example, data and models may be
relaively up-to-date and sound in the urban areas with recent experience in trangt aternatives andyss,
regardless of area size (dthough some would chdlenge thisclam). Conversely, some of the larger
urban areas have not paid attention to modeling for anumber of years and their practices may actudly
have declined in quality and sophidtication. Size, in short, may be only oneindicator of modeling
capacity, and arough one at that.

Growth rates have not been consdered as afactor in setting modeling requirements, but they may be an
important indicator of needs. Very fast growth areas may need to devel op sophisticated data collection,
monitoring, and analyd's cagpabilities, regardless of their pollution levels or urban size classfication, in
order to permit them to track changesin travel patterns, trip making, and VMT more accurately. Less
complicated methods might suffice in dow growth areas, dthough even there, intra-regiond shiftsfrom
city to suburb and from downtown to outlying commercia areas are often large and complex, and may
well require sophigticated land use-trangportation analyss cgpabilities.

Overdl, despite the difficulties, it seems reasonable to recommend that urban areas large and small
should be encouraged to improve their data bases and enhance their modeling capabilities, but common
sense must be exercised in setting expectations. Smdler areas may not be able to afford localy-based
research and extensve methodologica innovation, but their travel demand modes nevertheless should
be good examples of the gpplication of state-of the-practice models (i.e,, trip generation, trip
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digtribution, mode choice, and traffic assgnment, with feedback through trip distribution.) Their land use
forecasts should reflect key data on housing and employment trends and forecasts. Their network
models should be checked against ground counts. Areas where fast growth is occurring or where air
pollution problems are severe may need to enhance specific models to address those issues.

Where in-house resources are lacking, urban areas typicaly have turned to consultants for model
development and calibration, with loca staff taking over the gpplications in some cases and working
with the consultants on applications in others. Developmentsin afew states suggest an dternate
approach: cooperative agreements in which the state provides hardware, software, standardized model
structure, and technica support; regiond agencies and local governments provide data (sometimes,
however, with sate funding); and loca universities provide training for staff and ongoing technica
assstance. Foridaand Texas provide examples of successful Sate-regiona programs of this sort.

Trangportation modeling regulations and needs are but one part of abroader set of issues concerning
dataand andlysis requirements with which planning agencies must contend, however. A second set of
issues stems from the trangportation - ar quality plaming and anayss requirements set forth in the 1990
Clean Air Act Amendments. Asdiscussed at some length in earlier chapters, this highly complex
legidation sets different deadlines for attainment of nationa ambient air quality standards (NAAQS)
depending on the pallutant (CO or ozone) and the severity of the violation, resulting in a patchwork of
due dates and target andysis years both among metropolitan areas and, probably more serioudy, within
particular urban areas. Moreover, increasingly stringent requirements for planning, monitoring, and
control apply to each classfication. All 0zone nonattainment areas except those classfied Margind
must reduce VOCs (hydrocarbons) by at least 15 percent within six years. Although only those areas
classfied Severe or worse are required to identify and adopt TCMs, Serious non-attainment areas must
adopt TCM s if emissons prove to be underestimated in the SIP, and even Moderate areas may need
TCMsto meet the slandards by the deadlines. The differing requirements match mandated actions to
problems and reflect the greater difficulty of achieving the ar sandards in the more severdly polluted
areas, and hence are a pragmetic response; but they aso create a much more complex and varied set of
requirements than previoudy applied.

Conformity provisons dso are sgnificantly expanded in the 1990 Amendments, and require growth
ratesto be taken into account. Furthermore, changesin VMT must be monitored, reported, and taken
into account in SIPs and transportation control plans. This may rase particular difficultiesin fast
growing aress.

Overdl, the complexity and comprehensiveness of the requirements would appear to require extensive
data collection, monitoring, and modeling.

From amodding perspective, two issues arise. Oneisthat the different clean air milestones and
deadlines for atainment become target years for trangportation planning and andysis, but these years do
not necessarily coincide with available transportation data, forecasts, or plaming horizons for the region.
This has meant that analysts must extrapolate or interpolate their trangportation forecasts. Since
trangportation plans and programs rarely are precise about the implementation year for particular

189



projects and policies (and such precision, if imposed, would probably not be accurate, especialy for
actions to be implemented some years in the future), this step introduces numerous assumptions and
goproximations. The results are then treated as “givens’, however, in caculating estimated emissions.

A second and perhaps larger 1ssue concerns the requirements for emissons and air quality modding and
the way those models interface with transportation models. In particular, emissons and air quality
modd s require as input hourly volumes by link, plus speed and fleet mix estimates. But trangportation
models produce much less specific output. Hence, post- processing of the trangportation output must be
done, and again rests upon numerous assumptions. Moreover many transportation models condrain
freeway speedsto the legd limits (i.e.,, 55 MPH), and hence introduce inaccuracies with potential
repercussons throughout the travel forecasts as well asin the emissons estimates.

Overdl, the current precision and accuracy of data and models hardly seem to be in keegping with the
expectations for them implicit in ar qudity planning and modding requirements. While improvementsin
method could partly narrow the gap, a more fundamenta assessment of the uses and limitations of
trangportation forecasts might be in order.

Despite these concerns, the possibilities for immense improvements are many. Today, thereis
reawakened interest in models and their performance, new mandates for andysis, legidative changes
that open up important opportunities for ingtitutiona development, advancesin avariety of disciplines
which could be brought to bear on transportation problems, and funding to support both short-term and
longer-term research and development. Both improved planning, modeling and andysis practices and a
richer understanding of underlying phenomena should be the sought- after results.

APPENDIX A: GLOSSARY OF KEY TERMSAND ABBREVIATIONS
1990 Amendments - The 1990 Amendments to the Federal Clean Air Act.
AASHTO - American Association of State Highway and Trangportation Officids.

ABAG - The Association of Bay Area Governments, a voluntary council of governments for the San
Francisco Bay Area. ABAG carries out land use studies for the region and operates the region's land
use alocation model, POLIS.

Accesshility - 1) Anindication of the ease of reaching desired locations. Conceptudly, accessibility isa
function of some generalized price, which depends on standard measures of separation (time, cost), on
modal characteristics which influence perception (such as comfort, speed, directness, congstency,
degree of physicd effort, and extent of waiting), on persona characterigtics which influence perception
(such asincome, age, family gatus, work status, and physica condition), and on the quality of the
desred activity at the destination location (e.g., the quantity and mix of retail stores, in the case of a
shopping trip). Accessibility between two locations is sometimes measured as location-to-location time
by a specific mode (usudly highway), but dso can be measured as cost or as a composite of time, cost,
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and other modal, persond, and locationd attributes. The denominator of alogit mode choice modd isa
comprehensive accessibility measure for a specific trip. Accessibility of alocation is aweighted
composite of individud accesshilitiesfor dl suitable location pars at that place. The denominator of a
logit destination choice modd or a gravity trip distribution modd is a comprehensive accessibility
messure for an origin location. 2) Suitability for use by a person who is “mohility limited” (seedso
mohility).

ADOT - Arizona Department of Transportation.

Aggregate Modeling - An gpproach to travel demand modeling that employs large population
aggregates, defined in geographic, socid, or economic terms, as the fundamentd unit of andyss Ina
typica application (such asthe regiond network-based travel models that rely on coarse-grained zone
systems), the variaion in key characteristics (such as income and household size) between population
aggregatesisless than the internd variation subsumed within population aggregates.

Algorithm - A step-by-step procedure for computing a solution to a mathematica problem. Solutions to
some mathematica problems may be computed by goplying any one of severd dternaive dgorithms;
the solutions will not necessarily be identical. For example, comparison of traffic assignments computed
with different dgorithms generdly will reved different numbers of vehicles assigned to alink.

All-or-nothing assgnment - Allocation of the total number of trips between two zones to asingle path,
usudly on the basis of the minimum trave time.

ALOGIT - A software package produced by The Hague Group for full information maximum likelihood
(FIML) estimation of nested logit models.

Andysis of variance - Statistical technique used to investigate the components of varigtionin a
multivariate sample.

ANOVA - see ANaysis Of VAriance.

Arterid - Asused in this document, an arterid is aroadway that serves mgjor traffic movements, and
secondarily provides access to abutting land (precise definitions vary among locdlities and states).
Arterids generdly carry higher traffic volumes a higher speeds than collectors and locd streets, but
carry lower volumes at lower speeds than expressway's, freeways, and other limited access and grade
separated facilities. Arterias may be designated either principa (also caled mgor) or minor, with
principd arterias placing relatively more emphasis on service to through traffic, and carrying higher
volumes, possibly at higher speeds. Principa arterids are frequently served by public transportation;
minor arterials may aso carry bustraffic. Regiona highway networks for urban areas should include all
arterids. (See dso functiond classification, collector, loca Street)

Auto ownership - In common modeing parlance, the number of passenger vehicles avallableto a
household for routine daily travel. Because an individud's choice of trangportation mode depends
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grongly on vehicle availahility, average vehicle avalabilities for households with smilar income
characteristics are considered a basic zonal descriptor. Note that the term “auto ownership” embodies
agreat ded of imprecision, Snce many vehicle types other than autos are used for urban persond travel
and financial arrangements other than conventiona ownership are increasingly common. Consdering
this, “vehide availability” might be preferable to “auto ownership”.

AVO - Average vehicle occupancy. For a specific group of travelers, eg., AM pesk workers, AVO is
the ratio of person tripsto vehicletrips. It isoften used as acriterion in judging the success of trip
reduction programs.

AVR - Average vehicle ridership. see AVO.

BAAQMD - The Bay Area Air Qudity Management Didtrict, the Sate-designated air agency for the
San Francisco Bay Area.

BASIC - A programming language developed a Dartmouth in the early 1960s that has been the most
common entry-leve language for casud computer programmers. BASIC has the reputation of dlowing
ardatively doppy programming style, but recent changes to the language (QuickBASIC, TrueBASIC,
VisuaBASIC) are capable of supporting amore forma and structured approach.

Biased - Not tending toward the true mean even with alarge sample.

Block - A unit of spatid aggregation used by the U.S. Bureau of the Censusin reporting decennid
census data, corresponding roughly to its colloquia meaning.

Bottleneck - The point of minimum capacity aong a highway segment.

Bounded Reationdity - The proposition that rationa behavior astypicaly postulated in economic models
islimited, or bounded, because individuas consder only a restricted set of options and satisfy rather
than optimize their choices.

BPR - The U.S. Bureau of Public Roads, now FHWA.

BPR Equation - A formula suggested by the BPR for caculating travel time as afunction of volume on a
highway link:

t=to+ O(VIC ),

where:
tisthelink trave time at volume V, usudly expressed in minutes per mile
to isthelink trave time & zero volume
V isthe volume on the link, usualy expressed in vehicles per hour
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C isthe capacity at the most congtricted point (bottleneck) on the link; note that actud volume might
exceed this cgpacity for some period of time if an upstream portion of thelink is available to
accommodate a queue

ak ae parametersthat determine the shape of the function

BPR suggested using k =4 and a= .1 5t,. Others have found that higher vaues of aand various vaues
of k in the range 2.56k5.0 provide a better fit to read data under many circumstances. The need for a
more accurate representation of travel time has led to experiments with different functiond forms (see
Small, 1992 for a concise overview of link performance functions).

Braess Paradox - Thefact thet it is possble for the total cost of travel in anetwork to increase when a
new link is added to the network or an exiging link is significantly improved, under the condition that
users minimize their perceived travel costs. Whether or not Braess Paradox can occur in a particular
network depends on network topology and on how the perceived link costs change as traffic volumes
vay. It follows from Braess Paradox that it also would be possble to decrease the total cost of travel
on anetwork by increasing the travel cost on one link. While Braess Paradox may seem
counterintuitive, it follows from the smple fact that the total travel cost resulting from auser optimum in
traffic flow sometimes can be reduced by forcing afew travelers to experience higher costs so that a
larger group of travelers can experience lower costs (e.g., by metering afreeway on-ramp that causes a
bottleneck on the main line).

C - A programming language in common use that provides both high-level congtructs and extensive
access to the dementd features of the hardware and the operating system.

C+ + - An enhancement of the C programming language that supports object-oriented programming.
Cdltrans - Cdifornia Department of Transportation.

Capecity redtraint - A traffic assgnment procedure that places trips on multiple origin-to-destination
paths, taking into account the effects of congestion. A number of capacity restraint algorithms are
avallable, most following the same generd sequence of steps. compute an dl-or-nothing assgnment
based on initid travel time estimates, compare the resulting link traffic volumesto link capacities, adjust
link travel times based on the relaionship of link volume to link capacity, and reassign tripsto minimize
travel time given the adjusted link travel times. The processisiterated in some fashion until an
gpproximate equilibrium is reached.

CARB - The Cdifornia Air Resources Board.

CART - Classfication and regresson tree analyss, a set of methods for analyzing hierarchica
relationshipsin multivariate deta.

Catalytic converter - A device which removes certain pollutants from vehicle exhaust through cataytic
adsorption.
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CATS - Chicago Area Transportation Study.
CBD - Centrd business didtrict.

CBE - Citizensfor a Better Environment, a San Francisco- based environmenta group that sued Bay
Areaand Cdifornia state agencies to force compliance with transportation provisions of the 1982 State
Implementation Plan (SIP) for the region.

CCCTA - Centra Contra Costa Trangit Authority.
Choice st - the set of dternatives from which a consumer may choose.

CLF - The Conservation Law Foundation, a Bostonbased environmenta group with a strong focus on
transportation in New England.

CMP - Congestion Management Plan.
CO - Carbon monoxide, akey air pollutant produced primarily by automobiles.
CO, Carbon dioxide.

Cold gtart - The starting of an engine which is Sgnificantly below norma operating temperature, of
sgnificance in undergtanding vehicle emissons because the rate and compaosition of emissions vary with
engine temperature. Cold start mode, the period of operation to which cold start emissions rates gpply,
is defined by EPA for catalyst-equipped vehicles as the first 505 seconds after start of an engine which
has been has been turned off for one hour or more (four hours for non-catalyst-equipped vehicles).

Collector - An urban street which provides access within neighborhoods, commercid and industrial
digtricts, and which channelstraffic from loca streets to minor and mgor arterids. Collectors are
typicaly low volume and low speed sireets, however, they sometimes serve locd bustraffic. Collectors
mesting this definition are not usudly explicitly represented in regiond highway networks. (See dso
functiond classfication, arterid.)

Compensatory modd - A choice modd in which a consumer is assumed to trade off one variable for
another (e.g., timevs. cost).

Conformity - In generd, the agreement of trangportation plans and programs with assumptions and
commitments designed to attain federd and Sate ar qudity sandards. Specificaly, conformity to a SIP
means conformity to the plan's purpose of diminating or reducing the severity and number of violations
of the national ambient air quality sandards (NAAQS), and the avoidance of activities that might cause
or contribute to a new violation of any standard, increase the frequency or severity of an existing
violation, or delay timely attainment of any standard or interim milestone. In addition, trangportation
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plans and programs can be found to conform only if: (1) emissons from such plans and programs are
consstent with emissions projections and reductions assigned to those trangportation plans and
programsinthe SIP, i.e., are condstent with the emissions budgets or targets, and (2) the plansand
programs provide for timely implementation of SIP TCMs consistent with SIP schedules®

Congestion - Interference of vehicles with one another as they travel, reducing speed and increasing
travel time. Travel time onalink increases as an exponentia function of the ratio of the number of cars
on the link (volume) to the link's capacity. At low volumes, links are said to be uncongested, since
vehicles do not interact much; as volumes gpproach capacity (defined as the maximum flow rate a the
most congtricted point on alink), congestion effects become increasingly apparent and travel time
increases noticesbly. The volume of entering vehicles may exceed the capacity of the link, in which case
the excess vehicles form a queue within the link, link traversal times increase exponentidly, and flow
exitsthe link at capacity rates. (See dso BPR function, capacity restraint)

Conggtent estimator - In Satistics, an estimator (such as the mean of a sample used to estimate the
mean for a population) is said to be consstent if it converges on some specific value as the number of
observations becomes very large. Thisvaueis correct only if the estimator dso is unbiased.

Consumer priceindex - A measure of the price change for a package of goods specified by the
Department of Commerce's Bureau of Economic Analysis. A variety of indices are published for the
US as awhole and for numerous geographic subdivisions.

CPI - Consumer Price Index.

Cross-dassfication - A smple technique for exploring rdationships among variables, sometimes cdled
category analyss. Given a data set which includes observations on two or more variables of interest for
each record, the range of each independent variable is established and subdivided into a small number
of categories. A matrix is constructed, with each cdll containing data for observations in that category.
A typica application would be a cross-classfication andysis of trip productions categorized by auto

8 Conformity determinations differ in the interim period (until a SIP revision is gpproved) and
theresfter. In the current, interim period, plans and programs must show expeditious implementation of
TCMs and contributions to annua emissions reductions; projects must come from conforming plans and
programs and, for projects in CO nonattainment areas, eiminate or reduce the severity and number of
CO violationsin their vicinity. Once SIP revisions are approved, conformity will be based on
cons stency with the area-wide trangportation emissions budget for the area plus TCM implementation.

195



ownership and household size. The number contained in each cdll of such atable would be the average
trip productions per household. (See trip generation, regression.)

CTPS - The Centrd Transportation Planning Staff of the Massachusetts Executive Office of
Trangportation and Congtruction. CTPS performs the andytica functions of the MPO for metropolitan
Boston.

Delay - The difference between the actud time spent traversing alink and the free-flow (unimpeded)
time.

Dedtination - The zone in which any trip terminates (See aso trip attraction).

Destination choice - Given that atrip will be made, the purpose of the trip, and the trip's origin (seetrip
generdion), the destination choice process smulates an individua's choice of the location at which the
activity associated with the trip's purpose will be carried out. Destination choice is believed to depend
on characterigtics of the individud (e.g. income, auto ownership), characteristics and locations of
activities at which the trip's purpose can be accomplished, and characteristics of transportation modes
connecting the origin to each candidate destination location. Some models use a series of purpose-
specific logit modesto perform destination choice (Sometimes combining destination and mode choice
for nonwork trips), alowing characteritics of individuas and modes to weigh on destination decision.
Other modds perform destination choice using gravity models or intervening opportunity models, and
generdly do not consider characteritics of individuals and zone-to- zone accessibility in destination
choice. (See dso trip distribution)

Determinigtic - Not stochastic.

Digperson model - A modd which estimates atmospheric concentrations of pollutants as afunction of
emissions rates and in some cases, emissons locations, meteorologicd factors, and rates of chemical
reactions that may occur. Three common types of disperson modes have been used: 1) methods
applying the continuity equation of physics to describe physical and chemica processes that govern
emissons - concentration relationships, 2) methods using a probabilistic description of the motion of
pollutant particles to derive estimates of concentrations, and 3) methods that use Satistica relationships
between emissions and concentrations to infer future relationships.

Direct demand mode - An aggregate demand model that Smultaneoudy predictsin asingle equation dl
relevant travel choices.

Disaggregate models - In common usage, models devel oped to represent the behavior of individua
decison-makers (persons, households, firms).

Discrete choice - A modeling gpproach depicting choice among readily definable and digtinct
dterndives.

196



Diurnd emissons- Vehicular emissons that occur on adaily cycle, and are not necessarily related to
vehide use (though usage patterns may affect diurnad emissonsrates). Asof thiswriting, diurnd
emissonsfactors are avalaole for evaporative hydrocarbon emissions only.

DQOT - The United States Department of Transportation.

Doubly congtrained - With reference to trip distribution models, a feature of the equation or of the
estimation procedure which ensures that production and attraction tota's by zone will be exactly
replicated in the calcuated trip matrix.

DRAM/EMPAL - Direct Resdentid Allocation Model and Employment Allocation, respectively;
components of the integrated land use - trangportation modd system ITLUP.

DRCOG - The Denver Regiond Council of Governments, MPO for the Denver Metropolitan Area.

Dynamometer - An gpparatus for measuring mechanica force such asthat produced by an engine, used
in conducting tests of fuel consumption and emissons rates of vehicles. Dynamometers dlow testing of
vehicles under replicable and controllable conditions, but such tests often produce estimates of fuel
consumption and emissons rates below those measured under field conditions, because it is not easy to
replicate the complexity of actud driving patternsin an artificid environment. Dynamometer tests
conducted under the standard Federd Test Procedure (FTP) are known not to faithfully smulate driving
conditions involving accelerations associated with especidly high emissons rates (so-cdled “off-cycle’
accelerations).

EDF - The Environmenta Defense Fund, a nationwide environmenta group with a strong market- based
perspective on air pollution problems.

Efficient esimator - An estimator that maximizes the use of information present in asample.

Eladticity - Inacausd rationship, the dadticity of i with respect to | is the percent change in variablei
with respect to the percent changein variablej.

EMFAC - EMFAC is a computer-based mathematica model used to calculate motor vehicle
emissons, for usein Cdifornia. EMFACTF isthe verson current in July 1993.

EMME/2 - A computer software package for transportation network and travel demand anayss.
EMPIRIC - A land use modd.

EPA - The United States Environmenta Protection Agency.

Equilibrium - Any complex system that has attained its highest entropy steedy-state operating condition

issad to bein equilibrium. The traffic assgnment process has reached equilibrium when a change of
route by any traveler would increase travel time, for the individud traveler if trips are assgned using the
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user-optima decison rule, or thetotd time for dl travelersif the sysem-optimd principle is used.
Network equilibrium can be caculated directly using a programming method such as the Frank-Wolfe
agorithm, or can be gpproximated by assigning increments of traffic based on path trave times and then
feeding back the travel times resulting from one iteration as the input to the next. (See aso feedback.)

ETC - Employee transportation coordinator. A person hired full- or part-time to oversee the
implementation of vehicle trip reduction measures at an employment Ste.

ETTM - Electronic toll and traffic management. A term denoting autométic vehicle identification (AV1)
and autometic debiting devices, and associated inditutional and technical developments.

Expert system - A modeling gpproach that incorporates human judgment and expertise, both
quantitative and quditative, in a decison-oriented framework.

Feedback - Using the results of one step in the modeling processto recalculate a previous step. For
example, the link volumes from traffic assgnment can (and should) be used to recaculate firdt travel
gpeeds and then trip digtribution, since the first pass through trip distribution employs only an
gpproximation of link speeds.

FHWA - The United States Department of Trangportation, Federal Highway Adminigtration.

FIFO - A queue discipline characterized by firgt in, first out service.

FORTRAN - FORmula TRANdation, acomputer programming language designed for basic science
and engineering gpplications.

Frank-Wolfe Algorithm - A method of quadratic programming that is used in caculating the exact user
equilibrium in traffic assgnment, by sdecting link flows that minimize a function thet is the sum of the
integras of the link cost functions.

Fratar method - A method used extrapolating trip distribution on the basis of growth factors for both the
origin and the destination, named after its developer.

FREQ - Freeway Queuing model (A. D. May).

FTA - The United States Department of Trangportation, Federa Transt Adminigration (formerly
UMTA).

FTP - The Federd Test Procedure, a prescribed sequence of accelerations and decelerations used in
certifying the emissions performance of new cars.

Functiond dassification - The classfication of urban roadways by function. Roadways at the top of the
hierarchy serve intercity and other long-distance movement of traffic, roadways at the bottom provide
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accessto land. Traffic volumes and spacingstypica of each leve in the hierarchy are asin the table
below. (See dso arterid, collector.)

Facility | Spacing | ADT Design (miles) | Speed
Freeway 4 60,000 -160,000 >50

Arterid 1 10,000 - 30,000 30-50
Collector 14 2,000 - 5,000 25-30
Loca St 1/20 100 - 500 20-30

Gaussan plume modd - A modd using amodified Gaussan equation, dong with anumber of
amplifying assumptions, to estimeate the disperson of a pollutant from a source, i.e., to predict pollutant
concentrations. Gaussian plume models are used to estimate CO and NO, concentrations.

Generdized price - A numerica expression capturing both the time costs and the dollar costs affecting
travel behavior.

Gravity modd - A trip distribution mode which represents trip exchanges as a product of attractions
and productions divided by an exponentia function of travel costs (usualy measured only by travel
times).

Grid cdl - The basic geographica unit of aregiond photochemica disperson mode, andogous to
zonesin the regiona trangportation modeling process. Grid cdll boundaries do not necessarily coincide
with zone boundaries, however.

HBW - home-based work.

HCM - Highway Capecity Manudl.

Hessan matrix - A matrix of second derivatives of afunction, used in optimization search routines.
Home-based - Starting and/or ending at home.

Home-based work - atrip with one end a work and the other a home.

Home-interview survey - A survey seeking to determine the travel habits of a household, and
characterigtics of the household which are relevant to its travel behavior, such as auto ownership,

number of occupants, income, etc. The survey usudly conssts of a questionnaire and a“travel diary”
which asks each member of the household to record trips taken during the survey period (usudly a

day).

Hot-soak emissons - Emissons which occur after a hot engineis turned off.
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Hot-spot - A location with higher-than-ambient levels of a pollutant. Hot spots may be attributed to
such things as weether patterns, topography, and traffic intengty.

Hot-gtart - In vehicle emissons analyss, the opposite of acold start. A hot sart occurs when a
vehicleés engine is darted after less than an hour of rest from the previous period of operation (four
hours for non- catalyst-equipped vehicles).

HOV - High-occupancy vehicle.

HPMS - Highway Performance Monitoring System, a federaly-mandated database consisting of a
representative sample of highway links.

[1A - Independence of Irrelevant Alternatives (g.v.)

Incrementd assgnment - atechnique that loads afixed increment of traffic onto the minimum paths, then
reca culates minimum paths and assigns the next increment.

Independence of irrdlevant dternatives - a property of logit models such that the ratio of probabilities
between any two dternativesin unaffected by other dternatives.

Induced demand - demand aleged to result from added transportation capacity or reduced
trangportation price.

Input-output analysis- A method for analyzing the uses of capitd and labor, the disposition of goods,
and the flows money in an economy within a given spatia setting, and for obtaining a picture of the
ditribution of economic activity within aregion and with respect to a system of regions, through a matrix
of coefficients which relate inputs to outputs (essentidly derived from a revenue expenditure accounting
system.)

I ntervening opportunities mode - A trip digtribution mode that treats zones closer to the zone of origin
as more probable destinations than ones at greater distance.

Interzond - Between two different zones.

Intrazond - Within asingle zone.

Inventory - A catdog of exising conditions. Data from the inventory of such things as land use,
roadway |ocations and geometrics, traffic volumes, compodtion of the flet, trangt routes and volumes,

and measurements of pollutants are basic inputs to the transportation modeling process.

Inverson - A reversd of the norma atmospheric temperature gradient which restricts atmospheric
mixing and limits the mixing height.
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ISTEA - The Intermodal Surface Trangportation Efficiency Act of 1991.

ITE - The Indtitute of Trangportation Engineers. ITE publishesamanua of trip generation ratesthat is
widely used for development impact studies and for calculating trip attractionsin regiond transportation
models.

ITLUP - Integrated Trangportation - Land Use Planning, a modding package including an integrated
land use dlocation component (Putman, 1983.)

IVHS - Inteligent vehide/highway systems.

K-factors - Adjustment factors gpplied to trip distribution models representing, in theory, socid,
economic, and geographic conditions that affect travel patterns but are not included in the model
specification. In practice, K-factors are smply added to improve the fit of trip distribution modelsto
observed data. Because their behaviord basis (if any) is not known, their long-term gability isin doubt
and they attract much attention from critics of modeling. A logit gpproach to trip digtribution, with heavy
reliance on socioeconomic variables, can reduce the need for k-factors. However, at the current state
of knowledge about travel behavior, no methodology can completely obviate the need for this type of
adjustment.

Latent demand - Demand said to be suppressed by lack of capacity, high price, etc., which will
materidize if such impediments are removed.

Levd of sarvice- In generd, a set of metrics or qualitative descriptors of atrangportation system's
performance. Matrices of interzond trave times and costs are sometimes caled “leve of service
tables’; the Highway Capacity Manua (NCHRP, 1985) defines levels of service for intersection and
highway operations, with ratings that range from A (best) to F (worst).

Lexicographic - Ordered in the manner of adictionary, i.e., sorted according to a dominant criterion,
then according to a secondary criterion, then according to atertiary criterion, etc.

Life cycle characteridtics - Socid attributes of a household or person, such as age, marital status, and
employment status, which define housing and mobility needs and preferences.

Linear regresson - A type of regresson andysisin which the functiond relationship between two or
more variables is described by a straight line, as opposed to acurve. Linear regression using the least
sguares method (defined at regression) is a procedure sometimes used to arrive at trip production and
trip attraction rates as a functions of land use or household characteristics. (See also cross-dassification
andyss)

Link - An eement of atrangportation network, a representation of a guideway segment, terminating in a
node at elther end. A link may have anumber of atributes, including distance, number of lanes,
cagpacity, and directiondity, and is often assigned a function which relates travel time on the link to the
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volume of traffic using the link. (See capacity, congestion.) Some links implicitly represent severd
parald guideways, and do not correspond to actua guideway segments.

Logit - A choice modd formulation based on the principle that individuals maximize utility in choosng
among avalable dternatives. Thelogit formulation involves specifying a utility function for each
individud, with a deterministic component (that is, one which depends on characterigtics of the individua
and of the dternatives) and a stochastic disturbance (or error term). The form of the logit model, shown
below, follows from the assumption that the error terms are independent and share the same probability
digribution. This assumption under certain conditions may produce erroneous results, which can be
overcome by using the nested logit or probit formulations.

Vin
: e
P.()= —&—

a incne in

where:
Px(i) is the probability thet individua n chooses dternéativei,
eisthe base of the naturd logarithm,
Vin isthe determinigtic component of the utility modei for individud n, and
Sincn€’in is the sum of the exponential term over dl dternativesin individua n's choice set

Most trangportation demand modd systems use alogit formulation for mode choice; afew represent
joint destination/mode choice and vehicle ownership using alogit or nested logit formulation. (See dso
multinomid logit)

Logsum - The naturd log of the denominator of alogit function, sometimes used as a measure of
access bility when it comes from amode choice modd. The logsum is equa to the expected utility from
the choice being mode ed.

Longitudina survey - A series of surveys or datathat track a pand of respondents over time.

LOS - Levd of Service.

Macroscopic modd - amodd that describes traffic flow in the aggregate.

Mainframe - alarge, centralized computer, accessed through terminads. The four-step modeling process
(and supporting software such as UTPS) was developed for a mainframe computing environment.

These functions have since been incorporated in a variety of packages for use on workstations and
persond computers, which now have more computing power than early mainframes did. Mainframe

computers are till used for computations involving very large transportation networks, and for air
quality modding and for other problems which require vast storage or avast number of computations.
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Matrix - A multi-dimensond table of numbers.
MEPLAN - A land use modd (M. Echinique & Partners, 1987.)

METRO - The Portland Metropolitan Service Didtrict, MPO and association of governments for the
Portland, Oregon region.

Microscopic mode - amode that describes traffic flow in terms of individua vehicles.
Microsmulation - ademand smulation focusing on the behavior of individuds and households.

Milestone - Under the 1990 Amendments, scheduled emission reduction requirements are termed
“milestones’. Thefirst milestoneisa 15 percent reduction from 1990 VOC levels, to be accomplished
by 1996. Serious, severe, and extreme ozone non-attainment areas face additional milestonesfor every
three years thereafter until attainment is demondtrated, and must show 3 percent annud average
reductionsin VOC levels unless specified actions are taken.

MinUTP - A workstation-based transportation demand modeling package.

Mixing height - The height above the ground over which pollutants can be mixed into the air and thereby
diluted; mixing height is affected by aimospheric sability or turbulence and inversons.

Mobile 4.1 - The most recent previous edition of the EPA motor vehicle emissons factor computer
program.

Mobile 5.0 - The current edition of the EPA motor vehicle emissons factor computer program.
Mobile source - A moving source of emissions, including but not limited to motor vehicles.

Mohility - Ease of locomotion, afunction of available trangportation and of the individua traveler.
Individuas who are “mohility-limited” are those for whom it is difficult or impossble to use availabdle
transportation facilities without assistance or without modification of those fadilities (eg., individuasin
whedchairs, young children, many dderly), so that their zone-to-zone accessibility is decreased.

Mode choice - A process by which an individua sdlects a transportation mode for use on atrip or trip
chain, given the trip's purpose, origin, and destination; characteristics of theindividud; and
characterigtics of trave by the redidicdly-available modes. Mode choice is placed either before or
after trip didribution in a conventiond modeling sequence. Some model systems determine mode
choicejointly with destination choice for some trip purposes. Multinomid logit is the formulation used
for mode choice in the vast mgjority of cases. (See dso logit, probit)

Mode split - The percentage, or share, of trips captured by the various transportation modes.
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MPO - The Metropolitan Planning Organization designated by the state to carry out various federa
urban trangportation planning mandates.

MTC - The Metropolitan Transportation Commission, MPO for the nine-county San Francisco Bay
Area

MTCFCAST - The MTC travel demand forecasting system.

Multinomid logit - A logit modd of choice among more than two dternatives. A logit mode for
choosing between two dternativesis “binary logit”.

Multinudestion - A process which results in urban areas having multiple mgor activity centers or
busness didtricts (nucle).

Multiple inheritance - 1n object-oriented programming, the creation of an object which combinesthe
attributes of two previoudy defined objects.

Multiple regresson - Regression of a single dependent variable against two or more independent
variables.

MV-Trips- A workstationbased transportation demand modeling package.
MWCOG - Metropolitan Washington (DC) Council of Governments.
NAAQS - A Nationa Ambient Air Qudity Standard.

NARC - The Nationd Association of Regiond Councils, a Washington-based voluntary association of
MPOs and other regiond planning organizations.

NCHRP - National Cooperative Highway Research Program.

Nested logit - Hierarchica gpplication of the logit formulation. Nested logit is used for choicesin which
some dternatives are more Smilar than others (e.g., 2-person carpools and 3-person carpools appear
to be more dike than ether isto public trangit). In these cases, the assumption of full independencein
the utility error terms cannot be justified. Conceptudly, nested logit andyss involves the grouping of
smilar dterndives into one or more “secondary” logit modeds, with a“primary” choice among the
bundles of smilar dternatives (as represented by the logsum of each secondary modd, plus other
relevant varigbles). There can be any number of levels and branches in a nested logit hierarchy, limited
only by increasing complexity of the estimation procedure. 1t is possible to estimate nested logit models
through methodical estimation of each standard logit modd in the hierarchy (beginning with the lowest
level of the hierarchy and proceeding upward). However, this approach has been found to introduce
sgnificant bias for some common specifications, and a more rigorous full information maximum
likelihood (FIML) procedure is now recommended. Currently, the ALOGIT software produced by The
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Hague Group is the only commercidly available package for FIML estimation of nested logit models.
(See also prohit.)

NETSIM - Network Simulation, amicroscopic traffic operations mode!.

Network - A mathematical representation of an areds trangportation (or communication) facilities,
composed of links and nodes.

NHB - Non-Home Based.

Node - A point where two linksjoin in anetwork, usudly representing a decison point for route choice
but sometimes indicating only a change in some important link attribute.

Nort+anthropogenic sources - Sources of ar pollution not directly related to human activity, including
certain flora, volcanic activity, etc.

Non-attainment area- An areathat does not achieve one or more federa nationd ambient ar qudity
standards.

Noncompensatory - A model in which variables affecting demand are not directly traded off.
Norn-Home Based - A trip which neither begins nor ends a home.

Nortlinear regression - A regression using functiona formsthat are not lineer in their parameters.
NOy - Oxides of nitrogen, aregulated pollutant and a smog precursor.

NRDC - Natura Resources Defense Council, an environmenta group.

NYMTC - TheNew Y ork Metropolitan Transportation Council, MPO for the New Y ork State
portion of the New Y ork metropolitan area

Obj ect-oriented programming - A programming style which rigoroudy integrates data and actions which
can be taken on those data into single components called objects.

Off-peak - Occurring during periods of rdatively low traffic, not during a pesk.

Origin - Thelocation or zone a which atrip begins; the place where atrip is*produced”. (See dso trip
generation, trip production, trip distribution.)

Ozone - The 0; form of oxygen, aregulated pollutant and a key component of smog.

Pand - A sample from which repeated survey waves are collected.
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Paralel Processing - A computer hardware configuration in which two or more processors (i.e., central
processing units such as the Intel 1486) are linked and operated with software that is capable of splitting
computationd tasks into sequences of indructions that execute Smultaneoudy. Pardld processng
offers great potentia for efficiency in repetitive andyticd tasks, such asthe myriad computationsin
travel demand and network equilibrium analyses. It is probable that multi- processor desktop unitswill
be common later in this decade, and will support amuch higher level of computationd intengvenessin

trangportation planning.
Path - A route through a network; a series of links and nodes connecting an origin and a detination.

Peak - Whether categorized by purpose or by geographic ares, trips occur at different rates at different
times of theday. A graph of trips by time of day typically reveds one or more pesks. These peeks
play akey rolein conventiond travel demand analys's, which focuses on maximum infrastructure need in
each corridor. The dominant weekday pesks are in the morning (“*AM Peak”) and the late afternoon
(“PM Peak”), obvioudy related to the timing of work trips. A pesk can be characterized by its
maximum trip rate (in trips per unit time) or by a duration over which some threshold trip rate is
maintained. The portions of the peak before and after the peak hour are caled the “ shoulders of the

peak”.

Peak hour - The hour during which the maximum traffic occurs. The pegk hour during which trafficis
highest variesfrom link to link and place to place, afact which is not fully reflected in traditiond trave
demand andysis.

Peaking factor - Theratio of vehicle trips made in a peak period to vehicle trips in some given base
period, usudly aday.

Peak-hour factor - 1) Theratio of traffic volume in the pesk period to ADT. 2) In critical movement
andysis, ameasure of peaking characteristics within the peak hour, usudly caculated asthe ratio of
traffic volume in the peek hour to the traffic volume in the 15 minutes with the highest volume. Intervas
shorter than 15 minutes are sometimes used, depending on the purpose of the analysis.

Peak Spreading - Lengthening of the peak period, usualy accompanied by aflattening of the pesk.

Performance - A generd term for the * production” of service by or on an ement of the trangportation
infragtructure. For example, highway link performance is measured in terms of speed or travel time, and
a performance function for a highway link relaes link speed to the volume of traffic on the link (see
volume-delay function). Performance reflects service characteristics for agiven physical configuration
and operating plan; as such, it is intended to be a narrower concept than supply, which encompasses dl
of the decisons that influence physica and operating characterigtics.
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Person trip - The movement of a person from an origin to a destination, as opposed to the vehicle trip
associated with the same origin-to-destination movement. A carpool carrying three people from origin-
to- destination has made one vehicle trip, its occupants together have made three person trips.
Photochemica oxidants - Air pollutants commonly called smog.

PM10 - Particulate matter with a diameter of 10 microns or smaller.
POLIS - A land use forecasting mode in use in the San Francisco Bay Area

Probit - A choice formulation conceptualy smilar to logit, but theoreticaly preferable because it does
not require the assumption of independence and identical digtribution among the utility error terms.
However, the theoretica advantage of probit has been offset in practice by much greaster computationa
difficulty, with the result probit is sedom used. The computationdly tractable nested logit formulation
goplieslogit in ahierarchica structure to achieve results for practical purposes anaogous to those of
probit. (See a'so mode choice))

PUMS - U.S. Bureau of the Census Public Use Master Sample. A fully-detailed 5 percent sample of
decennid census responses, with home locations coded to large subregiond didtricts.

Quadratic programming - An optimization method in which the objective function is quadratic and hence
more easly solved, a least in principle, than a more generd nonlinear formulation.

Recursion - Repetition of a step or sequence of steps until a specified condition is met.
Recursive - Involving recurson. A recurgve computer dgorithm is one which cdlsitsdf.

Regresson - A mathematica technique for exploring relationships between sets of observations on two
or more variables. A functiond relationship between the variables is postulated, and aline or curve fit
between the plotted observations S0 as to minimize some function (usually the square) of the deviations
between the plotted points and the line or curve. The result is the equation of the best-fit line or curve
describing the dependent variable in terms of the other variables, which is often used for predictive
purposes; and measures of how goodness-of -fit. If the postulated rdationship isaline, the techniqueis
cdled linear regression.

Resdentid location - In the most widdly employed paradigm of travel behavior, resdentid location
refers to the household's choice of whereto live. Residentid location choice is thought to depend on
proximity to work; on neighborhood, municipa, and sub-regiond characteristics, on household and
persond attributes; and on the spatia distribution of appropriately priced housing opportunities. There
a0 is evidence that workplace choice and resdentia location choice vary in rlative importance and in
precedence, depending on job category and other household/persona attributes.

Reveded preference - A preference which isidentified through analysis of actud choices and the
conditions under which they were made.
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RFP - Reasonable Further Progress. Annua incrementa reductions in emissions as may reasonably be
required for ensuring atainment of anationd ambient air quaity standard (NAAQS) by the gpplicable
date.

Ridesharing - Providing multiple person trips per vehidetrip. Ridesharing modes include carpoals,
vanpools, taxis (sometimes), shuttles, jitneys, did-a-ride, etc. Busand ral trangt, are technicdly forms
of ridesharing dthough they are generdly treated as a separate mode.

RISC - Reduced Ingtruction Set Computer. RISC chips are smpler and cost less per unit of computing
power than conventional microprocessor chips, but require more complex software to replace the
functions that are not hard-wired.

RMSE - Root Mean Square Error.

ROG - Reactive organic gases, aprimary precursor of photochemica smog. ROG is sometimes cdled
volatile organic compounds (VOC) or hydrocarbons (HC).

Rollback - A smple model which estimates the reduction in pollutant concentrations as proportiond to
the reduction in emissons. Since smog formation is a complex non-linear process, rollback andysis can
be a poor guide to the effects of reductionsin ROG and NOV

Route choice - The process of smulating the sequence of roadways an individud will choose for atrip,
given the trip's origin and destination, and mode. Route choice is generdly the task of the traffic
assgnment phase in the modd sequence, and is based on the assumption that an individua will choose
the route that will minimize travel time (or cost) for that trip. For mass trangportation, route choiceis
usudly sraightforward for dl but the largest systems, and does not require equilibrated traffic
assignment procedures. (See aso user-optima, system-optimal.)

RTIP - Regiona Transportation Improvement Program, a compilation of projects to improve aregion's
trangportation system, designed to be implemented in the short-to-medium term.

RTP - Regond Transportation Plan, the long-range plan for investing in trangportation facilitiesin a
region.

Running emissons - Exhaust gases emitted by moving vehicles at norma operating temperatures, thet is
not in the cold-start or hot-soak modes.

SACOG - Sacramento Area Council of Governments.

Sample enumeration - A method of microsmulation based on calculations made for each individud
observation which are later aggregated to represent the full sample or population.
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Satidfice - Sdect asatisfactory, rather than necessarily globaly-optimd, dternative.

SCAG - Southern Cdifornia Association of Governments.

SCAQMD - South Coast Air Quality Management Didtrict.

SCLDF - The SeraClub Legd Defense Fund, anationd environmentd litigation practice based in San
Francisco. SCLDF sued Bay Area and State agencies to force compliance with transportation
provisons of the 1982 regiona nonatainment plan.

SEMCOG - Southeastern Michigan Council of Governments.

Shift-share andlyss- A method of forecasting shares of economic activity (usualy measures by
employment) which uses information about competitive advantage and rates of change for each industry
in each location.

SIP - A State Implementation Plan developed under the Federal Clean Air Act to improve air qudity.

Sketch planning - Simple, goproximate methods of analys's used to provide initia estimates of impact or
to “screen” projects for which more detailed analysis would be worthwhile.

SOV - Single Occupant Vehicle,

Stated preference - A preference which is stated by the consumer when offered severa hypothetica
choices and a description of the conditions under which they would be made available.

Stationary source - A source of ar pollution with afixed location, such as afactory or arefinery.
STEP - Short-Range Trangportation Evauation Program.
Stochastic - Characterized by randomness; having arandom component.

Strategic planning - A syle of planning that assesses opportunities/strengths and constrai nts/weaknesses
and identifies options for capitalizing on the opportunities and overcoming or minimizing the congraints.

Supply - The character of the transportation system that determines its operating performance.

System 2 - A proprietary transportation demand modeling system (developed by JHK & Associates).
System-optimd - A system-optimal traffic assgnment is one which is computed based on minimizing the
totd trave timefor dl trips, asthough a* system-manager” were to shift trips from one route to another

based not only on the changein travel times for the trips shifted, but the changein trave times for other
travelers on the affected links. At equilibrium, individud travelers might decrease their own travel times
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by changing routes, but their effects on other travelers would increase totd travel time. (See dso user-
optimd..)

TAZ - Traffic Andysis Zone.

TCM - A Trangportation Control Measure for emissions reduction.

TDM - Travel Demand Management.

Time budget - The amount of time an individua budgets for travel each day (or other relevant period of
time). Time budget theory is theory of travel behavior rooted in the empirical observation that adults
with amilar incomes and life- cycle characterigtics seem to average about the same amount of travel time
per day under awide range of infrastructure and land use conditions.

Time-of-day choice - In the mos widely employed paradigm of travel behavior, time-of-day choiceis
the process by which an individud or traveling party decides when to make atrip. Thetermisa
shorthand expression for the linked decisons about arriva time (when to begin the activity which follows
atrip) and departure time (when to end the activity which precedes atrip). Time-of-day choiceis not
well understood, except in the case of workers whose employment conditions prescribe a specific
beginning and end of the workday. In generd, time-of-day choice depends on the nature of the
activities which precede and follow atrip, on travel time variability in the relevant travel corridor, and on
individua and household attributes (such as income and cost sengitivity).

TIP - The regiona Trangportation Improvement Program, a Federdly-required MPO listing of pending
highway and trangit projects.

TON - Time of Day Factor.
TOPAZ - A land use modd (Brotchieet a., 1981.)
Tour - Seetrip chaining.

Tract - A unit of spatia aggregation used by the U.S. Bureau of the Census in reporting decennia
census data, congisting of groupings of contiguous blocks.

Traffic assgnment - A process by which trips, or flows among zones, are alocated to feasible routes
(paths) through a network. (See aso capacity restraint, user-optima and system-optimal.)

Tranplan - A software system for trangportation modeling.

Trangt - Urban mass trangportation (usudly, but not exclusvely, provided by a public or quas-public
operating entity).
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TRANSYT - atraffic operations moded used to time systems of traffic Sgnals and to assesstraffic
performance.

TRB - Transportation Research Board.

Treelogit - nested logit.

Trip attraction - The process of attracting tripsto azone. A trip terminating or originating in azone
whose exigtence is due to an activity carried out in the zone is said to be “attracted”. Trip attraction is
generdly afunction of the land usesin azone.

Trip chaining - The traveler's process of linking tripsinto tours. A trip chain, or tour is defined such that
the destination of thefirgt trip isthe origin of the second, the destination of the second trip is the origin of
the third, and so forth. For instance, atraveler who drives from home to work in the morning, then
leaves work, picks up achild a day care, stops at a store, and goes home has created a home-based
trip chain with four legs (individud trips). Traditiond travel demand analyss, which definestripsas, eg.,
home-based work, home-based shop, and nonhome-based, and which concentrates on peak hour
travel, does not account well for trip chaining. (See dso trip purpose.)

Trip digtribution - The process of determining trip exchanges, that is, the number of trips between each
pair of zones. Trip generation results - trip origins and destinations, or trip productions and attractions,
depending on the methodology in use - are input to the trip distribution process, the outputs of which are
trip tables (matrices) with each cell containing the number of trips between apair of zones. The most
common trip digtribution andyss technique is the gravity model, though intervening opportunities and
logit formulations are aso common.

Trip frequency - The number of trips per unit time.

Trip generation - The process of determining the number of trip origins and destinations associated with
agiven st of activitiesin agiven area, usudly by applying trip rates (or a cross-classfication or
regresson model) to an land use inventory or projection. In aregiona travel demand study, trip
generdion is done at the zone level and requires detailed descriptions or projections of land use for each
zone. For atraffic impact analyss, it is done at the project level and requires atabulation of the square
footage devoted to each activity the project accommodates. The outputs of trip generation andyss are
one-dimengona arrays of origins and dedtinations for each zone which become the input of trip
digribution andyss.

Trip length digribution - A graphica or tabular display of trip distances, sorted by distance category.
Such adigplay shows, for example, the percent or number of trips (in agiven areafor agiventime
period) shorter than five miles, or longer than 10 miles, etc. Trip length digtributions are used in
cdibrating trip distribution models. In the calibration process, andysts expect the trip length distribution
caculated from the output of the distribution modd to do a good job of replicating the observed trip
length digtribution. Significant differences will necesstate adjustments of the model's parameters and K-
factors.
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Trip production - The process of producing trips from azone. A trip originating or terminating in a zone
whose exigtence is due to the traveler's residence in the zone is said to be “produced” there (the
terminology isless clear for nonhome-based trips). Trip production is generaly afunction of the
resdentid land usesin azone. (See aso trip attraction, trip generation, trip purpose.)

Trip purpose - A classfication of trips by their preceding and/or following activities (“ purposes’). For
computationa reasons, conventiond travel demand mode s typicaly employ a smal number of trip
purposes such as *home-work”, “home-shop”, “home-other”, and “non-home-based”. (A category
such as “home-work” usudly comprises both home-work and work-home trips.)

Trip rate - For agiven type of land use or geographic area, the number of trips per unit time per unit
gze. TheInditute of Trangportation Engineers maintains awiddy-used catalog of average trip rates for
alarge number of land usetypes. Trip rates are estimated viaany of anumber of techniques, including
cross-classfication, linear regresson, and multiple regression. (See aso trip generation, trip production,
and trip atraction.)

Trip table - A table, or matrix, showing the number of trips made from every zonein a network to every
other zone, in agiven time period, and for a given trip purpose or set of purposes. Trip tablesare the
product of the trip distribution phase of the travel demand process. (See dso grid cdll, matrix.)

TRO - Trip reduction ordinance.
TRRL - Trangportation Road Research Laboratory (UK).

UMTA - The United States Department of Trangportation, Urban Mass Transportation Adminigtration;
renamed the Federd Trangt Adminigtration (FTA) in the Intermoda Surface Trangportation Assistance
Act of 1991 (ISTEA).

Unbiased - Tending toward the true mean.

User-optimd - A user-optima traffic assgnment is one which is computed based on the principle that
an individua traveler will choose the route offering the lowest generdized price (often smplified to travel
time) between atraveler's origin and destination. The resulting assgnment is such that no traveler can
save time by changing routes. (See dso system-optimal.)

Utility - In trangportation modeling, the vaue (positive or negative) of a particular option, usudly
edimated as a function of the travel option's characteristics aswell astraveler or population
characteristics.

UTPS - The Urban Trangportation Planning System, a transportation modeling package developed in

the 1970s by the U.S. Department of Transportation for use on mainframe computers. While UTPS
continues in use by a number of large MPOs, it isno longer officidly maintained.
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Vehideavalability - The number of passenger vehicles available to a household for routine daily travel.
Because an individud's choice of transportation mode depends strongly on vehicle availability, average
vehicle availability, often by household income leve, is consdered abasic zona descriptor. Research
has shown that household vehicle holdings vary with income, household sz, life-cycle factors, and
accessibility by highway, trangit, and walk modes.

Vehidletrip - An origin-to-destination journey by a single vehicle, as opposed to a person trip, the
origin-to-destination journey of an occupant of the vehicle. A bus carrying 40 people from an origin to
adedtination makes one vehicle trip, while its occupants make atota of 40 person trips.

VMT - Vehide-miles travded.

VOC - Volatile organic compound. VOC emissions, aso known as hydrocarbons (HC) or reactive
organics (ROG), are mgor ingredients of smog.

Volume-dday function - A functiona relation between the volume and the speed of travel on afacility.
(See BPR function and performance.)

Workplace choice - The decisons of individua workers about where to work. Workplace choiceis
thought to depend on sdary, on job availability, and on proximity to place of resdence. (See dso
resdentia location.)

Workstation - A term in popular use generdly referring to a self- contained desktop computing station
with greater computationd capacity and much greater graphics digplay and manipulation capability than
apersona compuiter.

Zone - The basic geographica unit for conventiond travel demand andysis. A study areais divided into
zones, the number and sze of which depend on the size and land use patterns of the area, the geometry
of the roadway network, the nature of the problem, the computing resources available, census
boundaries, and politica boundaries. Zone boundaries are defined so that land uses and activities within
are homogenous, to the extent practicable.
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